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EXECUTIVE SUMMARY 

The Surface Water Improvement and Management 
(SWIM) Plan for Lake Okeechobee (1989) directs 
the District to • ... develop a cooperative program 
with the Florida Department of Health and 
Rehabilitative Services (FDHRS) and the Florida 
Department of Environmental Regulation (FDER) 
and the appropriate local governments to assess 
the extent to which septic tanks contribute to 
phosphorus levels within a particular basin.· The 
objectives of this research project are to 
investigate the impact of high-density onsite 
sewage disposal systems (OSDS) installations on 
water quality and overall health of man-made 
canals along the northern periphery of Lake 
Okeechobee and estimate the phosphorus loading 
from these systems to the lake itself. Phosphorus 
is of particular interest due to its behavior as a 
biolimiting nutrient in receiving surface waters. 

Four residential subdivisions along the northern 
periphery of Lake Okeechobee comprise the 
majority of waterfront property within the 
Northern Basins. The subdivisions chosen for the 
study are as follows: 

• Taylor Creek Isles, 
• Treasure Island, 
• Buckhead Ridge, and 
• Okeechobee Hammocks. 

The project was initiated by sending 
800 questionnaires to a subset of residents within 
each subdivision. The survey was organized 
according to two broad categories: 
(1) description of the property, home, septic 
system and/or washing machine water disposal, 
water using facilities, and residents; and 
(2) description of land use activities. The land 
use activities have been divided into clothes 
washing and dishwashing practices; and lawn 
maintenance activities such as fertilizer or 
pesticide application practices and irrigation. 

A total of 88 percent of the respondents are 
permanent residents; 71 percent of the seasonal 
residents live there during fall and winter. 

The majority of homes within the four 
subdivisions use septic tanks to dispose of 
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domestic wastewater. One small package 
treatment plant exists in the Taylor Creek Isles 
subdivision and services all the houses along two 
streets. 

Seven different sites were chosen to represent 
background: a vacant lot; two old septic systems, 
Moldenhauer and Lewis (drainfields installed 
nearer to the canals); two newer systems, Goolsby 
and Spaulding (drainfields installed away from 
the canals); a site served by the package 
treatment plant, Weston; and the package 
treatment plant itself. 

Field investigations began with the installation of 
monitor wells and lysimeters (soil moisture 
samplers) at the seven study sites, choosing 
surface water sampling sites, and collecting soil 
samples for the first part of the soil sampling 
efforts. The lysimeters were installed to measure 
the quality of the septic leachate just as it enters 
the water table. The monitor wells were installed 
just downgradient of the drainfields to measure 
the difference between the quality of the septic 
leachate and the first dilution in the groundwater. 
Surface water sampling stations were generally 
chosen to find upstream-downstream differences 
where possible and to observe the potential 
differences between water quality in canals in 
general versus the water quality in the canal 
surrounded by homes on central sewer. 

The first soil sampling program was designed to 
investigate the changes in phosphorus content 
and adsorption capacity with distance (vertical 
and horizontal) from the drainfields. Samples 
were collected at increasing vertical distances 
below the drainfield and with increasing distance 
away from the drainfield at the top of the water 
table toward the canal. The second soil sampling 
program was designed to investigate the non
septic related phosphorus status of soils and/or 
soil horizons representative of the subdivisions. 

Soils of the subdivisions can generally be 
characterized as being filion top of native soils. 
The characteristics of the fill are somewhat 
variable with depth and across the landscape. 
Generally, the fill material was loose, structureless 
fine sand. Buried soils have restrictive clay layers 
or organic hard pans overlain by muck in some 
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areas. Occasionally the subsoil contains fractured 
limestone. 

The differences in canal sediment characteristics 
between the four subdivisions did not appear 
significant. Thickness and texture of sediment, 
depth of the water, and the canal widths were all 
relatively similar. The one major difference was 
overall canal length. Subdivision size, age, and 
stage of development also differed significantly. 

The first soil sampling program indicated two 
trends in soil phosphorus (P) concentrations. 
Generally, in the first trend, P appears to have 
accumulated in a particular location along the top 
of the water table under each drainfield. This 
area of accumulated P is 5 to 10 feet (ft) 
downgradient of the drainfield at the Spaulding 
residence. This observation is interesting 
considering that the unsaturated zone of soils is 
supposed to be the treaunent zone under 
drainflelds. The observed areas of accumulation 
are at the top of the water table and somewhat 
downgradient of the drainfield which indicates 
that migration of P is taking place. It appears as 
if a slug of P is moving through the soils at the 
Spaulding site. 

The second trend in P concentrations can be 
observed by comparing the difference in 
concentrations between flll and Oa (organic soil 
horizon) materials. Total P concentrations in the 
fJ.l.I material, on average, are less than half of the 
P concentrations found in the Oa samples. The 
primary difference between these two sample 
types is the percentage of organic matter, which 
appears to control soil P concentrations. 

Exchangeable P was at least an order of 
magnitude smaller than total P in these samples. 
This observation is important because it implies 
that the soils have fixed the phosphorus so that it 
is no longer available for migration. Phosphorus 
in drainfleld leachate is apparently only mobile for 
a short period of time before being fixed in the 
more organic materials under the drainfields. 

Most of the nitrogen (N) (by several orders of 
magnitude) in the soil samples exists in the 
organic form measurable by the total Kjeldahl 
nitrogen (TKN) method. Soil N concentrations 
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vary in similar magnitude and amount as soil P 
concentrations. The N does not appear to have a 
similar positional distribution as soil P; being 
more evenly distributed through the soil profJ.l.e 
and along the top of the water table. This is 
likely a function of the greater mobility of N in 
soils versus lower mobility of P. Soil N 
concentrations do not appear to be as strongly 
related to soil type as does soil P. The lack of an 
observed pulse of N throughout the route of 
migration to the canal implies that the soil may 
have reached equilibrium with respect to N. The 
soil may no longer be capable of treating or 
attenuating N, allowing it to migrate from the 
drainfields to the canal. 

The soil map units that were sampled as part of 
the second part of the soil study represent results 
in individual samples from organic horizons, 
spodic horizons, topsoil, and other subsurface 
horizons. It appears as if effects of fertilizer 
applications, historical use of the native (original) 
soils, and soil characteristics have a bigger effect 
on the N and P content of these samples because 
the concentrations are much closer to or at 
background levels. 

Total P content of these samples was an average 
of up to an order of magnitude smaller than the 
total P observed in samples collected under the 
septic tank drainfields. The same differences were 
observed for the fJ.l.I and native soil materials 
relative to the fJ.l.I and organic horizon materials 
under the septic systems. The septic systems are 
clearly contributing large (relative to native soils) 
quantities of P to the soils of the subdivisions. 

Exchangeable P was detected in only 3 of the 
36 samples collected from the dominant soil map 
units. The same pattern of a minimal amount of 
exchangeable P relative to total P was exhibited in 
these samples as was exhibited in samples 
collected from under the septic tanks. This 
further emphasizes that the soils are capable of 
attenuating the P from septic systems and the 
leachable P. 

The TKN content of these soil samples was 
between 2 and 4 times smaller than samples 
collected under the drainfields. The TKN content 
varied from 7 to 13,640 mg/kg. TKN 
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concentrations do not depend on soil sample type 
as does soil P. The average TKN of fill samples 
was close to the average TKN of the native soil 
samples. 

Phosphorus adsorption isothenns were conducted 
to indicate the amount of P that soils from 
different horizons were capable of attenuating. 

Phosphorus adsorption correlated well with iron, 
aluminum, and total organic matter. Iron or 
aluminum correlates well with adsorption. This 
infonnation indicates that soil characteristics such 
as organic matter content, iron, or aluminum 
content are good predictors of the ability of a soil 
to adsorb phosphorus. 

Total P content for the 12 sediment samples 
collected from the bottoms of various canals 
ranges from 42 to 757 mg/kg. Average sediment 
total P is similar to average native soil total P 
observed in the different soil series and half of the 
average total P observed in soils collected under 
the septic tank drainfield. Samples collected in 
the canal surrounded by homes on septic tanks 
were indistinguishable from samples collected 
from the canal surrounded by homes hooked to 
the treatment plant. No trends were observed 
between samples collected in older versus newer 
parts of the subdivisions nor were trends observed 
between samples collected from upstream or 
downstream of various sections of the 
subdivisions. 

Exchangeable phosphorus was measured in 5 of 
the 12 sediment samples collected from the 
canals. The exchangeable P concentrations have a 
narrow range of 0.37 to 0.94 mg/kg. 

Sediment phosphorus adsorption studies showed a 
range of adsorption from a high of 251 mg/kg to 
a low of 118 mg/kg. Correlations of the 
adsorption with organic matter, iron, aluminum, 
and the highest of either of the iron and 
aluminum values were not evident. Adsorption of 
phosphorus in sediments may be controlled by 
calcium ions/minerals in the surface water 
systems. During much of the year, the pH of the 
canal waters appears to be alkaline. If 
phosphorus precipitates with calcium, correlations 
of P adsorption would not show a high correlation 
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with iron, aluminum, and organic matter that 
appears to adsorb best under acidic conditions. 

Total phosphorus levels in groundwater sampled 
adjacent to septic tank systems were higher than 
other studies. Treatment efficiency is increased 
with a corresponding increased distance between 
septic tank drainfield and water table elevations. 

This observation takes on greater significance 
considering that the depth to water tables in these 
subdivisions exceed the minimum required 
distance criteria set forth in 10D-6 code. It 
appears that any additional separation between 
the drainfield and the water table affords some 
amount of additional treatment. Without 
groundwater criteria or observable impact to 
adjacent surface waters, there is no way of 
detennining what separation distance is optimum 
for these areas. 

The groundwater results further showed that age 
or construction of the septic tank was not 
necessarily related to groundwater quality. 

Lower total phosphorus levels analyzed in canal 
surface waters are primarily attributable to 
dilution and biological uptake. All retention or 
loss processes must be considered as influencing 
these generally lower total phosphorus 
concentrations in surface waters than the surficial 
aquifer monitor wells. 

The total potential (maximum) phosphorus 
loadings to Lake Okeechobee from Taylor Creek 
and Treasure Island, Buckhead Ridge, and 
Okeechobee Hammocks were 872, 502, and 
55 kilograms (kg) per year, respectively, which is 
equivalent to approximately 1.5 tons per year. 

The sediment total N is essentially organic or 
ammonia-related. All the values of N02 + N03 
are below detection limits. The average TKN of 
all the sediment samples is approximately twice 
the TKN observed in the soil samples collected 
under the septic tank drainfields and an order of 
magnitude greater than observed in soils collected 
from the various soil series in the area. Although 
these values were significantly greater than that 
observed for the soils, these sediment-N values are 
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normal for Florida streams, according to FDER 
data. 

No sediment quality problems were obsezved 
during this study. 

Sediment samples contained relatively low organic 
contents meaning that the nitrogen is not in the 
form of partially decomposed plant materials. The 
nitrogen is likely in the form of ammonia, 
accumulating in the anoxic canal sediments. With 
little movement of water in these canals, the 
ammonia could be accumulating at a gradual-slow 
rate and could continue to accumulate until a 
storm event of sufficient magnitude occurs to 
flush or oxygenate the sediments. Unfortunately, 
redox measurements of the sediments are not 
available to confIrm this hypothesis. 

Groundwater level and flow direction data suggest 
onsite water levels are a function of seasonal 
(wet/dry) changes in rainfall and canal water 
levels. Typically, groundwater flow is toward the 
canals for the major part of the year. However, 
reversals to this pattern have been noted. 
Therefore, nutrient loading conditions are also 
transient conditions that depend not only on the 
flow direction, but also on the groundwater flow 
rate. 

Biological contaminants associated with septic 
tanks may exhibit a variety of characteristics 
including different species, surface properties, and 
half-lives. Septic tank leachate has been 
identifIed as a problem in many of Florida's 
waterbodies and a major source of groundwater 
contamination (FDER, 1992a). Environmental 
factors that may influence their subsurface 
migration rates through soil include soil moisture 
content and holding capacity, temperature, pH, 
organic matter, and antagonism from soil 
microflora. The physical process of mechanical 
flltering and the chemical process of adsorption 
may be the most signifIcant mechanisms 
responsible for bacterial removal from water 
percolating through soil (Canter and Knox, 1984). 

The total coliform measurements made as part of 
this study are used to determine the size of the 
coliform population, which provides a relative 
indication of water quality. 
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Conclusions offered for parameters governing the 
total coliform populations are also applicable to 
nutrient species analyzed in these waters. Total 
phosphorus, pH, and specifIc conductance 
measurements made during this study are similar 
to those independently recorded in this region 
(FDER, 1992b). It is difficult to quantify the 
contributions made by septic tanks to these 
receiving waters, although data developed for the 
Moldenhauer residence suggest leachate from 
these sources is signifIcantly attenuated in soils 
within both saturated and unsaturated zones. 

In summary, microbiological measurements 
appear primarily influenced by site-specifIc 
phenomena, such as stagnation, temperature, and 
inputs from both natural and anthropogenic (e.g., 
septic tanks) sources. Defmitive analytes such as 
fecal coliforms or coprostanol in sediments may 
be considered in a more focused study to further 
delineate specifIc sources and long-term impacts 
(Brown and Wade, 1984). 

Despite the local water flow between the isles and 
canals, as an integrated water system, water from 
these areas may ultimately discharge into Lake 
Okeechobee. Nutrient loadings from a septic tank 
drainfleld may therefore be treated as a point 
source with nutrient concentrations in the 
groundwater decreasing as water moves away 
from the recharge points (drainflelds). Thus, the 
nutrient loading from the study areas was 
determined to be more reliable by direct 
computation based on the data available at the 
recharge points or drainflelds. The detailed 
computation is shown in Appendix C. 

The nutrient concentrations analyzed in monitor 
well samples associated with the Moldenhauer 
residence generally fall within anticipated 
concentration ranges. This site may sezve as a 
useful location to monitor septic tank effluent on 
a long-term basis, due to its status as an older, 
active system and monitoring data clearly 
indicative of nutrient enrichment of the shallow 
water table/associated soils. The Moldenhauer 
residence also has upgradient and downgradient 
monitor wells that assist with simultaneous 
comparison of background and potentially 
impacted areas. 
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The drainage system in each study area forms a 
complex network of residential houses in the isles 
bordered by finger canals. Groundwater in an isle 
is directly connected with surface water. Thus, 
the finger canals are the nearest receiving water 
for nutrients discharged from septic tanks within 
the isles. 

When the water levels in the canals become 
greater than the groundwater levels (due to 
rainfall or wet! dry season), water from the canal 
may flow into the isles to reach an equilibrium 
condition. The dense network of isles and the 
canals has formed an integrated water system 
which may maintain a recharge and discharge 
relationship within this water system. Water from 
these areas may ultimately discharge into Lake 
Okeechobee. 

The critical feature uncovered in this study is 
actually the construction of the drainfield at 
varying distances with respect to the water table. 
The classification of homes according to location 
of the drainfield is less important than its 
elevation relative to the location of the water 
table. 

Direct negative relationships between septic 
systems and surface water quality are difficult to 
prove from the data collected by these 
investigations. If the soils between the drainfield 
and canals become saturated with phosphorus, 
the amount of phosphorus reaching canals is 
expected to increase which may cause more 
observable impacts. 

Recommendations developed from this research 
can be organized into several groups: 

• Point-of-use upgrades or retrofit in septic 
tank use, 

• Community/system-wide upgrades or 
retrofits, 

• Additional information gathering, and 
• Additional research. 

Point-of-use upgrades to systems range from 
installing water-conserving toilets all the way to 
retrofitting drainfields. Additional information on 
point-of-use upgrades can be obtained from 
Guidance on Reducing Nitrogen Loading from 
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Septic Systems (1991), a report prepared by The 
Cadmus Group for EPA, Office of Drinking Water 
Underground Injection Control Branch. 

Current technology available to incorporate or 
replace septic tank-based collection systems; 
collecting wastewater at the source and 
transporting it to a centralized location for 
processing. Okeechobee County has a contract 
with Craig A Smith and Associates to perform a 
wastewater study concerning the upgrading of 
existing wastewater treatment within the County. 
Residences and businesses within the County are 
currently served by septic tanks or small localized 
(package) wastewater treatment plants. The 
current long range plans are to abandon these 
systems to large centralized wastewater treatment 
facilities (personal communication, Gary 
Colecchio, Craig A Smith and Associates 1992). 
The study is still in progress although they have 
provided the following information for use in this 
section. 

The results of this study suggested several 
alternatives to wastewater collection and 
treatment. One alternative treatment is sewage 
collection and treatment. This alternative uses 
vacuum sewers to collect and transport septic 
tank effluent to local treatment centers. The 
septic tanks will still be used for initial sewage 
treatment and will still have to be pumped 
periodically. The advantage of this system is that 
the individual sewage treatment plants will only 
have to treat liquid effluent. 

Implementation of this system will remove 
nutrient inputs to the shallow groundwater and 
canals which will minimize any future sewage 
caused impacts to the canals. 

To increase canal water quality, flushing the canal 
to remove stagnant water is one method. This 
method may be considered if the flushing is done 
frequently. At higher flushing frequencies, fish 
kill or excess loading will not occur as the water 
quality will not be degraded. 

This research work shows that the worst case 
inputs of P to Lake Okeechobee from septic tanks 
are no greater than half a ton per year per 
subdivision. If additional research can identify 
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the presence of various nutrient "sinks" between 
the drainfields and the Lake, these numbers may 
be shown to overestimate reality. On the other 
hand, this research project excluded the numerous 
small package plants and/or large community 
septic tanks used within the mobile home parks 
adjacent to the rim canal up and down US 441. If 
any of these systems are not being properly 
maintained, they may be contributing as much P 
as all the septic tanks within the subdivisions 
combined because they are located closer to the 
rim canal with less groundwater transport 
distance for dilution or attenuation of phosphorus. 
Hooking these small treatment plants and septic 
tanks to the central sewer with the individual 
homes may better solve the overall problem. 

This research project was the first attempt at 
gathering water quality and soils data relative to 
septic tanks in this area. Additional research 
needs have become evident. 

Additional research on soils may include: 

• Assessment of the importance of calcium 
and magnesium to phosphorus adsorption 
in soils and sediments. 

• Phosphorus adsorption data can be used 
to calculate the mass of phosphorus that 
can be adsorbed between the drainfield 
and the canal if the variability of the flll 
can be better characterized. 
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Additional research on surface water may include: 

• This research was limited to being a 
screening of total coliforms. 
Measurements of other bacteriological 
indicators may be necessary from a 
human health perspective if people are 
using the canals for water sports. 

• More investigations into the fate of 
nutrients in surface waters. Nutrients 
may well be getting into the canals but 
are getting taken up by aquatic 
organisms. 

Additional research on groundwater may include: 

• A long-term groundwater flow study to 
determine the yearly movement of 
groundwater. A long-term measurement 
will indicate the effective distance of 
yearly groundwater flow to better predict 
the migration of septic tank effluent. 
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1.0 INIRODUcnON 

This is the final report for Contracts LP555 and 
LP754 Onsite Sewage Disposal System (OSDS) 
Research on the Northern Periphery of Lake 
Okeechobee. The Surface Water Improvement 
and Management (SWIM) Plan for Lake 
Okeechobee (1989) directs the District to 
" ... develop a cooperative program with the Florida 
Department of Health and Rehabilitative Services 
(FDHRS) and the Florida Department of 
Environmental Regulation (FDER) and the 
appropriate local governments to assess the extent 
to which septic tanks contribute to phosphorus 
(P) levels within a particular basin. Alternatives 
for meeting P concentration standards for each 
basin will be evaluated, including (but not limited 
to) the following: (a) lower density requirements 
for mandatory sewage treatment plant hookups, 
(b) disposal of septic tank waste through sewage 
treatment plants or the manufacture of fertilizer, 
(c) revised design, location and construction 
standards for septic tanks (if appropriate) to meet 
the ultimate off-site discharge P standard, and 
(d) financial and other incentives to encourage 
conversion of existing problematic septic tank 
systems to centralized sewage treatment systems." 

The objectives of this research project are to 
investigate the impact of high-density OSDS 
installations on water quality and overall health of 
man-made canals along the northern periphery of 
Lake Okeechobee and to estimate the P loading 
from these systems to the lake itself. Four major 
peninsula/finger canal subdivisions have been 
built such that most of the properties are "water 
front." The water quality within the canals is less 
than pristine; the original hypothesis being that 
septic tank effluent is causing degradation of 
water quality. 

This research project has been designed to gather 
as much information as possible concerning the 
presence of septic tank P and nitrogen (N) in soils 
and groundwater and P, N, and coliforms in 
surface waters of the important subdivisions. All 
field sampling and laboratory analytical work was 
conducted according to Environmental Science & 
Engineering, Inc.'s (ESE) Site Specific QA Plan 
and ESE's Generic QA Plan No. 860054G and 
McGinnes Laboratories GQAP No. 870232G. It is 
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expected that the results of this research may lead 
others to focus on whatever problems they deem 
important. 

1.1 DFSCRIPTION AND HISTORY OF STUDY 
~ 

The following four residential subdivisions were 
chosen as study areas (Figure 1-1): 

• Taylor Creek Isles, 
• Treasure Island, 
• Buckhead Ridge, and 
• Okeechobee Hammocks. 

Each of these subdivisions was constructed to 
maximize the amount of waterfront property for 
the land owners. This resulted in series of 
parallel finger canals separated by narrow 
peninsulas. Of these four subdivisions, 
Okeechobee Hammocks is the only one without a 
navigable waterway to the Rim Canal. These four 
subdivisions contain the majority of homes with 
septic tanks that may ultimately drain directly 
into the rim canal and then into the Lake. 

Construction of these subdivisions from what 
looks like improved pasture began in the late 
1950s and early 1960s. Aerial photographs were 
used to construct Figures 1-2, 1-3, and 1-4. As of 
1962, a small part of Treasure Island (Figure 1-2) 
was already inhabited while new canals were 
being constructed. Buckhead Ridge (Figure 1-3) 
had one canal running zig-zag through the area 
with one side fully developed. Construction of 
10 canals was well underway connected to the 
other side of the canal. By 1962, Okeechobee 
Hammocks (Figure 1-4) was also in the initial 
phases of being developed. 

The next series of aerial photos obtained were 
from 1971. By 1971 (Figure 1-5), about two
thirds of Treasure Island was fully developed, with 
the last third under construction. Taylor Creek 
Isles was nearing the half-way point of 
construction. Okeechobee Hammocks was fully 
constructed by 1971 (Figure 1-6) with one area 
showing a higher density of homes. Although the 
last third of the subdivision was under 
construction, the older area was sparsely 
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populated. Buckhead Ridge was also nearly two
thirds constructed by 1971 (Figure 1-7). 

The most recent aerial photos were taken in 1986. 
These were the photos used to construct the base 
maps used throughout the report. As late as 
1986, new construction was still evident. The 
northernmost part of Taylor Creek Isles was just 
being finished (Figure 1-8) and Okeechobee 
Hammocks was becoming more fully built-in with 
homes (Figure 1-9). The only development in 
evidence within Buckhead Ridge were two small 
areas (Figure 1-10). 

1.2 DESCRIPTION OF REPORT 

This report presents, summarizes, and makes 
recommendations based on information gathered 
as part of Research Subjects I through V and 
follows the general outline in the contract. 
Individual items presented in this report include 
the following subtasks. 

RESEARCH SUBJECf I 
TASK 1 

Subtask 1.1 

Basin by basin inventory for land use (OSDSs, 
private and public wastewater treatment plants, 
lawn fertilizing, and detergent usage practices and 
other identified nutrient producer sources). 

Subtask 1.2 

Map creation of the Northern Periphery of Lake 
Okeechobee Oimited to the Treasure Island, 
Taylor Creek, and Buckhead Ridge subdivisions 
and immediate surroundings) to indicate various 
wastewater disposal systems for the approximate 
year 1975 and the most recent year(s). 

Subtask 1.3 

Estimate seasonality of discharge by reviewing 
electricity use (if available through the local 
utility) to estimate the number of occupied 
homes. 

Subtask 1.4 
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Preparation and execution of a survey 
questionnaire to validate the recent year's map as 
described in Section 1.2; to include questions on 
lawn fertilization and detergent usage. 

Subtask 1.5 

Comprehensive review of permits on file for 
existing wastewater disposal systems (OSDSs, and 
private and public wastewater treatment plants) 
and other identified nutrient producer sources. 

Subtask 1.6 

Literature search and written summary (will also 
describe analytical methods and site selection 
methodology) . 

Subtask 1.7 

Selection of participants and study sites for three 
subdivisions. A total of seven sites with 
five different types of disposal systems (two old 
systems, two mounded, one home on central 
sewer, a vacant lot, and a package treatment 
system). 

RESEARCH SUBJECf II 
TASK 2 

Subtask 2.1.1 

Literature assessment of representative soil series 
for selected subdivisions (soil groupings). 

Subtask 2.1.2 

Characterization of sediments in canal systems, 
according to homogeneous septic system land 
uses. Characterization will include canal width, 
depth, and thickness of organic sediments on 
canal bottoms. 

Subtask 2.1.3 

Analysis of P content of soil samples collected 
near existing septic system drainfields. 
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Subtask 2.1-4 

Analysis of P sorption and P content of commonly 
occurring soil series/horizons throughout the 
area(s). 

Subtask 2.1.5 

Analysis of P sorption and P content of sediment 
samples collected from selected canals throughout 
the area(s). 

Subtask 2.2.1 

Installation of suction lysimeters, monitor wells, 
and piezometers at the study sites. 

Subtask 2.2.2 

Hydraulic conductivity measurements (slug tests) 
for all nine monitor wells. 

Subtask 2.2.3 

Determine total P and N (nitrate plus nitrite and 
ammonia) in soil, water, and groundwater 
samples taken before, during, and after the rainy 
season. 

Subtask 2.3 

Estimate the overall P content, maximum 
adsorptive capacity, and amount of soil storage 
capacity remaining for the soils and sediments 
within the studyarea(s). This is the data 
interpretation step of the study. Additionally, 
determine the health of the canal system. 

RESEARCH SUBJECf m 
TASK 3 

Subtask 3.1 

A total of nine surface water monitoring stations 
will be established. 
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Subtask 3.2 

Sample surface water and make other necessary 
flow direction and discharge measurements. 
Sampling is to be accomplished with the soil and 
groundwater sampling efforts. 

RESEARCH SUBJECf IV 
TASK 4 

Subtask 4.1 

Estimate nutrient loading. Analyze water quality 
data (related to seasonal differences and storm 
events), water flow measurements (related to 
seasonal differences and storm events), and the 
sediment nutrient/storage capacity. The current 
loading will be estimated on a weighted estimate 
of canal water flow. Future loadings will be 
estimated using canal sediment storage capacity 
data with water quality and flow data. 

RESEARCH SUBJECf V 
TASKS 

Subtask 5.1 

Recommendations will be given to reduce P 
loadings to Lake Okeechobee. The 
recommendations will range from the no action 
alternative (if no problem exists) through 
retrofitting OSDSs or connecting the homes to 
central sewer, to dredging the canals if the canal 
sediments are found to be heavily impacted by P. 

All of the Research Subject areas have been 
completed and the results reported in this 
document. This document is not written 
specifically referencing the individual subtasks 
because of the redundancy of some of the 
information. Instead, Section 2.0 describes 
background information including the 
questionnaire, gives a summary of detergent uses, 
fertilizer and pesticide applications, and washing 
machine water disposal practices; and includes a 
map of the site identifying various waste water 
disposal systems. Section 3.0 provides the 
sampling methods. Section 4.0 presents the 
results. Section s.o contains the 
recommendations. 
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2.0 BACKGROUND 

2.1 QUESI10NNAIRE 

A total of 800 surveys were sent to residents of 
four target subdivisions (Buckhead Ridge, Taylor 
Creek Isles, Treasure Island, and Okeechobee 
Hammocks) along the northern periphery of Lake 
Okeechobee (Figure 1-1). Two hundred fifty-nine 
were returned with various quantities and quality 
of information. 

The survey (see Appendix A) was organized 
according to two broad categories: (1) description 
of the property, home, septic system and/or 
washing machine water disposal, water using 
facilities, and residents; and (2) description of 
land use activities. The land use activities have 
been divided into clothes washing and 
dishwashing practices; and lawn maintenance 
activities such as fertilizer or pesticide application 
practices and irrigation. 

2.1.2 SUMMARY OF RESULTS 

Data from the surveys were entered into the 
Paradox data management database for ease of 
data manipulation. Because of the variety of 
answers and usefulness of the information, some 
data were edited and reentered under 
standardized answers. For example, several 
respondents use whatever dishwashing soap is on 
sale and indicated such with the words, "cheapest" 
or "on sale." To simplify summarization, all of 
these answers were changed to "varies." 
Summaries of eight categories of information are 
presented within the report. Few surveys were 
answered completely, therefore, none of the 
response categories contain 259 entries (total 
number of surveys returned). 

2.1.3 DATA SUMMARIES 

Individual summaries of the categories follow. 
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Of the total 259 responses, 228 households 
(88 percent) are permanent residents and 14 are 
temporary (3 of the temporary households were 
houses versus mobile homes). Seventeen 
households did not answer this question. 
Temporary or seasonal household responses were 
further categorized according to the season of 
occupancy. Fall and Winter occupancy represents 
the largest (71 percent), and of the households 
that are resident in Winter, 40 percent are also 
resident in the Spring. Only three temporary 
households indicated Summer occupancy in their 
own homes (one did not indicate house versus 
mobile home). 

From the total of 259 responses, 229 indicated 
they had a washing machine. Of these, 124 were 
directly connected to a septic tank; 72 washers 
(31 percent) discharged somewhere other than a 
septic tank; and 14 did not know where their 
washers drained. Only 56 people (of the 72 not 
discharging to septic tanks) identified the location 
of their washing machine discharge (Table 2-1). 
Some of the answers included discharge to the 
yard/garden, to dry wells, and to a trench. 

Laundry detergent preference was indicated by 
206 people/households. The primary detergent 
choices were selected from this group and 
represent 186 people/households using one or 
more of 34 identified brands (Table 2-2). 

Eighty-seven respondents use dishwashing 
machines. Sixty-eight of the respondents also 
occasionally wash dishes in the kitchen sink 
(indicated by the respondent giving a preference 
of a sink dishwashing detergent) (Table 2-3). A 
total of 93 households do not have a dishwashing 
machine and indicated a preference of a sink 
dishwashing detergent. The total number of 
households indicating the use of a sink 
dishwashing detergent, with or without 
dishwashing machines, is 161 (Table 2-4). 
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Table 2-1. Analysis of Washing Machine Drainage Locations 

Washer Drainage 
Location 

50-Gallon Drum 
Separate Tank 
Backyard 
Canal 
Drains in Trees 
Dry Well 
Flower Bed/Charcoal 
Garden 
GrasslYard 
In Back of Shed 
In Old Septic 
On The Ground 
Our Gravel Bed 
Separate Drain Field 
Separate Container 
Septic Tank 
Sewer Line 
Tank by Itself 
Trench to Drain Field 

TOTAL 

Source: ESE. 
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Respondents Indicating 
This Location 

1 
1 
5 
3 
1 

15 
1 
1 

13 
1 
1 
2 
1 
4 
1 
1 
2 
1 
1 

56 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC. (ESE)--OKEECHOBEE PROGRESS REPORT 

Table 2-2. Laundry Detergent Brands Indicated by Respondents 

Laundry Detergent 
Brand Name 

Ajax® 
All® 
All-Free® 
Amway® 
Amway Sa8® 
Arm & Harnrner® 
Arrow® 
Blue Cheer® 
Bold® 
Bold III® 
Borax® 
Cheer® 
Cheer Free® 
Clorox® 
Clorox 2® 
Dash® 
Doz® 
Oynamo® 
Era® 
Fab® 
Fresh Start® 
Gain® 
Ivory® 
New Cheer® 
Oxydol® 
Oxydol Ultra® 
Phosphate Free 
Purex® 
Sears® 
Shaklee® Liquid 
Surf® 
Tide® 
Tide® Liquid 
Wisk® 

Total Brands 
Total Number of Users 

Source: ESE. 
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Respondents 
Indicating Usage 

1 
9 
1 
1 
3 

13 
3 
1 
3 
1 
1 

10 
1 
2 
1 
1 
1 
1 
5 
3 
1 
3 
1 
1 
1 
1 
1 
2 
1 
1 

10 
74 

2 
25 

34 
186 
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Table 2-3. Analysis of Dishwashing Machine Detergents for All Respondents 

Brand Name 

Amway® 
Calgon® 
Cascade® 
Dawn® 
Electrasol ® 
Jet® 
Kitchen Aid® 
Palmolive® 
Sunlight® 
Sunlite® 
Never Use 

Total Brands 
Total Number of People Using These Brands 

Source: ESE. 
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Respondents 
Indicating Usage 

1 
4 

48 
2 
6 
1 
1 
5 
5 
2 
1 

11 
76 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC. (ESE)-.QKEECHOBEE PROGRESS REPORT 

Table 2-4. Analysis of Dishwashing Detergents for All Respondents. 

Brand Name 

Ajax® 
Dash® 
Dawn® 
Dawn®/Palmolive® 
Dove® 
Ivory® 
Joy® 
Ulac® 
Palmolive® 
Publix® 
Store Brand 
Sunlight® 
Tide® 
Varies 
Sink 

Total Brands Indicated 
Total Number of People Using These Brands 

Source: ESE. 
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Respondents 
Indicating Usage 

1 
1 

69 
1 
4 

27 
14 

1 
33 

1 
4 
4 
1 
2 
1 

15 
161 
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2.1.3.4 Fertilizer 

Fertilizer use is represented by 116 households. 
Of those households, 109 identified the brand 
used; 107 the brand and frequency of application; 
and 93 the brand, amount of application, and 
frequency of application. The analysis of usage 
and application was calculated using the group 
responding to all three categories (Tables 2-5 and 
2-6). General results are as follows: 

1. 23 fertilizer types are used by 91 people; 
2. 21 of the previous types represent 

6,125 pounds used in 135 applications; 
3. 48 people use fertilizers in the Spring and 

Fall; 
4. 31 people use fertilizers once a year 

(either Spring or Fall); and 
5. 14 people use fertilizers more than twice 

a year. 

Making some very broad assumptions and simple 
calculations (e.g., 100 pounds of 6-6-6 is actually 
6 lbs of N, 6 lbs of potassium as ~O, and 6 lbs of 
p as P 205)' the 6,125 pounds of fertilizer means 
applications of approximately 400 pounds each of 
N, potassium, and P. If homeowners in the 4 
subdivisions (2,940 homes) apply similar amounts 
of fertilizers as the percentage of respondents 
(44 percent) to the questionnaire, the total 
application of each of the three nutrients is 
approximately 4,000 pounds. This number is 
important in a relative sense; that is, that we can 
be fairly confident that less than 10,000 lbs of 
phosphate are applied to the lawns in the four 
subdivisions each year. 

2.1.3.5 Pesticides 

This category was well represented by responses 
from households, but the data provided were 
inconsistent and poorly defmed. This may 
indicate a general lack of understanding by the 
users of these products of the application method, 
rate, and timing. Unlike fertilizer application, 
most people did not know how much pesticide 
they were using, and those who did were not sure 
how to represent the quantity used during 
application. As a result, data in this section could 
not adequately be quantified for volume or 
seasonal analysis. 
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The data provided did allow for some minimal 
analysis. Sixteen people indicated the use of a 
professional pest control service (Table 2-7). 
Those people not using a professional pest control 
service (64) did use commercially available 
compounds (Table 2-8). 

2.1.4 IDENTIFICATION OF VARIOUS 
WASTEWATER DISPOSAL SYSTEMS 

Houses along SE 29th and 30th Streets of the 
Taylor Creek Subdivision are tied into the package 
treatment plant operated by Professional Services 
Group (PSG) of Ft. Pierce, Florida. Apparently, a 
moratorium on construction of additional septic 
tanks was in force for some time in the 1970s 
(approximately 1973). These two streets were 
being developed at this time so rather than 
halting construction, the developer decided to 
build a package plant to treat the sewage. 

The Health and Rehabilitative Services 
Okeechobee County Public Health Unit 
(HRS-OCPHU) files consisted of permits for a 
number of different OSDS and package treatment 
plants in the surrounding areas. The typical 
package plant services a small recreational vehicle 
park or small trailer court. The only treatment 
plant in the specific study areas (other than the 
PSG plant) is at Buckhead Marina. The only 
other files maintained by HRS are septic tank 
maintenance/repair permits. The permits detail 
the services such as pump-outs or drain field 
maintenance done by professionals. 

2.2 SEASONAL RESIDENCY 

Determining the seasonal pattern of occupancy of 
the four subdivisions is necessary to estimate the 
annual septic tank discharge and nutrient loading 
to the canals. The initial method proposed in the 
scope of work was to investigate electricity usage 
in the area (provided by Florida Power and Light), 
by examining the usage ratios during the different 
seasons. The hypothesis was that residency varied 
more than the seasonal change in electricity usage 
according to air conditioning usage. The 
hypothesis was found to be incorrect as air 
conditioning demand causes summer electricity 
usage to nearly equal winter electricity usage 
because of the increase in migratory residents. 
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Table 2-5. Analysis of Fertilizers Used by Type or Brand 

Type or Brand Name 

10-10-10 
10-20-40 
16-4-8 
20-20-20 
4-6-6 
4-6-8 
6-6-6 
8-8-8 
Bonus S Weed & Feed® 
ChemicaVScotts® 
Darganite 
Fruit & Ornamental Trees 
Milorganite 
Miracle Grow® 
Rite Green® 
Rossers® 
Scotts® 
Scotts® 10-10-10 
Scotts® 22-3-3 
Scotts® 6-6-6 
Scotts® Turf Builder 
Weed & Feed 
Unknown (Used by Yard Service) 

Total Number of Type or Brand Indicated 
Total Number of People Using 

These Types/Brands 

Source: ESE. 
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Respondents 
Indicating Usage 

9 
1 
1 
2 
1 
1 

47 
2 
1 
1 
1 
2 
1 
7 
1 
1 
2 
1 
1 
2 
3 
2 
1 

23 

91 
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Table 2-6. Analysis of Fertilizer Usage and Frequency by Type or Brand 

Type or Brand Pounds Used 

10-10-10 910 
10-20-40 SO 
16-4-8 60 
20-20-20 
4-6-6 200 
4-6-8 20 
6-6-6 3,775 
8-8-8 200 
Chernical!Scotts® 40 
Darganite® 60 
Fruit & Ornament 10 
Fruit Tree Only 10 
Milorganite 120 
Miracle Grow® 40 
Rite Green® 40 
Rossers® 40 
Scotts® 140 
Scotts® 22-3-3 60 
Scotts® Turfbuilder 120 
Weed & Feed 110 
Varies 120 

Total Number of Type or Brand 

Total Number of Pounds Used 
Total ApplicationslYear 

Total Number of Gallons Used 
Total ApplicationsIYear 

Source: ESE. 

P/EAT/OKEE-V.6 
02/08/93 

Gallons Used ApplicationslY ear 

18 
1 
2 

10 2 
2 
2 

78 
2 
1 
2 
4 
3 
2 

2 12 
1 
1 
3 
3 
6 
2 
2 

21 

6,125 
135 

12 
14 

21 
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Table 2-7. Profile of Professional Pest Control Usage 

Professional Pest Control Name 

Ace Pest Control 
Brooks Exterminator 
Guy's Hulett (house) 
Hi-Tech 
Uoyd's 
Tennite Control 

Source: ESE. 
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Respondents Using 
Professional Pest Control 

11 
1 
1 
1 
1 
1 
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Table 2-8. Profile of Pesticides Used in Study Area 

Estimated Households 
Type or Brand Using This Type/Brand 

7 Dust 2 
Ammo 5 
Ant KillerlWeed-B-Gone 1 
Chinc Bug Spray 1 
Diazinon 16 
Diazinon for Fruit Trees 1 
Diazinon/Sevin® 2 
Dursban® 1 
DursbaniDiazinon 1 
Fire Ant 5 
Fire Ant, K-Mart Brand 1 
Fire Ant/Sevin/Diazinon 1 
Fire Ant/Sevin Dust 1 
Fk~ 1 
Malathion Insect Spray 1 
Malathion/Diazinon 1 
Malathion For Rose Garden 1 
Malathion/liquid 7 1 
Malathion/Liquid 7 (Trees) 1 
Ortho® Insect Control/Diazinon 1 
Ortho® /Diazinon 1 
Roundup® 2 
Sevin Dust® 2 
Sevin Dust® /Diazinon/ Amdro® 1 
Spectracide® For Ants 2 
Weed & Feed 1 
Weed Killer 1 
Weed-B-Gone 5 
Weed-B-Gone/Diazinon 3 
3 fungicides, 4 insecticides, 1 herbicide 1 

Total Number of Types or Brands 30 
Total Households Using These Types or Brands 64 

Source: ESE. 
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A second plan was devised to approximate 
seasonal residency from the infonnation and data 
gathered for the questionnaire mailing label 
database and from the questionnaires themselves. 
The questionnaires were primarily (except for 
approximately 25) sent to addresses within the 
subdivisions so that answers could be related 
directly to specific locations. Out-of-state or out
of-subdivision addresses could not be correlated to 
street addresses as the infonnation provided was 
inadequate for the correlation. 

Infonnation to create mailing labels for Treasure 
Island, Taylor Creek Isles, and Okeechobee 
Hammocks was obtained from an independent 
consultant retained by Okeechobee County for 
managing the tax database. The data consisted of 
tax infonnation on each parcel of land in these 
subdivisions. The consultant for Glades County 
was not able to transfer similar data for Buckhead 
Ridge. Mailing labels for Buckhead Ridge were 
obtained directly from the Okeechobee Beach 
Water Association billing flies. 

The infonnation used to detennine seasonal 
residency included the mailing addresses and 
assessed property values from the tax infonnation 
database which included Treasure Island, Taylor 
Creek Isles, and Okeechobee Hammocks 
subdivisions. The first assumption was that 
vacant lots could be separated from properties 
with homes based on an assessed property value 
of $30,000. The second assumption was that 
property owners that receive tax notices in 
another city or state do not reside there, and 
addresses within the subdivisions, therefore, 
represent the category of migrant tenants. This 
assumption, however, does not account for 
housing that is rented full time. These latter 
categories may never be defmed or confinned 
within the scope of this study. 

