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WATER RESOURCES RESEARCH INSTITUTE
School of Engineering
University of Puerto Rico
Mayaguez, Puerto Rico

PROJECT : Study of the Cuayanilla Bay

SUBJECT : Final Report of the Sanitary Phase

REPORT TO : Texaco, Puerto Rico, Inec.

PERIOD : From the first scheduled sompling trip on April 4, 1967 to
COVERED : the end of the sanitary phase

PURPCSE AND SCOPE

It Is intended in this repost to present a graphical summary of all the duta collected
since the beginning of the project and to discuss some preliminary conclusions based on
the analytical work accomplished in the performance of the sanitary phase of this study.

Nevertheless, it must be pointed out that only cunclpsinns of a sanitary nature can
be drawn on the buti!;. of the available data from this phese of the project. The effect of
the currents on the dispersion of pollutants and the effect of the pollutants on the ecology

of the bay can be subject to discussion only after sufficient data from the other phases

s available .

The sanitary quality of the Guayanilla Bay waters shall be viewed and discussed
on the basis of the quality standards for the coastal waters of Puerto Rico as set forth
on Sanitury Regulation No. 128, promulgated by the Department of Health of the
Commonwealth of Puerto Rico and approved by the Covernor on December 29, 1967,

and the classification established by the aforementioned regulation for the waters of the
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& Cuayanilla Boy area, Dus consideration shall be given also to the aesthetic aspects of

- sollution as well as to that of health.

SAMITARY REGULATION NO, 128

For quick reference we shall reproduce here the part of the regulation that applies
to “Chass S E® waters. This is the classification which according to Article Vi of the
regulation applies to the coastal arez between the mouth of Rio Talloboa and Punta Vaquero,
which encompasses the Guayanilio Bay Area.
"The coastal waters included in class SE shall not contain:
a. Floating solids, settleable solids, oils and sludge deposits
which are readily visible and attributable to municipal,

industrial or other westes or which increase the omount

¥P

of these constituenis in receiving waters,

“:i . b. Any type of gorbage, cinder, ash, oil, sludge or
other refuse,

¢c. Dissolved oxygen in o concentration of less than four ond o
half (4.5) milligroms per liter.

d. Toxic wastes, or deleterious substances alona orin combination
other substances or wastes in sufficient amount as to prevent
the survival or propagation of fish life or impalr the waters
for any other best usage as determined for the specific waters
which are assigned to this class,

e. A ph factor less than tix and half (6.3) or more than ning

(2.0).
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f. A temperature more than 4° above ombient water temperature

and in no case in excess of 9°-°F",

STATE OF THE SANITARY PHASE OF THIS PROJECT

To the present time the sampling scheduied, as presented on owr report dated Augus:
14, 1967 and approved, has been accomplished faithfully with some minor changes inactucl
sompling dates ot times in which due to bad weather, holidays, sickness orvacation of
personnel we have been forced to move the sampling date forward or backward os
convenience dictates. It is our ‘holiaf thet such changes in sampling dates have had
no deleteriouws effect on the results of this study since in most cases the data have not
been altered by more than one or two days. .

The totel of thirty six (:6) scheduied sampling trips for sanitary cnalyses were
made ond, in addition, two trips were accomplished to sample for phenol and sulfide
tests, one trip was made exclusively for oil content tests ond one additional trip wos
. conducted to sample the waters of the rivers discherging inte the Guayanilla Bey,

The tests for oil content were not in the contract and were run on account of

our own scientific interest.

VETHO OF ANALYSES AND UNITS OF EXPRESSICN

The following teble summarizes the methods of cnelysis being used inthis study

and the units of expression of the results. The methods referred to here ore those

described in Standard Methods for the Exaomination of Woter and Vausl'ewuiert '{fglvath
Edition,



G TEST

Temperature
pH

Turbidity
C.O..0.
B.O.D.
- Phenols
Sulfides

Dissolved oxtygen

il content

RESULTS :

sl

METHOD OF ANALYSIS UNITS OF EXPRESSICHN

field measurement with glass
thermometer

Bechman Expandomatic
pH Meter

Hellige Turbidimeter

Method for Industrial wastewater
Diﬁct Method {no dilution)
Simplified Aminocantipyrine
Colorimetric Method

Azide modificarion of
lodometric method

Petroleum ether extraction
method

°C

pH units

mg/l SiOs

The accompanying tables and graphs summarize the data collected in the sanitory

agpproximate location of the sampling stations,

phase of this study, For quick reference a map of the area is included showing the

In order to facilitate the interpretation of the data, all the graphs for one para-

meter at all the twenty stations have been plotied on a single poge. In this way, any

changes in the particular paremeter that ofiect scveral stations of the some time can

be readily observed.

In occordance with the approved schedule, the stations were grouped in bundies

of four. At each trip, samples were taken dt eight stations composing two groups.
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Overlapping of groups ot successive sompling trips is guaranteed by the schedule as weil
os ali possible combinations between groups of stations,

All the stations were sampled at least twelve times (most of them fifteentimes), Cn
the other hand all possible combinations between sompling groups were repented three times,
This sampling’ program, with the overlapping and combination u;f station groups, it another
way by which it was expected to get g better internretation of the data obtained.

The piriod covered by this stody is roughly one and one half years thus providing
the opportunity to observe more than a complete one-year cycle. Thisis convenient
and very desiroble in order to spot seasonal variations in the parometers beingm=asured,

In th; t-artar part of the study sampling of the rivers discharging into the Guayanilie
Boy was conducted., These are the Yauco, Tellaboa and Guayonilla rivers. Atezch
teip, the rwer whose mouth was closer to the stations being visited wes sampled. During
last year's dWhr period the mouths of these rivers were closed by rund'nur; end there
was no discharge into the bay. Therefore, ot those times no sample wes token from the
rivers,

Two important probable pollution sources located neor the Yauco River and the
Guayanilla River are Central San Francisco and Central Rufina sugar mills respectively.
These sugar mills operate during the sugor cane harvest season which covers the months of
Fabruary through June. Both mills were visited at the bepinning of the year 1968 and their
disposal Fucil&im for their wostes were inspecied,

Centrol "Rufi‘nu dischorges its wastes into a lagoon close to the se=-horecot a point in
between statiors 98 ond 10, Central San Francisco, on the other hand, dumps itswestes

through a ditch into a marshy area near station 9. In both cases it is suspested thet the
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wastes are retained for sufficiently long time such that self purification occurs andtheir
effect in the bay is negligible., The data presented for the analyses conducted onthe
waters of stotions 03, 10, and 9 do not shew any significant variation that couldbe
attributed to entrance of mill wastes into the bay. On the other hand, the sugar cone
season coincides with the drought and therefore, no dpp‘u.glhbig discharge from the rivers
occurs that could wash down the waste deposits from the sugar mills during thot time of

the yecr in which the milling activities are at their peak.

