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SIOCTIQN 1 
EKEaJTIVE SlMdARY 

The work described herein is part of a multi-year research project 
sponsored by the Florida Department of Health and Rehabilitative Services 
(HRS) designed to evaluate the perfonnance and ground water quality effects 
of Onsite Sewage Disposal Systems (OSDSs) in Florida. Previous research as 
part of this project focused on state-wide assessments of soil suitability 
for OSDSs and potential ground water quality impacts in eight hydrogeologic 
regimes of Florida. This phase of the research focused on monitoring the 
ground water beneath four specific subdivisions in four different 
hydrogeologic regimes and the perfonnance of eight individual OSDSs in two 
of these. The ground water conditions varied between subdivisions with a 
high, well drained sand ridge setting in Polk County; a low, somewhat 
poor ly drained flatwoods area in st. Johns site; a relict beach ridge 
environment in Brevard County and a shallow limestone aquifer (Biscayne) in 
Dade County. These subdivisions were chosen since they were thought to be 
representative of those developed largely under the requirements of the 
1983 revisions to Chapter 10D-6, Florida Administrative Code, Standards 
for Onsite Sewage Disposal Systems. 

SUBDIVISION rnooND WATER. MONITORING 

The surficial ground water monitoring conducted to date has included the 
following activities: 

o Installation of soil borings and an evaluation of the shallow 
geology via soil borings. 

o Installation of temporary piezometer wells and the collection 
of water level and field water quality data. 

o Performance of electromagnetic (EM) terrain conductivity surveys 
at the four sites to aid in the placement of pennanent monitoring 
wells. 

o Performance of ground penetrating radar (GPR) surveys at two of the 
sites to enhance the understanding of the shallow geology. 

o Evaluation of the preliminary data and selection of sites 
for more extensive ground water sampling and analysis. 

o Installation, development and sampling of monitoring wells. 
o Evaluation and interpretation of the ground water monitoring data. 

At least 10 test borings were made at each si teo Several of the test 
borings were completed as temporary piezometers (typically 7 to 11 
locations). Based on the soil boring data, surface geophysical surveys and 
piezometer measurements, pennanent ground water monitoring wells were sited 
and installed. Seven wells were normally placed with the exception of Polk 
County where only 5 were installed. Ground water monitoring activities 
described in this report took place between May 1987 and March 1988. 

The water table aquifers studied were present in fine sands beneath the 
subdivisions in Polk, St. Johns and Brevard County, while in Dade County, 
the aquifer occurred in shallow limestone. The depth to ground water varied 
widely between the four subdivision sites: 1 to 4 ft. below ground surface 
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in Brevard County, 3 to 5 ft. in Dade County, 2 to 7 rt. in st. Johns 
County and 9 to 18 ft. in Polk County. The observed horizontal gradients 
were normally quite low, typically less than 0.4%. Cursory estimates of 
ground water seepage velocit ies yielded rates typically well below 25 
ft./yr. in the shallow ground water below the subdivisions in Polk, St. 
Johns and Brevard County. The rate .in the ground water below the 
subdivision in Dade County was considerably higher (670 ft./yr.) due to the 
cavernous and vugular limestone aquifer. 

Ground water monitoring included the measurement of water table elevations 
and the collection of s8Jll>les for water quali ty analyses. Analyses were 
made onsi te for tent>erature, pH and specific conductance. Laboratory 
analyses were made for total dissolved solids (TDS), chlorides, 5-day 
biochemical oxygen demand (00Ds), total Kjeldahl nitrogen (TKN), ni trate 
ni trogen (N03) , total phosphorus (P), surfactants (MBAS) , fecal col ifonn 
bacteria, volatile organic coq>ounds (VOCs) and virus. SaIIt>ling and 
analyses for virus were conducted in Polk and St. Johns County, but this 
work has not been completed yet and will appear in the final report on this 
phase of the research. 

The ground water concentrations of many constituents varied widely between 
different wells on a given date and at a given well on different dates. 
Variations of an order of magnitude or more for pH, chlorides, nitrogen and 
phosphorus were not uncommon. The fluctuations were not consistent across 
all parameters ruling out siot>le dilution from precipitation events as a 
probable cause. 

Paired wells located in close proximity to OSDSs revealed notable 
concentrations of constituents commonly associated with septic tank 
effluent (STE) (e.g. ~, TKN, p). These constituents are not exclusively 
derived from STE, but have other anthropogenic and natural sources in the 
environment. Nevertheless, the concentrations were high enough in certain 
wells in all four subdivisions to suggest that STE might have been a 
contributor. For example, in the subdivisions in ·Brevard and Dade County, 
the concentrations of ~ and TKN were routinely in the several part per 
million (ppm) range. 

Fecal coliform bacteria were detected on one or more occasions in at least 
one well in each of the four subdivisions. In each of Polk and St. Johns 
County, a single sample from a single well revealed very low bacteria 
concentrations of 10 organisms/100 mL or less. In the subdivisions in 
Brevard and Dade County, 3 and 4 wells revealed fecal coliforms, 
respectively, with the concentrations in Dade County as high as 17,000 
organisms/100 mL. 

Volatile organic compounds (VOCs) were not detected in any of the ground 
water samples collected (method detection limits typically 5 micrograms/L 
or less), with the exception of one sample in St. Johns County (1.8 ug/L 
Chloroform). 

The ground water monitoring data suggests that it is more appropriate to 
focus on individual OSDSs and/or small groups of OSDSs, rather than a 
subdi vision as a whole, or "black box". Based on the low seepage 
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velocities, ....... the contaminant migration of even mobile contaminants (e.g. 
chlorides, nitrates) would be expected to be limited since the subdivisions 
monitored were relatively young in age (Le. < 20 yr. old). In these 
settings, the downgradient, horizontal distances that contaminants 
theoretically could travel was correspondingly low. As a resul t, these 
younger s~bdivisions may not exhibit single plumes of ground water impact, 
but rather many individual plumes, possibiy fran each household. 

INDIVIOOAL OSDS MONITatING 

The moni toring of individual OSDSs to date has occurred at each of four 
homes in the study subdivisions in Polk County and in St. Johns County. 
These two study sites were characterized by fine sandy soil profiles which 
were well drained and somewhat poorly drained, respectively. 

At each home the work included: 

o Household and OSDS characterization. 
o Wastewater (STE) effluent characterization. 
o Septage characterization. 
o OSDS infiltration system operation monitoring. 

In addi tion, at two of the homes in each subdivision, the following 
additional work has occurred: 

o Soil sampling at the OSDS infiltrative surface and at 2 and 4 
ft. beneath it at each of two locations. 

Wastewater and septage characterization included analyses for a suite of 
constituents including: temperature, pH, specific conductance, chlorides, 
~, TDS, total suspended solids (TSS), fats, oils and greases (FOG), TKN, 
ni trite plus nitrate ni trogen (NOz+NOj), P, MBAS, fecal coliform bacteria, 
and virus. OSDS infiltration system monitoring included periodic 
measurement of the occurrence and depth of ponding. Soil sampling beneath 
OSDSs included analyses for soil grain size, moisture content, total 
organic carbon (TOe), TKN, NO,! , P, leachable or tho-phosphorus , VOCs and 
fecal coliform bacteria. 

Based on the soils characterization and ground water monitoring in the two 
subdivisions it was found that soils of the same series name (Ona and 
Tavares) had distinctly different water table characteristics and drainage 
classifications between subdivisions. This was apparently due to 
significant water table changes in the Polk County subdivision over the 
last 20 years. 

Septic tank effluent (STE) at eight homes in Florida contained appreciable 
concentrations of organics, solids, nutrients and bacteria. Additionally, 
trace levels of volati Ie organic compounds (VOCs) were measured. The 
average total VOCs at each home ranged from 9 to 75 micrograms per liter 
(ug/L). Toluene was found in almost every sample, while chloroform, and 
methylene chloride were often detected. At one hane, 1,4-dichlorobenzene 
was detected. The STE concentrations were found to be within the range of 
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those reported in the literature from other locations in the USA. Notable 
exceptions were STE temperature and TSS which were substantially higher. 

Septage sampling at each of the eight homes revealed characteristics 
consistently lower than those in the literature. This may have been due in 
part to the relatively high septage teq>eratures observed (27 to 32°C). 
Concentrations of most consti tuents in the septage (e.g. BODs, TKN, P, 
VOCs) were about 5 to 10 times higher than those in the STE. 
Concentrations of TSS and FOG were approximately 20 times higher. 

OSDS infU tration surfaces in the subdivision in St. Johns County were 
coomonly closer than 2 ft. to ground water during portions of the year. 
One of the systems monitored appeared to have been in the saturated zone 
during part of this study based on monitoring well and OSDS data collected. 

A suite of STE constituents were measured in soil samples collected at the 
infiltrative surface, 2 ft. below the infiltrative surface and 4 ft. below 
the infiltrative surface. Concentrations generally decreased considerably 
with depth below the infiltration area in unsaturated soils. Fecal 
coliform bacteria were found at the 2 ft. depth in only one of the sampled 
systems (St. Johns County). VOCs were not measured above detection limits 
in samples 2 ft. or more below the infil trative surfaces of the OSDSs 
studied. 

PRELIMINARY CONCLUSIONS 

This progress report presents the first resul ts of field moni toring of 
ground water below unsewered subdivisions and monitoring of the perfonmance 
of individual OSDSs. Several parts of the scope of work remain, including 
completion of the virus analyses. Interpretation of the current results as 
discussed herein may need further analysis and refinement in light of this. 
Therefore, the following conclusions are offered at ·this time based only on 
the results presented in this progress report. 

The findings to date revealed that STE and septage generated in Florida 
contained substantial concentrations of pollutants and were generally 
similar in character to that which has been observed elsewhere in the USA. 
Notable exceptions were the lower concentrations of most consti tuents in 
septage and the higher suspended solids in STE. These may be attributed 
to the comparatively higher temperatures of both waste streams. 

For STE disposed of in OSDS infiltration systems in Florida, the presence 
of at least 2 ft. of unsaturated fine san~v soil provides a relatively high 
degree of treatment for most constituents. Ground water quality in the 
vicinity of relatively new subdivisions (Le. < 20 yr. old) served by 
indi vidual OSDSs has not suffered substantial widespread contamination. 
However, localized areas of potential impact have been observed in all four 
subdivisions, particularly those in Brevard and Dade Counties. 

It appears that in the hydrogeologic settings examined, the high OSDS 
densities in relatively new subdivisions have not resulted in higher 
degrees of ground water contamination than might be found adjacent to 
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individual OSDSs in similar, but less densely populated areas. If 
subdivision wide impacts are to occur, they may simply take decades to 
manifest themselves due to the low ground water seepage velocities. 

RESEARClI STATUS 

This progress report contains a synopsis of prior research as well as 
details of the methods and results of the recently conducted research as 
described above. This report combines and expands upon the information 
contained in two draft reports issued in July 1988: 1) Progress Report on 
the Monitoring of Individual OSDS in Two Florida Subdivisions, Ayres 
Associates and 2) Preliminary Results of OSDS Subdivision Ground Water 
Monitoring, Kirkner & Associates. 

Further work remains to complete the research activities reported herein, 
notably the analysis and interpretation of the measurements made for virus. 
Additional monitoring of the four study subdivisions, including individual 
OSDSs and ground water quality is needed to further the understanding of 
the perfonnance and ground water quality impacts of high density OSDSs. 
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SECTION 2 
I NTROOOCI' ION 

BACKGROOND 

The State of Florida continues to experience a rapid rate of growth, with 
a significant portion occurring in new developments beyond the reach of 
municipal sewer services. Homes and business establishments in the 
unsewered areas must rely on onsi te sewage disposal systems (OSDS) for 
wastewater treatment. OSDSs are subsurface infi! tration systems that 
util ize the soil's capacity to treat the wastewater before ultimate 
recharge to the ground water. Currently, over 1.5 million households in 
Florida utilize OSDSs (Ayres Associates, 1987). Since 1983, penmits for 
new OSDS installations in Florida have averaged over 60,000 annually, 
according to records of the Florida Department of Health and Rehabilitative 
Services (HRS). Many of the OSDSs in Florida occur in subdivisions of 
over 200 homes on 0.25 to 0.5 acre lots. 

As a result of the number and densities of new OSDSs being penmitted each 
year, concerns developed as to whether present OSDS regulations and 
practices were adversely influencing the public health and water resources· 
of the State. To protect these vital resources, practices for treating and 
disposing of sewage in unsewered areas of Florida are being evaluated 
through a multi-year research project. Even though onsite sewage treatment 
and disposal have been studied by investigators in the u.S. and abroad for 
over 40 years, many important questions remain. This is particularly true 
in Florida where unique soil, hydrological and climatic conditions exist. 
A thorough knowledge of the capabilities of Florida's soils to treat 
sewage is needed to predict the impacts of present and projected 
development and to enable effective onsite system regulation and land use 
planning. 

This research project was authorized under the Florida Water Quality 
Assurance Act of 1983, which provided for a three dollar surcharge on each 
OSDS construction penmit issued in the State during fiscal years 1983 to 
1988. The project is being directed by Ayres Associates of Tampa Florida 
wi th the project tasks conducted by a team of scientists and engineers. 
The work reported herein was conducted by personnel from Ayres Associates, 
Kirkner and Associates of Lake Wales, Florida, and private and public 
laboratories within the State. The project is supervised through the HRS 
Environmental Heal th Office in Tallahassee. 

The fundamental goal of this project is to ensure'that OSDS practice in 
Florida protects the public heal th and water resources of the State 
through the application of technically sound State guidelines for 
management of onsi te sewage disposal systems. These guidelines include 
site evaluation procedures, design criteria, installation techniques and 
management requirements. To achieve this goal, the research project has 
been divided into three major areas of study. These are: 1) to assess the 
impacts of OSDS use on ground waters, particularly in locations of high 
OSDS densities; 2) to evaluate the capabilities of Florida soils to accept 
and treat wastewater; and 3) to evaluate current OSDS practice in Florida 
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and, based on the resul ts of the other two areas of study, recOlDDend 
appropriate revisions to Chapter 10D-6, Florida Administrative Code (FAC). 

The phase of the research reported herein included two major areas of 
activity. Shallow ground water below unsewered subdivisions was monitored 
to determine if high-density use of OSDSs. in subdivisions had a significant 
impact on ground water quality near the subdivisions. Individual 
household OSDSs wi thin the subdivisions were also studied to assess the 
wastewater treatment capabilities of the soils in which these systems were 
installed. Standard contaminants such as biochemical oxygen demand (~), 
suspended solids (TSS) and nitrates (N03) are being studied along with less 
studied environmental contaminants such as volatile organic compounds 
(VOCs) and virus. 

OBJECTIVES AND SOOPE 

Subdivision Ground Water Monitoring 

To determine whether OSDS use in subdivisions is seriously detrimental to 
ground water quality, the shallow ground water Below high density unsewered 
subdi visions was moni tored. One subdivision located in each of four 
different hydrologic settings of Florida have been under study. These 
subdivisions are located in Polk, St. Johns, Brevard, and Dade Counties. 
Site hydrogeologic conditions and ground water quality impacts were 
assessed by surface geophysical methods and the installation and sampling 
of ground water piezometers and monitoring wells. 

Individual OSDS Monitoring 

The objectives of the individual OSDS monitoring were twofold. First, it 
was desired to characterize the quality of septic tank effluent (STE) from 
homes typical of those in the subdivisions studied. This characterization 
was mainly to confirm that STE quality was similar to literature values and 
to allow comparison of any contaminants found in soil and ground water 
monitoring with those discharged by household septic tanks in the 
subdivisions. The second objective was to evaluate the retardation and/or 
degradation of typical pollutants in STE as it percolated through 
unsaturated soil below the drainfield, or infil tration system of the 
homes studied. This so-called "treatment capabili ty" could then be used 
to assess the likelihood of ground water contamination from an individiual 
OSDS source. 

Individual OSDSs at four homes in each of two subdivisions have been 
under study. The individual systems studied were in the subdivisions in 
Polk and St. Johns County. At each home, the household and OSDS 
characteristics were determined, the STE and septage were characterized, 
and the operation of the OSDS was assessed. At two of the individual OSDSs 
in each of these subdivisions, soil sampling was conducted at and beneath 
the STE infiltrative surfaces. 
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SECI'IOO 3 
SYNOPSIS OF PRIat OSDS PROJEcr RESULTS 

Several components of the first two study areas of the HRS Onsite Sewage 
Disposal. System Research Project have been completed since the study began 
in 1986. Florida soil types have been evaluated as to how they were 
distributed geographically and which soi Is supported most of the current 
and projected future OSDS jnstallations in the State (Ayres Associates, 
1987; Sherman et a1., 1988). The characteristics of these soils which 
affect their ability to accept and treat septic tank effluent (STE) were 
outlined. Also, infonnation was gathered and presented on the OSDS design 
types most often used in Florida. 

Results of this initial task helped identify which soils were most 
important to study in later parts of the research. It was found that 
soils with severe limitations for conventional OSDSs, as defined by the 
Soil Conservation Service (SCS), are increasingly the sites for 
developments using OSDSs. Also, it was estimated that 75% of current and 
projected future OSDS installations would be located in counties near 
Flor ida's met ropo li tan areas. Highest uses of OSDSs were predicted to 
continue in urban fringes of the State and more and more on soils poorly 
suited for OSDSs. The key soil limitations for concern and future study 
appeared to be related to high water table conditions in rapidly permeable 
sandy soils. OSDS use in these conditions has the greatest potential to 
result in ground water contmnination. 

A second component of the OSDS project was a ground water contamination 
risk assessment using cOlq>uter simulation techniques (Kirkner and 
Associates, 1987; Voorhees and Rice, 1987; Anderson et al., 1988). The 
objective of this phase of the research was to assess the relative 
potential of various surficial aquifer conditions in Florida for 
contamination from high density OSDS use (i.e.,. sulxlivisions on OSDS). 
This work was to facilitate the selection of subdivisions for field 
moni toring. 

As part of this phase of study, a computer contaminant transport model was 
developed which utilized uncertainty analysis in the evaluation of input 
parameters (Voorhees and Rice, 1987). This allowed the input of mean 
parameter values as well as a measure of the degree of spread (uncertainty) 
of the parameter based on its distribution in the field. No single value 
of porosity, for example, was appropriate to a given region because a whole 
range of porosity values may exist in nature. By using statistical 
measures of this range as input to the contamination model, a distribution 
of contaminant concentrations could be predicted rather than a single 
value. This distribution was indicative of the range of contamination 
which might occur from an OSDS subdivision in the region modeled. The 
results of the modeling study provided useful insight into the direction 
of the remaining research effort. 

As expected, seepage velocity (the speed of water flow within an aquifer) 
had the greatest effect on contaminant transport. However, both high and 
low seepage velocity conditions showed reasons for potential concern. In 
surficial aquifer settings with high seepage velocities, contaminants moved 
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much furth~r down gradient from the source, but were reduced in 
concentration. In contrast, low seepage velocities resulted in less 
transport but higher concentrations of cont~inants. Dispersivity was also 
an important par~eter in the analysis, since it combined with the seepage 
velocity to describe contaminant spread. 

Al though the trends which resulted frOm the modeling effort were as 
expected, the relative values of the results were more interesting. For 
example, the model showed that a 50 acre subdivision of 200 hanes may 
cause nitrate contamination of concern in several hydrogeologic settings. 
Another resul t of interest was the length of time for contamination to 
reach maximum concentrations fran such subdivisions under typical Florida 
surficial aquifer gradients. The cOl11'uter simulations suggested that 
twenty to thirty years may be necessary to reach ul timate contaminant 
concentrations downgradient fran OSDS subdivisions under certain conditions 
(Anderson, et.al., 1988). 

The research reports and papers describing the work to date include: 

o Ayres Associates. 1987. Onsite Sewage Disposal System Research in 
Florida: Impact of Florida's growth on the Use of Onsite Sewage 
Disposal Systems. 

o Kirkner & Associates. 1987. Risk Asses~ent of Onsite Sewage 
Disposal Systems for Selected Florida Hydrologic Regions. 

o Voorhees, M. L. and J. M. Rice. 1987. Application of Sensitivity 
and Second Order Uncertainty Analysis in Formulating Regional 
Groundwater Contamination Risks and Data Sensitivities. 

o Anderson, D. L., J. M. Rice, M. L. Voorhees, R. A. Kirkner and K. M. 
Sherman. 1988. Groundwater Modeling with Uncertainty Analysis to 
Assess the Contamination Potential from Onsite Sewage Disposal 
Systems in Florida. 

o Sherman, K. M., D. L. Anderson, D. L. Hargett, R. J. Otis and J. C. 
Heber. 1988. Florida's Onsite Sewage Disposal System (OSDS) Research 
Project. 

o Ayres Associates. 1989. Performance monitoring and ground water 
quality impacts of OSDSs in subdivision developments. (This report). 

Complete citations for the above may be found in the References section of 
this report. 
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SECI'ION 4 
SITE SELECTION AND aIARAcrmlZATION 

This section contains a description of the process used to select specific 
sites for monitoring including subdivisions and individual OSDSs therein. 
Four subdivisions were selected for ground water monitoring; one in each of 
the following counties: 

o Polk County, 
o st. Johns County 
o Brevard County, and 
o Dade County. 

Eight individual OSDSs were monitored, four in each of the subdivisions in 
Polk and st. Johns County. 

SUBDIVISION GROOND WATER MONITORING 

S He Selection 

The selection of OSDS monitoring sites was a cooperative effort on the part 
of the investigative team and personnel from various city, county, and 
Florida state governmental agencies. Subdivisions throughout the State were 
screened for suitability for inclusion in the study according to a 
comprehensive list of parameters including location, density of systems, 
age of systems, conformance to current HRS construction codes, and other 
cri teria. Several of the more heavily weighted criteria used in the 
selection process are discussed below. 

The preliminary research effort focused on locations that represented the 
diverse hydrogeology of the State (Kirkner and Associates, 1987). Areas 
were selected from this group which included ridge and coastal 
environments. Areas of the State experiencing very rapid population growth 
were also identified as vulnerable to impacts because of the proliferation 
of septic systems. The components of the hydrogeologic regime of the 
subdivision such as soil type, thickness of the unsaturated zone, and 
subsurface lithology influence the importance of its location. The 
proximity of potential interferences such as adjacent agriculture, industry 
and other subdivisions also limited the location criteria. 

The number of homes and consequent number of OSDSs si tuated wi thin a 
limited area was considered an important factor in determining the extent 
of potential impacts to ground water by the OSDSs. The subdivisions 
required a sufficient number of operating OSDSs installed on 0.25 to 0.5 
acre lots to supply the potential impacts. The initial screening keyed on 
subdivisions containing sixty (60) or more homes with year round occupancy. 
This cri teria removed seasonal residential developments from 
consideration. 

The age of the OSDSs was important in two respects. In the first place, 
the longer the OSDSs were in operat ion, the greater the potential for 
impacts to the underlying ground water. Secondly, the OSDSs mrust have been 
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installed in accordance with the new revisions to Chapter 10D-6 which went 
into effect in 1983. Unless the OSDSs within a subdivision were proven to 
be in accordance with the new code, this criteria limited the selection to 
systems installed following adoption of the code. This fact I imi ted the 
age of OSDSs selected. 

Site Characteristics 

Subdivision sites in four counties were ultimately selected for inclusion 
in this study, including one each in Polk, st. Johns, Brevard and Dade 
County. The location of each site in Florida is shown in Figure 4.1 and 
the general subdivision characteristics' are summarized in Table 4.1. 
Detai Is regarding the natural resource characteristics of each si te are 
given below. 

Polk County Subdivision --

A subdivision site located in northwestern Polk County was selected to 
evaluate OSDS ground water impacts in an upland environment wi thin the 
Central Florida Ridge land resource unit. 

The climate of Polk County is subtropical and is characterized by warm 
humid sumners and moderately cool winters. Annual average rainfall is 
approximately 52 in. Rainfall is seasonal with about 65 percent occurring 
during the months of June through September. During these months, the 
rain usually falls from localized convective thunderstorms. 

Polk County is located in the Central Highlands physiographic division as 
defined by Cook (1939). These highlands parallel the longitudinal axis of 
the Florida peninsula. The major topographic features in the county are 
three long, irregular, and generally parallel, north-south trending ridges 
which are separated and bounded by relatively flat lowlands. 

The ridges are flanked by solut ion features coomonly referred to as 
sinkholes. The sinkholes are formed by the lowering of surficial sand and 
clay units into voids in the underlying limestone units. Many of these 
sinkhol es have fi lIed with water, creating the numerous lakes cOlIlDOn to 
this part of Florida. 

The subdivision site is situated on the eastern flank of the Lakeland Ridge 
in northwestern Polk County. The general location of the study area is 
depicted on Figure 4.2. The Lakeland Ridge is the westernmost of the three 
ridges described above and begins approximately ten miles northwest of 
Lakeland, extending south-southeastward towards Ft. Meade (White, 1958). 
Alt i tudes along the crest of the Ridge range from 150 to 270 ft. above 
mean sea level (MSL) (Figure 4.3). Land surface at the si te ranges in 
elevation fram 120 to 140 ft. above MSL. 
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Table 4.1- General characteristics of four subdivisions studied. L 

Existing Homes 
Total 
Lots Number Lot Size Age Range 

County Land Resource Unit (no.) • (no. ) (acres) (yr. ) 

Polk Central Florida 118 67 0.26 o - 14 
Ridge 

St. Johns North Florida 300 185 0.34 o - 22~ 
Flatwoods 

Brevard Central/South 1553 72 0.23 0-5 
Florida Flatwoods 

Dade Everglades 90 63 0.31 0-3 

1 Olaracteristics shown were present at the start of the subdivision 
monitoring work which began in 1987. The lot size shown is typical. 
2 Only one home was 22 years old. The next oldest home was 13 years old. 
3 Part of a 75,000 lot subdivision development. 

Surface drainage in the area is poorly defined due to the thickness and 
generally high penneability of the surficial sand units. The runoff that 
does occur is mainly confined to the numerous closed basins wi thin the 
ridges. The regional surface water drainage features that are best 
developed occur between the ridges and generally flow toward the south. . 

The surface water drainage within the site vicinity is restricted by its 
location on a topographically high sand ridge. The extremely permeable and 
relatively thick surficial sand units encourages very rapid rainfall 
infiltration. Stonnwater surface drainage is conveyed via stonn drains into 
a lake which is located at the north end of the site in a topographically 
low area. 
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-The region is under lain by two major hydrogeologic uni ts of differing 
lithologies. The uppermost unit consists of clastic sediments made up of 
poorly to moderately consolidated sands, clays, clayey sands and sandy 
phosphatic clays of Recent to Miocene Age. Over much of the area, sandy 
clays containing phosphatic gravel are overlain by sandy clays and sands 
that are leached of their phosphate content. The monitoring wells 
installed at the site penetrated no deep~r than the leached sands and sandy 
clays. This upper unit is commonly referred to as the surficial or water 
table aquifer. Below the surficial aquifer, the sediments consist of sandy 
clays and phosphatic gravel which contain the majority of the phosphate 
mined in the region. Permeable units within this interval are generally of 
non-uniform thickness and lateral extent and may form intermediate 
aquifers in the area. Low yield wells completed in these aquifers 
generally produce water containing excessive concentrations of iron and 
radionuclides. 

Underlying the surficial clastic sediments is the Hawthorn Formation which 
consists of massive, interbedded sandy clays and limestones. The clays are 
soft, sandy, phosphatic, and usually gray to dark bluish or greenish gray. 
The limestone units are light-cream to tan, very sandy, clayey, phosphatic, 
and may fonn intennediate artesian aquifers in localized areas of higher 
permeabili ty. The Hawthorn is the primary confining uni t between the 
surficial and Floridan aquifer and is found approximately 60 ft. below the 
surface in the site area. 

Underlying the Hawthorn is a thick sequence of 1 imestone and dolomite, 
commonly called the Floridan aquifer (Parker et al., 1955). The Floridan 
is of Miocene to Eocene age and is estimated to be well over 1,000 ft. 
thick in the study area. Ground water in the aquifer is confined by the 
overlying clays and sandy clays and therefore exhibits artesian 
characteristics. In recent years, the potentiometric surface of the upper 
part of the Floridan in this area has fluctuated from a low of 88 ft. 
above MSL (May 1984) to a high of 98 ft. above MSL. (September 1986). 

The direction of ground water flow is generally in a westerly direction 
towards the Gulf of Mexico. The majori ty of the water supplies for all 
types of usage in Polk County are obtained from the Floridan aquifer. 

St. Johns County Subdivision --

A subdivision si te in st. Johns County was selected to evaluate ground 
water impacts in a fine sand environment with a high water table. St. Johns 
County is located in northeastern Florida in the North Florida Flatwoods 
land resource unit. 