Using the tax database, 1,977 properties exist in 
the three subdivisions. Using the $30,000 
assumption for vacant lots, 472 of the properties 
are vacant (24 percent). Adding the additional 
assumption of properties with addresses inside the 
three subdivisions, the fmal category of homes 
with full-time residents equals 1,028 properties or 
52 percent of the total properties. 
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For Buckhead Ridge, Okeechobee Beach Water 
Association mailing labels from the water bill 
database were used to detennine full-time 
residency by separating addresses within the 
subdivision from those in another city or state. 
Using this assumption, 479 of 1,138 households 
(42 percent) were assumed to be full-time 
residents. This compares reasonably well with the 
percentage calculated for the three subdivisions 
using the tax database infonnation. 

These same assumptions were used to obtain the 
mailing labels for the questionnaire for each of 
the subdivisions. Assuming that the residency 
responses from the questionnaire are 
representative of the whole population, 88 percent 
of these assumed full-time residents actually live 
there full time. Using all of these assumptions, 
nearly 43 percent of all homes in each of the 
subdivisions are occupied throughout the year. 

2_3 SOIL CHARACfERIZATION AND SITE 
SELECTION 

2.3.1 SITE SELECTION 

The sample site selection rationale was based on 
evaluating potential water quality impacts 
resulting from the operation of the various types 
of sewage disposal systems as follows: 

1. Two old ("at grade") septic tank systems, 
2. Two newer (mounded) septic tank 

systems, 
3. A site served by a central sewer, 
4. A vacant lot, and 
5. A package treatment plant. 

During the preparation of the proposal, the newer 
systems were assumed to be comprised of mound 
systems versus the old at-grade systems. After 
visiting each subdivision with a local septic tank 
installer, mound systems were found to be 
uncommon. The installer said that they were not 
necessary in these areas as the canals keep the 
water table acceptably low to meet 
Chapter 10D-6, Florida Administrative Code 
(FAC.) regulations. The installer said that 
mounded systems are more common for homes 
built away from the water where the water table 
is closer to the ground surface. 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC. (ESE)--OKEECHOBEE PROGRESS REPORT 

The primary difference between old and new 
systems was found to be related to the proximity 
of the drainfields to the canals. Type of 
construction was not found to be different. The 
majority of the drainfields (new and old) appeared 
to be trenches rather than beds. The trench-type 
of drainfield usually consisted of one or two 
drainfield lines containing perforated pipe 
surrounded by gravel. If two trenches were used, 
they usually extended in different directions. The 
septic tank installer noted that drainfields 
installed as beds (installed according to 
engineering specifications) routinely fail (clog) 
while the trench-type of drainfield never fail 
(clog). 

Old versus new systems were grouped according 
to the drawing on the questionnaire returned by 
the homeowner. Rarely were these drawings to 
scale. Old systems were classified as having 
drainfields nearly adjacent to the canals (usually 
between the house and the canal) and newer 
systems have drainfields much farther away 
(usually on the other side of the house from the 
canal). The tenns old and new may be somewhat 
misleading because it is still possible to install a 
drainfield as close as 50 feet (ft) from a canal (as 
in Buckhead Ridge) on lots that were platted prior 
to 1972, but not yet developed. 

In the early to mid-1960s, drainfields could be 
installed as close as 25 ft from the canal in 
Buckhead Ridge. This problem was further 
compounded because lot lines extended to the 
middle of the canal. In many cases, the boundary 
from which to measure the setback was not clear. 
The setback was increased to 50 ft in the late 
1960s and remained at 50 ft until 1972, when it 
was increased to 75 ft. The date the lot was 
platted detennines the setback distance. Some of 
the vacant lots within Buckhead Ridge are too 
small to allow for a 75-ft setback. 

The questionnaire was developed to help identify 
appropriate volunteers willing to offer their 
properties for use in this study. The first list of 
potential volunteers was detennined based simply 
on whether they checked the "yes" box on the 
volunteer question. Many people volunteered 
their properties as potential study sites, most 
being within Taylor Creek Isles and Treasure 
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Island. The list of potential volunteers was 
narrowed down based on the survey question 
requesting a site map of their house and septic 
tank. None of the maps were drawn to scale. 
The key criteria in this component of the selection 
was location of the drainfield relative to the house 
and canal and site accessibility. Those with 
drainfields identified close to the canal (between 
the house and canal) were placed into the "old" 
system category. Many more respondents were 
grouped in the "newer" category as the drainfields 
are located in the front yard or along the side of 
the house, away from the canal. The potential for 
ready site access was also detennined from the 
drawing, although it was understood that the 
illustrative talents of the respondents was 
sometimes questionable. 

The survey also resulted in a response from a 
person living in a horne serviced by the package 
treatment plant. This person provided the name 
of a neighbor as another possible volunteer. No 
other possibilities of sites within the group of 
homes hooked up to the package plant were 
found. Vacant lots were selected by a separate 
site visit based on interviews of various realtors. 
Two possible sites were identified, both in Taylor 
Creek Isles. All were lots along Taylor Creek. 
Several lots are part of the Army Corp dredge 
spoil right-of-way, directly east of Southeast 26th, 
27th, and 29th Streets. Another lot is directly 
north of Southeast 18th Terrace. The operators of 
the package treatment plant, serving several 
streets within Taylor Creek Isles, were contacted 
concerning use of their property for the study of 
potential impact of sewage treatment plant on 
groundwater quality. 

The last criterion used for site selection was 
ensuring that sites were selected from each of the 
subdivisions under study. The primary goal of the 
last criterion was to locate widely separated sites 
within individual subdivisions and at least one 
site in each subdivision. In using this criterion to 
fmd sites, it was hoped that a wide range of soil 
characteristics (if the characteristics are expressed 
below the dredged flll) would be represented. 
Study of a variety of native soils can only be 
documented after the buried soils of each of the 
study sites have been compared. 
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Table 2-9 is the fmal list of study sites prepared 
after a site visit to determine site accessibility. 

2.3.2 SOIL DESCRIPTION 

2.3.2.1 General Soil Characteristics 

The soil types of the four subdivisions were 
identified using the U.S. Department of 
Agriculture-U.S. Soil Conservation Service (USDA
SCS) soil survey of Okeechobee and Glades 
Counties, Florida. All soils were mapped prior to 
construction of the canals and represent original, 
native soil characteristics. The current conditions 
and characteristics of the mapped soils are 
changed because of the dredge material that has 
been deposited during the canal and lot 
construction. Thickness of the fill material varies 
so the mapped soil characteristics mayor may not 
influence septic tank performance, depending on 
where the water table is relative to the top of the 
original soil. 

In general, the native soils of the region range 
from somewhat poorly drained to very poorly 
drained sands and peats or mucks. Most of the 
area, if not for the dredge and fill material would 
be categorized as freshwater marsh, low-lying, 
and nearly level in the soil surveys. The surface 
horizon of the soils is generally high in organic 
matter content and is less than 12 inches thick 
over mineral soil. During the wet season, these 
(native) soils are covered by water and remain 
wet throughout the year. 

The originally mapped soils found in the Treasure 
Island subdivision are predominately Delray fme 
sand and Okeelanta peat. Typically, Delray fine 
sand is a very poorly drained soil with a surface 
horizon high in organic matter and slightly acidic 
with a slightly alkaline subsurface. The texture is 
fine sand to the argillic horizon (Bt) which ranges 
in texture from fme sandy loam to loamy fine 
sand. Permeability is rapid near the surface and 
slow in the subsurface. 

Okeelanta peat is also a very poorly drained soil, 
with a peat texture to a depth of 28 inches below 
which it becomes sandy. The peat is slightly 
acidic near the surface and neutral in the 
subsurface horizons with rapid permeability 
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throughout. Other soils described within the 
subdivision are Pompano fine sand and Seewee 
fine sand. These soils are not extensive in the 
area. 

The soils mapped in the Taylor Creek subdivision 
are also predominantly Delray fine sand and 
Okeelanta peat. Other soils identified within the 
subdivision are Terra Ceia peat and Seewee fine 
sand, both of limited extent. The presence of 
Terra Ceia peat may be significant in attenuating 
P in septic tank leachate as it typically has a thick 
layer of black muck to a depth of 80 inches or 
more. 

The Okeechobee Hammocks subdivision, prior to 
construction of the canals, was dominated by 
Immokalee fine sand and Delray fine sand. The 
Immokalee fme sand is a poorly drained soil with 
a strongly acidic surface horizon and a fine sand 
texture throughout. A poorly developed, weakly 
cemented, and strongly acidic spodic horizon (Bh) 
is present in the subsurface. Small amounts of 
Pompano fine sand and Myakka fine sand are also 
identified within the subdivision. Soils within this 
subdivision are slightly drier than those in the 
other subdivisions because of a slightly higher 
elevation. 

Soils identified in the area of the Buckhead Ridge 
subdivision (prior to construction of the canals) 
are dominated by the Malibar fme sand, Tequesta 
muck, and Boca fine sand series. Malibar fine 
sand is a poorly drained soil with an 8-inch-thick 
surface horizon high in organic matter; slightly 
acid near the surface and moderately alkaline in 
the subsurface. Typically, Malibar fme sand has 
an argillic horizon at approximately 42 inches, 
with a fine sandy-loam texture. There is rapid 
permeability near the surface and slow 
permeability in the subsurface. The Tequesta 
muck is a very poorly drained soil with a surface 
horizon of black muck that is strongly acidic. The 
subsurface ranges from neutral to mildly alkaline. 
Permeability is rapid near the surface and 
moderate in the subsurface. The Boca fine sand is 
also a poorly drained soil with a thin, highly 
acidic surface horizon. An argillic subsurface 
horizon is sometimes present and the soil is 
shallow to limestone bedrock. Solution holes 
within the bedrock are common. 



Table 2-9. Study Sites 

OLD SYSfEMS 

Harry Moldenhauer 
85 Linda Rd 
Buckhead Ridge 

Roger Lewis 
3241 SE 24th Street 
Treasure Island 

NEW SYSfEMS 

Zedra Goolsby 
1821 SE 24th Blvd. 
Taylor Creek Isles 

Michael Spaulding 
9039 SE 64th Dr 
Okeechobee Hammocks 

CENTRAL SEWER 

Bill Weston 
2334 SE 30th St 
Taylor Creek Isles 

VACANT LOT 

Adjacent to Goolsby 

PACKAGE PLANr 
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3 wells and 1 lysimeter 
(Figure 2-1) 

1 well and 1 lysimeter 
(Figure 2-2) 

1 well and 1 lysimeter 
(Figure 2-3) 

1 well and 1 lysimeter 
(Figure 2-4) 

1 well and 1 lysimeter 
(Figure 2-5) 

1 well and 1 lysimeter 
(Figure 2-3) 

Professional Services Group Several wells and 1 lysimeter 
(Figure 2-6) 

Note: Each of the study sites is identified on maps of the subdivisions. 

Source: ESE. 
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2.322 Site-Specific Soil Descriptions 

Soil characteristics were investigated at each of 
the study sites as part of each year's soil sampling 
program. Soil descriptions for each of the 
properties are presented in the following 
subsections. The fill material that comprises the 
majority of the soil within each subdivision could 
not be described according to standard soil 
characterization terminology because of the non
systematic variability of colors and textures. Fill 
colors and textures vary according to the method 
and sequence of excavation and dumping of 
materials during the construction of the canals. 

Spaulding Residence 

The Spaulding residence is within the Okeechobee 
Hammocks subdivision. The soil proflIe at this 
site consisted of fill material approximately 
54 inches thick overlying 28 inches of muck. The 
texture of the fill is primarily fine sand with some 
small pockets of loamy material. Pockets of white 
sand and pockets of fme sand high in organic 
matter are also present. The color of the flIl 
material is primarily gray and its consistency is 
loose. Some of the small loamy pockets have a 
friable consistency. The overall structure of the 
flIl is single-grain (structureless). The depth of 
muck corresponds to the characteristics of the 
Okeelanta peat soil series which is the original 
soil as mapped. Below 82 inches, the soil 
material became sandy in texture. At the time of 
this survey, the water table was measured at a 
depth of 66 inches. The water table at this time 
was below the flIl material and within the muck. 

Lewis Residence 

The Lewis residence is within the Treasure Island 
subdivision. The soil at this site consisted of 
approximately 60 to 70 inches of fill over what 
appeared to be native soil. The origin of the flIl is 
quite possibly dredged material from the 
construction of the canals and dredging of Taylor 
Creek. This fill is primarily gray fine sand with 
pockets of white sand and what appears to be 
small pockets of spodic material. Its overall 
consistency is loose with the small pockets of 
spodic material being friable. The overall 
structure is single-grained (structureless) and in 
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some areas has a salt and pepper appearance. A 
strong, but thin Bh horizon was identified at a 
depth of 72 to 75 inches with a lighter colored Bh 
horizon below 75 inches. These particular soil 
characteristics compare with either the Immokalee 
or Myakka soil series, both of which are mapped 
in the area. The depth measurements were taken 
near the house and septic tank. The property 
slopes substantially to the canal which caused a 
great variation in depth to the Bh horizon and 
groundwater according to position relative to this 
slope. The depth to both the groundwater and 
the Bh horizon ranged from approximately 
70 inches on the top of the slope to 26 inches at 
the bottom of the slope. These depths to 
characteristic horizons appear to depend entirely 
on the amount of flIl at the site. 

Goolsby Residence 

The Goolsby residence is within the Taylor Creek 
subdivision. The soil at this site consisted of 
42 inches of fill over muck. The flIl at this site 
looked different (not like dredge material) than 
the fill at either the Lewis or Spaulding sites. The 
difference may have been that this material 
looked to be much better mixed than at the other 
sites. It is primarily gray fme sand with few small 
pockets of cleaner sand. It has single-grained 
structure (structureless) and has a loose 
consistency. This muck layer was approximately 
30 inches thick and in turn overlied sandy 
material at a depth of 72 inches. Terra Ceia peat 
was the soil series mapped at the site. The 
observed characteristics match this series or the 
Okeelanta peat. The depth to the groundwater 
was estimated to be 55 to 60 inches, near the 
septic tank drainfield. The depth to the 
groundwater varied depending on the proximity to 
Taylor Creek which bounded the property to the 
north. 

Weston Residence 

The Weston residence is within the Taylor Creek 
subdivision. The soil at this location consists of 
26 inches of fill over what appears to be a 
transition soil between the Delray fme sand and 
Okeelanta peat. The flIl material is also well 
mixed, like the Goolsby site, and consists most 
likely of dredge material from construction of the 
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canals. It is primarily a gray fme sand with few 
small pockets and streaks of black fine sand and 
loamy fine sand. Overall, it has a single-grain 
structure (structureless) and has a loose 
consistency. The surface horizon of the original 
soil was estimated to be at a depth of 26 inches 
with gray sand underlying to a depth of 
64 inches. At the time of this investigation the 
water table was estimated to be at a depth of 
52 inches below the land surface. 

Moldenhauer Residence 

The Moldenhauer residence is located within the 
Buckhead Ridge subdivision. The soil at this 
location consisted of 36 inches of flll material over 
soil mapped as Malabar fme sand. The flll is well 
mixed and appears to be dredge material from the 
canals. It is primarily brownish-yellow fine sand 
with pockets of grayish brown loamy fme sand. 
Numerous shell fragments are found throughout 
the material. Within the pockets of loamy fme 
sand are few, fme, brownish-yellow and bright 
yellow mottles. Overall, the consistency is loose 
and it has single-grain structure (structureless). 
The observed characteristics of the soil found 
below the flll material match those of the Malabar 
fine sand series. The water table at the time of 
this investigation was estimated to be at a depth 
of 66 inches. 

Vacant Lot 

The vacant lot that was investigated is located in 
the Taylor Creek subdivision, adjacent to the 
Goolsby residence on the west. The soil at this 
site consists of 40 inches of fIll over organic muck. 
The fIll material is similar to that found at the 
Goolby site, likely from dredging Taylor Creek. 
This material, though contains few small shell 
fragments, well-mixed throughout. The difference 
consisting of The muck layer is approximately 
22 inches thick. Below 62 inches is dark gray to 
black sandy material. The characteristics of the 
soil found below the fIll material match those of 
the Okeelanta peat. The water table at the time 
of this investigation was found at approximately 
56 inches. 
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Package Plant 

This package plant is located just to the west of 
the Taylor Creek subdivision. The soil at this 
location was not physically investigated because 
of the impact auger holes would have on the perc 
pond next to the treatment plant was unclear. 
The soil is mapped as Delray fine sand (USDA-SCS 
Soil Survey of Okeechobee Co., FL, 1971). 

2.4 IJTERATIJRE REVIEW 

The review of literature begins with a summary of 
Impact of On-Site Sewage Disposal Systems and 
Ground Water Quality by Bicki et al. (1984) 
because it was the most exhaustive treatise up to 
that time. This report was prepared for the 
Florida Department of Health and Rehabilitative 
Services (HRS). The remainder of the literature 
review consists of a summary of the reports 
published after the Bicki et al. report. This review 
is not intended to be as exhaustive as the previous 
but is intended to update the reader on the 
generally available literature. The last section of 
the literature review concerns water quality of 
fmger canals independent of septic tank impacts. 
Closed-ended finger canals have problems 
inherent to their design and construction, without 
imposing additional problems of septic tank 
nutrients and contaminants. 

2.4.1 SUMMARY OF BICK!. ET AL.. 1984 

The objective of Bicki et al. (1984) is to describe 
the effects septic systems have on the important 
resources of surface water and groundwater in 
Florida. Septic tank effluent contains a variety of 
constituents. Some of the most common are N, P, 
chloride, sulfate, sodium, toxic organics, detergent 
surfactants, and pathogenic bacteria and viruses. 
Movement of these substances is controlled by 
environmental factors such as soil type, depth to 
seasonally high water table, permeability of 
bedrock, system density, and redox potential. 

Most authors referenced in Bicki et al. (1984) 
agree that groundwater contamination from septic 
tank effluent might occur if soils below the 
drainfleld are water·saturated. This condition 
allows the P to be very mobile although it can 
also dilute the P in the effluent. In these 
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instances however, dilution is not a satisfactory 
treatment. Under ideal, unsaturated conditions 
(aerobic conditions), as much as 99 percent of the 
p may be removed from the effluent. Using the 
term ideal implies that the conditions may not be 
common. 

Aluminum, iron, and calcium are important in soil 
P sorption and precipitation reactions. Soil 
texture and mineralogy also play an important 
role in P removal from septic tank effluent. In 
general, loamy soils are more efficient in binding 
p than sandy soils. 

Jones and Lee (1977) (as cited in Bicki et aI., 
1984) report that P content in groundwater poses 
little to no health hazard. However, Sikora and 
Corey (1976) (also cited in Bicki et aI., 1984) 
state that if groundwater with these dilute 
concentrations of P becomes surface water 
through springs or seeps, the same concentrations 
may be high enough to cause some surface water 
contamination. 

Numerous references in Bicki et al. (1984) report 
that septic tank effluent is one of the primary 
sources of increased N levels found in surface 
waters. Most authors agree that contamination 
and decreased surface water quality is caused by 
septic tank effluent reaching surrounding surface 
water. Density of the systems and proximity to 
the surface water are very important factors, as is 
the distance from seasonal high water table to the 
infIltration surface of the drain field. 

Schmidt (1972 and 1977, as cited in Bicki et aI., 
1984), states that chloride and sulfate 
contamination of surface water could also be 
attributed to septic tank effluent. Other authors 
as cited in Bicki et aI., 1984, state that 
constituents such as detergent surfactants, 
sodium, and toxic organics were also found to 
originate from septic tank effluent and could be a 
possible source of water contamination. 

Septic tank effluent may also contain bacteria, 
viruses, protozoa, and helminths pathogenic to 
humans (Burge and Marsh, 1978) (as cited in 
Bicki et aI., 1984). Fecal coliforms are the most 
common biological measurement because 
detection of other organisms is often too costly. 
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Numerous factors control coliform survival 
(treatment) in the soil such as particle size, pH, 
moisture content, and the type of clay mineral. 
Generally, most authors agree that aerobic 
conditions within the drainfield will decrease 
coliform survival decreasing the chance of the 
organisms reaching the groundwater. 

2.4.2 SUMMARY OF AYRES & ASSOClATFS 
REPORTS 

Kirkner & Associates (1987) provided an 
assessment of the vulnerability of groundwater in 
8 representative regions of the state in terms of 
their susceptibility to gradual long term additions 
of nitrate, volatile organic compounds (VOCs) and 
other components consistent with worst-case 
septic tank pollution. The report provided a 
quantitative objective ranking of regions of the 
state using a series of mathematical and computer 
models. These rankings were to be used in later 
stages of the research project. The BrowardlDade 
region showed the highest potential for overall 
movement of water contamination. Lee/Collier 
and Gadsden/Leon showed the least movement of 
water contamination. The risk and ranking were 
based on: (1) an area index that measured the 
horizontal area in which a constituent 
concentration exceeded the criteria; and (2) a 
spread index which measured the movement of 
the contaminant away from the source. While 
seepage velocity showed the greatest effect on 
contaminant transport, higher velocities did not 
necessarily increase the ranking. 

Ayers & Associates (1987) evaluated the current 
OSDS practices within the state of Florida with 
regard to the soils OSDS were installed in. The 
objective was to identify the major soil types used 
for OSDS to provide direction for detailed 
evaluations in later research. The major questions 
answered were: (1) the major Florida soil types 
and patterns of distribution, (2) what soil types 
support most (75 percent) of the current and 
projected future OSDS, (3) what are the critical 
characteristics of these major soils affecting their 
ability to accept and treat septic tank effluent, and 
(4) what OSDS designs are most often used in 
Florida and what is the density and geographic 
distribution. 
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Ayres & Associates (1987) found that 24 of 
67 counties will be responsible for 75 percent of 
the current and future OSDS. The most populous 
counties have most of the state's OSDS and are 
expected to generate most of the new OSDS. In 
these "high use" counties, soils which have one or 
more limitations for conventional OSDS designs 
are routinely used for unsewered developments. 
In fact, soils with severe or potentially severe 
limitations are routinely used for OSDS in these 
"high use" counties. This leads to the question of 
whether the septic effluent is receiving adequate 
treatment. 

Approximately 21 percent of the state has soils 
with "slight" limitations and 73 percent with 
severe. The most prominent limitation 
(74 percent of the soils) is seasonal wetness or 
shallow groundwater. The next most common 
limitation (25 percent of soils) is slow 
permeability. Ten percent of the soils experience 
periodic flooding and 7 percent are shallow to 
bedrock. From the sum of these percentages 
being greater than 100 percent it is obvious that 
some soils have more than one limitation. Ayres 
& Associates (1987) also found that conventional 
trench and bed systems account for less than 
55 percent of Florida OSDS while 44 percent are 
mounded or systems constructed in flll materials. 

Ayres & Associates (1989) focused on monitoring 
the groundwater under four speciflc subdivisions 
in four hydrogeologic regimes and studied the 
performance of eight OSDS in two subdivisions. 
The objectives of this research were to determine 
whether OSDS use in subdivisions is seriously 
detrimental to groundwater quality. They 
concluded that groundwater concentrations of 
many constituents varied widely between different 
wells on a given date and at a given well on 
different dates. Wells installed near the OSDS 
revealed measurable concentrations of 
constituents commonly associated with OSDS. 
Groundwater quality in the vicinity of newer 
subdivisions has not suffered substantial, 
widespread contamination; though localized areas 
of contamination were observed in each area 
studied. OSDS inflltration areas in the St. John's 
County subdivision were commonly closer than 
2 ft to groundwater during parts of the year. 
Total concentrations of various contaminants in 
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soil samples collected beneath OSDS inflltration 
areas generally decreased considerably with depth. 

2-4-3 SUMMARY OF RECENT SEPTIC TANK 
UTERATI1RE 

2-4-3_1 Column Studies 

Lance (1977) used soil columns to investigate the 
amount of P removal from sewage effluent by soil 
using columns packed with calcareous sand that 
had been exposed to sewage effluent and a 
mixture of this same calcareous sand and builders 
sand obtained from an area never exposed to 
sewage effluent. Removal of P was, in general, 
found to be directly related to the inflltration rate. 
The equilibrium concentration of phosphate P in 
the soil column could be increased or decreased 
by increasing or decreasing the rate of inflltration. 
p was being removed at fIrst by adsorption, but 
when the adsorption capacity of the soil became 
saturated, removal of P was accomplished by a 
precipitation reaction. The introduction of 
Bermuda grass into the system increased the 
amount of P in the column leachate due to a plant 
root exudate keeping the P in solution. Results 
revealed that large amounts of phosphate P can 
be attenuated by calcareous sands if inflltration 
rates are carefully controlled. 

Tare and Bokil (1982) investigated the effect of 
particle size distribution on wastewater treatment. 
A column study was performed using a washed 
river sand and soil samples from the Kanpur silt 
soil series. They determined that the particle size 
of a soil plays a very important role in septic tank 
effluent treatment, with the silt fraction better 
able to treat the effluent than the other size 
fractions. Although the silt was the best medium 
for treatment, it is less suitable than sand for 
drain fleld material because of its slow percolation 
rate. Wastewater effluent percolated very rapidly 
through the river sand without providing enough 
treatment to prevent groundwater contamination. 
For optimum treatment of septic tank effluent, the 
authors found that a 60 to 40 percent sand to silt 
mixture would be most suitable. 

Smith et al. (1985) used soil columns to 
investigate the migration of Escherichia coli 
m. coli) through the soil. Soil types used were 
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two Typic Paleudalfs, Cumulic HaplaquoU, 
Fluventic Hapludoll, and Typic Udifluvent. Of the 
different soils studied, 22 to 96 percent of the 
applied bacteria were recovered in the column 
leachate effluent. As the amount of bacteria 
added was increased, the amount recovered also 
increased showing a direct relationship between 
the two. The extent of movement is strongly 
related to soil structure; shown in comparisons of 
disturbed versus undisturbed column studies. Soil 
structure helps to control pore geometries and 
pore sizes influencing the formation of 
macropores Oarge pores). Bacteria tended to 
move rapidly through the soil to depths at which 
the macropores ceased to exist. The clay and 
organic fraction of the soil was able to adsorb 
larger numbers of the cells than the sands. The 
authors concluded that as the number of 
macropores increases in a soil, the probability of 
groundwater contamination from a septic system 
could also significantly increase. 

2.4.3.2 Groundwater Studies in the Field 

A field study was performed by B.J. Alhaiiar et al. 
(1989) monitoring the effects of soap detergent 
on groundwater quality. Groundwater was 
monitored at one location where a phosphate
built detergent was used and at another site 
where a carbonate-built detergent was used to 
investigate septic tank influence on groundwater 
quality. Results indicated that the phosphate-built 
detergent did not supply significant P 
concentrations (above acceptable levels) to the 
groundwater and in fact provided for more 
efficient total N removal due to more efficient 
denitrification taking place in the soil. Similarly, 
the carbonate-built detergent did not supply P 
concentrations above acceptable limits, but did 
increase the total N levels. The levels were 
increased as much as 77 percent above the levels 
at the first site where the phosphate-built 
detergent was being used. Indications are that 
neither type of detergent contributed to the 
groundwater P pollution and that properly 
maintained septic systems are not a source of P to 
the groundwater, do not supply biological 
contaminants to the groundwater, and do not 
enhance lake eutrophication. Alha,ijar et al. 
(1989) also reported that other investigators 
(Fetter, 1977; Reneau and Pettry, 1976; Sawhney 
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and Hill, 1975; Tofflemire and Chen, 1977) have 
observed similar results with P. 

Septic systems, on the other hand, are sources of 
N to the groundwater and the type of detergent 
used does have an effect on the concentrations 
present in the groundwater downgradient of 
septic systems. 

An experiment was conducted on a coastal barrier 
island by Cogger (1988) to evaluate septic tank 
effluent treatment on a typical Atlantic coast 
barrier island. Two fields were set up, with 
topographic location and depth to water being the 
primary differences. Different loading rates were 
applied to each location using a random design. 

At the lower topographic location, anaerobic 
conditions occurred in the drainfield 20 percent of 
the time, resulting in less efficient effluent 
treatment. Where aerobic conditions prevailed, 
more efficient treatment was evident with more 
complete nitrification and decreased fecal coliform 
counts. Loading rates did have an effect on total 
N, P, sodium, chloride, potassium, and fecal 
coliforms found in the septic tank plume, but the 
water table level had a greater influence on 
overall septic effluent treatment. P movement 
seemed to be related to pore water velocity. 
Attenuation of bacteria and viruses was also more 
complete under aerobic conditions. 

An 18-month field study was performed by Cogger 
and Carlisle (1984) to determine the effectiveness 
of conventional and alternative septic tank 
systems on wet soils. There were three alternative 
designs used: a low pressure pipe system, a soil 
replacement system, and a pressure-dosed mound 
system. The treatment of septic effluent was 
poorest in systems that were continuously 
saturated with groundwater. Average levels of 
ammonium-N (NH4-N) were 7.3 milligrams per 
liter (mg!L), nitrate-N (N03-N) were 1.0 mg!L, 
and total fecal coliforms were 1,700 per liter by 
the most probable number (MPN) method. These 
values were detected in monitor wells located 
1.5 meters em) from the actual systems. Systems 
that were saturated only seasonally had lower 
values for all three parameters. The 
concentrations of all three constituents decreased 
with increased distance from the source. The 
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greatest lateral movement occurred in the 
continuously saturated systems. 

The low pressure pipe system maintained aerobic 
conditions in an area that would normally be 
saturated and showed improvement over 
conventional systems. The pressure-dosed mound 
system was effective when properly designed and 
operated. The soil replacement system showed no 
improvement over conventional systems. In all 
cases, aerobic conditions provided the most 
efficient treatment of septic effluent. 

Robertson (1991) investigated septic system 
impact on groundwater and investigated the 
groundwater plume by monitoring two single
family homes situated on shallow sand aquifers. 
Elevated levels of chloride (Cl), nitrate (N03)' 
sodium (Na), calcium (Ca), potassium (K), and 
dissolved organic carbon were observed, and 
depressed levels of dissolved oxygen (DO) and pH 
were seen in the groundwater under the systems 
and downgradient of the systems. At one site that 
has been in use for 12 years, the plume was more 
than 130 m long. N03 and sodium (Na) occurred 
at more than 50 percent of the source 
concentrations. After 1.5 years at the second site, 
the plume had migrated 20 m from the tile field 
and began to discharge into a river. Nearly 
complete attenuation of the N03 was observed 
within 2 m of the point of discharge to the river 
due to the denitrification capabilities of the 
organic matter-enriched riverbed sediments. For 
many unconfined sand aquifers, contaminant 
movement is extensive. Current regulations 
concerning separation distances between septic 
systems and drinking water wells may not provide 
adequate protection or assurance of good water 
quality (Robertson, 1991). 

The main anthropogenic sources of nutrients for 
lakes are non-point sources associated with 
agriculture and residential areas (R. J. Gilliom, et 
al., 1983). A regional study of Pine Lake, located 
in the Puget Sound, Washington, area was 
performed focusing on ok septic tank systems. 
The goals of this study were: (1) to determine if 
septic effluent was entering the lake from laterally 
flowing groundwater, (2) whether any P 
contained in the effluent was reaching the lake, 
and (3) whether the migration of P is uniform 
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among the old systems or is occurring near only a 
few. 

The study concluded that some P loading of Pine 
Lake and possibly other lakes in the region was 
attributed to old septic systems. The study at Pine 
Lake showed that effluent from old septic systems 
was reaching the lake by lateral flow of perched 
water in the soil overlying less permeable glacial 
till. The authors found that migration of more 
than 1 percent of the effluent P into the lake was 
rare. They noted that septic effluent typically 
contains 1,000 times the concentration of P found 
in lake water. This loading is possibly associated 
with a few systems located in soils saturated 
during the winter or wet season. Systems in these 
wet areas contribute P to the lake by shallow 
groundwater flowing into the lake and by 
surfacing of septic effluent, which then migrates 
into the lake as overland flow. These occurrences 
result because of the less stringent construction 
practices of the 1940s and 1950s. The authors 
stated that a long-term study is necessary to 
determine if P treatment efficiency of soils 
deteriorates with time. 

Using a newly developed septic leachate detector, 
Kerfoot and Skinner (1981) conducted a survey 
along the shoreline of Crystal Lake in Michigan as 
part of a study to investigate methods to increase 
the effectiveness of septic tank systems. The 
authors analyzed groundwater and surface water 
for nutrient concentrations, investigated 
groundwater flow patterns, and compared algae 
growth to plume locations. 

More than 90 wastewater plumes were found 
along the shoreline. A high correlation existed 
between the location of septic plumes and 
attached plant growth. Water samples obtained 
near the peak concentration of the outflow of 
some plumes contained sufficient nutrients to 
support aquatic plant and algae growth. 
Generally, attenuation of nutrients such as P and 
N was accomplished by the well drained and 
porous soils of the region. Approximately 
0.7 percent of the P and 16 percent mean N were 
observed to breakthrough. A high correlation 
existed between the P loading of the lake water, 
calculated from observed plumes, and the areas 
where associated algae growth was reported. 
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Overall, there appears to be no significant change 
in surface water nutrient contents as a result of 
plume emergence (Kerfoot and Skinner, 1981). 
The location and characteristics of the emergent 
plumes were also directly related to groundwater 
flow. 

P has been identified as the key element 
controlling the growth of algae and aquatic plants 
in many water bodies. One potential source of P, 
when evaluating nutrient loading of a water body, 
is septic tank wastewater disposal systems (Jones 
and Lee, 1979). A multi-year study was 
conducted to determine if significant amounts of P 
were transported from septic systems to local 
surface water. Data from a 4-year study did show 
that effluent migrated from the drainfield into the 
groundwater. Elevated levels of nitrate and 
ammonium did occur occasionally but it appeared 
that there was appreciable N removal in this 
particular aquifer system. No evidence of 
phosphate transport from septic tank effluent was 
found using monitor wells, even though it was a 
sand aquifer. It is possible that aquifer material 
sorption sites for P will become saturated over 
time but the removal of P through precipitation 
reactions is practically infmite. Slow movement of 
groundwater will allow precipitation of soluble P 
with calcium, iron, or aluminum. The authors 
state that this shows that the chemical 
composition of the soil and not the particle size 
plays an important role in P removal. 

2.4_3.3 Other Florida Research Studies 

Ayres & Associates (1991) studied the impacts of 
OSDS on groundwater and surface water within a 
subdivision of homes near canals. Homes are 
built on dredge spoils from construction of canals 
or from flll brought in from other areas because 
all the land is generally low-lying. Drainage from 
this subdivision flows to the Indian River Lagoon. 
Some of the major conclusions follow. Nutrients 
were significantly higher in wells adjacent to 
drainfields. The concentrations decreased 
significantly with distance away from the 
drainfields; enough that no significant difference 
existed between wells greater than 50 ft away 
from drainfields and the background wells. OSDS 
installations did not have a discemable influence 
on water quality in the adjacent canals. Canal 
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water contained much higher counts of fecal 
coliform and fecal streptococcus than measured in 
groundwater. It may be more likely that wild and 
domestic animals are the source of the coliforms 
and streptococcus rather than septic tanks. 
Nitrate-nitrite N averaged 0.02 mg/L or less along 
the canal, average total P ranged from 0.05 to 
0.10 mg/L and total Kjeldahl N (TKN) 
concentrations ranged from 0.78 to 1.15 mg/L. 
No differences were observed between canal 
sampling sites. 

Nitrate-nitrite was found to be positively 
correlated with water table elevation; however 
total P was not correlated. Fertilizer appears to 
be as large a contributor as septic tanks to 
shallow groundwater N in at least one of the 
subdivisions. Contaminant loading to the 
adjacent canals was judged to be low based on 
the observed low concentrations of constituents in 
the canal piezometers and nearest upland 
piezometers and based on the low rates of 
seepage of groundwater into the canals. 

Waller et al. (1987) investigated the migration of 
septic effluent in two different lithologies of 
Broward County, Florida. One site in sand and 
another in limestone were selected for study 
because these are the two major lithologies within 
the county. Effluent moved primarily in the 
vertical direction because of low hydraulic 
gradients and was diluted or attenuated as it 
moved down gradient. Effluent was detected 
more than 20 ft below the septic tank outlet at 
the sand site and more than 25 ft below the outlet 
at the limestone site. Indicators of effluent were 
near background 50 ft downgradient of the sand 
site and 40 ft downgradient of the limestone site. 
The primary controls on effluent movement from 
septic tank systems in Broward County are the 
lithology and layering of the geologic materials, 
hydraulic gradients, and volume and type of use 
the system receives. 

2.4.4 REVIEW OF FINGER CANAL lJTERATIJRE 

In general, finger canals exhibit a standard set of 
problems, only one of them being the potential 
additional impacts of septic tank effluent: 
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1. The canals are dredged in very porous 
soils in low-lying areas (i.e., usually below 
the mean water level of the adjacent 
water body), so there is virtually no 
gravity flow from the canal to the 
adjacent water body except during periods 
of heavy surface runoff; 

2. Canal depths are generally deeper than 
the adjacent water body, limiting the 
amount of flushing from wind-generated 
or tidal currents, and create stagnant 
pools and sediment sinks; 

3. The canals extend long distances from the 
adjacent water body and dead-end (i.e., 
they are labyrinthine and exhibit poor 
flushing); and 

4. The canals are surrounded by dense 
development which contributes road/lawn 
runoff and septic tank effluent or effluent 
from package treatment plants. 

The total effect from these factors on the ecology 
of the canals is a significant biotic imbalance due 
to excessive nutrient loading from septic tanks 
and roadllawn runoff, accumulation of organic 
sediments in canal bottoms, anoxic 
benthic/demersal conditions, sulfide production, 
oxygen/thermal stratification, and concentration 
of toxins in water and sediments. These stresses 
generally reduce biological diversity and density, 
reducing faunal residency and encouraging 
explosive floral monocultures of nuisance floating 
macrophytes. 

Deeper canals stagnate and develop anaerobic 
conditions (Barada and Partington, 1972) because 
of the box-cut configuration of excavations. 
Water and sediment quality is decreased when a 
canal system is labyrinthine, contains dead ends, 
and is excessively deep (Lindall and Trent, 1975; 
Cosser, 1989; Barada and Partington, 1972; 
Westman, 1975; Sykes and Hall, 1970; Lindall, 
Hall, and Saloman, 1973; EPA, 1975). Slow 
current speeds, poor flushing, and canal depths 
greater than adjacent water bodies are responsible 
for the accumulation of large quantities of fme 
silts and biogenic materials (Lindall and Trent, 
1975). These accumulations can lead to local 
eutrophication in those areas (Baird, Marais, and 
Wooldridge, 1981). Trent, Pullen, and Moore 
(1972) cite the study by Taylor and Saloman 
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(1968) on Boca Ciega Bay, Florida, where 
sediments found in undredged areas averaged 
94 percent sand and shell and those in dredged 
canals averaged 92 percent silt and clay. Cosser 
(1989) found that sedimentation increased with 
increasing distance from source water on 
connecting canals, and was highest at dead-end 
locations. Cosser identifies an inverse relationship 
between sedimentation and tidal velocity. This 
research also suggests that sediment type is 
largely responsible for the community structure of 
invertebrate fauna. 

With respect to hydrodynamic conditions and 
sediment type, factors not normally limiting in the 
natural estuarine or coastal environment appear 
to be limiting factors in tidal (fmger) canals 
(Cosser, 1989). Temperature stratification is a 
saltwater canal phenomenon in canals of excessive 
depth and inadequate circulation. (Anaerobic 
conditions prevailing in freshwater canals is due 
to other causes.) Barada and Partington (1972) 
found that Sec chi and transparency data have the 
lowest readings at the heads of canals (paulson 
and Pessoney, 1975). 

Finger canals are generally constructed by 
dredging and flliing submerged lands of shallow 
bays and lakes, estuaries, marshes, or other 
wetlands essential for the production of fish and 
other aquatic life (Barada and Partington, 1972). 
Destruction of existing habitats and natural 
shoreline result from canal construction practices. 
Existing hydrology and habitats (swamps, 
marshes, and other shore vegetation) acting as 
nutrient and sediment traps are destroyed or 
irrevocably damaged so that these functions (as 
well as habitat values) are lost. The new habitat 
is usually inconsistent with the surrounding 
ecotypes and hydrodynamics; consequently, 
ecological and aesthetic values rapidly degrade 
and affect not only the canals, but also the 
adjacent water bodies (Barada and Partington, 
1972; Time, June 28, 1971; Baird, Marais, and 
Wooldridge, 1981; Lindall and Trent, 1975; 
Westman, 1975; Trent, Pullen, and Moore, 1972). 

Pre development flora and community structures 
are usually destroyed from the dredge and flll 
activities associated with canal construction and 
are replaced with species that can tolerate the 
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comparatively deeper, nutrient-rich aquatic 
environment. Nutrient loading from storm runoff 
and lawns stimulate explosive phytoplankton 
growth that rapidly perish (Lindall and Trent, 
1975, Westman, 1975). Detritus from the dead 
phytoplankton accumulates in canal bottoms 
increasing the biochemical oxygen demand and 
the nutrient load in the canal. 

Over enrichment of canals and the subsequent 
effects on the aquatic plant community is well 
documented (Westman, 1975; Trent, Pullen, and 
Moore, 1972; Corliss and Trent, 1971; Barada and 
Partington, 1972; Lindall and Trent, 1975; 
Saenger and McIvor, date unknown; Paulson and 
Pessoney, 1975; Baird, Marais, and Wooldridge, 
1981; EPA, 1975). Explosive growth of weeds 
(often exotic species with few natural predators), 
little plant diversity, virtual infestations of one or 
two species, oxygen depletion, and rapid 
eutrophication are common conditions in finger 
canals. Also, canals are suspected to be sources of 
noxious weed infestations which spread to 
adjacent waters (Barada and Partington, 1972). 

Controlling the plant growth in choked canals to 
allow for navigation is often accomplished with 
the use of herbicides. Many of the herbicides 
used to kill (aquatic) weeds can also kill fish. 
Decomposing vegetation that has been killed by 
herbicides is responsible for many fish kills 
(Barada and Partington, 1972). Pesticides are 
also used in canals to control biting insects which 
often proliferate where mats of algae occur (due 
to over-enrichment). Data indicate that algae are 
efficient accumulators of pesticide residue and 
may be a partial source of residue in fish found in 
waters which contain only trace amounts of 
pesticides (Shultz, Yauger, and Bevenue, 1975). 

Canal water depths tend to be greater than 
adjacent waters (Barada and Partington, 1972; 
Lindall and Trent, 1975; Baird, Marais, and 
Wooldridge, 1981; McBee and Brehm, 1979; 
Westman, 1975; Trent, Pullen, and Moore, 1972; 
Corliss and Trent, 1971; EPA, 1975) resulting in 
numerous negative impacts to adjacent hydrologic 
systems and ecosystems. The impact on plants is 
often a result of the canal depth being greater 
than the euphotic zone, precluding the 
establishment or re-establishment of rooted 
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vegetation (Lindall and Trent, 1975) as well as 
contributing to oxygen stratification. 

