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ABSTRACT

High nutrient levels in Puerto Rican lakes resulted in
high productivity with average daily gross oxygen production
of 3.3 mg of oxygen per liter in 1977. Moderate to high algae
numbers caused an undesirable green color and Secchi readings
of less than 2.3 meters. In spite of large variation in nutrient
loads entering some of the lakes, the number of algae changed
only slightly throughout the year. The ecosystem of Lake
Carraizo resulted in effective oxidation of entering organic
wastes, and removal of 1900 kilograms of nitrogen and 6.6
kilograms of phosphorus a day in a lake with a surface area
of 300 hectares. The lake was functioning as a tertiary sewage
treatment system for sewage from Caguas and other municipalities.
Despite the efficiency of this system, Lake Carraizo, which
unfortunately is also the San Juan water supply reservoir, was
the most highly polluted lake of the 12 included in this survey.,
An appendix of ecological survey data is included at the
end of this report covering the 4 years 1975-1978, but only the

1977 data is analyzed in the text.



Preliminary Results from
A Survey of Water Quality in Some

Puerto Rican Lakes.

INTRODUCFION

Twenty-eight lakes have been created in Puerto Rico since
1913, for hydroelectric power, irrigation and water supply.

As the island's population has expanded, additional water supply
reservoirs have been constructed, including Lake La Plata which
collects water for metropolitan San Juan and which was completed
in 1976. These water supply reservoirs are also receiving
considerable amounts of domestic wastes from upstream commu-
nities and excessive growth of aquatic plants are developing
(Figure 1). The lakes are contaminated by poorly constructed
drainage fields of houses without sewers and by municipal

sewage discharges located on streams in the watersheds.

Lake Carraizo receives the discharge of five municipal
sewage treatment plants with a total output of 6.7 million
gallons per day. This discharge makes up 6% of the total
annual inflow to the lake and has an average oxygen demand
(BODS) of 114 mg 0, liter and 64 mg/iiter of suspended solids.,
In times of drought the excessive nutrients cause a severe
water quality problem in the entrant streams of Lake Carralzo.
Throughout the year travel on this lake is -restricted by

heavy growths of water hyacinths which cover up to 30% of the



through experience in temperate zones may not be relevant to
tropical environments. Previous stﬁdie#:on tropical lakes in
other areas have demonstrated that these lakes are in general
more productive than those in temperate - zones. In order to
examine these various themes.this study was conducted on water
quality of the major lakes in Puertp Rico (Figure 2). This
report includes analysis of data collected on certain of the
lakes in 1977. However the attached appendix also includes

additional data collected between 1975 and 1978.






Figure 2. Sampling of lakes was facilitated with trailer-

drawn boats equipped with dredges and winches.-






Description of the Lakes

The lakes in this study range in volume from 700 to

49,000 acre feet (8.6 X 105 to 6.0 X 10’ m3). Where data are
available the mean depth ranges from 13 to 59 feet (& to 18
meters), and the residence times vary from one to thirteen
months (Table 1). Lakes Carraizo, Dos Bocas, Caonillas and
Carite are situated at elevations less than 1000 feet (300 m),
whereas the others are located between 1000 and 2000 feet
(300-600 m). Lake Carraizo, a major source of water for San
Juan, is in the Loiza drainage basin (Figure 3); Lakeé Dos
Boéas, Caonillas and Garzas ih the Arecibo drainage basin;
Lake Carite in the Patillas drainage basin; and Lake Cidra

in the Bayamon drainage basin. Although Lakes Prieto and
Guéyo]are in the Afasco drainage basin, their discharge is

to the Lajas Valley irrigation system by means of a tunnel.
Lake Carrai;o is in a heavily populated valley. The other
lakes are in less'populated areas, especially Lakes Garzas,
Prieto and Tdro which are quite isolated. The difficult
nature of the terrain and roads have impeded .ecologdcal

- investigation in the past (Figure 4).

The lakes are located in the central mountainous region
of Puerto Rico and were created by constructing dams at
strategic poinfs in the rivers. Since the rivers of Puerto
Rico flow through narrow valleys, the shorellines tend to drop
off rapidly with very little shallow water to provide a suitable

S






habitat for submerged vegetation. Only two lakes, Carraizo
and Garzas, are in broader valleys which provide less of a

vee-shaped bottom and are consequently more shallow (Table 1).

Carraizo is the lake of most interest in this study since it

is the lake receiving the heaviest nutrient loads and at the
same time it serves as the principal source of San Juan's
water supply. Carraizo is a very long narrow lake with a
maximum width of about 250 meters and 5 kilometers in length.
It is fed by two major rivers, the Loiza and the Gurabo, and

three small streams.
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Materials and Methods:

Sampling the Lakes

The stations for assessment of oxygen evolution, algae,
coliform bacteria and chemistry were selected to represent
the entrant streams as well as the body of the lake. The
number of stations varied between three and five depending
on the size of the lake. On several occasions only three

stations were used on Lake Carraizo because of blockage with

water hyacinths. Data analyzed in the text came from the

sampling during 1977 except for LakeCidra and Carite, which

were studied in December 1975. However the Data Appendix

covers the period from 1975 through 1978. Each lake was

visited every three to four months.

Samples for dissolved oxygen were fixed on the lakes and
analyzed within two hours at the mobile laboratory (Figure 5).
Plates for total coliform determinations were also prepared
and incubated at the mobile laboratory. Samples for chemical
analysis were transported to the laboratory in San Juan and
analyzed during the following week. Since all phosphate
samples were transformed to orthophosphate by acid hydrolysis

before analysis, it was not thought necessary to fix the

samples.
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Figure 4. Photosynthesis surveys required three consecutive
.days of oxygen measurements, thus a trailer for
laboratory and sleeping guarterswas used in remote

mountain reservoirs.
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Chemical Analysis

The analysis of water samples was performed according to
"Standard Methods" (23). Total phosphate determinations were
by the molybdate-stannous chloride method after acid hydrolysis.
The nitrate plus nitrite concentrations were determined by the
phenol disulfonic acid method after oxidation by permanganate.
The azide modification of the Winkler method was used for
dissolved oxygen. For the determination of chlorophyl a the
fixed algae were sedimented by gravity and centrifugation and
extracted with 90% acetone. The absorbance at 665nm was
corrected for the presence of pheophytin by reading the samples

before and after acidification.
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Figure 5.
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Oxygen titrations, coliform bacteria filtrations

and reagent preparations were performed at the

lake site, in the small mobile laboratory.
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Biological Analysis

Twenty four hour oxygen production was measured using
surface water samples in two light and two dark bottles and
dissolved oxygen titrations. The samples were incubated in
situ at a depth of 0.5 meters (Figure 6). Since an initial
oxygen sample was taken, the 24 hour respiration rate was the
difference between the oxygen concentrations in the initial
samples and in the black bottles on the following day. Net
productivity was calculated by subtracting the initial oxygen
concentration from the final concentration in the light bottle,
whereas gross productivity was calculated by subtracting the
final concentration in the dark bottle from the final concen-
tration in the light bottle.

Oxygen production and respiration were measured for 3
consecutive 24 hour periods. The 24 hour oxygen production
was measured rather than 4 hour photosynthesis productivity
because the former measurement is more directly related to
water quality than the latter. Total coliform colonies for
two consecutive days were counted after 24 hour incubation
at 35°C, using Millipore media and filters. Algae were
identified and counted by microscopy after fixation with

formaldehyde and filtration on Millipore filters.
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Figqure 6.

Photosynthesis.stations consisted of two clear

boftles and two opaque bottles in a basket suspended
from a float, 0.5 meters below tﬁe‘water surface.
These conditions simulate the natural algal
environment under daylight and in the absence of

light.
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Results:

For each lake the oxygen production and other parameters
showed substantial variation from station to Station and from
- season to season. The variability frequentiy resulted from
high turbidity caused’by heavy sediment loads during flooding.
The streams entering Lake Carraizo tended to be heavily conta-
minated, with one stream, Bairoa Creek, consistently showing
total coliform bacteria counts of 106/100'ml or more., The
high oxygen demand from the effluents of the sewage treatment
plants (see introduction) in the watersheds of Lake Carraizo
caused anaerobic conditions with no photosynthetic activity
at the head of the lake during a drought in the Spring of 1977.
By averaging the data over all stations and for the year, a
more consistent pattern emerged. Oxygen productivity correlated
with the amount of coliform bacteria, nitrate and phosphate
with correlation coefficients of 0.70, 0.18, and 0.87
respectively (Table 2). The average Secchi depth was less
than 1.0 meter in Carraizo, Caonillas, Dos Bocas and Prieto.
It was inversely related to oxygen production with a corre-
lation coefficient of 0.71.

The seasonal variation of productivity in the lakes was
compared on a common basis by dividing the individual values
by the annual average for a given lake. There was a

correlation among the lakes in the variation of the productivity
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with time (Figure 7). The changes in productivity were not
simply related to the seasons, nor to the records of minutes
of sunshine maintained by the local weather burqau (Figure 8).
In contrast to heaQily enriched lakes in the Mainland
North, at no time during 1977 in any of the lakes in Puerto
Rico was there an indication of algal blooms. The data in
Figure 7 showing the modest and coordinated changes of oxygen
production in the lakes with time supported this observation.
In the detailed algal counts for samples taken from the five
larger lakes, the number of organisms per ml tended to he
moderate with no counts approaching 500 per ml, the level commonly
accepted as the threshold for algal blooms in the North
(Ref. 1). One did not see a predominance of any particular
alga. The number of algae per ml for Lake Carraizo was low
particularly in view of the high nutrient levels and oxygen
production. Chlorophyl - a values in Lake Caonillas ranged
as high as 4O;Ag/l (Table 3). Although blue green algae such

as Oscilatoria and Anabaena, commonly associated with pollution

induced algal blooms, were present in some of the more
contaminated waters, their numbers were small (Table 4).

The nutrient levels in Lake Carraizo were high. The "Water
Quality Record" (25) of the United States Depértment of the
Interior have been used to calculate average annual flowg and
chemical concentrations for the influent and effluent water

of Carraizo (Table 5). By calculating the average concentration
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of the incoming and outgoing water and the total flow of the'
water into the lake, we estimated that 1.9 metric tons of
nitrogen in the form of nitrate and 6.6 kilograms of phosphorus
in the form of phosphate is removed from the water daily.
Because the figures have not been corrected for evaporation

and seepage as well as other errors, these numbers must be

considered rough estimates.
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TABLE 3

CHLOROPHYLL a CONCENTRATIONS IN PUERTO RICAN LAKES

Lake Date Station Chlorophyll a (ug/1)
Carraizo  April 20, A 1.0
1977
B 12.0
C 28.0
D 24 .0
Carraizo  August 8, A ' 5.6
- 1977
B 8.
C 11.5
Caénillas June 16, : A 5.9
1977 '
B 12.8
C - 34.2
D 43.6
E 31.8
Dos Bocas May 20, B ' . 5.6
1977 ' ‘ .
C 0.0
D 1.6
E 3.2
Guayo July 8, , A 4.8
1977
11.8
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Discussion

The bidlogy of these lakes could be characterized by a
simple food chain but only %ragmentary information relevant
to these‘factors are available for Puerto Rican lakes. In
general the aquatic vegetation was -minimal with the exception
of Lago Carralzo where an appreciable portion of the lake was
covered by water hyacinths. Mgny of the lakes have steep
shore lines which minimize aquatic-vegetation. Although this
papef presented.data on algal populatiohs which forﬁ the base
of food chains leading to fish and ultimately man, no infor-
mation on zoo-plankton populatiqns was available.

A report on fish populations in a number of these lakes
has recently been published (9). The data_for Lakes_Carraizo
and Guajataca are relevant to this paper. The fish population
observed in the former lake during 1975-1976 consisted almost

entirely of Tilapia mossambica (83%) and channel catfish

(Ictalurus ponctatus, 16%). This was in contrast to lLake

Guajataca where large mouth bass (Micropterus salmoides),

Tilapia mossambica, threadfin shad (Dorosoma petenence) and

sunfish (Lepomis microlophus) made up 32%, 40%, 18%, and 8%

of the fish populatioﬁ respectively. Lake Cgrraizo supported
-a more varied populations of fish which included large mﬁuth
bass in earlier times when it was less polluted. The data is

suggestive that Tilapia mossambica may be now displacing large

mouth bass in Lake Guajataca.
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Woodwell, et al (26) have studied the process of water
purification in several ecosystems and found a combination of
a pond and marsh to be the most effective for treating domestic
sewage. Their data were presented on the basis of surface areas.
Extrapolating the data to a surface area equal to that of
Lake Carraizo, one calculates that their system removed 26
metric tons of nitrogen and 38 metric tons of phosphate per
day whereas in Lake Carraizo the figures were 1.9 tons and 66
kilograms respectively. Lake Carraizo was less efficient
especially in the removal of phosphate. The latter is probably
remerd by fixation to the soil in the marsh system (26) and
consequently the lake is substantially less efficient.

It is not clear how much of the water purification was
the result of microbiological actions and how much of the
nutrients were taken up by the water hyacinths. The produc-
tivity correlated with phosphate and total coliform concentration,
with fhe best correlation being that with phosphate 0.87.
Since these parameters are intercorrelated it is difficult to
separate the effect of one from the other.

The 24 hour oxygen respiration is a reflectiOn of activity
by all the micro-organisms, principally bacteria and algae.
It is also qualitatively related to the 5 day biochemical
oxygen demand, and the two procedures should depend on the
same parameters. OStraskraba and Straskrabova (22) have shown

that there is on excellent correlation between BOD5 and the
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Lake Yahuecas in Lares, although in an almost

innacessible region, shows evidence of eutrophication,
probably due to agricultural fertilizers applied in
the citrus, coffee and banana farms of the mountain

watershed.
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number of bacteria detected on beef-peptose plates. Using
their data and that of this paper one can say that the level
of oxygen production in these tropical lakes is,correlated
with the presence of decomposition bacteria.

That in the stable lake environments of the tropics an
ecological system should evolve, where algae supply the oxygen
for bacterial decomposers and the latter provide a favorable
biochemical environment for the algae, is reasonable. It is
known that many algae depend on external sources of the
vitamins, thiamine, biotin, and B12 (17). It is probable that
the half life of these vitamins in tropical waters is rather
short, making the algae dependent on local suppliers. The
field of biochemical interactions between aquatic organisms
is largely unexplored. It is known that the development of
sea-weeds is dependent on the associated microflora; but the
biochemical nature of this interactions is unknown (12).

Bartsch and Allum (3) have emphasized the symbiotic
relationship between bacteria and algae; with the bacteria
supplying nutrients through decomposition and the algae
supplying oxygen for the decomposition process. 1In general
there is not a proportionality between respiration and photo-
synthesis. Odum (16) has used the relationship to classify
aquatic communities. Copeland et al (6) have emphasized the

seasonal and temporal changes in the ratio of photosynthesis
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Figure

10.