The cl imate of St. Johns County is subtropical and is characterized by 
warm, humid slmlIlers and mi ld, dry winters wi th occasional frost from 
November to February. Annual average rainfall is approximately 54 in. 
Rainfall is seasonal with the majority falling during the months of June 
through September. During these months, the rain usually falls from 
localized heavy showers of short duration. 
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The subdivision site is located in the physiographic province referred to 
as the Coastal Lowlands. The general location of the study area is shown 
in Figure 4.4. The topography of the lowlands is controlled by a series 
of marine terraces (Cooke, 1945) which were fonned during Pleistocene time. 
Terrace development occurred as the sea fluctuated above and below its 
present level in response to global cljmatic variations during the Ice 
Ages. As the sea retreated to a lower level, the sea floor emerged as a 
level plain or terrace. The landward edge of each terrace became an 
abandoned shoreline with an abrupt scarp separating it from the next 
terrace. Seven terraces are recognized in northeast Florida. Two of 
these, the Pamlico and Silver Bluff terraces, are encountered in the site 
area and form a low coastal plain with elevations from 0 to 25 ft. above 
MSL. Figure 4.5 is a topographic map of the study area. 

Surface drainage in the area is primarily through the St. Johns River and 
its tributaries. The St. Johns River generally flows northward to the 
Jacksonville area where it turns sharply toward the east and empties into 
the Atlantic Ocean. The streams on the marine terraces generally flow north 
or south parallel to the coastline where beach ridges prevent the streams 
from draining directly into the ocean. 

The surface water drainage at the site is restricted by its location on a 
relatively flat topographically high area. The extremely permeable 
unsaturated zone wi thin the surfi cial sand uni ts encourages very rapid 
rainfall infiltration. The majority of surface runoff within the 
subdi vision is directed south-southeastward towards a local topographic 
depression referred to as the undeveloped area in Figure 4.5. Drainage 
ultimately enters the St. Johns River via Cunningham Creek. 

The region is underlain by two major hydrogeologic uni ts of differing 
lithologies. The uppermost uni t consists of clastic sediments including 
poorly to moderately consolidated sand, clay and shell material of Miocene 
to Holocene age. This overlies a thick sequence of limestone and dolomite, 
commonly called the Floridan aquifer (Parker et al., 1955). 

Undifferentiated sediments of Pleistocene and Holocene age blanket the 
majority of the area. These sediments were deposited during the formation 
of marine terraces and beach ridges and are primarily composed of medium to 
fine grained quartz sand wi th some local iron oxide staining. This 
1 i thology is typical of the surficial sediments in the si te area. Other 
areas exhibit thin, gray, sandy clay beds, which may contain mollusk 
shells, or discontinuous layers of red-brown hardpan composed of slightly 
to well-indurated iron-oxide cemented quartz sand. The thickness of the 
Pleistocene and Holocene deposits in the area ranges from less than 10 to 
about 100 ft. (Fairchild, 1972). 
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---Brevard County Subdivision --

The subdivision site in Brevard County was selected to determine the 
effects of OSDSs on ground water in a coastal area. The study area is 
shown in Figure 4.6 and is located wi thin the Central and South Florida 
Flatwoods land resource unit. 

The climate of Brevard County is subtropical and is characterized by wann 
humid summers and mild dry winters. Annual average rainfall is 
approximately 53 in. Rainfall is seasonal with the majority occurring 
during the months of May through October. During these months, the rain 
usually falls from localized heavy showers of short duration. 

The subdivision site is located in the Coastal Lowlands physiographic 
province as classified by Cooke (1939). The principal geographical 
features are the st. Johns River valley and the Atlantic Coastal Ridge. 
The St. Johns River valley encompasses the central and western portion of 
the county. The source of the river is st. Johns marsh area in the 
southern part of Brevard County and adjacent counties to the south. Much 
of the land adjacent to the river is marshland. When the river is at 
flood stage this marshland functions as part of the river channel. The 
upland border of the marshland grades into a sandy or dry prairie zone 
(Davis, 1943). The prairie zone is part of the river's flood plain and 
floods frequently. Between the prairie zone and the more elevated coastal 
ridge is a wide flatwoods forest area of pines, scrub oak and palmetto. 
The forest area is relatively flat and poorly drained and has mnnerous 
intermittent lakes scattered throughout (Brown et al., 1962). 

The site is located on the western flank of the Atlantic Coastal Ridge. The 
ridge ranges from 1.5 to 3 miles in width and is continuous along the 
length of Brevard County, paralleling the Atlantic coast. The area has a 
beach dune ridge influenced topography with parallel elongate ridges and 
intervening swales which contain numerous lakes. and marshlands. The 
coastal ridge ranges in elevation from sea level to 55 ft. above MSL and is 
the highest land area east of the St. Johns River. Land surface elevation 
in the site vicinity is approximately 25 ft. above sea level. Figure 4.7 
is a topographic map of the site vicinity. 

Drainage in the area is influenced by the coastal ridge which forms a 
natural divide between the St. Johns and Indian River basins. A series of 
small streams flow eastward out of the ridge area and into the Indian 
River. Manmade canals which also drain into the Indian River enhance the 
natural surface water drainage system. The western slope of the ridge is 
drained by a series of small interconnected lakes which channel water into 
the St. Johns River. 
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...... 
The natural surface water drainage at the site area is restricted by its 
location on the generally flat western flank of the coastal ridge. The 
penmeable unsaturated zone within the surficial sand units encourages rapid 
rainfall infiltration beneath the site and decreasing surface water runoff. 
Stonnwater drainage is directed northward towards a manmade canal which 
borders ~he site area. 

Undifferentiated sediments of Pleistocene and Holocene age cover the study 
area and form the surfical or non-artesian aquifer. These sediments were 
deposi ted as marine terraces and beach ridges during previous eras of 
higher sea levels and are primar ily composed of fine to medium grained 
quartz sand with varying percentages of shell fragments and organic 
material. This composi tion is typical of the sediments in the site 
vicinity. The thickness of these deposits in the area ranges from less than 
10 to a maximum of 60 ft. 

Dade County Subdivision --

The subdivision site in east central Dade County was selected to evaluate 
ground water quality in a shallow carbonate aquifer. The subdivision site 
is located in the Florida Everglades land resource area. 

The climate in Dade County is subtropical and is characterized by warm 
humid summers and mild dry winters. Annual average rainfall is 
approximately 60 in. Rainfall is seasonal with the majority occurring 
during the months of June through October. During these months, the rain 
usually falls from localized heavy showers of short duration. 

Dade County is subdivided by two physiographic divisions, the Miami Ridge 
and the Everglades as defined by White (1970). The general location of the 
study area is shown in Figure 4.8. The Miami Ridge is the southern extent 
of a persistent ridge which parallels the present shoreline of the east 
coast of Florida. The northern extent of the ridge is primarily composed 
of sand. Southward this changes character from almost entirely quartz and 
other detrital materials, to steadily increasing percentages of calcareous 
oolite. The north section of the ridge has been modified by wave action 
during higher stands of sea level and contains several relict beach ridges. 
Ridge elevations decrease southward coextensive with the mineralogy change 
and form a broad low swell a few miles wide and approximately 10 to 15 ft. 
high (White, 1970). 

The Everglades is a broad, low lying solution-leveled region with 
elevations only slightly above the present sea level. A widespread blanket 
of peat has acctmlUlated and overlies the limestone base throughout the 
area. This is caused by dissolution of the limestone to the water table, 
creating the swampy conditions conducive for plant growth and their 
preservation as peat (Parker & Cooke, 1944). 

The OSDS subdivision site is located on the border of the Everglades and 
the southern extent of the Miami Ridge. Elevations in the site vicinity 
range from 7 to 10 ft. above MSL. Figure 4.9 is a topographic map of the 
study area. 
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The natural surface drainage of the area is poor due to the flat topography 
and lack of strerun channel development. Man made drainage canals, control 
structures and pump houses almost entirely control the surface water flow 
in the eastern portion of the county including the site area. These canals 
generally flow eastward into the Atlantic Ocean. Drainage in west Dade 
County is primarily into the Everglades •• 

The area of investigat ion is underlain by the Biscayne aquifer which is 
composed chiefly of limestone, sandstone and carbonate sand of marine 
origm. The limestone uni ts wi thin the aquifer are highly permeable and 
capable of yielding large quantities of water. The thickness of the 
Biscayne aquifer is greatest along the coast of the Miami area and thins 
gradually southward and rapidly westward towards the Everglades. The 
aquifer generally shows nonartesian characteristics and is of Pliestocene 
to late Miocene age. It is also the primary supply of fresh water in the 
area. 

INDIVIDUAL OSDS MONITORING 

Site Selection 

Two of the four subdivisions ultimately selected for ground water 
monitoring were also used for the individual OSDS monitoring phase of the 
research. The subdivisions in Polk and St. Johns counties were selected 
because those sites included fine, sandy soils with two extremes of water 
table and soil drainage conditions. These conditions were typical of 
those identified in earlier phases of the research as supporting large 
numbers of OSDSs and being of concern for potential ground water impacts. 
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General ho~ehold characteristics in the subdivisions were determined 
through a survey questionnaire mailed to homeowners and by conversations 
with individual homeowners. A copy of the ,questionnaire is included in 
Appendix A. The responses to the survey were analyzed to determine mean 
and range statistics for use in describing the characteristics of each 
subdivisipn. These results are presented in Table 4.2 and briefly . 
discussed below. 

Site Characteristics 

The subdivision in St. Johns County was considerably larger than that in 
Polk County, and also had slightly larger average lot sizes (Table 4.2). 
The portion of the subdivisions which had been developed, based on total 
number of lots, was similar. The subdivision in St. Johns County had a 
slightly older average house age at 8.9 y~ars, but the ages ranged from 
new to about 14 years in both subdivisions with the exception ot one home 
in the subdivision in St. Johns County. 

Based on the survey results, the average number of occupants per home was 
higher in both subdivisions than the State average of 2.5 (BEBR, 1985) and 
the national average of 2.7 (BEBR, 1986). The subdivision in Polk County 
had slightly higher household populations (3.4 per home) as compared to St. 
Johns County (3.1 per home). The distribution of occupant age within 
households showed a sl ightly younger average household in Polk County 
(Table 4.2). 

The munber and type of water using pltunbing fixtures within homes were 
similar between subdivisions. The average home had two bathrooms, a 
dishwasher, and a clotheswasher along with other typical household 
fixtures. One difference between subdivisions appeared to be that fewer 
homes in Polk County had dishwashers but more had garbage disposals as 
compared to those in St. Johns County. 

The survey questionnaire also addressed the question of septic tank 
cleanout. Homeowners in the subdivisions were asked how frequently they 
had their septic tanks pumped. It was common that homeowners had never had 
the septic tank at their home serviced. Considering the fact that the 
current occupants had lived in their homes an average of 5.8 years in Polk 
County and 6.7 years in st. Johns County, these data suggest that septic 
tanks are being serviced less frequently than the 3 to 5 year interval 
commonly recommended (U.S. EPA, 1980). 
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-Table 4.2. -- Detailed characteristics of the study subdivisions in 
Polk and St. Johns County.1 

Description 

Sulxiivision 

Survey response 
Total lots 
Existing homes 
Average lot size 

Homes 

Age - average 
- range 

Occupancy - average 
- range 

Residents 

Occupants - average 
- range 

Age - < 2 yr. 
- 3-12 yr. 
- 13-18 yr. 
- > 18 yr. 

Pltunbing 

Ki tchen sink 
Dishwasher 
Garbage disposal 
Bathroom sink 
Shower 
Bathtub 
Toilet 
Laundry sink 
Clotheswasher 

Units 

% 
no. 
no. 
acres 

yr. 
yr. 
yr. 
yr. 

no./home 
no./home 
no./home 
no./home 
no./home 
no./home 

no./home 
no./hane 
no./home 
no./home 
no./home 
no./home 
no./home 
no./home 
no./home 

Polk 
• County 

45 
118 

67 
0.26 

7.6 
o to 14 

5.8 
o to 13 

1 
3.4 
to 6 
0.2 
0.6 
0.5 
2.1 

1 
0.8 
0.5 
2 
1.5 
1.1 
1.9 
0.4 
0.9 

St.Johns 
County 

34 
300 
185 

0.34 

8.9 
o to 222 

6.7 
1 to 13 

1 
3.1 

to 7 
0.1 
0.4 
0.5 
2.1 

1 
1 
0.3 
2.1 
1.2 
1.5 
2.1 
0.3 
0.9 

1 Based on the resul ts of survey questionaires returned by homeowners 
between Apri I and June 1987. A copy of a questionaire form may be found in 
Appendix A. 
2 Only one home was 22 years old. The next oldest home was 13 years old. 
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To aid in the selection of individual OSDSs for monitoring, the survey also 
included questioning as to whether the homeowner was interested in 
part icipating in the moni toring portion of the study. Homeowners that 
expressed an interest in becoming involved were interviewed further and 
ranked according to family size and age, level of interest and information 
provided" types and mnnbers of water using fixtures,' and general location 
within the subdivision. It was desired to monitor homes with larger than 
average family size, young children, typical fixtures and with a genuine 
interest in participating in the study. The top ranking candidates were 
interviewed first by telephone and then by visiting the home. Knowledge 
of the location, size and condition of their OSDS was then gathered for 
use in final selection of homes to be monitored. Four homes in each of 
the two subdivisions were then chosen for monitoring based on these factors 
(Tables 4.3 and 4.4). 

All eight homes selected for monitoring were single family dwell ings and 
ranged in age from 2 to 14 years. Home 13 had 3 residents including one 
child, home 12 had 5 residents including 3 children, and the remaining 
homes all consisted of 4 person families with 2 children. 

The homes had three bedrooms and two bathrooms with the exception of home 
11 which had four bedrooms and two bathrooms. Lot sizes ranged from 0.26 
to 0.47 acres and were smaller in Polk County than in st. JOMS County. 
All homes had typical plumbing fixtures and water using appliances 
including automatic dishwashers and clotheswashers. Three of the four 
homes in Polk County had garbage disposals while none of the four homes in 
St. JOMS County had them. Homes 12 and 21 were the only homes which 
included water softeners. 

The OSDS information included on Tables 4.3 and 4.4 was based on 
information from the homeowners, local regulatory agency pennit data, and 
field evaluations of the individual systems conducted at the time septic 
tank effluent (STE) monitoring apparatus was installed. As shown in the 
table, complete information on all systems was not available. 

Of the eight systems monitored, six utilized conventional trench 
drainfields and two utilized conventional beds (Tables 4.3 and 4.4). In 
addition, at monitoring homes 11,21, and 23, laundry wastewater was 
separated from the main OSDS serving the home. In the case of homes 21 and 
23, this separation had been performed by the homeowner because of 
perceived OSDS malfunction. At home 11, a separate laundry OSDS had been 
permitted and installed at the time the home was constructed. Attempts to 
locate these systems proved futile and they were thus not monitored as part 
of this study. It should be mentioned that when homes were being evaluated 
for moni toring potential, an attempt was made to locate homes with all 
wastewater flowing to one OSDS. However, it was difficult to locate homes 
which met all selection criteria and the sites chosen for monitoring 
represented the most desirable locations available. Based on conversations 
with homeowners in the subdivision in St. Johns County, the separation of 
laundry wastewater from the OSDS appeared to be a rather coomon practice, 
especially if problems with the system had ever developed. 
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"-
Table 4.3. Characteristics of the individual OSDS monitoring sites 

in the subdivision in Polk County. 1 

Home ID Number 

Characteristics Units 11 12 13 14 

Residents 
Total no. 4 5 3 4 
Adults no. 2 2 2 2 
Children no. 2 3 1 2 

yrs. 4,8 1,3,7 2 <1,11 
Home 
Lot Size acres 0.29 0.26 0.26 0.29 
Age of Home years 4 11 2 14 
Occupancy years 4 11 2 13 
Bedrooms no. 4 3 3 3 
Bathrooms no. 2 2 2 2 

Dishwasher Yes Yes Yes No 
Clotheswasher Yes Yes Yes Yes 
Garbage Disposal - Yes No Yes Yes 
Water Softener No Yes No No 

OSDS T~e & Size 
Septic Tank gal. 900 ? 900 ? 
Las t Ptmt>ed date Never 1987 Never 1986 
Separate Laundry Yes No No No 
Drainfield Area ft2 1802 1503 2103 28s3 
Type Trench Bed Trench Trench 

Based on survey results returned during April to June 1987 and data 
gathered during monitoring period. 
2 Based onpennit data for main system. Area does not include separate 
laundry system area of 125 ft2. 
3 Area detennined in the field with a tile probe. 
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Table 4.4. Characteristics of individual OSDS monitoring sites in 
the subdivision in St. Johns County.1 

Home ID Number 

Characteristics Uni ts 21 22 23 24 

Residents 
Total no. 4 4 4 4-32 
Adults no. 2 2 2 2 
Children no. 2 2 2 2 

yrs. 9,13 <1,5 8,13 14,17 
Home 
Lot Size acres 0.34 0.47 0.34 0.34 
Age of Home years 11 11 12 12 
Occupancy years 11 5 12 5 
Bedroans no. 3 3 3 3 
Bathrooms no. 2 2 2 2 

Dishwasher Yes Yes Yes Yes 
Clotheswasher Yes Yes Yes Yes 
Garbage Disposal - No No No No 
Water Softener Yes No No No 

OSDS Type & Size 
Septic Tank gal. ? ? 900 900 
Last Puo;;>ed date 1987 Never 1985 Never 
Separate Laundry Yes No Yes No 
Drainfield Area ft2 2403 2103 2303 1883 

Type Bed Trench Trench Trench 

1 Based on survey resul ts returned during April to Jtme 1987 and data 
gathered during monitoring period. 
2 One resident left home on September 1987 to attend college. 
3 Area detennined in the field with a ti Ie probe. 
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- SECI'IOO 5 
SUBDIVl S 100 GROOND WATER Pt«)NI'1'<RING 

INTROOOcrION 

The objective of the subdivision ground water monitoring was to determine 
the effects of subdivisions served by OSDSs on shallow ground water 
quality. As discussed in Section 4, one subdivision located in each of 
four different hydrologic settings of Florida was studied. These 
subdivisions were located in Polk, St. Johns, Brevard, and Dade Counties. 
As discussed in this section, si te hydrogeologic condi tions and ground 
water quality impacts were assessed by surface geophysical methods and the 
installation and sampling of ground water piezometers and monitoring wells. 

MErnODS 

Preliminary Review 

Preliminary work was necessary prior to any onsite ground water monitoring 
activities. This involved initial screening of the site for accessibility 
to survey and drilling equipment, detennining potential impacts to ground 
water from adjacent sources, assessing hydrogeologic conditions, and 
locating restrictive structures such as buried pipelines, power and 
telephone cables, and property easements. A si te access and moni toring 
well drilling pennission fonn together with a letter describing the 
objectives and nature of the research were distributed to every resident. 
Signed permission forms were secured prior to commencing field work. 

Test Boring and Piezometer Well Installation 

Following the initial screening, a test boring progrmn was initiated. An 
average of 10 test hor ings were installed by hand or power auger to 
determine the shallow soil characteristics beneath each site. The borings 
were approximately 4 to 6 in. diameter in. and about 5 to 18 tt. deep 
depending on local water table conditions. The borings which encountered 
ground water were cOlIpleted as piezometer wells. These wells generally 
penetrated at least 1 to 2 ft. into the surficial or water table aquifer. 
The wells consisted of 1. 5 to 2 in. diameter polyvinylchloride (PVC) 
casing with a 5 ft. long well screen with 0.010 in. slots. The screen 
interval was sand packed with clean graded sand to at least 1 ft. above the 
top of the screen. The remainder of the well annulus was back filled with 
native soil to land surface. The well was then either completed with a 
flush mounted protective cover or PVC riser pipe. 

The wells were developed to ensure an adequate connection with the aquifer 
and measurements of temperature, specific conductance, and pH of the 
discharge ground water were collected. The measuring points (tops of 
casing) of the wells were surveyed to mean sea level (MSL) or common datum. 
Water level elevation data were collected from each well. The measurements 
were corrected to the datum and used. to estimate the direction of 
horizontal ground water flow beneath the site. 
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Geophysical Survey 

Geophysical surveys of the subdivisions were completed to assist with the 
selection of monitoring well locations. The instrument used was a Geonics 
EM-31 which uses electromagnetic techniqu.es to measure the apparent terrain 
conduct i vi ty of the shallow sediments and ground water. The one-man 
portable transmitter/receiver unit electromagnetically induces an 
electrical current in the ground which in turn generates a magnetic field. 
The instrument measures the strength of the magnetic field to determine the 
magnitude of the electrical current which is induced into the ground. This 
value corresponds to the bulk terrain conductivity or the ability of the 
soil and ground water to conduct an electrical current. The terrain 
conductivity values were compared or ground truthed to the specific 
conductance of ground water samples collected fram the temporary piezometer 
wells. This procedure determines the relative contribution of soil versus 
ground water to the bulk terrain conductivity measured by the EM-31 survey. 
Once this is established, one can determine whether elevated conductivity 
regions are induced by lithologic or ground water conditions. 

This method was used to rapidly collect terrain conductivity values within 
the subdivisions. The survey data were then contoured on a site diagram. 
The contour maps depicting apparent terrain conductivity were evaluated 
together wi th the ground water flow maps derived fran the piezaneter 
measurements, the lithologic logs and the ground water conductivity data 
to locate areas where water quality may have been altered. This made it 
possible to determine the optimum locations for the pennanent ground water 
monitoring wells. 

Monitoring Well Installation 

Monitoring wells were primarily located directly downgradient of OSDSs to 
detect potential iq>acts to the under lying surficial ground water. A 
smaller number of wells were located in areas thought to be unaffected by 
OSDSs in order to determine ambient ground water quality. 

The wells were drilled by the hollow stem auger method (6 in. inside 
diameter auger) which does not require water or drilling mud. This method 
reduces the potential for cross-contamination between wells and reduction 
in well productivity caused by clogging of the screen and aquifer by the 
drilling mud. The well screens consisted of 10 ft. of 2 inch diameter, 
schedule 40 PVC, with 0.010 in. slots and a sufficient length of PVC casing 
to reach land surface. The screened interval of each well was placed such 
that there was 5 to 7 ft. of submergence into the water table. The screen 
was sand packed with clean graded sand to at least 1 ft. above the top of 
the screen. The remaining annular space to land surface was filled with 
neat cement to prevent downward migration of surface wat.ers into the 
screened interval. 

A locking steel cover was installed on the PVC casing to prevent 
unauthorized entry into the well. A flush mounted protective steel cover 
was cemented in place over the top of the well to prevent damage from 
vehicular traffic. The wells were developed by centrifugal or submersible 
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---
pump for at least one hr or until the specific conductance and pH of the 
discharge water stabilized. 

The measuring point elevations (top of casing) of the piezometer and 
monitoring wells were surveyed by a registered land surveyor to mean seal 
level (ms!) in Polk, St. Johns and Dade County and to an arbitrary site 
datum (elevation = 50.0') in Brevard County. 

Sampling and Analytical 

Ground water elevations were measured with an electric tape (oil/water 
interface probe). Water level measurements were collected fran the wells 
during site visits and corrected mean seal level or the common site datum. 

Baildown tests were conducted in two wells in each of the subdivisions as 
follows. In the subdivisions in Polk and Brevard Counties, a mini
submersible pump was placed in the well and ground water was extracted at 
approximately 5 gallons per minute (gpm) for 5 min. Then the pump was 
pulled and the water level recovery was observed. In the su1:xlivision in 
St. Johns County, a bailer was used to purge 5 gallons from the well after 
which the water level recovery was observed. In the subdivision in Dade 
County, both methods were tried, but were unsuccessful due to the rapid 
conductivi ty of the water table aquifer. The data collected from the 
tests were analyzed by the Bouwer and Rice method (1976). 

The seepage velocities for the water table aquifers beneath the 
subdivisions in Polk, St. Johns and Brevard County were estimated using the 
Darcy flow equation, 

where, 

v = k * i 
n * 7.48 

v = average ground water seepage velocity, ft./d, 
k = hydraulic conductivity, gpd/ft2 , 
i = horizontal hydraulic gradient, ft./ft., 
n = aquifer porosity, dimensionless, and 

7.48 = conversion factor. 

(1) 

The hydraulic conductivity was calculated fram the results of the baildown 
tests. The horizontal hydraulic gradient was estimated from the water 
table elevation data collected in the general vicinity of the test well. 
The aquifer porosity was estimated at 30% based on the grain size of the 
material. 

Ground water samples were collected from the monitoring wells at each of 
the four su1:xlivisions between September 1987 and March 1988. A total of 111 
water samples were collected from the wells and from subdivision water 
supplies. The numbers of sampling events varied for each su1:xlivision 
depending on the date the wells were installed. A summary of the sampling 
dates for the sites and the analyses performed is presented in Table 5.1. 
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--Table 5.1. Summary of ground water sampling events and analyses 
performed. 

Analyses Performed! 

Field Basic Volatile 
Subdivision Site Dates Sampled Analyses Analyses Organics 

Polk County 09-29-87 * * * 
10-15-87 * * 12-15-87 * * * 03-08-88 * * 

st. Johns County 10-05-87 * * * 12-03-87 * * * 03-07-88 * * 
Brevard County 10-26-87 * * 11-17-87 * 12-08-87 * * * 03-14-88 * * 
Dade County 12-08-87 * * * 03-15-88 * * 
1 The following tests were performed: 

Field Analyses - temperature, pH, and specific conductance. 
Basic Analytical Group - total dissolved solids (TDS), chloride, 

biochenical oxygen demand (BODs), surfactants (MBAS), total 
Kjeldahl nitrogen, nitrate nitrogen, total phosphorus, sulfate, 
and fecal coliform bacteria. 

Volatile Organics Group - purgeable organics by gas chromatograph 
/mass spectrometer (U.S. EPA Method 624). 
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..... 
The analytical parameters were chosen based upon their known presence in 
septic tank effluent (STE) and to same extent, their relative mobility in 
ground water. 

Ground water samples were collected from the monitoring wells at the four 
sites according to established sampling protocols. Prior to sample 
collection, three to five well volumes were purged with a submersible pump. 
A groIDld water sample was then collected using a 3 ft. long, 1. 7 in. 
diruneter PVC bailer (top unloading). Ground water from the bailer was then 
carefully poured into the appropriate sample containers which were labeled, 
inventoried, _ and placed on ice. Measurements were made onsi te of 
temperature, pH and specific conductance. The sample collection equipment 
was field cleaned for use in the well during the next sampling event. All 
sample collection equipment was dedicated to a specific well to minimize 
the potential for cross-contamination of wells and samples. 

Following completion of the sample collection activities, the samples were 
sealed in a labeled cooler and immediately transported to the laboratory 
where analyses were made for TDS, Chlorides, ~, MBAS, TKN, N03, P, S04, 
fecal coliforms and purgeable organics. Laboratory analyses were performed 
by State of Florida approved laboratories according to standard procedures 
(APHA, 1985; Federal Register, 1985; U.S.EPA, 1983). 

RESULTS 

Polk County Subdivision 

Surficial Hydrogeology --

Sixteen test borings were installed wi thin the subdivision, of which 12 
were subsequently completed as temporary piezometers. The remaining four 
test borings did not encounter saturated sediments above the clay units and 
were subsequently abandoned. Figure 5.1 depicts the locations of the 
pi ezometers and wells installed at the site and the orientation of the 
geologic cross-sections shown in Figures 5.2 and 5.3. The sections were 
constructed from lithologic data collected during the installation of the 
borings and wells. The data generated by the GPR survey was "ground 
truthed" to the lithologic information and then used to correlate 
stratigraphy between the wells. Lithologic logs of the test borings and 
and monitoring wells are contained in Appendix B. 
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The surficial sediments are primarily COlJ1?Osed of white to brown, fine 
grained, poorly to moderately consolidated sands with an extremely variable 
clay content. The percentage of clay and silt sized particles increases 
with depth throughout the study area. However, the soils southwest of a 
line drawn from piezometer well P-3 to a point approximately 300 ft. north 
of moni tor well PC-I exhibi ted a higher percentage of clay at depths 
cOOIDOnly less than 10 ft. below land surface. Test borings and pits 
installed southwest of this line exhibited unsaturated or vadose conditions 
to the top of the first clay unit (Figure 5.3). 

Monitoring well PC-1 was c~leted in a si lty and clayey sand uni t of 
relatively low permeability. The water table in this well is within low 
permeability sands. This situation affected the quantity and quality of 
the ground water pumped from the well. 

The surficial sands in the extreme north and northeast portion of the 
subdivision are much more uniform and contain less clay and sil t. The sands 
appear to thicken substantially toward the northern portion of the study 
area. The light brown, fine grained, and unconsolidated sands generally 
persisted to the total drilled depth of the majority of the wells drilled 
in this area. 

The locations of the permanent moni toring wells were established based 
upon the information described above and data collected during a terrain 
conductivity survey of the entire study area. This survey technique was 
intended to delineate surficial aquifer ground water containing elevated 
levels of dissolved solids as could occur near OSDSs. The effectiveness of 
the survey was hindered by the presence of relatively shallow sandy clay or 
clayey sand units in the southern and southwestern portion of the 
subdivision. These sediments exhibit a response similar to that produced 
by more conductive ground water. The survey was much more effective in 
the northern vicinity of the site where the measurement of the conductance 
of the surficial aquifer water was not complicated by lithologic factors. 
Figure 5.4 is a contour map of the apparent terrain conductivity values 
measured during the survey. The contour lines connect points of 
approximately equal conductivity. 
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Water table elevation measurements were made on several dates (Appendix C, 
Table 5.2). Temporal variations were relatively small (Le. < 1.0 ft.). 
The greatest variation appeared to be near well PC-l. 