Biological production in canals may initially be 
high, but is reduced to little desirable biological 
production in the canal after the first year, due to 
sedimentation and increased biochemical oxygen 
demand (Barada and Partington, 1972). Paulson 
and Pessoney (1975) found that biochemical 
oxygen demand values for canals showed only 
slightly higher rates at the dead ends of canals, 
and that dissolved oxygen values were lowest in 
the bottoms of canals. Oxygen depletion from 
accelerated eutrophication due to nutrient loading 
is responsible for fish kills in canals (Barada and 
Partington, 1972). Organisms moving into and 
out of canal systems and areas of canal systems 
that discharge into adjacent water bodies must be 
able to survive significant changes in pH, oxygen 
concentration, and other chemical 
imbalances/concentrations (Barada and 
Partington, 1972). During periods of heavy 
rain/runoff, organisms can be impacted from 
accumulated or concentrated toxic constituents 
flushed from the canal in surface water and 
sediments (Barada and Partington, 1972). 

Sykes and Hall (1970) (reported by Lindall and 
Trent, 1975), report samples from undredged 
areas of a canal system contained an average of 
60.5 individuals and 3.8 species, whereas those 
from the dredged canals contained an average of 
1.1 individuals and 0.6 species. Research by 
McBee and Brehm (1979) and Westman (1975) 
supports research cited elsewhere in this review 
regarding lowered faunal populations in canals 
and the negative effects of the dead-end canal 
design on water quality (stagnant water, low 
oxygen, anoxic conditions, etc.). 

3.1 SAMPUNG PLAN-SOILS UNDER THE 
DRAINFIEID 

The first soil sampling program was designed to 
investigate the changes in P content and 
adsorption capacity with distance (vertical and 
horizontal) from the drainfields. Samples were 
collected at increasing vertical distances below the 
drainfield and with increasing distance away from 
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the drainfield at the top of the water table toward 
the canal. Three residences were chosen that 
provided variable soil/environment conditions and 
septic tank characteristics. Eight samples were 
taken from each site, three in a vertical sequence 
from the drainfield to the water table and five 
more equally spaced at the top of the water table, 
along a line starting directly under the drainfield 
running to the canal. 

Each of the seven study sites was evaluated (on 
paper) to see if the expected characteristics were 
suitable to meet the objectives of the sampling 
plan. Those objectives were to determine the 
distribution of soil P between the bottom of the 
drainfield and the top of the water table and from 
soil samples collected along the top of the water 
table from under the drainfield out to the canal. 
Only three study sites were budgeted. The PSG 
package plant was ruled out because the 
drainfield is actually a percolation pond so it was 
impossible to actually collect samples from under 
the pond. The Buckhead Marina plant was ruled 
out because the environmental conditions are 
similar to the residences and because it is not 
instrumented like the residences. The Weston 
residence was eliminated because it is hooked up 
to the package plant and so would not provide 
information valuable to the study. The 
Moldenhauer residence was eliminated from 
consideration because the drainfield is located too 
close to the canal. This small separation distance 
may not provide enough soil treatment capacity to 
see a decrease in P content or capacity. The soil 
may be saturated with P all the way to the canal. 
Eliminating these potential sampling sites left 
three sites to be sampled, each with different and 
desirable soil conditions. 

3_1-2 SOIL SAMPUNG METI-IODOLOGY 

The soil characteristics and the approximate depth 
to the water table were investigated by augering 
to the top of the water table or to the depth of the 
original soil before any soil samples were 
collected. This was done to measure the depth of 
fIll above the original soil and/or the depth to the 
water table to plan the separation distance 
between samples. The soil samples were taken 
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following one of two different procedures. 
Samples were collected at regular intervals to the 
top of the water table if the soil characteristics 
were consistent with depth. Soil samples were 
collected from different distinct soil horizons (odd 
depths) such as a spodic horizon or a peat or 
muck. The variability allowed by the two 
sampling plans (sampling based on measurement 
or based on variability of soil properties) 
prevented exclusion of horizons expected to trap 
P. For example, if a spodic horizon or peat layer 
existed 3 ft below the land surface and the 
sampling plan was written so that samples were 
only collected at depths of 2 and 5 ft, the 
sampling plan would have missed the important 
horizon. If an important soil horizon was 
encountered as part of these studies, the soil 
sampling plan was modified to ensure those 
conditions were represented. 

The septic tank and drainfield were located using 
a tile probe to identify the correct location and 
depth of the first sampling location. Three 
samples were collected in a vertical sequence to 
the water table and another five samples were 
taken from the top of the water table in a line 
toward the canal. A total of eight samples was 
collected at each site. 

3.12.1 Spaulding Residence 

The first sampling site was the Spaulding 
residence in the Okeechobee Hammocks 
subdivision. Three samples were collected in a 
vertical sequence at the end of the septic tank 
drainfield. The depths were 24 to 48 inches 
(midway through the fill material), 55 to 
66 inches (just at the top of the groundwater), 
and 66 to 80 inches (to collect a sample of the 
peat). The next three samples were collected in a 
horizontal plane at 5-ft intervals going away from 
the drainfield toward the canal. These samples 
were collected from approximate depths of 60 to 
72 inches, 60 to 70 inches, and 67 to 78 inches 
respectively; however, the samples represent the 
same type of soil material. The fourth sample in 
the horizontal sequence was collected at a depth 
of 64 to 72 inches, 15 ft closer to the canal and 
the last sample was collected an additional 20 ft 
out at a depth of 64 to 72 inches. This location 
was approximately 15 ft from the edge of the 
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canal. The edge of this canal was not well 
defined due to the heavy vegetation. The distance 
between the drainfield and canal was 
approximately 65 ft (Figure 2-4). 

3.1.2.2 Lewis Residence 

The Lewis residence in the Treasure Island 
subdivision was the second site to be sampled. 
The starting point of the vertical sequence was 
located next to the middle of the septic tank 
drainfield. Four samples were collected at 
increasing depths of 25 to 33 inches, 50 to 
60 inches, 70 to 75 inches, and 75 to 82 inches. 
These depths were chosen so that samples would 
be collected from the top of the flll material, near 
the bottom of the flll material, within the flrst Bh 
horizon, and within the second Bh horizon which 
was below the top of the water table. Four 
samples were taken in a vertical sequence at this 
location because of the two different spodic 
horizons which are capable of trapping migrating 
P. 

Two of the four samples collected along the top of 
the water table were collected at 5-ft intervals 
away from the drainfleld toward the canal. These 
samples were collected from approximately the 
distance below the surface as samples collected 
under the drainfield (65 to 72 and 68 to 
77 inches). The next sample was collected 
approximately 10 ft farther away, midway down 
the slope to the canal. This sample was collected 
at a depth of 48 to 60 inches which is 
approximately the same relative depth as the 
previous sample. The fmal sample was collected 
20 ft farther down the hill, at the bottom of the 
hill and approximately 8 ft from the canal 
bulkhead. This sample was collected at a depth 
of 26 to 38 inches which is also at the same 
relative depth of the previous samples. These last 
four samples were composite samples collected 
from the two Bh horizons. With fluctuating 
groundwater, either of the two Bh horizons may 
be active in trapping P. The composite sample 
accounts for this possibility (Figure 2-2). 

3.1.2.3 Goolsby Residence 

The third sampling site was the Goolsby residence 
in the Taylor Creek subdivision. The vertical 
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sequence of samples began at the adjacent to the 
mid point of the septic tank drainfield. The 
samples were collected at depths of 35 to 
42 inches (the flll material), 60 to 68 inches (the 
muck layer), and 78 to 85 inches (the sandy 
material below the muck). Five other samples 
were collected from the top of the water table in a 
line between the septic tank drainfield and Taylor 
Creek. Three of the flve samples were collected in 
a horizontal plane at 5-ft intervals moving away 
from the septic tank drainfield toward Taylor 
Creek. Samples were collected at depths of 
55 to 65 inches, 58 to 65 inches, and 
50 to 60 inches, respectively. The next sample 
was collected from a point 18 ft farther away, at a 
depth of 54 to 65 inches. The last sample was 
collected 83 ft beyond the previous sample, at a 
depth of 36 to 48 inches. All of these depths 
represent the same relative elevation and similar 
soil materials. The last sample location was 
approximately 63 ft from Taylor Creek 
(Figure 2-3). 

3.2 SAMPUNG PLAN-SOILS REPRESENTATIVE 
OF THE SUBDMSIONS 

32.1 SOIL SAMPUNG SITES 

The sample sites chosen for the second year 
sampling event were selected to represent the 
major soil types (covering the largest acreage) 
identifled within each subdivision using county 
soil surveys (USDA-SCS Soil Survey of Okeechobee 
Co., FL, 1971 and Interim Soil Survey of Hendry 
Co., FL, 1991). After traveling throughout each 
subdivision and identifying potential sample sites, 
the best sampling locations were chosen based on 
the soil type and site accessibility. The majority 
of sites were vacant lots. Gaining access to 
occupied properties was difficult. The usual 
reason property owners gave for declining access 
was that they did not want to get involved. Each 
site was sampled in two locations, at opposite 
ends of the property as long as the soil type 
remained the same. Occupied properties were 
sampled upgradient and as far away as possible 
from the septic tank drainfield to avoid collecting 
any samples affected by septic tank leachate. 

The flrst sample site is located on a vacant lot in 
the Okeechobee Hammocks subdivision on SE 
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62nd Drive (sample numbers OKEES3-1 through 
OKEES3-6). The soil at this site consists of 
24 inches of fill material over native soil identified 
as Immokalee fine sand. The fill here is well
mixed, primarily gray fme sand. Small pockets of 
white fine sand and small pockets of black spodic 
material are mixed throughout the 24 in of fill. 
The origin of the fill is probably the spoil created 
by the construction of the canals. It looks similar 
to a mixed-up Immokalee fme sand profile. It is 
primarily single grain and has a loose consistency. 
Some of the small pockets of spodic material have 
a friable consistency. The second sample site, also 
a vacant lot, was also located within Okeechobee 
Hammocks on SE 62nd Way. Sample numbers 
OKEES3-7 through OKEES3-12 were collected 
here. The soil at this site consists of 24 inches of 
fill material over native soil identified as Delray 
fine sand. The fill at this site is well mixed, 
looking like it was reworked after initially being 
deposited. It is primarily gray fme sand with a 
very few pockets of dark gray fme sandy loam 
mixed throughout. A few streaks of black, mucky
sand were found between 12 and 16 in BLS but 
was not found consistently across the property or 
at depth. Overall, the fill is single-grain 
(structureless) and has a loose consistency. 

Two sample sites are located within the Treasure 
Island subdivision. Both were mapped as 
Okeelanta peat by the soil survey; however, Delray 
fine sand was identified at both locations by the 
soil scientist. Samples OKEES3-19 through 
OKEES3-24 were collected from a vacant lot on SE 
26th Street and samples OKEES3-25 through 
OKEES3-30 were collected from a vacant lot 
located on SE 20th Court. 

One soil sampling site is located within the Taylor 
Creek subdivision. Samples OKEES3-31 through 
OKEES3-36 were collected from a vacant lot 
located on SE 24th Boulevard northeast and 
across Taylor Creek from the Goolsby residence. 
The soil at this location was mapped by the soil 
survey is Okeelanta peat and was confirmed 
during the site investigation and sampling. 

The final soil sampling site is located within the 
Buckhead Ridge subdivision. Soil samples 
OKEES3-49 through OKEES3-54 were collected at 
the Moldenhauer residence on Hunter Road. The 
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soil identified by the soil survey and confirmed 
during sampling is Malabar fme sand. 

3.2.2 SOIL SAMPUNG METIiOOOLOGY 

Soil samples were collected using a 4-inch hand 
held bucket auger and a stainless steel bucket in 
which to mix the sample. At every location a 
composite sample was collected from the fill 
material. Fill material is described as Made Land 
by the USDA-SCS Soil Survey of Okeechobee Co.; 
FL, 1971. It is described as being a mixture of 
sandy material, mixed-up soil horizons, and 
geologic materials such as shells. The fill 
materials in these subdivisions consists primarily 
of material dredged up during construction of the 
canals. Some other materials may have been 
trucked in to raise the land elevation for building 
homes. Fill was found to have different 
characteristics at each location; some were major, 
others minor. In fact, characteristics were found 
to change within the same home owner's lot. 
This variation prohibited more classical soil 
characterization efforts. 

Samples from the native soils were collected 
either from a diagnostic horizon that could be 
identified as characteristic of the soil series 
originally found at that location or from the top of 
the groundwater table. In six instances, samples 
were collected from beneath the groundwater 
table because of its proximity to the surface. 

3.3 CANAL SEDlMENf SAMPUNG 

The canal sediment characterization program was 
designed to determine differences in sediment 
composition, depth, and characteristics according 
to age or design of the canal and to compare 
canals surrounded by septic systems to the canal 
surrounded by homes hooked to the package 
plant. For the purpose of these efforts, sediment 
is defmed as material at the bottom of the canal 
consisting mostly of loose organic materials lying 
on top of firm sand or the hard rock bottom of the 
canal. To characterize the canal sediments in 
each of the four subdivisions, the canals were 
grouped according to similar visual characteristics 
such as length, width, depth, and age. This was 
done in the office using maps and aerial 
photographs of each subdivision, and onsite by 
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visiting each subdivision. After the initial 
characterization, the canals and sediments were 
investigated by boat. Measurements included 
depth of water, width of the canals, and thickness 
of the sediments. The combination of these 
measurements would provide a measure of the 
volume of sediments on the bottom of each canal. 
The sediments were also classified according to 
physical makeup, stage of decomposition (higher 
decomposition is indicated in organic samples that 
exhibit fewer observable plant fibers), and texture. 

3.3.1 SEDIMENT MEASURING TEOiNIQUES 

Canals in each group within the subdivisions were 
randomly chosen for the investigation effort 
conducted by boat. Canal physical characteristics 
such as canal length, width, and if the canal was 
dominated with bulkheads or no bulkheads 
dictated where sediment measurements were to be 
taken. If the canal was dominated by bulkheads, 
then all measurements for width were conducted 
between bulkheads. If the canal was dominated 
by banks that were sloping and vegetated with no 
bulkheads, then the measurements were 
conducted between these areas. If the canal being 
surveyed was predominately free of vegetation, 
width and depth measurements would be taken in 
areas free of vegetation. If the canal in question 
was dominated by aquatic vegetation, readings 
would be conducted in these areas. 

An Apelco XCD600 Chart/LCS Depthsounder was 
used to measure water depth. This measurement 
was also used as the depth to the top of the 
sediment and recorded as one of the necessary 
measurements to determine the thickness of 
sediment. Once the location of the top of 
sediment was known, a 10-ft section of 2-inch 
PVC pipe was driven through the sediment until 
hard mineral bottom was contacted (pipe could 
not be pushed any deeper). The difference in 
depth measurements approximated the sediment 
thickness. This technique was conducted on both 
sides of the canal, approximately 3 to 5 ft from 
the canal edge and in the center of the canal. A 
100-ft measuring tape was used to measure canal 
width. See Table 3-1 for sediment survey data. 
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3.3.2 MEASURING SEDIMENTS WITHIN TIlE 
SUBDMSIONS 

3.3.2.1 Taylor Creek 

The first subdivision investigated was the Taylor 
Creek subdivision located on the west side of 
Taylor Creek. The two northern-most water 
bodies in this subdivision are actually ponds, so 
they were not investigated. The remaining canals 
within this subdivision appeared similar in length, 
width, and bank characteristics; the only 
difference is that one canal (between 29th and 
30th Streets) is completely surrounded by homes 
hooked up to the package sewage treatment plant 
and another canal (between 30th and 31st Streets 
south of the previous) is nearly surrounded by 
homes hooked up to the package sewage 
treatment plant. These two canals were separated 
into a different group from the remaining canals 
within the subdivision thinking that the sediment 
characteristics may be different because of a 
possible difference in nutrient loads. 
Measurements of canal sediments were then 
conducted in the more northern canal 
(Figure 3-1). Because the remaining canals 
within the subdivision appeared similar to one 
another, the ones to be investigated were chosen 
randomly throughout the subdivision. 

3.3.2.2 Treasure Island 

The next subdivision investigated was the 
Treasure Island subdivision located on the east 
side of Taylor Creek. The wide variety of physical 
characteristics (appearance) of the canals in this 
subdivision made it more difficult to group the 
canals for the measurement efforts. After several 
attempts to group the canals according to various 
characteristics, similarity of length seemed to be 
the most consistent characteristic that could be 
used. Treasure Island canals were subdivided into 
four areas based on this characteristic 
(Figure 3-1). 

The northern-most area of Treasure Island 
includes eight individual canals that looked 
relatively similar in appearance and age. These 
canals were the last to be constructed, so are 
newer in age compared to the canals in the rest of 
the subdivisions. Measurements were conducted 
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Table 3-1. Sediment Swveys 

Site Canal 
No. Width eft) 

Taylor Creek Subdivision 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Treasure Island Subdivision 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
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85 
85 
85 
85 
85 
85 
85 
85 
85 
85 

85 
85 
85 
85 
75 
75 
75 
75 
80 
80 
80 
80 
85 
85 
80 
80 
40 
40 
40 
80 
80 

40 
40 

Water 
Depth eft) 

6 
7 
7 
7.5 
7 
7 
7.5 
7.5 
7.5 
7.5 

8 
8 
6.5 
6.5 
5.25 
6.5 
5 
6.5 
5 
8 
8.5 
9 

11 
9 

10 
8 
4.5 
4.5 
5 
7.5 
7 
3 
4.5 
4.5 

46 

Sediment Thickness (inches} 
Edge Center Edge 

3 24 2 
12 15 3 
3 36 1 
1 6 1 
1 12 0 
1 14 1 
4 13 1 
0 18 1 
1 1 1 
4 14 1 

4 24 6 
2 12 10 
3 6 1 
2 14 4 
1 18 3 
1 14 2 
1 1 0 
2 12 2 

22 10 2 
2 24 4 
3 10 0 
2 18 1 
3 24 2 
2 20 3 
1 14 1 
1 10 1 
3 20 6 
1 14 7 
6 12 3 
3 4 3 
9 26 6 

6 
8 24 8 
4 8 1 
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Table 3-1. Sediment Surveys (Continued, Page 2 of 2) 

Site Canal 
No. Width (ft) 

Buckhead Ridge Subdivision 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Source: ESE. 
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75 
75 
75 

100 
75 
75 
75 
75 
75 
80 
80 
80 

100 
80 
60 
75 
60 
45 
45 
45 

Water 
Depth (ft) 

6 
9.5 
9.5 
7 
9 
9 

10.5 
10.5 

8.5 
5.5 
8 
8 
8 
9 
5.5 
8 
5 
5 
5 
5 

47 

Sediment Thickness (inches) 
Edge Center Edge 

4 22 3 
9 14 3 
8 17 5 
2 24 3 

10 26 2 
12 14 20 
5 19 2 
2 16 2 
2 15 2 
5 5 3 
2 6 3 
3 4 4 
5 9 9 
1 6 1 
2 3 1 
2 9 1 
3 4 4 
1 26 1 
3 16 2 
8 15 1 



"'" 00 

OKEECHOBEj: _,,_<: :>jQ? U/.J 

~Ir I ~ , 

NORTH SEC nON 

I 

CJ I ~ 

=---=r!~-~~~ ~ -~- \ 

:~~:~~~'!f.::::,'~,,", II ~~. ~-~ ~.~ ~~ ~~J 
,-'-~ 

, i 

PACKAGE PLANT _ 1\, i-:- ]l 
HOOK·UPS BOTH SIDE~=---- --- ~~-j) 

~r=J1 .2 .3" 

~-==--:C~=-=---.:::-_ 

[' 
il 

TREASURE ISLAND TAVLORCRE):# .,~~::d 
'0,," 00£000,," Il ~ " j SOUTHEAST SEcnON 

TO PACKAGE PLANT ONLY / 0 

'l[lli==--'~I iii ~ ~t I /I,U H Ilq (.J., I 

I ~ 111111 JLIJJ~ ~--='O"""'~~-~t=.JLJ~rr', ~:II 
~J<O T" i \\ ~-<-~J I 

1000 500 1000 

SCALE FEET 
I 

"-, ''\,'' 'V S I 
Figure 3-1 ~' ". I ~ SEDIMENT SURVEY POINTS i ,', EnVIronmental 

~ TAYLOR CREEK AND TREASURE ISLAND SUBDIVISIONS ~, , " : ',' SCie.nce ~ 
:g GiiiiiiiiiO a Engmeermg, Inc. I 

I 
I 

i 

c ~~~~~ I ~ . A~c:-p.r.,. _I 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC. (ESE)--OKEECHOBEE PROGRESS REPORT 

approximately 100 yards from either end of every 
other canal (four total). 

The next area within Treasure Island that was 
investigated consisted of the two long canals 
located in the center of the subdivision. Because 
the canals were similar in length, the sediments 
were thought to be similar too. Only one of the 
two canals was investigated. Measurements were 
taken at four locations equally spaced throughout 
the entire length of the canal. 

The third area investigated within the subdivision 
was the southeast comer. The visible differences 
in the canals of this area were the increased 
amount and density of the aquatic vegetation, and 
the overall length and width relative to canals in 
the other areas. This area did not have as many 
bulkheads as the other areas but most of the 
properties were bulkheaded. Another difference 
was that this area was older than the rest of the 
subdivision. Every other canal was investigated in 
this area. Measurements were taken at two 
locations within each canal, approximately 
50 yards from either end of the canals. The only 
exception was that an additional measurement 
was taken in the middle of one canal because it 
was slightly longer than the others. 

The fourth area of Treasure Island was the 
southwest comer, consisting of much shorter and 
narrower canals than the other areas. Due to 
thick aquatic vegetation, only two locations were 
accessible for measurement. This area was being 
sprayed for weed control during our investigation. 

3.3.2.3 Okeechobee Hammocks 

The canals within the Okeechobee Hammocks 
subdivision were not separated into different 
groups because they were relatively similar in 
length, width, and age. This subdivision did not 
appear to have been developed in multiple stages 
as have the other subdivisions, so all the canals 
were of similar age. Unlike the previous 
subdivisions, access to the canals within this 
subdivision was almost impossible due to thick, 
overgrown vegetation on the canal banks. Thick 
aquatic vegetation within the canals also made it 
virtually impossible for boat travel. Because of 
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these conditions and time restrictions, no physical 
measurements of the sediments were performed. 

3.3.2.4 Buckhead Ridge 

The Buckhead Ridge subdivision was the last to 
be characterized. The canals within this 
subdivision were separated into two areas, the 
northeast area and the southwest area 
(Figure 3-2). The canals in the northeast section 
appeared visually similar but in the southwest 
section each canal appeared unique. In the 
northeast section, sediment characteristics were 
measured in four out of the nine canals along 
with the feeder canal or the main canal 
connecting them all together. Two sets of 
measurements were taken within the canals. 
Each measurement location was approximately 
75 yards from either end of the canal. One canal 
was too short to collect measurements at two 
points, so only one measurement was made. 

Within the southwest section of Buckhead Ridge, 
measurements were random in the canals because 
there was no pattern to the physical makeup and 
the configuration of the canals. 

3.3.3 SEDIMENr SAMPUNG TECHNIQUES 

Sediment sampling locations within the four 
subdivisions were selected based on the physical 
characteristics of the canals, sediment 
characteristics within the canals, and geographical 
position of each canal. A specific location best 
representing the conditions within that area of the 
particular subdivision was then chosen. One 
sampling location was also selected away from 
any connecting canals, upstream within Taylor 
Creek itself. 

To collect the sediment sample with the least 
amount of disturbance to the sample itself, two 
different methods were tried. A petite ponar 
dredge was the fIrst sampling tool to be used. 
This dredge created a lot of turbulence at the 
water-sediment interface causing the uppermost 
thin layer of fIne silty muck to be lost into 
suspension. The second, more favorable method, 
was to gently lower a 4·inch piece of PVC pipe to 
the bottom, push it through the sediment, cap it 
and pull the pipe up with the sample inside. This 
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method was determined to cause the least amount 
of disturbance and by pushing the pipe through 
the sediments it was easier to determine when the 
hard bottom of the canal had been reached. The 
bottom of the sediment was arbitrarily determined 
to be the depth at which the sediments began to 
feel consolidated (pVC pipe insertion was 
noticeably more difficult). 

At each sampling location, three samples were 
collected and combined into one composite 
sample. One-third of each sample was collected 
5 ft from one side of the canal, one-third collected 
from the center, and the final one-third collected 
from the opposite side of the canal. The samples 
were placed into a stainless steel container, mixed 
well, then placed into glass containers for 
transport. This sampling technique was used to 
give a good cross sectional sample of each canal_ 

3.3.4 COLLECTING SEDlMENfS 

The first sample (OKOl) collected was within 
Taylor Creek itself approximately 50 yards 
downstream of the Goolsby residence on SE 24th 
Boulevard (Figure 3-3). The physical makeup of 
this sample was mostly sand and shell mixed with 
some organic matter. A very thin muck layer was 
situated on top of the sediment. Buildup of a 
substantial amount of organic sediment is 
probably not possible because of the heavy boat 
traffic on the creek. 

In the Taylor Creek subdivision, four sediment 
samples were collected. Two samples (OK02 and 
OK03) were collected in the canal between SE 
29th Street and SE 30th Street where homes are 
connected to a package wastewater treatment 
plant. One sample (OK02) was collected from the 
east end of the canal and one sample (OK03) 
collected from the west end of the canal. The 
sample (part water and part sediment) collected 
from the east end of this canal had very small 
globules of unknown substance floating to the 
surface of the water and dispersing. The globules 
did not leave a sheen on top of the water as 
would a petroleum product. This material could 
not be identified. 

One sample (OK04) was collected in the canal 
between SE 31st Street and SE 32nd Street. 
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Another sample (OK05) was collected in the canal 
located between SE 21st Street and SE 
23rd Avenue. Each of these three canals are 
similar, the only difference being that these latter 
two canals are surrounded by homes on septic 
tanks while the first is surrounded by homes 
hooked to the package plant. A comparison of 
sediments from these canals should show the 
effects of septic tanks on sediment P content and 
adsorption capacity. 

Within the Treasure Island subdivision, one 
sample (OK06) was collected in the northern 
section and one sample (OKO?) collected in the 
southeastern section in order to compare the 
newer part (northern section) of the subdivision 
to the older part (Figure 3-3). Since the sediment 
characteristics were consistent throughout the 
subdivision, sampling locations were selected 
based on the age of the canal. The first sample 
(OK06) was collected in the canal located 
between SE 23rd Street and SE 24th Street, near 
the Lewis residence within a newer part of the 
subdivision. The second sample (OKO?) was 
collected in the canal between SE 36th Avenue 
and SE 37th Avenue, which is the older of the two 
canals. At both locations, very small globules 
were noted floating to the surface of the water in 
the sample and then dispersing, similar to that 
observed in the sample collected from the canal 
not impacted by septic tanks. Samples collected 
at these locations also smelled of hydrogen 
sulfide. 

The sampling locations for the Okeechobee 
Hammocks subdivision were selected based solely 
on geographic location. The first site (sample 
OK08) is located in the northern region of the 
main canal just east of SE 60th Drive (Figure 3-4). 
This location appears to best represent the 
northern half of the subdivision. The second 
sampling location (sample OK09) is within the 
canal between SE 63rd Drive and SE 64th Drive, 
representing the southern half of the subdivision. 
The samples collected at both sites had very 
similar characteristics, containing more mineral 
matter than muck. The canal bottoms at both 
locations were also dominated by a thick root 
mat. 
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Sediment sampling locations were selected in the 
Buckhead Ridge subdivision based on sediment 
characteristics and age of the canals. Since the 
sediment characteristics differed significantly 
between the two major areas of the subdivision, 
the northeast (oldest) section and the southwest 
section, one sample was collected in each area 
and one sample was collected within the main 
connecting canal for a total of three samples 
(Figure 3-5). The first (OKlO) was collected in 
the northeast section between 7th street and 
8th Street. This sample was high in organic 
matter and smelled of hydrogen sulfide. The 
second sample (OK11) was collected in the main 
connecting canal between Linda Road and Lake 
Drive near the Moldenhauer residence. The third 
(OK12) was collected in the southwest section 
between 22nd Street and 23rd Street. These last 
two samples were found to have very similar 
characteristics. 

3.4 SOIL AND SEDlMENf CHARACfERlZATION 
PROCEDURES 

The collected soil and sediment samples were 
stored in a refrigerated compartment [0 to 
4 degrees Celsius (OC)] before they were analyzed. 
Prior to storage, representative amounts were 
taken, analyzed for moisture content, and then 
later subjected to the following analysis. 

• Moisture Content - Percent moisture each 
sample was determined based on ASTM 
D2974-87 by drying the sample in an oven at 
103° to 105°C for 24 hours. The weight loss 
after drying was used in calculating the 
moisture content. 

• Total P (P) - Total P content was analyzed 
according to USATHAMA Method KF14 
(Determination of Total Phosphate in Soil by 
Autoanalyzer) after digesting the soil sample 
in the presence of sulfuric acid and 
ammonium persulfate. The digestate was 
then subjected to colorimetric analysis via an 
automated ascorbic acid reduction method. 

• Nitrite + Nitrate - The soil or sediment was 
prepared by mixing the sample with a 
mixture of sodium bicarbonate and sodium 
carbonate based on USA THAMA 
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Method KF10. The ftltered extract was 
analyzed by converting nitrate into nitrite by 
cadmium reduction method. The nitrite was 
then colorimetrically determined with the aid 
of Technicon Analyzer. 

• TKN - TKN was determined using Method 
351.1 from EPA Methods for Chemical 
Analysis of Water and Wastes (1983). The 
sample was initially digested with 
concentrated H2S04' ISS04' and HgS04• 

The ammonia generated from the sample 
was calculated from the acid-base titration 
procedure and expressed in terms of N. 

• Total N - Total N was calculated from the 
sum of the concentrations of nitrogen 
dioxide (N02) + nitrate (N03) and TKN. 

• Total Organic Matter (TOM) - TOM was 
determined according to ASTM D 2974-87 by 
measuring the percent weight loss after 
heating the samples to 440°C in a muffle 
furnace. 

• Exchangeable P - Soil suspensions [2 grams 
(g) soil: 20 milliliter (mL) 1 M ammonium 
chloride CNH4Cl)] were prepared and 
equilibrated for 1 hour by continuously 
shaking on a mechanical shaker. After 
centrifugation, the supernatant liquid was 
separated, ftltered, acidified, and then 
analyzed for soluble reactive P (dissolved 
orthophosphate) using an automated 
ascorbic acid reduction method. This 
exchangeable P analysis was based on the 
method of Graetz and Reddy (1991). 

• Extractable Iron (Fe) and Aluminum (Al) -
Iron and aluminum were extracted according 
to the method of Graetz and Reddy (1991). 
A 25 mL mixture of 0.1 M oxalic acid and 
0.175 M ammonium oxalate was used in 
extracting non-crystalling (amorphous) Fe 
and Al from 0.5 g soil samples. After 
continuous shaking for 4 hours, the soil 
suspension was centrifuged, ftltered, and 
then analyzed using Inductively Coupled 
Argon Plasma aCAP) instrument. 
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• Phosphate Adsorption Isotherm - A batch 
incubation procedure of Graetz and Reddy 
(1991) was used in evaluating adsorption 
isotherms. Two grams of air-dried soil were 
equilibrated with 20 mL of 0.01 M potassium 
chloride (KCI) solution containing 5, 10, and 
50 micrograms P per milliliter (j.Lg P/mL) 
[prepared using potassium phosphate 
(KH2PO 4) analytical reagent]. These 
concentrations were selected based on the 
exchangeable P data and environmental 
concentrations of P in surface waters located 
in the vicinity of the study areas. After a 
24-hour equilibrium period, the soil solution 
was centrifuged. The supernatant liquid was 
removed, fIltered, acidified, and analyzed for 
orthophosphate using an automated ascorbic 
acid reduction procedure. The P lost from 
the solution was assumed to be sorbed by 
the soil. The solution concentrations and 
amounts of phosphate retained by the soil 
were then evaluated according to two 
adsorption isotherms: 

(1) Freundlich 

1 

Cs K Ce n which can be logarithm 
transformed to 

log Cs = log K + ! log Ce 
n 

(3-1) 

where: Cs = sorbed concentration 
of P in the solid 
phase (mg/kg), 
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Ce = solution 
concentration of P 
(mg/L), and 

K and n = Freundlich adsorption 
coefficient expressing 
the sorption capacity 
of the soil (kg/L) and 
the adsorption 
intensity, respectively. 
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(2) Langmuir 

Ce 
Cs 

1 
bQ 

+ 
Ce 
Q 

(3-2) 

where: Q = P adsorption maximum 
Cmg/kg), and 

b = a constant related to 
binding energy CLlmg). 

Values of the constants K and lin of 
Freundlich's isotherm were evaluated by 
plotting log Cs against log Ce to obtain the 
slope and intercept. For Langmuir isotherm, 
the plot of Ce/Cs against Ce yielded a slope 
and an intercept which, in tum were equated 
to lIbQ and I/Q, respectively. 

Values of exchangeable P, extractable AI and 
Fe, and adsorbed P concentrations were 
calculated by taking into account the initial 
concentration of each analyte detected in the 
blank or control solutions. 

3.5 SURFACE WATER QUALI1Y SAMPLING 
STATIONS 

Surface water quality sampling stations were 
selected based on the following criteria: 

1. Sampling upstream water quality, 
2. Sampling downstream water quality 

exiting a subdivision, and 
3. Sampling water within individual canals. 

The sampling efforts are limited to sampling 
stations within Buckhead Ridge, Taylor Creek 
Isles, and Okeechobee Hammocks. Sample 
stations were not selected within Treasure Island 
because the conditions appeared similar to Taylor 
Creek Isles located on the opposite side of Taylor 
Creek. Sampling station locations are identified 
on the site maps (Figures 3-6, 3-7, and 3-8). The 
description of sampling rationale for each station 
follows. 
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3.5.1 TAYLOR CREEK ISLES SAMPUNG 
LOCATIONS 

Four stations were selected within or adjacent to 
Taylor Creek Isles. 

TC-1: This station is located on Taylor Creek 
upstream of both Taylor Creek Isles and 
Treasure Island subdivisions and was 
selected to observe the quality of water 
entering the area. This sampling location 
will serve as the background or baseline 
sample location. 

TC-2: This station was selected to observe the 
quality of water in a canal that is not 
surrounded by septic tanks. The houses on 
29th and 30th Streets are connected to a 
package sewage treannent plant located 
approximately one·quarter mile east of the 
area. Water within the canal between 
these streets should only be affected by 
non·septic tank sources such as pesticides, 
fertilizers for nutrients, and house pets or 
wildlife for coliforms. 

TC-3: This station was selected near TC-2 but on 
a canal surrounded by houses with septic 
tanks. The close proximity of this location 
with the previous location should provide a 
comparison of septic tank inputs without 
the variability associated with major 
changes in environmental conditions. 

TC-4: This station was selected near the 
confluence of Taylor Creek and the rim 
canal to observe the quality of water that 
is likely flowing out of the two 
subdivisions. This sampling location can 
be compared with the background station 
(TC·1) to investigate whether Taylor Creek 
water quality increases, decreases, or 
remains stable after passing the adjacent 
finger canals. 

3.5.2 BUCKHEAD RIDGE 

Three stations were selected within Buckhead 
Ridge. The canal plan appears to be separated 
into three sections: one bounded by Linda Road 
and U.S. Highway (U.S.) 78, another west and 
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northwest of Hunter Road, and the third south of 
both Hunter Road and Cypress Street. 

BH-1: This station was selected to observe the 
water quality from the section bounded by 
Linda Road and U.S. 78. Information from 
this station will indicate the combined 
effects of being far from a canal discharge 
location (distant from a potential flushing 
point) and being downstream from a 
significant number of active septic tanks. 
This location will also be a background 
location for the area west of Hunter Road. 

BH-2: This station was selected to observe the 
water quality leaving the area bounded by 
Hunter Road and U.S. 78, but also 
represents the downstream water quality 
from the area previously described. This 
sampling location represents the combined 
effects of both of these major areas of the 
subdivision. 

BH-3: This station was selected to observe the 
overall water quality coming from the 
entire Buckhead Ridge area. This location 
will represent the quality of water 
potentially entering the rim canal. 

3.5.3 OKEECHOBEE HAMMOCKS 

Two sampling locations were chosen for the 
Okeechobee Hammocks subdivision. 

OH-1: This station was selected to observe the 
water quality midway into the subdivision 
along one of the main canals. 

OH-2: This station was selected to observe the 
overall water quality leaving the 
Okeechobee Hammocks area and 
potentially entering the rim canal. 

3.6 MONITOR WEll. INSTAUATION 

To evaluate potential groundwater quality impacts 
resulting from each type of septic tank system 
used in the Lake Okeechobee study area, monitor 
wells were installed at various locations 
throughout the subdivisions. The sites chosen for 
the study are the same as described previously for 
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the soil sampling program. The activities involved 
in these efforts consist of fmding the plume of 
septic tank effluent, installing monitor wells to 
sample the groundwater within the plume, 
installing piezometers, conducting groundwater 
elevation surveys to conflrm groundwater flow 
direction, slug testing to measure the hydraulic 
conductivity of the aquifer, and installing suction 
lysimeters to sample the soil water directly under 
the drainflelds. 

3.6.1 MONITOR WElL INSfAUATION 

Monitor wells were installed at each of the 
six sites used for this study. The well 
designations for the sites are as follows: 
Moldenhauer (M), Lewis (L), Goolsby (G)/Vacant 
lot (V), Spaulding (S), and Weston (W). A 
package wastewater treatment plant with existing 
monitor wells was also included as part of this 
study. Table 3-2 specifIes the type of system and 
the number of wells installed at each site. 
Monitor well locations were chosen based on 
conductivity measurements, local topography, and 
inferred groundwater flow direction at each site, 
with respect to the location of the septic 
tankldrainfleld system. The exact location of the 
monitor well relative to the drainfleld was 
finalized using conductivity measurements of 
groundwater accessed from soil borings. 

Three wells (M-I, M-2, and M-3), were installed 
at the Moldenhauer site, as shown on Figure 2-1. 
The wells were located as follows: M-I 
downgradient, M·2 immediately downgradient 
(source well), and M-3 upgradient of the septic 
tank. Monitor wells M-I and M-3 were installed 
to a depth of 12 feet below land surface (ft-bls), 
and M-2 was installed to a depth of 11 ft-bls. 

Monitor wells for the Lewis, Goolsby, and 
Spaulding sites (wells L-I, G-I, and Sol, shown in 
Figures 2-2, 2-3, and 2-4, respectively) were all 
installed downgradient from each respective septic 
tank and drainfleld. Monitor well G-I was 
installed to a depth of 14 ft-bls, and L-I and Sol 
were installed to a depth of 17 ft-bls. 

Monitor wells for the vacant lot and Weston sites 
(wells V-I and W-1, shown in Figures 2-3 and 2-5, 
respectively) were installed to evaluate two kinds 
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of background conditions. Well W-1 was located 
on a lot at a residence served by a public sewer 
system and was installed to a depth of 16 ft-bls. 
Samples from this well should reflect impacts 
from fertilizer or other nonseptic tank source of 
nutrients. The V-I well was installed on a vacant 
lot, next to the Goolsby residence, to a depth of 
12 ft·bls. Samples from this well should show 
actual background groundwater quality without 
septic tank or nonseptic tank nutrient inputs. The 
Package Plant well location is provided on 
Figure 2-6. 

Each monitor well was installed using 
8-inch-diameter hollow-stern auger flights. Prior 
to well installation, all PVC well screens and 
casings were decontaminated by steam cleaning. 
The wells were constructed of 2·inch-diameter, 
Schedule 40 PVC, with threaded joints and a 10-ft 
section of O.OIO-inch slot screen. The annular 
space between the well screen and borehole was 
ruled with clean, washed 20/30 silica sand to a 
depth approximately 1 ft above the top of the well 
screen. A minimum 0.5-ft layer of clean, washed, 
fme sand was placed as a seal above the sand 
pack. The remaining annular space was ruled to 
land surface with cement. Each monitor well was 
finished flush to land surface with a concrete pad 
(2 ft x 2 ft x 2 inches). A protective manhole 
casing and cover, with a locking water-tight cap, 
was provided. The manhole covers were 
adequately labeled to distinguish them as monitor 
wells. Well completion diagrams and geologic 
boring logs that the ESE field geologist developed 
are provided in Appendix B. Well completion 
information is summarized in Tables 3-3 through 
3·8. 

Following monitor well installation, the wells 
were developed by purging with a centrifugal 
pump. Development was discontinued after 
enough sand and silt-sized particles were removed 
to satisfy the site geologist. The correct 
downgradient locations for the wells were 
conflrmed by measuring the conductivity of the 
development water. As long as the conductivity 
was greater than 1,000 micrornhos per centimeter 
(Ilrnho/cm), it was assumed that the wells were 
within the drainfleld's plume. 
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Table 3-2. Septic Tank Sites - Monitoring Points 

Name 

Moldenhauer 

Lewis 

Spaulding 

Goolsby 

Vacant Lot 

Weston 

Package plant 

Source: ESE, 1991. 
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'JYpe of 
System 

Old 

Old 

New 

New 

N/A 

Central Sewer 

Percolation Ponds 
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No. of No. of No. of 
Monitoring Wells Piezometers Lysimeters 

3 2 1 

1 4 1 

1 4 1 

1 4 1 

1 1 1 

1 4 1 

2 2 1 
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Table 3-3. Moldenhauer Site Monitoring Well/Piezometer Data 

Top of Depth Water 
Well/ Casing to Water Elevation 

Piezometer Depth Screened Elevation 10/24/91 10/24/91 
Number (ft) Interval (ft) (ft) (ft) 

M-1 12.0 2-12 100.00 3.85 96.15 

M-2 12.0 2-12 100.44 4.33 96.11 

M-3 12.0 2-12 101.07 5.09 95.98 

PZ-1 5.0 0-5 100.60 4.44 96.16 

PZ-2 5.0 0-5 100.65 4.62 96.03 

-J"ote: NM - not measured 

Elevations referenced to an arbitrary datum of 100.00 ft set for M-l. 

Source: ESE, 1992. 