The small reservoirs on Rio de la Plata near
Comerio show gross eutrophication due to sewage
discharges. The 2 small reservoi;s reduce some
of the wasteioad on the new La Plata reservoir in

the San Juan water supply systemj
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to respiration. This study is unique in comparing photosynthesis
and respiration in a series of tropical reservoirs where one
has a reasonably constant regime of light and témperature.

In the present case, a cursory examination of the data
showed that photosynthesis was not proportional to algal
numbers. This is reminiscent of another study which showed
that the ratio of chlorophyll-a to productivity varied by a
factor of 3 (25). This and the data above would suggest that
photosynthesis activity depends on unknown physioldgical factofs.

A symbiotic relation between decomposition bacteria and
algae was shown to exist by McKinney (13) and its importance
in stabilization ponds has been emphasized in an EPA report
(2). The data from this report suggested that the lakes
studied here more closely resembled stabilization ponds than
the lakes of the temperature zone studied by Odum (16) and
Copeland (6). The ratio of respiration to photosynthesis
appears to vary less in these tropical lakes than those in
the temperate zone of North America.

One would expect more of a preponderance of blue green
algae in the lakes with high nutrient levels. These organisms
have a lower affinity for nutrients and consequently high
phosphate and nitrate levels are particularly stimulatory for
the blue green algae (4) which do not have natural predators.
The low transit times of 21 days in Lake Carraizo, 56 days in

Lake Dos Bocas, and 59 days in Lake Caonillas may have a
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dampening effect on the slow growing blue green algae. It is
notable that in Lake Guayo which is a relatively clean lake
but with a transit time of 390 days the blue green algae made
up 52% of the total population (Table &).

Physical factors are important in determining the amount
of phytoplankton growth (17). Phosphate chemistry is dependent
on the degree of stratification and anaerobic conditions in
the hypolimnion (8). Candelas and Candelas (5) have examined
the Puerto Rican lakes and found that there was little tempe-
rature difference between top énd bottem; and consequently
stratification was minimal. In addition, tropical lakes are
more susceptible to the destabilization effects of winds and
surface cooling by rain (12). Although all investigators are
agreed upon the key role of phosphorus in algal growth, there
is conflicting opinion concerning nitrogen. The general
observation is that algal blooms occur with levels of nitrate
greater than 0.2 or 0.3 mg/] (20, 22); but some emﬁhasize the
ability of algae to fix nitrogen and the consequent unimportance

of nitrate (21). The lack of blooms in the Puerto Rican lakes

' may be related to the very high efficienty of denitrification

in the iakes.

Nothing is known about the pressure of zoo-plankton
grazing upon phytoplankton in Puerto Rico. There are a number
of studies (17) which suggest that zoo-plankton grazing .is an

important factor in controlling phytoplankton concentration.
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Jassy et al (9) in a mierocosm system showed that the increase
in zoo-plankton numbers lagged behind that of the phytoplankton
increase. The peak in zoo-plankton concentration coincided
with a sharp decrease in phytoplankton numbers. The stability
in phytoplankton numbers observed here may reflect a stable
phytoplankton-zooplankton interaction. It is interesting to
note that conditions for stability did not exist for several
years after the formation of Lake Carraizo. Blooms of

Synedra occurred as frequently as four times a year during the
first five years (7).

In conclusion, one may say that, although the artificial
reservoirs in Puerto Rico were heavily contaminated, there
were no algal blooms and photosynthetic activity showed only
moderate changes throughout the year. There was suggestive
evidence of a copperative interaction between algae and
bacteria. This interaction may make the lakes tolerant to
high nutrient loads. The principal problem was the water
hyacinths which covered 20-30% of the water surface of Lake
. Carralzo and clogged.the lower parts of the rivers on the
north coast. Since the interaction of the environment with
pollution 1s receiving increasing attention, it would appear
desirable to study in detail the biochemical and microbiological
interactions which make possible the efficient decomposition

of wastes in Puerto Rican Lakes.

-
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SUMMARY AND CONCLUSION

High qutrient levels and pollution in Puerto Rican lakes
lead to undesirable concentrations of algae, water of low
clarity and poor sport fishing. Algae concentrations and
photosynthetic productivity varied moderafely throughout the
year. In Lake Carraizo, large qoantities of phosphate and
nitrate were removed duriog the passage of water through the
lake. A stable relationship-between decomposition bacterio
and photosynthesis by algae has developed in these tropical

lakes in a manner very similar to sewage treatment ponds.
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Appendix

This appendix is a compléte listing of chemicaul, physical
and biological data gathered from 12 lakes in Puerto Rico
between December 1975 and September 1978. Only the data collected
during 1977 have been analyzed in the text of this report, the
remainder wili he énalyzed in a subsequent paper.  Six reservoirs
were studied intensively for seasonal variations and an additional

six were studied about once a year over the 3 year period.
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Table &

12.

Twelve Major Lakes Studied
11975-1978.
Lake Drainage Elevation of
Area in Spillway
Square Crest:
Miles in Feet
1, Caonillas 50.4 826
iz. Carite . 7.9 1784
3. Carraizo 206.0 102
4, Eidra 8.6 1322
5. Dos Bocas 170.0 295
6. Garzas 6.2 2415
7. Guajataca 24,6 646
8. Guayo 9.6 1460
9. Matrullas 4.4 2415
10. Patillas 25.2 217
1l1. Prieto 2.6 1485
Toro 4.0 1900 .
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SAMPLING SCHEDULE FOR TWELVE LAKE STUDY

1975~ 1978 .
. JFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJIJASOND
LAKE 1975 1976 - 1977 {978
Caonillas ‘ ' o | sn e 8 § =
. : . . M N MA J S J A
Carite - . N | " =
a- N M A
Carraizo u | | mEn n [ | [
J J A ASO O A A
Cldra ' ]
J
Dos Bocos ] AN R B N q | .
J NDl F M A D M A
Garzas [ ] . B | N N Bl " N
J N E J s oblF M A
Guajataca = | ]
J A A
Guayo : [ " B =
J 0 F M A
Matrulias u b
N 0
Patillas ] [ |
J M J
Prieto a " a2 ®E W Em
F J © M J AS
Toro m .. u
J M 0

£

FIGURE 2~
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" "MAJOR LARE3 OF PUERTOQ RICO-
Storage :
Lake Purpose Volume in Hunici- Txibu- Outlst Yoar Owner
acra-fast pality taries Rivers congtructad
1. Adjuntas Power 465 Adjuntae Vacas River Tunnel & 1950 AFPF
Arecibo
. River
2, Caonillas Power 49,000 Utuado Caoni]lias, Cacnilian 1948 AFF
Yauco, and River
Jayuya Rivaers
3. Carite Domestic Water 11,360 Guaymoa La Flata La Plata 1913 AFF
Supply and River River &
irrigetion penstock
4, Carraizo VS, power 20,000 Trujilio Valenciana, Loiza River 1954 AMA
Alto loixa, Cagultes
" and Bairoa River: !
5. Cartagena Wildiife 770 Lajee Tajas Canal Nona Natural -
Lagoon Conservation
6. Cidra Domeatic Water 5,220 Cidxa Sabare and Bayamon 1948 AAR
Supply Baymmon Rivers  River
7. Coamo Abandoned 200 Santa Issbel Cosmo River Commo River 1914 AFF
- . and Jusna Dias
Canal
B, Comerio #1 Abandoned 600 Comerio La Plata River La Plata Rivar 1913 AFF
9. Comerio #2 Abandonad
10, Dos Bocas Power 32,000 Aracibo & Caonillas Arecibo 1942 AFF
Utuado Limon & River
Arecibo River
11 Garzas Power, Irrigetion &,700 Adjuntas Garzas and Vacas 1543 AFF-
e Vacas Rivers River
12. Gualataca Irrigation 37,600 San Sebastian Guajataca Guajataca 1929 AFF
and Quebradi- River Rivar &
1laa Dversion
— _ Canal
13. Guayabal Irrigation 10,000 Guayabal & Toa River Guayabal 1913 AFF
Juana Diax Jacaguas
River
14, Guayo Power, irri- 17,400 Lares & Guayo River Guayo 1956 AFF
gation Ad jumtas & Cidra River River
15. Cuineo Power, irri- 1,860 Cliales and Toro Negro Toro Negro 1931 AFF
gation Orocovie River River
16. Jordan Powar Utugdo Craeks Tunnel & 1950 AFF
Rio Vivl
17. La Plata Domestic Water Toa Alta La Plata River La Plats 1973 AsA
Supply
18, Las Curlas Domestic Water 1,100 Rio Piedras Rfo Pledras Rio Piedras 1946 AAA
Supply
19, lLoco Power, Lirri- 1,950 Yauco Ioco River loco River & 1951 AFF
gation Lajas Canal
20. tuchebti Power, irri- 16,500 Yauco Yauco River Yauco Rivar 1952 AFF
gation .
21, Matrullas Power, frri- 3,000 Orocovis Matrullas . Matrullss 1934 AFF
gation River River
22, Patillas " Irrigation 14,500 Patillan Marin River Patillas River 1914 AFF
Patillas River & Canal
23. Pellejas Power 152 Adjuntas Feallajas River Tunnel & 1950 AFF
Pellajas River
24. Prieto Pover, Lrri~ 700 Lares Prieto River Prieto River 1935 AFF
gation *
25, Rio Blanco Power Haguabo Rio B!..lnco Bio Blanco AFF
26, Toa Vaca Domestic Water 33,124 Villalba Toa Vaca River Toa Vaca 1972 AAA
& irrigation - River
27, Toro Power, irri- 100 Maricao Toro River Toro Rivar 1955 AFF
gation
28, Tortuguero Wildlife Manati Cansals Ocean Natural Recursos
Lagoon Conservation : Naturales
29, Vivi Power 277 Utuado vivi River Tunnel & 1950 AFF
Vivi River
30. Yahuecas Power, irrigation 1,800 Adjuntas Blanco River Blanco River 1956 AFF
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Figure 13.

Lake Surveys were conducted from boats transported to the

mountain lakes by trailer and pick;up trucks. The larger
18" fiberglass boat was equipped with a small winch and

dredge.
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Data Record By Lakes

The group of tables for each lake are in the following

order:

Map of Lake with Sampling Stations

Chemical Water Quality

Variation with Time and Station for each Chemical Parameter
Summary of Snail Surveys

Summary of Coliform Bacteria Data

Oxygen Data Summary

Phytoplankton Data

Water Level Record for Lake



LAGO CAONILLAS - UTUADO =0

CAONILLAS/ ARRIBA

PRESA |y
#szA
QUEBRADA UNO NORESTE
# 93

QUEBRADA DOS NOROESTE] * 2%

QUEBRADA~OQESTE/ #95 QUEBRADA /AL ESTE UNO
# 90
QUEERADAN OESTE TRES B #9||QUEBRADA AL ESTE DOS
#96

QUEBRADA OESTE /CUATRQ

E

98 1
QUEBRADA TE CINCO * 1

QUEBRADA ESTE CUATRO
# 97
#109 QUEBRADA ESTE TRES

#108 QUEBRADA ESTE DOS
#10 QUEBRADA ESTE UNO

QUEBRARA_SUROESTEA)UNQ
#99 c

QUEBRADA SURQEYTE DOS

#1106 QUEBRADA ESTE

# 100
oY #£103 D
QUEBRADAYSUR JUNO
RIO VIVI QUEBRADA SUR 0Q0S
#lot QUEBRADA SURESTE
#105
CAONILLAS ABAJO # 104

RIC CACNILLAS

RIO JAYUYA

Fiqure 14 Map of LAKE CAONILLAS

B



Ly

Figure 15,

Lake Caonillas has the largest volume of any of

the lakes and discharges through hydroelectric

generating turbines into Lake Dos Bocas.
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TABLE 11

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Caonillas '

PARAMETER Chloride

-

UNITS mg/

54

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
y7/11/76 28.5 y 7.13 0.80
2 3/4/77 22.2 5 4,44 0.97
3 16/6/77 37.3 5 7.46 3.43
4 1079777 30,7 5 6.14 0.99
> 27/1/78 17.6 Lo but 0.75
6
7
8
9
10
TOTALS 136.3 23 5.93
B~VARIATION BY STATION
A 19,4 5 3.88 0,90
B 36.6 5 7.32 3.38
c . 28,9 5 5.78 ‘1,82
D 32,1 5. 6.42 0.46
E 19.3 3 ' 6.43 1.16
- :
G
H
TOTALS

136.3 23 ©5.93

PR
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TABLE 12

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Caonillas

PARAMETER  Hardness

UNITS mg/1 Mg SO4

A=-VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 373.2 : 4 93.3 1.84
2 522.4 5 104.8 4,10
3 670.3 5 134,06 3.53
4 669 .2 5 133.80 . 5.2

5

3627 4 85,68 4,22

) .
7

8

9
10
TOTALS 2,577.8 23 112.08

B=VARTATION BY STATION

»

5244 s 104.88 20.78
B 532.5 5 106.50 16,20
C 573.4 5 114.68 18.49
D 569,3 5 113.86 20,27
E 378.2 3 126,07 12,11
F
G
H
TOTALS

2,277.8 23 112,08




TABLE 13 : 56

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE ~ Caonillas

PARAMETER Total Phosphates as P

UNITS mg/ 1

£

e

A~VARIATION WITH TIME

SAMPLE TOTAL ' NUMBER MEAN STANDARD

DATE OF DEVIATION
SAMPLES
1 0.11 4 0.03 0.02
2 0,06 5. 0.01 0.00
3 0.05 5 0.01 0.00
4 0,05 5 0.01 0.00"
> 0 .04 4 0.01 0.00
6
7
8
9
* 10
TOTALS 0.31 23 0.01 ;

B-VARIATION BY STATION

L3

A 0.05 : 5 0.01 0.00
B .