The water table data were used to determine the direction of ground water 
flow beneath the site by contouring the mater level values on a site map 
and by solving three-point dip problems for the free water surface. Both 
methods indicated a direction of ground water flow generally toward the 
northwest as depicted in Figure 5.5. The direction of ground water flow in 
the vicinity of the lake may fluctuate in response to variations in the 
lake water level caused by extended periods of drought or rainfall. This 
situation appears to be limited to the vicinity of wells PC-2 and PC-3. 

The flow direction appears to wrap around the lake to the north of the 
subdivision and reverse its direction toward the southeast in the vicinity 
of piezometer well P-3 (Figure 5.5). This indicates the presence of a 
subsurface feature which likely influences the surficial aquifer flow 
pat tern in the northwestern area of the subdivision. This conforms with 
the general location of a sink or subsidence feature discovered during the 
GPR survey conducted by SCS in this subdivision. Two of the GPR survey 
transects in the northern portion of the study area showed reflections 
which are consistent with those produced by slumping or subsiding laminated 
sediments. 

Table 5.2. Water level data collected at the subdivision site in Polk 
County, Florida. 

Moni toring Date 
Well Land Surface 
Number Elevation 9-17-87 9-24-87 1-22-88 3-8-88 

-------------------------- ft. (msl) -------------------------
P-2 132.9 122.96 122.85 122.39 122.65 
P-3 131.0 122.94 122.78 123.22 122.81 
P-4 133.6 123.39 123.23 122.93 Dry 
P-5 135.8 123.69 123.51 123.35 123.51 
P-6 138.3 123.61 123.43 122.59 123.08 
P-7 133.6 123.15 123.22 122.69 122.96 
PC-l 141.6 125.17 124.90 123.93 123.79 
PC-2 124.1 122.96 122.77 122.58 122.81 
PC-3 124.9 122.86 122.75 122.49 122.73 
PC-4 132.4 ------ 122.85 122.60 123.68 
PC-5 131.5 ------ 122.71 122.48 122.75 
PSG-1 128.05 123.05 ------ 122.60 122.80 
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Baildown tests conducted on monitoring wells PC-2 and PC-3 yielded 
hydraulic conductivity values of 41 and 38 gal I ons/day/f t! (gpd/ft2), 
respectively. The average aquifer transmissivity was estimated to be 
approximately 790 gallons/day/it (gpd/ft.). These values are consistent 
with the lithology of the aquifer. 

The ground water seepage veloci ties were calculated to be approximately 
2.0 and 5.6 ft./yr for wells PC-2 and PC-3, respectively. The seepage 
veloci ty in the southern area of the si te could be greater due to the 
considerably higher horizontal gradients there. 

Ground Water Quality --

The results of the analyses of ground water samples collected fram the Polk 
County site are summarized in Table 5.3 with the results for the individual 
sample dates tabulated in Appendix E. The results of quality control 
sample analyses are summarized in Appendix F. This site has the thickest 
unsaturated zone of the four sites evaluated and would be expected to 
provide a high level of STE treatment asslDlling favorable soil treatment 
capabilities. 

Ground water qual i ty samples were collected on four occasions between 
September 1987 and March 1988. The resul ts of analyses for a suite of 
constituents revealed wide fluctuations between sampling dates. The 
fluctuations were not consistent across constituents which seemingly ruled 
out simple dilution as a probable cause. These wide fluctuations in ground 
water qual ity between sampling dates, made evaluation of the individual 
well data for potential OSDS impacts difficult. 

Well PC-l is located at a point hydraulically upgradient of theOSDSs. The 
ground water fram this well contained high concentrations of dissolved 
consti tuents (e.g. conductance, TDS, Sot). While a source in the well 
vicinity is suggested by the electromagnetic survey data, it is possible 
that the source is located off site. 

The other four wells were clustered together downgradient of the 
development (Figure 5.1). Review of the water quality data for these wells 
revealed no impacts which could clearly be attributed to OSDS operation 
(Table 5.3). Well PC-3 is located hydraulically downgradient of a pond 
at the north end of the site and the ground water flow appears to be fram 
an area unaffected by OSDS. There is a potential for same influence by 
stormwater runoff but a review of the data show it to have the lowest 
levels of TDS, chlorides and nitrates that were reported. Coot>arison of 
data at this preliminary stage were therefore made under the asslJlq)tion 
that PC-3 water quality represents ambient surficial aquifer conditions. 

Review of the data for the remaining wells, indicated that wells PC-2 and 
PC-4 may have had comparatively higher concentrations of same constituents 
commonly associated with STE (e.g. TDS, CI, N~, P, S04). Total phosphorus 
was elevated in all wells but this is believed to be due to the location of 
the site in an area where phosphate deposits occur naturally. 
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Table 5.3. ...... Ground water quality beneath the subdivision in Polk 
County. 1 

Well statistic Rlev. Tellp. pH Conduct. TDS CI BODS TKN N03 TP S04 YBAS F. col i. 

. It. oC uni ts ullho/ca .g/L ag/~ IIg/L .g/L ag/L ag/L ag/L -.g/L ./10DaL 

PCl Average 124.52 24.5 214 147 12 0.47 6.32 2.91 37 
Std.Dev. 0.53 2.9 9 9 4 0.12 6.16 3.43 7 
Maxi.u. 125.03 26.4 6.28 225 160 16 <1.0 0.57 13.00 7.90 45 <0.05 <10 
Mini.u. 123.79 20.1 6.02· 205 139 8 <1.0 0.31 0.86 0.55 31 <0.05 <1 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

PCZ Average 123.69 23.6 87 84 1.11 7.99 2.22 18 
Std.Dev. 1. 75 2.8 15 49 0.66 12.13 1.70 3 
Maxi.u. 126.31 26.5 5.35 105 130 9 1.1 1.90 22.00 4.20 21 <0.05 10 
Mini.u. 122.81 20.0 4.85 69 34 <1 <1.0 0.51 0.88 0.46 16 <0.05 <I 
No. 4 4 4 4 4 4 4 4 3 4 3 3 4 

PC3 Average 122.75 23.7 49 44 1.37 1.44 9 
Std.Dev. 0.15 1.6 13 28 0.88 1.48 9 
Maxi.u. 122.92 25.4 5.00 63 72 3 (1.0 2.40 0.45 3.00 19 (0.05 <10 
Mini.u. 122.56 21.8 4.05 37 18 <l <1.0 0.63 (0.02 0.08 3 <0.05 <I 
No. 4 4 3 4 4 3 4 4 3 4 3 3 4 

PC4 Average 121.91 24.1 157 103 14 1.12 2.07 8.11 22 
Std.Dev. 2.04 1.3 33 24 3 0.56 0.74 8.60 5 
Maxi.u. 123.11 24.8 6.28 195 130 17 <1.0 1.90 2.90 20.00 27 <0.05 <10 
Mini.u. 118.86 22.1 5.10 115 78 12 <1.0 0.61 1.50 0.63 17 <0.05 <I 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

pe5 Average 122.78 24.1 60 54 3 0.96 0.41 4.49 
Std.Dev. 0.15 1.7 15 26 1 0.85 0.27 3.49 
Maxi.ulI 122.96 25.8 6.43 82 88 4 <1.0 2.00 0.71 8.80 12 (0.05 <10 
Mini.ua 122.61 21.8 5.35 47 30 2 <1.0 0.30 0.20 0.34 (2 <0.05 <1 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

1 Refer to Figure 5.1 for well locations. 
2 Refer to Appendix D for detailed ground water quality data. 

53 



(*** July 1989 - Progress Report ***) 

Fecal col {form bacteria were only detected on one occasion in one well 
(PC-2) and at low concentration (10 organisms/lOO mL). VOCs were not 
detected in any of the samples at the detection limits shown in Appendix E. 

st. Johns. County Subdivision 

Surficial Hydrogeology --

The locations of the monitoring points and the cross sections are shown in 
Figure S.S. The general lithology of the surficial sands and location of 
the water table is shown on the hydrogeologic cross-sections of the study 
area depicted in Figures 5.7 and 5.8. The cross-sections were constructed 
from Ii thologic data collected during the piezometer and JDOni tor well 
installation program. Lithologic logs of the wells are contained in 
Appendix B. 

The terrain conductivity survey indicated areas of relatively high terrain 
conductivi ty values that may have been associated wi th individual OSDSs 
(Figure 5.9). These values normally decreased wi th distance from the 
systems and increased depth to ground water. Wi th this in mind, monitor 
wells were placed in pairs downgradient of an isolated area of relatively 
high conductivity. One well was located within this area and a second well 
was placed immediately downgradient. 

Water level measurements collected from the t~rary piezometers and 
monitoring wells at the St. Johns County site are summarized in Tables 5.4 
and 5.5 and Appendix C. The direction of ground water flow in the 
surficial aquifer is apparently controlled by topography and by the 
undeveloped detention area at the southeastern corner of the site (Figure 
5.10). The detention area appears to be a discharge point for the 
surficial aquifer and induces flow towards it in the south and southeast 
part of the site. This situation may temporarily reverse during periods of 
excessive rainfall. During these events, the increased. runoff to the 
detention area and consequent recharge to the surficial aquifer may cause 
a temporary mounding and flow alteration within the aquifer. 
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Figure 5.6. Locations of test borings, temporary piezometers and 
monitoring wells in the study subdivision in St. Johns 
County, Florida. 
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Figure 5.7. Geologic cross-section A-A' of the St. Johns County study 
site. (see Figure 5.6 for cross-section location.) 
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Geologic cross-section B-B' of the St. Johns County study 
site. (see Figure 5.6 for cross-section location.) 
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Apparent terrain conductivity contour map for the 
study site in St. Johns County. 

58 



Table 5.4. 

(*** July 1989 - Progress Report ***) 

Water level data collected from the temporary piezometer 
wells at the St.Johns County study site. 1 

Monitoring Date 

Well Land Surface 
Number Elevation 6-5-87 6-12-87 7-7-87 3-7-88 

----------------------------- ft. (msl) ----------------------

P-Ol 14.4 10.56 10.31 10.57 10.79 
P-02 14.6 10.86 10.62 11.08 11.47 
P-03 14 .9 11.14 10.89 11.79 12.33 
P-04 13.3 10.23 9.97 10.85 11.35 
P-05 11.4 8.84 8.59 9.21 9.47 
P-06 10.9 8.39 8.13 9.13 .2 
P-07 12.4 7.76 7.50 6.89 7.51 
P-08 13.8 9.80 9.56 10.29 10.73 
P-09 13.2 9.66 9.42 10.16 • 

1 Refer to Figure 5.6 for piezometer locations. 
2 "*" indicates well inaccessible on this date. 

Table 5.5. 

Well 
Number 

SJC-1 
SJC-2 
SJC-3 
SJC-4 
SJC-5 
SJC-6 
SJC-7 

Water level data collected from the monitoring wells at 
the St. Johns County study site.1 

Land Surface 
Elevation 

Moni toring Date 

10-05-87 12-03-87 03-07-88 

----------------------------- ft. (msl) ----------------------

12.8 6.95 7.56 9.35 
11.9 6.85 7.45 9.27 
14.3 7.19 7.77 9.58 
12.8 6.98 7.64 9.47 
11.6 7.35 7.87 9.63 
12.5 7.39 7.91 9.65 
15.5 7.18 7.31 9.13 

1 Refer to Figure 5.6 for well locations. 
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aquifer beneath the st. Johns County study site. 
(Based on measurements made on March 7, 1988). 

60 



(*** July 1989 - Pro~ress Report ***) 

Baildown tests conducted on monitoring wells SJC-3 and SJC-7 yielded 
hydraulic conductivity values of 12 and 71 gpd/ft2, respectively. The 
aquifer transmissi vi ty was approximately 750 gpd/ft. in SJC-3 and 4,200 
gpd/ft. in SJC-7. This range in values is consistent with the fine sand 
lithology of the aquifer. 

The ground water seepage velocities were calculated to be 4.9 and 21.9 
ft./yr, for wells SJC-3 and SJC-7, respectively. 

Ground Water Quality --

The st. Johns CoWlty si te differs from the Polk County site in several 
respects. First, the Wlsaturated zone is the thinnest among the four 
sites, giving it the lowest potential for renovation of OSDS effluent, 
other factors being equal. In general, the depth to water decreased 
towards the topographic low referred to as the undeveloped area in Figure 
5.6. Also, the number of mound OSDSs increased in this area of high water 
table. A large number of these mound systems at the site were installed at 
the prompting of the St. Johns County Health Department prior to adoption 
of the current Chapter 100-6 requirements. 

A second factor which is not present at the other sites is the character of 
the water supply in the subdivision. Many of the homes have private wells 
which tap a water bearing uni t below the surficial aquifer. The water 
contains high levels of sulfate which subsequently appear in the surficial 
aquifer likely through irrigation and OSDS throughput. 

Ground water samples were collected on three occasions between October 1987 
and March 1988. The results of ground water monitoring are summarized in 
Table 5.6 while detailed results may be found in Appendix D and E. 

Of the seven wells installed in the subdivision, six are downgradient of 
the development (i.e. SJC-1 to SJC-6, Figure 5.6). The concentrations of 
TDS, Cl, TKN and N03 in wells SJC-1 and SJC-2 were significantly lower 
than in wells located near the OSDS drainfields (i.e. wells SJC-3 to JSC-
6). These downgradient wells appear to be beyond the body of affected 
ground water. The water quali ty data from wells SJC-1 and SJC-2 were 
therefore considered to represent ambient conditions within the surficial 
aquifer for the purposes of this preliminary review. 

In this context, wells SJC-4,5 and 6 had substantially elevated 
concentrations of many constituents commonly associated with STE, including 
TDS, CI, TKN, NOl, and S~. Fecal colifonn bacteria were only detected once 
in one well (SJC-4) at a low value of 4 organisms/100 mL. The VOC, 
chloroform, was detected in one sample at 1.8 ug/L. This VOC was also 
present in the sulxlivision water supply. No other VOCs were detected 
(Appendix E). 
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Table 5.6.~round water quality beneath the subdivision in St. Jolms -
County, Florida.1 

Well Stat istic Elev. Teap. pH Conduct • TDS CI BODS TKN N03 TP S04 "BAS F .coli. 

ft. oC units umbo/clI mg/L mgiL mg/L .g/L ag/L mg/L ag/L mg/L ./100aL 

SJCl Average 7.95 23.5 97 101 4 1.00 0.32 1.29 18 
Std.Dev. 1.25 3.3 13 45 2 0.75 0.14 0.44 8 
Maxi.ulI 9.35 27.1 6.76 110 152 6 <1.0 1. 70 0.43 1.60 24 0.06 <10 
Minimull 6.95 20.5 5.99 84 64 3 <1.0 0.21 0.16 0.98 9 <0.05 <1 
No. 3 3 2 3 3 3 3 3 3 2 3 3 3 

SJC2 Average 7.86 22.7 134 118 10 0.43 0.14 0.18 26 
Std.Dev. 1.26 2.9 24 8 7 0.21 0.20 0.21 13 
Maxillull 9.27 25.1 6.92 157 123 15 1.2 0.67 0.37 0.42 37 {0.05 <10 
Minimum 6.85 19.5 6.00 110 108 2 <1.0 0.30 0.01 0.05 12 <0.05 <1 
No. 3 3 2 3 3 3 3 3.00 3 3 3 3 3 

. SJC3 Average 8.18 22.1 289 210 22 0.85 0.08 99 
Sid.Dev. 1.25 2.1 75 41 9 0.57 0.06 22 
Maximum 9.58 24.0 5.30 373 248 32 <1.0 1.50 3.90 0.15 123 <0.05 <10 
Minillum 7.19 19.8 4.85 229 166 17 <1.0 0.48 <0.01 0.04 79 {0.05 <1 
No. 3 3 2 3 3 3 4 3 3 3 3 3 3 

SJC4 Average 8.03 22.3 805 716 53 3.37 19.90 0.32 298 
Sid.Dev. 1.29 3.1 512 576 40 2.54 26.35 0.51 124 
Maximum 9.47 25.2 6.46 1390 1380 100 1.7 6.30 50.00 0.91 435 <0.05 4 
Minimum 6.98 19.1 5.53 440 354 28 <1.0 1.80 1.00 0.03 193 <0.05 {2 
No. 3 3 2 3 3 3 4 3 3 3 3 3 3 

SJC5 Average 8.28 21.2 464 373 15 2.27 1.17 1. 20 146 
Std.Dev. 1.19 3.5 129 102 7 1.19 0.64 0.14 81 
Maximum 9.63 24.0 6.21 585 464 21 1.1 3.60 1.90 1.30 220 {0.05 <10 
Minimull 7.35 17 .3 5.64 328 262 8 <1.0 1.30 0.80 1.10 60 <0.05 (1 
No. 3 3 2 3 3 3 3 3 3 2 3 3 3 

SJC6 Average 8.32 21.3 478 351 78 0.49 0.38 137 
Std.Dev. 1.18 2.5 99 40 11 0.20 0.54 62 
Maximum 9.65 23.5 4.69 545 392 sa <1.0 0.72 0.03 1.00 195 {0.05 <10 
Minillum 7.39 18.5 4.42 365 312 66 (1.0 0.35 <0.01 0.05 72 (0.05 <1 
No. 3 3 2 3 3 3 3 3 3 3 3 3 3 

SJC7 Average 7.87 23.1 278 211 13 0.84 4.50 0.55 78 
Std.Dev. 1.09 2.8 104 31 2 0.56 1. 01 0.73 13 
Maximum 9.13 25.7 6.47 395 232 14 1.2 1.30 5.60 1.40 92 0.11 <10 
Minimum 7.18 20.1 5.85 195 176 11 <1.0 0.22 3.60 0.10 68 <0.05 <I 
No. 3 3 2 3 3 3 3 3 3 3 3 3 3 

Refer to Figure 5.6 for well locations. 
2 Refer to Appendix D for detailed ground water quality data. 
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Brevard County Subdivision 

Surficial Hydrogeology --

An integrated approach similar to that conducted at the other subdivision 
moni toring si tes was used to determine the hydrogeology of the shallow 
sediments comprising the surficial aquifer beneath the site. A ground 
penetrating radar (GPR) survey was not performed at this si te due to 
scheduling conflicts. 

Twenty test borings were installed at the site during the course of the 
investigation (Figure 5.11). Eleven of the borings were completed as 
temporary piezometer wells and used to establish the direction of ground 
water flow within the surficial aquifer. 

The resul ts of the electromagnetic survey indicated areas where ground 
water contained elevated levels of dissolved solids such as could be found 
adjacent to and downgradient of an OSDS drainfield (Figure 5.12). However, 
some of the areas with high conductivity values may have been caused by use 
of ferti Ii zers by home owners. Other areas of high conductivity may 
reflect variation in Ii thology. These data were used to select optimum 
locations for nine monitoring wells (Figure 5.11). 

Water level measurements were collected from the wells during several 
visits to the site (Table 5.7, Appendix C). The corrected values were 
contoured on a site diagram and used to solve three-point dip problems for 
the free water surface to determine the direction of ground water flow 
(Figure 5.13). Comparisons of high versus low water level data indicates 
that the direction illustrated in Figure 5.13 is relatively constant and is 
not significantly affected by recharge from rainfall events (Appendix C). 
In general, the direction of ground water flow reflects land surface 
elevation variations and is greatly affected by the drainage ditches and 
canals in the study area. 

Baildown tests conducted on monitoring wells BC-1 and BC-6 revealed 
hydraulic conductivity values of approximately 14 and 140 gpd/ft2 , 
respectively. The aquifer transmissivity was estimated at 550 and 5,600 
gpd/ft, respectively. The calculated seepage velocities were 6.1 and 95.6 
ft./yr. This wide range in velocity reflects the imprecision in the test 
procedure as well as the variation in hydraulic conductivity and ground 
water gradient across the site. 

63 



(*** July 1989 - Progress Report ***) 

-
,..-----------------:---------. ---

N 

-

==~============~=W~.f=.:n~D.~HQ~~~6=__=========~~-=~CF= 
SG-I 

.... 

.... 
.............. .. 

............ B-II • 
........ 

............ .. 
BC-9 S BC-7 ............ S .. 

S • SBC-6 
BC-B B-3 B-IO 

• 

l 'llllli 

B-8 • 

• B-' 

. BC-Z 
sS 

BC-I 

.. .... 
......... 

........... 

EXPLANATION 

• .... 
/I: 

; o 
c 

',; 
Q 

I 

e -'. PIE10METER WELL LOCATION 
ANO NUMBER 

STAFF ~E LOCAnON 
ANO /oAJM8ER 

"ONITOR WELL LOCATION 
AHO NUMBER 
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Table 5.9. "'- Ground water quality beneath the subdivision in Brevard 
County, Florida.1 

Well Statistic Elev. Temp. pH Conduct. TDS Cl BOD5 TIN N03 TP S04 YBAS F.coli. 

It. oC uni ts ulllho/Cli mg/L mg/L Jlg/L mg/L I1g/L ag/L ag/L ag/L '/100aL . 
BCl Average 49.61 25.2 683 571 28 5.4 6.00 1.21 

Sid.Dev. 0.78 2.7 19 80 2 3.6 1.06 0.77 
Maximum 50.78 27.2 6.40 705 660 29 9.3 7.20 2.10 0.13 16 0.14 <10 
Minimum 49.13 22.1 6.29 670 506 26 2.1 5.20 0.12 (0.01 (2 (0.05 (10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 3 

BC2 Average 49.98 25.3 508 451 11 3.6 7.00 0.14 0.19 32 0.14 
Sid.Dev. 1.2 1.4 4 86 1 1.8 0.85 0.20 0.07 9 0.02 
Maximu. 51. 77 26.3 6.12 510 512 11 4.9 7.60 0.37 0.24 38 0.15 (10 
Minimul1 49.32 24.3 6.07 505 390 10 2.3 6.40 0.01 0.14 25 0.12 (10 
No. 4 2 2 2 2 2 2 2 3 2 2 2 2 

BC3 Average 48.45 22.0 508 597 85 4.60 1.59 0.86 32 
Sid.Dev. 1.02 4.3 187 293 50 2.71 2.60 0.35 15 
MaximuJl 49.58 25.0 5.65 640 872 140 4.2 7.40 4.60 1.20 45 0.13 150 
Mini.um 41 .59 18.9 5.30 375 288 43 ( 1.0 2.00 0.08 0.50 15 (0.05 <10 
No. 3 2 2 2 3 3 3 3 3 3 3 3 3 

BC4 Average 48.44 22.2 80 258 19 2.80 0.39 0.38 
Sid.Dev. 0.72 2.5 10 167 9 1.40 0.27 0.35 
Maxillul1 49.46 24.0 5.30 91 440 25 2.3 3.80 0.70 0.78 11 0.09 300 
Minimum 47.92 19.4 4.92 73 113 9 ( 1.0 1.20 0.20 0.11 (2 (0.05 (10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 3 

BC5 Average 47.80 22.3 120 249 11 1.90 0.41 0.62 
Std.Dev. 0.74 2.8 23 172 4 0.79 0.60 0.32 
Maxillum 48.74 24.0 6.51 145 444 14 3.7 2.80 1.10 0.84 12 0.10 <10 
Minimum 41.18 19.1 5.92 100 116 7 (1.0 1.30 0.02 <1.0 (10 (0.05 (10 
No. 4 3 3 3 3 3 3 3 3 2 3 3 3 

BC6 Average 49.13 25.0 702 419 40 3.41 0.35 0.22 
Sid.Dev. 1. 24 2.3 308 116 17 0.83 0.25 0.11 
MaxiBu. 50.91 27.2 6.49 1050 534 51 8.6 4.40 0.60 0.35 11 0.11 <10 
Minillum 48.20 22.7 6.00 465 302 20 (1.0 2.80 0.10 0.13 (10 (0.05 (10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 3 

BC7 Average 48.60 22.7 490 433 46 5.4 2.33 1.71 0.27 
Sid.Dev. 0.98 3.3 148 149 25 0.9 0.55 2.77 0.11 
Maxilllum 49.98 25.5 6.76 660 544 64 6.2 2.70 4.90 0.37 51 0.10 10 
Mini.um 47.78 19.1 5.20 390 264 17 4.5 1.70 0.02 0.16 <2 (0.05 (10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 3 

1 Refer to Figure 5.11 for well locations. 
2 Refer to Appendix D for detailed ground water quality data. 
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Ground Wat;; Quality 

Ground water quali ty samples were collected on three occasions between 
October 1987 and March 1988, the results of which are summarized in Table 
5.9 and Appendix D. . 
A total of seven wells were placed within the subdivision. For the purposes 
of this preliminary evaluation, wells BC-4 and BC-5 were considered to most 
closely represent ambient surficial aquifer water quali ty. These wells 
appeared, at this time, to be sufficiently far downgradient and beyond the 
influence of OSDSs and irrigation water. 

Ground water quality in many of the wells exhibited notably high 
concentrations of constituents associated with STE, including TDS, BODs, 
and TKN. Fecal colifonn bacteria were measured in three of the wells on 
the srune date, March 14, 1988, at levels of 10 to 300 organisms/l00 mL. 
The water table elevation measured on this date was at its highest during 
the moni toring period. Most of these constituents were significantly 
elevated at several of the wells which were drilled at locations thought to 
be near or within the influence of OSDS drainfields. VOCs were not detected 
in any of the samples from any of the wells (Appendix E). 

Dade County Subdivision 

Surficial Hydrogeology --

During the initial screening of the subdivision, the field investigators 
discovered that the storm drains indicated in Figure 5.14 were actually 
unlined sumps which were dug into the limestone underlying the site. These 
sumps are not connected to buried drainage pipe as is nonmally the case, 
but are simply installed in direct connection with the aquifer. The 
extremely high permeability of the aquifer accounts for the ability of 
these "go away holes", as they are called, to handle the surface runoff 
generated wi thin the subdivision. This method of surface water runoff 
management is apparently comnon to all subdivisions examined in the 
vicinity of the study area. 
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Water level data collected from the temporary piezometer 
wells at the Brevard County study site. 1 

Monitoring Date 

Well Land Surface 
Number Elevation 6-5-87 6-30-87 10-9-87 3-14-88 

----------------------------- ft. {common datum} -------------------

Bl 50.3 47.80 47.82 48.17 49.44 
B2 50.4 47.38 48.12 47.79 49.83 
B3 51.0 47.90 47.32 48.36 50.79 
B4 50.7 48.13 47.90 
B5 51.0 47.81 47.81 47.92 49.19 
B6 51.4 47.82 47.60 48.39 48.11 
B7 51.4 47.37 47.16 48.07 50.06 
B8 51.8 48.90 48.74 50.44 50.86 
B9 52.9 50.14 49.77 50.34 52.11 
BI0 50.2 47.93 47.85 48.33 49.70 
B11 50.3 47.93 47.92 

1 Refer to Figure 5.11 well piezometer locations. 

Table 5.8. Water level data collected from the monitoring wells at 
the Brevard County study site.1 

Moni toring Date 

Well Land Surface 
Number Elevation 10-26-87 11-17-87 12-8-87 3-14-88 

----------------------------- ft. {common datum} -------------------

BCl 52.0 49.13 49.21 49.32 50.78 
BC2 51.7 49.32 49.32 49.50 51. 772 
BC3 50.9 47.59 48.19 49.58 
BC4 50.7 47.92 47.94 48.44 49.46 
BCS 50.5 47.18 47.24 48.03 48.74 
BC6 51.4 49.02 48.20 48.39 50.91 
BC7 51.2 48.61 47.78 48.04 49.98 

1 Refer to Figure 5.11 for monitoring well locations. 
2 Vicinity of BC-2 was flooded by a previous heavy rainfall. 
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A thin lay~ of fine to meditnn grain clayey sand wi th large limestone 
fragments blankets the si te area. The thickness of the surficial sand 
ranges from six inches to approximately five feet. Underlying this sand 
is the limestone of the Biscayne aquifer. 

Four piezqmeter wells were installed at t~e locations shown in Figure 5.14 
to determine the connect ion of the drainage sumps wi th the under lying 
aquifer. Once the hydraulic connection of the sumps and the aquifer was 
confirmed, it was decided to include the drainage s1.llIl's in the water 
elevation monitoring network. This increased the mnnber and density of 
monitoring points while limiting the number of wells required. 

The terrain conductivity survey revealed areas of relatively high 
conductivity values potentially associated with individual OSDSs (Figure 
5.15). These values normally decreased with lateral distance fran the 
systems. 

The ground water flow direction map and the apparent terrain conductivity 
map were used to determine the moni toring well locations shown in Figure 
5.14. The monitoring wells were installed within or inmediately 
downgradient of areas which exhibited elevated terrain conductivity. 
Water elevations were obtained on several occasions as highlighted in Table 
5.10 and summarized in Appendix C. The water table was approximately 3 
to 5 ft. below ground surface across much of the si teo Water level 
measurements were contoured on a site diagram to determine the direction 
of ground water flow beneath the site. These data were further checked by 
solving three-point dip problems for the free water surface. The inferred 
direction of ground water flow in the surficial aquifer beneath the site is 
shown in Figure 5.16. 