Table 3-4. Lewis Site Monitoring Well/Piezometer Data 
I 

-- --- -.--~ -_ .. _---

Top of 
Well/ Casing 

Piezometer Depth Screened Elevation 
Number (ft) Interval (ft) 

L-1 17.0 7-17 100.00 

PZ-1 8.0 3-8 100.19 

PZ-2 7.0 2-7 101.26 

PZ-3 8.0 3-8 100.15 

PZ-4 4.0 0-4 95.90 

Nater levels re erenced to an arbltrarv datum ot ry 

Source: ESE, 1992. 
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--- -- -- _ ... _--

Depth Water 
to Water Elevation 
10/24/91 10/24/91 

(ft) (ft) 

6.56 93.44 

6.63 93.56 

6.68 93.58 

6.63 93.52 

2.42 93.48 

lUU.OO ft set tor L-l. 

Depth Water Depth Water 
to Water Elevation to Water Elevation Hydraulic 
6/8/92 6/8/92 9/2/92 9/2/92 Conductivity 

(ft) (ft) (ft) (ft) (friday) 

4.16 95.84 3.80 96.20 12.9 

4.65 95.79 4.03 96.41 9.8 

5.45 95.62 4.24 96.83 4.3 I 

4.64 95.96 4.37 96.23 NM i 

4.69 95.96 4.16 96.49 NM 

Depth Water Depth Water 
to Water Elevation to Water Elevation Hydraulic 
6/8/92 6/8/92 9/2/92 9/2/92 Conductivity 

(ft) (ft) (ft) (ft) (ft/day) 

6.79 93.21 6.63 93.37 18.9 

6.96 93.23 6.47 93.72 NM 

6.84 93.42 6.56 93.70 NM 

6.92 93.23 6.67 93.48 NM 

2.68 93.22 2.69 93.21 NM 
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Table 3-5. Goolsby Site Monitoring Well/Piezometer Data 
-- - -- -- - ---- --

Top of Depth Water Depth Water Depth Water 
Well/ Casing to Water Elevation to Water Elevation to Water Elevation Hydraulic 

Piezometer Depth Screened Elevation 10/24/91 10/24/91 6/8/92 6/8/92 9/2/92 9/2/92 Conductivity 
Number (ft) Interval (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/day) 

G-1 14.0 4-14 102.98 3.88 99.10 4.99 97.99 3.41 99.57 5.9 

PZ-l 5.0 0-5 102.23 3.47 98.76 4.35 97.88 2.41 100.06 NM 

PZ-2 4.5 0-4.5 101.85 2.77 99.08 3.70 98.15 1.67 100.18 NM 

PZ-3 3.5 0-3.5 100.41 2.25 99.16 2.67 97.74 2.19 98.22 NM 

V-I 13.0 3-13 100.00 2.03 97.97 2.33 97.67 2.02 97.98 6.7 

Nater levels re erenced to an arbitrary datum ot 100.00 It set ry or V-I. 

Source: ESE, 1992. 

Table 3-6. Spaulding Site Monitoring Well/Piezometer Data 
--- --- -- ..... - --- - - - --- --- -

Top of Depth Water Depth Water Depth Water 
Well/ Casing to Water Elevation to Water Elevation to Water Elevation Hydraulic 

Piezometer Depth Screened Elevation 10/24/91 10/24/91 6/8/92 6/8/92 9/2/92 9/2/92 Conductivity 
Number (ft) Interval (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/day) 

S-l 17.0 7-17 100.00 5.54 94.46 4.66 95.34 5.92 94.08 23.3 

I PZ-1 6.0 1-6 99.39 4.48 94.91 2.71 96.68 3.41 95.98 NM 

PZ-2 6.0 1-6 99.84 4.04 95.80 3.85 95.99 5.01 94.83 NM 

PZ-3 6.0 1-6 99.71 4.87 94.84 4.45 95.26 5.61 94.10 NM 

PZ-4 6.0 1-6 98.20 4.98 93.22 3.81 94.39 4.37 93.83 NM 

Nater levels reterenced to an arbltrarv datum ot 100.00 It set tor Sol. ry 

Source: ESE, 1992. 
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Table 3-7. Weston Site Monitoring Well/Piezometer Data 
-- - --_ .. - - - --- - - -- ------ ----

1 
Top of Depth Water Depth Water Depth Water 

I Well/ Casing to Water Elevation to Water Elevation to Water Elevation Hydraulic 
! Piezometer Depth Screened Elevation 10/24/91 10/24/91 6/8/92 6/8/92 9/2/92 9/2/92 Conductivity 

Number eft) Interval eft) eft) eft) eft) eft) eft) eft) (ft/day) 

W-1 16.0 6-16 100.00 5.98 94.02 6.09 93.91 5.97 94.03 19.5 

PZ-1 5.0 0-5 98.94 4.62 94.32 4.75 94.19 4.36 94.58 NM 

PZ-2 6.0 1-6 99.30 5.11 94.19 5.14 94.16 4.72 94.58 NM 

PZ-3 6.0 1-6 98.67 4.46 94.21 4.73 93.94 4.67 94.00 NM 

PZ-4 3.0 0-3 95.66 1.51 94.15 1.75 93.91 1.91 93.75 NM 

Nater levels reterenced to an arbltrarv datum ot 10).00 tt set tor W-l. ry 

Source: ESE, 1992. 

Table 3-8. Package Plant Site Monitoring Well/Piezometer Data 

Well/ 
Piezometer Depth 

Number eft) 

P-1 17.0 

PZ-1 17.09 

PZ-2 10.0 

PZ-3 8.0 

Perc Pond B NA 

"lote: NA = not aDDhca pp 
Unk = unknown. 

Screened 
Interval 

Unk 

Unk 

5-10 

3-8 

NA 

IJle. 

Top of Depth 
Casing to Water 

Elevation 10/24/91 
eft) eft) 

100.00 3.98 

100.06 NM 

103.87 NM 

101.38 NM 

NA NA 

Water 
Elevation 
10/24/91 

eft) 

96.02 

NM 

NA 

NM 

99.93 

Water levels referenced to an arbitrary datum of 100.00 ft set for P-l. 

Source: ESE, 1992. 
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Depth Water Depth Water 
to Water Elevation to Water Elevation Hydraulic 
6/8/92 6/8/92 9/2/92 9/2/92 Conductivity 

eft) eft) eft) eft) (ft/day) 

6.71 93.29 5.34 94.66 12.2 

NM NM NM NM NM 

9.62 94.25 8.61 95.26 NM 

NM NM 6.26 95.12 NM 

NA NM NM NM NM 
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3_6.2 PIEZOMETER. INSTAI1.ATION 

Piezometers were installed at each of the sites 
where monitor wells were installed to facilitate 
evaluation of the groundwater flow direction at 
each site. The number of piezometers installed at 
each site varied depending on the number of wells 
located at each site, as provided in Table 3-2. 

At the Moldenhauer site, two piezometers CPZ-1 
and PZ-2) were installed along the northern 
property boundary (Figure 2-1) and located in a 
triangular arrangement with the three monitor 
wells. The Lewis, Spaulding, and Weston sites 
have four piezometers each CPZ-1 through PZ-4), 
located at the four comers of the lots. The Lewis, 
Spaulding, and Weston piezometer locations are 
shown on Figures 2-2, 2-4, and 2-5, respectively. 
Two piezometers CPZ-1 and PZ-2) were installed 
at the Package Plant as shown on Figure 2-6. The 
Goolsby and vacant lot sites are adjoining sites 
(Figure 2-3) in which three piezometers were 
located, one each at the northwest, southwest, 
and southeast comers. 

Piezometers were installed with a decontaminated 
4-inch ID stainless steel hand auger. As the auger 
was advanced, soil was removed in approximately 
6-inch intervals. Augering continued to just 
below the water table or as deep as possible. The 
auger bucket was then removed and a 5-ft section 
of 2-inch Schedule 40 O.Ol-inch slotted PVC 
casing, attached to an appropriate length of solid 
2-inch Schedule 40 PVC casing, was placed in the 
borehole and driven to refusal. The annulus 
between the 2-inch casing and the borehole was 
then backfilled with native sand. A slip-cap was 
then placed on top of the piezometer and a 
concrete pad and flush mount protective cover 
provided. 

The top of casing (TOe) elevation for each 
completed piezometer was surveyed and 
referenced to an arbitrary datum of 100.00 ft 
established for a particular piezometer at each 
site. This information was used to calculate the 
groundwater flow direction. 
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3.6.3 ELEVATION SURVEY AND HYDRAUIlC 
CONDUCI1VI1Y TESTING 

The TOe elevation for each completed monitor 
well and piezometer was surveyed and referenced 
to an arbitrary datum of 100.00 ft established for 
a particular monitor well at each site. Subsequent 
water levels measured below the Toe were then 
corrected to the arbitrary datum. Water level and 
survey data for each site are provided in 
Tables 3-3 through 3-8. 

Slug tests were performed on specific monitor 
wells at each site to evaluate the hydraulic 
properties of the onsite shallow aquifer. The slug 
test procedure involved placing a pressure 
transducer, which is attached to a data logger, 
into a well, just above the base of the well. After 
securing the pressure transducer cable to the well, 
a weighted cylinder (slug) was inserted into the 
well to induce groundwater level changes. The 
water level changes in the well were continuously 
recorded by the data logger. Upon removal of the 
slug, the water level changes in the well were also 
recorded by the data logger. The slug test 
procedure was performed twice on each well and 
the average value used to determine flow 
velocities. 

The recorded data were transferred in the office 
from the data logger to a computer. A geologist 
subsequently evaluated the data to determine the 
hydraulic conductivity of the aquifer, based on 
methods developed by Hvorslev (1951), Bouwer 
and Rice (1976), and Bouwer (1989). Only slug
out test data were used for this analysis because 
of interference effects from the discharge of 
groundwater into unsaturated sediments during 
slug-in testing. Using the water level and slug 
test data derived from each site, estimates of 
groundwater flow velocities were made for each 
site. 

4.1.1 FIRST YEAR. SAMPUNG PROGRAM 

The first year soil sampling program was designed 
to characterize the soil P and N status of the soil 
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under various septic tank drainfields to see if P 
and N were accumulating somewhere under the 
drainfield and/or somewhere along the top of the 
water table out toward the canal. Soil samples 
were collected at near regular intervals between 
the bottom of the drainfields and the top of the 
water table and other samples collected at regular 
intervals along the top of the water table from the 
drainfield to the canal. Table 4-1 presents the 
values of percent moisture, total P, exchangeable 
P, nitrate+nitrite-N (N02 + N03), TKN, and 
TOM. 

4.1.1.1 Phosphorus 

The total P content of the soils varies from 
72 mg/kg in samples OKEESl-17 and OKEESl-19 
to 3,250 mg/kg in OKEESl-5. Two trends in soil 
P concentrations can be observed in the table; one 
trend depends on where the sample was collected 
and the other trend depends on soil 
characteristics. In general, P appears to have 
accumulated in a particular location along the top 
of the water table under each drainfield. At 
Goolsby and Lewis sites, that location is directly 
under the drainfield. This area of accumulated P 
is 5 to 10 ft downgradient of the drainfield at the 
Spaulding residence. This observation is 
interesting considering that the unsaturated zone 
of soils is supposed to be the treatment zone 
under drainfields. These areas of accumulation 
are at the top of the water table and somewhat 
downgradient of the drainfield which indicates 
that migration of P is taking place. It appears as 
if a slug of P is moving through the soils at the 
Spaulding site. 

The second trend in P concentrations can be 
observed by comparing the difference in 
concentrations between flll and Oa (organic soil 
horizon) materials. Total P concentrations in the 
fill material, on average, are less than half of the 
p concentrations found in the Oa samples. The 
primary difference between these two sample 
types is the percentage organic matter, which 
appears to control soil P concentrations. 

Exchangeable P (Table 4-1) was at least an order 
of magnitude smaller than total P in these 
samples. This observation is important because it 
implies that the soils have somehow fixed the P so 
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that it is no longer available for migration. P in 
drainfield leachate is apparently only mobile for a 
short period of time before being fixed in the 
more organic materials under the drainfields. 
Only 4 of 24 samples exhibited detectable levels 
of exchangeable P; each was a sample of fill 
material. Exchangeable P and total P values were 
not comparable. Samples with low and medium 
levels of total P exhibited detectable exchangeable 
P. The samples with the highest total P should 
each exhibit higher levels of exchangeable P; 
however, these data did not substantiate this 
hypothesis. 

4.1.1.2 Nitrogen 

Most of the N in the soil samples exists in the 
fonn measurable by the TKN method. This 
implies that the soil samples have more organic 
N--several orders of magnitude more than 
inorganic N in the fonn of nitrate and nitrite. 
Soil N concentrations vary in similar magnitude 
and amount as soil P concentrations. The N does 
not appear to have a similar positional 
distribution as soil P. The soil N concentrations 
are more evenly distributed through the soil 
proflle and along the top of the water table. This 
is likely a function of the greater mobility of N in 
soils versus lower mobility of P. Soil N 
concentrations do not appear to be as strongly 
related to soil type as does soil P. The average 
soil N concentrations (arithmetic or geometric) of 
the flll samples are about one third smaller than 
the average of the organic samples. The lack of 
an observed pulse of N throughout the route of 
migration to the canal implies that the soil may 
have reached equilibrium with respect to N. The 
soil may no longer be capable of treating or 
attenuating N, allowing it to migrate from the 
drainfields to the canal. 

4.1.2 SECOND YEAR. SAMPlJNG PROGRAM 

The second year soil sampling plan was designed 
to detennine the background (no septic tank 
leachate impacts) N and P status of soils that best 
represent the majority of land areas of the four 
subdivisions. In this part of the soil investigation, 
the analytical investigation consisted of total and 
exchangeable P; nitrate-N, nitrite-N, TKN, 
extractable aluminum and iron; TOM; moisture; 
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Thble 4-1. Results of Soil Analyses for Samples Collected Under Septic Thnk Drainfields 

Depth 
Site (Inches Horizon Total Exchangeable 

Sample and Soil From or Soil Percent Phosphorus Phosphorus N02 +N03 TKN TOM 
Number Series Surface) 1yPe Texture Moisture (mg/kg) (mg/kg) (mg/kg as N) (mg/kg as N) (%) 

OKEESl-l 24-48 Fill FS 0.3 196 6.4 6.3 1,910 1.4 
OKEESI-2 55-66 Oa* Muck 17.3 519 <0.60 780 39.5 
OKEESI-3 66-80 Oat Muck 3.8 101 0.15 5,870 36.1 
OKEESI-4 60-72 Oa* Muck 33.7 1,590 0.81 616 36.8 
OKEESI-5 60-70 Oa* Muck 39.4 3,250 4.06 5,790 42.0 
OKEESI-6 67-78 C* FS 27.1 2,070 <0.14 1,000 4.8 
OKEESI-7 64-72 Oa* Muck 27.4 1,190 1.41 8,910 40.6 
OKEESI-8 64-72 Fill* FS 8.1 240 1.18 3,130 25.9 
OKEESI-9 25-33 Fill FS 0.5 219 0.6 3.81 485 61.5 
OKEESI-I0 50-60 Fill FS 0.3 90 1.9 4.11 550 0.6 
OKEESl-11 70-75 Bh* FS 1.1 1,240 2.67 119 1.8 
OKEESI-12 2 75-82 Bht FS 1.4 883 0.77 467 2.0 
OKEESI-13 65-72 Fill* FS 15.2 1,010 3.8 3.48 460 1.6 

0\ OKEESI-14 68-72 Fill* FS 1.0 900 0.76 2911.9 
00 OKEESI-15 48-60 Fill* FS 0.6 608 0.15 622 1.4 

OKEESl-16 26-38 Fill * FS 0.6 381 0.42 333 1.4 
OKEESI-17 35-42 Fill FS 0.2 72 0.48 417 0.6 
OKEESI-18 60-68 Oa* Muck 4.3 1,480 8.57 645 9.1 
OKEESI-19 78-85 Ct FS 0.5 72 0.36 521 2.7 
OKEESI-20 3 55-65 Oa* Muck 6.0 1,560 9.02 838 11.6 
OKEESI-21 58-65 Oa* Muck 4.6 731 5.57 102 21.5 
OKEESI-22 50-60 Oa* Muck 5.5 690 2.35 796 13.4 
OKEESI-23 54-65 Oa* Muck 4.0 480 2.22 882 20.1 
OKEESI-24 36-48 Fill* FS 4.2 675 0.99 499 11.4 

Note: -- = not detected. 
FS = fine sand. 

1. Site = SpaUlding. Soil type = Okeelanta Peat. 
2. Site = Lewis. Soil type = Immokalee. 
3. Site = Goolsby. Soil type = Okeelanta Peat. 

*Sample collected at top of water table. 
tSample collected beneath water table. 

Source: ESE. 

P/EKl'/OKEE.H4 
0Z/18/93 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC. (ESE)--OKEECHOBEE PROGRESS REPORT 

and the Langmuir Q value for P adsorption 
capacity; on the 36 soil samples collected from 
important soil series within the four subdivisions. 
Results are presented in (Table 4-2). Three 
samples were collected from each of two locations 
per soil series, providing duplicate results. The 
horizon/soil type designation will help identify the 
duplicate samples within the set. Compared to 
the soils collected under the drainfields, the 
samples in this group generally have lower total P 
and total N than the soils collected under the 
drainfields. The extractable iron and aluminum 
values will be used in assessing P adsorption. 

4.12.1 Phosphorus 

The soil series that were sampled as part of this 
study represent Immokalee, Delray, Fill materials, 
Malabar, and Okeelanta. This variety of soil series 
results in individual samples from organic 
horizons, spodic horizons, topsoil, and other 
subsurface horizons. Comparing or contrasting 
fill materials with soils is not as easy for these 
samples as for the previous samples. It appears as 
if more environmental factors have an effect on 
the N and P content of these samples because the 
concentrations are much closer to or at 
background levels. Some of these environmental 
factors include effects of fertilizer applications, 
historical use of the native (original) soils, and 
soil characteristics. 

Total P concentrations were averaged by soil type 
(flll, surface horizon, and various subsurface 
horizons) to begin looking for comparisons. 
Depending on how the averages were calculated, 
the flll total P concentrations are anywhere from 
half to four times smaller than native soil total P 
concentrations. One noticeable trend (affecting P 
content) within the flll samples is that samples 
collected near the soil surface exhibited higher 
total P than samples of fill collected at depth 
(likely an effect of fertilizer applications). The 
characteristics of the native soil E and C horizons 
are similar to the fill materials--all have low TOM 
and exhibit similar total P content. Soil samples 
collected from other horizons (surface or spodic) 
contrast with the fill, generally having higher 
amounts of organic matter and/or soil total P. 
When samples from these horizons are excluded 
from the average total P contents of native soils, 
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the average increases. The samples with higher 
organic matter generally contain more P. 

Total P content of these samples was an average 
of up to an order of magnitude smaller than the 
total P observed in samples collected under the 
septic tank drainfields. The same differences were 
observed for the fill and native soil materials 
relative to the fill and organic horizon materials 
under the septic systems. The septic systems are 
clearly contributing large (relative to native soils) 
quantities of P to the soils of the subdivisions. 

Exchangeable P was detected in only 3 of the 
36 samples collected from the important soil 
series. The same pattern of a minimal amount of 
exchangeable P relative to total P was exhibited in 
these samples as was exhibited in samples 
collected from under the septic tanks. This 
further emphasizes that the soils are capable of 
attenuating the P from septic systems; somehow 
immobilizing the leachable P. 

4.12.2 Nitrogen 

TKN is a measure of the organic N content of the 
soil. The TKN content of these soil samples was 
between 2 and 4 times smaller than samples 
collected under the drainflelds. The TKN content 
varied from 7 mg/kg in OKEES3-S4 to 
13,640 mg/kg in OKEES3-23. The highest TKN 
value represents about 1.4 percent N in 
OKEES3-23 on a dry-weight basis. Nitrate- plus 
nitrite-N are at most 20 percent of the TKN value. 
In general, the higher nitrate-nitrite values are 
associated with old native soil A horizons. Most 
of the other samples exhibit insignifIcant amounts 
of nitrate plus nitrite-No TKN concentrations do 
not depend on soil sample type as does soil P. 
The average TKN of fill samples was close to the 
average TKN of the native soil samples. 

4.12.3 Extractable Iron and Aluminum. 

Eighteen of the 36 samples were also analyzed for 
extractable aluminum and iron and used in the 
3-point adsorption isotherm analysis for P. P 
isotherm data indicate the degree to which soils 
or sediments are capable of adsorbing P. In 
simple terms, small amounts of soils are placed in 
beakers of solutions with known amounts of P. 
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Table 4-2. Results of Analyses for Samples Collected From Important Soil Series 

Subdivision 
Sample and Soil 
Number Series 

OKEES3-1 
OKEES3-2 
OKEES3-3 
OKESS3-4 
OKEES3-5 
OKEES3-6 
OKEES3-7 
OKEES3-8 
OKEES3-9 2 
OKEES3-10 
OKEES3-11 
OKEES3-12 
OKEES3-19 
OKEES3-20 
OKEES3-21 3 
OKEES3-22 
OKEES3-23 
OKEES3-24 
OKEES3-25 
OKEES3-26 
OKEES3-27 4 
OKEES3-28 
OKEES3-29 
OKEES3-30 
OKEES3-31 
OKEES3-32 
OKEES3-33 5 
OKEES3-34 
OKEES3-35 
OKEES3-36 

P/EftJ/OKEE.H2 
02/18/93 

Depth 
(Inches Horizon 
From or Soil 

Surface) 1yPe 

12-24 Fill 
40-52 E 
65-77 Bh 
12-24 Fill 
40-50 E 
70-80 Bh 
12-20 Fill 
24-30 Fill* 
40-50 Fillt 
12-20 Fill 
24-30 Fill* 
40-50 Fill± 
20-30 Fill 
38-45 A 
55-65 C* 
20-30 Fill 
38-45 A 
55-65 C* 
20-30 Fill 
42-50 A* 
60-70 Ct 
20-30 Fill 
42-50 A* 
60-70 ct 
24-34 Fill 
45-55 Oa* 
65-75 Ct 
24-34 Fill 
45-55 Oa* 
65-75 Ct 

Total 
Percent Phosphorus 

Texture Moisture (mglkg) 

FS 10.7 48.5 
FS 3.3 2.7 
FS 9.0 370 
FS 9.6 40.6 
FS 3.9 3.4 
FS 12.5 449 
FS 25.1 121 
FS 28.6 15 
FS 23.6 7.6 
FS 26.2 N/A 
FS 23.5 2.4 
FS 26.9 2.2 
FS 5.8 36.9 
FS 41.6 407 
FS 28.2 5.7 
FS 12.2 92.1 
FS 46.6 338 
FS 22.7 17.5 
FS 10.6 97 
FS 40.3 152 
FS 35.0 6.7 
FS 6.6 48.5 
FS 39.5 153 
FS 28.6 8.4 
FS 13.6 94 
Muck 47.6 92.4 
FS 33.0 3.8 
FS 12.4 57.4 
Muck 48.7 141 
FS 29.6 6.6 
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Exchangeable QL 
Phosphorus N02 +N03 TKN Value Extractable Extractable TOM 

(mglkg) (mglkg as N) (mglkg as N) (mglKg) Fe (mglkg) AI (mglkg) (0/0) 

0.35 267 464 35 587 1.7 
0.52 65 N/A N/A N/A <0.5 

2.4 0.54 233 N/A N/A N/A 1.8 
0.25 194 148 44 432 1.0 
0.71 63 1,150R 83 7.4 0.6 
0.58 226 Nt:A Nt:A Nt:A 1.6 

11.9 525 N/A N/A N/A 7.4 
1.60 104 41 457 18 <0.5 
1.32 74 N/A N/A N/A <0.5 

10.6 74 331 1,850 451 7.2 
0.84 96 N/A N/A N/A <0.5 
0.31 177 77 25 0.9 

10.1 843 12.2 381 105 2.3 
22.8 215 N/A N/A N/A 23.1 

1.27 3,150 N/A N/A N/A 0.5 
2.85 2,080 56.8 728 168 1.4 

35.1 13,600 955R 2,750 1620 27.1 
0.30 254 Nt:A Nt:A Nt:A 0.8 
6.23 235 N/A N/A N/A 4.6 

13.6 168 347 2,150 466 8.5 
0.44 103 N/A N/A N/A 2.4 
5.25 210 102 718 293 4.1 
6.47 304 284 1,820 354 9.2 
0.36 123 Nt:A Nt:A Nt:A 1.5 

0.4 11.7 7,250 N/A N/A N/A 2.1 
1.97 423 520 2,070 3330 18.8 
0.65 237 51.3 175 71 1.7 
3.42 54 N/A N/A N/A 1.2 
5.01 365 431 4,380 862 18.1 

~.33 66 N/A N/A ~JA 0.9 
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Table 4-2. Results of Analyses for Samples Collected From Important Soil Series (Continued, Page 2 of 2) 

Depth 
Subdivision (Inches Horizon Total Exchangeable 

Sample and Soil From or Soil Percent Phosphorus Phosphorus N02 +N03 
Number Series Surface) 1yPe Texture Moisture (mg/kg) (mg/kg) (mg/kg as N) 

OKEES3-49 24-34 Fill FS 5.5 47.1 3.3 2.71 
OKEES3-50 36-46 A FS 20.0 156 10.3 
OKEES3-51 6 70-78 Bw* FS 19.3 4.5 3.74 
OKEES3-52 24-34 Fill FS 5.6 29.4 0.54 
OKEES3-53 36-46 A FS 13.3 32.7 2.76 
OKEES3-54 70-78 Bw* FS 17.6 1360 4.72 

Note: -- = not detected. 
FS = fine sand. 

L = Q value from Langmuir equation. 
N/ A = not analyzed. 

R = R2 values too low to accept data point validity. 

1. Subdivision = Okeechobee Hammocks. Soil type = Immokalee. Location = Vacant lot. 
2. Subdivision = Okeechobee Hammocks. Soil type = Fill. Location = Vacant lot. 
3. Subdivision = Treasure Island. Soil type = Delray. Location = Vacant lot. 
4. Subdivision = Treasure Island. Soil type = Delray. Location = Vacant lot. 
5. Subdivision = Taylor Creek Isles. Soil type = Okeelanta Peat. Location: Vacant lot. 
6. Subdivision = Buckhead Ridge. Soil type = Malabar. Location = Moldenhauer. 

*Sample collected at top of groundwater table. 
tsample collected in groundwater table. 

Source: ESE. 
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QL 

TKN Value Extractable Extractable TOM 
(mg/kg as N) (mg/Kg) Fe (mg/kg) AI (mg/kg) (0/0) 

83 N/A N/A N/A <0.5 
52 65.3 270 537 2.7 

6,330 114 66 1.3 
44 N/A N/A N/A 0.7 

204 964 350 532 1.1 
2 N/A N/A N/A 0.8 
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After allowing time for equilibrium, the soils or 
the liquids are analyzed noting the change in P 
concentration. The difference in either 
concentration is the amount of P adsorbed by the 
soil. The terms "three points" means that the soil 
adsorption is measured at three different solution 
p concentrations. The three points are statistically 
connected by a line that is used to indicate the 
amount of P absorbed per amount of soil; the 
absorption capacity. 

Table 4-2 summarizes the amounts of extractable 
aluminum and iron. The iron levels are generally 
higher than those of aluminum. Extractable iron 
ranges from 35 mg/kg in OKEES3-1 to 
4,380 mg/kg in OKEES3-35. The values of 
extractable aluminum vary from 7.4 mg/kg in 
OKEES3-5 to 3,330 mg/kg in OKEES3-32. Only 
two samples (OKEES3-23 and OKEES3-32) have 
extractable aluminum content greater than 
1,500 mg/kg. 

4.1.2.4 P Adsorption Isotherms 

P adsorption isotherms were conducted to indicate 
the amount of P that soils from different horizons 
were capable of attenuating. The isotherms are 
used with other soil P measurements such as total 
P and extractable P to begin to determine how 
much P or how much more P the soil can hold or 
whether the soil P is adsorbed versus precipitated 
in the soil. The isotherms can be a yardstick by 
which the extractable amounts of P can be 
assessed in terms of whether they should be 
considered a problem. Other measurements such 
as extractable iron and aluminum assist in this 
determination. 

P adsorption isotherms were performed on 18 of 
the 36 soil samples collected from the important 
soil series of the area. Two of the 18 samples 
(OKEES3-12 and OKEES3-51) did not exhibit 
sorption behavior; solution concentrations of P 
increased, especially at lower P levels. This 
increase in P concentrations indicates that the 
soils lost P to the solutions rather than adsorbing 
P. Without all of the data points exhibiting 
adsorption, the evaluation of the batch adsorption 
behavior for those soil samples cannot be 
completed. Meaningful data (all samples 
adsorbed P) were obtained for the remaining 
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16 soil samples, which allowed the determination 
of adsorption constants of either Freundlich or 
Langmuir or both isotherms (Table 4-3). 
Adsorption constants are presented using both 
equations, although previous experience indicates 
that the adsorption data generated using the 
Langmuir equation are directly applicable and 
may be more reliable. The numbers within the K 
column indicate adsorption in units of kg P per L 
solution for the Freundlich equation. The 
numbers within the Q column indicate adsorption 
in units of mg P fer kg soil for the Langmuir 
equation. The R values indicate the degree to 
which the analytical data fit the regression line. 

The fit of the Freundlich adsorption isotherm was 
not satisfactory for 4 of the 16 samples that 
exhibited adsorption (OKEES3-8, -19, -28, and 
-SO). The analysis is based on R2 values 
calculated from the regression equation. The R2 
values for OKEES3-19 are particularly low. Only 
2 of the 16 samples failed to show a good fit to 
the Langmiur equation (OKEES3-5 and 
OKEES3-23). The R2 value of 0.091 for sample 
OKEES3-5 is unacceptably low. The coefficient of 
multiple regression (R2) for the rest of the 
samples are satisfactory and generally range from 
0.8 to 1.0. The generally high R2 values for these 
experiments indicate good reliability of the P 
adsorption information. 

The Freundlich K and Langmuir Q constants 
indicate the samples' ability to adsorb P. The Q 
constant is more readily useable because it is in 
the same units as total and exchangeable P. The 
K constants (Freundlich) vary from 6.78 to 
73.9 kg/L. OKEES3-5 has the highest Freundlich 
adsorption coefficient, suggesting that this sample 
has the greatest adsorption capacity compared to 
the other soil samples. The P adsorption maxima, 
(Q) based on Langmuir isotherm, range from 12.2 
to 115 mg/kg. OKEES3-5, with the highest K, has 
also the highest Q. 

Within acid soils, P adsorption is controlled by 
organic matter, iron, and aluminum. In alkaline 
soils, P adsorption is controlled by calcium or 
magnesium. The research efforts of this study 
were limited to the effects of iron and aluminum 
on adsorption. Correlation of P adsorption (Q 
from the Langmuir equation) with iron, 
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Table 4-3. Phosphorus Adsorption Data for Soil Samples Collected From Important Soil 
Series 

Sample Number Freundlich K 

OKEES3-1 1.19E+01 
OKEES3-4 2.73E+01 
OKEES3-5 6.78E+00 
OKEES3-8 1.16E+01 
OKEES3-10 2.44E+01 
OKEES3-12 
OKEES3-19 2.41E+01 
OKEES3-22 1.57E+01 
OKEES3-23 5.76E+01 
OKEES3-26 3.65E+01 
OKEES3-28 2.05E+01 
OKEES3-29 2.65E+01 
OKEES3-32 7.39E+01 
OKEES3-33 7.30E+00 
OKEES3-35 6.91E+01 
OKEES3-50 2.20E+01 
OKEES3-51 
OKEES3-53 2.36E+01 

Note: -- = not measured. 

Source: ESE. 
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LangmuirQ 

R2 mglkg R2 

0.954 4.64E+02 0.908 
0.899 1.48E+02 0.834 
0.963 1.15E+03 0.091 
0.507 4.10E+01 0.955 
0.998 3.31E+02 0.914 

0.035 1.22E+01 0.958 
0.992 5.68E+01 0.980 
0.970 9.55E+02 0.480 
0.999 3.47E+02 0.936 
0.418 1.02E+02 0.947 
1.000 2.84E+02 0.961 
1.000 5.20E+02 0.954 
0.927 5.13E+01 0.865 
0.997 4.31E+02 0.979 
0.290 6.53E+01 0.961 

0.900 9.64E+01 0.998 
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aluminum, organic matter, and a value equal to 
the higher of either iron or aluminum was 
calculated. This latter value was chosen to 
account for adsorption to soil because the 
presence of either element enhances adsorption. 

The Q value correlated equally well with either 
iron or aluminum with correlation coefficients of 
0.64 and 0.66, respectively. When the higher of 
the iron or aluminum values was used instead, the 
correlation coefficient jumped to 0.77. Iron or 
aluminum correlates well with adsorption. The Q 
value also correlated well with TOM with a 
correlation coefficient of 0.76. This implies that 
organic matter and iron and aluminum contents 
interact with respect to P adsorption. This 
infonnation indicates that soil characteristics such 
as organic matter content, iron, or aluminum 
content are good predictors of the ability of a soil 
to adsorb P. 

4.2 CANAL SEDIMENf 

4.2.1.1 Taylor Creek Isles 

Sediment characteristics were similar throughout 
the subdivision. Sediment textures ranged from 
sandy muck to mucky sand throughout with the 
stage of decomposition remaining constant. 
Sediment thickness generally ranged from 
1 to 4 inches on the canal edges, and from 6 to 
26 inches in the canal centers, although extremes 
to these measurements were found (fable 3·1). 
Extremes in sediment thickness found in the canal 
centers ranged from less than 1 inch to greater 
than 36 inches, but these readings were found not 
to be the nonn. 

The physical characteristics of the canals within 
the Taylor Creek subdivision were all similar with 
the exception of the overall canal length. Canals 
were consistently 85·ft wide with water depth in 
the center of the canals ranging from 6 to 7.5 ft 
(fable 3-1). Nearly all of the homesites in this 
subdivision had a bulkhead at the canal edge. 
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4.2.1.2 Treasure Island 

The sediments within the Treasure Island 
subdivision were all very similar, regardless of the 
wide range of canal physical characteristics that 
could have caused sediment thickness to vary. 
Sediment thickness ranged from 1 to 10 inches on 
the canal edges and from 4 to 24 inches in the 
canal centers (fable 3-1). These thicknesses were 
generally consistent throughout the entire 
subdivision. Only 14 of 88 measurements fell 
outside these ranges. These 14 measurements 
were considered to be non-representative outliers 
of the data. Sediment textures remained 
consistent throughout the subdivision ranging 
from sandy muck to mucky sand. Differences in 
length are to be gathered using the map. Canal 
widths varied from approximately 40 to 85 ft. 
Water depth was consistent through the entire 
subdivision, ranging from 4.5 to 8 ft. Within this 
subdivision, a majority of the homesites had 
bulkheads at the canals edge, with major 
differences being overall age and relative stage of 
disrepair. The amount and type of aquatic 
vegetation varied from place to place and did not 
appear to have any relationship to the amount of 
accumulated sediment on the bottom of the canal. 

4.2.1.3 Okeechobee Hammocks 

Sediments within the Okeechobee Hammocks 
subdivision were not physically measured due to 
the virtual inaccessible nature of the canals. After 
two drive·throughs and visual investigation, our 
experience gained during the assessment of the 
other subdivisions' canals led us to believe that 
the sediments within the canals of this subdivision 
were most likely similar to one another. Canal 
width and length were similar. Sloping vegetated 
canal edges were dominant; bulkhead 
construction was not evident within the 
subdivision. All of the canals within this 
subdivision were clogged with aquatic vegetation; 
some worse than others. Very small areas of open 
water were visible within a small number of the 
canals. 
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4.2_1.4 Buckhead Ridge 

Sediments within the northeast and the southwest 
sections appeared to be significantly different in 
thickness and texture. The northeast section, the 
oldest of the two sections, had overall thicker 
sediments. The thicknesses ranged from 
2 to 12 inches in the canal edges and from 14 to 
26 inches in the canal centers (Table 3-1). The 
texture of the sediment in this area was 
consistently sandy muck to mucky sand. The 
physical makeup of the canals in the northeast 
section was consistent from spot to spot with 
canal width approximately 75 ft and water depth 
ranging from 7.5 to 10.5 ft. The main canal 
connecting all of the other canals was slightly 
wider, approximately 100 ft, but the sediment 
characteristics were the same. The edges of this 
canal were dominated with bulkheads in both the 
northeast and the southwest sections. Sediments 
characterized in the southwest section of 
Buckhead Ridge were consistent throughout the 
section. Sediment thickness ranged from 
2 to 4 inches in the canal edges and 3 to 9 inches 
in the canal centers. Textures ranged from mucky 
sand to sandy muck and water depth ranged from 
5.5 to 9 ft. The shapes and sizes of these canals 
differed dramatically within the area. The canal 
at the far western edge of the Buckhead Ridge 
subdivision was somewhat unique in both 
sediment and physical characteristics with wide 
variations in sediment thickness and texture. This 
one canal was not thought to be significant with 
light development confmed to the east side of the 
canal, with the exception of the very northern 
end. Canal edges in the entire southwest section 
were dominated with bulkheads. 

4.2.1.5 Sediment Measurement Summary 

The differences in sediment characteristics 
between the four subdivisions did not appear 
significant. Thickness and texture of sediment, 
depth of the water, and the canal widths were all 
relatively similar. The one major difference was 
overall canal length. Subdivision size, age, and 
stage of development also differed significantly. 
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4.2.2 SEDIMENf ANALYl1CAL RESm:rs 

4.2.2_1 Phosphorus 

The analytical results for the 12 sediment samples 
collected from the bottoms of various canals are 
shown in Table 4-4. Total P content ranges from 
42 mglkg in OK05 to 757 mglkg in OK04. 
Average sediment total P is similar to average 
native soil total P observed in the different soil 
series and half of the average total P observed in 
soils collected under the septic tank drainfield. 
The highest value was observed in the sample 
collected from the canal between SE 31st and SE 
32nd Streets. The next highest value was 
observed in the sample collected upstream of the 
subdivisions in Taylor Creek. The results of the 
total P analyses do not support the hypotheses 
underlying the sampling scheme. Samples 
collected in the canal surrounded by homes on 
septic tanks were indistinguishable from samples 
collected from the canal surrounded by homes 
hooked to the treatment plant. No trends were 
observed between samples collected in older 
versus newer parts of the subdivisions nor were 
trends observed between samples collected from 
upstream or downstream of various sections of the 
subdivisions. 

Exchangeable P was measured in 5 of the 
12 sediment samples collected from the canals. 
The percentage of sediment samples with 
measurable extractable P was much higher than 
the percentage exhibited for either of the two sets 
of soil samples. Although several of the 
extractable P values for soils were well above 
1 mglkg, none of the measured values for the 
sediment samples exceeded 1 mglkg. The 
exchangeable P concentrations have a narrow 
range of 0.37 to 0.94 mglkg. 

4.2.2.2 Nitrogen 

The sediment sample total N is essentially organic 
or ammonia-related. All the values of N02 + N03 
are below detection limits. Sample OK04 
exhibited the highest TKN content 
(28,700 mglkg), which translates into about 
3 percent N. The average TKN of all the sediment 
samples is approximately twice the TKN observed 
in the soil samples collected under the septic tank 
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Table 4-4. Results of Analyses of Sediment Samples Collected From Various Canals Along Northern End of Lake Okeechobee 

Sample Sub On Character 
Number Division Maps istics 

OKOI Thylor Creek N/A Sand 
OK02 Thylor Creek N/A Sand 
OK03 Thylor Creek N/A Sand 
OK04 Thylor Creek N/A Sand 
OK05 Thylor Creek N/A Sand 
OK06 Treas Island N/A Sand 
OK07 Treas Island N/A Sand 
OK08 Okee Hammock N/A Sand 
OK09 Okee Hammock N/A Sand 
OKlO Buck Ridge N/A Sand 
OKll Buck Ridge N/A Sand 
OK12 Buck Ridge N/A Sand 

Note: NA = not analyzed. 
-- = not detected. 
* = Q from Langmuir Equation 

Source: ESE. 

P/EAT/OKEE.H1 
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Total Exchangeable 
Percent Phosphorus Phosphorus N02 +N03 TKN 

Moisture (mg/kg) (mg/kg) (mg/kg as N) (mg/kg as N) 

41.0 387 <0.17 984 
47.0 113 <0.19 1810 
60.0 145 <0.25 3400 
91.0 757 0.94 <1.11 28700 
33.0 42 <0.15 1210 
46.0 221 0.77 <0.19 3090 
57.0 179 0.37 <0.23 1430 
28.0 66 <0.14 1970 
43.0 93 <0.18 547 
60.0 225 0.64 <0.25 4780 
35.0 69 <0.15 1700 
45.0 55 0.86 <0.18 2010 

Treas Island = Treasure Island. 
Okee Hammock = Okeechobee Hammock. 

Buck Ridge = Buckhead Ridge. 

Q* 
Value Extractable Extractable TOe 

(mg/kg) Fe (mg/kg) AI (mg/kg) (%) 

216 320 263 10.5 
155 418 266 1.7 
N/A N/A N/A 2.0 
N/A N/A N/A 3.4 
N/A N/A N/A 1.1 
N/A N/A N/A 4.7 
N/A N/A N/A 2.8 
251 629 555 0.7 
118 382 800 3.0 
N/A N/A N/A 2.4 
200 236 406 2.1 
N/A N/A N/A 2.2 
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drainfields and an order of magnitude greater 
than observed in soils collected from the various 
soil series in the area. Although these values 
were significantly greater than that observed for 
the soils, these sediment-N values are normal for 
Florida streams. FDER has compiled lists of 
typical water quality values based on STORET 
codes from available sampling stations. The 
50th percentile value (median) for TKN in mud is 
4,400 mglkg. The average sediment TKN 
measured in Okeechobee is 2,238 mglkg. This 
value corresponds more closely with the 
40th percentile value of 2,695 mg/kg. The 
apparent randomness of the sediment N values 
implies that the source is either something else 
besides the septic tanks or that sediment N 
equilibrium is very dynamic. 

All but one sediment sample exhibited an organic 
content of less than 4.7 percent. One sample was 
as high as 10.5 percent. These relatively low 
observed organic contents mean that the N is not 
in the form of partially decomposed plant 
materials. The N is likely in the form of 
ammonia, accumulating in the anoxic canal 
sediments. With little movement of water in these 
canals, the ammonia could be accumulating at a 
gradual-slow rate and could continue to 
accumulate until a storm event of sufficient 
magnitude occurs to flush or oxygenate the 
sediments. Unfortunately, redox measurements of 
the sediments are not available to confIrm this 
hypothesis. 