DISCUSSION OF RESULTS

As mentioned before, graphs have been prepared and are presented as partof this
report for all the twenty stotions in the bay area and for all the porometers being
measured regularly during the period of the study, namely temperature, pH, dissolved
oxygen, B8,0.0., C.Q.D., ond turbidity. A limited omount of data for phenol,
sulfide, and oil content tests is alsa presented. Some results on the analysesof the waiers
of the Youco, Guayanills and Tallaboo rivers are presented in this report, too,

In general, the remperature in the Guayanilla Bay varies froma minimum of
25,5°C at station 9 during the month of February to o maximum of 32°C registered
during the past month of May at stations 9A and 98,  Most stationshave exhibited
minimum temperatures of the order of 26 to 26.5°C during the months of February and
March end meximum values of the order of 29 to 3I1°C  both during the period of October

and November 1967 and May 1968,
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Moximum and minimum temperatures of 32°C ond 25°C respectivelyhave been
reported (1) for Moguey Iskand, off the southern coast of Puerto Rico and, therefore, the
temperatures that have been measured in this study are within the expected limits for |
the region. No abnormal temperatures hove occurred in the performance of this she?;:
in the Guayenilla Bay woters that can be oftributed to pollution FM industry or other
sources,

Tha values for pH have varied from o minimum of 6.9 for station SAat a particuler
date in Nay [967 to a maximum value of 8.25 at station 9 at the middle of kst June,
Stations 12 through 19 (from Cerro Toro to Punta Baflena) maintain uniform volues of
pH of about 7.8 to 7.9. All other stations showdifferent degrees of variability.
it should be noted that at the end of May 1967 o number of stations registered
unwually low valuves of pH. These stations were 5A, 3, 4, 2A, 6, 3, 16, and B, .
Referring to the aftached map these stations are the ones extending from the mouth
of the Tallaboa river, following westward toward and around Punta Guayanilla, and
inward and around the bay. Nevertheless, as pointed cut before, no pH value was
less than 6.9 which is within the established limits for class S5E woters,

Coincident with that occurrence of relatively low pH values, dissolved
oxygen levels were slightly lower than wual at ond oround that same month of May
1967. For example, stations 5 and 5A, with average 0,0, values of well over
6.0 most of the time, had a dissolved oxygen level of 5.9, Other statlons, such

as 3, 2A, 6, 7, 8, 10, 1I, and I5 exhibited stili more morked differences batweesn

(1) Surface Water Temperature ond Salinity, Atantic Coast, North and South




\

-8~

the usval D.O. levels and the level for the period of reference. Stations 11, 12, 14, anc
15 showed a md;ed decrease in dissolved oxygen values for the period between May
and August 1967, that is during ond after the period of relatively low pH values

of some stations. Stations 11, 12, 14 and 15 cre located between Punta Verraco and
Punta Ventana, that is west from the stations that had low pH values in May 1967.
Although we do not have at the present time much fiow information about the currents
at the Guayanilla Bay, we do know that the Gulf Streom flows westward along the
southern coast of the ishand of Puerto Rico. Therefore, it is suspacted thot any material
s+ this arec would tend to move westward although, because ;:rf the influence of constal
irregularities, this movement would be rather slow and probably with some circulutofy
or eddy effect. This could explain the evident lag in time between low D.O. values
at stations eost and at stations west of the Guoyanilla Boy.

It should be noted that there were a few instances in which the dissolved oxygen
values dropped near or below the minimum of 4.5 set by Regulation No. 128, This
condition occurred at a single date at stotions 9, 98, 11, ond 12 and coincided with
values of turbidity for stations 12, 14, and 13. This is significative because these
stations are located around Punta Verraco, where the Texaco plant is proposed to
be established. Aside from these isolated occurrences, the dissolved oxygen level
is quite high throughout the Cuayanitla Bay area.

Turbidity values are around 1C most of the time ot most stations, Although

a turbidity value of 10 is not considered too high {2), in a large volume of water this

= S A, o TS, i

(2) U,5.P.H.S, standards astablish @ maximum value of 5 for turbidity In potable
waters.
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rurbidity level is quite noticeable and gives a very unpleasant appearance to the water,
Stations 9, 9A, and 9B exhibit abnomally High turbidity, sometimes as highas 70
units or more, almost year around, with low values of about 20 for August and
December 1967, Station 6, Z, 10, 8, and 7 (6 and 7 to a lesser degree), which
are within the bay, tend to have high turbidities, up to 55 units, during the period
of December through April 1968, Strangely enough this is usually the dry season in
which there is no appreciable discharge in the rivers, but on the other handthis period
fs the normal sugar cane milling season. It is interesting to notice that this perlod
of high turbidities do not coincide with any abnormal values for C,0.0D,, 8.0.D.,
or N.0. In foct, the D.O, values are quite high for that period of the year and
the C.0.D. levels are unusually low, probably because of the g;aut reoxygenatfion
capacity of the bay waters due to the high winds ond rough seas that prevail at the
Cuayanilla Bay during thot time of the year. This agltuﬁt;n could be the cause of
the abnomally high turbidities recorded ot some stations. It should also be nul-ed. thot
stations 5A, 5, 4, 2A, 16, 17, 18, and 19 (station groups ! and V) had valves o
turbidity that were slightly higher than usual in September 1967 and that this
occurrence was accompanied by high values of C.0.72, of about or over 300 mg/l.

C.0.D.% are of the order of 20C mg/t for most stations and tend to
Increase slightly from September to Jonuary 1968, Values are quite variable for

most stations® Aside from the comments already made with respect to this parometer,

*On April 17, 1968 an ash-like substance wos floating over the area between stations
to 14, C.O.D. values showed a marked increase ot that dote onsome stations.
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there Is little else that can be added here. From our experience in the Mayaguez Bay
study, we have found that @ normal C.G.D. values of about 120 mg/1 is to be expected in
clean sea water with little or no pollution. This, of course, cannot be generalized for other
bays and the aforementioned figure is only given as o point of reference. It would be interes -
ting if such a base value could be established for the “:uvayanilla Bay area, but this in itself
would constitute a new research project.

