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Intreduction

The Florida Institute of Technology, at the request of the Design Engineering
Division, John F. Kennedy Space Center, NASA, has conducted a Special investigation
into the conditions existing in the waters and bottoms of the Turning Basin near the
Vertical Assembly Building, the borrow pit near Pad 39A and the Barge Canal con-
necting them. This investigation was to determine the various parameters of chemical,
biological and microbiological significance as they existed prior to the -eroposed _eon—
Struction of new check—eut facilities on the banks of the Turning Basin.

This effort was done as part of the general investigations being conducted for
the Florida Institute of Technology under the title "A Study of Lagoenel and Esfuafine
Ecologlcal Processes in the Area of Merrltt Island, Florlda Encompassmg the John
F. Kennedy Space Center“ The general study and the effort reported herem was
funded by the John F, Kennedy Space .Cente_r, NASA, under NASA Grant number

10~015-008.



1. Purpose

This study was conducted to determine the various parameters of chemical,
bmloglcal and microbiological mgmflcance in the Waters and the bottoms of the
Turmng Basm near the Vertical Assembly Building, the borrow pit at the foot of
Pad 39A and the Barge Canal connecting them (see Fig. 1,8ite Location Map).

The data gathered durmg the investigation serves also to establish a baseline
of the ecological conditions that have developed in these man- made basins during

the 8 years that have elapsed since they were constructed.
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2. Procedure

Samptes of \Qater were taken on October 6, November 3, and Deccmbei.-

11, 1973. They were analyzed for Temperature, Salinif_y, pH, Dissolved Oxygen, l
Nitrate ion, Phosphate ion, and Turbidity. In addition, the October samples were
analyzed for the sulfate jon. All tests were perforrned in accordance with standard
methods. The October samples were also analyzed for the heavy metél ions~ lead,
zine, iron, chromium and copper, using spot test procedures taken from Fiegel,
"Spot Tests in Inorgamc Analysis', fifth edition, 1958,

Water samples were taken at 2 foot intervals from top torbottom in October,
in order fo detect ahy layering that might be present in the water column. Becaﬁse
no Iayering was observed in the October data, it was determined that sampling at
4 foot intervals would be sufficient to disclose any significant changes during the
November and December samplings.

A 30 inch core was taken from the bottom at each_ site during the Novembef
sampling and examined for structure and surface deposits. |

In December, bottom.mud samples to determine benthic pﬁpulations were
taken at two sites inthe Turning Basin, ‘uging a Ponar Grab Sampler operatgd'from
the bow of the F.I.T. houseboat laboratory. A total of 5 Grab samples were taken
at each site. The five samples were qo-mingled and mixed well to secure a sample
representative of the general area, overcommg the ”patchmess” of benthic populatxons
that had heen observed elsewhere in the Indian River and Mosquito Lagoon. A one-
fifth aligquot was then taken from the co-mingled samples, washed and fixed and re-
tumed to F.I. T. for microscopic identificat_ion, separatior.l'and ‘couﬁting.

Bacterial samples from both the water columns agd the bottom muds were

taken at each sampling. The samples were cultured and the bacterial populations



determined in accordance with accepted "Most Probable Number" procedurcs.

Cultures were stained to determine the predominant organism.



3. Findings
" a. Water Qualit&

' 1) Temperature:' The water temperatures were foﬁnd to be remarkably
ﬁniform throughout the area at each sampling period. In October, there was ~
1ess than one degree Centigrade difference from one end 6f t-he_ area to the other
or from the top of a water column to the bottom (Figure 2). By November 3rd,
the median temberature ﬁad dropped 6 1/2°C, from 28, 50C. to 22°C and hadl
developed a small but typical decline in temperature from top to bottom (Figure 3).
In December, the median had dropped 5 1/2°C further to 16 1/2°C, again with
a small décrease from top to bottom. No thermocline was évident (Figure 4).