4.2_2.3 P Adsorption Isotherms 

Five of the 12 sediment samples were analyzed for 
extractable iron and aluminum and P adsorption 
isotherms were calculated. The results for 
extractable iron and aluminum are shown in 
Table 4-4. Values for iron range from 236 to 
629 mglkg. For aluminum, the values vary from 
263 to 800 mglkg. 

Table 4-5 shows the adsorption data for the five 
sediment samples. The good fit of all data to both 
Freundlich and Langmuir adsorption isotherms 
(shown by R2 values of 0.98 to 1.00) indicates a 
high reliability of the data to predict P adsorption. 
Freundlich adsorption constants of K range from 
18.5 to 96.0 kg P/L. Based on the Freundlich 
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adsorption coefficients summarized in Table 4-5, 
OK08 has the highest adsorption capacity for P. 
Sample OK09 has the minimum adsorption 
capacity. Analysis of the sorption data according 
to the Langmuir isotherm indicates that sample 
OK08, where Q is 251 mglkg, exhibits the highest 
p maximum of the five sediment samples. The 
lowest adsorption maximum was observed in 
OK09 (118 mg/kg). 

As with the sorption isotherms for the soil 
samples, the Q values from the Langmuir 
equations are used here to best represent P 
adsorption. Correlations of the Q values with 
organic matter, iron, aluminum, and the highest 
of either of the iron and aluminum values were 
calculated to look for comparisons if evident. 
Unlike the soil samples, sediment P adsorption did 
not correlate well with any of the measured 
sediment characteristics. The correlation 
coefficients for aluminum and iron were -0.37 and 
0.36, respectively. When the highest of either 
value was used, the correlation was even more 
negative with a correlation coefficient of -0.40. 
The correlation coefficient of P adsorption with 
sediment organic matter was 0.12, indicating less 
correlation. 

Adsorption of P in sediments may be controlled by 
calcium ions/minerals in the surface water 
systems. During much of the year, the pH of the 
canal waters appears to be alkaline. If P 
precipitates with calcium, correlations of P 
adsorption would not show a high correlation 
with iron, aluminum, and organic matter that 
appears to adsorb best under acidic conditions. 

4.3 GROUNDWATER 

4.3.1 GROUNDWATER FLOW 

This section includes a discussion of: (1) the 
sediments encountered at each site, (2) the dry 
season groundwater flow direction and rate 
(October 24, 1991 and June 8, 1992), 
(3) September 1992 wet season groundwater flow 
direction and rate, and (4) a comparison! 
evaluation of transient groundwater conditions 
observed from August 1991 through September 
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Table 4-5. Phosphorus Adsorption Data for Sediment Samples Collected From Various 
Canals 

Sample Number 

OKOI 
OK02 
OK08 
OK09 
OKll 

Source: ESE. 

P/EAT/OKEE-V.21 
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Freundlich K 

3.27E+Ol 
2.28E+Ol 
9.60E+Ol 
1.85E+Ol 
4.30E+Ol 

78 

LangmuirQ 

R2 mg/kg R2 

1.00 2.16E+02 0.994 
0.992 1.55E+02 0.982 
0.997 2.51E+02 0.999 
1.00 1.18E+02 0.995 
0.982 2.00E+02 0.983 
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1992. Groundwater flow rates were estimated 
using the following equation: 

ki V= -
n 

where: V = groundwater flow velocity 
[feet per day (ft/day)], 

k = hydraulic conductivity 
(ft/day), 

i = hydraulic gradient (unitless), 
and 

n = aquifer porosity (0.20 from 
Fetter, 1980). 

4.3.1.1 Moldenhauer Site 

The sediments encountered to a depth of 12 ft 
during the installation of monitor wells MW-1 and 
MW-2 generally consisted of gray to light-brown, 
fine- to medium.grained silica sand with traces of 
shell. Within boring MW-2, a limestone gravel 
that was believed to be part of the drainfield was 
encountered at approximately 3 ft. In boring 
MW-3, the sediment profile was significantly 
different and consisted of light gray to brown fme
grained silica sand to a depth of about 4 ft. A 
brown silty fine·grained silica sand, underlain by 
a brown shelly limestone, was encountered 
between 4 and 8 ft. The limestone was underlain 
by a layer of light·brown fme-grained silica sand 
to 12 ft. A thin layer of gray sandy clay was 
encountered between 10 and 11 ft. 

Groundwater levels measured in the monitor wells 
and piezometers on October 24, 1991, ranged 
from 95.87 to 96.17 ft, based on an assigned 
datum of 100 ft set for monitor well M-l. The 
groundwater flow direction at this time was 
generally toward the east, as depicted in 
Figure 4-1. Based on the referenced flow velocity 
equation and using site data provided in 
Table 3·3, the groundwater flow velocity was 
estimated to be approximately 0.19 ft/day or 
about 69 feet per year (ft/yr) at this time. 

Groundwater levels measured on June 8, 1992, 
ranged from 95.62 to 95.96 ft, based on the MW-1 

P/EAT/OKEE.35 
02./08/93 

79 

datum. The groundwater flow direction at this 
time was generally toward the southeast, as 
depicted in Figure 4-2. Based on the referenced 
equation and using site data provided in 
Table 3-3, the groundwater flow velocity for this 
date was estimated to be approximately 
0.68 ft/day or about 250 ft/yr. The groundwater 
levels measured at this time are considered 
representative of end of dry season conditions as 
reflected by the site hydro graph (Figure 4-3). 

The fmal groundwater level measurements were 
taken on September 2, 1992, near the end of the 
wet season. These water levels ranged from 96.83 
to 96.20 ft. The flow direction was toward the 
west in the direction of the canal at the rear of 
the parcel. The groundwater flow velocity at this 
time was estimated to be about 0.6 ft/ day or 
about 220 ft/yr. As evidenced by the data sets, 
the groundwater flow direction and velocity 
represent transient conditions that are seasonably 
dependent. This condition must therefore 
influence nutrient loading from the septic tank 
system to the canal on a seasonal basis. 

Long-term water levels measured during this 
project are plotted in Figure 4-3. Water levels 
depicted include the three monitor wells, M-l, 
M-2 and M-3, and piezometers PZ-1 and PZ-2. 
Groundwater level fluctuations were greatest in 
monitor well M-3 (approximately 2 ft) and the 
least in monitor well M-1 (approximately 1 ft), 
suggesting canal water levels were fairly constant 
during the year and groundwater flow directions 
are influenced by recharge due to rainfall. 

4.3.1.2 Lewis Site 

Sediments encountered during the installation of 
one monitor well (L-1) at the Lewis site consisted 
of a thin layer of highly organic silt and sand 
underlain by brown to gray, to light gray, to white 
fine-grained silica sand to a depth of 
approximately 6 ft. Sediments encountered from 
6 to 17 ft-bls consisted of mostly brown fine
grained silica sand with traces of silt and organic 
material. 

Water levels measured within the onsite monitor 
well and piezometers on October 24, 1991, ranged 
from approximately 93.44 to 93.58 ft (Table 3-4) 
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with respect to an assigned datum of 100 ft set 
for well L-l. As illustrated in Figure 4-4, the 
groundwater flow direction is generally toward 
the north. The estimated hydraulic gradient is 
1.57 x 10-3 frlft. Using these data, an estimated 
hydraulic conductivity value of 18.8 friday, and 
assuming a porosity value of 0.2 for the site, the 
groundwater flow velocity is estimated to be 
approximately 0.15 friday or about 55 frlyr. 

Water levels measured within the onsite monitor 
well and piezometers on June 8, 1992, ranged 
from approximately 93.21 to 93.42 ft with respect 
to the 100 ft datum established for well L-l. As 
illustrated in Figure 4-5, the groundwater flow 
direction is generally toward the northeast. The 
estimated hydraulic gradient is 5.0 x 10-3 frlft. 
Using the data and estimated hydraulic 
conductivity and porosity data for the site, the 
groundwater flow velocity is estimated to be 
0.47 friday or about 171 frlyr in the southern 
portion of the site under dry season conditions. 
In the northern half of the site, virtually no 
gradient exists, and, therefore, the groundwater 
flow is minimal. 

Water levels measured within the observation 
network on September 2, 1992 (Table 3-4) ranged 
from 93.21 to 93.72 ft with respect to the 
100.00 datum. The water table contour map for 
September 2, 1992, (Figure 4-6) indicates 
groundwater flow is toward the northeast in the 
general direction of the canal at the rear of the 
site. Given the observed water levels, the 
hydraulic r:adient is estimated to be 
3.93 x 10- frlft. Assuming hydraulic conductivity 
and porosity values used in the previous onsite 
flow velocity evaluations, the groundwater flow 
velocity is estimated to be about 0.37 friday 
(135 frlyr) under wet season conditions. 

Long-term water levels measured during this 
project are shown in Figure 4-7. Water levels 
shown include monitor well L-1 and piezometers 
PZ-1 through PZ-4. The greatest groundwater 
fluctuation, approximately 1.0 ft, occurred in 
December 1991 and June 1992. Typically, the 
lowest onsite water levels were measured in 
monitor well L-l, adjacent to the septic tank 
system. Water levels measured adjacent to the 
canal displayed the least fluctuation, indicating 
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these levels are probably held constant during 
most of the year. 

4.3.1.3 Goolsby Site and Vacant Lot 

Because these sites are adjacent to each other, 
discussions regarding each site's site specific 
hydrogeology are combined. Sediments 
encountered at these sites, through the 
performance of borings G-1 and V-I, consist of a 
variable 2- to 4-ft layer of gray to brown fine
grained silica sand (fill material) overlying 
approximately 2 to 3 ft of black, highly organic 
peat. Within boring G-1, sediments underlying 
the peat consisted of gray to brown fine-grained 
silica sand to a depth of 14 ft. Within boring V-I, 
the sediments encountered underlying the peat 
consisted of a brown silty fine-grained silica sand 
underlain by light brown to brown fine-grained 
silica sand. 

Groundwater levels measured on October 24, 
1991, ranged approximately from 97.97 to 
99.10 ft with respect to a relative datum of 100 ft 
set for well V-I (Table 3-5). As shown in Figure 
4-8, the groundwater flow direction from the 
septic tank is generally toward the north in the 
direction of Taylor Creek at the rear of the site. 
Using these water level data and an estimated 
hydraulic gradient of 1.17 x 10-2 frlft, and an 
average hydraulic conductivity value of 6.3 friday, 
the groundwater flow velocity is calculated to be 
approximately 0.37 friday or about 135 frlyr. 

End-of·dry-season groundwater levels obtained on 
June 8, 1992, ranged from 97.67 to 98.15 ft with 
respect to the 100 ft datum designated for well 
V-I. As shown in Figure 4-9, the groundwater 
flow direction from the septic tank is toward the 
northeast toward Taylor Creek. Using these water 
level data and an estimated hydraulic gradient of 
3.2 x 10-2 frlft, and an average hydraulic 
conductivity value of 6.3 friday, the groundwater 
flow velocity is approximately 1.0 friday or about 
365 frlyr during dry season conditions. 

End-of-wet-season water levels measured on 
September 2, 1992, (Table 3-5 and Figure 4-10) 
ranged from 97.98 ft in the rear of the site (V-I) 
to 100.18 ft in the front of the site (PZ-2). Based 
on these measurements, the groundwater flow 
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direction is toward the north. The estimated 
hydraulic r:adient across the site at this point was 
1.27 x 10- frlft. Given this gradient and 
assuming porosity and hydraulic conductivity 
values previously used for this site, the 
groundwater flow velocity is estimated to be 
0.4 friday or about 145 frlyr. Flow velocity 
calculations show that as the dry season 
progresses, the head differential between the 
canal and site increase, thus increasing the 
gradient and resultant flow velocity during the dry 
season. 

Long-tenn groundwater elevations shown on the 
hydrograph (Figure 4-11) indicate seasonal 
groundwater levels fluctuate approximately 1 ft 
adjacent to Taylor Creek and more than 2 ft at the 
greatest distance from the creek. Water levels 
near the septic tank fluctuated almost 4 ft during 
the monitoring period. Long-tenn water levels 
indicate year-round groundwater flow is 
predominantly in a northerly direction from the 
septic tank toward Taylor Creek. 

The upper 4 ft of sediment encountered at this 
site consisted of gray fine-grained silica sand and 
brown silty fine sand and is considered fill 
material. These sediments were underlain by 
black peat with some tree limbs from 4 to 8 ft. 
The peat was underlain by gray fine-grained silica 
sand with traces of organic material to a depth of 
17 ft. 

Water levels measured on October 24, 1991, 
ranged from 93.22 to 95.08 ft with respect to a 
designated datum of 100 ft set for well S-l 
(Table 3-6). Using October 24, 1991 data, a 
water table contour map (Figure 4-12) was 
developed. As illustrated, the groundwater flow 
direction is generally toward the northeast in the 
direction of a canal located at the rear of the site. 
The estimated hydraulic gradient from the septic 
tank drainfield to the canal is approximately 
1.38 x 10-2, as calculated along the flow path 
length and assuming an aquifer hydraulic 
conductivity of 23.3 friday, a hydraulic gradient of 
1.38 x 10-2, and an aquifer porosity of 0.20. The 
estimated groundwater flow velocity is 
approximately 1.6 friday or about 585 frlyr. The 
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extreme flow velocity is in response to the 
relatively steep hydraulic gradient measured 
across the site, particularly from the septic tank to 
the canal. 

End-of-dry-season water level data obtained on 
June 8, 1992, ranged from 94.39 to 96.68 ft, 
based on the datum of 100.00 ft established for 
well S-l. As shown in Figure 4-13, the 
groundwater flow direction is generally toward 
the north in the direction of the canal located at 
the rear of the site. The dry season hydraulic 
gradient was estimated to be 1.23 x 10-2 Wft. 
The estimated groundwater flow velocity is 
approximately 1.43 friday or about 525 frlyr 
during the dry season. The high groundwater 
flow velocity estimate is a function of the steep 
hydraulic gradient measured across the site. 

End-of-wet-season water levels measured on 
September 2, 1992, are provided in Table 3-6 and 
are illustrated on Figure 4-14. The groundwater 
flow direction continues toward the north. The 
calculated hydraulic gradient from the septic tank 
drainfield to the canal is estimated to be 
3.33 x 10-3 frlft. Given this gradient and other 
assumptions provided in Table 3-6, the 
groundwater flow velocity is estimated to be 
0.39 friday or about 140 frlyr. 

The seasonal water level fluctuation at this site is 
depicted in Figure 4-15. As shown by the 
hydro graph, water-level fluctuation adjacent to 
the septic tank drainfield (S-l) was approximately 
2.5 ft, and water levels adjacent to the canal 
fluctuated about 2.25 ft. Based on the water 
levels recorded during this study, groundwater 
flow was predominantly from the septic tank to 
the canal. 

43.1.5 Weston Site 

The sediments encountered during drilling of 
one soil boring at this site consisted of gray fine
grained silica sand (fill material) to a depth of 
approximately 3.5 ft, underlain by approximately 
1 ft of highly organic peat. From approximately 
4.5 to 15.5 ft-bls, soil consisted of brown to gray, 
fine- to very fine-grained silica sand. From 15.5 
to 16.0 ft-bls, a gray very fine-grained silica sand 
with shells was encountered. 
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Groundwater levels measured on October 24, 
1991, ranged from approximately 94.02 CW-1) to 
94.32 ft (PZ-1) with respect to the relative datum 
of 100 ft set for monitor well W-1 (Table 3-7). 
Based on these water levels, a water table contour 
map (Figure 4-16) was developed, which indicates 
the predominant flow direction is toward the 
southwest in the northern half of the site and to 
the northwest in the rear of the site. The 
hydraulic r:adient at this time was approximately 
1.67 x 10- frlft from the canal to the front of the 
site. Using these data and an estimated hydraulic 
conductivity of 19.5 friday for the shallow aquifer, 
and a porosity of 0.2, the groundwater flow rate 
across the site is estimated to be approximately 
0.16 friday, or 59 frlyr. 

End-of-dry-season water levels, measured on 
June 8, 1992, ranged from 93.91 to 94.19 ft, 
based on the datum assigned to well W-1. Using 
these water levels, groundwater flow, shown in 
Figure 4-17, is toward the south-southwest. The 
estimated dry season hydraulic gradient is 
approximately 3.11 x 10-3 frlft. Assuming an 
estimated hydraulic conductivity of 19.5 friday 
and a porosity value of 0.2, groundwater flow 
velocity is estimated to be approximately 
0.303 friday, or about 110 frlyr during the dry 
season. 

End-of-wet-season water levels were measured on 
September 2, 1992, and referenced to the 100 ft 
datum established for W-1, as shown on 
Table 3-7. A water table contour map, 
Figure 4-18, was constructed using these data and 
indicates groundwater flow is toward the south. 
The hydraulic gradient calculated from these data 
is estimated to be 6.5 x 10-3 frlft. The 
groundwater flow velocity is further estimated to 
be approximately 0.63 friday (230 frlyr), 
assuming the previous hydraulic conductivity and 
porosity values used for the previous site 
hydraulic analyses. 

A hydro graph, Figure 4-19, depicts the range in 
water levels at each monitoring point during this 
study. The hydro graph indicates that the septic 
tank monitor well W-1 fluctuated above and 
below canal water levels during the year, and, 
therefore, groundwater flow varied toward and 
away from the canal during the monitoring 
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period. Based on the hydro graph, onsite 
groundwater flow and probably nutrient loading 
appear to be a transient condition subject to 
seasonal water levels and rainfall. 

4_3.1.6 Package Site 

The sediments underlying the Package Plant site 
were not evaluated during this investigation. The 
site has an existing monitoring plan permit 
through the Florida Department of Environmental 
Regulation (FDER) and, therefore, monitor wells 
and soil borings were not completed. 

Initial water levels (Table 3-8) measured at the 
Package Plant on October 24, 1991, ranged from 
99.93 ft at percolation pond B to 96.02 ft at P-1 
(MW-1), with respect to a relative datum of 100 ft 
set for P-1. The apparent groundwater flow 
direction at this time was toward the south 
(Figure 4-20). The estimated hydraulic gradient 
is 1.63 x 10-2 frlft. Hydraulic conductivity test 
data indicate the permeability of sediments in the 
area of P-1 to be approximately 12.2 friday. 
Given the hydraulic gradient, estimated aquifer 
permeability, and assuming a porosity of 0.2, the 
groundwater flow velocity is estimated to be 
about 1.0 friday, or about 365 frlyr at this time. 
This condition reflects the mounding effects of 
percolation pond B on the water table aquifer at 
this site and the influence of the percolation 
ponds on the groundwater flow velocity. 

End-of-dry-season water level data obtained from 
well P-1 and piezometer PZ-1 on June 8, 1992, 
were 93.29 and 94.25 ft, respectively, based on a 
datum of 100.00 ft set for well P-1 (Table 3-8). 
The dry season hydraulic gradient is estimated to 
be approximately 4.7 x 10-3 (Figure 4-21). Given 
an estimated hydraulic conductivity of 12.2 friday, 
the dry season groundwater flow velocity is 
estimated to be approximately 0.29 friday or 
about 106 frlyr. The observed gradient does not 
reflect the influence of the percolation pond 
system on shallow aquifer water levels. 

End-of-wet-season water level data obtained on 
October 28, 1992, indicated percolation pond 
system still influences groundwater flow. As 
shown in Figure 4-22, groundwater flow on 
October 28, 1992, was generally toward the south. 
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The hydraulic gradient is estimated to be 
approximately 4.3 x 10-3 frlft. Given an estimated 
hydraulic conductivity of 12.2 friday (fable 3-8), 
the groundwater flow velocity at this time is 
estimated to be approximately 0.267 friday or 
about 97 frlyr. 

Figure 4-23 provides a hydro graph depicting the 
range of water levels within monitor well P-1 
during the entire monitoring period. Water level 
fluctuations observed over the monitoring period 
were approximately 4.5 ft, which occurred during 
an extreme rainfall event in June 1992. Water 
levels illustrated in Figure 4-23 display a seasonal 
trend, being lowest in the dry season and highest 
in the wet season. The dominant groundwater 
flow direction during the monitoring period was 
toward the south. 

In summary, groundwater level and flow direction 
data suggest onsite water levels are a function of 
seasonal (wet/dry) changes in rainfall and canal 
water levels. Typically, groundwater flow is 
toward the canals for the major part of the year. 
However, reversals to this pattern have been 
noted. Therefore, nutrient loading conditions are 
also transient conditions that depend not only on 
the flow direction, but also on the groundwater 
flow rate. 

4_4 SURFACE WATER. 

4-4.1 MICROBIOLOGICAL ANALYSES 

Biological contaminants associated with septic 
tanks may exhibit a variety of characteristics, 
including different species, surface properties, and 
half-lives. Septic tank leachate has been 
identified as a problem in many of Florida's 
waterbodies and a major source of groundwater 
contamination (FDER, 1992a). Environmental 
factors that may influence their subsurface 
migration rates through soil include soil moisture 
content and holding capacity, temperature, pH, 
organic matter, and antagonism from soil 
microflora. The physical process of mechanical 
filtering and the chemical process of adsorption 
may be the most significant mechanisms 
responsible for bacterial removal from water 
percolating through soil (Canter and Knox, 1984). 
The following discussion focuses on surface water 

P/EAT/OKEE.39 
02/08/93 

monitoring data that may be influenced by those 
variables affecting septic tank leachate. 

The total coliform measurements made as part of 
this study are used to determine the size of the 
coliform population, which provides a relative 
indication of water quality. Organisms in this 
bacteriological group are rod-shaped gram 
negative bacteria that ferment lactose at 35°C 
(FDER, 1989a). The total coliform procedure is 
often used in conjunction with other tests to 
discriminate between fecal and nonfecal bacterial 
contamination. The predominant species in the 
fecal coliform group is Escherichia coli, indicative 
of the possible presence of enteric pathogens 
associated with seepage from faulty septic tanks, 
domestic sewage, or runoff from upstream 
agricultural operations. 

4.4.1.1 Taylor Creek Isles 

Four monitoring stations at Taylor Creek Isles 
were sampled for total coliforms. Analytical data 
associated with this site are presented in 
Tables 4-6 to 4-9 and Figures 4-24 to 4-27. A 
description of this subdivision's microbiological 
characteristics during the period of monitoring 
follows. 

The upstream Taylor Creek station, TC-1, was 
chosen as a background location, removed from 
potential Taylor Creek Isles septic tank impacts. 
Coliform levels measured at this site generally 
increased throughout the monitoring period, with 
the highest densities recorded during the spring, 
followed by a return to previously identified 
levels. Water quality standards for total coliform 
bacteria in Class III surface waters should not 
exceed 1,000 per 100 mL in more than 20 percent 
of monthly samples, pursuant to 
Section 17-302.560(5), FAC. Since monthly 
averages are based upon a minimum of 
10 samples taken over a 30-day period, this 
standard may only be postulated. Likely 
exceedances of this criterion may be noted during 
the first part of 1992, however. While no 
discernable correlation between bacteriological 
and nutrient trends may be made, increasing 
temperature measurements may influence 
population growth through enhanced metabolic 
activity. 
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Note: 

Table Hi. Taylor Creek Surface Water Sampling Results For Station 1. 

sampbng 
Event 

1 
2 
3 
4 

5 
6 

7 

8 
9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Mean 
Max 
Min 

9/9/91 
9/30 

10/21 
11/11 
12/2 

12/16 
12/30 

1/13/92 
1/27 

2/10 

2/24 

3116 
4/6 

4/27 
5/18 
6/8 
6129 
7/20 
8/10 
8/31 
9/21 

PHOS 

0.408 
0.38 

0.302 
0.196 
0.229 

0.27 
0.273 
0.259 
0.255 
0.303 
0.337 

0.164 
0.351 
0.31 

0.274 
0.264 
0.486 
0.64 

0.411 

0.52 
0.453 
0.337 

0.64 
0.164 

N023 

0.391 
0.182 
0.336 

10 
0.005 

0.239 
0.073 
0.01 

0.028 
0.005 

0.027 
0.023 

0.005 
0.005 
0.005 
0.005 
0.297 
0.069 
0.086 
0.215 
0.338 

0.118 

0.391 
0.005 

NH34 

0.761 
0.674 
0.293 

10 
0.045 

0.075 
0.105 
0.061 
0.078 
0.01 

0.085 
0.059 
0.021 
0.041 
0.038 
0.03 

0.334 
0.054 
0.333 
0.402 
0.236 

0.187 
0.761 

0.01 

Table 4-7. Taylor Creek Surface Water Sampling Results for Station 2. 

1 9/9/91 
2 9/30 
3 10/21 
4 11/11 

5 12/2 
6 12/16 
7 12/30 
8 1/13/92 

9 1/27 
10 2/10 
11 2/24 

12 3116 
13 4/6 
14 4/27 
15 5/18 

16 6/8 
17 6/29 
18 7/20 
19 8/10 
20 8/31 
21 9/21 

Mean 
Max 

Min 

PHOS 

0.379 
0.373 

0.298 
0.193 

0.247 
0.284 
0.253 

0.199 

0.2 
0.234 
0.356 
0.25 
0.23 

0.276 
0.223 
0.16 

0.284 
0.562 
0.482 
0.396 

0.367 
0.297 
0.562 
0.16 

N023 

0.083 
0.061 
0.193 

10 
0.033 
0.03 
0.025 

0.01 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.029 
0.049 
0.061 
0.098 
0.037 
0.193 
0.005 

PHOS 
N023 
NH34 

SC 
NS 

= Total Phosphorous (mg/l.). 
= Nitrate + Nitrite (mg/l.). 

= Ammonia+Ammonium (mg/l.). 
.. Specific Conductance (uMhos/cm). 

= No Sample Collected. 

NH34 

0.618 
0.323 
0.139 

10 
0.04 

0.117 
0.099 

0.074 
0.031 
0.01 
0.07 

0.021 
0.02 

0.035 
0.023 
0.032 

0.01 
0.123 
0.206 
0.269 
0.073 
0.117 
0.618 
0.01 
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SC 

NA 
NA 
630 
550 
680 
980 

510 
735 

580 

530 
240 
820 
1180 
1060 
1220 
1150 

710 

420 
393 
NA 
300 
706 

1220 
240 

sc 

NA 
NA 
560 

500 
735 

1000 
500 
no 
560 

520 

260 

580 

880 
geO 

1050 
1050 
215 
376 
298 
NA 
615 

642 

1050 
215 

PH 

NA 
NA 
6.9 
7.9 

7.4 
6.6 

6.5 
6.5 
6.5 
6.8 

7.2 
7.3 
7.4 
7.9 
7.2 
7.4 
7 

7.4 
8.7 
8.6 
6.5 
7.3 
8.7 
6.5 

PH 

NA 
NA 
6.9 
7.4 
7.4 

6.8 
6.5 
7.2 
6.7 

6.7 

7.4 
7.1 
7.3 
7 
8 

7.8 
7.6 
7.8 
8.5 
8.8 
6.3 

7.3 

8.8 
6.3 

cou 

1600 
16000 

NS 
2600 
3000 
NS 

1700 
NS 
230 
NS 

1300 
3000 
440' 

NS 
4400 

1400 
NS 
280 

2200 

NS 
460 

2759 
16000 
230 

cou 

2000 

3000 
NS 

3400 

9000 

NS 
5000 

NS 
3000 

NS 
16000 

5000 

32000 
NS 

10000 
10000 

NS 
4400 

6000 
NS 

1000 

7644 
32000 
1000 

TEMP 

NA 
NA 
27 
19 

20 
19 

19.2 
17 

22.4 

20 
24.5 

23 
24 

25.5 
29.5 
34.5 

31.5 

34 

30 
NA 
31 

25.1 
34.5 

17 

PH = pH (Slandard Units). 

COU = CoIifOlll'lll (Count). 

TEMP = Temperature (Oeg .... Celsius). 
NA = Not AnaIyzBcI . 

10 = Invalid Data 



Note: 

Table 4-8. Taylor Creek Surface Water Sampling Results for Station 3. 

sampbng samphng 
Event Date 

1 9/9/91 
2 9/30 

3 10/21 
4 11/11 

5 12/2 
6 12/16 
7 12/30 
8 1/13/92 

9 1/27 
10 2/10 
11 2/24 
12 3/16 
13 4/6 
14 4/27 
15 5/18 

16 6/8 

17 6/29 
18 7/20 

19 8/10 

20 8/31 
21 9/21 

Mean 

Max 
Min 

PHOS 

0.43 
0.385 

0.258 
0.263 

0.249 
0.282 
0.243 
0.211 

0.21 
0.221 
0.35 

0.23 
0.195 
0.232 
0.187 
0.147 
0.398 

0.6 
0.446 

0.417 
0.334 
0.299 

0.6 
0.147 

N023 

0.106 
0.058 

0.19 
10 

0.046 

0.044 

0.04 

0.005 

0.005 

0.005 

0.012 
0.005 

0.005 

0.005 

0.005 

0.005 

0.222 

0.048 

0.049 

0.12 
0.087 
0.054 
0.222 

0.005 

NII34 

0.618 
0.2n 
0.145 

10 
0.044 

0.148 
0.091 
0.158 
0.029 
0.01 

0.068 
0.01 

0.01 
0.032 

0.026 

0.022 

0.085 

0.18 
0.288 
0.243 
0.097 
0.129 
0.618 
0.01 

SC 

NA 
NA 
610 
580 

690 

990 

500 

725 

590 

530 

358 
820 

1090 

1040 

1220 
1210 
690 

428 

403 

NA 
310 
711 
1220 
310 

Table 4-9. Taylor Creek Surface Water Sampling Results for Station 4. 

samphng samphng 
Event Date PHOS N023 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 
13 
14 
15 

16 
17 
18 
19 
20 
21 

Mean 

Max 
Min 

PHOS 
N023 

NH34 
SC 
NS 

9/9/91 
9/30 

10/21 
11/11 

12/2 
12/16 
12/30 

1/13/92 
1/27 
2/10 
2/24 
3/16 
4/6 

4/27 
5/18 

6/8 
6/29 
7/20 
8/10 

8/31 
9/21 

0.387 
0.37 

0.207 

0.153 

0.23 
0.279 
0.187 
0.162 

0.164 

0.204 

0.261 
0.298 

0.171 
0.197 
0.179 
0.125 
0.524 
0.593 

0.44 

0.4 
0.392 

0.282 
0.593 

0.125 

0.264 
0.065 

0.165 
10 

0.124 
0.102 
0.119 
0.045 

0.097 
0.072 
0.052 

0.005 
0.005 

0.005 
0.005 

0.019 
0.284 
0.131 
0.182 

0.175 
0.133 
0.103 
0.284 
0.005 

= Total Phosphorous (mg/\.). 

= Nitrate + Nitrite (mg/l). 

= Ammonia+Ammonium (mg/\.). 
= Specific Conductance (uMhosIcm). 

= No Sample Collected. 

NII34 

0.69 
0.407 
0.144 

10 
0.094 

0.158 

0.131 
0.07 

0.091 
0.01 

0.026 

0.023 
0.01 

0.037 
0.025 

0.028 
0.389 

0.243 
0.358 

0.347 
0.099 

0.169 
0.69 
0.01 
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SC 

NA 
NA 
490 

500 

700 

1000 

510 
700 

550 
520 

300 

720 

1020 
1000 

1000 

1100 

281 
430 

417 
NA 
250 

638 

1100 

250 

PH 

NA 
NA 
7.4 
7.8 

7.3 
6.8 

6.7 
8.6 
8.4 
7 

7.2 
7.2 

7.5 
7.9 
7 

7.4 
7 

7.3 
8.75 

8.6 
8.7 

7.29 
8.75 
8.4 

PH 

NA 
NA 
7.4 

7.5 

7.5 
6.7 

6.6 
8.7 

6.5 
6.9 
7.1 

7.2 

7.4 
8.1 
7 

7.2 
7 

7.1 

8.61 

8.3 
6.9 
7.3 

8.61 
6.5 

COU 

1600 

2800 

NS 
5500 

12000 

NS 
16000 

NS 
800 

NS 
16000 

3000 

4800 

NS 
7000 

3400 

NS 
1800 

3400 

NS 
4800 

5922 

16000 

800 

COU 

4000 

9000 

NS 
3400 

5000 

NS 
3000 

NS 
16000 

NS 
3000 

16000 

10000 
NS 

10000 
32000 

NS 
32000 

16000 

NS 
2200 

11685 

32000 

2200 

PH = pH (Standard Units). 
COU = CoIiforma (Count). 

TEMP 

NA 
NA 
27 
20 

21 
19 

20.8 

19 
23.1 

22 
24.8 
24 

24.5 
25.5 
29.5 
33.5 
31 

33.5 
30.9 
NA 

31.5 
25.6 
33.5 
19 

TEMP 

NA 
NA 

26.5 

19 

20 
19 

20.9 

17 
22 

21.5 
24.8 
22 

24.5 
24 

28.5 

33 
29.5 
33 

29.7 
NA 

30.5 
24.7 
33 
17 

TEMP = Temperature ([)egre. Celsius). 

NA = Not Analyzed 

10 = Invalid Data 
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Figure 4-24 (1 of 2) 
TAYLOR CREEK SURFACE WATER QUALITY GRAPHS 
STATION 1 

SOURCE: ESE. 
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Figure 4-24 (2 of 2) 
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TAYLOR CREEK SURFACE WATER QUALITY GRAPHS 
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SOURCE: ESE. 
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Figure 4-25 (2 of 2) 
TAYLOR CREEK SURFACE WATER QUALITY GRAPHS 
STATION 2 

SOURCE: ESE. 
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Figure 4-26 (1 of 2) 
TAYLOR CREEK SURFACE WATER QUALITY GRAPHS 
STATION 3 

SOURCE: ESE. 
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Figure 4-27 (1 of 2) 
TAYLOR CREEK SURFACE WATER QUALITY GRAPHS 
STATION 4 

SOURCE: ESE. 
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Figure 4-27 (2 of 2) 
TAYLOR CREEK SURFACE WATER QUALITY GRAPHS 
STATION 4 

SOURCE: ESE. 
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The Weston site crC-2) was selected to observe 
surface water quality adjacent to a residence on a 
central sewer. Total coliform analyses associated 
with this sample location indicate levels within 
water quality criteria throughout the monitoring 
period. This site's isolation from mainstream 
Taylor Creek may contribute to those low 
readings, since contributions of total coliform 
from upstream sources are minimized. Therefore, 
the diversion of this residence'S domestic waste to 
a central collection system may have a positive 
impact on surface water quality with respect to 
total coliforms. The median value of this 
parameter in Florida streams based upon data 
from 1980 to 1989 is 718 MPN/100 mL (FDER, 
1992b). 

Monitoring station TC-3 represents a canal 
sampling site surrounded by residences using 
septic tanks. Consistent with findings presented 
in the April 1992 status report, this site continued 
to manifest greater coliform population densities 
than TC-2. The close, downgradient proximity of 
canal waters to these septic tanks and associated 
drainfields suggests their presence may contribute 
to these higher concentrations. This is especially 
pertinent given this site's similar sample time and 
temperature to other stations monitored within 
the Taylor Creek Isles subdivision. 

The Taylor Creek monitoring station TC-4 
monitors water quality influenced by upstream 
sources, including the Taylor Creek Isles and 
Treasure Island subdivisions. Total coliform 
measurements associated with this site did not 
demonstrate levels representative of additive 
contributions from upstream stations. Population 
densities recorded during several sampling events 
suggest instances where this station's downstream 
location may favor concentrations in excess of 
upgradient monitoring sites (Figures 4-24 and 
4-27), although this may be influenced by 
localized conditions. Overall estimates of total 
coliform contributions from septic tank 
installations appears in Table 4-10. 

4_4.1.2 Buckhead Ridge Subdivision 

Three monitoring locations within this subdivision 
were chosen for sampling of total coliforms. One 
of these sites, BH-1 crable 4-11 and Figure 4-28), 

P/EAT/OKEE.40 
02/08/93 
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was chosen to represent an internal site 
representative of waters subject to impacts from 
older septic tank systems (e.g., Moldenhauer 
residence). The downstream monitoring 
locations, BH-2 crable 4-12 and Figure 4-29) and 
BH-3 crable 4-13 and Figure 4-30), represent 
respective points upstream and downstream of the 
Buckhead Marina Package Plant. Figure 3·S 
provides a map of these sampling locations. 

Consistent with data reported in the April 1992 
report, total coliform levels in the BH-1 samples 
were generally greater than those observed in 
downstream samples. Water stagnation favors 
microbial growth and resultant population 
densities at this location. These hydrographic 
conditions, coupled with septic tank contributions, 
may contribute to these measurements. With 
mean values associated with septic tank effluent 
of 3.4 x 106 total coliforms/100 mL crable 4-10) 
(FDER, 1989a), leachate from these installations 
may explain the observed high concentrations at 
BH-1. 

No pattern of upstream versus downstream total 
coliform measurements was observed at 
monitoring stations BH-2 and BH-3. This may be 
influenced by varying intermittent flows and 
stagnant conditions, as well as localized inputs. 

4.4.1.3 Okeechobee Hammocks 

The two sampling stations chosen for this 
subdivision included OH-1 and OH-2. The former 
station was selected to monitor water quality 
midway into the subdivision along one of the 
main canals, and OH-2 was situated to observe 
water quality exiting this residential area before 
discharge to the rim canal. 

Total coliforms associated with station OH-1 
varied throughout the sampling events 
crable 4-14 and Figure 4-31). Review of these 
graphic data indicates an increase of water 
temperature may have favored population growth. 
Some correlation of increased total coliforms with 
higher concentrations of total P may also be 
visualized, indicative of increased productivity in 
these surface waters. The slightly higher pH 
values recorded during these latter sampling 
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Table 4-10. Inorganic and Bacteriological Water Quality - Septic Tank Effluent 

Concentration Range 
mg/L 

Inorganic 

Suspended Solids 10 - 695 
BODs 7 - 330 
COD 25 - 780 
Total Phosphorus (as P) 0.7 - 99 
Ortho Phosphate (as P) 3 - 20 
Total Nitrogen (as N) 9 - 125 
Ammonium (as N) 0.1 - 91 

* Nitrate (as N) 0.1 - 74 

Biological 

Total Colifonn/100 ml 2.5 - 4.4 x 106 

Fecal Colifonn/100 ml 2.9 - 6.2 x 105 
Fecal Streptococci/100 ml 8.0 x 103 

- 2.0 X 105 
Pseudomonas aeruginosa/100 ml 3.8 - 19.0 x 103 

* Primary drinking water standard of 10 mg/L established in 
Section 17-550.310(1)(a), F.A.C. 

Source: FDER, 1989. 
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Mean 
mg/L 

49 
190 
327 

13 
11 
45 
31 

0.4 

3.4 X 106 

4.2 X 105 
4.0 X 104 

8.6 X 103 



Note: 

T.tJIe 4-11_ Buckhead Ridge Surface Water Sampling Results for Station 1 

samPling sampling 

Event Date 

9/9/91 

2 9/30 

3 10/21 
4 11/11 

5 12/2 
6 12/16 

7 12/30 

8 1/13/92 

9 1/27 

10 2/10 

11 2/24 

12 3/16 

13 4/6 
14 4/27 

15 5/18 

16 6/8 

17 6/29 
18 7/20 

19 8/10 

20 8/31 

21 9/21 
Mean 

Max 

Min 

PHOS 

0.188 

0.127 

0.219 

0.124 

0.093 

0.114 

0.125 

0.105 

0.11 

0.143 

0.15 

0.104 

0.143 

0.126 

0.137 

0.084 

0.11 
0.205 

0.174 

0.1n 

0.279 

0.145 

0.279 

0.084 

N023 

0.019 

0.019 

0.05 
10 

0.005 

0.175 

0.02 

0.013 

0.005 

0.005 

0.005 

0.005 

0.014 
0.005 

0.005 

0.005 

0.095 
0.005 

0.012 

0.005 

0.005 
0.023 

0.175 

0.005 

NH34 

0.038 

0.213 

0.031 

ID 
0.02 

0.022 

0.046 

0.057 

0.059 

0.023 

0.155 

0.028 

0.029 
0.038 

0.026 

0.044 

0.068 

0.036 

0.042 

0.036 
0.038 

0.053 

0.213 

0.02 

SC 

NA 
NA 
990 
1050 

1020 

980 

1000 

920 

990 

850 

1020 

1080 

1100 

800 
970 

900 

800 
716 

622 
NA 
650 

915 

1100 

622 

Table 4-12. Buckhead Ridge Surface Water Sampling Results for Station 2. 

samphng samphng 

Event Date 

1 9/9/91 

2 9/30 
3 10/21 

4 11/11 

5 12/2 

6 12/16 

7 12/30 

8 1/13/92 
9 1/27 

10 2/10 
11 2/24 

12 3/16 

13 4/6 

14 4/27 

15 5/18 

16 6/8 

17 6/29 

18 7/20 

19 8/10 

20 8/31 

21 9/21 
Mean 

Max 

Min 

PHOS 

0.43 

0.167 
0_2 

0.147 

0.147 

0.155 

0.142 

0.123 
0.136 

0.168 

0.128 
0.107 

0.079 

0.113 

0.067 

0.078 

0.345 

0.7 

0.512 

0.248 

0.228 

0.210 

0.7 
0.067 

N023 

0.019 

0.005 

0.052 
10 

0.25 

0.201 

0.119 

0.028 

0.005 
0.005 
0.012 

0.005 

0.005 

0.005 

0.005 

0.005 

0.026 

0.016 

0.005 

0.005 

0.025 
0.04 

0.25 

0.005 

= Total Phosphorous (mg/l). 

= Nitrate+Nitrite (mg/l). 
= Ammonia + Ammonium (mg/l). 

NII34 

0.283 

0.442 
0.606 

ID 

0.059 

0.046 

0.064 
0.064 

0.046 
0.022 

0.229 
0.037 

0.01 

0.037 

0.027 

0.031 

0.196 

0.19 

0.522 

0.279 

0.075 

0.164 

0.606 
0.01 

PHOS 
N023 
NH34 

SC 
NS 

= Specific Conductance (uMhos/cm). 