0.05 5 0.01 0.00
¢ 0.11 5 0.02 " 0.01
D 0.07 5 - 0.01 0,00
E

0,03 3 0.01 0,00
F ' '
G
H

TOTALS 0.31 23 0.01




TABLE 14

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Caonillas

PARAMETER Nitrate & Nitrite

UNITS mg/ 1

1.61 23 0.07

.
)
- A~VARIATION WITH TIME
SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1
0.28 4 0.07 0.02
2 0.23 5 0.05 0.03
3 0.19 5 0,04 0.01
4 0.29 5 0.06 0.01
5
0.62 4 0.15 0.01
6
7
8
9
10
. - TOTALS 1.61 23 0.07
B~VARIATION BY STATION
| A 0.39 5 0.08 0.05
B 0.23 5 0.05 0.03
c -
0.50 5 0.10 0.05
D
0,35 5 0.07 0.07
E 0.14 3 0.05 0.02
- .
G
H
TOTALS

57



TABLE 15 . 58

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Caonillas

PARAMETER Iron

UNITS mg/ 1

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.5 4 0.12 0.035
2 0.66 5 0.14 0.06
3 1.51 5 0.30 0.32
4 0.7 5 0.13 0.09
5
0.12 A 0.03 0.00
6
7
8
9
10
TOTALS 3.49 23 0.15
B-VARIATION BY STATION
A
0.47 5 0.09 . 0.05
B
0.46 5 0.09 0,05
c 0.53 5 0.11 10.08
D 1.23 5 0.25 0.22
E 0.80 3 0.27 0.22
F
G
H A
" TOTALS 3,49 23 0.15

-



TABLE 16

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Cao nillas

PARAMETER _ Turbidity

UNITS Standa rd Units

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1
20.4 4 5.10 2.20
4.0 5 4,80 3,92
23,2 5 4 .64 2.18
4 2.2 5 0.44 0.14
5
2.2 4 0.56 0.70
6
7
8
*)
10
TOTALS 72.0 23 3.13
B-VARTATION BY STATION
A 7.1 5 1.37 0.63
B
15.2 5 3,00 2.68
c 23.6 5 4.73 "3.95
D 19.5 5 3.90 1.86
E 6.6 3 2.20 1.27
F
G
H
TOTALS 72.0 23 3,13




TABLE 17

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM

LAKE Caonillas
PARAMETER Color
UNITS Standard Unit

A=-VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 52,0 . 4 13.00 2,80
95,0 5 19,00 1.60
54.0 5 10.80 0.96
4 59,0 5 11.80 1.44
- , .
38 .0 4 9.50 0.75
6
7
8.
9
10
TOTALS 298.0 23 12.96
B~VARTATION BY STATION
R ;
65.0 5 13,00 3.60
B
72,0 5 14.40 4,90
C 62.0 5 12.40 " 3,00
D
60.0 5 12.00 3.20
E
39,0 3 13.00 1.33
F
G
H

TOTALS 298.0 23 12.96

' J



HYDROELECTRIC RESERVOIR STUDY

TABLE 18

SUMMARY OF DATA FROM
LAKE Caonillas

PARAMETER PH

UNITS

1w

A~VARTATION WITH TIME

'SAMPLE

MEAN

STANDARD

TOTAL NUMBER
DATE - OF DEVIATION
SAMPLES
1 28.9 4 7.22 0.08
36,9 7.38 ___0.39
36.0 5 7.20 0.16
4 41.0 5 8.20 0.12
5 27.9 4 6.95 0.04
- .
7
8
9
10
TOTALS 170.7 23 7.42
] i —
B-VARIATION BY STATION
: - — , -
37.7 5 7.54 0.41
B 37.0 5 7.40 0.44
¢ 36,1 5 7.22 0,39
- : :
37.0 3 7.40 0.40
E 22,9 3 7.63 0,24
- _
G
H
TOTALS 170.7 23 7.42

61



TABLE 19 62

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Caonillas

PARAMETER Dissolved Oxvegen

UNITS - mg/ 1

A=VARIATION WITH TIME

TOTAL NUMBER MEAN STANDARD

SAMPLE
DATE OF DEVIATION
SAMPLES
1 27.3 4 6.82 "0.78
2 -- 0 - --
3 42.8 5 . 8.56 1.27
4 22,6 4 5.65 0.28
5 30.9 4 7.72 0.32
6
7
8
9
10
TOTALS 123.6 17 7.27
B-VARIATION BY STATION
A 25.8 3 8.60 1.60
B 31.0 4 7.75 1.12
c 25.5 4 . 6.38 0.98
D 28,1 4 7.02 0.52
F 13,2 .2 6.60 . - 1,20 -
F
G
H
TOTALS

123.6 17 . 7.27




e

%

HYDROELECTRIC RESERVOIR STUDY

LAKE

- TABLI 20

SUMMARY OF DATA FROM
Caonillas

PARAMETLER  Chlorophyll A

UNITS e/l

A~VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 - 0
-- 0
3 128,3 5 25.66 13.10
4 - 0
5 L 0
6
7
8
9
10
TOTALS
B~VARIATION BY STATION
A
‘B
C
D
E
F
G
H

TOTALS

63



Table 21

Summary of Snail Surveys in lLake Caonillas .. .

64

. Date Inspector Snails found

May. 6/76 P. Bermudez Tarebia granifera
Marisa cornuarietis

Nov, 23/76 W. Jobin Lymnaea columella

i Physa cubensis

; Tarebia granifera

iMar. 11/77 K. Timoney & Tarebia. granifera

i R. Mercado

Jan 20/78 A. Laracuente Lymnaea columella
Tarebia granifera
Physa cubensis
Succinea

Aug. 9/78 A. Laracuente Tarebia granifera
Marisa cornuarietis

*i



TABLE 22

‘65
SUMMARY OF COLIFORM DATA OF LAKE _Caonillas IN Utuado » P.R. :
- FROM March 1977 TO January 1978, :
STATION DATE | FTELD VOL. [ coLoNIES | SOLONIES/
A 7/3/77 CA-102 0.1 16 16,000
-G | 7/3/77 CA=104 0.1 19 19,000
D 713777 CA-106 0.1 11 11,000
_ | E 7/3/71 CA-108 0.1 25 25,000
1B 7/3/77 CA-110 0.1 13 13,000
A 8/3/77 CA=115 0.1 4 4,000
LA 8/3/77 CA-116 1.0 19 1,900
, C 8/3/77 CA-122 0.1 ‘2 2,000
C 8/3/77 CA=-127 1,0 27 2,700
| o 8/3/77 cA-128 0.1 6 6,000
} o 8/3/77 CA-128 1.0 31 3,100
- 8/3/77 CA-134 0,2 9 4,500
| E 8/3/77 CA-134 1.0 29 2,900
| B 8/3/77 CA-140 0.1 2 2,000
B 8/3/77 ca-140 | 1.0 28 2,800
C 14/6/77 cA-8 01 11 11,000
C 14/6/77 CAg ' 10 105 10,500
D 14/6/77 CA-14 0.1 55 55,000
D 14/6/77 CAL14 1.0 TINTC
E 14/6/77 CA-20 0.1 14 14,000
E 14/6/77 CA-20 1.0 80 8,000
. B 14/6/77 CA-26 0.1 17 17,000
B 14/6/77 CA-26 1.0 75 7,500
sh_a 14/6/77 | ca-28 0.1 6 6,000
A 15,6/77 CA-28 1,0 41 4,100
C 15/6/77 | ca-34 0.1 0 0
C 15/6/77 CA-34 1.0 300
D 15/6/77 CA~40 0.1 5,000
D 15/6/77 CA-40 1.0 36 3,600
ol 15/6/77 CA-46 0.1 0 0
E__. 15/6/77 CA-46 1.0 100 :
B 15/6/77 CA-51 0.1 9,000 i
B 15/6/77 CA-51 1.0 73 7,300
| i




TABLE 22 (continued) " 66
SUMMARY OF COLIFORM DATA OF LAKE  Caomillas  IN Utuado , P.R.
FROM 197 70 1978.
STATION DATE N voL. | corowies | $OLONIES/
A 15/6/77 CA-52 0.1 0 0
A 15/6/77 CA-52 1.0 200 )
A 16/9/77 CA-32 0.1 3,000
A 16/9/77 CA-32 1.0 49 4,900 .
B | 16/9/77 CA-52 0,1 14 14,000
B 16/9/77 CA-52 1.0 57 5,700
c 16/9/77 CA-38 0,1 6 6,000
. C 16/9/77 CA-38 1,0 36 3,600
. D 16/9/77 CA-38 0.1 3 3,000
|_»o 16/9/77 ca-38 1.0 38 3,800
i E 16/9/77 CA-46 0.1 11 11,000
—E 16/9/77 CA-46 1.0 92 9,200
.
j' A 11/1/78 CA-10 10 88 880
A 11/1/78 CA-10 1 16 1,600
B 11/1/78 | ca-16 10 TNTC
B 11/1/78 CA-16 1 56 5500
C 11/1/78 CA-22 10 ._TNTC.
C 11/1/78 ° CA-22 1 74 7,400
D 11/1/78 CA-28 10 12 120
D 11/1/78 | ca-28 1 1 100
A 12/1/78 CA-34 10 105 1050
A 12/1/78 CA-34 1 14 1,400 *
B 12/1/78 CA-40 10 TNTC
B 12/1/78 " CA-40 1 60 6,000 i
c 12/1/78 CA=-42 10 40
C 12/1/78 CA-42 1 2 200
D 12/1/78 CA-48 10 10 100
D, 12/1/78 CA-48 1 1 100
T
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E ° TOTAL COLIFORMS PER 100 ML WATER

[STATION los 7 8
A ;52 420 180
B 391 | 250 | 280
B, — 580 70 Bz
E 458 | 140 | Je0
X - 100 —
¢ 210 | sa0 50
F. 30/ | 310 [ 180
Fa — — 120
z — — | 320
OVERFLOW
CARITE  RESERVOIR

TOTAL COLIFORM STUDY DECEMBER IQT_._.'l
Figure 17 ‘
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TABLE 26

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite

PARAMETER Chloride

UNITS Mg/ 1

80

A=VARIATION WITH TIME

SAMPLE TOTAL - NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
Li9/10/77 23.5 4 5.87 0.99
2 4/5/77 38.2 4 9,55 0.38
3
4
5
6
-
8
9.
10
TOTALS 61.7 8 7.71
B~VARTATION BY STATION
A 14,7 2 7.35 1.45
B 7.8 1 7.80 0.00
c 9.8 1 9.80 0,00
D 9.8 1 . 9,80 0.00
E 13.7 ) 6.85 2.95
F 5.9 1 5.90 0.00
G
H

“TOTALS 61.7 | 8 7.71

-y
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TABLE 27

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM '
LAKE Carite

PARAMETER Hardness

UNITS mg/1l of Mg S04

A~VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 177.7 4 b 42 2.80
2 58.0 4 14.50 2.45
4
5
6
7
8
9 _
10

TOTALS 235,.7 8 29,46
' B-VARIATION BY STATION

A 63.8 2 31.90 12.50
B 50.0 1 50.00 0.00
N 12,9 1 12,90 *0.00
D 12,9 1 12.90 0,00
E 51,7 2  25.85 13,05
F bbik 1 4b 50 0.00
G , .

H

TOTALS 235.7 8 29.46




TABLE 28

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite -

PARAMETER _Phos phates

UNITS Mg, 1

82

A-VARIATION WITH TIME

STANDARD

SAMPLE TOTAL_ NUMBER MEAN
DATE OF DEVIATION
SAMPLES
1 0.04 4 0.01 0.00
0.06 4 0.02 0.01
4
5
6
7
8
9
10
TOTALS 0.10 8 0.01
B~VARIATION BY STATION
A 0.02 - 2 0.01 0.00
B ‘ .
0.01 1 0.01 0.00
c 0.01 1 0.01 © 0.00
D 0.01 . 1 0,01 0.00
E
0.04 2 0.02 0.01
F 0.01 | 1 0.01 0.00
- .
H
TOTALS

0.10 8 0.01

o

«
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TABLE 29

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite

PARAMETER Nitrate

UNITS Mo/ 1

A=-VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.20 4 0.05 0.02
2 0.02 4 0.00 0.00
4
5
6
7
8
9
10
TOTALS 0.22 8 0.03

B-VARTATION BY STATION

A . 0.08 2 0.04 0.04
B 0.05 1 0.05 0.00
C .

0,00 1 0.00 0.00
D 0.00 1 0.00 0.00
E 0.07 9 0.04 0.02
- :

0.02 1 0.02 0.00
G
H

* TOTALS 0.22 8 0.03




TARLE 30

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite

PARAMETER  Iron

UNITS mg/1

84

A=VARIATION WITH TIME

TOTAL NUMBER MEAN

SAMPLE STANDARD

DATE OF DEVIATION

SAMPLES

1 1.00 . 0.25 0.10

- 0.31 4 0.08 0.06

4

5

6

7

8

9
10
TOTALS 1.31 8 0.16

B~VARIATION BY STATION
0.40 2 0.20 0.00

B 0,10 1 0.10 0.00
c 0.04 1 0.04 0.00
D 0.03 1 ‘ 10,03 0.00
E 0.34 | 2 0.17 0.14
F 0.40 1 0.40 0.00
G
H
TOTALS 1.31 8 0.16

g

ta
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TABLE 31

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite

PARAMETER  Turbidity

UNITS Standard Unit

A~VARIATION WITH TIME

SAMPLE TOTAL . NUMBER MEAN STANDARD

DATE OF DEVIATION
SAMPLES
1 12,8 4 3.20 0.45
4
5
6
7.
8
9.
10
TOTALS . 15,8 4 3.2

B-VARIATION BY STATION

A 2.7 1 2,70 0,00
B 2.8 1 2.80 0.00
C - |

D

E 4.1 B 4,10 0.00
F 3.2 1 3.20 0.00
G | ' |

H

TOTALS 12,8 4 3.20




TABLE 32

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite

PARAMETER  Color

UNITS Standard Unit

A-VARTATION WITH TIME

78.0 ] . 9 7%

SAMPLE TOTAL NUMRER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 38.0 4 9.50 0.75
2 40.0 4 10.00 0.00
3
4
5
6
7
8
9
10
TOTALS 78.0 8 9.75
B—VARIATION BY STATION
A 18.0 2 9.00 1.00
B 10.0 1 10.00 0.00
¢ 10.0 1 10.00 0.00
D 10.0 1 10.00 0.00
E 20.0 2 10.00 0.00
F 10.0 1 10.00 0.00
. :
H
TOTALS