2) Salinity: The salinity of these watefs wés unifo’fm throughout the area,
within the limita of reading the optical salinometer used, ir1 0/ co. Further, there
did not appear to be any shift in salinity during the 60 day period cqvered‘b.y.this
study (Figures 5, 6, 7).

3) pH: Again, a very strong uniformity was évident throughout the area.

In October, the median waé 8.4, with onl& 0.3 spread from'.high to low value. In
November, the median was 8. 0, and the spréad only 0.4 unit. The December
values were evenly split between 8,0 and.S. 1 (see Figures 8, 9, 10).. o

4) Dissolved Oxygen: The dissolved oxygen, as measured by the Winkler
titration method, showed moderate to highlvalqes throughout t;he areda. In Oétober
and December there was élso a unifbrm dist_ribution from top to boftom, indicative
of rapid and thorﬁugh wind mixing of the waters. The December sazﬁple was taken
‘on a day of moderate winds (10 to 15 mph) following three'dgys of high (15‘ - 25 mph)
winds. The November sample's ghow a typicai decréase of 6xygen from the £0p

downward, but fair amounts remain even at the deepest places measured. The value



of 0.4 ppm reporied at 28 feet at sile 2 probzibly.ré[l‘octs a localized hig‘h
biological oxygen demand from muck colleci:ing in a pocket in the bottom.
(Figures 11, 12, 13). |
5) Primary Nutrients: Negligible amounté of Nitrate and Phosphate salts were
found, and the variation from site-to-site and from month-to-month was ﬁinimal.
This distribution parallels thé thoroughly—mjxed pattern evident from other param-
eters. The amounts found are ‘typical for the Banana and Indian River waters
(Figures 14-19). | ' |
6) Sulfate: During t;he October sampling, the waters were analyzed for the
quantity of the sulfate ioh present. The amounts of sulfate ion found are tjrpical of
sea water of the salinity that was measured, and the variations from point to pomt
are within the expected range. The test was not repeated in November or December:
(Figure 20). | - |
7). Turbidity: The observed turbidities in this study are approximately the '
same as those observed elsewhere in the Banana ﬁiver and Indian River, although
the range of values is somewhat less thap usually found in the larger areas, In |
‘.part this is a result of the wind-mixing previously mentmned and in part a |
reflection of the fact that the smaller bodies of water simply have less area in
which to develop varied micro~climates (Figures 21, 22, 23). |
8) Spol Tests, designed to detect iron, lead, copper .and zZinc at Ve_xjy low
levels of concentration, were made on all water samples in October., No indications
of these heavy metals were fou;xd in any sample, although the tests are sensitive to

their presence in amounts less than one part per million {(ppm).



b. Biological Anaiysis

N To assess the effects of dredging activities on the biological component
of the turning basin, two. bénthic samples were co]leclﬁed at sites C-1 and C-2.
These sémples were collected by Ponar Grab, using a total_‘tl)f five grabs a_t each
site, with caunting and sorting performed on a one~fifth aliciuot of the pooied sam-
Ple. A portion of the' remain.ing sample was later analyzed for sediment grain-gsize
- analysis and total organic carbon content.

As‘the Indian River and associated waters form a unique ecosystem, these
samples must be compared with other samples ffom relatively undisturbed portions_
of the river. Table 1 presents a summary of stations C~1, C-2, TR-13 (frofn a
transectional study of the north Indian River), and a sample from area 4 {borrow
pit west of the Ti'tan complex). |

In the majority of Indian River _benthic stations examined thus far, densitiés
'of animal populafions have ranged from about 2, 000 to 60, 000 animals pér sguare
meter. The very low densities encountered at stations TR—l,:'i (frdm the dredged
portion of the Intracoastal Waterway) and C-1 and C-2 (turniné basin) must therefore
be considered as indications of stressed conditions inﬂueqcing the biological com-
munity.