= No Sample Collected. 
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SC 

NA 
NA 

1380 

1190 

1100 

1020 

1070 

920 

1020 
890 

960 
1110 

1160 

830 

990 

900 

550 

602 
548 

NA 
810 
947 

1380 
548 

PH 

NA 
NA 
7.6 
7.1 

6_8 

7.2 
6_6 

6.8 

6.2 

6.5 

7.3 
7_3 

7.6 

8.1 

8.2 

7.5 
7.3 

7.6 

8.5 

9.2 

7 

7.4 

9.2 

6.2 

PH 

NA 
NA 
7.3 

7.2 

6.9 

6.9 

6.5 

6.6 

6.4 
6.4 

7 
7.6 

7.4 

8.1 

8.1 

7.6 

7.7 

7.6 

8.36 

9.3 

6.8 
7_36 

9.3 
6.4 

call 

900 

16000 

NS 
6000 

4400 
NS 

16000 

NS 
5000 
NS 

9000 

5000 

4800 

NS 
10000 

4400 
NS 
800 

6000 
NS 

2600 

6479 

16000 

800 

call 

6000 

5000 

NS 
1000 

2200 

NS 
3000 

NS 
1300 

NS 
1700 
2400 

2800 

NS 
660 

1000 

NS 
10000 

1400 

NS 
1000 
2818 

10000 

660 

TEMP 

NA 
NA 
26 

22 

18 

18 

18.6 

18 

21 

18 

24.4 

21 

22.5 

24 
27_5 

33 
29 

31.5 

28.9 

NA 
30 

23.9 

33 
18 

TEMP 

NA 
NA 
28 
19 

18 

17 

18.7 

18 

21 
18.3 

24.8 
20.5 

23.5 

23.5 

28 

33 
28 

32.5 

29.2 

NA 
30.5 
23.9 

33 
17 

PH = pH (Standard Units). 

COLI = CoIlforms (Count). 
TEMP = Temperature (Degr_ Celsius). 

NA = Not Analyzed 

10 = Invalid Date 



Table 4-13. Buckhead Ridge Surface Water Sampling Results for Station 3. 

samphng samPling 

Event Date PHOS N023 NH34 SC PH COLI TEMP 

1 9/9/91 0.566 0.011 0.33 NA NA 1600 NA 
2 9/30 0.16 0.013 0.454 NA NA 1700 NA 
3 10/21 0.192 0.052 0.524 1400 7.2 NS 27 

4 11/11 0.17 10 10 995 7.5 340 19.5 

5 12/2 0.1« 0.398 0.032 1050 7.2 9000 20 

6 12116 0.153 0.005 0.059 1020 6.8 NS 18 

7 12130 0.135 0.151 0.069 990 6.7 5000 19 

8 1/13/92 0.12 0.015 0.059 780 7.2 NS 17 

9 1/27 0.114 0.005 0.075 1010 6.4 2400 21.3 

10 2110 0.127 0.005 0.01 890 6.8 NS 18.9 

11 2/24 0.108 0.01 0.072 980 7 3000 24 

12 3/16 0.08 0.005 0.027 1110 7.5 1100 21 

13 4/6 0.054 0.005 0.01 1090 7.5 1200 23.5 

14 4/27 0.069 0.005 0.035 860 6.1 NS 25.5 

15 5/18 0.069 0.005 0.026 980 8.1 2800 27 

16 6/8 0.064 0.005 0.044 900 7.2 600 33.5 

17 6/29 0.264 0.025 o.on 590 7 NS 30 

18 7/20 0.641 0.013 0.18 615 7.3 8000 32 

19 8/10 0.502 0.005 0.576 546 7.98 2800 29.6 

20 8/31 0.311 0.025 0.522 NA 8.9 NS NA 
21 9/21 0.241 0.027 0.071 615 7.2 480 31 

Mean 0.204 0.039 0.163 912 7.3 2714 24.2 

Max 0.576 0.398 0.576 1400 8.9 9000 33.5 
Min 0.054 0.005 0.010 546 6.1 340 17.0 

Note: PHOS = Total Phosphorous (mg/L). PH = pH (Standard Units). 

N023 = Nitrate + Nitrite (mg/L). COLI = CoIiforms (Count). 

NH34 = Ammonia+Ammonium (rng/l). TEMP = Temperature (Degrees Celsius). 

SC = Specific Conductance (uMhos/cm). NA = Not Analyzed 

NS = No Sample Collected. 10 = Invalid Date 
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Note: 

Table 4-14. Okeechobee Hammocks Surface Water Sampling Results for Station 1. 

samphng samphng 

Event Date 

9/9/91 
2 9/30 
3 10/21 
4 11/11 
5 12/2 

6 12/16 
7 12/30 
8 1/13/92 
9 1/27 
10 2/10 
11 2/24 
12 3/16 
13 4/6 

14 4/27 
15 5/18 
16 6/8 
17 6/29 
18 7/20 
19 8/10 
20 8/31 
21 9/21 

Mean 

Max 

Min 

PHOS 

0.365 

0.023 

0.639 
0.4n 
0.128 

0.183 
0.253 
0.141 
0.197 
0.081 
0.467 
0.056 

0.043 

0.068 
0.069 
0.075 
0.21 

0.116 
0.818 
0.592 
0.079 
0.242 
0.818 
0.023 

N023 

0.023 

0.023 
0.5 
10 

0.017 

0.014 
0.011 

0.018 
0.005 
0.005 
0.022 
0.005 

0.274 

0.05 
0.005 
0.02 

0.005 
0.005 
0.037 
0.005 
0.005 

0.053 

0.5 
0.005 

NH34 

0.087 
0.153 
0.166 

10 
0.075 

0.053 

0.075 
0.052 
0.128 
o.on 
0.137 
0.24 

0.147 
0.402 
0.07 

0.299 
0.146 

0.156 
0.296 
0.123 
0.237 
0.156 
0.402 
0.052 

SC 

NA 
NA 
320 

650 

890 

1180 

640 

800 
660 

305 

350 
335 

348 

315 
375 
325 

268 
245 
429 

NA 
170 
453 

1180 

170 

PH 

NA 
NA 
7.6 
7.4 
7.3 

6.9 
6.5 
6.6 
6.8 
6.5 
7.2 
7.3 
7.7 
7.1 
8.1 

7.9 
7.7 

8 
8.76 
8.2 
6.1 

7.35 

8.76 
6.1 

COLI 

900 

4800 

NS 

6500 
3750 

NS 

2400 
NS 

16000 
NS 

10000 

5000 
1000 
NS 

1600 

32000 
NS 

5600 
32000 

NS 

3400 

8925 

32000 
900 

TEMP 

NA 
NA 
24 
20 

21 
19 

21.2 
19 
22 
19 

24.1 
19 
21 
21 

23.5 
28 
28 
26 

30.4 
NA 
29 

23.1 
30.4 
19 

Table 4-15. Okeechobee Hammocks Surface Water Sampling Results for Station 2. 

samphng samphng 

Event Date 

1 9/9/91 
2 9/30 
3 10/21 
4 11/11 

5 12/2 

6 12/16 

7 12/30 
8 1/13/92 
9 1/27 
10 2/10 
11 2/24 
12 3/16 
13 4/6 
14 4/27 
15 5/18 
16 6/8 
17 6/29 
18 7/20 

19 8/10 
20 8/31 
21 9/21 

Mean 

Max 

Min 

PHOS 

2.41 
0.107 
0.253 
0.162 

0.066 

0.09 
0.118 
0.153 
0.036 

0.151 
0.087 
0.146 
0.129 

0.12 
0.185 

0.479 
0.193 

0.192 
0.223 
0.136 

0.095 
0.263 
2.41 

0.036 

N023 

0.175 
0.005 

0.005 
10 

0.02 

0.037 

0.011 
0.02 

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.062 

0.005 
0.005 
0.12 

0.025 
0.005 
0.026 
0.175 
0.005 

= Total Phosphorous (mgll). 

= Nitrate+Nitrite (mglL). 

= Ammonia+Ammonium (mgll). 

NH34 

0.358 
0.081 
0.038 

10 
0.18 

0.299 
0.261 
0.174 
0.138 

0.01 
0.414 
0.025 
0.01 

0.068 
0.028 
0.143 
0.247 
0.204 

0.176 

0.15 
0.149 
0.158 

0.414 
0.01 

PHOS 

N023 

NH34 

SC 
NS 

= Specific Conductance (uMhosIcm). 

= No Sample Collected. 

121 

SC 

NA 
NA 
680 

380 
420 

300 
310 

440 

313 
610 

520 
720 

790 

650 

750 
700 
357 

390 

219 
NA 
490 

502 

790 

219 

PH 

NA 
NA 
7.3 
7.2 
7.3 

6.8 

6.5 
7 

6.7 
6.8 
7.4 
7.4 
7.1 
8.1 
7.1 
7.1 
6.8 
7 

9.19 

8.6 
6.4 

7.25 
9.19 
6.4 

COLI 

22000 

6500 
NS 

350 
4800 

NS 

3000 

NS 

500 
NS 
700 

3000 

2200 

NS 

10000 

32000 
NS 

32000 
1400 

NS 

32000 
10746 
32000 
350 

TEMP 

NA 
NA 
27 
18 
20 

18 
19 

19 
21.3 
22.1 
24.6 
23.5 
23.5 
23 

27.5 
33 
28 

26.5 
28.8 
NA 
29 

24.0 
33 
18 

PH = pH (Standard Units). 

COLI = CoIiforms (Count). 
TEMP = Temperature (Degr_ Celsius). 

NA = Not Analyzed 

10 = Invalid Data 
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Figure 4-28 (1 of 2) 
BUCKHEAD RIDGE SURFACE WATER QUALITY GRAPHS 
STATION 1 

SOURCE: ESE. 
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Figure 4-29 (2 of 2) 
BUCKHEAD RIDGE SURFACEWATER QUALITY GRAPHS 
STATION 2 

SOURCE: ESE. 
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Figure 4-30 (1 of 2) 
BUCKHEAD RIDGE SURFACE WATER QUALITY GRAPHS 
STATION 3 

SOURCE: ESE. 
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Figure 4-30 (2 of 2) 
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Figure 4-31 (1 of 2) 
OKEECHOBEE HAMMOCKS SURFACE WATER QUALITY GRAPHS 
STATION 1 

SOURCE: ESE. 
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events of higher colifonns support this increase, 
likely attributable to photosynthesis. 

Generally, greater total colifonn densities were 
observed at the downstream station for 
Okeechobee Hammocks (Table 4-15 and 
Figure 4-32). Similar inferences may be made for 
these increases in bacteria as referenced for 
station OH-l. For example, the highest 
concentrations of total P appear to foster colifonn 
growth. The proximity of this station to the rim 
canal may contribute to total colifonns at this 
sampling location. As referenced in the first 
quarter report, these colifonn densities appear to 
be influenced by localized conditions rather than 
physical transport processes. 

In summary, microbiological measurements 
appear primarily influenced by site-specific 
phenomena, such as stagnation, temperature, and 
inputs from both natural and anthropogenic (e.g., 
septic tanks) sources. Defmitive analytes such as 
fecal colifonns or coprostanol in sediments may 
be considered to further delineate specific sources 
and long-tenn impacts (Brown and Wade, 1984). 

4.5 GROUNDWATER AND SURFACE WATER 
CHEMICAL RESULTS 

Parameters measured to assess surface and 
groundwater conditions with respect to potential 
septic tank leachate included nitrate/nitrite, 
ammonia/ammonium, total P, pH, and specific 
conductance. These laboratory and in situ 
measurements were identified as indicators of 
septic tank inputs, in conjunction with total 
colifonn bacteria. The graphic data in this section 
have been organized to evaluate specific study 
sites identified in the April 1992 annual report. 
Specific analyses appear in tabular fonnat in the 
previous sections. This synthesis of data is 
designed to focus on spatial and temporal trends 
within and between the various study locations. 

Class III water quality criteria for nutrients are not 
quantified, pursuant to Section 17-302.560(19), 
F.AC. Disturbances of indigenous flora and 
faunal populations were not measured to assess 
this qualitative criterion. 

P/EAT/OKEE.41 
02/08/93 

4.5_1 OID SEPTIC TANK SYSTEMS
DRAINFIEIDS INSTAllED NEAR 1HE 
CANAL 

Two sites were chosen to assess water quality 
impacts associated with these older septic tank 
systems, the Moldenhauer residence in Buckhead 
Ridge and the Lewis residence in Treasure Island. 
Three wells and one lysimeter were monitored at 
the fonner site, and one well and one lysimeter 
were monitored at the Lewis site. 

The monitor well adjacent to the drainfield at the 
Moldenhauer residence, M-2, manifested higher 
concentrations of total P than either the 
upgradient well M-3, or the downgradient site, 
M-1 (Tables 4-16, 4-17, and 4-18 and 
Figures 4-33 and 4-34). These surficial aquifer 
monitoring data also indicate ammonia/ 
ammonium levels are greater near the septic tank. 
This phenomenon of high ammoniacal N is 
supportive of Nous organic waste decay, likely 
associated with septic tank leachate. Ammonia is 
the initial degradation product of this decay 
process, present as the protonated fonn with pH 
<9.0. Oxidation of ammonia to nitrate, 
nitrification, may offer explanation to increased 
levels of nitrate in M-1 during later sampling 
events. Drainfield leachate collected from ML-1 
demonstrates such N transfonnations, where both 
ammonia and nitrate levels suggest oxidation is a 
catalyst for rapid fonnation of nitrate (Table 4-19 
and Figure 4-34). Nitrate in the vadose zone may 
ultimately lead to denitrification and a resultant 
net loss of N to the atmosphere. 

The canal water sampling station associated with 
the Moldenhauer location, BH-1, indicates 
nutrient concentrations associated with the 
contributing surficial aquifer are higher than these 
receiving waters. Factors such as dilution in 
surface and groundwaters downgradient of the 
septic tank, attenuation via soil absorption, and 
biological productivity may contribute to this 
observation. P' status as a biolimiting nutrient 
may be indicated for sampling events where its 
concentration is preferentially depleted with 
respect to N. 

The Lewis residence surficial aquifer and lysimeter 
monitoring data indicate lower concentrations of 

130 
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SOURCE: ESE. 
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ole 4-16. Moldenhauer Monitor Well 1 Sampling Results 

samphng samphng 

Event Date 

1 9/9/91 
2 9{3O 

3 10/21 

4 11{11 

5 12/2 
6 12{16 

7 12{3O 
8 1 {13{92 

9 1/27 
10 2{10 

11 2/24 

12 3{16 

13 4{6 

14 4/27 

15 5{18 

16 6{8 

17 6/29 

18 7/20 

19 8{10 

20 8{31 

21 9{21 

Mean 

Max 

Min 

PHOS 

0.979 

0.593 

0.446 

0.592 

0.597 

0.822 

0.742 

1.22 

0.763 

0.906 

0.566 

0.862 

0.657 

0.57 

0.447 

0.425 

0.65 
0.839 

0.947 

0.429 

0.329 

0.685 

1.22 

0.329 

N023 

4.15 

1.78 

1.19 

10 

0.133 

0.263 
4.62 

0.69 

0.057 

0.148 

0.303 

0.273 

0.313 

0.026 

0.131 

0.214 

27.4 

11.1 

4.63 

8.2 

6.82 

3.62 

27.4 

0.026 

NH34 

24.7 

22.3 

21.7 

10 
15.7 

13.4 

11.8 

9.1 

11.7 

13.4 

16.2 

15 

8.29 

9.71 

7.52 

6.38 

4.5 

12.1 

7.24 

19.3 

18.4 

13.42 

24.7 

4.5 

Table 4-18. Moldenhauer Monitor Well 3 Sampling Results. 

sampling samphng 

SC 

1490 

980 

1410 

1300 

950 
1245 

1250 

840 

1140 

1120 

880 

1290 

1195 

900 

915 

790 

850 

901 

835 

620 

370 

1013 

1490 

370 

Event Date PHOS N023 NH34 

1 

2 

3 

4 

5 
6 

7 
8 
9 

10 

11 

12 

13 

14 
15 

16 

17 

18 

19 

20 

21 

Mean 

Max 

Min 

9/9/91 
9{3O 

10{21 

11{11 

12/2 

12{16 

12{30 

1{13/92 

1/27 
2{10 

2/24 
3{16 

4{6 

4/27 
5{18 

6{8 

6/29 

7/20 
8{10 

8{31 

9/21 

1.26 
1.32 

0.313 

0.549 

0.192 

0.637 

0.364 

1.14 

1.4 

1.58 
0.925 

1.27 

0.892 
1.02 

1.13 

0.688 

2.01 

1.14 

1.92 

1.9 

0.95 

1.076 

2.01 

0.192 

9.36 

4.96 

5.07 

10 
12.2 

10.5 

7.76 

23.1 

24.7 

40 

28.1 

42.8 

26.8 
0.374 

40 

30.2 

35 

15.4 

16.9 

6.18 

5.95 

19.27 

42.8 

0.374 

0.073 

0.262 

0.051 

10 
0.036 

0.071 

0.102 

1.17 

4.06 

3.21 

0.088 

3.24 

1.99 

2.58 
1.37 

2.62 

1.27 

0.356 

0.194 

0.061 

0.053 

1.140 

4.06 

0.036 

SC 

700 

800 

700 

710 

600 

980 

1000 
990 

1030 

1050 

850 

1190 

1180 

890 

935 

800 

800 

641 

588 

380 

540 

826 

1190 

380 

Note: = Total Phosphorous (mg{L.). 

= Nitrate + Nitrite (mg/L.). 

PH 

6.6 

6.7 

6.8 

7.1 

7.3 

6.3 

8.8 

6.3 

6.5 

6.5 

7.9 

7 
7.8 

7.2 

7.5 

7.4 

7 
7.4 

10.7 

7.3 

6.8 

7.3 

10.7 

6.3 

= Ammonia+Ammonium (mg/l). 

PH 

7.2 

6.8 

7.4 

7.4 

7.8 

6.7 

7.7 
6.8 

6.8 

6.7 

8.3 

7.3 

7.9 
7.5 

7.6 
7.4 

6.9 

7.4 

NA 
7.6 

6.6 

7.2 

8.3 

6.6 

PHOS 
N023 

NH34 

SC 
NS 

= Specific Conductance (uMhos{cm). 

= No Sample Collected. 
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Table 4-17. Moldenhauer Monitor We/I 2 Sampling Results. 

samphng samphng 
Event 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Mean 

Max 

Min 

Date 

9/9/91 
9{3O 

10/21 

11{H 

12/2 

12{16 

12{3O 

1{13{92 

1/27 
2{10 

2/24 
3{16 

4{6 

4/27 
5{18 

6{8 

6/29 

7/20 

8{10 

8{31 

9/21 

PHOS 

2.22 

3.19 

4.74 

4.58 

5.54 

4.27 

3.78 

4.52 

4.28 

4.85 

4.69 

5.02 

4.85 

4.44 

4 

2.76 
3.83 
3.79 

3.82 
3.54 

3.73 

4.12 

5.54 
2.22 

N023 

1.44 

0.162 

2.11 

10 
3.26 

0.919 

0.254 

2.54 

0.384 
0.247 

0.501 

o.on 
0.069 

0.005 

0.28 

0.273 

0.172 

0.11 

0.974 

0.089 

0.098 

0.698 

3.26 

0.005 

NH34 

35.2 
46.9 

63.5 

10 
69.4 

63.2 

59.4 

67.6 

64 
67.9 

69.6 

79.1 

67 
70.1 

52 
40.9 

62.6 

64.3 

63.9 

58.7 

61.4 

61.3 

79.1 

35.2 

SC 

1480 

1400 

1400 

1380 

950 

1350 

1350 

1000 

1290 

1220 

1000 

1350 
1380 

1000 

1100 

920 

990 

948 

939 

640 

320 

1115 

1480 

320 

Table 4-19. Moldenhauer lysimeter Sampling Results 

sampling samphng 

Event Date 

2 

3 

4 
5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
16 

17 

18 
19 

20 

21 

Mean 

Max 

Min 

9/9/91 
9{3O 

10/21 
11{11 

12/2 

12{16 

12{3O 

1{13{92 

1{27 

2{10 

2/24 
3{16 

4{6 

4/27 

5{18 

6{8 

6/29 

7/20 
8{10 

8{31 

9{21 

PHOS 

4.7 

4.81 

5 

5.49 

6.86 

4.97 

7.04 

3.68 

NA 
8.71 

4.82 
7.18 

6.13 

6.5 

4.63 

4.42 

3.05 
4.85 

5.99 

5.98 

4.69 

5.47 

8.71 

3.05 

PH = pH (Standard Units). 

COLI = CoIifonns (Count). 

N023 

7.72 

18.9 

0.172 

10 
24.4 

40.6 

53.3 
33.5 

NA 
16.8 

44 

33.9 

50 

NA 
84.2 

NA 
29 

61.4 

27.9 

12.3 

63 

35.3 
84.2 

0.172 

TEMP = Temperature (Degrees Celsius). 

NA = Not Ana/yZBd 

10 = Invalid Data 

NH34 

50.7 

17.8 

31.7 

10 
38.3 

35.3 

36.6 

50.4 

48.9 

56.4 

38.3 

59.4 

34.8 

37.8 

9.48 

3.1 
14.8 

6.31 

11.3 

17.1 

1.69 

30.01 

59.4 

1.69 

PH 

6.6 

6.7 

6.6 

7.2 

7.2 

6.4 

8.1 

6.2 

6.7 

6.4 

6.2 

7.7 

7.8 

7 
7 

7.2 

7 
7.2 

8.31 

7.4 

6.7 

7.03 
8.31 

6.2 
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ammonia and total P exist with respect to 
counterpart stations at the Moldenhauer site 
(Tables 4-20 and 4-21 and Figure 4-35). Possible 
explanations for this obsetvation range from 
loading differences between these residences to 
increased nitrification at the Lewis site. A 
contributing factor to these obsetvations could be 
the additional 2 ft of vadose zone at the Lewis site 
that may enhance treatment of effluent. The 
generally higher specific conductance 
measurements at M-2 than recorded at L-1 
support this former site's pronounced impact on 
surrounding groundwater. Total P and nitrate in 
pore-water at LL-1 appear to be correlated during 
specific sampling events, possibly influenced by P 
migration within capillaries and nitrification. 

4.52 NEWER. SEPTIC TANK SYSTEMS
DRAINFIEIDS INSTALLED AWAY FROM 
THE CANAL 

Two residences were chosen to monitor newer 
septic tank systems with drainfields installed 
farther away from the canal according to more 
recent set-back rules. These sites included the 
Goolsby residence in Taylor Creek Isles and the 
Spaulding residence in Okeechobee Hammocks. 
Both of these study locations consisted of one well 
and one lysimeter situated adjacent to the 
drainfields. 

Total P concentrations identified in the Goolsby 
monitor well (Table 4-22 and Figure 4-36) 
averaged higher than at older sites identified in 
Section 7.1.1. The drainfield leachate (Table 4-23 
and Figure 4-36) at this residence did not 
manifest any notable trends, although a high total 
P concentration was recorded during the first 
sampling event, probably attributable to 
particulate matter. 

The Spaulding site manifested lower total P 
concentrations (Table 4-24 and Figure 4-37) than 
the Goolsby residence, similar to those obsetved at 
the older systems. However, the drainfield 
leachate concentrations of P noted in SL-1 were 
generally greater than those noted for lysimeters 
monitoring this media at other old and new 
system sites. This obsetvation suggests that 
attenuation of P is associated with the increased 
amount of vadose zone. The generally higher 

P/EAT/OKEE.42 
02/08/93 
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concentrations of nitrate than ammonia in the 
vadose zone also denote oxidation is taking place 
in this unsaturated zone (Table 4-25 and 
Figure 4-37). Higher ionic strength of surficial 
groundwaters also appears to be correlated with 
increased total P and ammonia, indicated by 
specific conductance measurements. This in situ 
measurement may be considered an indicator of 
septic tank leachate when compared to 
surrounding, upgradient groundwater. The 
surface water sampling stations nearest these 
newer systems, TC-l and OH-l, are inconclusinve 
regarding direct impacts of septic tank leachate, 
owing to nutrient attenuation in soils, 
transformation of nutrients, and biological uptake 
and hydrodynamics in the canal. Water quality 
impacts attributable to septic tank leachate are 
additionally difficult to discriminate due to 
atmospheric and upstream nutrient sources. 

4.5.3 CENTRAL SEWER SYSTEM SITE 

The Weston residence in Taylor Creek Isles was 
selected to monitor conditions associated with a 
site setved by a central sewer system. One 
monitor well and one lysimeter were installed 
near this mobile home to obsetve water quality 
characteristics of the surficial aquifer and vadose 
zone. 

Total P concentrations in monitor well W-1 
(Table 4-26 and Figure 4-38) averaged less than 
those obsetved adjacent to older and newer septic 
tank systems. Lysimeter measurements at WL-l 
(Table 4-27 and Figure 4-38) substantiate this 
site's lower nutrient concentrations than reported 
in drainfield leachate samples collected adjacent 
to the monitored septic tank systems. Few 
samples could be collected from the lysimeter 
installed here because, unlike the lysimeters 
installed under drainfields, there was very little 
soil pore water to sample from. These data 
indicate connection to the central sewer system 
results in lowered total P and N inputs, as 
anticipated. This site's low ammonia 
measurements also substantiate the lack of 
organic wastes associated with septic tank 
leachate. 



Note: PH OS 

N023 

NH34 

SC 
NS 

Table 4-20. lewis Monitor Well Sampling ResuIlB. 

samphng samphng 

Event Date PHOS N023 NH34 

1 9/9/91 3.02 7.61 3.76 

2 9/30 3.59 10.6 0.01 

3 10/21 2.23 0.193 3.39 

4 11/11 0.28 4.88 4.51 

5 12/2 2.8 4.22 5.3 

6 12/16 2.4 1.97 6.94 

7 12/30 2.81 2.21 6.66 

8 1/13/92 2.61 17 1.13 

9 1/27 2.06 20.5 1.44 

10 2/10 2.18 18.7 3.26 

11 2/24 2.06 13.7 5.21 

12 3/16 2.23. 17.5 3.81 

13 4/6 1.75 18.2 4.17 

14 4/27 1.82 12.6 4.68 

15 5/18 2.08 12.4 4.64 

16 6/8 1.9 11.9 5.29 

17 6/29 2.62 2.51 13.5 

18 7/20 2.46 7.07 16.5 

19 8/10 2.05 5.41 19.1 

20 8/31 2.05 4.33 20.8 

21 9/21 2.21 10.4 18.2 

Mean 2.25 9.71 7.3 

Max 3.59 20.5 20.8 

Min 0.28 0.193 0.01 

Table 4-21. Lewis Lysimeter Sampling ResullB 

samphng samphng 

Event Dete 

1 9/9/91 

2 9/30 

3 10/21 

4 11/11 

5 12/2 

6 12/16 

7 12/30 

8 1/13/92 

9 1/27 

10 2/10 

11 2/24 

12 3/16 

13 4/6 

14 4/27 

15 5/18 

16 6/8 

17 6/29 

18 7/20 

19 8/10 

20 8/31 

21 9/21 

Mean 
Max 

Min 

'" Total Phosphorous (mg/L). 

'" Nitrate+Nitrite (mg/L). 

'" Ammonia+Ammonium (mg/l). 

PHOS 

2.26 

1.53 

NS 

NS 

1.01 

NS 

NS 

NS 

~JS 

NS 

NS 

NS 

NS 

1.66 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

1.61 

2.26 

1.01 

'" SpecifiC Conductance (uMhosIcm). 

'" No Sample Collected. 
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N023 

9.15 

8.4 

NS 

NS 

43.5 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

38 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

24.26 

43.5 

6.4 

SC PH 

1000 6.6 

820 6.6 

880 6.8 

780 6.7 

930 7.2 

720 8.5 

700 6.5 

790 6 

640 8.2 

890 6.1 

380 6.7 

800 7.3 

820 7.8 

880 6.8 

670 7.1 

810 7.5 

800 7.1 

825 6.6 

587 8.08 

480 7.6 

1162 8.9 

732 8.89 

1162 8.08 

380 6 

NH34 

2.21 

1.48 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

0.038 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

1.240 

2.21 

0.038 

PH '" pH (Standard UnllB). 

COLI '" Coliforms (Count). 
TEMP '" Temperature (Degrees Celsius). 

NA '" Not Analyzed 

ID '" Invalid Data 



Table 4-22. Goolsby Monitor Well Sampling Results 

samphng sampling 

Event Date PHOS N023 NH34 SC PH 

9/9/91 5.79 0.31 6.43 1300 6.7 

2 9/30 7.99 0.459 6.6 1120 6.7 

3 10/21 9.35 1.58 9 1290 6.3 

4 11/11 0.221 0.355 10.5 1220 6.6 

5 12/2 5.61 NA 11.1 800 6.8 

6 12/16 12.8 0.07 10.3 1200 6.3 

7 12/30 10.8 0.212 12.4 1180 6.7 

8 1/13/92 9.37 0.348 11.3 950 6.3 

9 1/27 7.13 1.82 10.9 1100 6.5 

10 2/10 6.5 0.089 8.4 1010 6.1 

11 2/24 7.63 0.32 11.5 650 6.2 

12 3/16 7.92 0.115 11 1020 7.2 

13 4/6 0.481 0.474 4.34 1100 8.1 

14 4/27 6.16 0.127 12.1 900 7 

15 5/18 7.35 0.016 12.8 900 7.1 

16 6/8 9.8 0.1n 14.5 800 7 

17 6/29 6.23 0.245 5.86 740 7.1 

18 7120 7.18 0.34 9.5 806 6.7 

19 8/10 9.n 0.127 10.9 585 7.18 

20 8/31 9.84 0.047 7.95 550 7.4 

21 9/21 8.49 0.067 10 1266 6.8 

Mean 7.45 0.365 9.88 976 6.80 

Max 14.5 1.82 14.5 1300 8.1 

Min 0.221 0.016 4.34 550 6.1 

Table 4-23. Goolsby Lysimeter Sampling Results. 

sampling sampling 

Event Date PHOS N023 NH34 

9/9/91 38.7 4.59 0.855 

2 9/30 NS 4.87 0.126 

3 10/21 NS NS NS 
4 11/11 NS NS NS 

5 12/2 NS NS NS 

6 12/16 NS NS NS 
7 12/30 NS NS NS 
8 1/13/92 NS NS NS 
9 1/27 NS NS NS 

10 2/10 NS NS NS 
11 2/24 NS NS NS 

12 3/16 NS NS NS 

13 4/6 NS NS NS 

14 4/27 NS NS NS 
15 5/18 NS NS NS 
16 6/8 NS NS NS 
17 6/29 6.85 0.005 0.605 
18 7120 3.28 0.034 0.067 
19 8/10 NS NS NS 
20 8/31 NS NS NS 
21 9/21 NS 0.857 0.104 

Mean 16.28 2.070 0.310 
Max 38.7 4.87 0.855 
Min 3.28 0.005 0.067 

Note: PHOS = Total Phosphorous (mgIL). PH = pH (Standard Units). 
N023 = Nitrate + Nitrite (mg/l). COLI = CoIiforms (Count). 
NH34 = Ammonia+Ammonium (mg/l). TEMP = Temperature (Degr_ Celsius). 
SC = Specific Conductance (uMhos/cm). NA = Not Ana/yzed 
NS = No Sample Collected. ID = Invalid Data 
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Note: PHOS 

N023 
NH34 

SC 

NS 

Table 4-24. Spaulding Monitor Well Sampling Aesult&. 

samphng samPling 
Event Date PHOS N023 NH34 SC PH 

1 9/9/91 2.17 2.72 1.06 880 6.7 
2 9/30 3.n 2.16 1.23 780 6.7 
3 10/21 2.51 0.424 1.23 700 7 
4 11/11 0.276 1.92 1.1 620 7.1 

5 12/2 2.48 3.71 0.8n 780 6.8 

6 12/16 2.64 3.3 1.22 805 6.8 
7 12/30 3.03 2.67 1.33 620 8.7 
8 1/13/92 3.n 3.97 1.11 800 8.5 
9 1/27 2.8 4.35 1.18 590 6.1 
10 2/10 2.89 3.17 1.24 800 5.9 
11 2/24 3.5 2.76 1.15 250 8.3 
12 3/16 2.76 2.04 1.22 650 7.3 
13 4/6 2.26 4 1.21 700 7.9 
14 4/27 2.11 2.56 1.48 560 7.1 
15 5/18 2.48 4.09 1.48 510 7.1 
16 8/8 3.21 11.6 1.05 810 7.5 
17 6/29 2.72 2.14 1.05 520 6.9 

18 7/20 2.02 0.558 1.06 473 6.8 
19 6/10 2.33 1.39 1.11 930 8.72 
20 8/31 2.64 2.02 1.29 450 8.2 
21 9/21 3.09 1.66 1.43 598 6.6 

Mean 2.64 3.010 1.19 819 6.99 
Max 3.n 11.8 1.48 930 8.72 
Min 0.28 0.424 0.88 250 5.9 

Table 4-25. Spaulding lysimeter Sampling Result&. 

sampbng sampbng 

Event Date 

9/9/91 
2 9/30 
3 10/21 
4 11/11 

5 12/2 
6 12/16 
7 12/30 
8 1/13/92 
9 1/27 

10 2/10 
11 2/24 
12 3/16 

13 4/6 
14 4/27 
15 5/18 
16 6/8 
17 6/29 
18 7/20 
19 8/10 
20 8/31 
21 9/21 

Mean 
Max 
Min 

= Total Phosphorous (rng/l). 

= Nitrate+ Nibite (rng/l). 

= Ammonia+Ammonium (rng/l). 

= Specific Conductanc:e (uMhoeIcm). 

= No Sample Collected. 

PHOS 

11 
11.7 
7.07 
9.24 

12.5 
10.6 
10.4 
9.33 
9.63 
13.2 

11.6 

8.29 
10.9 
10.8 
11.3 
9.88 
10.7 
7.08 
6.45 
6.7 
5.97 

9.730 
13.2 
5.97 
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N023 

12.8 
14 

0.32 
33.3 

20.6 
41.7 
13.9 
26.1 
51.1 
52.5 
36.1 
36.1 

0.482 
68.9 
NA 

83.1 
7.3 

61.5 
85.3 
37.9 
NA 

35.94 

85.3 
0.32 

NH34 

27.1 
25.4 
19.7 

0.897 

0.312 
0.503 
22.7 
10.6 

0.438 
1.21 

0.319 

0.058 
0.068 

0.224 
0.357 
0.073 
7.81 

0.045 
0.04 

0.034 
0.028 
5.606 
27.1 

0.028 

PH = pH (Standard Units). 

COLI = CoIiforms (Count). 

TEMP = Temperalure (Degre. Celsius). 

NA = Not AnaJyzed 

10 = Invalid Data 



Table 4·26. Weston Monitor Well Sampling Results. 

samphng samphng 

Event Date PHOS N023 NH34 SC PH 

9/9/91 0.127 0.103 0.108 990 6.7 

2 9/30 1.24 20.4 0.128 895 6.8 
3 10/21 0.291 0.179 0.072 890 7 

4 11/11 0.062 32.7 0.172 840 6.9 

5 12/2 0.605 21.8 0.059 560 7.1 

6 12/16 0.761 10.8 0.051 810 6.4 

7 12/30 1.33 13.9 0.114 810 6.7 

8 1113/92 0.722 22 0.058 580 6 
9 1/27 0.688 16.5 0.08 790 6.4 

10 2/10 1.23 17.2 0.049 780 6 
11 2/24 0.912 15 0.107 360 6.4 

12 3/16 0.654 16.3 0.047 800 7.1 

13 4/6 0.699 12.7 0.044 780 7.9 

14 4/27 0.688 11 0.059 610 7.1 

15 5/18 4.12 6.86 0.033 610 7.4 

16 6/8 0.764 14 0.048 560 7.4 

17 6129 0.758 13 0.022 580 7.3 

18 7/20 0.479 11.5 0.045 529 7.2 

19 8/10 0.12 12.7 0.05 579 7.43 

20 8/31 0.96 8.54 0.041 435 7.8 

21 9/21 0.45 11.9 0.039 823 7.3 

Mean 0.841 13.n 0.068 696 6.97 

Max 4.12 32.7 0.172 990 7.9 

Min 0.062 0.10 0.022 360 6 

Table 4·27. Weston lysimeter Sampling Results. 

samphng samphng 

Event Date PHOS N023 NH34 

1 9/9/91 0.041 2.6 0.01 
2 9/30 NS NS 0.275 
3 10/21 NS NS NS 
4 11/11 NS NS NS 

5 12/2 N9' NS NS 
6 12/16 NS NS NS 
7 12/30 NS NS NS 
8 1/13/92 NS NS NS 
9 1/27 NS NS NS 
10 2/10 NS NS NS 
11 2/24 NS NS NS 
12 3/16 NS NS NS 
13 4/6 NS NS NS 
14 4/27 NS NS NS 
15 5118 NS NS NS 
16 6/8 NS NS NS 
17 6129 0.038 0.031 0.01 
18 7/20 NS NS NS 
19 8110 NS NS NS 
20 8/31 NS NS NS 
21 9/21 NS 0.586 0.067 

Mean 0.039 1.072 0.091 
Max 0.041 2.6 0.275 
Min 0.038 0.031 0.01 

Note: PHOS = Total Phosphorous (mgll.). PH = pH (Standard Units). 
N023 = Nitrate + Nitrite (mg/l). COLI = CoIiforms (Count). 
NH34 = Ammonia + Ammonium (mgll). TEMP = Temperature (Degrees Celsius). 
SC = Specific Conductance (uMhosIcm). NA = Not AnaJyzed 
NS = No Sample Collected. 10 = Invalid Data 
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4.5.4 BACKGROUND SITE. VACANT WT 

A vacant lot adjacent to the Goolsby residence 
was chosen to monitor background water quality 
conditions, unaffected by septic tanks or direct 
application of fertilizers. One well (V-I) and one 
lysimeter (VL-l) were installed to monitor these 
control surficial aquifer and unsaturated zone soil 
pore-waters (in lieu of drainfield leachate). 

Although nutrient concentrations (Tables 4-28 
and 4-29 and Figure 4-39) of the background 
station were generally less than monitored old 
and newer septic tank sites, they were similar to 
those encountered at the central sewer monitor 
well. An exception is the higher concentrations of 
ammonia in the control samples, likely due to less 
oxygen within the shallow aquifer at this location. 
Total P concentrations associated with this 
background station's soil pore-water were 
surprisingly high compared to other study 
locations. A possible explanation is the native 
soils' contribution. This location also served as 
agricultural pastureland before its conversion to 
residential housing. It is, therefore, important to 
fully evaluate soil types as well as pollutant 
sources to determine the specific origin of 
analyzed P. The lack of ammonia associated with 
VL-l removes septic tank leachate as a P source at 
this background location, reinforcing this N 
species' use as an indicator of septic tank leachate 
(FDER, 1989a). 

4.5.5 SEWAGE TREATMENf PACKAGE PLANr 

One monitor well and one lysimeter were installed 
adjacent to percolation ponds associated with the 
Professional Services Group Package Plant. These 
monitoring sites were established to characterize 
surficial aquifer and unsaturated soil pore-water 
quality, influenced by domestic waste treated via 
extended aeration with approximately 95 percent 
BOD reduction (patria, 1992). This treated 
discharge averages 55,000 galJday. 

The monitor well near the percolation pond, pol, 
manifested consistent ammonia levels throughout 
the monitoring period, indicative of organic 
wastes (Table 4-30 and Figure 4-40). Total P 
concentrations associated with this station 
averaged below the 8.0 mg/L average of 
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phosphate (as P) associated with typical 
secondary effluent (FOER, 1989a). A similar 
relationship is observed in the soil pore-water 
samples (Table 4-31 and Figure 4-40), where 
microbial transformation of ammonia to nitrate 
appears limited, felt to be a function of minimal 
molecular oxygen in this unsaturated zone. Levels 
of nutrient species measured in the saturated and 
unsaturated zone do indicate oxidation and 
biodegradation is taking place within the 
percolation ponds, however, since groundwater 
ammonia levels would be higher without such 
treatment. Comparison of these data to old septic 
tank systems substantiates the benefit afforded by 
oxidation. 

4.5.6 COMPARATIVE EVALUATION OF S11IDY 
SITE TREATMENf EFFICIENCIES 

The discussion on individual study sites has 
identified saturated and unsaturated groundwater 
quality characterized by various surrounding land 
uses. The spatial variation noted by review of 
monitoring data associated with these locations 
generally indicates septic tank installations in 
shallow water table environments have the 
greatest impact on groundwater quality. 
Comparisons of the sites installed over deeper 
water tables, using ammonia as an indicator of 
organic waste decay, suggest these systems have 
less impact due to the greater amount of vadose 
zone. As predicted, groundwaters adjacent to 
package plant percolation ponds show some 
influence of domestic waste discharge, although 
aerobic treatment of effluent appears to 
significantly reduce ammonia levels. Such 
oxidation is lacking in septic tank treatment 
systems. Although the central sewer and vacant 
lot sites do not show these higher levels 
influenced by domestic wastes, N formation and 
levels varied between these sites as a function of 
oxidation. 