86

e
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TABLE 33

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carite

PARAMETER P. H,

UNITS

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD

DATE OF DEVIATION
SAMPLES
1 29,1 4 7.28 0.08
2 28.3 4 7.08 0.08
4
5
6
7
8
9
10
TOTALS 57.4 8 7.18

B-VARIATION BY STATION

A 14,5 2 7.25 0.15
B _ 7'.1 1 7.10 0.00
¢ 7.2 1 7.20 -0.00
D 6.9 1 6.90 0.00
E 14,4 2 7.20 0.10
F 7.3 1 7.30 0,00
S _

H

TOTALS 57.4 8 7.18




TABLE 34

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
1AKE Carite

PARAMETER Dissolved Oxygen

UNITS mg/ 1

88

A=~VARIATION WITH TIME

TOTAL NUMBER MEAN

SAMPLE STANDARD

DATE OF DEVIATION

SAMPLES
1 26.4 4 6.60 0.40
22.3 3 7.43 0.18

4

5

6

7

8

9
10
TOTALS 48.7 7 6.96

B-VARIATION BY STATION
6.8 | 1 6.80 0.00

B 6.8 1 6.80 0.00
c 7.4 1 7.40 0.00
D 7.7 T 7.70 0.00
E 14,2 2 7.10 0.10
F 5.8 1 5.80 0.00
G
H
TOTALS

48,7 7 6.96

2 e



Table 35

Summary of Snail Surveys in Lake Carite

-

Date

Inspector

Snails Found

Dec. 16/75

|

Jobin &

Laracuente

Biomphalaria glabrata

Marisa cornuarietis

Pomacea australis

Tarebia granifera i

ENov. 18/77

Marisa cornuarietis

Tarebia granifera

f
May  3/78

|

Biomphalaria glabraty

Marisa cornuarietis

Tarebia granifera

Pomacea australis

Mug. 8/78

i
|
i
L

Laracuente

Tarebia granifera

Marisa cornuarietis

Physa cubensis
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1 able 36 90
SUMMARY OF COLIFORM DATA OF LAKE  carite . IN Guayama  , P.R.
FROM December “T0 1978,
STATION DATE | P voL. fcoLonies | SOLONIES/
F 8/11/77 CE-11 0.1 5 5,000
F 8/11/77 CE-11 1.0 64 6,400
F 8/11/77 CE-11 10 TNTC
E 8/11/77 CE-17 0.1 2 2,000
E 8/11/77 CE-17 1.0 25 2,500
E 8/11/77 CE-17 10 TNIC
A 8/11/77 CE-23 0.1 1 1,000
A 8/11/77 CE-23 10 8 80
A 8/11/77 CE-23 D 65 650
B 8/11/77 CE-29 0.1 8 8,000
ir 5 8/11/77 CE-29 1.0 54 5,400
F 8/11/77 CE-29 10 TNTC
'r
g E 1/5/78 CA-2 1 0 0
= 1/5/78 CA-2 10 8 80
A 1/5/78 CA-4 1 0 0
2 1/5/78 Ch-4 10 24 240
c 1/5/78 CA-6 1 2 200
¢ 1/5/78 CA-6 10 18 180
D 1/5/78 CA-8 1 1 100
D 1/5/78 ‘CA-8 10 [ 60
_E_ 2/5/78 CA-14 1 2 200
E _2/5/78 CA-14 10 8 80
A 2/5/178 CA-20 1 11 1,100
A 2/5/78 CA-20 10 4 40
G 2/5/78 CA-26 1 1 100
C 2/5/78 CA-26 10 20 200
D 2/5/78 CA-32 1 2 200
D 2/5/78 CA-32 10 5 50
E 4/5/78 CA-52 1 0 0
_E 4/5/78 CA-52 10 6 60
A 4/5/78 CA-54 1 1 100
A 4/5/78 CA-54 10 1 10
c 4/5/78 CA-53 1 5 500
L 4/5/78 CA-53 10 14 140




Table 36 {(continued)

91
SUMMARY OF COLIFORM DATA OF LAKE Carite IN Guayama , P.R.
FROM December 1975 T0 May 1978.
FIELD COLONIES/
STATION DATE NUM, ng. COLONIES 100 ml
D 4/5/78 cA-51 1 0 0
D 4/5/78 CA-51 10 5 50
- D 4/5/78 CA-51 1 . 0 0
D 4/5/78 CA-51 10 3 30
& A Near Dam 12/18/75 180
A 12/16/75 280
A 12/16/75 480
N 12/17/75 420
! B In lake near La Plata Riverl2/18/75 280
B 12/16/75 560
% B 12/16/75 220
i B 12/17/75 250
B2up_tream in La plata River 12/18/75 70
B2 12/17/75 580
E Across from Bont, Landing 12/18/75 160
E 12/16/75 250
E 12/16/75 660
E 12/17/75 140
F1In lake mear housIng 12/18/75 T80
Fi 12/18/75 380
F1 12/16/75 220
F1 12/16/75 310
" C in South Branch Near Schobl 12/18/75 50
¥
C 12/16/75 210
. C 12/17/75 540
X in South East Branch 12/17/75 100
z_IPpifrgm Above Sewage 12/18/75 320
Foln 1ake jusT bBeltw S
Plant 12/18/75 120
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TABLE 40

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Carraizo

PARAMETER Chloride

UNITS Mg/ 1

LY

A~VARIATION WITH TIME

SAMPLE TOTAL NlMBER | MEAN STANDARD
DATE OF DEVIATION
SAMPLES
11177 126.6 7 18.09 1.40
219/4/77 69,8 4 17.45 3,95
218/8/77  62.5 3 20.83 0.89
41/12/77  32.8 3 10,92 3.16
$1/4/78 56,8 4 14,20 4,53
6
7
8
9
10
. TOTALS 348,5 21 16.59
B~VARTATION BY STATION
: A 107.6 6 17.93 3.43
B 99,8 6 16.63 3.93
¢ 80.4 5 16.08 2,54
p 60.7 4 15.18 2,02
E
F
G
H
TOTALS

348.5 21 16.59

239



HYDROELECTRIC RESERVOIR STUDY

TABLE 41

SUMMARY OF DATA FROM

LAKE Carraizo

PARAMETER _Hardness

UNITS mg/ 1 of Mg S04

100

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE oF DEVIATION
SAMPLES
1 870.1 7 124.30 7.83
654, 7 A 163.68 4,00
362,1 3 120,70 3.60
4
344.,4 3 114,80 4.93
5 495.7 4 106.43 22.63
6
-
8
9
10
TOTALS 2,657.0 21 126.52
B~VARIATION BY STATION
" :
786.5 6 131,10 12.35
B
733,54 6 122.23 17.45
c .
6170 5 123.4 20.68
D 520.1 4 130.03 17.58
E
F
G
H
TOTALS 2657.0 21 126.52

«t

-
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HYDROELECTRIC RESERVOIR STUDY

PARAMETER

UNITS

TABLF 42

SUMMARY OF DATA FROM
LAKE Carraizo

Phosphates

mg/1

A~VARIATION WITH TIME

SAMPLE TOTAL

NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLIES
. 2.5 7 0.36 0.18
1.9 4 0.48 0.52
0.8 3 0.27 0.09
4 0.1 3 0.04 0.00
> 0.6 A 0,14 0.06
6
S
8
o '
10
TOTALS 5.9 91 0.28
B=VARTATION BY STATION
A 2.6 6 0.43 0.33
B 1.4 6 0.23 0.15
C .8 5 .16 .11
D 1.1 4 0.28 0.13
E
F
G
H
TOTALS 5 o 1 o 28

101



TABLE 43

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Carraizo

PARAMETER Nitrate

UNITS mg/1

A=-VARIATION WITH TIME

8.07 21 0.38

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 1.8 7 0.26 0.09
0.5 4 0.13 0.04
0.4 3 0.13 0.04
4
0.17 3 0.06 0.04
> 5,2 4 1.30 0.15
6
n
8
9
10
TOTALS 8.07 21 0.38
B-VARIATION BY STATION
A 2.05 6 0.34 0.35
B ' ‘
2,22 6 0.37 0.35
© 1.8 5 0.36 0.30
D 2.0 4 0.50 0.50
E
F
G
H
TOTALS

102
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TABLE 44

HYDROELECTRIC RESERVOIR STUDY
‘ SUMMARY OF DATA FROM
LAXE Carraizo

PARAMETER Iron

UNITS mg/1

103

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER ~ MEAN STANDARD
DATE OF DEVIATTION
SAMPLES
1 .
5.3 7 0.76 0.45
1,3 ' 4 . 0.33 0.19
7 0.6 3. . 0,20 0.07.
4
10,4 3 3,47 0.22
5 3.9 4 0.98 0.17
= ‘ :
7
-
9
10

TOTALS

21.5 _ 21 ) 1,02
Q-VAhIATION BY STATION

A Tuh 6 1,23 0,88
B A. 5._9 | . -. " . .6 0.,98 ’0‘.86 . " - N
< 5.4 5 1.08 _ 0.85
= S——
= 2.8 ‘ . 4 . . 0,70 . .0.50
- : ‘ _
F
G
: H
TOTALS e . .



TABL# 45

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
-LAKE Carraizo

PARAMETER Turbidity -

UNITS Standard Unit

104

A=VARIATION WITH TIME

TOTAL NUMBER MEAN

SAMPLE STANDARD
DATE OF DEVIATION
SAMPLES
1 104,90 7. 14.99 9,89
34,6 4 8.65 3,10
39,23 3 13,08 11,95
4 133,0 3 44,33 0.44
5
6
7
8
9
10
TOTALS - 311,73 17 18.34
B=VARTATION BY STATION
88.6 5 17.72 12,38
B 83.33 5 16.67 14.67
c 101.5 4 25.38 12,12
- -
383 3 12,77 11.42
E
F
G
H

Ama =rn - an A

l":"
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HYDROELECTRIC RESERVOIR STUDY

TABLE 46

SUMMARY OF DATA FROM
LAKE Carraizo -

PARAMFTLR _Coloxr. .

UNITS

Standard Unmit

A=~VARITATION WITH TIME

SAMPLE  TOTAL
DATE

NUMBER
OF
SAMFLES

MEAN

STANDARD
DEVIATION

1 o0

20.29

4,12

2 : - ..90,0

22.50

3.75. - -

3 . 58,0

19,33 ..

0,89

i 112.0

37.33

16,89

80.0

.20,00

.2.50.

10 . .

TOTALS . 482,0 ..

21

22,95 .

s;ﬁARIATIoN BY STATION

162,0- -

6.

27.00.. .

9067 e

6

25,83

8,50 . .. ...

c .. ... 95,0

19,00

320 .

70;0

17,50 .

.- 2,50

105



TABLY 47

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FRCOM

LAKE Carraizo

PARAMETER P H

UNITS

A-VARTATION WITH TIME

SAMPLE TOTAL

NUMBER MEAN STANDARD
DATE . OF DEVIATION
SAMPLES
1
49.5 7 7,07 0,17
2 28.7 7.18 0.08
3 22,7 3 7.57 0.24
4 22,2 3 7.40 0.67
> 29,0 4 7.25 0.05
6
-
8
9
10
TOTALS
152.1 21 - 7.24
B=VARIATION BY STATION
- -
43,1 6 7.18 0.15
B 43,4 6 7.23 0,27
36,4 5 7.28 0.26
D
29,2 4 7.30 - 0.15
F
F
G
H

TOTALS 180 ¥

1 = Nl

106
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" TABLF 48

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
1AKE Carraizo

PARAMET R Dissolved Oxygen

UNITS mg/ 1

107

A=-VARIATION WITH TIME

TOTAL NUMBER MFAN

40.0 9 4 bl

SAMPLE STANDARD
DATE OF DEVIATION
SAMPLIES
1 6.6 2 3.30 .2
2 18.6 4 4,65 1.9
3 14,8 3 4,93 1.22
4
5
6
7
8
9
10
TOTALS 40.0 9 4,4
B~VARIATION BY STATION
A 8.1 3 2.70 0.53
B
12.5 3 4,17 0.82
¢ 13.6 2 6.80 0.50
D
5.8 1 5.80 0.00
E
F
G
H
TOTALS



TABLE 49

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM

YAKE

Carraizo

PARAMETER (Chlprophvll A

UNITS

jﬂg/l

108

A~VARTATION WITH TIME

1SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1
65.0 4 16.25 9,75
23.3 3 8.43 2.04
4
5
6
7
8
9
10
TOTALS
90,3 7 12.90
B=-VARTATION BY STATION
A 6.6 2 3,30 2.3
B
. 20,2 2 10,10 1,9
C . .
, 39,5 2 19,75 8.25
D 24.0 1 24,0 0.00
E
F
G
H
TOTALS 7 12,90

90.3

a2
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Table 50

Summary of Snail Surveys in Lake Carralzo

Date Inspector Snails Found
Jul. 14/7% W. Jobin Biomphalaria glabrata
Marisa cornuarietis
| Tarehia granifera
Pomacea australis
L N |
‘Apr. 20/78 A. Laracuente Marisa cornuarietis

!

Tarcbia granifera

Physa cubensis

Pomacea australis

Auy. 17/78

A, Laracuente

Tarebia granifera

Pomacea australis

Lymnaea columella

Marisa cornuarietis

Physa cubensis

109
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Table 51 110
SUMMARY OF COLIFORM DATA OF LAKE Carraizo IN , P.R.
FROM January 1977 T0O  April 1978.
) FIELD COLONIES/
STATION DATE X
X 21/1/77 - 1 6.~ 600 -
¥ 21/1/77 - 10 99 J90 :
H 21/1/77 - 1 1 100
H 21/1/77 - 10 74 750
G 21/1/77 - 1 overgrown
G 21/1/77 - 10 overgrown
P 21/1/77 - 1 overgrown
, P 21/1/77 - 10 overgrown
‘M 21/1/77 - 1 3 300
| M 21/1/77 . 10 5 s0
. G 25/1/77 10-2 0.1 35 U5, 000
!
} M 25/1/77 -4 10 3 30
| X 25/1777 10-6 10 5 50
e 26/1/77 10-9 0.1 392 397,000
] .
M 26/1/77 1.0-20 10 5 B0
G 27/1/77 Lo-21 0.01 177 1,770,000
A 15/8/77 - - 3.8 x 10%
B 15/8/77 - - 1.9 x I0F
C 15/8/77 - - 2.5 x 10%
A 18/8/77 | - Z 1.8 = 10%
B 18/8/77 - - 3.3 x 104
C 18/8/77 - = T X T02
A 28/9/77 LL-6 1 TNTC
A 28/9/77 LL-6 .1 164 164,000
B 28/9/77 LL-2 1 TNTC
B 28/9/77 LL-2 .1 224 224,000
¢ 28/9/77 LL-4 1 TNCT
C 28/9/77 LL-4 .1 111 111,000
A 29/10/77 LL-24 .1 156 156,000
A 29/10/77 LL-24 .01 120 200,000
B 29/10/77 L1L-18 .1 253 253,000
B 29/10/77] 11-18 .01 61 610,000
|
! 1




Table 51 (continued) 111
SUMMARY OF COLIFORM DATA OF LAKE Carraizo , P.R.
FROM January 1977 TO April 1978.
FIELD COLONIES/
T
STATTION DATE NUM. ﬁ?L. COLONIES 100 ml
c 29/10/77 -
C 29/10/77 - ,01 79 7.9 x 105
I 30/10/77 LL-42 .1 253 *2.53 x 105
A 30/10/77 LL-42 .01 161 1.61 % 106
- B 30/10/77 LL-36 .1 112 1.12 x 105
B 30/10/77 LI~36 .01 27 2.7 x 109
c 30/10/77 LL-30 . 165 1.65 x 105
y 30/10/77 LL-30 0 b
f
27/4/78 CA-2 0.1 74 7.4 x 10%
} 27/4/78 CA=2 1.0 TNTC
+ 27/4/78 CA-5 0.1 135 1.35 x 10°
} 27/4/78 CA-5 1.0 TNTC
% 27/4/78 CA-8 0.1 15 - 1.5 x 104
27/4/78 CA-8 1.0 139 13900
27/4/78 CA-11 0.1 2 2,000
27/4/78 CA-11 1.0 8 800
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Figure 22, This concrete dam across the Bayamon River forms
Lake Cidpa part of the San Juan urban water supply.
lAlthough this section of the lake near station A
is clean, an upstream discharge of raw sewage was
stimulating water hyacinth growth in the southwest

branch near station E, during 1976.
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Table 55

Summary of Snail Surveys in Lake Cidra.