Bai ldown tests were conducted on two moni toring wells at the si te with 
inconclusive results. The water levels within the wells recovered too 
rapidly to quantify the hydraulic conductivi ty of the aquifer. Hyraulic 
conductivity values were estimated from aquifer transmissivity and 
thickness data supplied by repesentatives of Dade County Department of 
Environmental Resources management (Hernandez, 1989). Darcy flux velocity 
(specific discharge) calculations based on the water table gradients 
indicated in Figure 5.16 were roughly 670 ft./yr. 
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Table 5.107 Water level data collected from monitoring wells at 
the Dade County study site.! 

Well 
Number 

Ground Surface 
Elevation 

Moni taring Date 

11-18-87 12-08-87 03-15-88 

--------------------------- ft. (msl) ------------------------

DC-01 7.84 4.12 4.25 
DC-02 9.04 4.14 4.36 
DC-03 9.29 4.12 4.34 
DC-04 8.74 4.15 4.36 
DC-05 8.94 4.17 4.38 
DC-06 9.52 4.22 4.51 
DC-07 4.40 4.17 4.37 

1 Refer to Figure 5.14 for well locations. See Appendix C for complete 
listing of piezometer well and drainage sump data. 

Ground Water Quality --

The Dade County subdivision site was chosen for its unique hydrogeologic 
setting wi th the Biscayne aquifer existing at shallow depth. It was the 
only site where OSDSs were installed directly above a limestone aquifer as 
opposed to silica sand as at the other three sites. The water quality data 
were also unique in that they were the most unifonn of the four sites. 

Ground water samples were collected on only two occasions, once in December 
1987 and once in March 1988. The results of these analyses are detailed in 
Appendix D and highlighted in Table 5.11. 

Ground water quali ty measurements for most constituents were relatively 
cons istent between wells and sampling dates. However, notable 
concentrations of several constituents associated with STE were detected, 
including BJD5, TKN, and fecal colifonn bacteria (Table 5.11). Fecal 
coliforms were detected in a total of 7 of 14 samples collected from five 
of seven wells. The concentrations ranged from a 5 to 17,000 organisms/100 
mL. VOCs were not detected in any of the samples from any of the wells. 
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..... 
Table 5.11. Ground water quality beneath the subdivision in Dade 

County, Florida. l 

Well Statistic KIev. Teap. pH Conduct. TDS CI BODS TIN N03 TP S04 YBAS F. coli. 

ft. oC uni ts umho/cII mg/L mg/L mg/L -.gIL ag/L mg/L ag/L mg/L I/I00aL . 
DCl Average 4.19 24.6 655 330 36 1.3 1.00 0.61 0.45 45 

Std.Dev. 0.09 0.7 92 54 2 0.2 0.00 0.14 0.41 17 
Maximum 4.25 25.1 6.90 720 368 37 1.4 1.00 0.71 0.74 57 <0.05 2400 
Mini1llum 4.12 24.1 6.90· 590 292 34 1.1 1.00 0.51 0.16 33 <0.05 <10 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

DC2 Average 4.25 24.7 618 366 36 1.5 1.05 0.82 0.42 49 
Std.Dev. 0.16 1.3 74 51 2 0.5 0.35 0.69 0.44 16 
Maximum 4.36 25.6 7.16 670 402 37 1.8 1.30 1.30 0.73 60 <0.05 170 
Minimum 4.14 23.8 6.80 565 330 34 1.1 0.80 0.33 0.11 37 <0.05 <1 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

DC3 Average 4.23 24.4 603 377 37 1.7 0.73 0.80 0.18 47 
Std.Dev. 0.16 1.6 53 33 1 0.5 0.01 0.85 0.17 9 
Maximu. 4.34 25.5 6.90 640 400 38 2.0 0.74 1.40 0.30 53 <0.05 <1 
Minimum 4.12 23.2 6.90 565 354 36 1.3 0.72 0.20 0.06 40 <0.05 <1 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

DC4 Average 4.26 24.8 586 355 37 2.2 3.10 0.32 41 
Std.Dev. 0.15 2.1 34 49 3 1.2 2.12 0.09 16 
Maxillul! 4.36 26.2 7.05 610 390 39 3.0 4.60 0.81 0.38 52 0.06 17000 
Minimum 4.15 23.3 6.80 562 320 35 1.3 1.60 <0.01 0.25 30 <0.05 3900 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

DeS Average 4.28 24.8 625 356 37 2.7 1. 71 0.29 0.76 49 
Std.Dev. 0.15 1.8 99 31 1 0.4 1. 26 0.38 0.49 16 
YaximUII 4.38 26.0 6.90 696 378 37 3.0 2.60 0.56 1.10 60 0.15 270 
Minimum 4.17 23.5 6.70 555 334 36 2.4 0.82 0.02 0.41 38 <0.05 20 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

De6 Average 4.37 24.7 598 369 40 0.73 0.18 0.33 48 
Std.Dev. 0.21 0.8 60 38 5 0.04 0.08 0.19 18 
Maxi.ua 4.51 25.2 6.90 640 396 43 1.2 0.75 0.23 0.46 60 0.05 <10 
Minillua 4.22 24.1 6.40 555 342 36 <1.0 0.70 0.12 0.19 35 (0.05 <1 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

nc7 Average 4.27 24.2 618 371 36 3.11 1.75 0.63 37 
Std.Dev. 0.14 1.5 60 27 2 3.52 0.21 0.81 6 
Maximu. 4.37 25.2 6.95 660 390 37 3.5 5.60 1.90 1.20 41 <0.05 5 
Minimum 4.17 23.1 6.85 575 352 34 <1.0 0.S2 1.60 0.05 33 (0.05 <10 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

1 Refer to Figure 5.14 for well locations. 
2 Refer to Appendix D for detailed ground water quality data. 
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DISaJSSION 

The results of monitoring ground water beneath four subdivisions are 
summarized in Table 5.12 and discussed briefly below. 

In the suPdivision in Polk County, the w.ater table typically occurred at
depths over 9 ft. while in the other three subdivisions the water table 
depths were often less than 5 ft. Thus, the unsaturated soil depth for 
renovation of OSDS STE was limited by these water table depths. 

In the subdivisions located in Polk, St. Johns and Brevard Counties, the 
water table aquifer occurred in fine sandy materials and the ground water 
seepage velocities were estimated to be typically below 25 ft./yr (Table 
5.12). In Dade County, the velocities were higher at 670 ft./yr due to the 
limestone aquifer present there. This indicated that in all likelihood, the 
maximum concentrations of contaminants in the shallow ground water below 
the subdivisions in Polk, st. Johns and Brevard County would not be reached 
for many years. The renovated STE entering the ground water from 
indi vidual OSDSs would yield a hydraulic and possibly a qual ity impact 
which could grow in extent over time. Both of these irrpacts could be 
imperceptible due to low initial concentrations in the percolate from the 
OSDSs or through dilution, retardation and degradation in the ground water 
system. Only after many years of operation, would the downgradient ground 
water be expected to exhibit the maximtnn concentrations that conceivably 
could occur based on the ground water seepage velocities calculated in this 
study. 

The monitoring wi thin the subdivisions seems to have generally confirmed 
the above described behavior. Pairs of wells downgradient of OSDSs and the 
subdivision as a whole revealed only localized ground water quality 
impacts. Attributing the impacts without question to one or more OSDSs is 
difficul t since many of the constituents present in OSDS STE are also 
derived from other anthropogenic and natural sources. However, sufficient 
evidence exists to suggest that inadequately treated OSDS STE may be at 
least partially the cause. 

The most notabl e potential ground water qua Ii ty impacts were in those 
subdivisions with limi ted unsaturated soil depth for treatment (Le. in 
Brevard, Dade and to some extent st. Johns Counties). Not only were 
notable concentrations of reduced (i.e. unoxidized) chemical constituents 
found (e.g. OO~, TKN), but also levels of fecal col iform bacteria. VOCs 
were not detected in the ground water, but the concentrations of VOCs in 
household STE were extremely low. Samples have been collected for virus 
analyses in Polk and St. Johns County, but data compilation and analysis 
has yet to be completed. 

On several occasions during the monitoring period, the ground water table 
appeared to be within 2 ft. or closer to the OSDS infiltrative surfaces in 
the subdivisions in St. Johns and Brevard County. Considering the 
capillary fringe height in the fine sands present, it is likely that the 
substantially unsaturated soil depth available for STE purification would 
be less than 2 ft. for substantial portions of the year. Removal and 
degradation of chemical and biological constituents by this soil treatment 
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---would not be expected to be as coo;>lete as that which could occur in 
greater depths of unsaturated soil. 

Clearly, there is need for further sant>ling of existing wells as well as 
installtiop and monitoring of additional w~lls. Current concepts regarding 
the further work required are outlined in Section 8. 

Table 5.12. Summarized results of ground water monitoring in four 
subdivisions in Florida. 1 

Characteristic 

Soil Characteristics 
Soi I Texture 
Water Table Depth, ft. 

Ground Water Flow 
Aquifer Materials 
Conductivity, gpd/ft2 
Transmissivity, gpd/ft 
Seepage Velocity, ft/yr 

Ground Water Quality 

Monitoring Wells, no. 
Sarnples/Well, no. (typ.) 

OSDS Impacts? 

County in Which Subdivision Was Monitored 

Polk 

f • sand 
9 - 18 

sand 
38; 41 
790 
2.0; 5.6 

5 
4 

Maybe 

77 

St. Johns 

f • sand 
2 - 7 

sand 
12; 71 
750; 4200 
4.9; 21.9 

7 
3 

Maybe 

Brevard 

sand 
1 - 4 

sand 
14; 140 
550; 5600 
6.1; 95.6 

7 
3 

Likely 

Dade 

sand 
3 - 5 

limestone 
172,000 

670 

7 
2 

Likely 
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INTROOOCfION 

SECTIOO 6 
INDIVlOOAL OSDS WiITClUNG 

During this research activity, individual'OSDSs were studied at four homes 
in each of the Polk County and st. Johns County subdivisions. At each 
home, the household and OSDS characteristics were detenmined, the STE and 
septage were characterized, and the operation of the OSDS was assessed. At 
two of the individual OSDSs in each of these subdivisions, soil sampling 
was conducted at and beneath the STE infiltrative surfaces. 

Household and OSDS Characterization 

The characteristics of each of the eight homes monitored were detenmined 
through wri tten questionaires and personal interviews. A sample 
questionaire may be found in Appendix A. The characteristics of these 
eight homes were described previously in Section 4 (Tables 4.3 and 4.4). 
Maps indicating the location of the homes in each subdivision are shown in 
Figures 6.1 and 6.2. 

The characteristics and layout of each OSDS were determined, as much as 
possible, by interviews wi th homeowners and local HR.S 
Environmental Heal th officials and by subsurface probing at each home. 
During excavation of the systems for monitoring basin and observation port 
installation, details on the construction of the systems were gathered as 
well. 

Soils Characterization 

The soils in the subdivisions in Polk and St. Johns County were examined by 
USDA Soil Conservation Service (SCS) and Ayres Associates soil scientists 
to detenmine soil morphology and soil characteristics affecting the 
perfonnance of OSDSs. These examinations included inspection of backhoe 
excavated test pits and hand borings, and conducting ground penetrating 
radar (GPR) scans. General soil conditions were based on direct 
observations of testpi ts and borings, and these data were the basis of 
detailed mapping as provided by SCS staff. The GPR data were used mainly 
for confirmation and extension of these results. 

Wastewater Characterization 

Water Use --

In the Polk County subdivision, water use data were collected due to the 
availability of water meters on the municipal water supply to each home. 
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Exterior water use at homes 12 and 13 were obtained by installing meters on 
the exterior hose bibs. Exterior water use was monitored at homes 12 and 13 
for a portion of the monitoring period. 

Septic Tank Effluent Quality --

To allow sample access to septic tank effluent (STE) over the study period, 
a small polyethylene basin (approx. 2 to 5 gal.) was installed in the drain 
line on the effluent side of the septic tank or distribution box. A 4 in. 
diameter polyvinyl chloride (PVC) riser pipe was fi tted to the basin to 
bring the access point within 6 in. of ground surface. The 4 in. PVC pipe 
was fitted with a removable cap and the entire assembly was finished off at 
grade with the use ot a plastic water meter box. 

STE flowed through the sampling basin and to the OSDS inti ltration unit. 
Upon arriving at a si te to sample, the' STE basin was plllJt>ed out and 
allowed to refill with fresh STE before taking grab samples. Samples for 
VOCs were always taken first by carefully dipping a 250-mL Pyrex beaker 
into the STE without splashing, and then transferring the contents slowly 
to standard 40-mL volatile organic analysis (VOA) vials with Teflon lined 
caps. These vials were placed on ice in a sample cooler for shipment to 
the laboratory for analysis. After obtaining the necessary vee aliquots, 
samples for conventional analyses were taken by pUIq>ing out of the STE 
monitoring basin with a small hand operated diaphram PlllIP. A 1-L 
polyethylene bottle was filled for subsequent laboratory analyses of BQ05, 
TSS, TDS, N<>2+NOJ, CI- and MBAS. This aliquot was preserved by placing the 
bottle on ice in a s~le cooler ilIlDediately after sampling and until 
arrival at the laboratory for analysis. A O.5-L polyethylene bottle 
containing sufficient sulfuric acid to adjust the sample to pH<2 was 
filled for TKN and P analyses and also placed on ice in the smmple cooler. 
Two sterile plastic bags (118 mL, Nasca Whirl-pak) were filled for fecal 
coliform analyses and also preserved by cooling on ice. A 0.5-L glass 
beaker was also filled and temperature, pH and conductivity were measured 
on that portion in the field. 

Swnple coolers were either shipped by bus or delivered by field personnel 
to the laboratory for analyses. Chain of custody forms were utilized with 
all sanple containers to track s8IIlJles as needed. In general samples 
arrived at the laboratory within twelve hours of sampling, and consistently 
within 24 hr. All laboratories used for sample analyses were approved by 
Florida HRS and Department of Environmental Regulation (DER) for the 
parameters analyzed. 

Quality control (QC) samples were taken as a check on laboratory results 
and sampling procedures. External QC sampling consisted of taking field 
blanks, trip blanks, and splitting samples between laboratories and for 
analyses. In addition, internal QC was practiced at each laboroaty using 
blanks, spikes, and duplicates. 
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Sampling of STE for virus has also been conducted at the homes monitored. 
The results of this sampling are inc~lete at this time and wi 11 be 
discussed in the final report on this phase of the study. 

Septage Characterization 

Grab samples of septage from each of the eight study homes were collected 
during August 1988. This was accooplished by removing the lid from the 
septic tank and then manually mixing the contents of the tank. Samples of 
the mixed material were· then taken as described above for the STE 
characterization. Samples were handled and analyzed in a similar fashion. 

Infiltration System Perfonnance 

Observation ports were installed within each OSDS to enable determination 
of the occurrence and magnitude of any wastewater effluent ponding. These 
measurements provided a cursory indication of system hydraulic perfonnance. 
The observation ports were checked at the time of each site' visit and 
measurements of any ponding were recorded. Figure 6.3 shows a schematic 
of a typical observation port. 

Figure 6.3. 

PVC VALVE BOX & COVER 

o 12' 
DRAINFIELD GRAVEL 

Profile schematic of an observation port within an 
infiltration system trench. 
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To investigate the treatment of STE in unsaturated soil below the 
infiltration system, soil sampling was performed at several of the homes 
where STE characteristics had been monitored. Basically, this part of the 
subdivision monitoring was designed to provide preliminary insight into the 
downward vertical migration of contaminants in unsaturated soi Is beneath 
operating.OSDSs in sandy soils in Florid~. It was desired to determine if 
potential contaminants were migrating downward to 2 ft. or more below the 
infiltrative surface. 

In designing this part of the experiment, a key premise was STE 
contaminants present in the soil at a given depth would be an indication 
that the contaminant had migrated there in association with the applied 
STE. If a given contaminant was not detected, at least two explanations 
could apply. First, the contaminant had not migrated to the location 
sampled due to its retardation and degradation in the unsaturated zone 
between the infiltrative surface and the sample point. Second, the 
contaminant had migrated to the location sampled but was no longer 
detectable since it had either been degraded at the location sampled, or 
had migrated away in the soil profile, perhaps into the underlying ground 
water. Detection of a contaminant at a given depth could therefore be 
interpreted as posi tive evidence of contaminant migration to that depth, 
but nondetection could not be interpreted as posi tive evidence that the 
contaminant had not migrated to that depth. However, for contaminants which 
had been continuously applied to the system at relatively high levels prior 
to sampling, it was much more likely that nondetection or a reduction in 
concentration with depth was associated with retardation and degradation in 
the unsaturated zone. 

Four of the eight OSDSs where STE moni toring had been performed were 
included in this soil sampling effort. Two of these were within the 
subdivision in Polk County and two were within the subdivision in St. Johns 
COWlty. 

At two separate locations within each OSDS infiltration system area soil 
samples were collected at three depths (Figure 6.4). The sample depths 
included the wastewater infiltrative surface and at approximately 2 and 4 
ft. beneath it. This was done to enable develoIXDent of contaminant 
profiles with depth. Analyses were conducted for a suite of physical, 
chemical and biological parameters which would enable determination 
of the recent exposure of the soil to wastewater effluent as well as the 
total contaminant concentrations remaInIng. Analyses were also 
conducted to faci I i tate assessment of contaminant comparisons between 
depths and locations. 

The depth of 2 ft. below the infiltrative surface was important as it was 
equal to the minimum depth to high ground water under which OSDSs can be 
installed in Florida. If contaminants were detected at2 ft. and especially 
also at 4 ft., it could be interpreted to mean that the contaminants 
could have migrated into the grotmd water if it were present at the 
permitted 2 ft. beneath the infiltrative surface. 
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Profile schematic of sub-infiltration system sampling 
locations. 
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Soil samples were collected from each sample location according to the 
following protocol. 

Upon arrival at an OSDS to be monitored, sample locations were carefully 
selected. A background sample location (Cl) was established in proximity 
to but apart from the OSDS. Two srurnple .locations were established within 
the infiltration area of the OSDS. One location was within approximately 
5 ft. of the inlet to the infiltration trench or bed (location Dl). A 
second location was approximately 15 to 20 ft. from the inlet (02) and 
within the same portion of the OSDS (e.g. same trench). A tile probe was 
used to verify the location of the intended sample points relative to the 
OSDS. The saq>le locations were located using reference points on the 
property and standard surveying techniques. 

A work area was established near the monitoring locations. A work table 
surface was covered with clean polyethylene film. A source of tapwater 
from the residence was used for cleaning equipment. The three locations 
were sampled sequentially from the likely lowest contaminated sample 
location to the highest (i.e. Cl, D2, 01). 

A plastic tarp was laid on the ground adjacent to the intended sample 
location. A tile spade was used to remove a plug of sod and the surface 
soil to create a hole approximately 1 to 2 ft. in diameter down to the top 
of the infiltration system gravel. If the drainfield depth was too great 
for excavation wi th the tile spade, a post-hole digger or 4-in. bucket 
auger was uti} ized to· reach the top of the system. The top of the 
infiltration system was readily identified by contact with the cover fabric 
(geotexti Ie or paper) and coarse aggregate. The coarse aggregate was 
removed with a post-hole digger or by hand. Then a 6-in. diameter by 2 ft. 
long section of galvanized pipe was inserted vertically into the excavation 
and pressed through the soil infiltrative surface of the OSDS by 
approximately 2 to 6 in. This pipe section served as a casing to prevent 
aggregate or debris from the infiltration system entering the boring used 
for sampling. Prior to use at each sample point, all hand-excavation tools 
and pipe casings were cleaned with a tapwater flush, detergent wash 
(trisodium phosphate base), final tapwater rinse and then air-drying. 

Once the infiltrative surface was exposed, a second 4-in. bucket auger was 
used to bore down to the desired sample depth. A stainless steel soil 
recovery auger (Art's Manufacturing and Supply, American Falls, 10) was 
then utilized to extract relatively undisturbed soil cores at each sample 
depth. This sampler was similar in size and geometry to a standard 3.25-
in. sand auger, but was machined such that a removable sleeve could be 
inserted into it from the top end (opposite of the cutting bits). After 
insertion, a cap was screwed onto the auger head which in turn enabled 
attachment of appropriate auger handles. 

The removable sleeves eq>loyed in this study were fabricated from clear 
plastic with the following dimensions: 10 in. long, 2.9 in. in diameter 
with 0.06 in. wall thickness. 

To collect a soil sample, the assembled auger was carefully inserted inside 
the casing and rotated downward to fill the auger body with a soil core. 
The auger was retracted from the boring hole and then disassembled. The 
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clear plastic sleeve was carefully withdrawn from the auger with an intact 
soil core inside. The soil core was visually inspected and then soil 
materials from the upper and lower core ends were scooped out wi th a 
precleaned stainless steel spoon and wasted. Approximately 2 in. of soil 
were wasted from the top of the core while approximately 1 in. of soil were 
wasted from the bot tom. 

Two smaller, clear plastic sleeves were then inserted into the soil core 
within the larger plastic sleeve. The smaller plastic cores had the 
following dimensions: 7 in. long, 0.9 in. diameter and 0.03 in. wall 
thicJmess. After insertion, the top ends of the small cores were sealed 
with aluminum foil. A pencil-size thermometer was then inserted into the 
core center from the bottom. Then the two small cores were removed fran 
the large core. Immediately upon removal, the bottom of each small core 
was covered with foil. The balance of the soil within the large core was 
left in the core temporarily. This core was inverted and placed vertically 
within a precleaned stainless steel bowl and its upper end was temporarily 
sealed with aluminum foil. 

The soil wi thin each of the two small cores was carefully transferred 
directly into a 40-mL VOA vial wi th a precleaned stainless steel spoon. 
Two vials were fi lIed with soil, one vial for each core. The soil in 
these vials was analyzed in the laboratory for purgeable organics (V0CS). 

The temperature of the soi I wi thin the larger core was observed and 
recorded and then the soil was emptied into a precleaned and disinfected 
stainless steel bowl. The soi I material was quickly mixed and a steri Ie 
wood spatula was used to transfer the soil into sample containers. 
Sant>les for virus analyses were placed in 8 oz. glass canning jars and 
capped wi th metal gasketed screw-top lids. Sanples for analyses of 
selected physical, chemical and biological parameters were placed in SOO mL 
amber glass jars and capped with screw top-lids. 

A profile schematic of the soil core samplers showing relative saIIt'le 
locations is presented in Figure 6.S. 
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Appropriate ident i ficat ion informat ion was attached to each s~le 
container. They were then placed in coolers refrigerated wi th ice and 
shipped by public carrier to appropriate analytical laboratories. Olain
of-custody protocols were followed as with the STE sampling. 

Special precautions were taken during .sampling to minimize extraneous 
sample contamination and/or cross-contamination between sampling points. 
The work table surface was cleaned after each s~le was collected by 
wiping the surface clean with distilled water and then allowing it to air 
dry. The stainless steel s~ling spoons and plastic sleeves were 
precleaned in the laboratory prior to visiting each monitoring home. The 
cleaning protocol employed was: (1) tapwater rinse, (2) detergent wash 
(trisodium phosphate base), (3) tapwater rinse, (4) acid rinse (O.l N 
reagent grade HCL)(spoons only), (5) triple distilled water rinse, (5) wipe 
dry, (6) air dry. 

The other sampling utensils were cleaned onsite in between each sample 
point. This included the soil recovery auger head, stainless steel bowl 
and thennometer. The zero contamination auger head was cleaned according 
to the following protocol: (1) tapwater rinse, (2) detergent wash. 
(trisodium phosphate base), (3) tapwater rinse, (4) distilled water rinse, 
(5) wipe dry, (6) air dry. The stainless steel bowl and thermometer were 
similarly cleaned except that after the detergent wash, the utensils were 
rinsed with tapwater and then sprayed with a concentrated chlorine bleach 
solution. After this, the utensils were cleaned per steps (3) to (6). 

Quali ty control samples were taken as follows. Two field blanks were 
prepared. During sampling at home 22, distilled water was rinsed down the 
interior of an assembled soil recovery auger and directed into four 
sample containers (same as those used for the soil samples). These were 
later analyzed for the same parameters as the soil samples. During 
sampling at home 12, distilled water was rinsed down the interior sidewalls 
of a clean 3.25-in. diameter plastic sleeve across the cutting bits of the 
soil recovery auger and directed into 40-mL VOA vials. These were 
analyzed for VOCs. Finally, a trip blank was included with each cooler 
used for storing samples to be analyzed for VOCs. This was prepared by 
the laboratory responsible for the VOC analyses and consisted of two, 40-mL 
VOA vials filled with organic free water. 

Laboratory analyses were performed by State of Florida 
laboratories according to standard procedures (APHA, 1985; 
Register, 1985; U.S.EPA, 1983; Black, 1965; Page, 1982). 
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RESULTS 

OSDS Characteristics 

The characteristics determined for each household and OSDS were presented 
previously in Section 4 (Tables 4.3 and 4.4). 

Soil Characteristics 

The soil series characteristics observed at the sites or the individual 
OSDSs studied are listed in Table 6.1 and discussed below. 

Polk County Subdivision --

The soils in the subdivision were derived from interbedded marine sands. 
The morphology of these soils is dominated by sandy characteristics 
although sandy clay to sandy clay loam materials are present with depth at 
some locations. Elsewhere in the study area these clayey soils are either 
deeper than the depth of soil development or are non-existent. In the 
northwestern part of the subdivision a potential sinkhole feature exists 
and organic soils have been mapped. Five distinct soil series were mapped 
in the entire subdivision (Figure 6.6). 

Table 6.1. 

Soil Series 
(Homes) 

Tavares 
(12, 14, 21, 24) 

Candler 
(13) 

Ona 
(11 ) 

Adamsville 
(22, 23) 

Soil series characteristics for locations of OSDS study 
homes in Polk and St.Johns County.l 

Texture 
(USDA) 

Sand 

Fine 
Sand 

Sand 

Fine 
Sand 

Profile Drainage 

Moderately well drained , 
rapid profile permeabil i ty 

Excessively drained 

Poorly drained2, moderately 
rapid profile permeability 

Somewhat poorly drained, 
rapid profile permeability 

Normal Depth to 
Ground Water 

> 40 - 80 in. 

> 80 in. 

10 - 40 in. 
> 6 mon/yr 

20 - 40 in. 
2 to 6 mono 

> 40 in. 
balance 

Refer to Figures 6.6 and 6.7 for spatial locations within each 
subdivision. 
2 Due to drop in ground water level, current description most likely that 
of a moderate to well drained sandy soil (see narrative). 
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..... 
Approximately 84 percent of the subdivision area consisted of Candler, 
Apopka and Tavares fine sands. These soils are classified as 
excessively drained, well drained, and moderately well drained, 
respectively, by USDA SCS descriptions. The SCS limitations for 
conventional septic system drainfields are classified as slight for 
Candler and Apopka, and moderate for Tavares. . . 
Of the four individual OSDSs monitored in Polk County, two are located in 
soils mapped as Tavares, one in soils mapped as Candler, and one in soils 
mapped as Ona. It is important to note here that the drainage class 
assigned to the Ona and Tavares series in general does not seem to apply to 
Ona and Tavares soi Is mapped in the subdivision in Polk County at this 
time. Evidently, ground water levels in the area decreased significantly in 
the late 1950 I S and have never returned to "normal", despi te several 
hurricanes since that time (Reed, 1977). The reason for this is not clear. 
Therefore, although the soil profile and texture descriptions still fit 
the Ona and Tavares series as reported in SCS soil surveys, the water table 
levels do not in most locations of the subdivision. In the case of the 
OSDS at home 11, the current soil drainage description would more likely be 
that of a moderately well to well drained fine sandy soi 1. 

Homes 1£ and 14: The OSDSs at homes 12 and 14 are located in Tavares 
soils, as confirmed by hand auger borings. The Tavares series is a 
moderately well drained soil with rapid profile permeability. The water 
table typically occurs in the Tavares profile at a depth of 40 to 80 in. 
below grade for more than 6 months of the year, and below that depth for 
the remainder of the year. The typical Tavares soil has a texture of sand 
throughout the profile with little or no profile development. Soil 
mottling, indicative of seasonal wetness, typically occurs at 30 to 40 in. 
below grade. In this subdivision test pi t mnnber 3 exhibi ts general 
Tavares characteristics although no mottling was observed. The testpit 
description for this location is presented in Appendix G. At the time of 
inspection (September 21, 1987), ground water was observed in testpit 3 at 
10 ft. below grade. 

Home 13: The OSDS at home 13 was located in Candler soil. The Candler 
series is an excessively drained soil typi cally found in undulating or 
gently rolling upland areas. The typical Candler soil has a fine sand 
texture wi th the water table at a depth greater than 80 in. year round. 
Testpi t 2 exhibi ts characteristics of the Candler series. The profile 
description for this test pit is included in Appendix G. No ground water 
was observed in this backhoe pit at the time of inspection. 