Most stations registered relatively low values of B.(O.D. of about (in some cases. less)
I mg/1, with o slight tendency to increase somewhat during the months of February through
May 1968, Stations 9, YA, and 9B showed the greatest varigbility, and relatively high
values of B.C.N, during November and December 1967 of about and over 3-mg/1. It is
interesting to observe that these high valuas of B.™ .0, coincided with very low turbidity
levels for these stations, This could mean the presence of relatively large amounts of
dissoived biodegrudnblg orgonic material in this area,

The highest values of B,Q.i3. occurred ot stations 5, 5A, and 4 on April 24, 1968,
All stations sampled on that same date and during the next trip of iviay 8 showed abnormally
high values of B.0O.D. It is to be noted that these stations were 5A, 5, 4, 2A, 6, 3, 10,
and 8 which are located from the mouth of the Tallaboa river, around Punta Guayanitla and
in and around the Cuayonilla Bay. An oily film wes visible in the area between station 3
and the western coast of Punta Guayanilla, Upon investigation, we were informed that an
accidental gasoline spill had occurred some days before. Some of the sampled stations also
showed higher concentration of phenols than usual. Nevertheless, we want to moke clear
that during the entire duration of this study, this was one of the only two instances in which

such occurrance of a severe pollution problem was observed. The second one was on

November 14, 1968 when a layer of oil about 60 ft, in diameter observed near station 4
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ond 5 diometer. It should be noted also that when stations 5, 5A, and 4 were sompled a
month ofter the first occurrence, the B,O.D. had dropped back to normal levels and the
conditions on the ofher westward stations were gradually returning to the usual conditions.

According to a study conducted by the Analyfical Reference Service (3) phenols in
excess of 200 ug/l in river waters can have o damaging o fatal effect on fish and aquatic
life. Furthermore, the study of reference concludes that neither of the methods studied
for the unaiyllml determination of phenols "will measure very accurately or precisely the
total phenolic content of water sample. “Either method will give low results for a
sample confalning mixed phenols, the degree of error depending on the specific phenols
present.” (3) From the data presented in this report (3) it can be seen that in exireme
cases the probable error in the analytical determination of phenols may be as high as 50%
{average) ina Iurgé group of determinations and much higher in a single sample. *ith
this fnfuﬂnuﬁun in mind we must Intarpret the resuits obfﬁined in the Guayenilia Bay for
phencl concentration,

Appreclable amounts of phenols in excess of 10 ug/1 have been measured at stations
5A, 5, 4, 6, 3, 9, 12, and 16 ot one fime or. another. The highest recorded value was
40 ug/\ ot stations 9 on December 5, 1968, Other isolated high values of 26 and 22
ug/l wers observed at other different stations and dates, MNevertheless, there does not

seem to be any correlation between these isolated high values and any noticeabls abnomal

(3) Vater Phenols No, 1, Study Number 28, Analytical Reference Service H.E.W.,
Public Health Service, Bureau of Dise 1se Prevention and Environmental Control
Cincinnati, Ohio (1967).
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condition at the stations on these dates. We should add that several analyses for sulfides
conducted at different stations and dates have given negative resulls consistenly,

Several C.0O.D. values in the three rivers that discharge into or near the Guayanilla
Bay, namely the Cuayenilic, Talleboo and Youzo rivers, are relatively low and the
dissolved oxygen concentrations are high. From ihe available information it can be
concluded that these rivers cre not significont pollution contributors to the Guayarilla Bay
area, It is to be expected though thot during river floods a mecsurahble increase in the
turbidity of the Guoyanilla Bay waters wouid be noticecble due to sediment transport and
deposition. Nevertheless, during the durction of this study this factor has not been signifi-

cant,

CONCLUSIONS

Frem the date gathered in the sanitary phace of this project ond from the preceding
discussion of results, the following cenclusions con be derived:

1. Vith the exception of a few isolcted occurrances, the watess of the Guayanilla
Bay comply with the Sanitary Regulction iNo, 128 for class SE Waters, but the
characteristics of these waters cre, for some parcmeters, quite close to the
established limits,

2. The evidence g-thered indicates thet the pollution cantribution by the Yauco,
Tallaboa, and Guayonilla rivers is negligible. -

3. Valves of pH and dissolved oxygen have dropped, at some isolated instances, to
fevels close to the minimum established values. In two particular occurrences fhe

D.O. value dropped to 4.5. This Is very significant because these Inﬁ vaives have




been obtained ot stations around Punts Verraco, the proposed site for the Texaco
plant. Any increase in the discharge of wastes into the bay above present levels
could presumably increase the frequency of such undesirable occurrances.

Phenol and sulfide tests have consistently given low ond negative results respectiveiy.
Nevertheless, it should be recognized that actual phenol leve I:Iure probably much
higher thon those obtained by tests and, therefore, such results should be viewed

with caution,

The Increass In turbidity during the months of December through April is probably

due to the sways and agifation of the water that usually prevail durlng that period

of the year ot the Cuayanilla Bay area, and thus have no sanitary significonce.
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NOTES AND REMARKS, WEATHER COMNDITIONS, ETC.

IMATE
June 28, 1567 [. B. 0. [. bottles waere prepared in the bay for the
first time,
2. First time fo run Sulfides Tast (Reld test) all results:
negafive.
3. Sampling wos conducted on stations 7, A, 78, ¥,
It, 12, 14, 5.
July 12, 1567 i. ?ew sampling schadule started,
2. Sompling was conducted on station 2A, 3, 4, 5A,
5 6, 5, 10,
August 31, 1767 {. Sunny day, low tide, wind 10~12 m.p.h. from

S. E. no turbidity.

2. Sampling was conducted on stations 7, 12, 14, 15,
16, 17, 13, 19.

September 14, 1767 1. Cleor day, wind 6-7 m.p.h. from S. £., no turbidHy.,

2. Sampling wos conductad on stations 25, 4, BA, 5,
6, V7, 12, 17,

September 22, 1267 |, Clear doy, wind I£ m.p.h. from the East, some
turhidity,

2. Sampling was conducted on stations 2A, 4, 5A, 5,
2A, 7B, O, N,

TDetober 5, 1767 |. Clear day, wind IC m.p.h. from S, E,, some
rurbidisy.

2. Sompling was conduted on siations YA, 8, §, I,
6, 17, 18, |72,

October 34, 1767 . Sunny day, hightide, wind 3 m. p. h. from the South,
no turbidity.,



DATE

MNovember 7, 1767

Novamber 15, 1967

Movembar 23, 1767

Sampling was conducted on staiions 3, 6, 8,
i(}, l'ﬁ"‘; l?, la; ‘l?i

Clear day, hinh tide, wind 34 m.p.h. from
S. E. some turbidiiy .

Heavy rain the doy before,

Sampling wos conducted on stafions 3, 6, 7, 8,
10, 12, 14, 15, and Guavanilla River.