Date Inspector Snails Found
Jan. 23/76 ¥..  Jobin, Pomacea australis
'A. Laracuente Lymnaea cubensis
& S, Véelez Physa marmorata

Marisa cornuarietis
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Table 57
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JOINT STUDY OF CAYEY UNIVERSITY COLLEGE AND PUERTO RICO NUCLEAR CENTER

PHYTOPLIANKTON DENSITY

STATION A

SUMMARY OF DATA FROM 1AKE CIDRA

SURVEY OF: JANUARY 1976

Date Algae Total Count Density of .
for All Phytoplankton
Squares per/ML
1-14-76 Fragilaria spp. 4 4,30
Coelastrum spp. i 1.10
Staurastrum spp. 2 2.15
Kirchneriella spp. 1 1.10
Flagellate (Diatom) ~ Unidentified 2 2.15
Gp. Green Algae - Unidentified 2 2.15
- Sum Total of Count for 12 -
All Squares
Total Phytoplankton Density -

per ML

12.90

%

e



Table 58
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IOINT STUDY OF CAYEY UNIVERSITY COLLEGE AND PUERTO RICO NUCLEAR CENTER

PHYTOPLANKTON DENSITY

"STATION B

SUMMARY OF DATA FROM LAKE CIDRA

SURVEY OF: JANUARY 1976

Total Count Density of
Date Algae for All Phytoplankton
Squares per/ML
1-14-76 Staurastrum spp. . 4 4.30
Gomphosphaeria spp. 1 1.10
Dictyosphaerium sSpp. 1 1.10
Fragilaria spp. 1 1.10
Peridinium spp. 7 '7.52
Flagellate (Diatom) - Unidentified 13 14,0
Gp. Green Algae (Colonial) ~ 1 1.10
Unidentified
Sum Total of Count for 28 -
All S_q_uares
Total Phytoplanktpn Density - 30.07

per ML



Table 59 ' 126
JOINT STUDY OF CAYEY UNIVERSITY COLLEGE AND PUERTO RICO NUCLEAR CENTER'

PHYTOPI.ANKTON DENSITY .

STATION C

SUMMARY OF DATA FROM LAKE CIDRA
SURVEY OF: JANUARY 1976

Total Count Density of

Date Algae | | for All Phytoplankton :
Squares per/ML
1-14-76 Fragilaria spp. s 8.60
TFrustulia spp. 1 1.10
Navicula épp. _ | 1 1.10
Dictyosphaerium spp. 6 6,44
Mallomonas spp. 2 - 2.15
Coelastrum spp. 2 - 2.15
Synedra spp.. -1 1.10
Scenedesmus spp. 1 1.10
Flagellate (Diatom) - Unidentified 3 3.22
Centric Diatorﬁ ~ Unidentified 1 o 71.10
Sum Total of Count for | 26' -
Al]l Squares
Total Phytoplankton Density - 28.0

prer ML
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JOINT STUDY OF CAYEY UNIVERSITY COLLEGE AND PUERTO RICO NUCLEAR CENTER

PHYTOPLANKTON DENSITY

STATION D

SUMMARY OF DATA FROM 1AKE CIDRA

SURVEY OF: JANUARY 1976

Total Count Density 6f _
Date Algae for All Phytoplankion
Squares per/ML
1-14-76 Peridinium spp. 20 21.50
Staufastrum Spp. 3 3.22
Gomghosphaerié Spp. 2 2.15 -
Cosmarium spp. 1 1.10
Mallomonas spp. 1 1.10
Gp. Green Algae - Unidentified 1 1.10
Flagellate (Diatom) - Unidentified 19 20.40
Sum Total of Count for 47 -
All Squares
Total Phytoplankton Density - 50.50

per ML
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TOINT STUDY OF CAYEY UNIVERSITY COLLEGE AND PUERTO RICO NUCLEAR CENTER

PHYTOPLANKTON DENSITY

STATION E -

SUMMARY OF DATA FROM LAKE CIDRA

SURVEY OF: TANUARY 1976

Total Count Density of
Date Algae for All Phytoplankton
: Squares per/ML

1-14-76 Frustulia spp. i 1.10

Scenedesmiis_spp. 2 2.15

Mallomonas spp. 1 1.10 -

Fragilaria spp. 6 6.44

Dictyosphaerium spp. 1 1.10

Staurastrum spp. 2 2.15 |

Peridinium spp. 1 l.iO

Gomphoneis spp. 1 1.10

Gp. Green Algae - Unidentified 1 1.10

Sum Total of Count for 16 -

All Squares

Total Phytoplankton Density - 17.20

per ML .

L ]



Table 62
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JOINT STUDY OF CAYEY UNIVERSITY COLLEGE AND PUERTO RICO NUCLEAR CENTER

PHYTOPLANKTON DENSITY

STATION X

(Below Cattle igrid)
(Bubulcus ibis) nest

SUMMARY OF DATA FROM LAKE CIDRA

SURVEY OF: JANUARY 1876

Total Count Density of
Date Algae for All Phyvtoplankton
Squares per/ML
1-14-76 Scenedesmus sSpp. 1 1.10
Peridinium spp. 5 5.40
Staurastrum spp. 1 1..10
Mallomonas spp. 1 1.10
Euglena spp. 1 1.10
Cymbella spp. 1 1.10
Fragilaria spp. 3 3.22
Dictyosphaerium spi). 2 2.15
Navicula spp. 1 1.10
Gp Green Algae - Unidentified 3 3.22
Gp. Green Algae (Colonial) - 1 1.10 h
Unidentified
Sum Total of Count for 20 -
All Squares
Total Phytoplankton Density - 17.20

per ML
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Figure 24,

A dense population of Tarebia granifera on a stick

taken from Lake Dos Bocas near station B.
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TABLE 64 135

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER Chlorides

UNITS mg/l

A=VARTIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE oF : DEVIATION
SAMPLES
1976
19_70-11/11 86.2 - 15 5,75 1.10
21/2/77 50,8 ‘ 10 5,08 0.94
3 20/5/77  37.3 5 7.46 1.87
4 99/8/77  36.1 5 7.22 1.26
35/12/77  25.4 5 5.08 0.94
6 28/3/78  26.5 5 5.30 0,72
-,
8
9
10
TOTALS 262.3 45 5.83

' B=-VARTATION BY STATION

A 13.3 2 6.65 1.75
B 48.9 8 6,11 1.4
c 46,1 8 5.76 0.80
D 37.5 8 4,69 1.14
E 54,4 8 6.80 1.78
F 8.6 2 4.30 0.20
G 42.5 7 6.07 0.59
r 11.0 2 5,50 0.00
TOTALS 262.3 45 5,83




TABLE 65 . 13s

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER  Hardness as Mg S04

UNITS ' mg/1l

A-VARIATION WITH TIME

SAMPLE TbTAL NUMBER MEAN - STANDARD
DATE OF DEVIATION
SAMPLES
1 1,294.5 15 86.. 30 15.21
967.0 10 96.70 10.38
3 589.7 5 117,94 2.93
4 610.2 5 122.06  °  6.05
> 470.9 5 94,18 8,94
6 4565 5 91.30 9,72
7
8
9
10
TOTALS 4,388.8 45 97,53

B-VARTATION BY STATION

A 251.5 2 125.75 k.85
B 821.2 8 102,65 13.91
¢ 797,0 g 99,62 20.86
D 736,46 8 92.08 13.05
£ 752.8 8 94,10 17.30
F 132.5 2 66,25 1.55
G 700.1 gy 100.1 10.16
" 197.1 2 98,55 1.25
TOTALS

4,388,.8 45 97.53

[
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HYDROELECTRIC RESERVOIR STUDY

PARAMETER

TABLE 66

SUMMARY OF DATA FROM
LAKE Dos Bocas

Total Phosphates as P

UNITS mg/ 1

A=VARIATION WITH TIME

TOTAL

SAMPLE NUMBER MEAN STANDARD

DATE OF DEVIATION

SAMPLES
1 0.25 14 0.02 0.01
0,11 10 0.01 0.00
0.05 5 0,01 0.00
4 0.05 5 0.01 0.00
5
0.05 5 0.01 0.00

6 0.05 5 0.01 0.00

-

)

S
10
TOTALS 0.56 b4 0.01

B-VARIATION BY STATION

A 0.07 2 0.04 0.02
B 0.12 8 0.02 0,01
c 0.07 8 0,01 0.00
D 0.09 8 0.01 0.00
E

0,11 8 0.01 0.00
F .

: 0.02 2 0.01 0.00:
G 0.07 7 0.01 0.00
H- 0.01 1
TOTALS 0.56 4t 0.01
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TABLE &7

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER  Nitrate & Nitrite as N

" . UNITS mg/ 1

A-VARTATION WITH TIME

6.48 A 0.15

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATICN
SAMPLES
1 4,8 14 0.34 0.18
0.44 10 0.04 0.02
0.50 5 0.10 0.00
4 0.02 5 0.00 0.00
5 0.45 5 0.09 0.02
6 0.27 5 0.05 0.03
-~
8
5
10
TOTALS 6.48 bh 0.15
B-VARIATION BY STATION
A 1.4 2 0.70 0.10
B 1.4 8 0.18 0.16
¢ 0.58 8 0.07 0.04
D 0.66 8 0.08 0.05
E 0.61 8 0.08 0.04
F 0.60 2 0.30 0.00
G 0.63 7 0.09 0.03
-H 0.60 1
TOTALS

138
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TABLI* 68

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM

LAKE Dos Bocas
PARAMETIIR Iron

UNITS mg/1

A~VARIATION WITH TIMFE

TOTAL NUMBLR MEAN

SAMPLE STANDARD
DATE . OF DEVIATION
SAMPLES
1 11.5 -« 15 0.77 0.57
2 2.7 10 0.27 0.18
2 1.4 5 0.28 0.22
4 0.22 5 0.04 0.02
5 4.8 5 0.96 0.54
6 0.67 5 0.13 0.08
7.
8
9
10
TOTALS 21.29 45 0.47 -
B=-VARJATION BY STATION
A 4. 2 2.20 0.40
B 3.66 8 0.46 0.46
C 2.03 8 . 0.25 0.17
D 1,73 8 0.22 0.11
F 2,34 8 0.29 0.23
F 2.9 | 2 1.45 0.05
G 3,63 7 0.52 0.29
H 0.6 2 0,30 0.10
TOTALS 2129 45 0,47
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TABLF 69 140

HYDROELECTRIC RESYRVOIR STUDY
SIMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER  Turbidity

UNITS Standard Units

A=VARIATION WITH TIMF

TCTAL NUMREER MEAN STANDARD

SAMPLE
LATE QF DEVIATION
SAMPLES
1 163.¢ 13 12.58 5.89
2 48,9 10 4,89 2.40
> 0.2 5 0.04 0.02
4 38.0 - 5 7.60 8.16
> 70,1 5 14.02 2,82
6
7
8
9
10
TOTALS 320.8" 38 8.44
B-VARIATION BY STATION
A 25,0 1 _
B 74,2 ‘ 7 10,60 8.03
< 31.4 7 4,49 3,57
D 52,9 7 7.56 3.34
£ 60.8 7 8.69 4.60
F 26,0 1
G 44,2 6 7.37 1.16
H 6.3 2 3.15 0.95
TOTALS 320.8 | 38 8.44
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TABLY 70

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER Color

UNITS Standard Unit

A-VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN

STANDARD
DATE CF DEVIATION
SAMPLES
1 318.0 15 21.20 16,03
172.0 10 17.20 4,12
55 () 5 11.00 2.00
4 50,0 5 10.00 0.80
S 48,0 5 9,60 0.92
6
52,0 5 10.40 0.64
7
8
9
10
TOTALS 695.0 45 15.44
B-VARIATION BY STATION
A . : .
25.0 2 12.50 7.50
B 112,0 8 . 14,00 6.00
c i 96.0 8 12.00 '3.00
D 103.0 8 12.88 4,10
E 117.0 8 14.62 5.28
F .
_ 145.0 2 72.5 2,50
G 87.0 7 12.43 2.90
H 10.00 2 5,00 0.00

TOTALS 695.0 45 15,44




TABLE 71

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM

LAKE Doz Bocas :

PARAMETER P H

-UNITS

A=VARTATION WITH TIME

SAMPLE

TOTAL NUMBER MEAN

332.3 45 7.38

STANDARD
DATE OF DEVIATION
SAMPLES
1 108.6 15 7.24 0.20
2 72.8 10 7,28 0.13
3 39,3 5 7.86 0.13
4 ’ .
36.5 5 7.30 0.20
- :
36,1 5 7.22 0.06
6 39.0 5 7.80 0.12
- :
8
9
10
TOTALS 332,.3 45 7.38
B~VARIATION BY STATION
A 14.7 2 7.35 0.05
B 58,5 8 7.31 0.31
- -
59.5 8 7.4k 0.18
b 59,7 8 7.46 0.19
E 59.1 8 7.39 0.29
F 13,9 2 6.95 0.05
G 51.9 7 7.41 0.30
i _
15.0 2 7.50 0.10
TCTALS

-
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TABLY 72

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER Dissolved Oxygen

UNITS mg/1

A~VARIATION WITH TIME

237.1 29 8,18

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATICN
SAMPLES
1 77.0 8 9.62 1.90
2 427 6 7,12 1,24
40.9 5 8.18 0,46
4 . 34.0 5 6.80 0.56
> 42.5 5 8.50 1.04
6
s 7
8 -
9
10
TOTALS 237.1 29 '8.18
B-VARIATION BY STATION
A .
7.7 . 1
B 46.3 : 5 e, 26 1.43
c .
51.6 6 8.60 1.07
D AT 5 8.20 1.00
E ‘ :
39,9 5 7.98 1.74
F 47 1
G 36,0 5 7.20 1,36
H 9,9 1
TOTALS
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TABLE 73

HYDROELECTRIC RESERVOIR S5TUDY

SUMMARY OF DATA FROM
LAKE Dos Bocas

PARAMETER  Chlorophyll A

UNITS mg/1

A-VARIATION WITH TIME

TOTALS

10.4 4 2.60

SAMPLE Tb’IAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1l
2
3 10.4 4 2,60 1.15
4
5
6
-
8
9
10
TOTALS 10.4 & 2.60
B~VARIATION BY STATION
A 5.6 1
B 0.0 1
¢ 1.6 1
D 3.2 1
E -
F
G
H