Home 11: The OSDS at hane 11 was located in soils mapped as Ona, a poorly 
drained soil series with moderately rapid profile permeability. The 
typical Ona profi Ie is sandy throughout wi th a "spodic" horizon in the 
subsoil which is dark brown due to the staining of the sand grains by 
organic matter and iron and aluminum oxides. Soil mottles are frequently 
observed in the 10 to 20 in. zone as the water table is typically 10 to 40 
in. below grade for more than 6 months of the year. Testpit 1 typifies the 
Ona series characteristics, however, ground water was observed at 10 ft. 
below grade in this pit on September 21, 1987 (see Appendix G). 
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St. Johns County --

In the subdivision in St. Johns County, the soils are derived from sandy 
marine sediments. The morphology of the soils are dominated by these sandy 
materials, especially in the part of the subdivision where individual OSDSs 
are being monitored. Six dist inct soil ~eries were mapped on the ent ire 
subdivision as shown in Figure 6.7. 

O¥er 75 percent of the entire subdivision area and all of the area under 
study consisted of Tavares, Adamsville, and Ona fine sands. The drainage 
class of these soils are moderately well drained, somewhat poorly drained, 
and poorly drained, respectively. The SCS limitations for conventional 
septic system drainfields are classified as moderate, severe, and severe, 
respectively, with the limitations due to the wetness and poor filtration. 
In comparison to the moderate to excessively drained soils of the Polk 
County subdivision, the soils in St. Johns County would be considered 
much less desirable for conventional OSDS use. 

Of the four individual OSDSs monitored in st.Johns County, two are 
constructed in Tavares soils and two are in Adamsville soils (see Table 6.1 
and Figure 6.7). 

Homes 11 and 24: The OSDSs at homes 21 and 24 are located in Tavares 
soils, as confirmed by hand auger borings. The Tavares series was described 
in the previous section on Polk County. This series is a moderately well 
drained soil with rapid profile permeability. A mottled color pattern, 
indicative of seasonal wetness, frequently occurs at depths of 30 to 40 in. 
below grade. No testpits were excavated in this subdivision. Detailed soil 
profile descriptions were recorded based on boring observations for each 
OSDS site and are provided in Appendix G. At the time of inspection 
(September 23, 1987), ground water was observed at a depth of 55 in. at 
both OSDS sites 21 and 24. 

Homes .2. and;u. The OSDSs at homes 22 and 23 were confirmed to be 
constructed in Adamsville soils. The Adamsville series is a somewhat 
poorly drained soil with rapid profile permeability. The water table is 
typically at 20 to 40 in. below grade for approximately 2 to 6 months of 
the year, and below 40 in. for the rest of the year. The typical 
Adamsville profile has a fine sand texture throughout. A mottled color 
pattern may occur as shallow as 10 to 20 in. and is generally well 
correlated wi th the seasonal high water table. The description for the 
profiles observed at OSDS sites 22 and 23 are presented in Appendix G. At 
the time of inspection ground water was observed at 40 in. and 35 in. below 
grade at these respective sites. 

As mentioned previously, the SCS drainage class for the Tavares and Ona 
soils in Polk County is misleading due to the drop in water table elevation 
in the area of the si teo One needs to bear in mind this difference in 
drainage when comparing site and OSDS characteristics between the 
subdivisions in Polk and st. Johns Counties. Although both subdivisions 
contained appreciable areas of Tavares and Ona soils, ground water 
monitoring data showed significant differences between the two subdivisions 
in the depth to water table present. 

92 



-

P-7 

(*** July 1989 - PrQgress Report ***) 

• P-1 

• P-1 PIEZOMETER 

o,==200' 

ST. JOHNS COUNTY 

Figure 6.7. Soil series mapped in the study subdivision in 
St. Johns County. 
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Water table elevations of 9 to 12 ft. below grade were observed for 
Tavares soil in Polk County as compared to 3 to 7 ft. below grade in st. 
Johns County. For Ona soils, water table elevations of 7 to 10 ft. below 
grade in Polk County contrasted significantly with the 2 to 3 ft. below 
grade measured in St. Johns County. 

These res~lts show that ground water monitoring data can be very important 
in addi tion to soil morphology when evaluating si te characteristics for 
OSDS use. This is especially true in Florida where man-induced drainage 
and development patterns have altered natural drainage conditions in many 
locations. 

Wastewater Characteristics 

Total water use at the homes in Polk County ranged from 239 to 732 
gallons/day (gpd) and 60 to 244 gallons/capita/day (gpcd). Home 13 water 
use is extremely high and is related to the fact that the residents cared 
for 4 to 5 additional children during the day over the course of the OSDS 
moni toring. Exterior water use was moni tored at homes 12 and 13 for a 
portion of the monitoring period and resulted in average exterior water use 
of 90 and 341 gpd, respectively. This water usage at home 13 is again high 
due to the actual number of users. The exterior water use monitoring at 
horne 12 resulted in an average interior water use of approximately 232 gpd 
or 46 gpcd over the period monitored. This value compares very well with 
the 44 gpcd reported in the u.s. EPA Design Manual for OSDS (U.S. EPA, 
1980) and is a good estimate for per capita daily wastewater flow. 

The equipment for STE moni toring was installed on individual OSDSs in 
August and September, 1987. In the Polk County subdivision, all four 
individual OSDSs had concrete distribution boxes (d-box) molded 
integrally with the septic tank. Drainlines for infiltration trenches were 
connected to individual outlets on these distribution boxes. All systems 
uti lized black, corrugated, 4-inch diameter perforated plastic pipe as 
drainlines. The connection of the drainlines to the distribution box was 
typically made by simply inserting the 4-inch diameter drainpipe into the 
6-inch diameter hole in the distribution box and then filling around the 
drainline with grout. This connection had failed on at least one line on 
two of the four systems excavated in the Polk County subdivision. Effluent 
was seeping out of the d-box around the bot tom of the drain pipe as a 
resul t. 

When installing the STE monitoring basin on the drainlines, a 12-inch long 
section was cut out near the d-box for insertion of the basin in the line. 
At that time the short section at the d-box was removed, rotated 180 so 
the perforations faced up and then regrouted into the d-box opening. This 
was done to insure effluent flow into the STE basin for sampling. 
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The OSDSs monitored in the subdivision in st. Johns County were very 
similar in construction to those in Polk County. The major difference was 
that no distribution box was used. Instead, a single header pipe was used 
from the septic tank and lines were split off this header with tee or el 
fittings to distribute STE to the individual trenches or drainlines. 
Similar problems with leaky grout fittings at the connection to the septic 
tank were' found, however. The STE basins for these systems were installed 
on an individual drainline just as they were in Polk County. 

Sampling of STE began in August 1987 in the Polk County subdivision and in 
October 1987 in the st. . Johns County subdivision. A sunmary of the 
average results for conventional parameters at each home is given in Tables 
6.2 to 6.4 and graphically depicted in Figures 6.8 and 6.9. Individual 
sample results are included in Appendix H through J. 

The results from this study compare favorably with previous investigations 
of STE quality with few exceptions. Table 6.5 lists the average results 
for all homes from this study with previous results from the literature. 

Differences with previous studies exist mostly for temperature and total 
suspended solids (TSS). Temperatures neasured for STE in this study were 
notably higher than those measured in more nothern climates (Harkin et aI, 
1979). These increased temperatures could result in increased biological 
acti vity in both the septic tank and soil infi ltration system. In fact, 
TSS measurements in this study were appreciably higher than those reported 
previously (Table 6.3). One reason for the increased average TSS values 
was the high average of TSS measurements at home 13. The average TSS 
concentrations of the seven sites excluding home 13 was approximately 100 
~/L. This value is sti 11 sl ightly high, but closer to what has been 
described in the literature. One could speculate that this might be 
attibutable to increased reaction rates in the septic tank which might have 
could h~ve yielded more TSS in the STE. 

The results of this study for fats, oils, and greases (FOG) and methylene 
blue active substances (MBAS) are a needed addition to the literature. 
Values for both appear to be in the range which has been reported in the 
limited literature available (Bicki et aI, 1984; Siegrist et aI, 1984). 

Of the 35 different VOCs analyzed for, only four were routinely deteicted 
in the STE: toluene, chloroform, methylene chloride and 1,4-
dichlorobenzene (Appendix I). Toluene was detected most often, then 
chloroform, methylene chloride, and 1,4-dichlorobenzene in decreasing order 
of occurrence. Toluene was measured at levels above detection limits at 
every monitoring home and in almost every STE sample taken. The specific 
source of toluene in the STE is unknown but toluene is a common ingredient 
in products used around the home such as cleaning solvents, paint thinners, 
and certain dyes and organic chemicals. 
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No.11 No.12 No.13 No.14 No.21 No.22 No.23 No.24 

Home Monitored 

ffiIIIlI BODS 

~TSS 

• FOG 

Average concentrations of ~, suspended solids and 
fats, oil and grease in the septic tank effluents. 

No.11 No.12 No.13 No.14 No.21 No.22 No.23 No.24 

Home Monitored 

Average concentrations of nutrients in septic tank 
effluents monitored as part of this study. 
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---Table 6.2. Septic tank effluent temperature, pH, specific 
conductance and chlorides. 

Hane Statistic Teop. pH Conductance Chlorides 

°c Units tunhos/an ~/L 

Polk County 
Home 11 Average 21 6.8-7.2 804 40 

Std.Dev. 4.2 60.2 9.0 
Number 1 1 1 4 

Home 12 Average 26.4 6.8-1.4 5311 1134 
Std.Dev. 4.6 1411 408 
Number 6 6 6 5 

Home 13 Average 26.3 1.0-7.5 837 48 
Std.Dev. 4.4 109 11.6 
Number 6 6 6 5 

Home 14 Average 26.8 6.8-7.3 1034 44 
Std.Dev. 4.7 102 24.2 
Number 7 7 7 4 

St.Johns County 

Home 21 Average 25.2 6.6-7.1 540 28 
Std.Dev. 0.5 14.1 2.1 
Number 4 4 4 4 

Home 22 Average 25.5 7.0-7.2 712 24 
Std.Dev. 2.9 99 3.6 
Number 5 5 5 5 

Home 23 Average 25.4 7.1-7.4 1000 10 
Std.Dev. 1.9 41 2.6 
Number 4 4 4 4 

Home 24 Average 23.2 8.0-8.9 959 29 
Std.Dev. 3.0 69 U.S 
Number 5 5 5 5 
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---Table 6.3. Septic tank effluent concentrations of ~ and solids. 

HOOle Statistic BODj TDS TSS FOO 

~/L '~/L ~/L qr/L 
Polk County 

Home 11 Average 134 468 73 25 
Std.Dev. 30.4 24.8 25.6 10.3 
Number 4 4 4 2 

Home 12 Average 181 2266 170 44 
Std.Dev. 60.6 1256 138.5 30.0 
Number 5 5 5 3 

Home 13 Average 165 627 594 49 
Std.Dev. 36.3 127 255. 39.9 
Number 5 5 5 3 

Home 14 Average 128 674 97 7.6 
Std.Dev. 18.6 82 49.2 2.9 
Number 4 4 4 2 

St.Johns County 

Home 21 Average 153 360 117 111 
Std.Dev. 27.5 67 22.2 89.2 
Number 4 4 4 3 

Home 22 Average 139 415 . 93 25 
Std.Dev. 24.5 62 24.0 8.9 
Number 5 5 5 4 

Home 23 Average 111 640 64 9.3 
Std.Dev. 21.6 56 30.6 7.9 
Number 4 4 4 3 

Home 24 Average 117 550 83 16 
Std.Dev. 14.4 53 39.5 7.2 
Number 5 5 5 4 
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Table S.4. Septic tank effluent concentrations of nutrients, 
surfactants and bacteria. 

Home statistic TKN ND2+N03 Total P MBAS F.Coli • 

ug-N/L ~-N/L ~-P/L ~/L Log-#/L 
Polk County 

Home 11 Average 40.2 0.08 12.0 1.3 6.0-S.8 
Std.Dev. 20.3 0.06 0.82 0.7 
Number 4 4 4 4 4 

Home 12 Average 40.2 0.14 15.0 6.8 6.0-6.8 
Std.Dev. 15.7 0.17 3.16 3.9 
Number 5 5 5 5 5 

Home 13 Average 37.1 0.13 9.8 2.2 6.5-7.S 
Std.Dev. 22.8 0.16 4.44 1.0 
NtDDber 5 5 5 5 5 

Home 14 Average 40.5 0.04 6.63 2.4 5.1-6.3 
Std.Dev. 21.3 0.04 0.63 0.8 
NtDDber 4 4 4 4 4 

St • Johns County 

Home 21 Average 32.8 0.03 6.88 1.56 6.3-6.5 
Std.Dev. 11.4 0.02 0.48 0.8 
Number 4 4 4 4 4 

Home 22 Average 36.4 0.06 14.6 5.0 7.6-8.2 
Std.Dev. 14.8 0.06 1.82 2.2 
Ntunber 5 5 5 4 5 

Home 23 Average 33.2 0.07 10.63 2.1 6.4-7.1 
Std.Dev. 12.4 0.04 3.09 0.5 
Number 4 4 4 4 4 

Home 24 Average 53.8 0.05 11.8 3.4 6.5-7.3 
Std.Dev. 19.15 0.04 2.39 2.0 
Number 5 5 5 4 5 
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Table 6.5. Concentrations of selected constituents in STE as 
measured in this study versus previous studies. 

Study Reference and Location 

. 
SSWMP, Harkin Bowne, Brown 
1978 et aI., 1982 et aI., This study, 

Parameter 1979 1977 1989 
(Units) Wise. Wise. Oregon Texas Florida 

Teq>erature _1 13 
(Oe) 0-23 18.0-33.8 

141 8 

00Dj 138 132 141 
(~/L) 7-480 118-189 111-181 

150 145 8 

TSS 49 87 161 
(~/L) 10-695 36-75 64-594 

148 164 8 

TKN 45 822 30 39 
(~-N/L) 9-125 41-50 33-54 

99 127 8 

NOz+NOJ 0.4 0.95 0.5 0.2 0.08 
(~-N/L) 0.1-74 0.6-0.14 

114 215 8 

P 13 21.8 8.2 11 
(~-P/L) 0.7-90 7-15 

99 215 8 

FOO 36 
(~/L) 16-65 8-111 

8 

MBAS 3.1 
(ng/L) 1.3-6.8 

8 

F • Coli fonns 7.7 6.8 7.0 
(Log#/L) 3.0-9.2 5.1-8.2 

151 205 8 

"-" indicates no data available. Data shown for eaeh parameter and study 
correspond to average, range and number of samples. 

2 Total nitrogen, not Kjeldahl nitrogen. 
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Chlorofonn was measured at all homes monitored Polk County, but only home 
24 in St. Johns County. The results for the subdivision in Polk County are 
not surprising considering that chloroform was also measured in the 
tapwater supply. The occurrence of chloroform in municipal supplies is not 
uncommon and is generally the result of by-products fonned during 
disinfection by chlorination of water containing organics. Chloroform is 
also an ingredient in products used in the home such as solvents, cleaners 
and fire extinquishers. 

Methylene chloride was detected in the STE from three homes in Polk County 
and one in St. Johns County. This c~und is also a coomon by-product of 
chlorine disinfection although it was not measured in the tap water supply 
in either subdivision. 

Home 22 was the only one where 1,4-dichlorobenzene was detected. This 
organic compound is an ingredient in certain insecticidal fumigants which 
may be used in the home. 

The results described here for VOCs in STE are in general agreement with 
other investigations of VOCs in residential sewage (Greer and Boyle, 1988; 
Tomson et aI, 1984; and Dewalle et aI, 1985). newalle et al also reported 
toluene, chloroform and methylene chloride as the most prevalent VOCs in 
STE in a study of toxic chemicals from household septic tanks for the U.S. 
EPA published in 1985. 

Concentrations of VOCs routinely measured in this study are summarized in 
Table 6.6. Not only was toluene detected in STE most frequently, it was 
also detected at the highest concentrations of all VOC's measured. Mean 
STE concentrations of toluene ranged from a low of 7 ppb (ug/L) at home 23 
to a high of 64 ppb (ug/L) at home 11. The individual sample maximum was 
110 ppb (ug/L) on one sample from home 13. The other VOCs detected were 
generally at much lower concentrations (Table 6.6). The concentration of 
VOCs measured in STE in this study are also in agreement with other 
investigators (Greer and Boyle, 1988; newalle et aI, 1985). 

Septage Characteristics 

The characteristics of the septic tanks as observed during the septage 
san:t>ling are sUIIlDarized in Table 6.7. The SClUD and sludge accumulations 
were notably low in Polk County. In all eight septic tanks, the sludge 
accumulations were very low, even in septic tanks which had been in service 
for 12 years and never pumped. There were no correlations with age of the 
home or date of last septic tank pumping. 
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Table 6.6 ........ Sunmary of VOCs detected in septic tank effluents. 

Caq>ound Detected 

1,4-Dichloro- Methylene 
Home Statistic Chloroform benzene Chloride1 Toluene 

Polk County ----------------------- ug/L ---------------------
Home 11 Average 5.5 BOL2 5.9 64 

Std.Dev. 1.7 BOL na3 21 
Range 3.7-6.9 BOL na 48-92 
Number4 3/4 0/4 1/4 4/4 

Home 12 Average 10.3 BDL 4.5 11 
Std.Dev. 1.3 BOL na na 
Range 8.8-11 BOL 3.6-5.4 9.2-13 
Number 3/4 0/4 2/4 2/4 

Home 13 Average 7.9 BDL 7 50 
Std.Dev. 6.1 BOL na 42 
Range 2.5-16.0 BDL 3.0-11.0 14-110 
NlUIlber 4/4 0/4 2/4 4/4 

Home 14 Average 3.5 BOL 4.2 24 
Std.Dev. 1.6 BOL na 14 
Range 2.3-5.4 BOL na 12-44 
NlUIlber 3/4 0/4 1/4 4/4 

St.Johns COl.mty 
Home 21 Average BOL BDL BDL 40 

Std.Dev. BOL BOL BDL 14 
Range BOL BOL BDL 29-61 
Number 0/4 0/4 0/4 4/4 

Home 22 Average BOL 27 BDL 40 
Std.Dev. BOL na BDL 14 
Range BOL 21-33 BOL 12-44 
NlUIlber 0/4 2/4 0/4 4/4 

Home 23 Average BDL BDL 2.0 7 
Std.Dev. BDL BDL na 1.4 
Range BOL BOL na 5.7-8.7 
Number 0/4 0/4 1/4 4/4 

Home 24 Average 5.3 BDL 1.9 20 
Std.Dev. na BDL na 3.8 
Range na BDL na 15-24 
Number 1/4 0/4 1/4 4/4 

Laboratory detection limit was 50 ug/L for first two sampling events 
after which a new laboratory was used. 
2 "BDL" indicates canpound not detected at method detection limi t. Refer 
to Appendix I for method detection limit. 
3 "na" indicates statistic not applicable due to limited ntanber of samples. 
4 Positive samples/total samples. Calculation of standard deviation based 
on positive samples only. 
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The results of analyses of septage samples are summarized in Table 6.8 to 
S.10. These data indicate appreciable concentrations of organic matter and 
sol ids in the septage from all eight homes. Concentrations of most 
constituents (e.g. ~, TKN, TP) were 5 to 10 times higher than those in 
the STE. Concentrations of TSS and FOG were approximately 20 times higher. 

Table 6.7. Characteristics of septic tanks as observed during 
septage saq>ling. 

Home 

Tank Dimens ions 

G.L) 
to Lid 

Total 
Depth 

Water 
Depth 

Sludge and S Cl.BD 

SCl.BD Sludge 
Depth Depth Cooment 

------------------- in. ------------------
Polk County 
Home 11 
(4, never)2 

Home 12 
(11, 1987) 

Home 13 
(2, never) 

Home 14 
(14, 1986) 

St.Johns County 

8-10 

10 

6-8 

8-10 

Home 21 22 
(11, 1987) 

Home 22 4 
(11, never) 

Home 23 6 
(12, 1985) 

Home 24 6-8 
(12, never) 

1 G.L. = ground level. 

54 

53 

51 

56 

56 

58 

58 

57 

46 4 

45 o 

44 o 

48 3 

56 11 

49 14 

49 7 

50 14 

4 

3 

·3 

3 

5 

8 

3 

o 

Firm scum, 
black 

No scum, wispy 
sludge 

No scum, 

Very dense, 
dark'brown SClDll 

Heavy scum, 
baffle was 
subnerged. 

Very heavy scum 
and sludge 

Very heavy 
brown scum 

Reddi sh brown 
scum 

2 Numbers in parenthesis indicate age of home in years and date of last 
pumping of the septic tank. 

103 



(*** July 1989 - Progress Report ***) 

"'-
The resul ts of this study are canpared to those reported previously for 
septage in Table 6.11. The septage concentrations measured in this study 
were consistently low compared to those previously reported. The reason 
for this is unknown, but it is speculated to be due to the high 
teq>eratures present and increased reaction rates and digestion of the 
waste soI,ids. 

The total VOCs measured ranged from 49 to 418 ug/L (Table 6.9). The 
individual VOCS routinely detected included toluene (8 of 8 samples 
positive), xylenes (5 of 8), 1,4-dichlorobenzene (5 of 8), chlorofonn (3 of 
8 samples) and methylene chloride (3 of 8). Bromodichloroethane, 1,1-
dichloroethane and 1,1,I-trichloroethane were each detected in one sample 
(Table 6.12). These are essentially the same VOCs which were detected in 
the STEs (Table 6.6). 

Table 6.8. Septage temperature, pH and specific conductance. 

Home Teup. pH Conductance 

oC tmits umbos/em 
Polk County 

Home 11 30 6.8 1000 
Home 12 31 6.6 1400 
Home 13 32 6.8 1000 
Home 14 30 7.0 1250 

St.Johns County 

Home 21 27 6.3 350 
Home 22 29 6.7 1050 
Home 23 29 5.4 1200 
Home 24 29 6.8 1200 
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Table 6.9. Septage concentrations of ~ and solids. 

Home ~ TS TSS FOO 

~/L '~/L ~/L ~/L 
Polk County 

Home 11 1690 7750 7130 866 
Home 12 446 1300 490 92 
Home 13 1150 3600 2960 342 
Home 14 1200 5600 4550 529 

St • Johns County 

Home 21 1500 1800 1160 529 
Home 22 1060 5900 4690 1290 
Home 23 611 2600 1620 216 
Home 24 4410 7400 5880 1983 

Average 1508 4494 3560 731 
Std.Dev. 1243 2510 2381 633 

Table 6.10. Septage concentrations of nutrients, surfactants and 
VOCs. 

Home TKN TP MBAS VOCs 

~-N/L ~-P/L ng/L ug/L 
Polk County 

Home 11 339 76 16 416 
Home 12 111 54 15 56 
Home 13 91 26 61 294 
Home 14 185 60 22 331 

St.Johns CoWlty 

Home 21 99 19 1.4 210 
Home 22 278 144 52 418 
Home 23 104 19 2.8 49 
Home 24 308 123 29 363 

Average 189 65 25 267 
Std.Dev. 104 47 22 148 
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The resul ts of this study are cOOl?ared to those reported previously for 
septage in Table 6.11. The septage concentrations measured in this study 
were consistently low compared to those previously reported. The reason 
for this is unknown, but it is speculated to be due to the high 
tentJeratures present and increased reaction rates and digestion of the 
waste solids. 

Table 6.11. Septage concentrations observed in this study compared to 
those previously reported. 

u.s. EPA Design Average of this 
Parameter Units Manual (1980) Study 

pH units 6 - 7 (Typical) 5.4 - 7.0 

BODs ~/L 3,150 1,580 
4,790 
5,890 

TS ~/L 11 ,600 4,494 
22,400 
39,500 

TSS ~/L 2,350 3,560 
9,500 

13,060 
21,120 

TKN ~-N/L 410 189 
472 
650 
820 

TP ~-P/L 172 65 
190 
214 
351 

~/L 3,850 731 
9,560 
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The total ~ measured ranged fran 49 to 418 ug/L (Table 6.9). - The 
individual VOCs routinely detected included toluene (8 of 8 samples 
positive), xylenes (5 of 8), 1,4-dichlorobenzene (5 of 8), chloroform (3 of 
8 samples positive) and methylene chloride (3 of 8). Bramodichloroethane, 
1,1-dichloroethane and 1,1,1-trichloroethane were each detected in one 
srunple (Table 6.12). These are the sam~ VOCs which were detected in the 
STEs (Table 6.6). 

Table 6.12. Concentrations of individual VOCs detected in septage. 

Coot>ound Hane Monitored 

--------------- ug/L ------------------------

Polk County 11 12 13 14 

Toluene 410 40 190 210 
Xylenes 1.5 1.6 1.1 2.3 
1,4-Dichlorobenzene <1 2.5 35 59 
Chloroform 1.2 6.9 31 <1 
Methylene Chloride 3.8 2.1 <1 1.1 
Bromodichloroethane <1 <1 2.1 <1 
1,1-Dichloroethane <1 <1 <1 <1 
1,1,1-Trichloroethane <1 <1 <1 <1 

416 56 294 331 

st.Johns County 21 22 23 24 

Toluene 210 250 41 360 
Xylenes <1 <1 <1 3.5 
1,4-Dichlorobenzene <1 84 2.4 <1 
Chloroform <1 <1 <1 <1 
Methylene Chloride <1 <1 <1 <1 
Bromodichloroethane <1 <1 <1 <1 
1,1-Dichloroethane <1 <1 2.4 <1 
1,1,1-Trichloroethane <1 <1 1.1 <1 

210 418 49 363 
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Infiltration System Perfonnance 

Table 6.13 summarizes the operation and perfo~ce data collected on the 
eight individual OSDSs over the monitoring period. Figures 6.10 to 6.17 
show site plans of the OSDSs monitored and indicate the sampling locations. 

Hydraulic Loading and Soil Clogging --

Based on the interior water use data collected or using the 46 gpcd 
estimate, hydraulic loading rates to the infiltration systems at the eight 
homes were estimated to range from 0.5 to 1.9 gal/ft2/day (bottom area 
basis). These loading rates are based on infiltration areas measured in 
the field wi th the exception of home 11 which was based on OSDS permit 
data. 

Wastewater ponding in the infiltration areas was measured in the 
observation ports at each si te visi t, if present. The systems with the 
most notable ponding problems were homes 13 and 21. Infiltration systems at 
homes 11 and 12 exhibited ponding very infrequently and only to about 1 in. 
in depth. The other four infi ltration systEmS showed no signs of soil 
clogging as measured by wastewater ponding. 

The OSDS at home 13 consisted of two trenches, one of which was ponded at 
the time of observation,port installation in August 1987. As monitoring 
progressed, the other trench eventually becwne ponded as well. The first 
trench was continuously ponded to at least 6 inches of depth over the last 
five site visits from October 1987 to April 1988. There are several 
reasons suspected for the hydraulic performance of this system. First, the 
hydraulic loading rate on the infiltration system was estimated to be the 
highest of the eight systems monitored at 1.9 gpd/ft2. This value is much 
higher than that typically recommended for fine sandy soils (Otis et aI, 
1980). Second, the system also had the highest STE suspended solids 
concentration and one of the highest BODs concentrations of the systems 
monitored. Combined with the high hydraulic loading, this system received 
mass loadings of BODs and TSS in a range reported to be of concern for 
infiltration system malfunction (Siegrist et aI, 1985; Siegrist etal, 1986; 
Siegrist and Boyle, 1987). 

The OSDS at home 21 appeared to have soil clogging problems related to 
system siting and design rather than loading. The infiltration system for 
this OSDS was of bed geometry (8 ft. by 30 ft.) Effluent ponding was 
present to the top of the 12-in. thick gravel bed at the time of 
observation port installation in September 1987 and continued throughout 
the monitoring period. In fact, at times as much as 16 to 18 in. of STE 
was measured in the observation port due to surcharging of effluent in the 
bed. 
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-Table 6.13. Individual OSDS operation summary. 

Parameter Units 

Polk Count.y 

Moni toring 
Period! 

Water Use2 gpd 
gpcd 

Area for tt! 
Infiltration 

Loading gpd/tt2 

Ponding Depth in. 
Trench 1 
Trench 2 
Trench 3 

Unsaturated ft. 
Soil Depth 

St. Johns County 

Moni toring 
Period1 

Water Use! gpd 
gpcd 

Area for tt2 
InriI tration 

Loading gpd/ft2 

Ponding Depth in. 
Trench 1 
Trench 2 
Trench 3 

Unsaturated ft. 
Soil Depth 

Home 11 

8/87. to 
4/88 

334 
84 

3503 

0.5' 

0-1 
na 
na 

6.6 to 
>10.3 

Home 21 

6/87 to 
3/88 

na 
na 

240 

0.8' 

9-18 
na 
na 

<0.2 to 
2.4 

Home Moni tored 

Home 12 
. 

8/87 to 
4/88 

325 
65 

150 

1.65 

0-1 
na 
na 

)15 

Home 22 

6/87 to 
3/88 

na 
na 

210 

0.9' 

o 
o 
o 

0.4 to 
3.4 

Home 13 

8/87 to 
4/88 

732 
2446 

210 

1.95 

4-8 
0-4 
na 

>15 

Home 23 

7/87 to 
3/88 

na 
na 

230 

0.8' 

o 
o 
o 

O. to 
2.2 

Home 14 

8/87 to 
4/88 

239 

60 

288 

0.6' 

o 
o 

na 

>14 

Home 24 

6/87 to 
3/88 

na 
na 

188 

o 
o 
o 

0.3 to 
> 3.7 

2 
3 

Monitoring dates vary for different measurement parameters. 
Total water use = interior plus exterior. 