Total P levels in groundwater sampled adjacent to 
septic tank systems were higher than other study 
sites. Average total P concentrations associated 
with the G-l, M-2, Sol, and L-l monitor wells 
decreased with increased average depths recorded 
at these sites with a correlation coefficient of r is 
-0.81. This relationship suggests P in drainfield 
leachate is somehow altered within the 



Table 4-28. Vacant Lot Monitor Well Sampling Results. 

samPlIng samPlIng 
Event Date PHOS N023 NH34 SC PH 

1 9/9/91 0.568 1.87 2.11 1140 6.7 
2 9/30 0.94 7.61 1.57 800 6.6 
3 10/21 1.73 0.513 4.59 820 6.8 
4 11/11 0.09 0.07 4.37 820 6.8 
5 12/2 0.812 0.413 4.05 580 7.6 
6 12/16 0.557 0.099 3.95 850 6.3 
7 12/30 1.02 3.39 4.3 810 6.7 
8 1/13/92 0.661 0.18 4.3 970 6 
9 1/27 0.769 0.78 4.29 790 6.7 
10 2/10 1.19 0.537 2.46 1110 6.2 
11 2/24 1.53 0.346 4.56 400 6.4 
12 3/16 1.13 0.063 4.33 830 7.3 
13 4/6 6.49 1.53 11.3 830 8.2 
14 4/27 1.42 0.005 5.07 690 6.8 
15 5/18 0.516 0.026 4.02 700 7 
16 6/8 0.746 0.084 3.88 860 6.9 
17 6/29 0.696 1.96 1.25 710 6.9 
18 7/20 0.868 0.072 2.68 579 6.9 
19 8/10 0.576 0.884 3.42 572 7.58 
20 8/31 0.761 0.124 1.08 535 7.7 
21 9/21 0.71 1.08 2.22 955 6.8 

Mean 1.124 1.021 3.80 769 6.90 
Max 6.49 7.61 11.3 1140 8.2 
Min 0.09 0.005 1.08 400 6 

Table 4-29. Vacant Lot Lyaimeter Sampling Results. 

samphng samPlIng 
Event Date PHOS N023 NH34 

9/9/91 34.4 4.02 0.26 
2 9/30 22.6 2.29 0.216 
3 10/21 12.4 0.196 0.064 
4 11/11 9.53 1.54 0.135 

5 12/2 7.84 1.73 0.035 
6 12/16 6.31 1.17 0.042 
7 12/30 5.79 1.31 0.039 
8 1/13/92 5.85 0.649 0.057 
9 1/27 5.39 0.884 0.067 
10 2/10 4.69 91.2 0.036 
11 2/24 4.85 26.6 0.064 
12 3/16 6.03 11.5 0.159 
13 4/6 5.15 5.4 0.038 
14 4/27 5.23 1.74 0.056 
15 5/18 5.88 0.08 0.034 
16 6/8 5.37 0.027 0.032 
17 6/29 4.95 6.15 0.043 
18 7/20 7.26 o.on 0.039 
19 8/10 5.36 0.068 0.037 
20 8/31 5.84 2.44 0.033 
21 9/21 6.33 3.85 0.03 

Mean 8.440 7.758 0.072 
Max 34.4 91.2 0.26 
Min 4.85 0.027 0.03 

Note: PHOS = Total Phosphorous (mg/L). PH = pH (Standard Units). 
N023 = Nitrate+Nitrite (mg/l). COLI = CoIiforms (Count). 
NH34 = Ammonia+Ammonium (mg/l). TEMP = Temperature (Degrees Celsius). 
SC = Specific Conductance (uMhos/cm). NA = Not AnaJyzed 
NS = No Sample Collected. 10 = Invalid Date 
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Table 4-30. Package Treatment Plant Monitor Well Sampling Results. 

sampbng sampbng 
Event Date PHOS N023 NH34 SC PH 

1 9/9/91 1.58 0.057 0.608 690 6.7 
2 9/30 0.431 0.219 1.99 1120 6.5 
3 10/21 0.56 0.276 2.68 14-40 6.5 
4 11/11 1.65 10 2.66 1410 6.9 
5 12/2 2.16 0.145 3.68 980 7.1 

6 12/16 0.468 0.578 4.54 820 6.8 
7 12/30 1.1 0.638 4.45 1290 7 
8 1/13/92 1.1 0.084 4.28 1050 6.6 
9 1/27 0.782 1.06 3.96 1180 6.5 

10 2/10 0.523 0.25 3.79 1150 6.2 
11 2/24 0.43 0.363 4.04 800 6.5 
12 3/16 3.49 0.166 3.68 1200 7 
13 4/6 1.15 0.374 4.42 1290 7.9 
14 4/27 0.817 0.195 5.69 1015 7.2 
15 5/18 2.58 0.169 4.11 1020 7.3 
16 6/8 2.6 0.197 4.04 940 6.2 
17 6/29 0.308 0.207 2.46 800 6.8 
18 7/20 0.334 0.167 3.41 961 7.2 
19 8/10 1.02 0.51 3.53 965 7.47 
20 8/31 1.03 0.105 3.55 685 7.6 
21 9/21 0.716 0.22 4.01 1602 6.9 

Mean 1.183 0.299 3.62 1067 6.9 
Max 3.49 1.06 5.69 1602 7.9 
Min 0.308 0.057 0.61 685 6.2 

Table 4-31. Package Treatment Plant lysimeter Sampling Res 

samphng samphng 

Event Date PHOS N023 NH34 

1 9/9/91 0.136 0.012 12 

2 9/30 1.45 0.012 6.85 
3 10/21 1.82 0.125 7.35 
4 11/11 2.31 0.085 8.68 

5 12/2 2.27 0.2 7.05 

6 12/16 2.01 0.023 8 

7 12/30 2.24 0.01 10.5 

8 1/13/92 1.47 0.028 9.07 

9 1/27 1.64 0.075 7.05 

10 2/10 1.48 0.021 7.73 
11 2/24 1.6 0.016 7.27 
12 3/16 1.25 0.005 7.43 
13 4/6 1.29 0.005 9.24 
14 4/27 1.6 0.093 10.1 
15 5/18 0.673 3.1 3.64 

16 6/8 1.41 0.018 3.78 

17 6/29 0.753 0.005 0.021 
18 7/20 2.03 0.024 4.n 
19 8/10 2.07 0.292 7.93 
20 8/31 1.69 NA 4.76 
21 9/21 2.58 0.21 6.86 

Mean 1.608 0.218 7.147 

Max 2.58 3.1 12 

Min 0.136 0.005 0.021 

Note: PHOS = Total Phosphorous (mg/l). PH = pH (Standard Units). 
N023 = Nitrate + Nitrite (mgll). COU = CoIiforms (Count). 
NH34 = Ammonia+Ammonium (mgll). TEMP = Temperature (DegrMS Celsius). 
SC = Specific Conductance (uMhos/cm). NA = NotAnaJyzed 

NS = No Sample Collected. 10 = Invalid Data 
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unsaturated soil zone so that it binds (adsorbs or 
precipitates) with the soil materials. Treatment 
efficiency is increased with a corresponding 
increased distance between septic tank drainfield 
and water table elevations. 

P is of particular interest due to its behavior as.a 
biolimiting nutrient in receiving surface waters. 
The lithology within the saturated zone may 
influence P concentrations, as noted by the 
background levels at V-I. Lower total P levels 
analyzed in canal surface waters are primarily 
attributable to dilution and biological uptake. 
Retention in soils due to phosphate ions becoming 
chemisorbed to organic matter or on the surfaces 
of iron, aluminosilicate, and calcium minerals 
must also be considered as an attenuation factor 
(Canter and Knox, 1984). In surface waters, 
coprecipitation of inorganic P with calcite may 
result in an abiotic loss of this nutrient, a process 
which should be discriminated from biological 
uptake (House, 1990). All of these processes 
must be considered as influencing these generally 
lower total P concentrations in surface waters 
than the surficial aquifer monitor wells. 

The nutrient concentrations analyzed in monitor 
well samples associated with the Moldenhauer 
residence generally fall within anticipated 
concentration ranges (Tables 4-16, 4-17, and 
4-18). This site, M-2, may serve as a useful 
location to monitor septic tank effluent on a long
term basis, due to its status as an older, active 
system and monitoring data clearly indicative of 
nutrient enrichment of the shallow water 
table/associated soils. The Moldenhauer 
residence also has upgradient and downgradient 
monitor wells that assist with simultaneous 
comparison of background and potentially 
impacted areas. 

The surface water quality monitoring data have 
been discussed in terms of microbiological 
analyses in this section. Conclusions offered for 
parameters governing the total coliform 
populations are also applicable to nutrient species 
analyzed in these waters. Total P, pH, and 
specific conductance measurements made during 
this study are similar to those independently 
recorded in this region (FDER, 1992b). It is 
difficult to quantify the contributions made by 
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septic tanks to these receiving waters, although 
data developed for the Moldenhauer residence 
suggest leachate from these sources is 
significantly attenuated in soils within both 
saturated and unsaturated zones. While no 
spatial relationship may be made between 
nutrients analyzed in surficial groundwaters and 
canal sample sites, some temporal observations 
are noted. For example, seasonal increases in 
surface water temperature fosters accelerated 
productivity, which is reinforced by observations 
of higher pH measurements made during this 
period. The nutrient loadings associated with 
septic tank leachate must therefore be carefully 
evaluated in terms of attenuation in soils before 
surface water impacts from this source can be 
adequately assessed. 

5_0 CONa.USIONS AND RECOMMENDATIONS 

5.1 SUMMARY 

5.1.1 sons AND SEDIMENTS 

The current soil characteristics are representative 
of disturbed soils rather than those mapped by the 
Soil Conservation Service. The home sites in each 
subdivision were constructed during the dredging 
of the canals, the spoil deposited on top of the 
native soils. In some places, it appeared as if 
additional fill was brought in to the site to raise 
the elevations of the home sites. The unsaturated 
zone of the soil is mostly comprised of fill in all 
subdivisions. The surface horizon of the native 
soils usually appears somewhere close (above or 
below) to the water table. The actual elevations 
of the land surface (and depths to the water 
table) within each of the four subdivisions varies 
depending on how much fill was deposited during 
site construction. Although it is impossible to 
map the elevations of different subdivision as part 
of this work, it seems that elevations increase 
from Buckhead Ridge (on the west) to 
Okeechobee Hammocks on the east. 

The majority of the fill materials, existing within 
the unsaturated zone, do not play much of a role 
in phosphorus attenuation. The standard 
literature says that septic-derived phosphorus is 
attenuated in the unsaturated zone of soils. This 
research though, shows that phosphorus moved 
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through the unsaturated zone to accumulate at 
various locations along the top of the water table, 
either directly under or slightly downgradient of 
the drainfields. The phosphorus accumulations 
were likely a function of adsorption or 
precipitation with iron, aluminum, calcium, and 
organic matter. The zone of accumulation was 
always closer to the drainfields than the canals 
which indicates that a pulse of phosphorus is 
moving but hasn't reached the canals yet. Over 
time, phosphorus is likely to continue to increase 
and saturate the soils along the water table. If 
the phosphorus inputs are not stopped now, at 
some time in the future phosphorus will begin 
seeping into the canals at greater and greater 
concentrations. 

None of the sediment samples exhibited the high 
phosphorus concentrations observed in some soil 
samples collected from under the drainfields. 
Phosphorus from septic tanks or from other 
nonrelated sources is not building up within the 
sediments of the canals. Nitrogen concentrations 
were only slightly elevated relative to any of the 
soil samples though they were well within the 
median range of STORET data from streams 
sampled in other parts of Florida. Nutrient data 
appeared to be random with respect to age of the 
canal, location of the canal (dead end or main 
channel), or presence and absence of septic tanks 
around the banks. 

5.1.2 GROUNDWATER 

The average depth to water at the drainfield is 
48 inches blow land surface (BLS) at Goolsby and 
S2 inches BLS at Moldenhauer. Groundwater 
fluctuates from 41 to 60 inches at Goolsby and 
from 48 to S6 inches at Moldenhauer. The 
difference in fluctuations is likely due to Goolsby's 
house being right on Taylor Creek which would 
fluctuate more than the canal adjacent to 
Moldenhauer's. The fill material, being a mixture 
of soils and underlying sediments, did not exhibit 
evidence of a seasonal high water table. 

Using an average depth of a drainfield bottom of 
18 to 24 inches BLS, the separation distance 
between the bottom of the drainfield and the 
water table is (on average) 30 inches at Goolsby 
and 34 at Moldenhauer. Both systems appear to 
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be constructed with the required 42 inches of 
appropriate soil material and the 24 inches of 
unsaturated depth. The other two homes within 
the study, Spaulding and Lewis, had drainfields 
constructed with a greater separation distance to 
the water table. The water table was greater than 
60 inches from the surface, on average. Based on 
this characteristic, the environment under these 
homes is similar. 

Groundwater concentrations of P increased as the 
water table elevation decreased, from a site to site 
perspective. This observation takes on greater 
significance considering that the depth to water 
tables in these subdivisions exceed the minimum 
required distance criteria set forth in 10D-6 code. 
It appears that any additional separation between 
the drainfield and the water table affords some 
amount of additional treatment. Without 
groundwater criteria or observable impact to 
adjacent surface waters, there is no way of 
determining what separation distance is optimum 
for these areas. 

The groundwater results further showed that age 
or construction of the septic tank was not 
necessarily related to groundwater quality. The 
original plan of study was to compare old versus 
new septic systems with the age criteria actually 
being defined by the presence/absence of 
mounded systems. When it was discovered that 
mounded systems were not installed in the area, 
the age category changed to be defined by the 
location of the drainfield relative to the canal. 
Because of the more lax setback rules during the 
early construction years, older homes could have 
drainfields installed closer to the canals than 
7S ft. The Goolsby and Spaulding sites were new 
sites with drainfields installed more than 7S ft 
from the canal. Moldenhauer's drainfield has 
been installed very close to the canal (old) and 
the Lewis residence was also determined to be an 
old site. 

As it turned out, the differentiating characteristic 
among the homes was depth to the water table. 
Goolsby and Moldenhauer had similar, near 
50-inch depths to the water table while Spaulding 
and Lewis had similar 60+ -inch depths to water. 
Unfortunately, this characteristic is more difficult 
to measure or describe than the location of the 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC. (ESE)--OKEECHOBEE PROGRESS REPORT 

drainfield. Measuring depth to water requires 
some kind of monitor well at each location. This 
work has shown that lO-inch variations in depth 
to water results in different groundwater quality; 
though differences of this magnitude are not very 
visible across neighbors' yards. Elevation surveys 
to determine depth to water within the four 
subdivisions will indicate the localized areas likely 
to have poorer quality groundwater. 

5_1-3 SURFACE WATER QUAIJ1Y 

Direct negative relationships between septic 
systems and surface water quality are difficult to 
prove from the data collected by these 
investigations. The only sampling station and 
parameter to be different from other 
stations/parameters was station TC-2 and 
coliforms. Station TC-2 was located on the only 
canal not surrounded by homes on septic tanks. 
Samples from this station showed lower coliform 
counts than samples collected from other canals. 
Based on the findings of Ayres and Associates 
(1991), it is very unlikely that the coliform 
differences are evidence of direct coliform input to 
the canals from groundwater seepage. It is 
unclear, however, if other constituents in septic 
leachate are migrating to the other canals and 
indirectly enhance coliform growth or if the 
differences are simply caused by hydraulics. 

No other differences (nutrients) between this 
station and any others were obvious. This 
observation also is similar to Ayres and Associates 
(1991) research on the Indian River Lagoon 
system. The soils data imply that nitrogen 
compounds may be migrating from the drainfields 
into the canal but the phosphorus is attenuated in 
soils along the top of the water table relatively 
close to the drainfields. In spite of these 
observations, it is impossible to conclude with 
certainty that nutrients are not getting into the 
canals. Biological activity within the canal water 
may be high enough to act as an extremely 
effective nutrient sink, masking the impact. If the 
hypothesized biological masking effect is real, it 
should remain effective as long as nutrient inputs 
stay as they are. If septic tank inputs are not 
stopped, the soils between the drainfield and 
canals will become saturated with phosphorus 
allowing higher amounts of phosphorus to reach 
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the canal. The higher additions of phosphorus 
may overwhelm the organisms causing excessive 
aquatic growth and/or become easily measurable 
in the water column. 

52 NUfRIE.NT LOADING 

The drainage system in each study area forms a 
complex network of residential houses in the isles 
bordered by finger canals. Groundwater in an isle 
is directly connected with surface water. Thus, 
the finger canals are the nearest receiving water 
for nutrients discharged from septic tanks within 
the isles. This research effort did not show 
conclusively that nutrients from septic tanks are 
currently entering the surface water via 
groundwater seepage. At most, we can surmise 
from soil data that nitrogen compounds may be 
migrating to the canals but are not observable. 
These loading calculations are based on future 
worst-case conditions, assuming that septic tanks 
are still being used such that the soils along the 
top of the drainfield are saturated with 
phosphorus. This will allow maximum inputs of 
phosphorus into the canals. 

52_1 RELATIONSHIP BE1WEEN SURFACE 
WATER AND GROUNDWATER 

To evaluate the flow pattern between the isles and 
finger canals, canal-stage data were collected from 
the South Florida Water Management District 
(SFWMD) and are plotted in Figures 4-7, 4-11, 
and 4-19, along with the monitor well water 
levels in the Taylor Creek Isles and Treasure 
Island area. The figures show that on an average, 
water flows from the canals into the isles for 
31 weeks out of 56 weeks, or about 55 percent of 
the time; whereas water from the drainfield area 
(represented by the monitor wells) flows toward 
the canals for 25 weeks out of 56, or 45 percent 
of the time. The figures also show that during the 
winter (dry season), the canal stages are higher 
than the groundwater levels and lower in the 
summer (wet season). 

Canal-stage data are not available in the 
Buckhead Ridge and Okeechobee Hammock areas. 
In these cases, a comparison was made between 
the piezometer/monitor well nearest to the canal 
and the monitor well in or near the drainfield. 
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For the Buckhead Ridge area, the Moldenhauer 
(M) site was considered. A comparison between 
the monitor well M-1, which is nearest to the 
canal, and monitor well M-2, which is in the 
drainfield, was made. The water level variability 
of M-1 and M-2 are shown in Figure 4-3. 
Figure 4-3 shows that out of 56 weeks, water 
levels of M-1 remain above that of M-2 for about 
30 weeks, or 53 percent of the time. In other 
words, about 53 percent of the time canal water 
flows into the isles; whereas for the remaining 
47 percent of the time, groundwater flows from 
the isles into the canals. Figure 4-3 shows that 
the canal stage is higher during the winter (dry 
season) than the groundwater level. This 
condition is reversed during the summer (wet 
season). 

In the Okeechobee Hammock area, the Spaulding 
(S) site was considered to evaluate the 
relationship of water flow between the canals and 
the isles. PZ-4 (piezometer) is nearest to the 
canal. Groundwater level hydro graphs of PZ-4 
and monitor well S-l are shown in Figure 4-15. 
Figure 4-15 shows that groundwater levels at PZ-4 
(nearest to the canal) are below the monitor well 
(S-l) water levels for about 42 weeks out of 56. 
This means about 75 percent of the time water 
flows from the drainfield area to the canal and 
25 percent of the time canal water flows toward 
the isles. In this case, the canal stage also 
remains higher during the winter (dry season) 
than the adjacent groundwater levels. 

When the water levels in the canals become 
greater than the groundwater levels, water from 
the canal may flow into the isles to reach an 
equilibrium condition. The dense network of isles 
and the canals has formed an integrated water 
system which may maintain a recharge and 
discharge relationship within this water system. 
Despite the local water flow between the isles and 
canals, as an integrated water system, water from 
these areas may ultimately discharge into Lake 
Okeechobee. Nutrient loadings from a septic tank 
drainfield may therefore be treated as a point 
source with nutrient concentrations in the 
groundwater decreasing as water moves away 
from the recharge points (drainfields). Thus, the 
nutrient loading from the study areas was 
determined to be more reliable by direct 
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computation based on the data available at the 
recharge points or drainfields. The detailed 
computation is shown in Appendix C. 

5.22 METI-lOOOLOGY FOR NUfRIENT LOADING 
COMPlITATION 

The nutrient loading was computed based on the 
factors and variables directly related to potential 
groundwater impact from the septic tank 
drainfields in the study areas. These calculations 
do not imply that this loading is occurring now. 
Rather, these estimates represent worst-case 
future conditions; after the soils have been 
saturated with phosphorus and the septic tanks 
are still being used. In this computation, the 
following data were used to calculate the nutrient 
loading from the septic tanks into Lake 
Okeechobee through the groundwater and surface 
water system: 

1. Number of houses in each subdivision, 
2. Duration of occupancy, 
3. Average number of people per house, 
4. Average water use per capita per day, 

and 
5. Average area of a septic tank drainfield. 

All these data are provided in Table 5-1. 

The following procedure was adopted for the 
computation: 

1. The total amount of water used by the 
residents in each subdivision throughout 
a year was computed based on the 
approximate number of houses in each 
subdivision, average number of people 
per house, and average water use per 
capita per day. All these data are shown 
in Table 5-1. 

2. The nutrient loading was computed by 
multiplying the volume of percolated 
water with the mean groundwater 
concentration beneath the drainfield. 

The detailed computation of nutrient loading as 
phosphorus, nitrogen as N02 + N03 and nitrogen 
as NH3 + NH4 is shown in Appendix C. 
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Table 5-1. Various Data for Nutrient Loading Computations 

----- -----_._.- ---_._. __ .- ... _ .. _--_._---

No. of Housesl 

Study 
Areas Full-Time 

(12 Months) 

Okeechobee 68 
Hammocks 

Buckhead 403 
Ridge 

Taylor Creek 793 
Isles and 

Treasure Island 

Sources: 1 ESE, 1992 (Aerial Photography) 
2 IFAS,1984 
3 FAO,1977 
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Half-Time 
(6 Months) 

91 

534 

1051 

Water Use Drainfield ET From 
No. of People Per Capita12 Areal Drainfields3 

Per Housel (Gal./Dy) (tr) (in!yr) 

3 44 400 39 

3 44 400 39 

3 44 400 39 
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The total potential (maximum) phosphorus 
loadings to Lake Okeechobee from Taylor Creek 
and Treasure Island, Buckhead Ridge, and 
Okeechobee Hammocks were 872, 502, and 55 kg 
per year, respectively. Potential nitrogen loading 
as N03 + N02 were 2, 420, 85, and 62, and as 
NH3 + NH4 were 1,660, 7,480, and 25 kg, 
respectively from these subdivisions. It should be 
emphasized that loadings associated with nitrogen 
are influenced by nitrification/denitrification 
processes, whereas phosphorus behaves more 
conservatively. 

5.3 RECOMMENDATIONS 

Recommendations developed from this research 
can be organized into several groups: 

• Point-of-use upgrades or retrofit in septic 
tank use, 

• Community/system-wide upgrades or 
retrofits, 

• Additional information gathering, and 
• Additional research. 

5.3.1 POINf-OF-USE UPGRADES 

Point-of-use upgrades to systems range from 
installing water-conserving toilets all the way to 
retrofitting drainfields. Additional information on 
point-of-use upgrades can be obtained from 
Guidance on Reducing Nitrogen Loading from 
Septic Systems (1991), a report prepared by The 
Cadmus Group for EPA, Office of Drinking Water 
Underground Injection Control Branch. Before 
anyone considers a point-of-use upgrade, they 
should check on the likelihood of central sewer 
installation. One upgrade that should be 
considered in any case is to ensure that every 
home has a suitable drainage system for the 
washing machine. Responses to the 
questionnaires indicated a myriad of disposal 
options (other than a connection to the septic 
tank) that may not provide adequate treatment. If 
disposal of sewage via central systems becomes a 
reality, all washing machines should be required 
to be connected to the system. 

Alternative toilets range from the simple water 
conserving toilets that just decrease the amount of 
water entering the septic tank; to more complex 
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toilets that compost, incinerate, or recycle. The 
complex toilets are expensive to install and 
maintain. It appears that these toilets are used 
when no other alternatives are available to meet 
strict discharge requirements. 

Alternative upgrades to the disposal systems 
include among others, retrofitting a Ruck System 
or recirculating sand filters; and retrofitting 
drainfields with peat filters or increasing the 
drainfield elevation. The Ruck System seems less 
appropriate as a single home system because it 
requires more complex plumbing, tank, and 
drainfield. It may be better used for multiple 
home systems though that would require very 
cooperative neighbors. Recirculating sand filters 
are also more complex than septic tanks, requiring 
extensive retrofitting and construction. 

Modifications to the drainfield may be the most 
cost effective and "livable" upgrade for the 
homeowners. Some of the modifications may 
include raising the elevation of the drainfield or 
reinstalling the drainfield with different, more 
adsorptive soil material within the unsaturated 
zone. Local septic tank installers mentioned that 
mounded drainfields are not installed unless no 
other alternative is possible. Apparently, the 
drainfields in a bed arrangement fail much more 
often than the trench-type drainfield. In order to 
raise the elevation of the trenches, they would 
have to be incorporated into the landscape design 
for visual esthetics. 

The soil adsorption studies indicated that the 
organic soil horizons adsorbed the highest amount 
of phosphorus. A short term "fix" could be to 
replace existing trench systems with new pipes 
installed above a layer of muck or peat. The 
hydraulics would have to be calculated so that the 
muck accepts the percolating leachate. This kind 
of fix, however, will work only as long as the 
phosphorus adsorption capacity of the muck or 
peat is not exceeded. Periodic excavation and 
replacement will be necessary to keep the system 
working better than the existing soils. 

5.3.2 COMMUNTIY/SYSTEM UPGRADES 

Okeechobee County has a contract with Craig A 
Smith and Associates to perform a wastewater 
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study concerning the upgrading of existing 
wastewater treatment within the County. 
Residences and businesses within the County are 
currently served by septic tanks or small localized 
(package) wastewater treatment plants. The 
current long range plans are to abandon these 
systems to large centralized wastewater treatment 
facilities (personal communication, Gary 
Colecchio, Craig A Smith and Associates 1992). 
The study is still in progress although they have 
provided the following infonnation for use in this 
section. 

Because the wastewater is handled on an 
individual residence basis, no wastewater 
collection or transmission systems exist in areas 
where septic tanks are used. A network of 
collection mains must therefore be constructed 
and retrofitted to the existing residential areas 
where the tanks are to be abandoned. Collection 
systems consisting of gravity mains and small 
pumping stations already exist in areas served by 
the small package treatment plants. These plants 
typically process less than 125,000 gallons of 
wastewater per day (GPD). 

Current technology available to incorporate or 
replace septic tank-based collection systems; 
collecting wastewater at the source and 
transporting it to a centralized location for 
processing is summarized in the following 
paragraphs. 

5.3.2.1 Gravity Systems 

Traditional gravity sewer systems transport 
household wastewater from a service line 
connected to the plumbing of the residence to a 
main collection system within the road right of 
way. Sanitary sewer manholes and intennediate 
collection mains are installed at progressively 
deept!r elevations as the system expands which 
allows the wastewater to flow from one manhole 
to another. Substantial sewage pumping stations 
or "lift stations" will be required. A remedial 
installation of this type will require considerable 
excavation and installation of large diameter pipe 
and the lift stations in or around existing paved 
areas. It also requires the abandonment of the 
residential septic tanks. System lengths, soil 
conditions, and restoration costs are critical 
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factors in the cost effective analysis for using this 
type of system. 

5.3.2.2 Low Pressure Systems 

Low pressure wastewater systems function by 
collecting waste from existing storage areas such 
as the septic tanks and discharging it under 
pressure into larger diameter collection (force) 
mains which then transport the wastewater to the 
treatment site. Two types of low pressure systems 
are currently in use, Sewage Tank Effluent Pump 
Systems (STEP) and Grinder Pump (GP) Systems. 

The STEP system consists of the existing septic 
tank, a submersible effluent pump, electrical 
actuating controls, and an arterial collection 
system. The submersible pump, controlled by a 
combination of floats, can pass solids up to 
2 inches in diameter. The effluent is pumped into 
a series of small diameter plastic pipes connected 
to larger diameter pressurized force mains which 
end at the treatment facility. The average life of 
the effluent pump is 2 years and an intennediate 
collection system and pumping station is usually 
required for force main pressures in excess of 30 
pounds per square inch (pSI). A large scale 
installation of this type is not recommended 
because of the limiting useful life of the pump 
and frequency of repair and maintenance. 

The only difference between the STEP and GP 
systems is that the grinder pump has a cutting 
blade which macerates the solids entering the 
unit. It too fits into the septic tank and is 
controlled by floats. The average life of a grinder 
pump, 5 to 10 years, is longer than an effluent 
pump. 

5.3.2.3 Vacuum Systems 

In vacuum collection systems, a centralized 
vacuum station creates a negative pressure in the 
small diameter collection systems which are 
installed in the septic tanks. A pneumatic valve 
within the septic system is actuated by floats that 
react to certain levels of effluent in the tank. In 
between the vacuum stations, the effluent is 
transported by gravity to the next lift station 
which also operates by vacuum. The advantage of 
this system over the STEP system is that this 
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system does not require individual electronic 
controls or pumps within the septic tanks. The 
pneumatic valves require less maintenance and 
are easier to replace. 

Implementation of any of the systems will stop 
nutrient inputs to the shallow groundwater and 
potential migration of nutrients into the canals. 
Implementation of a community-wide treatment 
system will prevent sewage-caused impacts to the 
canals before they become evident. 

5.32.4 Non-Septic Related Fixes 

This research work did not prove that septic tanks 
are causing the poor water quality visually 
evident. An associated cause of the problem may 
be a lack of periodic flushing of the canals to 
remove stagnant water and/or buildup of 
nutrient-rich sediments. Flushing the canals to 
replace the water appears to be a reasonable 
method of increasing water quality in the canals 
of Taylor Creek Isles and Treasure Island 
subdivisions. Structures do not appear to exist to 
readily make this happen for the Okeechobee 
Hammocks or the Buckhead Ridge subdivisions. 
Structure S-192, north of the Taylor Creek Isles 
and Treasure Island subdivisions was originally 
built to facilitate flow of excess water away from 
this water to flow into the L-63 Canal which then 
passes the S-191 structure back into Lake 
Okeechobee. This outlet to the north has only 
been used when land owners complain of excess 
aquatic weed buildup. During these infrequent 
times, the District uses that structure to flush the 
weeds. According to District personnel, this 
flushing actually creates other problems as a pulse 
of stagnant water moves through the system 
causing fish kills. 

This method of flushing the canals may be 
considered if the flushing frequency is increased. 
At higher flushing frequencies, the water quality 
may not deteriorate enough that flushing will 
create other problems. 

5.3.3 ADDmONAL INFORMATION GATIIERING 

This research work shows that the worst case 
inputs of P to Lake Okeechobee from septic tanks 
are no greater than half a ton per year per 
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subdivision. If additional research can identify 
the presence of various nutrient "sinks" between 
the drainfields and the Lake, these numbers may 
be shown to overestimate reality. On the other 
hand, this research project excluded the numerous 
small package plants and/or large community 
septic tanks used within the mobile home parks 
adjacent to the rim canal up and down US 441. If 
any of these systems are not being properly 
maintained, they may be contributing as much P 
as all the septic tanks within the subdivisions 
combined because they are located closer to the 
rim canal with less groundwater transport 
distance for dilution or attenuation of phosphorus. 
Hooking these small treatment plants and septic 
tanks to the central sewer with the individual 
homes may better solve the overall problem. 

5.3.4 ADOmONAL RESEARCH NEEDS 

This research project was the first attempt at 
gathering water quality and soils data relative to 
septic tanks in this area. Now that some data 
exist, additional research needs have become 
evident. It will be up to the regulatory agencies 
to detennine which research to proceed with and 
depends entirely on the kinds of answers they are 
looking for. 

Additional research on soils may include: 

• Assessment of the importance of calcium 
and magnesium to phosphorus 
adsorption in soils and sediments. This 
research was limited to aluminum and 
iron, neither of which were found to 
correlate with P adsorption in sediments. 

• Phosphorus adsorption data can be used 
to calculate the mass of phosphorus that 
can be adsorbed between the drainfield 
and the canal if the variability of the fill 
can be better characterized. The 
measure of variability, used with P 
adsorption, will identify the long-tenn 
potential P loading to the canals. 

Additional research on surface water may include: 

• More bacteriological investigations. This 
research was limited to being a screening 
of total colifonns. Measurements of 
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other bacteriological indicators may be 
necessary from a human health 
perspective if people are using the canals 
for water sports. 

• More investigations into the fate of 
nutrients in surface waters. Nutrients 
may well be getting into the canals but 
are getting taken up by aquatic 
organisms. The effective buffering by 
these organisms may be masking the 
impact and delaying the visual indication 
of the problem. 

Additional research on groundwater may include: 

• A long-term groundwater flow study to 
determine the yearly movement of 
groundwater. Because the canals 
experience yearly changes in elevation 
relative to groundwater, groundwater 
essentially flows back and forth during 
different times of the year. A long-term 
measurement will indicate the effective 
distance of yearly groundwater flow to 
better predict the migration of septic 
tank effluent. 
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APPENDIX A 

LAKE OKEECHOBEE RESIDENTIAL CANAL STUDY 





fiiIiIIIl STATE OF FLORIDA 
~ DEPARTMENT OF HEALTH AND REHABIUTATIVE SERVICES 

·.UHH •.•••.•••.•..•.•• · .•. ·· ••• ]:.a.~~·.···()keeChObee···Reside~ti~l.·.Canal ·Study 

Dear Homeowner: 

Environmental Science & EngineeIing, Inc. has been contracted by the Florida 
Health and Rehabilitative Services (HRS) to study the water quality Within the 
residential canals of the Buckhead Ridge, Taylor Creek Isles, Treasure Island, 
and Okeechobee Hammocks subdivisions. 

The purpose of this 2-year study is to monitor selected canals to try to 
understand their ecology so that steps can be taken to improve the quality of the 
water and the habitats which depend on It. The good health of these habitats is 
necessary to maintain or improve the fishing resources of Lake Okeechobee and 
to ensure against degraded environmental conditions which could affect your 
property value and the local economy. No one knows the conditions around your 
property better than you, that's why your responses to this survey are so 
important. The information Will be used to help us focus on "problem" areas and 
make the best recommendations on how to deal With them. 

The enclosed survey contains specifiC questions about your house, lawn, garden. 
and sewage disposal system. Please answer as many questions as apply to your 
household and return the survey in the enclosed postage-paid envelope by 
June 28, 1991. Your involvement is important and is necessary to ensure the 
quality and success of this project. If you are interested in becoming more 
involved in this project With us, we would like to hear from you. 

If you would like more information on this program, please indicate that on the 
attached questionnaire or call me or Mark Boyajian in the office. We look 
forward to hearing from you. 

Sincerely, 

Ed Barranco 
Environmental SpeCialist III 

Department of Health and 
Rehabilitative Services 

(904)-488-4070 

Mark Boyajian 
Senior AsSOCiate SCientist 

Environmental Science & 
Engineering, Inc. 

1-(800)-874-7872 (ext. 2308) 

1317 WINEWOOD BLVD. • TALLAHASSEE. FL 32399-0700 
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.HLake()keechobeeResidential Canal Study Survey 

RESIDENCY INFORMATION Please fill out and return by June 28, 1991 

·:Numberofyearsyouhavelived.in this house: ___ _ 

•. >·/·.(· •••••• \jge·.;,fy~~·.Ho~: •...•. _ •.... _ .... _. _. _...,. 

·· ••• ••• ••••• •• •• ••••••• •• • •••• • ••• ~~ldeIlJ~:· ·····i~~~· ···········0·· . 
::-::.: . ..;-::::: .. =::":-}:: .. :"::::::::::::.:::.:::.::;::.>".:.: : ......... :.- .. -: '" ....... :::> ................................................................ ····.·>:·········<House ·0 

•· ••• H(·····: •.• ····u5uH~~8nent6'~arar~undj· . 
i(Jil'~kJ>OrarYilndicatethe season(s) of occupancy······ 

« < ...... <F~ OW'mter 0 . . Spring o Summer 0 

.••.....••••.•.••••••••.••••••.•••••••••••••••••••••• ~::te.'Urnber··lf·people ·~···eact •• ~~·.tC~ket:····························· . 

···<5~·5-12__ 13-2o_. _ 21-32 __ ··•·· .. ··.·3345_. _ •..•... 46-60__ >60 __ 

~~1"4)t~1~:Dog8ha~/ 
< What Water-using f"l%turesand appliances are in your house? 

)(Ifthel'ei~ •• IIlore~hB.ll ()ne. pleaseindi~atehow many.) 

IGtchen: ...•.•.•... ···.Sin.kO .... __ Dishwasher 0 . __ Garbage Disposal 0 

iBathroom(s): ... ·Slnk(s) .0 .... __ . Shower(s) 0 __ Tub(s) 0 __ Toilet(s) 0 

Laundry: . SinkO Washer 0 

PROPERTY INFORMATION 

What is your lot size? 

<1/4 acre 0 
Other 0 

1/4 to 1/2 acre 0 
Don't Know 0 

Do you water your lawn or garden? Yes 0 
Howlong each time: --'-__ hours 

1/2 to 3/4 acre 0 3/4 to 1 acre 0 

No 0 
___ minutes 

How often do you water: days per weeks ___ days per month 

Do you fertilize your lawn or garden? Yes 0 No 0 
If yes: What kind of fertilizer do you use? _________________ _ 

(example: Scotts Turfbuilder or 10-10-10) 

How much do you apply at each application? ________________ _ 

(example: one 4O-pound bag) 
How often do you fertilize? _________________ _ 

. (example: once in spring and once in fall) 

Do you use pesticides on your lawn or garden? Yes 0 No 0 
If yes: What kind of pesticide do you use? _________________ _ 

(example: Ortho Weed-B-Gone or Diazinon) 
How much do you apply? ________________ _ 

(example: three ounces for 1/4 acre) 
Hew often to you apply? _________________ _ 

(example: Weed-B--Gone as needed. Diazinon once every two months in summer) 

Do you contract a professional pest control service for your lawn or garden? 

Yes 0 No 0 
If yes, please provide the name of the service you use: 

(Continued on other side) 
A-2 



DISPOSAL SYSTEM INFORMATION 

Is your house hooked up to a septic tank on your property. 

or to a sewer line that goes to a treatment plant located somewhere else? 

Septic Tank 0 Sewer Line 0 DOn't Know LJ 
If you don't have a septic tank. who do you pay for wastewater services? ______ _ 

If you have a septic tank. do you know where the tank and drainfield are located? 

Yes a No 0 . Don't Know a . ........ '.' ...... . 
If yes. can you draw a picture of your house~ septic tank. and drainfield in the space below? 

When was your system installed? 19 Don't Know LJ 
When was the system last serviced? 

Is this the original septic system? 

(MonthlY ear) 

Yes a No LJ 
If no. is the new system the same type or different? 

Same 0 Different. 0 Don't Know 0 

{ Don't Know a 

If you remember when your system was serviced. please indicate the kind of work performed: 

Pumped a 
Cleaned a 
Leaking pipes ('lXed/replaced 0 

Drainfield fixed/re,placed 

Other a 
Don't Know a 

Washing machine water is sometimes disposed of differently than other household wastewater~ 

Is your washing machine hooked up to your septic tank? 

Yes 0 NoD Don't Kilow 0 
If not. do you know where it drains? Yes a No 0<> 

If yes. please specify where:: 

If you have a washing machine at your house. how often do you wash clothes'? 

__ days per wee~·.~ loads per day. What is your favorite laundry day? 

What I. your favorite brand of laundry soap? 

Do you have a dishwasher? Yes a No 0 

If yes. is it: your spouse 0 or machine 0 
What is your favorite brand of dish soap?' Sink: Machine:··.···_· __ '-__ 

We need to find volunteers to allow us. access to their property for sampling septic tank drainfields 

and installation and sampling ofshallow groundwater monitor wells periodically over the next hvo year.. 

The visible part of the monitor well and the ~i~ tank drafnfield sampler will look nod.I1ferent than a 
. . ......" 

subsurface water meter box orvalve~ fnstalled flush to the ground.. Except for these items. you won't 

know that we've been there~ At the endofth.e stu.dy. the equipment will be reDlO"Ved and the property 

returned to orlgfnal conditioD~ 

Would you like more information before deciding to volunteer? Yes 0 No 0 

If Yes was checked on either questioD~please provide your name and address below for us to contact: 
you •.. A ... ~t.. . . .' 





APPENDIX B 

WELL COMPLETION DIAGRAMS 
AND GEOLOGIC BORING LOGS 





b:J 
I ...... 

ENVIRONMENTAL SCIENCE 
& ENGINEERING, INC. 

JORNO. J2IEIO-04OO BORINO NO . .....M:L- DA11! 8Ilcml SHEET.L OF--.J 

Q.Il!trl' l:IBS 'n'PB OF BORINO l:I!lU!Z!! S~m RIO 

PROIBCf Qtecchobee ~1!11s not Slim 8ORINO BEOUN lit I!! COMPIEI1!D I!!;~ 

lOCATION OF BORINO M!!I!kobIY~[ rg~1S - Da[ 101011 - !IIZ!!IIO" 
WA11!R U!Vl!L l 
nMI! lit I!! toe BlEVATION 

DA11! 1l19rll FIELD PARlY DIll2l11x A SI2!I!!1n\ 

SAMPU! TOTAL 
DEPllI BLOWS U!N011l OVA, PPM 

SAMPU! FROM·TO /6" ON OFRECOV U!5S DEP11l SOIL 

NO (IN FI) SMPLR SAMPU! ME1HANE (INFI) GRAPH DESCIlimON 

POSI I o:.ftd .... ftne_oralned ,lItca wllh I~ 

0-4 Hole 2 _ 
!SP I or .. nk ,III 0-6" 

I Sand. II. hr~ line 10 verv IIne-ualned illlea 

l .. hhl~'''''11 · 
4 · I Sand. onv. mosllY IllIIea. 

SP 

· 
6 · ! Same u .~ ~Ih lnee shell. 