144
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Table 74

Summary of Snails Surveys in Lake Dos Bocas

Date

Inspector

Snails Found

Jul., 12/7s

J. A. Bermudez

Marisa cornuarietis

Tarebia granifera

iDec. 16/76

W. Jobin

Lymnaea cubensis

Tarebia granifera

Marisa cornuarietis

Physa marmorata

Biomphalaria glabrata

Mar. 31/78

R. Brown &

A. Laracuente

Physa marmorata

Lymnaea cubensis

Tarebia granifera

Marisa cornuarietis

Tropicorbis riisei

Aug. 8/78

A. Laracuente

Helisoma caribaeum

Tarebia granifera

Marisa cornuarietis

Physa marmorata

Lymnaea colume1la

145



Table 75

j2

T

b

‘ 146
 SUMMARY OF COLIFORM DATA OF LAKE Dos Bocas IN Arecibo , P.R.
FRom Feb. 197 10 Maxch 1978,
"STATTION DATE o VOL. | COLONIES COLONIES/
_lc 3/2/77 DB-38 1 0 0
c 3/2/77 DB-38 10 0 0
D A/2/77 DB-45 1 1 100
D 3/2/77 DB-45 10 2 40
F 3/2/77 DB-52 1 3 300
F 3/2/77 DB-52 10 5 50
E 3/2/77 DB-59 1 6 600
E 3/2/77 DB-59 10 39 390
B 3/2/77 DB-67 1 12 1,200
| B 3/2/77 DB-67 10 TNTC 0
\ C 3/2/17 - 20 0 0
i B :8/2/77 DB-95 10 3 30
} B 8/2/77 DB-85 1 2 200
D 8/2/77 DB-90 10 6 60
D 8/2/77 DB-90 1 0 0
G 8/2/77 DB-92 10 4 40
G 8/2/77 DB-92 1 2 200
E 8/2/77 DB-93 10 65 650
E 8/3/77 DB-93 1 7 700
C 8/2/77 DB-96 10 12 120
c 8/2/77 DB-96 1 1 100
¢ 9/2/77 DB-110 10 0 0
c 9/2/77 DB-110 1 0 0
D 9/2/77 DB-98 ‘10 1 10
D 9/2/77 DB-98 1 0 0
G 9/2/77 DB-104 10 0 0
G 9/2/77 DB-104 i 2 200
E 9/2/77 DB-112 10 22 220
E 9/2/777 | pB-112 - 1 1 100
B 9/2/77 DB-114 10 192 1,920
B 9/2/77 DB-114 1 34 3,400
16/5/77 DB-201 0 0
16/3/77 DB-201 0 0
|
H |




Table 75 (continued) 147
SUMMARY OF COLIFORM DATA OF LAKE DosBocas IN Arecibo , P.R
FroM February 1977 TO March 1978,
STATION DATE o VOL. | COLONIES COCONIES/
D 16/5/77 DB-203 1 1 100
D 16/5/77 DB-203 1 0 0
G 16/5/77 DB- 204 1 6 600
G 16/5/77 DB-204 1 1 100
E 16/5/77 DB-205 1 5 500
E 16/5/77 DB-205 .1 1 1000
! B 16/5/77 DB-209 1 1 100
} B 16/5/77 DB-209 .1 0
—C 17/5/77 | DB-215 1 0
¢ 17/5/77 | DB 215 .1 0 0
% D 17/5/77 DB-221 1 1 100
—2 17/5/77 DB-221 1 0 0
G 17/5/77 DB-227 1 7 700
i; G 17/5/77 DB-227 .1 1 1000
- 17/5/77 DB-232 1 1 100
4 E 17/5/77 DE-232 .1 0 0
. B 17/5/77 DB-239 1 9 900
B 17/5/77 DB_239 .1 1 1000
c 18/5477 DB-245 10 8 80
¢ 18/5/77 DB=245 1 0 0
—D 18/5/77 DB-247 10 4 40
E D 18/5/77 DB-247 1 1 100
G 18/5/77 DB-248 10 62 620
G_ 18/5/77 DB-248 1 12 1200
E 18/5/77 DB-254 10 10
E 18/5/77 DB-254 1 0 0
B 18/5/77 DB-260 10 47 470
B 18/5/77 DB-260 1 17 1700
C 19/5/77 DB-266 10 70
C 19/5/77 DB-266 1 0 0
D 19/5/77 DB-272 10 11 110
D 19/5/77 DB-272 10 25 25
G 19/5/77 DB-274 1 90 900
G 19/5/77 DB-274 10 6 60
}




"Table 75 (continued)

148
SUMMARY OF COLIFORM DATA OF LAKE Dos Bocas  Arecibo sy P.R.
FROM February 1977 710 March 1978.
STATION DATE | yppe voL. [ coLonIEs | FoEONTES/
E 19/5/77 DB-280 10 & 60
E 19/5/77 DB-280 1 3 300
D 19/5/77 DB-286 10 90 900 *
D 19/5/77 DB-286 1 18 1,800
A 1/9/77 DB-58 10 90 :
A 1/9/77 DB-58 1 2 200
B 1/9/77 DB-66 10 1 10
B 1/9/77 DB-66 1 0 0
. C 1/9/77 DB-74 10 64 640
c 1/9/77 DB- 74 1 5 500
;L 1; 1/9/77 DB-78 10 2% 260
= /9177 DB-78 1 2 200
- 1/9/77 DB-82 10 102 1020
| E 1/9/77 DB-82 1 8 800
1
A 6/12/77 - 0.1 1 1000
| A 6/12/77 - 1.0 23 2.300
B 6/12/77 - 0.1 22 92,000
B 6/12/77 - 1.0 TNTC
C 6/12/77 _ 0.1 1 1000
C 6/12/77 . 1 15 1500
o 6/12/77 _ .1 0 0
D 6/12/77 - 1 14 1,400
E 6/12/77 - .1 15 15,000 ’
E 6/12/77 ] 1 82 8,200
A 7712/ 77 ; 1 0 0 4
A 7/12/77 - 1 41 4,100
B 7/12/77 - .1 0 0
B 7/12/77 - 1 10 1,000
c 7/12/77 _ .1 6 6,000
¢ 7/12/77 - 1 22 2,200
D 7/12/77 - .1 7 7,000
D 7/12/77 - 1 10 1,000
E 7112477 - .1 26 26,000
E 7/12/77 - 1 125 2,500

B




Table 75 (continued) 149
SUMMARY OF COLIFORM DATA OF LAKt Dos Bocas IN Arecibo , P.R.
FROM February 1577 70 March 1978.
FIELD COLONIES/
N
STATTIO DATE NUM. g?L. COLONIES 100 ml
B 28/3/78 . 0.1 1 1,000
B 28/3/78 - 1.0 7 700
C 28/3/78 - 0.1 0 0
C 28/3/78 - 1.0 0 0
D 28/3/78 - 0.1 0 0
D 28/3/78 - 1.0 1 100
E 28/3/78 i o1 5 S
K 28/3/78 - 1.0 0 0
'G 28/3/78 0.1 0 0
G 28/3/78 - 1.0 2 200
., B 28/3/78 . 1.0- o 0
e 28/3778 N 0.0 5 )
I
C 28/3/78
% - 1.0 0 0
E'C 28/3/78 _ 10.0 0 0
, D 28/3/78 - 1.0 0 0
1
D. 28/3/78 - 10.0 0 ¢
E 28/3/78 - 1.0 0 0
E 28/3/78 N 10.0 , 20
G 2873/78 . 1.0 2 200
c 28/3£78 - 10.0 6 60

"
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Figure 31.

Overflow spillway on Lake Garzas at high water

"level in November 1976.
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Fiqure-32.

Overflow spillway on Lake Garzas at low water

level in July 1976.
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HYDROELECTRIC RESERVOIR STUDY

TABLE 79 -

SUMMARY OF DATA FROM
LAKE - Garzas

PARAMETER Chlorides

UNITS mg/ 1

A=VARIATION WITH TIME

STANDARD

SAMPLE TOTAL NUMBER MEAN

DATE OF DEVIATION
SAMPLES

1 30/11/76 19.5 5 3.90 0.00
2 23/6/77 8.1 5 1.62 0.61
3 23/9/77 7.8 5 1.56 0.53
4 27/1/78 4.9 b 1.22 0.72
5 17/5/78 37.0 5 7,40 0.48
6
7
8
°

10

TOTALS 77.3 2 3.22

; B-VARTATION BY STATION'

. A 17.6 5 3,52 1.86
B 15,7 5 3.14 2.17
c 14,8 5 2,96 "2.31
D 13.5 4 3.38 1.98
E 15.7 5 3.14 1.77
F
G
H
“TOTALS - 77.3 24 3.22
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TABLE 80 168

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Garzas

PARAMETER Hardness as MgSo4

UNITS mg/ 1

A~VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 291.7 5 58.34 1.82
2 920.4 5 184.08 137.01
503.5 5 100,70 19,92
4 316.7 4 79.18 3.08
> 396.3 5 79.26 3.07
6
7
8
9
10
TOTALS 5 428.6 24 101,19

B.VARTATION BY STATION

416.9 5 83.38 13,04
B 399,4 5 79.88 . 10.86
c 4413 5 88.26 . 20.35
D 307.2 4 76.80 15.30
E 863.8 5 172.76 141.54
- .
G

TOTALS 2,428.6 24, 101.19

e



HYDROELECTRIC RESERVOIR STUDY

PARAMETER

TABLE 81

SUMMARY OF DATA FROM
LAKE Garzas

Total Phosphates as P

UNITS mg/ 1

¥

A=VARIATION WITH TIME

: SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.0 5 0.00 0.00
0.05 5 0,01 0.00
0.05 5 0.01 0.00
4 0.04 4 0.01 0.00
3 1.56 5 0.31 0.44
6
-
8
9
10
TOTALS 1.7 24 0.07
. B~VARIATION BY STATION
: A 0.06 5 0.01 0.01
B 0.09 5 9.02 0.02
¢ 0.07 5 0.01 10.01
D 0.03 4 0.01 0.00
B 1.45 5 0.29 0.45
F
G
H
" TOTALS 1.7 24 0.07

L1&9



TABLE 82 ' 170

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Garzas

PARAMETER Nitrte & Nitrite as N

UNITS mg/ 1

A~VARTATION WITH TIME

SAMPLE TOTAL NUMEBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.44 5 0.09 0.05
0.23 5 0.05 0.02
0.32 5 0.06 0.01
4 0.30 4 0.08 0.02
> | 0.10 5 0.02 0.0l
6
7
8
9
10
TOTALS 1.39 24 0.06

1
B=VARIATION BY STATION

U.25 5 0.05 0.02
B 0,24 5 0.05 0.02
C 0.49 5 0.10 0,04
D 0.20 4 0.05 0.04
E 0.21 5 0.04 0.02
- .
G
H

TOTALS 1.39 24 0.06

2 Y
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HYDROELECTRIC RESERVOIR STUDY

TABLE 83

SUMMARY OF DATA FROM
LAKE Garzas

PARAMETER Iron

UNITS mg/1

171

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.63 5 0.13 0.03
2 0.49 5 0.10 0.04
0.29 5 0.06 0.02
4 0.19 4 0.05 0.03
> 0.31 5 0.06 0.05
6
—
8
9
10
TOTALS 1.91 24 0.08
B-VARIATION BY STATION
1
A 0.24 5 0,05 0.02
1 B 0,61 5 0.12 0.03
C 0.29 5 0.06 10.03
D
0.49 4 0.12 0.08
E 0,28 5 0.06 0.02
F
G
H
TOTALS 1.91 24 0 .08




TABLE 84 172

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Garzas

PARAMETER Turbidity

UNITS Standard Unit

A-~VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
' SAMPLES
1 11.40 5 2,28 0.85
2 2.40 5 0.48 0.29
5.30 5 1.06 0.83
4 0.23 4 0.06 0.03
5
6
7
8
9
10
TOTALS 19.33 19 1.02

B-VARIATION BY STATION

A 5.43 4 1.36 1.52
- - _

2,07 4 0.52 0.49
¢ 4.73 4 1.18 " 1.02
D 2.40 3 0.80 0.73
E 4.70 4 1.18 0.54
F
G
H

TOTALS 19,33 19 1.02




TABLE 85

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM

LAKE Garzas

PARAMETER Color

UNITS Standard Unit

A~VARTATION WITH TIME

m|Oo|™

SAMPLE TOTAL NUMBER MEAN STANDARD
" DATE OF DEVIATION
SAMPLES
1 45,0 5 9.00 1.60
2 52.0 5 10.40 0.64
3 48.0 5 9.60 0.64
4 23,0 4 5.75 1.12
5 36.0 5 7.20 1,76
6
7
8
9
10
TOTALS = 04,0 24 8.50
B~VARIATION BY STATION
A 45.0 5 9.00 1.60
B 43,0 5 8.60 1.68
c 38,0 5 7.60 2.08
D 35,0 4 8.75 1.88
E 43.0 5 8.60 1.92
TOTALS 204.0 24 8.50




TABLE 86

HYDROELECTRIC RESERVOIR STIUDY
SUMMARY OF DATA FROM
LAKE Garzas

PARAMETER P, H.

- UNITS

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
_ DATE OF DEVIATION
: SAMPLES
1 37.0 5 7.40 0.08
2 37.0 - 5 7.40 0.20
3 40.2 5  8.04 0.05
4 30.1 4 7.52 0.04
5 38.6 5 " 7.72 0.11
- _ :
7
8
o
10
TOTALS 182.9 : 24 7.62
B-VARIATION BY STATION
A 38.5 5 7.70 0.24
B 39,3 : 5 7.66 0.27
< 37.9 5 7.58 £ 0,26
D 30.4 W 1.60 0.25
E 37.8 3 7.56 0.23
F
G
H

" TOTALS 182.9 24 © 7,62

174
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TABLE 87

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Garzas

'PARAMETER

UNITS mg/1

Dissolved Oxygen

175

x

A=VARIATION WITH TIME

NUMBER

SAMPLE TOTAL MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 20,1 3 6.70 0.27
25.1 3 8.37 0.18
23,2 4 5.80 0.40
4 26.1 4 6.52 0.38
5
6
—
8
9
10
TOTALS 94,5 14 6.75
. B~VARTATION BY STATION
. A 27.2 4 6.80 0.90
B 25,9 4 6.48 _d.%98.
C 28,7 4 7.18 0.46
D 5.6 1
E 7.1 1
- .
G
H
TOTALS 94,5 14 6.75




Table 88

Summary of Snails Surveys in Lake Garzas

Date

Inspector

: d

Snails Found )

Jan.

29/76

P. Bermudez

=i

Biomphalaria glabraty

Physa marmorata

Marisa cornuarietis

Tarehia granifera

Dec.

7176

H. Negron

Marisa cornuarietis

Lymnaea cubensis

Physa marmorata

Tarebia granifera |

Biomphalaria glabrata

Jun

28/77

W. Jobin &

A, Laracuente

Marisa cornuarietis

Tarebia granifera

Physa marmorata

Lymnaea cubensis

Dec.