The station from area 4, while having a somewhat higher populatlon count,
is st111 lower than most statlons from the Indian River grid and transect studles

Diversity values usmg the Shannon—Wemer d1vers 1ty index (H), are sub-
stantially lower for all four deepwater stations than the medn value for the Indian
River transect stations, excluding samples from the Intracoastal Waterv;’ay (H=3.58).
As environmental stress increases, diversity declines, hence, very iow_diversity

indices would indicate highiy stressed environments. Stations c-2, TR-13,l and the



TABLE 1

Summary of Data of Deepwater Benthic Samples, Indian and Banana Rivers

Station Cc-1 - 'C-Z _ -Borrow pit (area 4) TR-13
"~ Location ' Tu‘rning basin Banana River ~ Bapana Rive'r : Indian Ril'-t-rer

Date ‘ 11 December 11 i)ece_mber | 25 August , 24 July

Depth 12 ft. 28 ft. 221t | 10,5 ft.

Temp. (surface) 16,2°C, - 11.5%. - -

| (bottom) 16,0 17.5 | - 28°

D.O. (surface) ‘ 7.0 ppm 6.9 ppm 7.04 ppm 4.61 ppm
(bottom) - 6.9 ppm 6.5 ppm 2,43 ppm 4,10 ppm

Total Organic Carbon L1% 8.9% 4.0% | 2,2 %

% Silt & Clay 5,24 59.6 - - 31.6

Median GrE.Li_Jn Size 1504 '_ < 634 | - -

Population Density O 1736/m? 57/m®  12,698/m® 94/m?

Diversity* | 3,03 0.86 | 0.55 | 1.18

* Shannon-Weiner Index



borrow pit (Area 4) all show this symptom of high stress.

The exact reasons for these lower populations and low diversities arc
chffwult to define w1thout further study. However, several possible reasons
were suggested by this study, |

Free circulation of water, 'carryin.'g' food and oxygen, .and remo‘ving'
metabolites, is essential to maintain healthy benthic communities. The creation
of a relatively narrc}w,- deep basin hinders this circﬁlﬁtion by' allowing formation
“ofa thermocline, and, by increasing the miean depth to surface.a'rea_ ratio, in-
creases the requirement for energy .(principally derived from wind-and solar
heating) necessary to induce tumov_e_r of the w’ater‘mass and re-establish
circulation, Higher wind veloeities would be required to establish circulation
at. the bottom of dredged areas than in the Indla.n River as a whole, whlch has a
very small depth:area ratio.

One symptom of stagnation would be low dis.solvéd okygen levels, oceurring
as bacterlal and animal metabolism consume available oxygen from the lower levels
of stratified water. The December samphng showed little ev1dence of stratification,
but high winds before and durmg sampling probably elim_inateq any thermocline.
Farlier sampling i'n November 1973, howe_ver, did show -the_rmal' stratificatioﬁ

and pronounced oxygen depletion.

. TABLE 2

Site Number | C-1 c-2 -
Temperature (surface) 22.8% : 22,8%
(bottom) 21.8 " ‘ 21,0
D.O. (surface) 7.5 ppm ' 8.2 ppm .
{bottom) . 5.1 S - | 0.4

10



Dissolved oxygen values as low as 0.4 ppm, even though .témporary', would be
quite sufficient to exclude most macrofauna and meiofauna'frém the benthic
community. The effect of this. should be to lowef both diversity and density,
and the effect should be more pronounced Qith increased depth. This is con-
sistent with the data obtained, |