Data on Guayonila River,

Temps = 27°C [.0. = 8.95my/}
C.0.D, = 16,2 mg/1 pH = 7.5
Turbidity = 14C mg/1 5i G, B. O. P, = .75 mg/}

Cloudy day, low tide, wind 10 m.p.h, from 5. E,,
Some turbidity,

High turbidity in the Tollaboao River.

Sump!ing was conducted on stations 24, 4, S5A, §,
7, 12, 14, 15, and Talloboa River,

Nata on Tollaboa River.

D0, = .25 mg /N C.O.C. =44.8 mg/1
pH = 8.0% | B. 0. [. 2.62 mg/l
Turbidity = 44,5 Temp, 27.5°C

Clear day, high tide, wind B3«lC m.p.h. from East,
no furbidit‘f:

Migh turbidity in Cuoyanitla River.

Sampling was conducted on stations 2A, 3, 4, 5A,
5, 6, 8, 10 and Guayanilla River and Talloboa River.

Data on Guayanitlia River,

Tomp. = 26.5°C C.D.= 8.5mg/1
Turbidify = 30C mg/1 si O, C. 0.0k, 2 L7 mg/
PH 1 ﬂ.! B. 0' Dnl l;ﬂam/‘
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5. Cata on Tallaboo River,

Temp., = 25.59C C.O.D. = 23.5 mg/1
Turbidity = 15 mg/1 si G, pt = 7.85
DJO-= H.Erﬂg/.l BlOlDl - Dlﬁm/]

Decomber 5,1067 1.  Cleor day, high tide, wind 4~" m.p.h. from the South,
clearwater,

2. Sompling wos conductad on stations: &, &, 8, DA,
08, v, I, H, Guoyanillo River and Yauco River,

3. [ata on Guayanitla River,

T‘Bm'p.. = ?.t’}oc B- O- E:- - 0165 ITQ/‘
C.O.0.z 23 mg/l pil = 8.3
GO & Sulimg] Turbidity = 125 mg/1 Si O,

4, Data on Yauco River.

Temp, = 257 C B. D. .= 2,7 mg/}
C. 0. L,z I7.Vmg/)" pHl = 7,7
D, O, = £.4 mg/l Turbidity = 12,5

Decomber 12,1967 1.  Clear day, low tide, wind IC~I5m. p. h. from E. 5. E.,
high turbidity.

2.  Sampling wos conducted on stations 7, @, 7B, 9, 1, 1%,
4, 15 ond Guayanilla River,

3. Dota on Guayanitla River,

Temp. = 27° C B. O. D. = 1,55 mg/!
PH: 3-2 C- Ol Dt,: 64‘5".9/1
£, 0.2z 2. mg/l Turbidity = 55.3 mg/}

Jonuary 17,1268 1. Clowdy day, high tide, wind 1¢ m.p.h. from 5. E., no
turhidity.

2.  Sampling was conducted on stations 24, 4, 5A, 5, 16,
17, 13, 1¢ and Tallaboa River. No water at Guayanille

River.

3, Lata on Tallaboa River
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Temp. = 25°C pM = 7.6
!--.- G ﬂ.’a‘ mg/i B; On Dp t— D
C.0LL, = 3.4 my/] Turbidity = 17.5

Janvary 3, 1968 I, Sunny day, high tide, wind 2-3 m, p.h. from S, Eus
no furbidity.

2.  Sampling wms cnnducfed on stafions 7, 12, 14, |5,
I8, 17, 13,
No waler in i'he rivers,

Fabruary 13,1768 |, Cloudy day, high ride, wind 1T m,p.h, from S, Ev,
i\‘!ﬂ' furbldera

2. Mo water in the rivers,
3. First time fo run test of Sulfides with new mathod,

Rasulfs:

Station Jeu Station 5= 0
Station 6 = O Stotion 0 = O

4, First fime fo run test of Fhenols with new method.
Good resulis:  Station 5~7 Y g/

5. Sf:rmphng was condycted on stations 24, 4, 5A, 5, 7A,
i,

areh 6, 1068 . suany day, low fide, wind 4-5 m,p,h, from South,
some furbidify,

2.  See Phenol tosts from now on (new test).
3.  Sulfides tast resulis = negativa.

4,  Sampling wu:; cnnduch..d on sfations ©'4, B, 2, H,
16, 7, 13,

March 12, 1768 1. Sunny day, high Hde, wind 15 m.p.h. from S, E,, some
turbidity.

2. See Phenol Test results,

3.  Sulfides Test resulis: Station £ ¢
Stotion 2A = 0
Stotlon EA w0
Station 4 0




DATE

March 27, 1968

April 17, 1968

April 24, 1968

May 8, 1968

No water in the rivers.

Sampling was conducted on stations 3, 6, 8, IO,
16, 17, 13, 1.

Sunny day, low tide, wind 4-5 m.p.h, from S, E,,

clear water,

Sampling was conducted on stations 3, 6,7, 8, 10,
12, 14, 15, ‘

Sunny day, low wind 5 m. p.h. from E. $. E.

The bay was covered with a black substance like chimney
dust floating in the water, from stotion 3 up to station {4,

Sampling was conductad on stations 2A, 4, 5A, 5,
7, 12, 14, 15,

Cloudy day, high tide, wind 4~5 m. p.h. from S, W,,
oily layer over the water,

"During the night of April 2 (Sunday} many gallons of
gasoline got lost from the refenery. This gasoline dragged
plenty of petroleum gathered in the ditch and spread it over

the bay like a heavy oily layer". (Information supplied by
P. R. W, R. A, employee).

A special sample of this water was collacted with the
following results:

pH= I, 5 Total acidity w 2, 120 mg/1
Phenols = 22 vg/1 Minaral acidity = |, 800 mg/1

See B, Q. I, rasults

Sampling was coriducted on stations 27, 3, 4, 5A, 5, 6,
3, 10,

Cloudy day, low tide, wind 15-18 m. p.h. from S. E., low
turbidity.

E I- ' - N o = - - - e -
POTeTET P - BT AR



DATE
May 15, 1948 . Clear day, low tide, wind & m. p. h. from the South
low tuehidity,
2.  Sampling was conducted on siations 7, PA, 9B, 2, 1],
12, 14, 15,
May 22,1768 l. Cloudy day, wind 15 m. p.h, frem S. E., low tide, no
1‘ul‘bidit)f.
2.  Sampiing was corducted on stations 7, 12, 14, 15, {6,
17, 18, 12,
May 28, 1968 i, Clear day, lov: tid2, wind 1520 m. p. h, from E, S, E.,
no furbidit-,
2,  Sampling was conducted on stations 2A, 4, 5A, 5, 16,
17, 18, 19,
June 5, 1248 ! Cloudy with rain, low tide, wind 12-15 m. p. h, from
E. 5. E. _
2- Snme i‘urbidify-
3.  Sampling wos conducted on stations 2A, 4, 5A, 5, 9A,
9B, 2, ti.
June 12, 1348 i. Cloudy day, low tid2, wind 15 m. p.h. from E, S, E.,
no turbidity,

.