177

W. Jobin

Physa marmorata

Biomphalaria glabrata

Marisa cornuarietis

Lymnaea cubensis

Feb,

2/78

W. Jobin

Marisa cornuarietis

Lymnaea cubensis

Physa marmorata

Tarebia granifera

176

Ak



&

Table 88 (continued)

Date Inspectof Snails Found
May i7/78 R. Brown Marisa cornuarietis
Tarebia granifera
Physa marmorata
Aug. 28)78 A. Laracuente Marisa cornuarietis

Tarebia granifera

177



Table 89 178
SUMMARY OF COLIFORM DATA OF LAKE Garzas IN , P.R.
FROM 197 ToO 1978.
STATION DATE oD VOL. | COLONIES ESBOE{ES/
. m
A '30/11/76 czZ-10 1 12 1200
A 30/11/76 GZ-10 10 103 1030
B 30/11/76 GZ-3 1 92 9,200
B 30/11/76 GzZ-3 10 TNTC
¢ 30/11/76 6Z-13 1 327 32,700
C 30/11/76 GZ-13 10 TNTC
D 30/11/76 GZ-4 - 1 301 30,100
''p 30/11/76 GZ~4 10 TNTC
i ~ ‘
. E 30/11/76 GZ-6 1 102 10,200
E 30/11/76 GZ-6 10 TNTC
i .
i A 1/12/76 Gz-27 1 56 5,600
LA 1712776 Gz-27 10 TNTC
| B 1/12/76 6Z-33 1 15 1500
B 1/12/76 GZ-33 10 TNTC
c 1/12/76 6Z-19 1 1 100
¢ 1/12/76 Gz-19 10 15 150
D 1/12/76. CZ-40 1 63 6,300
D 1/12/76 GZ-=20 10 TNTC
E 1/12/76 Gz-21 1 21 2,100
E 1/12/76 6z-21 10 TNTC
A 2/12/76 GZ-47 01 26 2600
A 2/12/76 GZ-47 1 TNTC
B 2/12/76 6z-53 01 2 200
B 2/12/76 GZ-53 10 TNTC
C 2/12/76 GZ-39 01 0 -
C 2/12/76 GZ-39 10 7 70
D 2/12/76 GZ-40 01 2 200
D 2/12/76 GZ-40 10 3 30
E 2/12/76 Gz-41 01 6 600
E 2/12/76 Gz-41 10 36 360
20/6/77 6z-75 10
A 20/6/77 GzZ-75 1 0
B 20/6/77 GZ-77 10 0 0

z

[
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Table 89 (continued)

172

SUMMARY OF COLIFORM DATA OF LAKE Garzas IN , P.R.
FROM 197 7O 1978.
STATION DATE gﬁﬁ%n VOL. | coLONIES | SOLONIES/
B 20/6/77 C7-77 1 0 0
c 207677 79 o o S
c 20/6/77 Gz-79 1 0 0
D 20/6/77 GZ-80 10 0 )
D 20/6/77 GZ-80 1 0 0
E 20/6/77 GZ-81 10 0 0
E 20/6/77 GZ-81 1 0 0
4B 2i/6/77 GZ-87 10 0 0
LB 21/6/77 GZ-87 1 0 0
¢ 21/6/77 Gz-93 10 0 0
| C 21/6/77 GZ-93 1 0 0
; D 21/6/77 GZ-94 10 0 0
}D 21/6/77 GZ-94 1 0 0
% E 21/6/77 GZ-95 10 0 0
B 21/6/77 GZ-95 1 0 0
A 21/6/77 Gz-101 1o 0 0
A 21/6/77 GZ-101 1 0 0
A 92/6/77 GZT117 1 0 0
A 22/6/77 GZ-117 10 0 0
A 22/6/77 cz-107 1 0 0
B 22/6/717 GZ-107 10 0 0
C 22/6/77 Gz-113 1 0 0
¢ 22/6/77 GZ-113 10 0 0
D 22/6/77 Gz-114 1 0 0
D 22/6/77 Gz-114 10 1 10
E 22/6/77 Gz-115 1 2 200
E 22/6/77 6Z-115 10 2 20
A 8/78 15,5 x 103
A 8/78 7.9 x 103
B 8/78 1.7 x 104
B 8/78 2.0 x 104
C 8/78 2.9 x 10%
¢ 8/78 2.5 x 103
i _ 8/78 7.5 x 10°
8/78 5:3 x 103
| ,
I
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IFigurc 33. Outlet yate from Lake Garzas diverting Tlow to

turbines and irrigation system on south coast.
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Figure

. Garzas River cascading into the Lake Garzas near

Station C. Quiet pool below cascade was site of

Biomphalaria glabrata populations - in 1975,

eventually replaced by large colony of Marisa

-cornuarietis.
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TABLE 93

HYDROELECTRIC RESERVOIR STUDY
: SUMMARY OF DATA FROM
- LAKE _Guajataca

PARAMETER Chlorides

UNITS mg/1

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN

STANDARD
DATE oF DEVIATION
 SAMPLES
1,9/8/77 0.0 3 0.00 0.00
2
3
4
5
6
7
8
9
10
TOTALS 0.0 3 0.00

B~VARIATION BY STATION'

A 0.0 1
C 0.0 1
- —

E

P .

G

H

-TOTALS 0.0 3 0.00

192
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TABLE 94

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guajataca

PARAMETER Hardness as Mg S04

UNITS mg/l

A~VARIATION WITH TIME

TOTAL NUMBER MEAN STANDARD

SAMPLE
DATE OF DEVIATION
SAMPLES
1 643.2 3 214.40 4,80
3
4
5 .
6
-
8
9
10
TOTALS 643.2 3 214,40
. B~VARIATION BY STATION' )
A 210.8 1
\ s
B 210.8 1
C 221.6 1
D
E
F
- ..
H
“TOTALS

643,2 3 214,40

193



TABLE 9%

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guajataca

PARAMETER Total Phosphates as P

UNITS mg/ 1

194

A~VARTATION WITH TIME

SAMPLE - . TOTAL NUMBER  MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.03 3 0.01 0.00
2
3
4
5
6
-
8
9
10
TOTALS 0.03 3 0.01
B~VARIATION BY STATION
A 0.01 1
B 0,01 1
¢ 0,01 1
D
E
F
G
H
- TOTALS

0.03 3 0.01

-



TABLE 96 195

HYDROELECTRIC RESERVOIR STUDY
r SUMMARY OF DATA FROM
LAKE CGuajataca

PARAMETER Nitrate & Nitrite as N

UNITS mg/ 1

A~VARIATION WITH TIME

SAMPLE TOTAL NUMBER ' MEAN STANDARD
DATE OF DEVIATION
SAMPLES

1 0.23 3 0.08 0.04

4

5

6

.

8

9

10
TOTALS 0.23 3 0.08

B~VARIATION BY STATION'

A 0.04 1

B 0.06 1

0,13 1

" TOTALS 0.23 3 0,08




TABLE 27

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Guajataca

PARAMETER Iron

UNITS Mg/1

1%s

A~VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD

DATE OF DEVIATION
SAMPLES

1 0.28 3 0.09 0.07
2
4
5
6
7
8
9

10

TOTALS 0.28 3 0.09 0.07

B-VARIATION BY STATION

A 0.06 1

B 0.20 1

C 0.02 1

D

E

F

G

H

* TOYALS 0.28 3 0.09

[

a%



TABLE 98

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guajataca

PARAMETER  Turbidity

UNITS Standard Unit

A=VARIATION WITH TIME

SAMPLE TOTAL -  NUMBER  MEBAN STANDARD
DATE - OF : DEVIATION
- SAMPLES
) —
35.3 3 11.77 1.69
- .
3
’
5
6
—
8
~
10
TOTALS 35.3 3 11,77

B~VARIATION BY STATION'

A 10 1

B 11 1

c 14.3 1

'TOTALS- 35,3 ) ki 11.77

197



" TABLE 99 . 198

HYDROELECTRIC RESERVOIR STUDY
- SUMMARY OF DATA FROM
LAKE Guajataca

PARAMETER Golor

UNITS Standard Unit

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE . OF DEVIATION
SAMPLES

1 30.0 3 10.00 0.00

10

TOTALS 30.0 3 10.00

B-VARTATION BY STATION'

A 10.0 1
B 10.0 1
C 10.0 1
D
E
F
G
H

TOTALS 30,0 3 10,00

1%
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TABLE 100

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guajataca

PARAMETER P H

UNITS

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD

DATE OF DEVIATION
SAMPLES

1 23.5 3 7.83 0.33
4
5
6
7
8.
9

10

TOTALS 23.5 3 7.83

B~VARTATION BY STATION

A 8.0 1

B 7.8 1

¢ 7.7 1

D

E

F

G

H

* TOTALS 23.5 3 7.83

199



TABLE 101

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Gua jataca

PARAMETER Dissolved Oxygen

UNITS Mg/ 1

200

A=VARTATICON WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OoF DEVIATION
SAMPLES
1
22.9 3 7.63 0.22
4
5
6
7
8
9
10
TOTALS 29.9 3 7.63
B=VARIATION BY STATION'
A 7.8 1
B 7.8 1
C
7.3 1
D
E
F
G
H
" TOTALS 22.9 3 7.63
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Table 102

Summary of Snail Surveys in Guajataca

Date . Inspector Snails Found .

Jun 30/76 Quirindongo Marisa cornuarietis

Tarebia granifera

Pomacea australis

Aug. 10/78 W. Jobin Marisa cornuarietis

Tarebia granifera
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GRAFICA DE OXIGENO DISUELTO Y TEMPERATURA
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LAGO GUAJATACA
GRAFICA DE OXIGENO DISUELTO Y TEMPERATURA
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Figure 39 205

LAGO GUAJATACA
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Figure

41, Concrete gravity dam at Lake Guayo in
Castafier. This lake is one of several
which divert water to Lajas Valley
System. It is the clearest of the
lakes and has the longest residence
time of flow.
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TABLE 105

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guavo

PARAMETER Chlorides

UNITS mg/ 1

A=VARTATION WITH TIME

TOTAL NUMBER MEAN

SAMPLE STANDARD
DATE OF DEVIATION
SAMPLES
lg/7/77  23.4 3 7.80 1.33
26/10/77 19.7 4 4,92 1.46
315/2/78 18.6 4 4,65 0.88
425/5/78  52.7 4 13.18 4.16
5
6
7
8
9
10
TOTALS 114.4 15 7.63
B~VARIATION BY STATION'
A 28 .4 4 7.10 1.35
B 39,1 4 9.78 5.86
c 32.3 4 8.08 -2.68
D 14,6 3 4.87 3,22
- :
F
G
H
“TOTALS 1144 15 7.63
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TABLE 106

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM

LAKE Guayo

PARAMETER Hardness (Mg S04 mg/1)

UNITS mg/ 1

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN - STANDARD
DATE OF DEVIATION
SAMPLES
1 179.4 3 59,80 41.07
2 520.4 4 130.10 6,45
471.9 4 117.98 2,58
4 485.6 4 121.40 3,20
5
6
o
8
9
10
TOTALS 1 657,3 15 110.49
B~-VARIATION BY STATION'
A 505.0 4 126.25 9,15
B 406 .3 4 101.58 27.04
c 380.8 A 95.20 42,35
D 365.2 3 121.73 2.71
E
F
G
H
"TOTALS 3 ¢57.3 15 110,49
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TABLE 107 ' . 211

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guayo

PARAMETER Total Phosphates as P

UNITS mg/ 1

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF . DEVIATION
SAMPLES
i 0.04 3 0.1 0.01
2 0.04 4 0.01 0.00
0.04 4 0.01 0.00
4 0.21 4 0.05 0.03
5
6
o
8
9
| 10
- TOTALS 0.33 15 0.02
B-VARIATION BY STATION'
A 0.07 4 0.02 0.01
B 0.06 4 0.02 0.01
c 0.08 4 0.02 “0.02
‘D 0.12 3 . 0,04 0.04
E
F
"
H
0.33 s 0.02




HYDROELECTRIC RESERVOIR STUDY

TABLE 108

SUMMARY OF DATA FROM

LAKE _Guayo

PARAMETER

Nitrate + Nitfite as N

UNITS mg/1

A-VARTATION WITH TIME

SAMPLE TOTAL - NUMBER MEAN STANDARD
DATE OF DEVIATION
. SAMPLES
1 2.4 0.80 0.88
2 0.6 4 0.20 0.05
3 1.2 4 0.30 0.20
4 0.0 4 0.00 0.00
5
6
>
8
9
10
TOTALS 4.2 15 0.28
B~VARTATION BY STATION
A 2.5 & 0.62 0.58
B 0.8 4 0.20 0,20
C 0.5 4 0.12 © 0,04
P 0.4 3. . 0.13 0.05
E
F
G
H
TOTALS 4.2 15 0.28
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TABLE 109

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE  Guayo

PARAMETER Iron

UNITS mg/ 1

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE oF DEVIATION
SAMPLES
1 1.4 3 0.47 0.29
0.17 4 0.04 0.00
0.18 4 0.04 0.02
1 0.07 4 0.02 0.02
5
6
7
8
9
10
TOTALS 1.82 15 0.12
B-VARTATION BY STATION
A 0.29 . 4 0.07 0.06
B 1,04 4 0.26 0.32
c 0.37 4 0.09 0.10
D 0.12 . 3 0.04 0.03
E
F
G
H
_ TOTALS 1.82 15 0.12

213



U pABLE 110

HYDROELECTRIC RESERVOIR STUDY-
SUMMARY OF DATA FROM
LAKE _ Guavyo

PARAMETER Turbidity

UNITS "Standard Unit-

214

A=VARTATION WITH TIME

29.9 11 2.72

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE - OF DEVIATION
'SAMPLES
1 22.5 3 7.50 5.00
2 1.5 4 0.38 0.08
5.9 4 1.48 0.28
4
5
6
7
8
9
10
TOTALS 29.9 11 2.72
B~VARIATION BY STATION'
A - 7.0 3 2.33 1.78
5 17.4 3 5.80 6.13
C 4.0 3 1.33 "0.78
P 1.5 2 0.75 0.45.
- :
F
G
H
" TOTALS

-
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TABLE LIl

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guayo

PARAMETER Color

UNI‘I‘S Standard Unit

A=VARIATION WITH TIME

166.0 15 11.07

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 40.0 3 13.33 2,22
2 46.0 4 11.50 0.75
3 40,0 4 10,00 0.00
4 40.0 4 10.00 0.00
5
6
o
8
9,
10
TOTALS 166.0 15 11.07
B~VARTATION BY STATION
A 45.0 4 11.25 1.88
B
47.0 4 11.75 1.75
c 42.0 4 10,50 . 0.75
D
32.0 3 10.67 0.89
E
F
G
H
TOTALS
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TABLE 112 _ 21

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guayo

PARAMETER P. H.