, Based on pennit data. In field, could not locate total area. 
Estimated based on interior water use (gpcd) of home 12. 

5 Estimated based on actual measured interior water use. 
6 Resident routinely cared for 4-5 additional children during day. 
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One of the-reasons suspected for the poor performance of this system was 
its deep installation. The infiltrative surface of the bed was over four 
ft. below grade. The deep installation combined wi th a bed geometry and 
the relatively high ground water elevations at the subdivision in St. Johns 
County may have limited aeration below the system and contributed to its 
malfuncti,on. Of course, the deep install.ation was also responsible for the 
lack of any plumbing system backups in the home served by the system. The 
homeowner reportedly had the septic tank p1.llq)ed in February 1987 but 
perceived no problems since that time. 

Table 6.13 also shows the range of unsaturated soil depths which occurred 
below each of the systems over the moni toring period. This unsaturated 
depth was determined based on piezometers or ground water monitoring wells 
which were installed near the individual OSDSs studied and the infiltrative 
surface elevation measured at each OSDS. In the subdivision in Polk 
County, unsaturated soil depths were consistently greater than 14 ft. 
except at home 11, the lowest OSDS in elevation monitored at that 
subdivision. The unsaturated zone ranged from 6.6 to over 10 ft. at that 
losation. Sufficient unsaturated soil for proper STE treatment appeared to 
be present at all times at the systems monitored and most likely at all 
systems in the subdivision. 

Figure 6.10. 
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Figure 6.14. Site plan of the OSDS at home 21 in St. Johns County. 

In contrast, unsaturated zones under OSDS infiltration areas in St. Johns 
County were on occasion, less than desirable, ranging fran 0 to 4 ft. or 
so. The infiltration system at home 23 was estimated to be in the 
saturated zone and the systems at homes 21, 22 and 24 very near (0.2, 0.4 
and 0.3 feet respectively) the saturated zone in March 1988. Unsaturated 
zones at homes 21 and 23 were often less than 2 ft. thick during the 
monitoring period. These results suggest that the treatment of STE by many 
OSDS in the subdivision in St. Johns County may be less than desirable at 
certain times of the year due to insufficient depth or total lack of 
unsaturated, aerobic soil below the OSDS. 
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Sub-Infiltriition System Soil Sampling --

Soil sampling was conducted below the OSDS infiltration systems at homes 12 
and 13 in the subdivision in Polk County and homes 22 and 24 in the 
subdivision in St. Johns County. The purpose of this work was to 
investigate the treatment of STE as it moved through unsaturated, fine 
sandy soi'ls. S~ling was performed in :January 1988 and results for each 
of the four homes are discussed below. 

Home 12: Soil Samples were collected at home 12 located 
in Polk County on January 12, 1988. The location of 
subdivision was shown previously in Figure 6.1. 
sampl iog, the weather was clear and cool (lSOC) wi th 
breeze. 

in the subdivision 
this OSDS in the 

During the field 
a light northerly 

A total of nine soil samples were collected, representing three depths at 
each of'three locations. Two sample locations (Dl and 02) were within the 
perimeter of the operating OSDS infiltration area. Background soil 
properties were assessed by sampling a location approximately 10 ft. away 
from OSOS (C). These sample locations are depicted in the site plan shown 
in shown previously in Figure 6.11. The sample results are tabulated in 
detail in Appendix K, while selected results are highlighted in Figure 
6.18. 

Excavation into the OSDS at home 12 revealed a layer of geotextile fabric 
at a depth below ground surface of approximately 2 rt. The coarse 
aggregate layer of the drainfield appeared to be only 0.6 ft. thick at the 
sample points. Based on the measured depths to the infiltrative surface at 
points 01 (closest to the inlet to the OSDS) and D2 (further away), the 
infiltrative surface appeared to have a 4% slope away from the inlet end. 
At the time of inspection, there were no indications of wastewater effluent 
at either sampling location (Dl or 02). The infiltrative surface exhibited 
some black discoloration and a slight septic odor at location 01. 

Soil 'texture (USDA) was loamy fine sand at a depth of approximately 1.9 to 
2.8 f t. trans it ioning to fine sand at 3.6 ft. and below (Figure 6.18, 
Appendix K). Soil colors (moist Munsell color) were typically dark brown 
in the shallower zones to pale brown with depth. Soil temperatures were in 
the range of 21 °C with little variation associated with depth across the 
shallow zone of sampling. 

Concentrations of most parameters measured in the soil samples were highest 
at sample location Dl, closest to the septic tank outlet. It appeared that 
this area of the system had received more effluent based on the physical 
appearance of the infiltrative system. The elevated soil moisture content 
at DIA gives credance to this assumption as do the increased values of the 
parameters which were found in STE. Moisture content of the soil decreased 
with depth at 01 but even at a depth of over 4 ft. below the infiltrative 
surface (DIC), moisture content was more than 3% higher than location D2A, 
at the infiltrative surface. Concentrations of key STE parameters generally 
decreased with depth at all sample locations, including the control. The 
effect of the water softener in home 12 can clearly be seen in the chloride 
data at locations Dl and D2 in comparison to the control. 
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SOIL BORING 
01 

A
B. 
C. 
O. 
E. 
f. 
G. 
H. 

9.2 
5200 

380 
12 

880 
2.6 

200 
BDl 

A- 6.9 
B. 690 
C. 7B 
O. 0.1B 
E. 780 
F. 6.9 
G. <100 
H. BOl 

A. 7.4 
B. 520 
C. 47 
O. 1.6 
E. 620 
F. 4.2 
C. <100 
H. BOL 

83 ~/L 
40 ~-N/L 
15 ~-P/L 
org./l00mL 
26 ug/L 

2' 

4' 

SOIL BORING 
02 

'. SOIL BORING 
C1 

o DRAlNFlELD 
:. 00 

UNSATURATED 

A- 4.0 
B. 2400 
C. 91 . 
O. 0.06 • 
E. 440 
F. 0.06 
C. <100. 
H. BOl· 

A. 3.9 
B. 790 
C. 55 
O. 0.02 
E. 510 
f. 0.36 
C. <100 
H. BOl 

A. 3.7 
B. 460 
C. 39 
O. 0.7B 
E. 520 
F. 0.02 
C. <100 
H. BOl 

Soil Analyses: 

2' 

4' 

ZONE 

A. 
B. 
C. 
O. 
E. 
F. 
C. 
H. 

5.0 
3800 

190 
0.06 
520 

0.06 
<100 

BOl 

A. 4.0 
. B. 1700 

C. 87 
O. <0.02 
E. 450 
F. <0.02 
G. <100 
H. BOL 

A- 3.0 
B. 670 
C. 57 
O. 0.02 
E. 3S0 
F. <0.02 
C. <100 
H. BOL 

= 
= 

Soil Moisture, % by wt. 
TOe, ~-C/kg soil 

= TKN, ~-N/kg soil 

= NOJ, ~-N/kg so i 1 

= 

2' 

4' 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 

= 
= 

P, ~-P/kg soi I 
Leachable ortho-P, mg-p/kg soil 
F. Coli., org./g soil 

= VOCs, ug/kg so i I 
Ground water> 15 ft. below OSDS. 
BDL = below detection limit. 

Figure 6.18. Profile schematic of sample locations and selected 
results for home 12 in Polk County. 
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...... 
Home 13: On January 13, 1988, soil samples were collected at home 13 
located in Polk County. The location of this OSDS was shown previously in 
Figure 6.1 During the field sampling, the weather was clear, wann (24°C) 
and calm. A total of nine soil swmples were collected, representing three 
depths at each of three locations, as at home 12. These sa.IIt>le locations 
are depicted in the site plan shown previQusly in Figure 6.12. 

Excavation into the OSDS revealed a layer of geotextile fabric at a depth 
below ground surface of approximately 2.5 ft. The coarse aggregate layer 
of the drainfield appeared to be 1 ft. thick. A 4-in. diameter pipe laid 
within the aggregate was visible near one edge of the excavation. Based on 
the measured depths to the infiltrative surface at points D1 (closest to 
the inlet to the OSDS) and D2 (further away), the infiltrative surface 
appeared to have a 2% slope away from the inlet end. 

At the time of inspection, wastewater effluent was present in the OSDS at 
sampling location Dl, but not at location D2. The depth of ponding was 
approximately 3 in. The infiltrative surface zone to a depth of 
approximately 7 in. was very dark grayish brown in color. Fine root 
channels (approx •• 25 in. diameter) extended to a depth of 12 in. or more. 
The zone around the entire length of the root channel exhibited a 
discoloration similar to that observed near the infiltrative surface. 

The sample depths, field properties and results of soil analyses are 
detailed in Appendix K while selected results are suumarized in Figure 
6.19. Beneath the OSDS, the soil texture was loamy fine sand at a depth of 
approximately 3 ft. transi tioning to fine sand at a depth of 5 ft. and 
below (Figure 6.19, Appendix K). Soil colors (moist Munsell color) were 
typically very dark grayish brown at the infiltrative surface to brownish 
yellow at depth. Soil temperatures were in the range of 16 to 24°C. Soil 
temperatures at the ponded location (Dl) were about 2°C cooler than those 
at corresponding depths at the unponded location (D2). Soil temperatures 
at both OSDS sample locations were cooler than those of the background 
location. 

Concentrations of most parameters measured in the soil samples were highest 
at Dl, next'highest at D2, and lowest at the control, C1. Unlike home 12, 
however, it appeared that STE was reaching both sampling locations in the 
infiltration trench based on soil moisture content. Values at Dl and D2 
were both significantly higher than the control. Results at D1A indicated 
very high moisture content, as would be expected under the ponded 
conditions at sampling. 

The effect of the infiltrative surface clogging can be seen in the soil 
moisture results. While location Dl had a soil moisture content of almost 
15% (wt./wt.) at the infiltrative surface, it had decreased to less than 6% 
at the 2 foot depth range. The higher content at the infiltrative surface 
was a result of effluent ponding in the infi I tration trench due to the 
clogged infi! trati ve surface. This clogging restricts the amount of flow 
to the unsaturated zone below, hence the lower soil moisture at 2 feet. In 
contrast, at location D2 where no effluent ponding existed, soil moisture 
was higher than the control due to wastewater application, but a more 
uniform moisture content was measured with depth (Figure 6.19). 
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SOIL BORING 
01 

SOIL BORING 
02 

SOIL BoRING 
C1 

• 

A- 14.8 
B. JOOO 
C. 300 
O. 0.81 
E. 680 
F. 5.1 
G. <100 
H. BOl 

A- S.B 2' 
B. 440 
C. 72 
D. 0.05 
E. 470 
F. 4.8 
G. <100 
H. BOl 

A- 5.6 4' 
B. 200 
C. 35 
O. <0.02 
E. .380 
F. 0.78 
G. <100 
H. SOL 

STE Quali ty: 

'rOC = 56 ~/L 
TKN = 37 ~-N/L 
p = 9.8 mg-P/L 
F.Coli.=10S-106 org./l00mL 
VOCs = 65 ug/L 

0 ORAlNFlELD . 
0 
• • 00 

UNSAiURATEO ZONE 

A- 7.2 A- 1.9 
B. 3200 B. 860 
C. 220 C. 49 
O. B.O O. <0.02 
E. 470 E. 420 
F. '0.5 F. <0.02 
G. 900 G. <100 
H. BOl H. BOl 

A- B.B 2' A- 2.J 
B. 430 S. J70 
C. 56 C. 31 
D. 0.44 O. <0.02 
E. 4BO E. -.310 
F. <0.02 F. <0.02 
G. <100 G. <100 
H. BOL H. BOl 

A- 7.9 4' A. J.B 
B. 180 B. JOO 
C. 29 C. 25 
O. 0.2 O. <0.02 
E. 360 E. 500 
F. 0.02 F. 0.05 
G. <100 G. <100 
H. SOL H. BOl 

Soil Analyses: 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 

= 
= 
= 
= 
= 
= 
= 
= 

Soil Moisture, % by wt. 
TOC, mg-C/kg soil 
TKN, ng-N/kg so i I 
N03, mg-N/kg soi I 
P, mg-P/kg soil 
Leachable ortho-P, mg-P/kg 
F. Coli., org./g soil 
VOCs, ug/kg soil 

Ground water> 15 ft. below OSDS. 
BDL = below detection limit. 

Figure 6.19, Profile schematic of sample locations and selected 
results for home 13 in Polk County. 
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Concentrations of key STE parameters generally decreased with depth at all 
sample locations, as reported for home 12. The soil pH appeared to 
increase as contact wi th STE increased at both homes 12 and 13 but this 
result is more pronounced at home 13. This result would be expected since 
the STE pH was typically an order of magnitude higher than that measured in 
the contr~l soil samples. 

Home 22: Soil samples were collected at home 22 in St. Johns County on 
January 14, 1988. The location of this OSDS in the subdivision was shown 
previously in Figure 6.2. During the field saIJt>ling, the weather was 
mostly cloudy, very cool· (13 OC) and moderately breezy. A total of six 
soi I samples were collected, representing two depths at each of three 
locations. Two sample locations (Dl and D2) were within the perimeter of 
the operating OSDS infiitration area. Background soil properties were 
assessed by sampling a location approximately 10 ft. away from the OSDS 
(C). These sample locations are depicted in the site plan shown previously 
in Figure 6.15. 

Excavation and sampling in the background location (Cl) revealed a zone of 
saturation at a depth of 4.6 ft. below grade. Ground water was observed at 
the same elevation at piezometer AP2 (see Figure 6.15 for locations). As a 
result of this shallow depth to ground water, only two samples were taken 
wi th depth at each location. The deepest smq>les taken were wi thin the 
capillary fringe very near the saturated zone. The distance frem the 
infiltrative surface to the saturated zone was approximately 2.5 ft. (30 
in.) at the time of sampling. 

Excavation into the OSDS revealed a layer of building paper at a depth 
below ground surface of approximately 1.5 ft. The coarse aggregate layer 
of the drainfield appeared to be about 1 ft. thick. A 4-in. diameter pipe 
laid wi thin the aggregate was visible near one edge of the excavation. 
Based on the measured depths to the infi ltrati ve surface at points Dl 
(closest to the inlet to the OSDS) and D2 (further away), the infiltrative 
surface appeared to the horizontal. 

At the time of inspection, wastewater effluent was not present in the OSDS 
at either sampling location (D1 or D2). The infiltrative surface zone was 
pale brown in color. 

The sample depths, field properties and results of soil analyses are 
detailed in Appendix K while selected resul ts are sumnarized in Figure 
6.20. The soil textures observed were typically fine to very fine sand 
(Figure 6.20, Appendix K)~ Soil colors (moist Munsell color) were 
typically pale brown at a depth of 2.5 ft. and light brownish gray at a 
depth of 4.5 ft. Soil temperatures were in the range of 15 to 18 °C. 
As reported at the previous homes, concentrations of most parameters were 
highest in the soil samples closest to the septic tank outlet. The 
exception to this appeared to be chloride. Chloride concentrations in soil 
samples at this home were highest at the control location, C1. The reason 
for this result is unclear. 
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SOil BORING 
01 

SOil BORING 
D2 

SOIL BORING 
C1 

o· 

. 0 o RAI NFl ELO 0 
• 0 00 • • 

0 

O· 
UNSATURATED ZONE 

A. 13.1 A. 7.0 A 5.4 
B. 3300 S. 1300 8. 750 
C. 520 C. 170 C. 79 
D. 1.3 D. 3.4 D. 0.03 
E. 540 E. 350 E. 93 
F. 14 F. 4.2 F. 0.13 
G. 2000 G. 370 G. <10 
H. 17 H. BOl H. SOL 

A. 21.1 2' A- 22.0 2' A. 21.5 
8. 250 B. 170 S. 150 
C. 49 C. 23 C. 20 
D. 6.1 D. 0.04- D. <0.02 
E. 110 E. 70 E. 21 
F. 2.9 F. 1.2 F. 0.29 
G. 10 G. 10 G. <10 
H. SOL H. BOl H. SOL 

STE Quali ty: Soil Analyses: 

TOC = 56 ~/L 
TKN = 36 ~-N/L 
P = 14.6 mg-P/L 
F.Coli.=106-107 org./l00mL 
VOCs = 56 ug/L 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 

Ground water 2.5 ft. below OSDS. 
BDL = below detection limit. 

= 
= 
= 
= 
= 
= 
= 
= 

Soil Moisture, % by wt. 
TOC, Illr-C/kg soil 
TKN, ~-N/kg soi I 
NOJ, ~-N/kg soil 
P, ~-P/kg soi I 
Leachable ortho-P, ~-P/kg 
F. Coli. , org./g soil 
VOCs, ug/kg soil 

Figure 6.20. Profile schematic of sample locations and selected 
results for home 22 in St. Johns County. 
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..... 
Soil moisture content in the samples near the infiltrative surface was 
significantly higher at Di than D2, indicating that perhaps the majority of 
the effluent was infiltrating in the portion of the'trenches closest to the 
septic tank. The sample at D2A had a moisture content only slightly higher 
than the control, C1A. 

. 
The significant increase in moisture content with depth at this home is of 
course due to the proximity of the deeper samples to the saturated zone. 
As the results show, these s~les were near or at saturation at all 
locat ions, nruch in contrast to the results at the sulxli vision in Polk 
County. This is significant because the samples were taken just over 2 ft. 
below the infiltrative surface and approximately 2 ft. of unsaturated soil 
existed at the time of sampling. One might suspect therefore, that certain 
STE contaminants present in the samples at D1B and D2B could be transported 
to ground water at this OSDS site. Organic materials as measured by TOe, 
kjedahl and nitrate nitrogen, phosphorous, and fecal coliform bacteria all 
occurred in sample DiB at levels considerably higher than the control, and 
may be suspect for ground water contamination at this location. 

Home 24: On January 15, 1988, soil sarrples were collected at home 24 
located in the study subdivision in St. Johns County. The location of this 
OSDS in the subdivision was shown previously in Figure 6.2. During the 
field sampling, the weather was mostly cloudy, cold (7 °C) and moderately 
breezy. A total of six soil amples were collected, representing two depths 
at each of three locations, ad described for home 22. These sample 
locations are depicted in the site plan shown previously in Figure 6.17. 

Excavation and sampling in the background location (Cl) revealed a zone of 
saturation at a depth of 6.0 ft. below grade. Ground water was observed at 
the same elevation at piezometer AP4 (see Figure 6.17 for locations). As a 
resul t of this shallow depth to ground water, the deepest samples taken 
were at a depth of approximately 5.0 ft. The distance from the 
infiltrative surface to the saturated zone was approximately 3.3 ft. (40 
in.) at the time of sampling. 

Excavation into the OSDS revealed no sign of any layer of building paper or 
geotextile fabric. The top of the coarse aggregate layer was encountered 
at a depth of approximately 1. 8 ft. Coarse aggregate layer of the 
drainfield appeared to be 1 ft. thick. A 4-in. diameter pipe laid within 
the aggregate was visible near one edge of the excavation. Based on the 
relative elevations of the infil trative surface at points Dl (closest to 
the inlet to the OSDS) and D2 (further away), the inti! trative surface 
appeared to the horizontal. 

At the time of inspection, wastewater effluent was not present in the OSDS 
at either sampling location (Dl or D2). The sample depths, field 
properties and resul ts of soil analyses are detailed in Appendix H while 
selected results are summarized in Fi~lre 6.21. 
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"""-

The soil textures observed were typically fine sand. At the infiltrative 
surface, loamy fine sand textures were observed, possibly due to 
accumulations of organic matter within that zone. Beneath the OSOS, soil 
colors were grayish brown to dark brown near the infiltrative surface and 
pale brown to light gray at depth. Soil colors in the background sample 
were brownish yellow to very pale brown.. Soil temperatures were in the 
range of 16 to 18°C at the sample locations beneath the OSDS compared to 13 
to 16°C at the background location. 

The results for almost all parameters in the soil samples were highest at 
location 01, next highest at D2, and lowest at Cl, the control. These 
resul ts match the trends observed at the other OSOSs moni tored. Soi 1 
moisture content was similar at 01 and 02 with D1 slightly higher at both A 
and B depths. Soil moisture was not nearly as high at the 2 ft. level as 
was measured at home 22, due to the additional 1 ft. or so of unsaturated 
zone below the infiltrative surface. Soil moisture content actually 
decreased slightly with depth at location D1, nearest the septic tank. Even 
so, soil moisture at the 2-ft. depth at all sample locations was much 
higher than that measured at the same depth in Polk County OSDSs. 

As observed elsewhere, concentrations of key STE parameters such as 'fCC, 
chloride, nitrogen, and phosphorus in the soil decreased considerably with 
depth below the infiltration surface. Even so, at the 2 ft. depth 
concentrations of these same parameters were higher than the control 
location, indicating the potential for these contaminants to enter ground 
water should it rise to that elevation. 
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SOIL BORING 
01 

SOIL BORING 
02 

SOil BORING 
C1 

0 DRAlNFlELD 
0 

°0 • • 
0 

0' 
UNSATURATED ZONE 

A. 17.0 A. 14.0 A. 4.9 
B. 5100 B. 3400 B. 640 
C. 870 C. 520 C. 54 
D. 6.5 D. 6.6 D. 0.06 
E. 550 E. 350 E, 33 
F. 8.1 F. 0.87 F •. 0.09 
G. 380 G. 70 G: <10 
H. BDl H. SOL H. SOL 

A. 15.2 2' A. 14.1 2' A. 12.6 
8. 210 B. 260 B. 300 
C. 43 C. 41 C. 55 
D. 9.3 D. 9.4 D. 0.01 
E. 90 E. 89 E. 31 
F. 1.1 F. 1.7 F. <0.02 
G. <10 G. <10 G. <10 
H. BOl H. SOL H. BOL 

STE Qual i ty: Soil Analyses: 

TOe = 42 rrg/L 
TKN = 54 mg-N/L 
P = 11.8 mg-P/L 
F.Coli.=10S-106 org./l00mL 
VOCs = 27 ug/L 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 

Ground water 3.3 ft. below OSDS. 
BDL = below detection limit. 

= 
= 
= 
= 
= 
= 
= 
= 

Soil Moisture, % by wt. 
'!OC, ng-C/kg soil 
TKN, ng-N/kg soil 
NO'.!, ~-N/kg soil 
P, ~-p/kg soil 
Leachable ortho-P, mg-p/kg soil 
F. Coli.,' org./g soil 
VOCs, ug/kg soil 

Figure 6.21. Profile schematic of sample locations and selected 
results for home 24 in st. Johns County. 
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---DISOJSSION 

The analyses of STE and septage revealed these waste streams to be 
substantially similar to those characterized previously by other 
investigators. The concentrations in the STE were at the higher end of the 
range of reported values while those in the septage were at the lower end 
of the r~e. The significance of this finding and the reasons for it are 
unknown. However, it could be related to increased reaction rates 
associated wi th the relatively higher waste temperatures observed 
(typically 27 to 32 OC) as compared to earlier studies, most of which were 
conducted in more northerly climates. 

Inspection of individual OSDS infiltration systems revealed the 
characterist ics shown in Table 6.14. Soil sampling beneath the 
infiltrative surface revealed results generally in line with expectations. 
Soil moisture results indicated an increase in soil moisture at the 
wastewater infiltrative surface. Moisture values decreased with depth at 
the hanes in Polk County. In St. Johns CoWlty just the opposi te was 
observed, most likely due to the higher water table elevation. The 
increase in soil moisture content at the infi ltrative surface was most 
pronounced at home 13, location D1A. This was the only sample taken where 
soil clogging had progressed to the point where effluent was ponded in the 
infiltration system. 

Table 6.14. Summary characteristics of the OSDSs monitored. 

Hane Monitored 

Characteristic. 12 13 22 24 

Depth to Aggregate, ft. 2.0 2.5 1.5 1.8 
Geotexti Ie? Yes Yes Bld.Paper No 
Aggregate Depth, ft. 0.6 1.0 1.0 1.0 

Slope of loS. 4% away 2% away 0 0 

Ponding Depth, pt., in. None D1- 3 None None 
I.S.L Discoloration? Black D.Gray 

Soi I Texture Loamy Loamy Fine sand Fine sand 
fine sand fine sand - Loamy fs 

Unsaturated Soil 
Depth beneath I.S., ft. ) 10 ) 10 2.5 3.3 

1 I.S. = infiltrative surface. 
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---In general, almost every wastewater consti tuent present in STE showed an 
increase near the infi! trative surface. The exception was location D2 at 
home 12. It was suspected that effluent may not have reached that portion 
of the infiltration area. 

At the 2 ,ft. s~le locations (D1B and D2B) considerable increases in 'IOC 
and TKN were measured at homes 13 and 2i, but not at the other two OSDS. 
These two systems also had the highest infiltrative surface moisture 
content. Chlorides were increased considerably at the deeper saq>l ing 
locations at all homes except 22. Nitrates, also a very mobile ion, showed 
increases in the deeper samples at homes 12, 22 and 24 but not at home 13. 
The eff! uent ponding at home 13 combined with high TKN and 'IOC val ues 
measured suggest that aerobic conditions may not have been present in the 2 
foot zone below the ponded trench. As a result, ni trates could not be 
produced. 

Total phosphorus values generally were at increased levels below the 
infiltration systems at all locations, but this might be expected based on 
its affini ty to sorb on soil particles. The more interesting result is 
that of the ortho-phosphorus leaching procedure, which gives a better 
indication of phosphorus availabili ty (Olsen and Soomers, 1982). The 
resul ts of this procedure indicated orthophosphate may be released to 
ground water below those OSDSs if it reached the 2 to 4 ft. depth below the 
infi ltrative surface. Values ranged from 1 to 7 milligrams phosphorus 
released per kilogram dr,y soi 1. 

Increased levels of fecal coliform bacteria were found in soil samples near 
the infiltrative surface (D1A and D2A) in at least one location in every 
infiltration area. These increases ranged from 100 to 1990 organisms per 
gram of soil. These concentrations of fecal coliforms seem low considering 
the high concentrat ions in the applied STE (i. e. 105 to 108 organisms/l00 
mL). There may have been much higher levels at the infiltrative surface 
which were attenuated in the samples collected due to the sampling depth of 
approximately 15 em. Fecal coliforrns were measured only in one soil sample 
collected from the 2 ft. depth at one home in St. Johns County. Results 
in the subdivision in Polk County should be viewed with regard to the fact 
that minimum levels of fecal col Horms detectable were 100 organisms per 
gram of soil due to unsatisfactory dilutions of the sample. This was 
corrected before the st. Johns County analyses. These results suggest 
satisfactory attenuation of fecal coliforms is occurring in fine sandy 
soils below these OSDSs in Polk and St. Johns County. 

Low levels of the volatile organic compounds were detected in the STE at 
most of the homes moni tored. However, STE application, infil tration and 
percolation appeared to volati lize or yield near-compl ete degradation of 
the VOCs. Only one soil sample yielded any VOCs above detection limits. 
1,4-dichlorobenzene was detected at 17 ug/kg (ppb) in the infiltrative 
surface sample nearest the septic tank outlet (D1A) at home 22 in St. Johns 
County. ThisVOC was also detected in the STE at home 22 on 2 occasions. 
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- SECTION 7 
aNCU1SIOOS 

During this phase of a mul ti-year research project in Florida, the work 
included monitoring ground water beneath Jour specific subdivisions in four 
different hydrogeologic regimes and monitoring the performance of eight 
individual OSDSs in two of these. The ground water condi tions varied 
between subdivisions with a high, well drained sand ridge setting in Polk 
County; a low, somewhat poorly drained flatwoods area in St. Johns County; 
a relict beach ridge environment in Brevard County and a shallow limestone 
aquifer (Biscayne) in Dade County. The monitoring of individual OSDSs to 
date has occurred at each of four homes in the study subdivisions in Polk 
County and in St. Johns County. These two study sites were characterized 
by fine sandy soil profiles which were well drained and somewhat poorly 
drained, respectively. These subdivisions were chosen since they were 
thought to be representative of those developed largely under the 
requirements of the 1983 revisions to Chapter 10D-6, Florida Administrative 
Code, Standards for Onsite Sewage Disposal Systems. 

This progress report presents the first results of field moni toring of 
subdivision ground water and individual OSDSs. Several parts of the scope 
of work remain, including virus analysis. Interpretation of the current 
resul ts as discussed herein may need further analysis and refinement in 
light of this. Therefore, the following conclusions and recoomendations 
are offered at this time based only on the resul ts presented in this 
progress report. 