2.  Sompling was conducted on stations A, OB, &, 11, 16,
i7, 18, 1o,

September 25,:' s+ |, Clear doy, hich tida, wind 10 m. p.h. from S, E.
1948
2.  Sampling was con-ustad on stations 3, 6 8, 10, 16, 17,
I8, 12.

3, Also on Guayen:!la “Iver
Temp, = 26.5° B.O.D. = 0,32 mg/}

pH = 8,2 Turbidity = 145 mg/1
D-l On - ?:3 mg/] C. O. D- e 2";* m/l




CATE

Octohar 17,
1968

October 31,
1968

November 14,
[268

Cata on Tallaboa River.

TEHﬂp. = 26°C B. O. L. = 1,44 mg/l

pH =z 7.8 Turbidity = 45,1 mg/1 53
D.. O-: B;C‘mg/] C. O. D.: 2?"‘@/‘

Data on Yauce River,

Temp. =25,5°C B. O. L, =4,6 mg/l

pH= 7.5 Turbidity = 15,3 mg/1 Si 02
Dp On — ?-4 m/l C- On D- — 3? m/‘

Cloudy day, high tide, wind 12 m, p.h, from S. E.

Sampling was conducted on stations 3, 4, 7, 8, 10, 12,
14, I5,

Uato on Cuayanilia River

Temp. = 29°C B. O. L. = 0.87 mg/!
oH = 8,4 Turbidity = 114.5 mg/15i 0,
" D. O. 8.5mg/l C.O.D.= 7.75 mg/!

Daota on Tallaboa River,

TEH'-IP- et 25}1%: B- Oi Dl - 0.95 ﬂg/'l
pH= 7.9 Turbidity = 48 mg/1 5i 0,
Dl 0- o 7l7 mg/] C', O. D. —— IS.I mg/]

Clear day, high tide wind 10-12 m,p.h. from S. E,

Sampling was conducted on stations 2A, 4, 5A, 5, 7,
i2, 14, 15,

Data on Guayanilla River,

Temp. = B. O. 7, = 1,26 mg/
pH = 9.3 Turbidity = 45 mg/1 5i 05
L. 0. = ".0mg/i C, O, C, = I5.8mg/]

Cleor doy, high tide, wind 2 m, p.h. from South

Sampling wos conducted on:




DATE
g {a) CGuayanilla River,
Temp. = 28" B. O.D. =1.56 mg/!
pH = 8.2 Turbidity = 40 mg/1 Si O,
D-{?i= aqémﬂ CiOlEi =15mg/l )
{b) Tatloboo River,
Temp. = 29° B. O, D. 22,49 mg/1
pH = 7.7 Turbidity = 185 mg/1 §i O,
L. . = B.B ﬂ"gﬂ C. D# D# =20-6m9/]
{c) Yauco River
Temp. = 27 B. 0. D, = 1,87 mg/}
D. 0. 23,7 mg/] Turbidity = 225 mg/1 Si €5
pH = 7.4 C.0.D, 2z 15,9 mg/l
0 3. There was an oily layer of about 60 ft, in diometer near stations
| 56nd 4
o December 5, l.  Cleor day, high tide wind 3-4 m,p.h, from §, W,
1268

2. Sompling was conducted on:

{a) Guayanilla River.

T'Emp. - B-O lDI — I|2I mg/1
- pH = 7.3 Turbidity = 123.8 mg/1 Si 0,
£, 0, 28,3 mg/} C. Q. C. = 21.0 mg/
(H) Tallaboo
Ternp. = B.O.E, = _2-!]5 mg/l
pit = 7.3 Turbidity a 16.4 mg/l 3
fl- '.-""-. :"3-9 mg/l c- Oi D'i =24-5 mg/]

3. results on Fhenol Tast:

station ug/1 Phenols
7 40 g/
1! 8.5 "

~
'E. “Hng G o w0
P> 4
=
-



Zuayanilla Boy Project

Tosts %or dissolved oils

Date: Feonruary 21, 1963

Station Concentrafion of oils in mg/1
F 4 20 mg/1
3 c *
o‘ 5 60 *
10 &0 "
0. 5A an
6 4C
v
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REPORT ON THE OCEANOGRAPHIC SURVEY OF THE GUAYANILLA AND

TALLABOA BAYS WITH REMARKS ON THE BIOLGGICAL ASPECTS

This survey was started in July 1966 and was finished in June 1967, The study
consisted of a general oceanogrephic survey of the Talluboo an:r:i CGuayanilia bays
with emphasis on the biological aspects of the arec.

Stations were visited monthly at Guayanilla ond Taliaboa bays., An outbeard
motor baat was regularly used to visit alt the stations. | These corresponded to those
of other people working in the same project. When this study was started several
stations were located near the shore of the Punta Guayanilla pentnsula. 1t was
suggested, however, to disregard that ares for sampling F!Jrl:;OSE!‘S and concentrate
the study out of the already polluted zone. The writer proceded as requested.

Bottom cores, boftuﬁ {mud grabs) samples, and plankton samples were obtained
ot all stations, Poor visibility ot mest of them made it impossible to dive, Drift
botties were used to oblain an idea »f whot the current pattern of the area is, On
occasions, the muddy flow of the rivers wos used os an indication of the gveral!
water flow in the bays.

Botlom cores and mud grabs were studied for oil content, Plankten samples
were examined for o study of the relative abundance of the species ot the 5’rﬁtiuns

and during the period of one yeor when this work was yndertaken.