UNITS

A=VARIATION WITH TIME

SAMPLE TOTAL - NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 22.4 3 7.47 0.51
2 30.0 4 7.50 0.10
3 31,2 4 7.80 0.10
4 30.9 4 7.72 0.18
5
6
o
8
9
10
TOTALS 114,5 15 7.63

B=VARTATION BY STATION

A 30.7 4 7.68 0.18
B 29.6 , 4 7.40 0.35
¢ 30,6 4 7.65 £ 0,25
D 23.6 3 7.87 0.16
E
F
G
]

* TOTALS 114.,5 15 7.63
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TABLE 117

217

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Guayo

PARAMETER . Dissolved Oxygen

UNITS mg/ 1

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE \ OF DEVIATION
_ SAMPLES
1 20.2 6.73 o
29.4 4 7.35 ~0.35
33.7 4 8.42 0.48
4
5
6
7
8
9
10
TOTALS 83.3 11 7.57
B~VARIATION BY STATION
A
22.3 3 7.43 1.18
B
22,5 3 7,50 0.73
¢ 22.8 3 7.60 0,27
D.
15.7 2 7.85 0.25
E
- -
G
H
* TOTALS 83.3 11 7.57




TABLE 114

HYDROELECTRIC RESERVOIR STUDY

SUMMARY OF DATA FROM
LAKE Guayo

PARAMETER Chlorophyll A

UNITS mg/ 1

218

Al

A=-VARIATION WITH TIME

21.4 3 7.13

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 21,4 3 7,13 3,11
2
3
4
5
6
-
8
9
10
TOTALS 21.4 3 7.13
B-VARIATION BY STATION:
A 4.8 1
B 11.8 1
¢ 4.8 1
D R
E
F
G
H
.TOTALS

Po
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Table 115

Summary'of Snail Surveys in Lake Guayo

Date Inspector Snail Found
Jun  30/77 W. Jobin Marisa cornuarietis
Tarebia granifera
Ampularia australis
Aug. 28/78 A. Laracuente Marisa cornuarietis

Tarebia granifera
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Table 116 , 220

SUMMARY OF COLIFORM DATA OF LAKE _Guayo IN_Lares , P.R.
FROM  July 1977 TO TFebruary 1978.
: : o ' FIELD ¥ COLONIES/
s TATION - DATE NUM, gHL. COLONIES | {05 ml
B 6/7/77 GU-9 1 11 1,100
B ~6/7/77 GU-9 10 97 970
C 6/7/77 GU-15 1 15 1,500
C 6/7/77 Gy-15 10 TNTC
A 6/7/77 GU-21 10 18 180
B__ 7/7/77 GU-27 1 16 1600
2 7/7/77 GU-27 10 TNTC
A 7/7/77 GU-33 1 0 0
A 7/7/77 Gl-33 10 14 140
f C 7/7/77 GU-39 1 15 1500
t C 7/7/77 GU-39 10 TNTC
! Ear
; A 4/10/77 _GU=9 1 38 3800
A 4/10/77 GU-9 10 TNTC
B £/10/77 GU-15 1 67 6,700
B 4/107 77 GU-15 10 TNTC
¢ 4/10/77 GU-21 1, 71 7,100
D 4/10/77 cu-27 1 59 5900
D 4/10/77 QU-27 10 TNCT
A 5/10/77 GU-33 1 77 7,700
A _ 5/10/77 GU-33 10 TNTC
B 5/10/17 GU-39 1 94 9,400
B 5/10/77 GU-39 10 TNTC
c 5/10/77 GU-45 1 8 800
C . 53/10/77 CU-45 10 45 450
D 5/10/77 GU_51 1 93 9,300
D _ 5/10/77 GU-51 10 TNTC
A 13/2/77 GU-2 1 78 7,800
A 13/2/77 GU-2 .1 13 13,000
B 13/2/7% CU-4 1 37 3,700
L5
B 13/2/77 CU-4 .1 2 2,000
i
1

e

+

e



| : Table 116 (continued) | 221
' SUMMARY OF COLIFORM DATA OF LAKE guagq

IN Tlares y P.R.
FROM July 1977 TO0 February 1978.
FIELD ‘ ‘ COLONIES/
STATION
DATE NUM. ng. COLONIES | {40 ml
G 13/2/77 GU-6 1 50 5,000
C 13/2/77 GU-6 .1 12 12,000
|0 13/2/77 GU-8 1 160 16,000
. A 15/2/78 GII=8 1.0 3 300
A 15/2/7% GU-8 0.1 0 0
B 15/2/78 GU-8 0.1 6 6,000
B 15/2/78 Gu-8 1.0 1 100
c 15/2/78 GU-8 0.1 0 0
C 15/2/78 cU-8 1.0 1 100
15/2778
2 / GU-8 1.0 1 100
— 0 15/2/7&. GU-8 0.1 1 1000

[9)
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Figure &4,

Emergency Spillway of Lake Matrullas at high

water level.
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Table 121

Summary of Snails Surveys in Lake Matrullas

Date Inspector Snails Found
Feb. 27/75 Quirindongo Physa marmorata
Tarebia granifera
Nov, 1&/75 P. Bermudez Physa marmorata
Oct. 20/78 A. Laracuente Tarebia granifera
& R. Mercado Marisa cornuarietis

Physa marmorata
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Figure 46,

Earthen dike on Lake Patillas near station 3.

Outlet to Patillas canal is hidden at left-hand
end of dike, and is site for proposed low head

turbine installation.
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Table 124

Summary of Snails Surveys in Lake Patillas

Date Inspector Snails Found
Jul., 22/76 A. Laracuente Marisa cornuarietis
Tarebia granifera
May 9/78 W. Jobin Marisa cornuarietis
Tarebia granifera
Ampularia australis
Jul. 12/78 R. Mercado Marisa cornuarietis

Tarebia granifera

Ampularia australis
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HYDROELECTRIC RESERVOIR STUDY

TABLE 128

SUMMARY OF DATA FROM

LAKE Priato

PARAMETER Chlorides

UNITS mg/ 1

248

A~VARTATION WITH TIME

SAMPLE TCTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
Lo0/7/78  20.5 4 5.12 2.34
2 21/10/78 6.8 2,27 0.84
3 31/3/78 3.9 2 1.95 1.95
“1/6/78 16,6 2 8.30 1.50
5
‘ 6
7
8
9
10
TOTALS. 47.8 11 4.35
B=VARJATION BY STATION'
A 14.7 4 3.68 3.18
B
12.6 3 4,20 1.73
C 16.6 3 5,53 ‘2.84
D
3,9 1
E
F
G
H
“TOTALS 47.8 11 4.35

[y



TABLE 129 249

HYDROELECTRIC RESERVOIR STUDY '
SUMMARY OF DATA FROM
LAKE Prieto

PARAMETER Hardness as Mg S04

UNITS _mg/1

A=VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATTON
SAMPLES
1 648.0 4 162,00 13.50
2 405.8 3 135,27 2.49
3 275.4 2 137.70 5.10
4
393.6 2 196.8 29,00
5
6
7
8 -
9
10
TOTALS
1.722.8 11 156,62
B-VARIATION BY STATION
A
658.6 4 164,65 30,58
B 458.0 3 152.67 10,09
c .
£17.2 3 139,07 8.09
D 189.0 1
E
F
G
H

TOTALS 1,722.8 11 156.62




TABLE 130

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM

LAKE

Prieto

PARAMETER

UNITS

Total Phogsphates as P

Mg/l

250

A=VARIATION WITH TIME

SAMPLE TOTAL NUBBER MEAN STANDARD
DATE oF DEVIATION .
SAMPLES
1 0.04 4 0.01 0.00
2 0.12 3 0.04 0.03
0.02 2 0,01 0.00
4 0.02 2 0,01 0.00
5
6
7
8
9
10
TOTALS 0.20 11 0.02
B~VARIATION BY STATION '
4 0.09 4 0.02 0,02
B 0.02 3 0,01 0.00
¢ 0,08 3 0,03 0.02
D 0.01 1
E
F
G
H
TOTALS 0.20 11 0.02 B




HYDROELECTRIC RESERVOIR STUDY

TABLE 131

SUMMARY OF DATA FROM

LAKE Prieto

PARAMETER Nitrate & Nit¥ite as N

UNITS Mg/ 1

251

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1
1,05 0.26 0,27
2 0.30 3 0.10 0,00
1.00 2 0.50 0.10
- .
0.80 2 0.40 0.10
5
6
7
8
9
10
TOTALS 3.15 11 0.29
B~VARTATION BY STATION:
A 1.30 4 0.32 0.22
B
0.45 3 0.15 0.10
c 0.60 3 0.20 .0.13
D 0.80 1
E
F
G
H
- TOTALS 3.15 11 0.29




HYDROELECTRIC RESERVOIR STUDY

TABLE 132

SUMMARY OF DATA FROM
LAKE Prieto

PARAMETER Iron

UNITS Mg/l

257

A=-VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 0.13 4 0.03 0.00
2 8.30 3 2,77 0.56
3 0,20 2 0.10 0.00
4
0,30 2 0.15 0.05
5
6
-
8
9
10
TOTALS 8.93 11 0.81
B=VARIATION BY STATION'
A
3,93 4 0.98 1.31
B 2.43 0.81 0.99
c 2.53 3 0.84 ‘1,04
D 0.04 1
- -
F
G
H

3



TABLE 133

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE PFPrieto

PARAMETER Turbidity

UNITS Standard Unit

A-VARTATION WITH TIMF

" TOTAL NUMBER MEAN

SAMPLE STANDARD
DATE oF DLVIATION
SAMPLES
1 12.0 4 3.00 1.75
2 165.0 3 55.00 6.67

3

4

5

6

7

8

9
10
TOTALS 177.0 7 25.29

B~VARTATION BY STATION !

A 65.3 2 32.65 32,35
B 52.2 2 26.10 23.90
C 55,7 2 27.85 22,15
D 3.8 1
E
F
G
H
TOTALS 177.0 7 25.29
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TABLE 134 254

HYDROELECTRXC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Prieto

PARAMETER _ Color

UNITS Standard Unit

A=VARTATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 50.0 4 12.50 2.50
2 42,0 14,00 1.33 -
40,0 o 20.00 10.00
4 20.0 2 10.00 0.00 '
5
6
7
8
9
10
TOTALS 152,0 11 13.82
B-VARTATTION BY STATION
A 47.0 4 11,75 1.75
B 40.0 3 13.33 2,22
C 57.0 3 19.00 " 7.33
D 8.0 1
E
- —_
G
H
TOTALS 1en 1 13,82




TABLE 135 255

HYDROELECTRIC RESERVOIR STUDY .
SUMMARY OF DATA FROM
LAKE Prieto

PARAMETER PH

UNITS

A~VARIATION WITH TIME

SAMPLE TOTAL NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 29.0 4 7.25 0.15
2 22.4 3 7.47 0.16
3 14,7 2 7.35 © 0.05
4 15.7 2 7.85 0.35
5
.6
-
5 ;
9
10
TOTALS 81,8 11 7.4

B=VARIATION BY STATION'

Dlolw

A 30.1 4 7.52 0.34
21.9 3 7.30 0.13
_22.3 3 7.43 “0.18

7.5 1

E

F

G

H

TOTALS 81.8 11 7.44




TABLE 136 . 256

HYDROELECTRIC RESERVOIR STUDY
SUMMARY OF DATA FROM
LAKE Prieto

PARAMETER Dissolved Oxygen

UNITS Mg/ 1

A=~VARIATION WITH TIME

SAMPLE TOTAL  NUMBER MEAN STANDARD
DATE OF DEVIATION
SAMPLES
1 26.8 3 8,93 0.31
2 15,7 3 5,23 0.24
3 8,4 2 4,20 0.20
4
5
6
»
8
9
10
TOTALS 50,9 | 8 6,36

B-VARIATION BY STATION

A
17,7. 3 5,90 1.93
B 14.6 2 - 7.30 2.10
c .
18.6 3 6.20 1.60
S :
E
F
G
H
TOTALS 50,9 8 6.36




Table 137

Summary of Snail Surveys in Lake Prieto

Date Inspector Snails Found

Feb, 2/7s P. Bermudez Marisa cornuarietis

Jul 15/77 W. Jobin "Pomacea australis
Helisoma caribaeum
Biomphalaria glabrata

Mar. 8/78 R. Brown Marisa cornuarietis
Physa cubensis
Lymnaea columella
Biomphalaria glabrata

Jun 1/78 W. Jobin & Marisa cornuarietis

A. Laracuente Lymnaea columella

Aug. 28/78 A. lLaracuente Marisa cornuarietis
Tarebia granifera
Biomphalaria glabrata
Lymnaea columella

{
Sept.27/78 A. Laracuente Marisa cornuarietis

Biomphalaria glabrata

Physa cubensis

257



Table 138 258
SUMMARY OF COLIFORM DATA OF LAKE Prieto IN , P.R.
FROM July T0 October 1978.
STATION DATE [ youlP VOL. | coLoNIES | $OLONIES/
A 2/1/77 LP-13 1 3 300
A 21/7/77 LP-13 10 39 390
B 21/7/77 1p-19 1 94 9,400
B 21/7/77 LP-19 1 94 9,400
B 21/7/77 LP-19 10 130 1300
c 21/7/77 LP-25 1 0 0
¢ 21/7/71 LP-25 10 51 510
D 21/7/77 LP-26 1 173 17,300
. D 21/7/71 LP-26 10 TNTC
A 22/7/71 LP-32 1 45 4500
[L A 22/7/77 IP-32 10 60 600
; B 22/7/77 LP-38 1 84 8,400
B 22/7/77 LP-38 10 TNTC
| ¢ 22/7/77 LP-44 1 4 400
- 22/7/77 LP-44 10 TNTC
D 22/7/77 LP-45 1 27 2,700
D 22/7/77 LP-45 10 90 900
L 18/10/77 | 1p=2 10 TNTC
A 18/10/77 LP-2 10 TNTC
B_. 18/10/77 LP-4 10 TNTC
3 18/10/77 LP-4 1 TNTC
C 18/10/77 LP-6 10 TNTC
¢ 18/10/77 LP-6 ‘1 TIIC
A 19/10/77 ILp-12 10 TNTC a
A 19/10/77 1P-12 TNTC
A 19/10/77 LP-12 .1 ' 148 1.480
B 19/10/77 LP-18 10 'INTC
B 19/10/77 LP-18 TNTC
B 19/10/77 Lp-8 .1 87 87,000
C 19/10/77 LP-24 10 TNTC
¢ 19/10/77 LP-24 1 TNTC
¢ 19/10/77 LP-24 .1 TNTC
A 20/10/77 LP=30 1 TNTC
;




Table 139 259
SUMMARY OF COLIFORM DATA OF LAKE Prieto IN , P.R.
FROM T0 1978.
FIELD COLONIES/
STATION DATE NUM. VOL. COLONIES | {g0 ml
A 20/10/77 LP-30 1 72 72,000
< 20/10/77 1P-36 1 TNTC
- 20/10/77 LP-36 .1 74 74000
¢ 20/10/77 LP-42 1 TNTC
c 20/10/77 LP-42 &1 90 90,000

(

e e e e AL L

e R
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Table 144

SUMMARY OF WIND PATTERMS FOR

PUERTO RICO 1975-1976

Direction Percent of Time
Isla Verde Téllaboa
N 2.95% 0.15%
NNE 2.81 3.10
NE 5.93 9.88
ENE , 19.26 29.39.
E 14,71 . 12,93
ESE 12,73 _ '13.88
SE 9.08 14,24
SSE 7.55 7.53
S 10.18 1,50
SSYW 3.13 1:12
Sw 1.65 0.48
WSW 1,98 0.13
W 1.34 0.18
WNW 0.36 0.17
NW 0.39 0.11

NNW 0,93 0.03
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