· SP 

• · 
· 

10 - Same ... tv-

· 
12 • I Tn,.1 M ... h _ 12 reet 

· 

· 

· 
· 

!oeolollsl: TImothy A Stoddlrd 

ENVIRONMENTAL SCIENCE" ENGINUlUNG, INC 
SHAllOW MONTl'OR WEll. CONSTRUC11ON 

LOOOED BY: Timothy Stoddard CUENT: _..;H;::R:;;S:r-:~='--~=-=-=...-__ _ 
DRIUJNOCONTRACTOR: So. Fla. Te8~i~lt LOCA11ON: Moldenhauer - by canal. 
DRJU:6R'S NAME: David Griffey [ 118 JOB NUMBER: 3913010 

~~~~----~~~--WEll. NUMBER: H 1 DAlE: SIart 8/19/91 FIIIiIb: 8/19/91 
TOe ELEVATION: TIME: SIIIt 10:10 FIIIiIh: 10:45 
COMMENTS (Loll cIn:uIIIion iIIIerv.I. W_ IewA cIIInpI. Hole coIIIpIe iIIIerv.I. _): 

DepIhs Ia Refennce ID Orouad l.ewII 
NOT TO SCALE 

'--::=====1 4 MIahoIe C-~~ Flush "'" ~4 __ ~~ __ 8'_' __ 
l.ocUIc CIp ype Top 01 WeD CMina 2" I,., 

Top 01 0r0at __ 4:.. .. ____ _ 
tl/nnmmllilli/WI/. ~ I'Id 

Boaomol 8" 
MltnhoIe UiIiiI 

Topol SatI 6' 

.. ~ 
~. __ Type 01 Omut Cement 

Top 01 0nveI PKt I' • ___ 1)pe 01 PIuc: Pine Sand 

~ Schedule 40 PVC 

Top 01 Sc:Ie. 2' ·1 DiImeIIr. ____ -2 .. 

CoupIinp: 1 

OnIun4W_ 2' ~ Type: Threaded 

~ 
21 

4 --~ 20/30 Silica Sand 

~ Schedule 40 PVC 

DiImeIIr. 2" 

i LtItadI: 10' 
Sa Size: 0.010" 

a-oISc:1e. 12' .U I. __ 8_"_BoIe Hole DiINw 

Total Depdt 01 Bole Hole 12' 
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ENVIRONMENTAL SCIENCE 
&: ENGINEERING, INC. 

JOB 110. J21:H!lo.o4OO BORINO NO . ....M:l- DA11! 8/19m SHEET.L OF--I 

aJI!NT UB:I 1YI'I! OF BORINO UIlIIm! 5l~m RIO 

IpRomCT OkcedK!!!q :leDUc bnk :lludy BORINO BI!OUN 1I;'w COMPLI!TI!O 11:10 
I 
LOCAll0N OF BORINO MIII!I'Dbl.~[ 19111'D!ol! • la !lIIIDIIsIII 

l:rem! 1BVBL 
l' 
II;!!!! TOe I!UVA1l0N 

'DA11! 8/19,9! Fll!I.D PARlT TImolby A. SI!!!l4anl 

SAMl'LB TOTAL 
DEmt BLOWS LBNOTH OVA. PPM 

5AM1'LB FROM·TO /FON OFRI!COV U!SS DEmt SOIL 
NO (INFI) SMPLR SAMPLB MI!llIANE (IN FI) ORAPH Dl!SCRlmON 

POSI SP I Sand. Im/ flne· ... lned .mal. 
0-4 Hole 2 0 

I 

~ I O.-vellimeolone _mi. 

• 0 V Sa ... 1. ..." Ilne .... IIIft! oilica. 

0 
SP 

6 0 

~me ... hnve. 
0 

SP 

I 
0 

0 

10
0 

SP Sand .• r.y Ilne •• ,.lnM 0111"" ""'h .h,,11 

0 

12
0 

Tntlll deDlh _ 12 r_1 

0 

0 

0 

0 

- ~---
[oeoloJlst: TImothy A. Stoddlnl 

ENVIRONMENI'AL SCIENCE" ENGINEERING, INC 
SHALLOW MONITOR WEU. CONSTItOC'llON 

LOGGED BY: Timothy Stoddard OJENT: HRS 
DRIllJNG CON11tAC1UR: So. FIR. Testill8 & LOCATION-:'HlI:o"'l::;ae~rih=:a"'u"'e=r-""'c:-:e:::n"'"te"'r=-=o"'C'"'a:r.r::':a"i",n7f{'"'e'"'r .... a. 

DRIUH'S NAME: David Griffey Drilling JOB NUMBER: 3913010 
WEU. NUMBER: 11-2 DATIl: Sun: 8~/:;-19:-/:-:971=':"::"-Flnilh-' -:--:8:":/:;-19:-/:':9":'"1-

roc EUlV A 11ON: TIME: SIIft: 11 : 00 FIniIII:---..!!.!!2. 
COMMENTS (l.GII ciIadIIIoII inIrnIII, W .. lewd dImpI. Hole ooIIIpIe IaIarwI. c): 

Dqllhlil ReI_ II! Otound Le¥d 
NOfTOSCALE 

~~ Flush 

Top ol Wei c.Ittc 2" I '1 

MIDboIeeo.. 

I",*"'~ 8" 

Top ol 0nIat 4" ------
tlllllllll""",fllIIlI». ~ PIlI 

Boaomol 8" 
MaiiItOIe \Bill 

TopolSai 6" ----"-----
• ___ Type olOrout _...;C;.:;e::;me::n.:!t:...-__ _ 

Top ol Gmd PIdt _---=1"'0 .... " __ _ 
• ___ Type ol P!q: Fine Sand 

Top ol Saeen 1 ' ----"-----'--
~ Sched\!l.e 40 PVC 

Dill-. 2it 

CoupIinp: 1 

Orouad W.. l' 1 Type: Threaded 
DepdIa: 1" 

.---~: 20/30 Silica Sand 

-..f----~ Schedule 40 PVC 
DiameIer: 2" 
laIath: 10' 
Slot Size: • 010" 

Boaom ol Saeen __ ~ll~' ___ _+-
• __ 8'_' _Bore Hole oa.n--

TOIl! Dq!dt ol Bore Hole -2!.: 
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ENVIRONMENTAL SCIENCE 
&: ENGINEERING. INC. 

JOB NO. 391JQIQ..01OO BORINO NO.-M:l..- DATE 811901 SIfEETL OF ----l 

aJBNT tf8~ TYPI! OF BORINO tfollow Stem RIO 

PROlI!CI' Q_hobee ~RII' I1D~ ~Ilm BORINO BBOUN II,~~ COMPIEI1!D 12,2.5 

LOCAnON OF BORINO MI!I!I~Dblsg:[ [S1~M'l! 
WATER U!VI!l.. 

nNB II:~~ TOe ELBVAnON 

DATE 8I19t21 flEU)PARrt DlIII!lm tJ. ~I!!!I!I!1l1 

SAMJ'LB TOTAL 

DEPnI BLOWS LBNorn OVA, PPM 

SAMPLB FROM·TO "'ON OFRECOV LBSS DEmf SOIL 

NO (INFI) SMPLR SAMPLB MElllANE (INFI) ORAPH DESCRIP110N 

POIt 

~ Hole 2 _ SP I Sand. II. mlv line .... lned ,lIIao wllh 111Ir.e shell. 

I Sand. II. hrown In ... 11"", line In "'IV fine.'BIDed <llIao.; -
4-6 .. -

- SM Sand. hrown ,lilY fine-molDed sillao. 

f>.8 6 . 
LS Ume<lnne. II. hmwn .h .. 11v 

8-10 I _ SP I Sand. IL brown line.molned lillao. 

-
10-12 10 _ SC Sandv clOY .... v fine. molDed lilla .. nd wJclav. -

- SP Sand. II. brown HOdln. In OnIV fine.molned oillea. 

12 _ Tnl.1 denlh _ 12'_. 

-
-
-
-

joeolOJlSt: TImothy A. Sioddard 

ENVIRONMENTAL 5C[ENCE " ENGINEERING. INC 
SHAllOW MONITOR WElL CONSllUJCI1ON 

LOGGED BY: Timothy Stoddard CLIENT: --;Hr.R:iS'=:r::=::o-:"""'-=-,,:-:-:~_-r-_..,.... 
DRILUNO CON'I1lACTOR: So. Fla. Testing 5. LOCAllON: Kolaenhauer-east corner of grade of 
DR.IL.U:R.·S NAME: David Griffey Drilling JOB NUMBER: 3913010 septic. 
WElL NUMBER: H-3 DAm Stan: 8/19/91 F'aWh: 8/19/91 
TOe EUlV A 11ON: 11ME: Stan: 11 : 55 F'tniIh: 12 : 25 

COMMEHl'S (Loll c:in:uIIItion ~ WfIIIJr bel dIIftaa, Hole coIIIpIe lntavII, etc): 

DepIhIln Reference ID Ground Lewl 
NOT TO SCALE 

4 MIIIhoIe eo-~~ Flush .t='=======1L __ ~~_8_" __ 

LockIDa CIp Top 01 Well c.Jnc 2" BLS I,., 
tlllmnflflllllllllllfl1 4 Canent.()qvel I'll! 

TopolG.- 4" --=------
Boaomof 8" 
Manhole eMil 

4 ___ Type 0I0t0uI: _______ _ 

Top 01 W ___ 6_" 

Top 01 Gravel I'Ict l' 
4 ___ Type 01...." Fine Sand 

TopolSaem 2' 
-+----~ Schedule 40 PVC 

DiImeItr. 2" 

CoupIinp: 1 

GroundWfIIIJr 2' 1)pc: Threaded 
DqJthI: 2' 

4 ___ ~ 20/30 Silica Sand 

--t----~ Schedule 40 PVC 
DiImeItr. 2" 
Length: 10 • 
Slot Size: O. OW" 

Boaom 01 ~ __ 1;.:2;...· ____ '-_ 
_8_" __ Bole Hole Diameter 

ToIAl [)qJth 01 Bole Hole 12 • 
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ENVIRONMENTAL SCIENCE 
&: ENGINEERING, INC. 

JOII NO. :121 :KI1O-04OO IORINO NO . ...2:L- DAn! !I!2Ot91 SHI!I!TL OF---.J 

aJEHT HB5 'n'PI! OF IORINO WI!!!! 5"m RIO 

PROJIlCT Qteecbobce ~RI~ I.a~ 511111x IORINO BEOUN 11m COMPIEI1!D II: 10 

LOCA11ON OF IORINO Q2Q1ll!! BlllkllllG • 11111 IIOLIb III !:laiC! III lIulalkl!L 
WA11!R LBVI!L f 
11MB 11m TOe I!LEV A110N 

DAl1! 8f2OJ91 FlELDPARlY llmlllbx Ii. 511!!1.!11111 

SAMPLE TOTAL 

OI!l'11f BLOWS U!Nom OVA. PPM 
SAMPU FROM·TO ,,·ON OFRECOV l.ESS OI!l'11f son. 

NO (IN F1) SMPLR SAMPLE M1!THANE (IN F1) ORAPH DllSCRlrnoN 

SP I SIInd. browll 1I""."",lned In ... wllh I....., nr .. nl~ In, 

-
POSI 

o-t I Hole 2 _ I Sand . .,." IIno:·ualnecl silica, 

-
~ 4 ~ I P .... I. hla.-It hloh.., orunlc IIUIlerial wllh Inee Inl. 

-
6-11 6 - SP Sand ..... n..., 10 verY llne .... lned .n .... 

-
1-10 . - I SIIm ..... h<Ne. 

ISame ... _~ -
10-12 10 _ 

Sand. hrnwn llne •• nlned silica. -
12.14 12 _ 

.SIIm ..... _. -
14 _ I Tnl.1 fWnlh _ 14 reel 

-
Ioeolopst: TImolhy A Stoddard 

I!NVIRONMENTAL SCIENCE .. ENGINEEIlING, INC 
SHAll.OW MONITOR WELL CONSTIUJC11ON 

lOGOED BY: T1IIothy Stoddard OJENT: __ ":.:;R;::S:....,.....,.---;-___ ...,-____ _ 
DRIUJNOCON11tACTOR: So. Fla. Te~tl¥ii" LOCATION: Goolsby-just north near center of 
DRlU..ER'S NAME: David Griffey t 11& JOB NUMBER: 3913010 dt8ifiIield. 
WELL NUMBER: G-1 DAm: SlId: 8/20/91 FiniIh: 8/20/91 
lOCEUlVA11ON: 11ME:Stan: 10:35 FIIIiIh:~ 
COMMENTS (LOll ciIadaIioII inItnaI. Wet lew! c:hanpI. Hole coIIIpoe iIIIIn8I. -): 

DepdII. W_ III 0Itlund Lewd NOfTOSCALE 

-====il 4 Manhole c...er ~~ Flush .,. ~ 4 __ ~~--.::.8'_' __ 
LoctIoIi CIp Top 01 WeD c.iDc 2" BLS I,., 

Tap 01 OIUIII 4" -----
tm,mllllmll/llllm4~ PIll 

~01 8" 
LBiiI 

4 ___ Type 01 0nIuI: _-'C"'e=lDe::,n::.:t:-__ _ 
Top 01 SeII_---'6:.,. .. ____ _ 

Top 01 Ornd PId: _-=1_' __ _ 
4 ___ Typeol ..... : Plne Sand 

-+---~ Schedule 40 PVC 

Topol~_....;;.. ___ ~- DIan-. 2" 
CoupIinp: 1 

0Itlund Wet 4' , 
~ Threaded 
DqIdIa; 4 i 

4 ___ O~ 20/30 SUica Sand 

--1----~ Schedule 40 PVC 
DIan-. 2" 
J..encth: 10 i 
Slot SiIe; 0.010" 

Boaom 01 ScnIaI 14 I -.:;...;....----J- 4 __ 8_"_ IIcft Hole DIamew 

Tocal Depch 0I1Icft Hole 14 I 
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ENVIRONMENTAL SCIENCE 
ol ENGINEERING, INC. 

JOB NO. ~1~1().()400 BORINO NO . ....Y.:l- DATI! 8f2Otl1 SHEETL OF--.l 

a.JEHT USS nre OF BORINO W~ S~m RIO 

PROJI!CT QBmI~ ~1!11!i !Jok Sum BORINO BBOUN IJ;I~ COIolPIJ!TI!D IJi~~ 

LOCATION OF BORINO Northeast mmer III lJl!!!lIl!! 1m. 
WATER IJ!VI!L J' 
11ME I~:I~ TOe I!U!VA11ON 

DATI! 8120/1)1 FII!LD PARlY Dml!lb! At SI!!!I!IIIlI 

SAMPLB roTAL 
DEPn! BLOWS LBNom OVA, PPM 

SAMI'I..B FROM·TO NON OFRecov I..BSS Dl!PTH SOIL 
NO (INF1) SMPLR SAMPLB MEIllANE (IN F1) ORAP. DESCRIPllON 

SP .hnd.h_ a . I .Un wI.h on ..... o ... "k- <ilt 

-
Post 

1)..4 Hole 2 _ P'1' I P ...... h'_ nr .. n'" ..... ~rI.1 .. lth ......... 11 .... und 

-
4 _ SP I Sand .• ..." 11_._1_ .m .... 

-f---1f Pdl. hlock. hl.hlv or .. ,,'" 

_H 6 _ SPI Sand. bmwn lilly IIne·.l1Ilned Iliia "lIh ornnlc. 

SM 

_/ 
: Sand. II. brown 10 brown IIne-.rolned sllla. 

6-8 a _ 

- SP 

1-10 10 _ Same .. a-. 

-
lI)·12 12 _ 

13 _ I Tnlal DeDlh • 11 rHO 

1~·11 -
-

Ioeologisl: TimOlhy A. Sioddard 
- - -

ItNVIRONMDn'AL SCIENCE" ENGINEERING, INC 
SHAlLOW MONITOR WElL CONsntUCllON 

LOGGED BY: T1IIIothy Stoddard OJENT: _....;H:.::R~S=----=-__ -,.. _____ ...,.._ 
DRJU...ING COKnlACI'OR: So, Fla. Te&~i~i' LOCATiON: Vacant lot-northeast corner of Goolsby 
DIUU..ER'S NAME: David Griffey ns JOB NUMBER: 3913010 lot. 

WElL NUMBER: V-1 DATE: SJar\: 8/20/91 FIIIiIh: 8/20/91 
TOe ELEVATiON: 1tME: SJar\: 13:15 FIIIiIh: 13:55 
COMMENTS (Loat circuIaIion inItnaI, W.w level dJIn&a, Hole ClOIIIpoe inItnaI, l1li:): 

DqIdIIIn Rel_ III Ground IA¥d NOT TO SCALE 

--=====~ 4 Manhole eo.. ~~ F1U8h .,- • 4 __ ~ype~_8;;,..." __ 

LoctiDa Cap Top of Wdl CaIIna 2" BLS I =1 

Top of 0r0III 4" ---...:....---
tn","""",//",I11///4 ~ PIId 

~o( 8" 
laII 

4 ___ 1)pe of G!out Cement 

Top of Sell 6" 
--~----

Top ofOravd I'd _...;1:;.,' __ _ 
4 ___ 1)pe of PIq: Fine Sand 

Top of Sae. 3' -----4-
-_---~: Schedule 40 PVC 

DiamcIer: 2 Ii 

CoupJinp: 1 

Ground W.w ___ 3_' ____ _ ~ Threaded 

DepdII: 3' 

4 ___ ~ 20/30 Silica Sand 

-+----~ Schedule 40 PVC 
DiamcIer: 2 Ii 

Lenllh: . 10 I 

Slot Size: 0.010" 

a-of Scnoen __ 1_3_' ___ -!-_ 
• _8_" __ a- Hole ow-

ToIII DepdI of a- Hole 13 ' 
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ENVIRONMENTAL SCIENCE 
.t ENGINEERING, INC. 

JOB NO. :l21l!!10-0400 BORINO NO . ..ld.- DATH 1119,91 SHEET..1... OF-----I 

C1./ENT HB~ 'lTPE OF BORING HIIII!!!! ~W!! RIO 

PROJIlCI' Qkeechog ~R1~ IID~ ~1I1!1! _INOBEOUN U;J~ COMPlEl1!D Ui;U 

LOCAnoN OF BORINO 1&D IfiIlIklS • !lIB D~, 
WATBR LI!VEL r 
nME la~ TOe ELl!VAnoN 
OATE 1119121 FII!LD PARTY DlII2lbx b. !iI!1Jl!lI~ 

SAMPLE TOTAL 
DEPllf BLOWS LENOlll ovA, PPM 

SAMPLE FROM·TO ..... ON OFRECOV LESS DEP11f SOIL 
NO (IN Fl) SMPLR SAMPLE MEnlANE (INFl) ORAPH DESCRlmON 

, Much hl.hlv ornnle sill wilh und. 

. 
POSI SP I Sand . ..."A. I silica 

IJ.4 Hole 2 _ 

-
SP I !;and. w.rv II _ .n ... hl.~. 11-. .n ..... rv •. 

.. - .1I1ca. 

Hand ,., Auoer -
SP ~nd. hmwn .. t.h • .,. olltv nne ..... lncd silica. 

6 _ 

'·9 - ' Sand. brown .... rv ... I orltea wilh I ....... tli 

I and ornnico. 
I _ 

9·11 - SP Sand. b ........ II"" 10 ~ nne· .... lned silica wilh !race 
,til and ornntco. 

10 _ 

11·13 - Some u ahtwe. 

12 _ 

1:l-1S -
-

!S·17 TOIAI Denlh _ I, f.." -
~eolo,lsl: Tlmolhy A Sloddard 

ENVIRONMENTAL SCIENCE" ENClNEElUNG, INC 
SHAUOW MONITOR WEll. CONSTRUC11ON 

LOOGED BY: Timothy Stoddard 0JEm': _....,...:H.:.:.R:;:S _____ --;,.......,.--:~:__:_.,.... 
DRIU.INO CONTRACTOR: So. Fla. T~SH¥! & LOCATION: J.ewis-near center of drainfie1d. 

DRIU.ER'S NAME: David Griffey t 118 JOB NUMBER: 3913010 
WEll. NUMBER: L-1 DAlE: S\Irt -:8""/~1"'9 /.,.,9,;1.:=.;=~Fi-.. -ish-:--:8,..,/~1".9 /""9~1-
TOCEU:VATION: 11ME:S\Irt 15:35 F"tniIII:~ 
COMMENTS (LoIr dn:u!IIion inIrIvItI, W_ level ~ Hole coIIIpoe inIrIvItI, tilt:): 

DepdIIID Rd'aaa III Groundl.c¥el 
NOI' TO SCA.LE 

~~ Flush 

Top of WeD c.Jna 2" BLS I.., 
4 MaaItoIe eo-
--~ Loctittc CIp ~ 8" ~--

Top of 0r0at __ 4_" ___ _ 
tlllllllllllllmnmlll4~ PId 

I ~o( 8" 
"'*I 

4 ___ Typo ofOroat _~Cem=e::.:n:.:t'--__ _ 

Top of Se.! 6" 

Top of GmeI PK:t _-=1_' __ _ 4 ___ TypoofPlua: Fine Sand 

Top of Sa.. 7' _____ --L._ 
--+----~ Schedule 40 PVC 

I>iIn-= 2" 

CoupIinp: 1 

Ground W ____ ..:2;..' ___ _ 1YP= Threaded 

DqldII: 7' 

4 ___ ~ 20/30 Silica Sand 

--+----~ Schedule 40 PVC 

I>iIn-= 2" 

Len .... : 10' 

Slot Si>Je: 0.010" 

Boaom of Sa.. __ ~17;..' ___ ~1_-
8" Ben Hole 0-.-

TOIa! DqJdt of Ben Hole --.!2..: 
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ENVIRONMENTAL SCIENCE" ENGINEERING. INC 
SHAllOW MONITOR WElL CONS1lI.lJCnON 

LOGGED BY: Timothy Stoddard CLIENT: _H...,R,...S_...,-,.-_____ --,,-.,._--,-

DRllJ.JNG CON'ffiACI'OR: So. Fla. T~H~J LOCATION: Spaulding-ncar center of drainfield. 
DRILl£R'S NAME: David Griffey JOB NUMBER: 3913010 

WElL NUMBER: S-l DA1C: Sian: 8/19/91 F'1IIish: 8/19/91 
TOe EUlVATION: TIME: SIIlt: 18:25 F'1IIish: 19:20 
COMMENTS (Lost circuIaIion inraval, W_ level cllanse-, Hole c:oJlapte inravaI, eII:): 

Depcba in ReCCRACe 10 Ground Levd 

NOf TO SCALE 

~~ Flush ____ Manhole Cov« 

Top olWeII Cuin, 2" I '1 
4 

-+-~I-ac-king'~~ 8" ---

Top ol GIOIII ___ 4:... .. ____ _ 
tnmmmnnnmnll 4 Cemenl,(lravell'lld 

~6wna 8" 

Top ol ScaI 6" 
4 ___ Type of Grout _C_e"'m"'e"'n.;.;:t'--___ _ 

Top of Gravel Pact __ I' 4 ___ Type of PIu,: Fine Sand 

Top ofSaeea 7' 
--t-----~~: Schedule 40 PVC 

DiameItr. 2 It 

Couplings: 1 

GroundW_ 7' T~: Threaded 

~ 10' 

4 ___ G~ 20/30 Silica Sand 

-+---~: Schedule 40 PVC 
DiameIer. 2 •• 

Leng1h: 10' 
Slot Size: Q....Ql..Q: 

Bouom of Saeen 17' -------1-
TOIaI DcpIh of Bore Hole 17 ' 

8" Bore Hole DiameIer 
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ENVIRONMENTAL SCIENCE 
cl ENGINEERING, INC. 

JOB NO. :!2lJ!!l0-0400 BORINO NO.~ DAn 8l2OfJI SHEET..l.. OF---.. 

aJI!Ifr UM TYPB OF BORINO U!lll!!!! IiWD RIO 

PROJI!CT Okeechobee ~II~ I1Dk ~IIIU _INOBEOUlf lIi~ COMPIJIm) 2i1~ 

LOCA110N OF BORINO Yidl!!D IDIdencie II! g[ IIIW. 
WA11!R U!VI!L 6' 
TIME II:J~ TOe ELBVA110N 

DA11! 8120.91 FlBLDPARTY DDI!!lbI Ii. ~I~~ 

SANI'U! TOTAL 
DEP1H BLOWS LENOlll OVA, PPM 

SAMPLE FROM·TO .... ON OFRECOV U!SS DEPllI SOIL 
NO (INFT) SMPLR SAMPU! MEllIANE (IN FT) ORAPH DESCRIP110N 

I Sand . .,." llne-onlned silica. 

-
P .. I 

~ Hole 2 _ SP 

-
Buckel < 4-6 Auter 4 _ I Peal. bid orDnle malerlll wllh I .. .,., IIllaJ SIIId. 

-
6-lI 6 _ V. Ony IO_blOWll nne 10 \lerY-' silica. 

-
8-10 a _ 

I Same IS 1"'---
10-12 10 _ 

~ 

12.14 12_ same IS ,"'--

-
14·16 14 _ I Same .. lbove willi tnce shell 

16 _ I TOIII DeDlh - 16 feel 

!Geologl.l: TImolhy A. Slodd.rd 
-- -- -- -

ENVIRONMENTAL SCIENCE .. ENGINEERING, INC 
SHALLOW MONrrOR WElL CONSlltUCl1ON 

LOGGED BY: TilJOthy Stoddard CUENT: HRS 
DRIl.LINO CON11tACTOR: So, Fla. Teatil18" LOCATION-:"'wtr.e::8:::t7o::'n-"'5!'1i-::-no~r~t~h-;-"""3;"ii~we-:-8~t~o-::"f-c-a-r port, 

DRIUBt'S NAME.: David Griffey urlllil18 JOB NUMBER: -=-=='3:.;9:.:1c::30:::;1:;0'--__ -."..,-__ 
WElL NUMBER: W-1 DATIl: SIIft: 8/20/91 FIIliIh: 8/20/91 
TOe EUlVATION: 11MB: Slid: 8: 35 FIIliIh: 9: 15 

COMMEHJS (Loll cIn:uIIIioD InIr.rwI, W .. JeoeJ c::haIIIeI. Hole coIIIpIe InIenII, -l: 

DqIIIJI ill Reference III Ground LewI NOr TO SCALE 

J.U~ Flush .i 4 ....... Cover 

TopalWeDc.iDa 2" I 4-~.l=loctina~~_..;:.8'_'_-
Topalan. 4" ---.;..---

tmmuHlllfllflllUl,4 c-c,(l,.ve1 PIlI 

fl:3:.\eal 8" 
USIiII 

4 ___ Type aI Grout _...:C;.:em:::::.:en::.:t:...... __ _ 

TopalSeil 6" 

Top aI Clmd I'Ic:t I' 
• ___ Type aI PIuc: Fine Sand 

TopalSaem 6' 

_-1-___ ~ Schedule 40 PVC 

DiameIer: 2" 
CoupJinp: 1 

aro-tW .. 6' TlP= Threaded 

DefMbI: 6' 

4 ___ ~ 20/30 Sllica Sand 

--+----~ Schedule 40 PVC 
DiameIer: 2" 

Length: 10' 
Slot Size: 0,010" 

BoaoIn aI Sma 16' 
-----~- • __ 8_" _ Ikft Hole DiameIer 

Total DqJch allkft Hole 16 ' 



ENVIRONMENTAL SCIENCE & ENGINEERING, INC 

SHAllOW MONITOR WEll. CONSTRUcnON 
LOGGED BY: Timothy Stoddard CLIENT: HRS 

---=--~~--------------~~~~ 
DRllLING CONTRACfOR: So. Fla. TP¥H£!n~ LOCATION: Spaulding-near center of drainfield. 
DRilLER'S NAME: David Griffey JOB NUMBER: 3913010 ---------------WEll. NUMBER: S-l DATE: Start: 8/19/91 Finish: 8/19/91 
TOC ELEVATION: ________ _ TIME: Start:. ___ 1_8_:_2_5 ___ Finish:_~1..;...9..;...: 2;;;...0~_ 

COMMENTS (Lost circulation interval, Water level changes, Hole collapse interval. etc): 

Depths in Reference to Ground Level 
NOT TO SCALE 

~ of.~Je Flush .... ------------.1 .. ____ Manhole CoVel' 
tecbve mg ------- .. ___ Prorective Manhole 8" 

I .. --If--- Lockin~ .~ type Diameter. ------2" Top of WeD Casing -------t~-

4" Top of Grout ________ • 
fE'!!!!!."'!!!!!.7.!!!J.7J!!l7J.. .. Cement,Gravel Pad 

8" 
~~~~~~m=g~----------

Type of Grout: Cement 

Top of Seal 6" • 
l' Type of Plug: Fine Sand 

Top of Gravel Pack • 

~ing: Schedule 40 PVC ype. 
Top of Screen 7' Diameter. 2" 

Couplings: 1 

7' Type: Threaded 
Ground Water 

Depths: 10' 

---G~k: 20/30 Silica Sand 

S~: ype: Schedule 40 PVC 

Diameter: 2" 

Length: 10' 

Slot Size: 0.010" 

17' 
Bottom of Screen ---------------t-- •. -- .. 8" Bore Hole Diametec 

17' Total Depth of Bore Hole _____ • ;......------. 

B-9 



tp 
I 

....... 
o 

ENVIRONMENTAL SCIENCE 
&: ENGINEERING. INC. 

JOB NO. :!2111111W4OO BORINO NO . ..I:1- DAll! 8119191 SHEETLoF~ 

Cl.II!HT tlB5 nPB OF BORINO tl21lS!!! 51~m RIO 

PRQJIlCT Q~eedIobee ~RII~ IIall 51l1ft BORINO BI!OUN JII;~ CONPU!11!D J2;~ 

LOCAnoN OF BORINO 5R111~ID' [IIIZIK!C • WI III d[llolk~, 
WA11!R LI!VI!L z: 
11M1! III:~ TOe I!U!VAnON 

DA'I1l 1£12191 F\I!1.D PARn Dm!!IM t.. 5l!l!1ll1D1 

$AMPU! lUTAL 
DEP'rn BLOWS U!NOrn OVA. PPM 

SAMPU! FROM·TO "'"ON OFRECO~ U!SS DEP'rn SOIL 

NO (IN FI) SMPLR $AMPU! MErnANE ('NFl) ORAPH DI!SCRIP110N 

16-17 16 Same U lbove. 
" 

!7 TOIII DeDlh _ 17 leel 
" 

" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

------ -~- -
Ioeolo"'~ ~ ~mo~Y A. Sioddird 

-~ - -

ENVIRONMENTAL SCIENCE 
&: ENGINEERING. INC. 

JOB NO. :!2U!!JIW4OO BORINO NO . ..I:1- DAll! 8112191 SHEET.L OF----, 

CLIENT HB5 nPE OF BORINO tl2ilS!!! 51~m RIO 

PRQJIlCT Qkmb!!S ~I!II!< IIoll :illlft BORINO BEQUN III;~ COMPU!11!D J2;~ 

LOCAnON OF BORINO :iRlIlI!llo. [III!I$IK!C " WI !!UUlIDlkld, 
WA 11!R LI!VI!L z: 
nMI! I!!;~ TOe I!U!VAnON 

DAll! !!l19121 F1ElDPARn llm!!lb! t.. :il!!!!d!£!I 

$AMPU! lUTAL 
DEPTH BLOWS U!Norn OVA. PPM 

SAMPU! FROM·TO "'"ON OFRECOV U!SS DEP'rn SOIL 

NO ('NFl) SMPLR $AMPU! MErnANI! (INFI) ORAPH DI!SCR1P110N 

I Sand. nlY nne-nllned slllc;a wllh lillie or no nnes. 
S~.; 

POll 
0,.... ..... 

()..4 Hole 2 0 SPI Sand. brO'Nll slloll. sllrv nne-lralned silica. 

SM 

0 

4-8 
" 0 

....,sT I P,..I. blacll hllhlv orunlc malerlal wllh lreel. 

0 

6 0 

0 

8-10 • 0 /" I Sand. D'IY nne 10 very nne-nalned silica. 

0 
SP 

10.12 10
0 

SP I Same U lbove. 

0 

12.1" 12 0 

SP Same .. abowl wilb lrace orunla. 

0 

1".16 14
0 

0 

peoloJlsl: nmothy A. Stoddard 
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I ENVIRONMENTAL SCIENCE 
&: ENGINEERING, INC, 

I 

JOB NO. ~1J!!1()..()4()() BORINO NO.~ DATE 8!2OtJ1 . SIfEET.,L OF-1 

laJEHT HB~ 'n'PI! OF BORINO HslIl2!! ~lmI RIO 

IpROJECT Qkm;hobee ~1!I1Ii IaDIl ~1I1!1x BORINO BEOUN II;~~ COMPU!11!D 2; U 

LOCAnON OF _INO lYllIl!!1 milkS II! 9[ l1li0. 
WATER LI!VI!L 6' 
nME lI;l~ TOe EU!VAnON 

DATE Il120.91 FlELDPAR'IT DlII!!lbx ~ ~I!1!I!I.[l\ 

SAMl'U! TOTAL 
DEP1ll BLOWS U!Norn OVA, PPM 

SAMPU! FROM·TO /VON OFRECOV LESS DEP1ll son. 
NO (IN FI) SMI'ut SAMPU! MEmAHE (IN FI) GRAPH DESCRII'11ON 

I !:And ..... ftne.rralned sillcl. 

-
POSI 

0-4 Hole 2 _ SP 

-
Buckel V 

4-6 AUKr I P... hl"'~ or .. nlc mal ... 1A1 ",IIh In .... sill", und. 4 _ PT 

-
6-8 6 _ ~ lOr." 10 brown II .... 10 ..,rv n...,.rralned <111<11. 

-
8-10 . -

I So"", ... tv--
10-12 10 _ 

12.1' 12 _ !:A_ ...... 

-
1"·16 14 _ I So ....... -hnw: 'NIlh tnee shell. 

16_ I Tn._I TlIon.h _ 16 feel 

joeologlsl: TImolhy A Sloddard 
- .- - -

ENVIRONMENTAL SCIENCE" ENGINEERING, INC 
SHALLOW MONITOR WEll. CONS11HJCI1ON 

lOOGED BY: Timothy Stoddard CUENI': HRS 
DRILUNG CONTRACTOR: So, F1a, Testing & LOCATION-:-,Urre,:..s.:,:t:....o""n-"""sM·-n-or-:t .... h-::-&""'3::-t·r--we-s-t-0~f-c-a-r port, 

DRD..lJlR'S NAME: David Griffey Drilling JOB NUMBER: __ --'3:.,:9;,:1""30"'1:,:0:-_____ _ 

WEU.. NUMBER: W-l DATE: 51111: 8/20/91 FIIIiIh: 8/20/91 

TOe EU;VATION: 1lME: SIIrI: 8: 35 FIIIiIh:---2..:.!1 

COMMENTS 0.- cin:uIIIion ~ WID IeoeI dIInaeI. Hole coIIIpIe IIIWIYIII, eIC): 

[)qlllllia Rdaaoce ID a.-.d Level NOT TO SCALE 

Top or WeD c.IAa 2" I., 

-=====~ . MInhoIe eo-J.U~ Plush .,. i .--~~_-=-8'_' __ 

LockiD& Cap 

Top or Groat 4" ---.:..---
tn"""mlllllllllfllll.~ PId 

~of 8" 
YSiII 

• ___ Type of Grout __ C;;.;eDI=e.:;,nt=-__ _ 

Top or Sell 6" 

Top or ar-Il'a:t l' 
• ___ Type or JIIuc: Pine Sand 

Top or Sae. 6' 
-+----~: Schedule 40 PVC 

DUmeIIr. 2" 
CoupIinp: 1 

Groa.dWID 6' ~ Threaded 
Dr:pthI: 6' 

• ___ G~ 20/30 Silica Sand 

-+---~ Schedule 40 PVC 
DUmeIIr. 2 i. 

lenJdI: 10' 
Slot Size: 0,010" 

~orSae. 16' -------"- • __ 8_" _ Ben Hole DiImet« 

TWI Depth or Ben Hole 16 ' 





APPENDIX C 

NU1RIENT LOADING 





P/EAT/LOK-STS.47 
12/16/92 

APPENDIX C 

Nutrient loading from the septic tanks in the Okeechobee area may be determined based on hydro
geochemical conditions in the drainfields. The. detailed calculations along with the assumptions are 
shown below: 

1.0 Number of houses: 

Okeechobee Hammocks: 
Buckhead Ridge: 
Taylor Creek and Treasure Island: 

TOTAL: 

2.0 Full-time occupancy: 

Okeechobee Hammocks: 
Buckhead Ridge: 
Taylor Creek and Treasure Island: 

TOTAL: 

3.0 Half-time occupancy: 

Okeechobee Hammocks: 
Buckhead Ridge: 
Taylor Creek and Treasure Island: 

TOTAL: 

4.0 Other Data: 

Average area of a drainfield 
Average number of people/house 
Water used per capita per day 

5.0 Full-time annual water use: 

Okeechobee Hammocks: 
Buckhead Ridge: 
Taylor Creek and Treasure Island: 

TOTAL: 

C-l 

159 x 0.43 
937 x 0.43 
1,844 x 0.43 

159 - 68 
937 - 403 
1,844 - 793 

68 x 3 x 44 x 365 
403 x 3 x 44 x 365 
793 x 3 x 44 x 365 

400 tt2 
3 
44 gallons 

159 
937 

1,844 

2,940 

68 
403 
793 

1,264 

91 
534 

1,051 

1,676 

3,276,240 
19,416,540 
38,206.740 

60,899,520 
gallons 



6.0 Part-time annual water use: 

Okeechobee Hammocks: 
Buckhead Ridge: 
Taylor Creek and Treasure Island: 

TOTAL: 

7.0 Total water used: 

Okeechobee Hammocks: 

Buckhead Ridge: 

Taylor Creek and Treasure Island: 

8.0 Net annual percolation through drainfields: 

Okeechobee Hammocks: 

Buckhead Ridge: 

Taylor Creek and Treasure Island: 

9. Average nutrient concentrations: 

Okeechobee Hammocks: 

N02 + N03 

NH3 + NH4 
Phosphorus 

Buckhead Ridge: 

N02 + N03 

NH3 + NH4 
Phosphorus 

C-2 

91 x 3 x 44 x 365 x 0.5 
534 x 3 x 44 x 365 x 0.5 
1,051 x 3 x 44 x 365 x 0.5 

3,276,240 + 2,192,190 
= 5,468,430 gallons 

19,416,540 + 12,864,060 
= 32,280,600 gallons 

38,206,740 + 25,318,590 
= 63,525,330 gallons 

5.468 X 106 gallons 
= 2.07 x 107 liters 

32.28 X 106 gallons 
= 1.22 x lOB liters 

63.53 X 106 gallons 
= 2.40 x lOS liters 

3.010 mg/L 
1.194 mg/L 
2.640 mg/L 

0.698 mg/L 
61.329 mg/L 
4.116 mg/L 

P/EAT/LOK-STS.48 
12/16/92 

= 

2,192,190 
12,864,060 
25.318.590 

40,374,840 
gallons 



P/EAT/LOK-STS.49 
12/16/92 

Taylor Creek and Treasure Island: 

Phosphorus 

11.0 Nutrient loading: 

Okeechobee Hammocks: 

N02 + N03: 
NH3 + NH4: 
Phosphorus: 

Buckhead Ridge: 

N02 + N03: 
NH3 + NH4: 

Phosphorus: 

(0.365 + 9.710 + 0.299)/3 
= 3.458 mg/L 

(9.875 + 7.252 + 3.618)/3 
= 6.915 mg/L 

(7.448 + 2.248 + 1.183)/3 
= 3.626 mg/L 

(2.07 x 107) x 3.010 
(2.07 x 107) x 1.194 
(2.07 x 107) x 2.640 

(1.22 X 108) x 0.698 
(1.22 x 108) x 61.329 
(1.22 x 108) x 4.116 

Taylor Creek and Treasure Island: 

N02 + N03: 
NH3 + NH4: 
Phosphorus: 

Total Nutrient Loading: 

N02 + N03: 
NH3 + NH4: 

Phosphorus: 

(2.40 X 108) x 10.051 
(2.40 x 108) x 6.915 
(2.40 x 108) x 3.626 

62.3 + 85.2 + 2,420 
24.7 + 7,480 + 1,660 
54.6 + 502 + 872 

Total: 

C-3 

2,570 kg 
9,160 kg 
1,430 kg 

'" 13,200 kg 

62.3 kg 
24.7 kg 
54.6 kg 

85.2 kg 
7,480 kg 

502 kg 

2,420 kg 
1,660 kg 

872 kg 





APPENDIX D 

SOIL AND SEDIMENT CHARACTERIZATION 
PROCEDURES 





APPENDIX 0 

son. AND SEDIMENf CHARACTERIZATION PROCEDURES 

P/EAT/LOK-STS.51 
12/16/92 

The collected soil and sediment samples were stored in a refrigerated compartment (0-4°C) before they 
were analyzed. Prior to storage, representative amounts were taken, analyzed for moisture content, and 
then later subjected to the following analysis. 

01. Moisture Content - Percent moisture each sample was determined by drying the sample in an oven 
at 103-105°C for 24 hours. The weight loss after drying was used in calculating the moisture 
content. 

02. Total Phosphorus - Total P content was analyzed by an acid digestion of the soil sample. The 
digestate was then subjected to colorimetric analysis via an automated ascorbic acid reduction 
method. 

D3. Nitrite + Nitrate - The soil or sediment was analyzed by converting nitrate into nitrite by cadmium 
reduction method. The nitrite was then colorimetrically determined with the aid of Technicon 
Analyzer. 

D4. Total Kjeldahl Nitrogen - TKN was determined from the ammonia liberated from the distillation of 
acid digestate of the samples. The ammonia generated from the sample was calculated from the 
acid-base titration procedure and expressed in terms of nitrogen. 

D5. Total Nitrogen - Total N was calculated from the sum of the concentrations of N02 + N03 and 
TKN. 

06. Total Organic Carbon - TOC was determined by measuring the percent weight loss after heating 
the samples to 440°C. 

Analysis described above from D1 to D6 is dermed as partial analysis. Full analysis included the partial 
analysis and analysis of the following parameters based on the method of Graetz and Reddy (1991). 

D7. Exchangeable Phosphorus - Soil suspensions [2 g soil: 20 ml 1 M ammonium chloride (NH4Cl)] 
were prepared and equilibrated for 1 hour by continuously shaking on a mechanical shaker. After 
centrifugation, the supernatant liquid was separated, filtered, acidified, and then analyzed for 
soluble reactive phosphorus (dissolved orthophosphate) using an automated ascorbic acid 
reduction method. 

DB. Extractable Fe and AI - A 25 ml mixture of 0.1 M oxalic acid and 0.175 M ammonium oxalate was 
used in extracting non-crystalling (amorphous) Fe and AI from 0.5 g soil samples. After 
continuous shaking for 4 hours, the soil suspension was centrifuged, filtered, and then analyzed 
using Inductively Coupled Argon Plasma OCAP) instrument. 

09. Phosphate Adsorption Isotherm - Two grams of air-dried soil were equilibrated with 20 ml of 0.01 
M potassium chloride (KCl) solution containing 5, 10, and 50 milligrams phosphorus per milliliter 
(mg P /mL) [prepared using potassium phosphate (KH2PO ~ analytical reagent]. These 
concentrations were selected based on the exchangeable phosphorus data and environmental 
concentrations of phosphorus in surface waters located in the vicinity of the study areas. After a 
24-hr equilibrium period, the soil solution was centrifuged. The supernatant liquid was removed, 
filtered, acidified, and analyzed for orthophosphate using an automated ascorbic acid reduction 
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procedure. The phosphorus lost from the solution was assumed to be sorbed by the soil. The 
solution concentrations and amounts of phosphate retained by the soil were then evaluated 
according to two adsorption isotherms: 

(1) Freundlich 

Cs = K Ce lin, which can be logarithmically transformed to 
log Cs = log K + lin log Ce (3-1) 
where Cs = sorbed concentration of P in the solid phase (mg!kg) 
Ce = solution concentration of P (mg/L) 
K and n = Freundlich adsorption coefficient expressing the sorption capacity of the soil 
(kg/L) and the adsorption intensity, respectively. 

(2) Langmuir 

Ce 
Cs 

= 1 
bQ 

+ Ce (3-2) 
Q 

where Ce and Cs are as defined in equation (3-1) 
Q = phosphorus adsorption maximum (mg!kg) 
b = a constant related to binding energy (LImg) 

Values of the constants K and lin of Freundlich's isotherm were evaluated by plotting log Cs 
against log Ce to obtain the slope and intercept. For Langmuir isotherm, the plot of Ce/Cs against 
Ce yielded a slope and an intercept which, in turn were equated to l!bQ and lIQ, respectively. 

Values of exchangeable P, extractable AI and Fe, and adsorbed P concentrations were calculated by 
taking into account the initial concentration of each analyte detected in the blank or control 
solutions. 
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