Results, Discussion, and Suggestions
tn an oftempt to determine the pattern of currents off these bays a group of

thirty-five (35) bottles were set adrift 500 ft eost of Cayo Rio. The bottles were
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properly ballasted and had only 3/4 in. out of the water. A message (in English
and 5Spanish) was put inside each bottle. Several days after, reports were obtained

trom: Punta Ventana, Guénica Bay, Punta Jorobado, Ensenada and the Faro de
L}

Cc:_ba Rojo. A subsequent raport was received from the Dominican Republic

(Sahona istand). The most remote place visited by our simple drift bottles, ina
seven menth trip, was the one that wos casted on the beach ot South Pontavedra,
near Jacksonville, Florida. OF coursa, we might obtain additional reports from
aven more distant points,

The drift bottle experiment indicated that there is a definite westward water
movement of the water masses in that area. Visug! observation of the movement of
murky river water from the Guayanilla and Yaueo rivers indicates that apparently,
the surface circulation in the bay is of o rotatory nature. Water circulates from
Punta Berraco around the north shore of Guayanitla Bay and back south ogain, The
distribution of selinity gives the idea that there seem: to be some sinking of water
in Guayanille Bay which moves very slowly over the hottom and then, out. This
can vary with the tidal effect. It is baliaved that any additions! and cortinous
clt-;mping of wastes in the bay could be delaterious fo e marine lite already existing
there, but in donger of being wiped out permanently, It should be urderstood 3 .
also, that life is not only that which is cmkad;nd eaten,

it hos baen observed that many organisms have been disappearing of dying off
the nearby reefs east of Punta Guayanilia. Many corals on the leeward side are
dead, If I‘!ﬁru is no control of the pollution there, the damage will be extanded
forther out. A reef is the "house® of many species of fish, |If the house is destroyed

they will either die or go away. As it wos aiready mentioned tha woter Flows to
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the west. The cumuiative action of the siudge will eventually show up in other
areas of importance fbiciogica! heaury beaches, shoreiine, efc.} and ficheries.
Bottom cores ond mud orabs showed c considarchie amount of sediments jm-
L
pregnated with a bicck oily tubstonca, OFf course, this was ohserved asar Punta
Guayanitla., No more chservations were made here after it was requested to do so,
There is naot much sludge formation oevand the reefs in the present time,
Perindically, however, o thick yelowish sticky film, which seemed *o he a sub~
stance of clkaloid nature, formed o hrood siheet extending over one mile eazt of
Punta Gueyanilla. That film staved there untl! the winc started o pick up. At
about 9:00 to 10.00 in the marning the film was ruptured by the cetion of the wind,
and the substance started fo flacculaie and precipitated. A portion of that sub-
stance was obtained for chemicq! andalysic.  When dried is was of a shiny~gaiden
color and heavier than water,
the plankion sampled in the ﬂreul was typicai of the plankton found in these
reatons. 11 constitusnts did mob vary much throughout the yeor regording SpeCies
corposition. Samples obtained off the reefs cast of Punta Guayaniila were elean,
however, o5 we movad closer inshore the amount of detritys increvsed and the
organisms were observed to be, in many cases, entangled in the debris, Planiton
it the food of a good variety of fish and therefore, it cannot be foraotten as ¢
fundomental part of the economy of the seo, porticularly, in ¢ place where life
ought teo proliferate,
Scbmitted by,

Juan G, Gonztler
Sept, 20, 19&7
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1. INTRODUCTION

This repcrt covers the oceanographical conditions in the Guayanilie Bay, and
comsists of o study of current pattern in the area, This is assential to avoid the possibility
that such currents mzy disturb the pollutants in an unfavorable direction and to predict the
rete of reduction of the concentration of pollutants disnosed in the eree under consideration

so that pollution by legal definition would not oceur,

it.  TYPES OF CURRENTS IN GUAYANILLA BAY

Of the five groups of currents (density, wind~drift, tidal, wave induced, and
Ircel), those predominant in Guayanilla Bay (fig. 1) are wind=drift ond tida} cuments.
Wind-~drift currents ore coused by shear stress existing ur. the interface between the wind
cnd the water surface. In the Northern Hemisphere, the total transport due to wind drift
is deflected to the right of the wind due to the Coriolis force. Predominant winds at
Guayanitla cre south-easterly and north-easterly during the summer and winter seasons
respectively. The direct effect of south~easterly winds may result in currents directed
towards the bay while the north-easterly winds may result in currents directed away from
the bay. Tidz! currents ere caused by astronomical tides. They vary from locality to
locality, depending upon the character of the lride., the water depth, ond the configuration
of the cocst, but in any given locality they repeat themselves as regularly os the tides
which they are related. Tidal currents can be rofory, reversing, or hydreulic. Those in
Guayanillo Bay, cre of the reversing type and would rasult ii: a flood current directed

towards the bay and an ebb current directed oway from the bay when the tide in the
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Caribbean is rising and falfing, respectively.

HI. TITAL CURRENTS IN CGUAYANILLA BLY

Tides at Cuayanillo are duirnal with o wealk semiduirnal component which

bocomes appreciable when the moon ond/or the sun ara on the sruater {moon

minimum - - declination and vernal and autumnal ecvinox, respectively). This

type of tides is typical of South Puerio Rico.

Tide recording af the piar inside the bay for the period ©'~16 ('ec. 48 and

5«15 May 67 are shown in figure 2. The maximum and minimum tidal ranges

recorded ware 1.2 and €, 5 ft,, respectively, i continious tide record for one vear

is not availabla for Cuayaniila Bay. However, exomination of a yearly tide record

ot Magueyes Island, Puerto Rico where conditions are helieved to be similar to

those at Cuayanilla, indicatzd o maximum and minimum tidal range of i.3 and

0.3 fr., respectively,

To compute the sirength of the tidal current through the mouth of the bay

will recuire tide recording outside the bay simulioneousty with those inside the bay .

Tide recordings ouiside the hay are not available, However, because of the small

losses expected through the mouth of the bay the fide range outside the baty may

be slightly higher than that inside with a small phase angle, The stength and

direction of tidal currents in Cuayanilla Bay and vicinity were determined by

releasing dye and racording its pattern by aerial photographs as explained in part v
of this report.




e
IV, WIND-DRIFT CURRENTS IN GUAYANILLA BAY

The frequency of wind direction and speeds for three years of record at Ponc:,
P.R, are given in the Table 1, This information is extracted. from raport prepared by Mo
& Moore which indicates that wind conditions at Ponoe are falrly representative of the
yanilla Bay. The table shows that the predominant winds are south~easterly and north-zc:
with average speeds of 13.6 and 6,1 miles/hr., respectively, The south-easterly wincs
result in currents directed towards the bay while the woaker north-casterly winds may ...
currents directed away from the bay.