Subdivision Ground Water Monitoring 

o The depth to the water table beneath the four study subdivisions 
varied from a high of nearly 18 ft. in Polk County to a low of less one ft. 
in Brevard County. In several instances, OSDSs within the study 
subdivisions were found to be installed such that the infiltrative surfaces 
were within 2 ft. of the ground water table continuously or at some time 
during the year. 

o Due to topographic variations, ground water depths varied across the 
subdivisions. Temporal fluctuations in ground water levels were typically 
I ess than two feet. Due to the limited mnnber of monitoring events, 
characterization of the impact of rainfall events was not possible. 

c... 
o Low ground water seepage velocities were obsep¥ed in the subdivisions 
monitored in Polk (2 to 6 ft./yr), st. Johns (5 to 22 rt./yr) and Brevard 
Counties (6 to 96 ft./yr). The estimated velocity was higher in the 
subdivision in Dade County (670 ft./yr) due to the aquifer occurring in 
cavernous and vugular limestone. 
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o The ground water concentrations of many consti tuents varied widely 
between different wells on a given date and at a given well on different 
dates. Variations of an order of magnitude or more for pH, chlorides, 
ni trogen and phosphorus were not unconmon. The fluctuations were not 
consistent across all parameters ruling out simple dilution, possibly 
associateq with precipitation events, as ~ probable cause. 

o Monitoring wells located in close proximity to OSDSs revealed notable 
concentrations of constituents commonly associated with septic tank 
effluent (STE) (e.g. ~, TKN, P). These constituents are not exclusively 
derived from STE, but have other anthropogenic and natural sources in the 
environment. Nevertheless, the concentrat ions were high enough in certain ........ : .... ,.. 
wells in all four subdivisions to suggest that STE might-have-.bee&a 
contributor. For example, in the subdivisions in Brevard and Dade County, 
the concentrations of BODS and TKN were routinely in the several part per 
million (ppm) range. 

o Fecal coliform bacteria were detected on one o.r more occasions in at 
least one well in each of the four subdivisions. In each of Polk and St. 
Johns County, a single sample fram a single well revealed very low bacteria 
concentrations of 10 organisms/lOO roL or less. In the subdivisions in 
Brevard and Dade County, 3 and 4 shallow ground water monitoring wells 
revealed fecal coliforms, respectively. The concentrations in the shallow 
ground water below the subdivision in Dade County was as high as 17,000 
organisms/l00 roL. 

o Volatile organic compounds (VOCs) were not detected in any of the 
ground water samples collected (method detection limits typically 5 
microgr~/L or less) with the exception of one sample in St. Johns County 
(1.8 ug/L chlorofor.m). 

o Ground water quality in the vicinity of relatively new subdivisions 
(i.e. < 20 yr. old) served by individual OSDSs has not suffered substantial 
widespread contamination. However, localized areas of potential impact have 
been observed in all four subdivisions, particularly those in Brevard and 
Dade Counties. The ground water monitoring data suggests that it is more 
appropriate to focus on individual OSDSs and/or small groups of OSDSs, 
rather than a subdivision as a whole. Based on the low seepage velocities, 
the contaminant migration of even mobile contaminants (e.g. chlorides, 
nitrates) would be expected to be limited since the subdivisions monitored 
were relatively young in age (i.e. < 20 yr. old). In these settings, the 
downgradient, horizontal distances that contaminants theoretically could 
travel was correspondingly low. As a result, these younger subdivisions 
may not exhibi t single pltnDes of ground water impact, but rather many 
individual plumes, possibly from each household. 

Individual OSDS Monitoring 

o Based on a homeowner survey, the characteristics of the eight homes 
studied appeared to be typical of single family dwellings common to 
Florida. Household populations were higher than average for the State and 
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all hanes had children in the family. Homes ranged from 4 to 14 years of 
age and all had typical water using appliances. 

o Based on the same survey, it appeared that it was relatively common 
for homeowners to have never serviced the septic tank during their 
occupancy, in the home. 

o Based on the soils characterization and/ground water monitoring in 
the two subdivisions it was found that soilsl'~f the same series name (Ona 
and Tavares) had distinctly different water table characteristics and 
drainage classifications between subdivisions. This was apparently due to 
significant water table changes in the Polk County subdivision over the 
last 20 years. 

o Septic tank effluent (STE) contained appreciable concentrations of 
organics, solids, nutrients and bacteria. Additionally, trace levels ot 
volatile organic compounds (VOCs) were measured. The average total VOCs at 
each home ranged tram 9 to 75 microgrmms per liter (ug/L). Toluene 
was found in almost every sample, while chloroform, and methylene chloride 
were routinely detected. 1,4-dichlorobenzene was detected at one home. 

o The STE concentrations were generally found to be within the range of 
those reported in the literature from other locations in the USA. Notable 
exceptions were STE temperature and TSS which were substantially higher. 

c5 rJi L'i~ r . '-. 

o Septage sampling 're~~~l'ed characteristics consis't'ent'lY lower than 
those in the literature. This may have been due in part to the relatively 
high septage taq>eratures observed (27 to 32°C). Concentrations of most 
constituents in the septage (e.g. BOPs, TKN, P, VOCs) were about 5 to 10 
times higher than those in the STE. Concentrations of TSS and FOO were 
approximately 20 times higher. 

o OSDS infiltration areas in the subdivision in St. Johns County were 
commonly closer than 2 ft. to ground water during parts of the year. One 
of the systems monitored appeared to have been in the saturated zone during 
part of this study based on monitoring well and OSDS data collected. 

o Total concentrations of various contaminants in soil samples 
collected beneath OSDS infiltration areas generally decreased considerably 
wi th depth. ,'Y Fecal col itorm bacteria were measured at the 2 ft. depth 
beneath one OSDS in st. Johns County. VOCs were not measured above 
detection limits in samples 2 ft. or more below the infiltrative surface of 
the OSDSs studied. 

.......... '. ~ 
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--- APPENDIX A 

SAMPLE HC.MFnVNER. ~STIONAlRE FORM 
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"OREOVNEl'S QUESTIORXAllE 

The followIng qu.stlonnalre Is desIgned to gl,. us aore Inforaltlon 
about the "hoa,s In your subdIvIsIon so that we cln better chlracterlz. 
the results of our study here. Pleasl InSWlr the questions honestly 
and to the b.st of your knowl.dge. R,turn the coaplet.d questlonnllr. 
to the followIng address at your .arll.st conyenl.nc,: 

leyfn Sheuan. Resurch" CoordInator 
[n,lron •• ntal H,alth Prograa 
1117 Wlnewood Ilvd. 
Tallahass •• , fL lZlOl 

Ptl.S. r.t.r. wfthl. two (2) w.eks. 

1. How long ha" you Ih.d fn your pr.unt ho.,? SIne. 

Z. Whln WIS your hoae constructed? 19 

l. How •• ny 
(.on£lI) (m 

persons II,. In your ho.,? 
1_ Z_ '- 4_ 5_ 6_ 7 - 1-

c. How .any In each age group? Lus than Z yrs. ___ 
U- lS yrs. _ U yrs. , old.r 

• 191 
(.on£lI) (yrT 

3-12 yrs. _ 

5. Whit water-using ffxtures and appliance. are In your ho.e7 LIst 
nu.ber If .or. than 1. 

lltch,n: SInk 
Dishwasher 
hrbage DIsposal 

aathroo.(s): Slnk(s) 
Shower(s) 
Tub!s) 
Tollet(s) 

Laundry: SInk 
Wllher 

Dthlr: 

,. Do you know the locatIon of your septic tlnk and drllnfleld? '"_ "0__ If yes. sketch their location below In relatIon 
to the housl and street. 

7. How oft.n do you ha,e your septIc tank puaped out7 
tvary Ylar ev.ry 2-l Y.lrs __ every 4-5 yelrs_ 
nevlr_ Tatl of lut pu.p-out: _____ _ 

8. What Is the naa. and phone nu.ber of the septic tank contractor 
who Installed or s.rvlc.s your septIc .y.te.7 

t. 

II ••• : __________ _ 

T.l. 

W •• re lookIng for volunteers to allow us .ccess to their property 
for In.t.ll.tlon of .onltorlng Wills .nd/or sa.pllng of their 
slptlc tank and dralnfilld. ThIs would Involvi so •• exca,atlon In 
your y.rd but Iny dlsturbanc. would b. replaced to Its original 
condition .nd own.rs would b. coapensat.d In so •• way for 
partIcIpatIng In the study. Would you be Interested In aore 
detaIl. and po.slbly ,olunteerlng to partlclplte In this progra.7 
Yts__ 110 __ If YII. WI will contact you shortly. 

10. PI.as. gl,. your II ••••• ddrlss. and t.lephone nu.ber. 

"'.1 : 
Ad.d rll s : 
T.llphon.: ________________________________ __ 

Thank you 'Iry much for takln9 the time to co.plete this surYIY. 
PartIcIpatIon In thIs study will In no wlY effect the perfor •• nce of 
your septIc .yste. or Its p.r.lt statuI. w. hope w. can tllk to you 
soon about furth.r 1nvolvl.ent In our study. 

3Z&a7-ho •• ownr •• ur 
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APPENDIX B 

LITHOLOGIC LOGS OF TEST BORINGS 
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POLK <XXJNTY STUDY SITE 

Lithologic logs of the piezometer and monitoring wells installed at the 
study subdivision in Polk County, Florida are detailed below. 

Depth (ll 

P-l 

o - 1 

1 - 5 

5 - 6 

6 - 7 

7 - 9 

9 - 12 

12 - 15.5 

P-2 

0-2 

2 - 4 

4 - 11. 5 

P-3 

0-2 

2 - 3 

3 - 4 
4 - 6.5 

6.5 - 7 

7 - 11 

Description 

Sand, dark brown to brown, medium to fine grain, 
unconsolidated, silty, root and plant material. 
Sand, brown to light brown, medium to fine grain, 
unconsolidated, trace root material, trace iron 
staining. 
Sand, light brown to light beige, medium to coarse 
grain, unconsolidated, trace iron stain. 
Sand, light beige, coarse grain semi consolidated quartz 
with iron stained nodules and some pebble to gravel 
sized quartz. 
Clayey sand, light beige, trace iron staining, becoming 
less clayey at bottom ot interval. 
Sand, light beige, coarse grain, unconsolidated to semi 
consolidated, trace iron staining. 
Sand, clear to white, very fine grain, angular 
unconsolidated quartz, trace silt, trace black minerals. 

Sand, light to dark grey-black, very fine to fine 
grain, unconsolidated quartz, organic material. 
Sand, light brown to tan, very fine grain, 
unconsolidated quartz, silty, trace black minerals. 
Sand, light grey to white to clear, very fine to fine 
grain, unconsolidated angular quartz, trace black 
minerals. 

Sand, grey, fine grain, unconsolidated quartz, with 
abundant organic material. 
Sand, dark to medium red-brown, fine grain, 
unconsolidated quartz. 
Sand, brown, fine grain, unconsolidated quartz. 
Sand, light brown to brown, fine to medium grain, 
unconsolidated quartz. 
Sand, dark red-brown, fine to medium grain, 
unconsolidated quartz. 
Sand, light brown to brown, fine to medium grain, 
unconsolidated quartz. 

138 



Depth (ft.) 

P-4 

0-2 

2 - 2.5 

2.5 - 3 

3 - 7 

7 - 8 

8 - 8.5 

8.5 - 9.5 
9.S - 11.S 

P-S 

0-2 

2 - 7.5 

7.S - 8.5 

8.5 - 9.5 

9.5 - 12 

12 - 13.5 

13.S - 14.5 
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Description 

Sand, dark brown, fine grain, unconsolidated quartz, 
organic material. 
Sand, brown, very fine to fine grain, unconsolidated 
quartz, trace organic material. 
Sand, light brown to brown, fine grain, unconsolidated 
quartz, well sorted. 
Sand, light brown, medium to fine grain, unconsolidated 
quartz, well sorted. 
Sand, light beige, medium to fine grain, unconsolidated 
quartz, well sorted, clean. 
Sand, light beige, to white, medium grain, 
unconsolidated quartz, clean. 
Sand, brown, medium grain, unconsolidated quartz. 
Sand, brown to dark brown, medium grain, unconsolidated 
quartz. 

Sand, grey to black, fine grain, unconsolidated quartz, 
organic material. 
Sand, light brown, fine to medium grain, unconsolidated 
quartz. 
Sand, light grey, fine to medium grain, semiconsolidated 
to unconsolidated quartz, trace clay and red-brown iron 
stain. 
Sand, light grey, fine to medium grain, semi consolidated 
to unconsolidated quartz; clayey slightly cohesive, 
slightly sticky. 
Sand, light brown, fine to medium grain, semiconsolidated 
to unconsolidated quartz with trace clay and iron 
staining. 
Sand, light brown, fine to medium grain, unconsolidated 
quartz with trace clay. 
Sand, white to light brown, fine to medium grain, 
unconsolidated quartz. 
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Depth (ft.) 

P-6 

0-2 

2 - 3 
3 - 6 
6 - 8 

8 - 8.5 
8.5 - 9 

9 - 14.5 

14.5 - 17.5 

P-7 

o - 1.5 

1.5 - 2 

2 - 10 

10 - 11.5 

TB-l 

0 - 2 

2 - 7 

7 - 7.5 

7.5 - 8.3 

8.3 - 9.5 
9.5 - 10 

* 

(*** July 1989 - Pro.gress Report ***) 

Description 

Sand, dark brown, fine grain, unconsolidated angular, 
organic, root and plant.material, silt. 
Sand, light brown. 
Sand, cream. 
Sand, white, fine grain, unconsolidated, angular quartz, 
trace clay, trace sandstone nodules with phosphate 
specks. 
Clay content is increasing; dry, crumbly. 
Sand, white, clean, very fine to fine grain, 
unconsolidated angular quartz, moderate amount of clay -
content is increasing with depth; becoming moist at 
approximately 9' bls. 
Clayey sand, white, very fine grain, slight grey-green 
tint, clay is slightly sticky, noncohesive. 
Sand, white, very fine grain, unconsolidated quartz with 
trace of clay. 

Sand, light to dark grey, fine grain, angular, 
unconsolidated quartz with abundant root and organic 
material. 
Sand, light brown, fine grain angular, unconsolidated 
quartz with minor silt. 
Sand, cream, fine to medium grain, angular, 
unconsolidated, very clean quartz with abundant black 
minerals; wet at approximately 6.5', saturated at 
approximately 10'. 
Sand, white, fine grain, angular unconsolidated, clean 
quartz with abundant black minerals. 

Sand, brown to grey, very fine grain, unconsolidated 
quartz with abundant organic material. 
Sand, brown to light brown, fine to medium grain, 
unconsolidated quartz, mottled iron staining. 
Sand, white to clear, fine grain, angular unconsolidated 
quartz, very clean. 
Clayey sand, light grey, very fine to fine grain, iron 
stained. 
Clayey sand, very iron stained, clay content increasing. 
Clayey sand, light grey, very fine grain, angular 
loosely consolidated quartz. 
No saturated soil encountered. 
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Depth (ft.) 

TB-2 

o 2 

2 - 6 

6 - 7 

7 - 11 

TB-3 

o - 1.5 

1.5 - 2 

2 - 7 
7 - 7.5 

7.5 - 9 

9 - 10.75 

10.75-11.75 

11. 75 - 14 

14 - 16 

TB-4 

0-2 

2 - 3 

3 - 6 

6 - 7.5 

7.5 - 8.5 

8.5 - 15.5 

(*** July 1989 - Progress Report ***) 

Description 

Sand, light grey to dark grey, very fine to fine grain, 
unconsolidated quartz with abundant organic material. 
Sand, light brown to tan, very fine grain, 
unconsolidated quartz with silt and root material. 
Sand, light grey, fine to medium grain, unconsolidated 
quartz, very clean sand. 
Sandy clay, white to beige, cohesive, iron stained, dry. 

* No saturated soil encountered. 

Sand, black to grey, fine grain, unconsolidated, organic 
material. 
Sand, brown, fine grain, unconsolidated, trace root 
material. 
Sand, light brown, fine grain, unconsolidated quartz. 
Sand, white, fine grain, unconsolidated, well sorted 
quartz. 
Clay, red-brown, iron streaks, trace sand unconsolidated, 
trace nodules of consolidated sandstone. 
Sandy clay, light beige, iron streaks, nodules of semi 
consolidated sandstone, fairly dry. 
Sandy clay, light beige, nodules of semiconsolidated 
sandstone, fairly dry. 
Sand, white, fine to very fine grain, unconsolidated 
quartz, very clayey. 
Sand, white, very fine to fine grain, unconsolidated 
quartz, less clay. 

* No saturated soil encountered. 

Sand, grey to brown, fine grain, unconsolidated 
quartz, organic material. 
Sand, brown, fine to medium grain, unconsolidated 
quartz. 
Sand, light brown to brown, fine to medium grain, 
unconsolidated quartz. 
Sand, white to light beige, fine to medium grain, 
unconsolidated quartz, clean. 
Sand, white to light beige, fine to medium grain, 
unconsolidated quartz, iron staining, trace clay. 
Clayey sand, white to light beige, iron stained, 
mottled, very dense. 

* No saturated soil encountered. 
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Depth (ft.) 

PC-1 

0-4 

4 - 10 

10 - 15 

15 - 16 

16 - 22 

PC-2 

0-1 

1 - 4 

4 - 10 

PC-3 

0-1 

1 - 4 

4 - 6 

6 - 10 

10 - 12 

(*** July 1989 - Progress Report ***) 

Description 

Sand, brown, fine grain, unconsolidated angular quartz, 
slightly silty, trace root and plant material. 
Sand, tan to beige, fine to very fine grain, angular 
unconsolidated quartz, trace of iron cemented pebbles at 
8 - 10 feet below land surface, trace phosphate specs. 
Sand, tan to beige, fine grain, unconsolidated quartz, 
slightly silty, trace sandstone pebbles and black 
phosphate specks. 
Sand, tan to beige, fine grain, unconsolidated quartz, 
slightly silty, trace sandstone pebbles and black 
phosphate specs with increasing percentage of silt and 
clay. 
Sand, white, clean, fine grain, unconsolidated angular 
quartz, trace black phosphate specs, silt, and clay. 

Sand, light brown, fine grain, unconsolidated angular 
quartz, silty, trace root and plant material. 
Sand, light brown, fine grain, unconsolidated angular 
quartz, silty, trace phosphate specs. 
Sand, light brown to tan, fine to very fine grain, 
unconsolidated angular quartz, trace silt, trace 
phosphate specks. 

Sand, light brown to brown, fine grain, unconsolidated 
angular quartz, trace silt, trace plant and root 
material. 
Sand, light brown to brown, fine grain, unconsolidated 
angular quartz, trace silt. 
Sand, brown to light brown, fine grain, trace very fine 
grain, unconsolidated angular quartz, trace silt. 
Sand, brown, fine grain, unconsolidated angular quartz, 
trace silt and phosphate specks. 
Sand, brown, fine to very fine grain, trace medium 
grain, unconsolidated angular quartz, trace silt and 
phosphate specks. 
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"-

Depth Ut.) 

PC-4 

o - 1.5 

1.5-3 

3 - 13.5 

13.5 - 21 

21 - 23 

PC-5 

0-2 

2 - 7 

7 - 13 

13 - 18 

(*** July 1989 - Progress Report ***) 

Description 

Sand, brown to dark brown, very fine to fine grain, 
unconsolidated angular .quartz, silt, root and plant 
material, humic. 
Sand, light brown to brown, very fine to fine grain, 
unconsolidated angular quartz, silt, less root and plant 
material. 
Sand, light brown to tan, fine to medium grain, 
unconsolidated angular quartz, trace silt. 
Sand, tan to grey, fine to medium grain, unconsolidated 
angular quartz, trace silt. 
Sand, grey, fine to medium grain, unconsolidated angular 
quartz, trace silt and grey clay. 

Sand, brown to light brown, very fine grain, 
unconsolidated angular quartz, silt, root and plant 
material. 
Sand, light brown to brown, very fine grain, 
unconsolidated angular quartz, silt. 
Sand, tan, fine to medium grain, unconsolidated angular 
quartz', trace sil t. 
Sand, grey to light grey, fine to medium grain, 
unconsolidated angular quartz, clean. 
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ST. JOONS <XXJNTY S'ruDY SITE 

Lithologic logs of the piezometer and monitoring wells installed at the 
study subdivision in St. Johns County, Florida are detailed below. 

Depth (ft.) 

P-1 

0-1 

1 - 3 

3 - 5 

P-2 

0-1 

1 - 1.5 

1.5-4 
4 - 5 

P-3 

0-2 

2 - 2.5 
2.5 - 5 

P-4 

o 3 

3 - 5 

P-5 

0-1 

1 - 2 

2 - 2.5 

2.5 - 5 

Descript ion 

Sand, light grey to brown, fine grain; organics, leaf 
and twig material. 
Sand, light brown to beige, fine to medium grain; some 
iron stain, saturated at approximately 3' • 
Sand, beige to white, fine to medium grain, well sorted, 
clean. 

Sand, white to grey, fine to medium grain; organics, 
black to brown leaf and twig material. 
Sand, grey to brown, fine to medium grain, some iron 
stain, dirty appearance. 
Sand, beige to light brown, fine to medium grain. 
Sand, beige to light brown, fine to medium grain, 
mottled iron stain. 

Sand, light grey to brown, fine grain; organics, leaf 
and twig material. 
Sand, brown to beige, fine to medium grain, clean. 
Sand, light grey, fine grain, very mottled iron stain. 

Sand, grey to black, fine grain; organics, leaf and twig 
material. 
Sand, grey, fine to medium grain, dirty, strong odor. 

Sand, light grey, fine to medium grain, organics, root 
material. 
Sand, grey to white, fine grain; organics, black 
to brown with leaf and twig material. 
Sand, brown, fine to medium grain; organics, root 
material. 
Sand, beige, fine to medium grain, clean. 
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Depth (ft.) 

P-6 

0-2 

2 - 2.5 
2.5 - 4.5 

P-7 

o - 0.5 
0.5 1 
1 - 5 

P-8 

o - 1.5 

1.5 - 2.5 
2.5 - 5 

P-9 

0-2 

2 2.5 

2.5 - 5 

SJ-1 

0-1 

1 - 15 

0-1 

1 - 5 
5 - 13 

(*** July 1989 - Progress Report ***) 

Descript ion 

Sand, fine grain, black to brown organics, trace of 
clay. 
Sand, brown, fine grain; trace of organics. 
Sand, light grey, fine grain, well sorted, saturated at 
approximately 2.5'. 

Sand, light grey, fine grain; organics. 
Sand, light brown to grey, fine grain, some iron stain. 
Sand, light brown to beige, fine to medium grain, slight 
iron stain, small amount of black specks, saturated at 
approximately 4.5'. 

Sand, grey to white, fine grain, organics, black, trace 
clay with iron streaks. 
Sand, medium brown, fine to medium grain, dirty. 
Sand, white to light grey, fine grain, clean, well 
sorted. 

Sand, light grey, fine to medium grain, trace of 
organics. 
Sand, light brown, fine to medium grain, some iron 
stain. 
Sand, light grey to beige, fine grain, trace iron stain. 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of silt, organics. 
Sand, light brown to beige grading to brown, fine 
to very fine grain; trace of silt. 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of silt, organics. 
Sand, grey, fine to very fine grain; trace of silt. 
Sand, light to medium grey, fine to very fine grain, 
well sorted. 
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Depth (ft.) 

SJ-3 

0-1 

1 - 5 

5 - 15 

SJ-4 

0-1 

1 - 10 

10 - 12 

SJ-5 

0-1 

1 - 5 

5 - 12 

0-1 

1 - 5 

5 - 12 

0-1 

1 - 5 

5 - 15 

(*** July 1989 - PrQgress Report ***) 

Descript ion 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of silt, organics, root material. 
Sand, dark brown grading to beige, fine to very fine 
fine grain sand; trace of silt. 
Sand, beige, fine to very fine grain, well sorted. 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of silt, organics, root material. 
Sand, grey to brown, fine to very fine grain; tra~e of 
sil t. 
Sand, brown to light brown, fine to very fine grain, 
well sorted. 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of silt, organics, root material. 
Sand, grey to brown, fine to very fine grain; trace of 
silt, organics, root material. 
Sand, iight brown, fine to very fine grain, well sorted. 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of silt, organics, root material. 
Sand, light brown, fine to very fine grain; trace of 
si It. 
Sand, beige to white, fine to very fine grain, well 
sorted. 

Sand, light grey to brown, unconsolidated, fine to very 
fine grain; trace of sil t, organics, root material. 
Sand, brown, fine to very fine grain; trace of silt, 
organics, root material. 
Sand, beige to white, fine to very fine grain; well 
sorted. 
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BREVARD <XX.JNTY SWDY SITE 

Lithologic logs of the piezometer and monitoring wells installed at the 
study subdivision in Brevard County, Florida are detailed below. 

Depth (ft.) 

B-1 

0-1 

1 - 5 

B-2 

o - 0.3 

0.3 1.3 

1.3 - 2 

2 - 3.5 

3.5 - 4.5 

4.5 - 6.5 

6.5 - 6.75 

B-3 

0-1 
1 - 1.5 
1.5-3 

3 - 3.25 
3.25 - 3.75 
3.75 - 6 

Description 

Sand, light to dark grey, fine to medium grain, angular, 
unconsolidated quartz with abundant root and organic 
material. 
Sand, clear to white, coarse grain, angular 
unconsolidated quartz with minor tan sand becoming very 
fine to fine grain toward bottom. 

Sand, tan, fine grain, angular, silty, organic with 
abundant shell material. 
Sand, dark grey, fine grain, angular, silty, organic, 
unconsolidated quartz. 
Organic material and peat, dark brown, very woody and 
fibrous with dark brown sand and silt. 
Sand, medium brown, very fine to fine grain, angular, 
moderately consolidated with abundant silt and organic 
material. Very strong Rx odor. 
Sand, tan to light brown, very fine to fine grain, 
angular, unconsolidated quartz, saturated at 4.0'. 
Sand, light brown to grey, very fine to fine grain, 
angular, unconsolidated quartz, slightly silty with a 
trace of shell materials. 
Clay, light grey to green, slightly sticky and cohesive, 
very sandy with abundant shell material. 

Sand, grey, fine grain. 
Sand, light grey, fine grain. 
Sand, dark brown, fine grain, black organics, slightly 
si lty. 
Sand, brown, fine grain, slightly silty. 
Sand, grey-green, fine grain, silty with traces of clay. 
Sand, grey-green, fine grain, silty. 
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Depth (ft.) 

B-4 

0-2 

2 - 5 

5 - 6 

B-5 

o - 1.25 

1.25 - 2.5 

-

2.5 - 2.75 
2.75 - 3.75 

3.75 - 4.5 

4.5 - 6.75 

B-6 

0-2 

2 - 2.5 

2.5 - 5.5 

B-7 

o - 1.5 
1.5 - 4 
4 - 4.5 
4.5 

(*** July 1989 - Pr~ress Report ***) 

Descript ion 

Sand, white to light grey, fine to medium grain, angular 
unconsolidated quartz with minor silt. 
Sand, light to medium brown, fine grain, angular, 
unconsolidated quartz with abundant silt and minor 
organics. 
Sand, light grey to grey-green, fine grain, angular, 
poorly consolidated quartz with silt and clay. 

Sand, light grey, fine grain, angular, unconsolidated 
quartz. 
Sand, light brown to tan, medium grain, angular, 
unconsolidated quartz. 
Sand, white to clear, medium to coarse grain. 
Sand, dark brown, fine to medium grain, subangular, 
loosely consolidated, slightly silty quartz with 
abundant brown organic and· silty material. 
Sand, clear to white, medium to coarse grain, angular, 
unconsolidated quartz. 
Sand, light tan to brown, very fine to fine grain, 
slight1y silty, unconsolidated quartz. 

Sand, light grey, fine grain, angular unconsolidated 
quartz with minor silt and organics. 
Sand, dark brown, organics, fine to medium grain, 
angular, poorly consolidated. 
Sand, light brown, fine grain, angular, unconsolidated 
quartz with minor silt and grey- green clay. 

Sand, grey, fine grain with root material. 
Sand, dark brown, medium grain, silty, organic. 
Sand, brown, coarse grain, slightly silty. 
Sand, light green to grey, coarse grain, silty. 
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Depth (ft.) 

B-8 

o - 1.5 

1.5 - 2.0 

2.0 - 2.5 

2.5 - 4.0 

4.0 - 7.0 

7.0 - 7.5 

B-9 

o - 1.5 
1.5 - 2 
2 - 3.5 
3.5 - 5.5 

5.5 

B-10 

0-2 

2 - 2.75 

2.75 - 6.5 

B-U 

0-1 
1 - 2 
2 - 3.5 
3.5 

(*** July 1989 - PrQgress Report ***) 

Descript ion 

Sand and fill material, light grey to brown, fine grain, 
angular, poorly consolidated. 
Sand, white to clear, fine to coarse grain, subangular 
to subround, daq>. 
Organic material and peat, dark brown, woody, fibrous 
material. 
Sand and organic material, meditnn to dark brown, medium 
grain, poorly consolidated quartz with abundant silt, 
daIq? 
Sand, light brown (slightly grey), fine grain, angular, 
silty, unconsolidated quartz, saturated. 
Sand and shell, grey to green, fine grain, angular, 
slightly silty and clayey with abundant shell tests and 
fragments. 

Sand, grey, fine gra.in. 
Sand, silty, black organics. 
Sand, dark brown, slightly silty. 
Mottled sand, grey-green, fine grain, silty, iron 
stained. 
Mottled clayey sand with shells, green. 