" Another detrimental feature of deep basins is thatr thejr tend to act
as "sin_ks" ih which fine particulate matter collecté. This is shown by the in-
creased content of silt and clay and of organic material in the deepe‘r stations.
Addition‘ of very fine material is detrimental to bottom organiéms in that it may
clog feeding and respiratory structures of suspension-—feedi_ng animals, common
in most benthic communities. High turbidities may also resuit which may scatter -
and reflect Sufficient light that primary produm_;_ion may be inhibited. It is note-
4 worthy that no Vliving rmaé;ophytes were dbta.ingc_l in any of the fou r st;tions.
Thirdly, fine sediments may not be attracti‘)e as substrates fo_r induction of
larval meta__mofphosis. .. The very small'med._ian grainl_size of station C-2 could,
for examplé, ekclﬁde many species of iﬁvertebrat_es which prefe.r attachmenf to

sand grains,

11



¢. Microbiological Data
The sarﬁpling date in October was one of high (20-25 + mph) winds
out of the East. The wind induced turbulence and mixing of the water and re-
sﬁspension of sediments in the sample area are-reﬂebted in the widespread:
distribution of halodqric bacteria as shows in Figuf.e' 24. As was to be éx-
pected, the largest numbers were cultivated from the _sediments. Coliforms
were detected in the deepér waters at sites 1 ahd 3, during this excursiop,
however, they were not confirmed as E, coli.
The samples collected during the second excursion in Novembrer
indicated a more to be anticipéted distribution of haloduric bacteria; small
‘numbers in the water colufnns, larger numbers in the sedirﬁents_. . ‘The data
are summarized in Figure 25. - | 7
The November pattern wasre.ssentially duplicated in the samples colleéted
during December, (Figure 26). In all samples Qultgred, the predominant organism was a
gram positive rod shaped‘creat_ure,. which { ormed-spores. Few gram‘ positive .
filamentous 6rganisms were also found.  No coliforms weré_ detected in samples
collected during either of these excu’x.'sions‘.
As has been observed previously in étudies of Baﬁa_na Creek, the
greatest numbers of cultivatable haloduric bacteria are usually found in the
sedim_énts of a body of water, It is of interest, l'_mwever, _ﬁhat the num.lrnerrs
cultivated from the sediments of the Tl'.xrning Basin and its access canal are
generally smalier by 1 to 2 orders of magnitude than those de'termi_ned. from
the sediments of Banana Creek. A i)robable explanat;on f:()r the differences noted lieé in:
a. The bottom sediments are of _fair‘ly recerit incideqce. _

b. The comparatively small amounts of materials transported

12



into the canal and the L'urnring basin from the adjacent land

-and shallow water areas.
No sulfides were detected chemically in any of the sediment samples tested,
although‘ their characteristic odor was noticed in one sample collected at site
Cc-2 dﬁring November. The bottom is irregularly deep in this al.-ea,‘ and it
is entirely possible that the 'site of the sulfid_e mud was not located in other

samplings.

13



4, Discussion

On the ba_sis of the results from the analyses performed, the wéters
of the Turning Basin, barge canal and borrbw pit are quite similar to those of
the Banana River and Indian River. They are, in general, w‘ell mixed Iand well
oxygenated, A few deep pockets in the uneven hottom terrain approach anoxic
conditions, and a mud sample from one .of these areas had a strong hydrogen
sulfide odor, indicating that it was anoxic. .Again, this is typical of the ocpen
-river also, The absence of response in thé tests for heavy metal ions is con-
sidered to indicate that there was no industrial pollution presént. The micro-
biological tests did not demonstrate E, coli,an indication that there is no waste
- pollution of these waters,

The low diversity and.low total populations of the benthic community
are characteristic of fhe.recent origin of these wat erways. Many years may be
required for establishment of an equilibrium following a Severé diéturbance of
a boi:torn community, The stations examined may in time develop a large and
diverse populatior_l, however, our results indicate that such development must be
very slow,

. Based on the results of our study, we would reconﬁmend that .future‘
dredging activities be limited in depth and that fill materials shoﬁld not be re-
mqved down to élay strata; if clay/silt layers are fé.irly shallow, conditions
might be improved if the clay were stripped to a larger-grained stfatum (e.g.
sand). Consideration rﬁight also be given to orientatidn of borrﬁw areas; if the
longitudinal axis were oriented in the direction of prevailing winds, more efﬁcient

turnover might result, decreasing the effects of stratification.

14
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