An hourly wind record for the period 13-16 1 ray 69 is given in table 2 which
extracted from wind recordings at Union Carbide plant. The record shows that south-cus:
winds fabout 15 miles/hr,) are stronger than north-easterly winds (about 8 miles/hr.), w! -
is in ugreenneﬁf with the three year record of wind data given in table 1,

The directions of wind—drift currents in Guayanilla Bay is essentlally the some ¢+
that of the winds which are causing them or slightly to the right of the wind dimection
based on analysis of the Ekman fayer). This is supported by examination of the 13-16 "~
wind racord (table 2) which revealed that a continious wind duration from any one dircctin
is usually less than 4.4 pendulum hours for low wind speads (8 miles/hr,) and two pendulu:;
hours for wind speeds as high as 15 miles/he. Although such a short period of record is r-.
necessarily representative of wind conditions in the bay, it does indicate thet for high v
speeds (15 miles/hs), the current at the surface Is nearly in the seme direction of the wing
and that for low wind speeds (8 miles/hr), the cument at the surface mcy make qn angl

of about 30 degrees fo the right of the wind directiont.  For such & short doration of wi -«
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blowing continlously from essentially one direction, it is believed that wind=drift currenis
in the bay are Insignificant below a water depth of abour 3 feet,

The wind record indicates that the speed of the wind drift surface curront
diracted towards the bay will be about 0.60 ft/sec  and th-ur directed away from the bo
will be about 0.3C ft./sec, The current speed will decraase with depth titl it becomes

insignificant ot a depth of about 3 .

V. CURRENT PATTERN M CUAYANILLA BAY

Current patterm may be represented in either of two ways, the “path " method
and the "flow" method. The path method follows the behavior of @ given fluid partic®-
Buch os Is represented to some extent by o current drogue} during its motion through space .
The flow method obsarves the flow characteristics in the vicinity of o given point as the
particles pass by that point (such as are recorded by an anchored current meter). The cath
method Is more descriptive of the fate of the individual particle which is.- of prime import--
in pollution studies. For a complote current pattem however, both methods are usually us -

simultancously,

Pllot Study of Currents in Cuayenilla Bay

Two electronic meters, a Marine Adviser B=la Savonier Rotor and an Ocedno~
graphlc Engineering, In-situ Recorder, were used to record currents in Guayanilla Bay
during the early stoges of the investigation. | The great odvantage of these meters Hes in
the fact that they provide o continious record of the current speed qﬁd direction ot a

point aver a period of three to saven days, The areo under investigation was coverad by



a dense grid and the meters were installed to collect data pertaining to currents at -
depths in a number of grid points,

Consequent analysis of data revealed wide variation in the recorded spue s
diraction of the currents. Such variations e¢-u's not be suppt;ried by previous experic -
and physicol analytical considerations. They uppeared rather fo be a result of instrur: - =
malfunctioning, Consultations with scientists thot have used such meters reinforced
opinion that the meters are not reliable, unless there is a technician of the manufoct
on hand at the time of measurements, an altogether impractical situation, Hence, ths
electronic meters were abandoned and resort was made fo the path method floats,
religble, well tested, though time consuming method of obtaining current deta.

In this method, floats were lowered to predetermined depths at various p~' -
in the bay. The displacement of a float by the current at that depth was recorded ir
terms of angles traversed by the frans’'s ond time elapsed. The angular displacemsr: -
were subequently converted to linear displacements through simple rigeromeiric
identities. Linear displacement divided by time, yields current speed. Current -,
were obtained by mapping the recorded float displacemaents on a map of the bay. ¢
pattern obtained by the floot tracking method (Fig. 2, table 3) indicated that the cur:
were directed towards the bay with @ moximum velocity at the surface of about 1.0 57
This current pattern was recorded during the day time of the summer season. At the}

the tide would cause a flood current and the predominant wind conditions were also

able for astablishing a current directed towards the bay as shown in fig. 3.



Dye Release To Study Current Pattern in Cuayanilla Bay
And Vicinity

it should be appreciated that the above procedure is extremely time consuming
thus making it possible for the currents to be measured at a limited number of points onfv,
This strongly suggested that a detoiled surface curent map of the area could be obtained
by measuring the surface currenis ot @ great number of points simubtoneously be means ot
releasing dye in the bay and taking colored aerial photographs. In this method two foctors
ore important; (1) the size of the released charge and (2) the altitude from which the dye
can be identified from aerial photographs., A pilot test was conducted at Mayaguez Bay
where three charges of Rhodamine B, 5 pounds each, were dropped from an airplane and
color photographs were taken from varying altitudes up to ten thousand feet, The pilot
study indil:ute;:! that Rhodamine B charges of about five pounds each, pHntogrnphed from
an altitude of five thousand feet would give satisfactory presentations of the current pattein .

The procedure employed in measuring the current speed and pattern in Gmyﬁ"
nilla Bay and vicinity utilizing color dye, consisted of releasing two=10 Ib. patches of
Rhodemine B from a helicopter and one~10 b patches from fwo boats (Union Carbide and
WRRI boats), at each of the 23 locations shown in figure 4, The pattern of movement of
the dye was observed visually from a helicopter and was recorded on aerial photagraphs
taken from on altitude of 3000 ft. The photographs were also taken from a helicooter
because there was no access to an airplane. No current measurements were plonned during

the ebl> flow since it is usually dark at that time and there was no access to ultraviolet
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light. The time of dye release (table 4) and of geria! nhotography (table 5) coincided
with the time for « maximum flood current info the bay as evidenced from the tide record~
ing shown in figure 2,

The current pattern and speed as recorded by ueri;:! photographs are given in
table 5 and shown in figure 4. Winds during the period of current measurements were
south-easterly with an average speed of 7 miles/hr and may result in o current directed
Mrds the bay with a meximum surface speed of about 0.2 ft/sec, deminishing at a
depth of about 3 f,

After reduction of the wind~drift component from the current speeds shown in;
figure 4, adjusting for a maximum tide range of 1.3 ft under normal conditions, and
considering bottom bathematry ; the predicted pattern and maximum speeds for surface
currents during flood and ebb flows would be as shown in figurces 5 and & , respectively,
To thase tida!| currents we may add a maximum wind-drift surface current of 0.6 and 0.3
ft/scc directed towards and oway from the bay respectively, -

Under normal conditions an estimate of the maximum amount of water entering
and leaving the bay during o tidol cycle gove a value of 2 x 107 £ 3. This value is
important in predicting the permissible level at which poliutants may be intreduced inio

the bay.

VI, SUMMARY AND CONCLUSICNS

Predominant currents in Guayanilla Bay and vicinity are tigel and wind~drift
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Tides at Cuayanilla ar: duirnal with a weak semiduiral component which
may become appreciable when the moon and/or the sun arc on the equator, The maximus.
and minimum tide range in the bay is 1.3 and 0,3 ft, respectively. Tidal currents in ih-
bay would have a maximum surface specd of about 1.0 ft/sec through the bay mouth and
decreasing inside the bay,

Predominant winds in the arca are south ~easterly and north~easterly with an
gverage speeds under normal conditions of 13,68 and &, 1 miles/hr, respectively. South-
casterly winds will result in currents directed towards the bay with a surface speed of 0.0
ft/scc. While the weaker north—casterly winds will cause currents directed oway from th
bay with a surfoce speed of 0.3 ft/scc. Wind-drift currents in the bay and vicinity arc
insignlficant Eﬂﬂw a water depth of about 3.0 ft, Under normal conditions, the moximur
amount of water entering and leaving the bay during a tidal cycle would be about 2,0 x
10° 3

Results given in this report are rather qualitative, This is due to the lack of
funds necessary for the conduct of detailed study of the oceanographical conditions in

Guayanille Boy and vicinity,

Submitted by
A .M, Kometl, ¢h.D,P.E.
C. Hadjitheodorou, Ph.D

Rasearch Engineers



Table 1.,

_Wind Dircetion

Frequency of Wind Uiirections And Speed At Foncs, Puerto Rico
(Threz Years of Record)

Wind Speed (MPH)

1-3 4-12 1325 25-21 3246 oescent A‘%?féff

N 1165 1950 50 - 1.1 4.6
NINE 610 977 69 e 6.0 5,
NE 1284 3320 375 1 18,0 6.
ENE 249 1720 243 - 8.8 7.6
£ 404 1915 528 s 10.3 8.4
ESE 64 1222 1177 - 8.9 12,2
SE 79 1619 2857 s 16.8 13.6
SSE 25 519 231 = 2.8 10,9
S 46 288 32 s 1.3 8.2
SSW H % 17 - 0.5 8.8
S 14 80 9 — 0.4 7.7
WSW 1 13 1 -~ 0.1 7.3
W 32 21 - - - 0.2 3.6
WINW 22 29 - ax 0.2 4.3
W 280 402 5 e 2.5 4.6
NNW 645 1607 21 2 8.2 5.2
Calm - - — e . 3.9 1.¢
TOTALS 551 15678 5715 i 166.6

Percent 19.1 59.2 218 (1

S LTI




Table 2.~ Hourly Wind Record For the Perjoi 13-16 -

e Fionr.
Wind Direction nd Spead
Time _ (Degrees) N PH)
1 AY. (13 Moy 69) .
2 » 8
3 8
4 " 6
5 5
6 " 4
r | 8
g 14 10
3|
9 ; e
10 ~ 3¢
17 " P2
iz " 14
| A 11C e
g o H1G 14
3 12¢ 14
4 100 15
5 " 120 17
6 o 14
7 " 70 2
g 50 4
9 v 50 é
10 " &0 3
1 50 3

iz 40 35



Table 2, Contd,

Time

2 b
3 il
4 L[]
5 n
6 11
7
B n
9 n
ic =
1o
12
I
2 1
3 il
4 ] |
5 "
6 ki
? []]
B ]
9 1
10 *
1o
12

Wind Direct: n
(Degrees

60
40
40
30
60
50
5C
70
20
e
120
T
o
120
160
80
80
20
8(C

30

Wind Speed
(MPH)

2

&

14
14
14
16
16
16
14
15
14

14



Table 2, Contd,

Wind Direction find Spaed
Time _____(Degreas) _{viPH)
1 Al (May 15, 69) 40 &
2 " a0 =
2 " 5C Z
4 ® 4G €
5 " 80 4
6 " 60 10
7 ° 30 Ic
g " 70 S
9 M 70 B
ic " | 7C 8
| 2 S 70 3
1z » . 110 ' G
b Pa oC 4
2 " 30 i
gy ® 126 5
oo 160 8
5 " o 1€
5 M 80 1
7 S 6% o
g8 60 &
g " 40 8
1 " 40 &
13 B 40 8

12 ® 40 8
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Table 2.~ Contd,

Time

I

2

10
&

12

10

11

12

AM  (May 16, 6 )

n
i
(]
1
1
]
n
1
n
1

iV

"

- Wind Diroction
{Degrees)

o e N iy
=2 = ire—

40
40
40
40
40
40
40
50
90
60

no

120

20

130

120
20
30
40
40
40
40
40
40
30




Table 3, = Current Velocity Distribution For Different Nepths As Cbtained By Floats

Depth® Path iime Velocity
“hservation No. (1) (ft)_ {sec) (ft/sec) )
1 0 623.0 A4 1.16
2 0 1147 .0 ek 1.27
X i 10920 ple .09
4 r 214C.0 2801 0.74
5 ¢ 495.0 1800 0.2¢
6 10 452,60 1320 .34
7 54 364.5 1..8C 0.22
8 16 798.5 273 0.3C
? 20 846.8 288C B0
10 26 434,C 2700 C.l1é
H 21 278.0 1447 0.19
12 & 2835.C 342¢ C.60
13 20 1060.0 1,980 C.t
14 25 556.0 215 C.26
15 20 974.0 1420 0,29

* Depth measured from woter surfaca,

T



Table 4, Time of Release of Dye Charges ot Guayznilla Bay and Vicinity

Sumpie Mo, Released by Time
! Helicoster 3:37 p.m.
2 ‘ : 3.34
£ ! 347 "
4 1 12 3:50
5 L 3:53
& - 3.5 "
7 : 4:00 "
A Union Carbide Boat 3:.46
2} I _ 3:51 "
3" " 3:56
4’ | f 3:59
5 L 4:09 ©
6 i 4:.05 "
7 * “ 4:10 *
g! L 4:{2 "
E WRR! Boot- 3:50 "
50 i "
g " "
An u "
5 " | "
6" 0 o
gn " 4:30 "
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Table 5. Current Speed As Obtained From Aerial Photographs

Sample No.

I

L}

Distance Travaled

(Ft)
2,200
98
1,850
2,445
2,310
2, C8C
1,680
925
1,21¢C
1,200
751
1,210
1,568
1,440
865
1,280
1,641

1,236

4:15
4:17
4.2(
4:35
4:4C
4:42
4:45
4:53
4:55
5:GC
4:50
4:48

3:15

5:05,5:

5:20
5:2%
5325

5.:22

Time of Photo
{Pivi)

Time Dye Relsase
(PM)

3:37
3:44
3:47
3:50
3:53
3:58
4-00
3:48
3:56
3:59
4:09
4.05
4:1C

412

Currsat © £z

(ﬂ';‘rﬁu} L ;

z !“'r:?
L

R

£
bao

A

-



.3 Hn‘y, &7

Iwm AM.

o g e

75 ay, ;':3 '

bl
q‘.

L

9

'4:55 P M

Aﬂihm?éd

713 P

Low at kuwm P.M., May 5, 1969

High at

3:44:5 F AL

2:30 A.M. [May 5, 1949
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