Sand, light to dark grey, fine to medium grain, angular, 
unconsolidated quartz with abundant root material and 
organics. 
Sand and organic material, dark brown, fine grain, 
angular loosely consolidated quartz with abundant root 
and organic material. 
Sand, light brown to light grey, very fine to fine 
grain, angular, unconsolidated quartz with trace silt 
and light grey clay. 

Sand, grey, coarse grain. 
Sand, light grey, coarse grain. 
Sand, brown, medium grain, slightly silty. 
Sand, grey-green, medium to coarse grain with 
trace of roots. 
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Depth (ft.) 

Be-I 

0-1 

1 - 1.5 

1.5-3 
3 - 4.5 
4.5 - 11 
11 - 12.5 

BC-2 

0-1 

1 - 1.5 

1.5-3 
3 - 4.5 
4.5 - 11 
11 - 12.5 

BC-3 

o - 1.5 

1.5-3 

3 - 4.5 

4.5 - 8 

8 - 12 

BC-4 

o - 1.5 

1.5-3 

3 - 4.5 

4.5 - 8 

8 - 12 

(*** July 1989 - Progress Report ***) 

Description 

Sand, dark grey to black, fine grain, unconsolidated, 
silty, plant and root material. 
Sand, brown, fine grain, unconsolidated, slightly silty, 
shell fragments, (fill material). 
Sand, dark brown, fine grain, unconsolidated, silty. 
Sand, dark grey, fine grain, unconsolidated, silty. 
Sand, grey, fine grain, unconsolidated, slightly silty. 
Clayey sand, grey, slight to medium cohesiveness, silty, 
fine to very fine grain, unconsolidated quartz sand. 

Sand, dark grey to black, fine grain, unconsolidated, 
silty, plant and root material. 
Sand, brown, fine grain, unconsolidated, slightly silty, 
shell fragments, (fill material). 
Sand, dark brown, fine grain, unconsolidated, silty. 
Sand, dark grey, fine grain, unconsolidated, silty. 
Sand, grey, fine grain, unconsolidated, slightly silty. 
Clayey sand, grey, slight to medium cohesiveness, silty, 
fine t~ very fine grain, unconsolidated quartz sand. 

Sand, grey, fine to medium grain, unconsolidated, 
slightly silty, root and plant material. 
Sand, dark brown, fine to medium grain, unconsolidated, 
slightly silty. 
Sand, brown, medium grain, trace fine grain, 
unconsolidated, slightly sil ty. 
Sand, grey, grey brown, medium to fine grain, 
unconsolidated, slightly silty. 
Sand, grey, grey brown, medium to fine grain, 
unconsolidated, slightly silty, shell fragments. 

Sand, grey, fine to medium grain, unconsolidated, 
slightly silty, root and plant material. 
Sand, dark brown, fine to medium grain, unconsolidated, 
slightly sil ty. 
Sand, brown, medium grain, trace fine grain, 
unconsolidated, slightly silty. 
Sand, grey, grey brown, medium to fine grain, 
unconsolidated, slightly silty. 
Sand, grey, grey brown, medium to fine grain, 
unconsolidated, slightly silty, shell fragments. 
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Depth (ft.) 

BC-5 

o - 2.25 

2.25 - 3 
3 - 4 
4 - 8 

8 - 13 

BC-6 

0-1 

1 - 2 

2 - 3 

3 - 5.5 

5.5 - 10.5 

10.5 - 11.5 

BC-7 

0-1 

1 - 2 

2 - 3 

3 - 5.5 

5.5 - 10.5 

10.5 - 11.5 

(*** July 1989 - Prpgress Report ***) 

Description 

Sand, tan, fine grain, unconsolidated, root and plant 
material. 
Sand, dark brown, fine grain, unconsolidated, silty. 
Sand, brown, fine grain, unconsolidated, slightly silty. 
Sand, grey, grey brown, fine grain, unconsolidated, 
slightly sil ty. 
Sand, grey, grey brown, fine to medium grain, 
unconsolidated, slight silty. 

Sand, grey, medium to fine grain, unconsolidated, 
subangular to angular quartz, slightly silty, root 
fragments. 
Sand, grey, medium to fine grain, unconsolidated, 
subangular quartz. 
Sand, dark grey, fine grain, unconsolidated, subangular 
quartz, slightly silty. 
Sand, brown to dark brown, fine grain, unconsolidated, 
subangular quartz, slightly silty. 
Sand, dark brown to black, fine grain, unconsolidated, 
subangUlar quartz, silty. 
Sand, brown, fine grain, unconsolidated, subangular 
quartz, slightly silty, shell fragments. 

Sand, grey, medium to fine grain, unconsolidated, 
subangular to angular quartz, slightly silty, root 
fragments. 
Sand, grey, medium to fine grain, unconsolidated, 
subangular quartz. 
Sand, dark grey, fine grain, unconsolidated, subangular 
quartz, slightly sil ty. 
Sand, brown to dark brown, fine grain, unconsolidated, 
subane~lar quartz, slightly silty. 
Sand, dark brown to black, fine grain, unconsolidated, 
subangular quartz, silty. 
Sand, brown, fine grain, unconsolidated, subangular 
quartz, slightly silty, shell fragments. 
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-
DADE axJNTY STUDY SITE 

Lithologic logs of the piezometer and monitoring wells installed at the 
study subdivision in Dade County, Florida are detailed below. 

Depth Ut.) 

P-2 

0-1 
2 - 4 

4 - 6 

P-3 

0-2 

2 - 7 

OC-l 

0-2 

2 - 13 

OC-2 

0-1 

1 - 13 

OC-3 

0-1 

1 - 13 

OC-4 

o - 4.5 

4.5 - 12 

Description 

Sand, tan, silty, fine grain with limestone fragments. 
Sand, brown, fine grain, clayey with abundant limestone 
fragments. 
Limestone, cremn, hard, massive, fossiliferous. 

Sand, brown to tan, fine grain with cream to white 
limestone fragments. 
Limestone, cream to beige, massive, weathered, 
fossil i ferous. 

Sand, light brown, fine to medium grain, clayey with 
large limestone fragments, trace of organics. 
Limestone, beige, massive, weathered, vugular, with fine 
to medium grain sand. 

Sand, brown, fine to medium grain, clayey, with large 
limestone fragments, trace of organics. 
Limestone, beige, massive, weathered, vugular trace of 
sand. 

Sand, brown, fine to medium grain, clayey, with large 
limestone fragments, trace of organics. 
Limestone, beige, massive, weathered, vugular trace of 
sand. 

Sand, brown, fine to medium grain, clayey with large 
limestone fragments, trace of organics. 
Limestone, beige, massive, weathered, vugular 
fossiliferous trace of sand. 
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DC-5 

0-3 

3 - 12 

DC-6 

o - 0.5 

0.5 - 12.5 

OC-7 

0-2 

2 - 4 
4 - 7 
7 - 13 

-
(*** July 1989 - PrQgress Report ***) 

Description 

Sand, brown, fine to medium grain, clayey with large 
limestone fragments, trace of organics. 
Limestone, beige to crewm, massive, weathered, 
fossiliferous vugular limestone, trace of sand. 

Sand, light brown, fine to medium grain, clayey with 
large limestone fragments, trace of organics. 
Limestone, beige, massive, weathered, vugular 
fossiliferous trace of sand. 

Sand, brown, fine grain, silty with large tan limestone 
fragments, trace of organic material. 
Limestone, light brown, massive, vugular, trace of sand. 
Limestone, tan, massive, fossilferous, sandy. 
Limestone, cream to tan, massive to fossilferous, 
micritic in part with white to cremn, soft, 
unconsolidated cl~ and large cavernous interval 
7-9 feet. 
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APPENDIX C 

GROOND WATER ELEVATION DATA 
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Table C1. Ground water elevation measurements in Polk County. 

Monitoring Date 

i 
Well T.O.C. ·5/7/87 7/1/87 9/17/87 9/24/879/29/87 10/15/87 12/15/87 1/22/88 3/8/88 

PCl 141.10 
PC2 128.61 
PC3 128.07 
PC4 131.95 
PC5 131.02 

P2 135.21 
P3 131.42 
P4 132.91 
P5 136.53 
P6 138.16 
P7 133.13 

SG 

1 T.O.C. 

121.41 123.12 
120.66 122.73 
119.69 121.46 
122.39 124.64 

125.17 124.90 
122.96 122.77 
122.86 122.75 

122.96 122.85 
122.94 122.78 
123.39 123.23 
123.69 123.51 
123.61 123.43 
123.15 123.22 

123.05 

= top of well casing. 
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ft. (IDSI) 
124.71 124.56 125.03 
122.82 122.82 
122.56 122.77 
122.73 122.95 
122.61 122.81 

122.92 
123.11 
122.96 

123.93 
122.58 
122.49 
122.60 
122.48 

123.79 
122.81 
122.73 
123.68 
122.75 

122.39 122.65 
123.22 122.81 
122.93 
123.35 123.51 
122.59 123.08 
122.69 122.96 

122.60 122.80 
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Table C2. Ground water elevation measurements in St. Johns County. 

! 
Well T .O.C. 

SJC1 12.74 
SJC2 11.76 
SJC3 14 .16 
SJC4 12.48 
SJC5 11.42 
SJC6 12.48 
SJC7 15.14 

P1 13.96 
P2 14.17 
P3 14.65 
P4 13.12 
P5 11.26 
P6 10.83 
P7 11.53 
P8 13.60 
P9 12.92 

Monitoring Date 

6/5/876/12/87 7/7/87 10/5/87 12/3/87 3/7/88 

ft. (msI) 
6.95 7.56 9.35 
6.85 7.45 9.27 
7.19 7.77 9.58 
6.98 7.64 9.47 
7.35 7.87 9.63 
7.39 7.91 9.65 
7.18 7.31 9.13 

10.12 9.87 10.57 10.79 
10.43 10.19 11.08 11.47 
10.89 10.64 11.79 12.33 
10.05 9.97 10.85 11.35 
8.70 8.45 9.21 9.47 
8.32 8.06 9.13 
6.89 6.63 6.89 7.51 
9.60 9.36 10.29 10.73 
9.38 9.14 10.16 

1 T.O.C. = top of well casing. 
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...... 
Table C3. Ground water elevation measurements in Brevard County. 

Monitoring Date 

1 
SL5L87 6L16L87 6L30L87 9L15L8710L9L87 10L26L87 11L17L87 12L8L87 3L14[88 Well T.O.C. 

• 
ft. (msI) 

Bel 51.56 49.13 49.21 49.32 50.78 
BC2 51.27 49.32 49.32 49.50 51.77 
BC3 50.47 47.59 48.19 49.58 
BC4 50.20 47.92 47.94 48.44 49.46 
BC5 50.02 47.18 47.24 48.03 48.74 
Be6 50.91 49.02 48.20 48.39 50.91 
Be7 50.72 48.61 47.78 48.04 49.98 

Bl 52.36 47.80 47.32 47.82 49.16 48.17 49.44 
B2 51.50 47.38 46.84 48.12 49.57 47.79 49.83 
B3 52.86 47.90 47.25 47.32 50.39 48.36 50.79 
B4 53.70 48.13 47.61 47.90 
B5 53.55 47.81 47.46 47.81 48.63 47.92 49.19 
B6 52.81 47.82 47.35 47.60 48.39 48.11 50.11 
B7 53.61 47.37 46.94 47.16 49.61 48.07 50.06 
B8 55.54 48.90 48.42 48.74 50.44 49.04 50.86 
B9 54.87 50.14 49.64 49.77 50.72 50.34 52.11 
BI0 51.92 47.93 47.43 47.85 49.16 48.33 49.70 
Bll 49.81 47.93 47.61 47.92 

SG 44.20 44.15 43.30 dry dry missing 

j T.O.C. = top of well casing. 

157 



(*** July 1989 - Progress Report ***) 

..... 
Table C4. Ground water elevation measurements in Dade County. 

Moni toring Date 

Well T.O.C.t 11/18/87 12/8/87 3/15/88 

ft. (msl) 
oct 8.00 4.12 4.25 
OC2 9.00 4.14 4.36 
DC3 9.23 4.12 4.34 
0C4 8.46 ,4.15 4.36 
OC5 8.66 4.17 4.38 
OC6 9.51 4.22 4.51 
OC7 4.40 4.17 4.37 

P2 4.44 4.22 4.42 
P3 4.42 4.21 4.40 

st 4.39 4.16 4.37 
S2 4.44 4.20 4.40 
S3 4.43 4.20 4.36 
S4 4.43 4.21 4.45 
S6 4.47 4.25 4.48 
S7 4.47 4.2,5 4.46 
S8 4.46 4.25 4.48 
S9 4.45 4.24 4.46 
S10 4.43 4.26 4.49 
Sl1 4.43 4.26 4.50 
S13 4.39 4.27 4.52 
S14 4.38 4.27 4.51 
SiS 4.40 4.26 4.49 
S17 4.41 4.26 4.50 
S19 4.39 4.25 4.50 
S20 4.38 4.24 4.49 
S21 4.39 4.22 4.50 
S22 4.37 4.18 4.43 
S23 4.36 4.18 4.41 
S24 4.36 4.19 4.43 
S25 4.39 4.22 
S26 4.37 4.15 4.37 
S27 4.37 4.13 4.25 
S28 4.39 4.15 4.37 
S29 4.48 4.17 4.38 
S30 4.44 4.22 4.43 
S31 4.43 4.23 4.46 

1 T.O.C. = top of well casing. 

.. _- .... ----.- --_ ... -
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Table D1. ~round water quality measurements in Polk County. 

Elev. Tellp. pH Conduct. TDS CI BODS TKN N03 TP S04 MBAS F. co Ii. 
Well Date (rt. ) (oc) (uni ts) (uaho/clI) (lIg/L) (lIIg/L) (lig/L) (llg/L) (lIIg/L) (llg/L) (llg/L) (llg/L) (#/100aL) 

PCl 9/29/87 124.71 25.9 6.28 210 148 <1.0 0.57 2.40 <10 
10/15/87 ' 124.56 26.4 6.10 215 139 • 8 <1.0 0.56 0.86 7.90 45 <0.05 ( 1 
12/15/87 125.03 25.5 6.25 225 142 16 <1.0 0.43 13.00 0.71 36 <0.05 < 1 

3/8/87 123.79 20.1 6.02 205 160 12 <1.0 0.31 5.10 0.55 31 (0.05 < 1 
IAyerage 124.52 24.5 214 147 12 0.47 6.32 2.91 37 I 
std. Dey 0.53 2.9 9 9 4 0.12 6.16 3.43 7 
MaxillUII 125.03 26.4 6.28 225 160 16 <1.0 0.57 13.00 7.90 45 <0.05 <10 
MinimulII 123.79 20.1 6.02 205 139 8 (1.0 0.31 0.86 0.55 31 <0.05 < 1 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

PC2 9/29/87 5.35 69 <1.0 1.40 4.20 10 
10/15/87 5.35 90 <1 (1.0 0.64 0.88 1.20 16 <0.05 <1 
12/15/87 4.85 105 9 <1.0 1.90 22.00 3.00 21 (0.05 <1 

3/8/87 5.20 82 6 1.1 0.51 1.10 0.46 16 <0.05 <1 
8 1.11 7.99 2.22 18 

Maximull 126.31 26.5 5.35 105 130 9 1.1 1. 90 22.00 4.20 21 (0.05 10 
Idinillull 122.81 20.0 4.85 69 34 <1 (1.0 0.51 0.88 0.46 16 (0.05 < 1 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

pe3 9/29/87 122.56 25.4 40 72 (1.0 1.80 3.00 <10 
10/15/87 122.77 24.7 4.85 63 22 <1 <1.0 0.64 <0.02 0.08 3 <0.05 < 1 
12/15/87 122.92 22.9 4.05' 56 64 2 <1.0 2.40 0.30 2.40 19 <0.05 < 1 

3/8/87 122.73 21. 8 5.00 37 18 3 (1.0 0.63 0.45 0.26 4 <0.05 < 1 
IAverage 122.75 23.7 49 44 1.37 1.44 9 I 
Std. Dey 0.15 1.6 13 28 0.88 1.48 9 
Maxillull 122.92 25: 4 5.00 63 72 3 (1.0 2.40 0.45 3.00 19 (0.05 <10 
Minilllul 122.56 21.8 4.05 37 18 <1 0.0 0.63 <0.02 0.08 3 <0.05 < 1 
No. 4 4 3 4 4 3 4 4 3 4 3 3 4 

PC4 9/29/87 122.73 24.8 6.28 195 130 (1.0 1. 90 20.00 (10 
10/15/87 122.95 24.7 5.25 152 88 17 <1.0 0.61 1.50 0.63 21 (0.05 < 1 
12/15/87 123.11 24.8 5.10 163 114 12 <1.0 0.86 2.90 3.20 27 <0.05 < 1 

3/8/87 118.86 22.1 5.75 115 78 13 <1.0 1.10 1.80 8.60 17 <0.05 < 1 
IAverage 121.91 24.1 157 103 14 1.12 2.07 8.11 22 I 
Std. Dev 2.04 1.3 33 24 3 0.56 0.74 8.60 5 
Maxillull 123.11 24.8 6.28 195 130 17 <1.0 1.90 2.90 20.00 27 (0.05 <10 
Minillull 118.86 22.1 5.10 113 78 12 <1.0 0.61 1.50 0.63 17 (0.05 < 1 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

PC5 9/29/87 122.61 25.8 6.43 55 88 <1.0 2.20 8.80 (10 
10/15/87 122.81 24.8 5.35 82 38 4 <1.0 0.30 0.32 0.34 12 <0.05 < 1 
12/15/87 122.96 24.0 5.50 55 58 2 (1.0 0.76 0.20 5.00 <2 <0.05 < 1 

3/8/87 122.75 21.& 5.52 47 30 2 <1.0 0.58 0.71 3.80 9 <0.05 < 1 
Average 122.18 24.1 60 54 3 0.96 0.41 4.49 
Std. De, • 5 1. 26 1 .85 O. • 9 
Maxiaua 122.96 25.8 6.43 82 88 4 <1.0 2 1 9 12 <0.05 <10 
Miniaull 122.61 21.& 5.35 47 30 2 <1.0 0 0 0 <2 <0.05 < 1 
No. 4 4 4 4 4 3 4 4 3 4 3 3 4 

. _. -------. ---_. __ ._-.... __ .. 
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Table D2. ~Ground water quality measurements in St. JOMS County. 

Elev. Tellp. pH Conduct. TDS Cl BOD5 TKN N03 TP S04 "'BAS F.coli. 
Well Date (1t. ) (oC) (units) (u.ho/ca)(mg/L) (ag/L) (mg/L) (mg/L) (mg/L) (lIg/L)(.g/L) (.g/L) (t/l00aL) 

SJCl 10/5/87 6.95 n.l 110 64 4 <1.0 0.21 0.43 20 <0.05 (1 
12/3/87 7.56 23.0 5.99 97 88 6' (1.0 1.70 0.16 24 0.06 <2 
3/7/88 9.35 20.5 6.76 84 152 3 <1.0 1.10 0.36 9 (0.05 <10 

Average 7.95 23.S3 97 101 1.00 O. 2 18 
Std. Dev 1.25 3.33 13 4 0.75 0.14 8 
Maximull 9.35 27.1 6.76 110 152 (1.0 1.70 0.43 24 0.06 <10 
Minillum 6.95 20.5 5.99 84 64 (1.0 0.21 0.16 9 (0.05 ( 1 
No. 3 3 2 3 3 3 3 3 3 3 3 

SJC2 10/5/87 6.85 25.1 108 13 <1.0 0.08 30 (0.05 <1 
12/3/87 7.45 23.6 6.00 122 15 <1.0 0.05 37 (0.05 <2 
3/7/88 9.27 19.5 6.92 123 2 1.2 0.42 12 (0.05 <10 

• 1 
Maxilllu. 6.92 15 1.2 0.42 <0.05 <10 
Mini.um 6.00 2 0.0 0.05 <0.05 < 1 
No. 2 3 3 3 3 3 

SJC3 10/5/87 7.19 24.0 373 248 32 <1.0 0.56 <0.01 0.04 123 (0.05 <1 
12/3/87 7.77 22.4 4.85 229 166 17 (1.0 o.n 1.30 0.04 79 <0.05 <2 
3/7/88 9.58 19.8 5.30' 265 216 17 <1.0 1.50 3.90 0.15 95 (0.05 <10 

jAverage 8.18 22.07 U§ 210 22 0.85 0.08 §§ I 
Std. Dev 1.25 2.12 75 41 9 0.57 0.06 22 
Maxillull 9.58 24.0 5.30 373 U8 32 <1.0 1.50 3.90 0.15 123 (0.05 <10 
Minimum 7.19 19.8 4.85 229 166 17 (1.0 o.n <0.01 0.04 79 <0.05 < 1 
No. 3 3, 2 3 3 3 4 3 3 3 3 3 3 

SJC4 10/5/87 25.2 585 414 6.30 8.70 265 <0.05 4 
12/3/87 22.7 5.53 440 354 1.80 1.00 193 <0.05 (2 
3/7/88 19.1 6.46 1390 1380 2.00 50.00 435 <0.05 <10 

Average 
Std. De, 
Maxillum 6.46 1.7 (0.05 4 
MiniBu. S.S3 <1.0 (0.05 <2 
No. 2 3 3 3 

SJCS 10/5/87 7.35 24.0 585 464 17 (1.0 1.30 0.80 (0.01 220 (0.05 (1 
12/3/87 7.87 22.2 5.64 480 392 21 <1.0 3.60 1.90 1.30 157 (0.05 <2 
3/7/88 9.63 17.3 6.21 328 262 8 1.1 1. 90 0.80 1.10 60 <0.05 {10 

Average 8.28 21.17 464 373 15 2.27 1.17 1.20 146 
Std. Dev 1.19 3.47 129 102 7 1.1 0.64 0.14 81 
Maximum 9.63 24 .0 G.21 585 464 21 1.1 3.60 1. 90 1.30 220 (0.05 <10 
Minimu. 7.35 17 .3 5.G4 328 262 8 <1.0 1.30 0.80 1.10 60 (0.05 < 1 
No. 3 3 2 3 3 3 3 3 3 2 3 3 3 
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Table D2 cont. -
Ground water quality measurements in St. Johns County. 

Elev. Tellp. pH Conduct. TDS Cl BODS TKN N03 TP S04 MBAS F.eoli • 
Well Date (ft. ) (oC) (units) (uaho/e.) (.g/L) (llg/L) (.g/L) (IDg/L) (ag/L) (.g/L) (ag/L) (ag/L) (l/lOo.L) 

SJC6 10/5/87 7.39 23.5 525 350 66 <1.0 0.35 <0.01 0.08 195 (0.05 <1 
12/3/&7 7.91 21.8 4.42 545 392 80 <1.0 0.41 0.03 0.05 143 <0.05 <2 
3/7/88 9.65 18.5 4.69 365 312 88 (1.0 0.72 0.03 1.00 72 (0.05 <10 

IAverage tn 2t~~ 4~: !~I I: ~.~~ O.3~ I:~ I Std. Dey o . o. 0 0.5 
Maxiaua 9.65 23.5 4.69 . 545 392 88 (1.0 0.7! 0.03 1.00 195 (0.05 <10 
Minimua 7.39 18.5 4.42 365 312 66 <1.0 0.35 (0.01 0.05 72 (0.05 < 1 
No. 3 3 2 3 3 3 3 3 3 3 3 3 3 

SJC7 10/5/87 7.18 25.7 245 176 11 (1.0 0.22 4.30 0.10 73 (0.05 <1 
12/3/87 7.31 23.4 5.85 395 226 13 <1.0 1.00 5.60 1.40 92 0.11 <2 
3/7/88 9.13 20.1 6.47 195 232 14 1.2 1.30 3.60 0.16 68 <0.05 <10 

IAverage LU 2~.O? fU 211 13 O.n L50 ~.55 U I 
Std. Dev 1.09 2.81 104 31 2 0.56 1.01 0.73 13 
Maximu. 9.13 25.7 6.47 395 232 14 1.2 1.30 5.60 1.40 92 0.11 <10 
Miniaa. 7.18 20.1 5.85 195 176 11 <1.0 0.22 3.60 0.10 68 <0.05 < 1 
No. 3 3 2 3 3 3 3 3 3 3 3 3 3 
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Table D3. 1Ground water quality measurements in Brevard County. 

Elev. Tellp. pH Conduct. TDS CI BOD5 TKN N03 TP S04 MBAS F.coli. 
Well Date (It. ) (oC) (units) (umho/ca) (ag/L) (.g/L) (mg/L) (mg/L) (mg/L) (llg/L) (Illg/L) (mg/L) (I/I00.L) 

BCl 10/26/117 49.13 27.2 6.30 705 506 26 2.1 5.20 0.72 <0.01 (2 0.14 (10 
11/17/87 49.21 26.3 6.29 675 . 
12/8/87 49.32 660 28 4.9 5.60 2.10 0.13 11 <0.05 <10 
3/14/88 50.78 22.1 6.40 670 548 29 9.3 7.20 0.80 0.07 16 0.08 <10 

!Average 49.61 25.2 683 571 28 5.4 6.00 1.21 I 
std. Dey 0.78 2.7 19 80 2 3.6 1.06 0.77 
Maximull 50.78 27.2 6.40 705 660 29 9.3 7.20 2.10 0.13 16 0.14 <10 
Minimu. 49.13 22.1 6.29 670 506 26 2.1 5.20 0.72 (0.01 (2 (0.05 <10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 3 

BC2 10/26/87 26.3 6.12 505 390 11 2.3 6.40 0.01 0.14 38 0.15 (10 
11/17/87 24 .3 6.07 510 0.03 
12/8/87 512 10 4.9 7.60 0.37 0.24 25 0.12 <10 
3/14/88 

Maximum 51.77 26.3 6.12 510 512 11 4.9 7.60 0.37 0.24 38 0.15 (10 
Minimum 49.32 24.3 6.07 505 390 10 2.3 6.40 0.01 0.14 25 0.12 <10 
No. 4 2 2 2 2 2 2 2 3 2 2 2 2 

BC3 10/26/87 47.59 25.0 5.65 640 630 140 (1.0 2.00 0.08 0.89 36 0.13 (10 
11/17/87 
12/8/87 48.19 872 43 <1.0 4.40 0.10 1.20 15 <0.05 <10 
3/14/88 49.58 18.9 5.30 375 288 71 4.2 7.40 4.60 0.50 45 <0.05 150 

Average 48.45 22.0 508 597 85 4.60 1.59 0.86 32 
Std. Dev 1.02 4.~ 87 293 50 2.71 2.60 0.35 1 
Maxillum 49.58 25.0 5.65 640 872 140 4.2 7.40 4.60 1.20 45 0.13 150 
MinimulII 47.59 18.9 5.30 375 288 43 <1.0 2.00 0.08 0.50 15 <0.05 (10 
No. 3 2 2 2 3 3 3 '3 3 3 3 3 3 

BC4 10/26/87 47.92 24.0 5.28 73 220 9 <1.0 1.20 0.28 0.25 (2 0.09 (10 
11/17/87 47.94 23.2 4.92 91 
12/8/87 48.44 440 25 <1.0 3.80 0.20 0.11 11 0.05 (10 
3/14/88 49.46 19.4 5.30 76 113 23 2.3 3.40 0.70 0.78 <10 (0.05 300 

IAverage 48.44 ii.2 80 258 19 2.80 0.39 0.38 I 
Std. Dev 0.72 2.5 10 167 9 1.40 0.27 0.35 
Maximu. 49.46 24.0 5.30 91 440 25 2.30 3.80 0.70 0.78 11 0.09 300 
Minimull 47 .92 19.4 4.92 73 113 9 <1.0 1.20 0.20 0.11 (2 <0.05 (10 
No. 4 3 3 3 3 3 3 , 3 3 3 3 3 3 

BC5 10/26/87 47 .18 23.9 6.51 115 188 7 (1.0 1.30 0.02 (1.0 12 0.10 (10 
11/17/81 41.24 24.0 5.92 145 
12/8/87 48.03 1.1 1.60 5 (0.05 (10 
3/14/88 48.74 19.1 6.00 3.7 2.80 (10 (0.05 (10 

• 3 1 • 
• 8 O • 

Maximum 48.74 24.0 6.51 145 444 14 3.7 2.80 0.84 12 0.10 <10 
Minillum 47.18 19.1 5.92 100 116 7 (1.0 1.30 (1.0 (10 <0.05 <10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 

._ •• __ ._ •• _ • _ •• _ '_'0' 
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---Table D3 cont. Ground water quality measurements in Brevard County. 

KIev. Tellp. pH Conduct. TDS CI BODS TKN M03 TP S04 ".BAS F.col i. 
Well Date (ft. ) (oC) (uni ts)(ullho/CII) (Ig/L) (llg/L) (.g/L)"{lIg/L) (.g/L) (IBg/L)(.g/L) (.g/L) (t/l00aL) 

BCG 10/26/87 49.02 27.2 6.49 465 422 20 <1.0 3.20 0.34 0.19 11 0.11 <10 
11/17/87 48.20 25.2 6.41 1050 . 
12/8/87 48.39 534 51 3.3 2.80 0.60 0.13 6 0.08 <10 
3/14/88 50.91 22.7 6.00 590 302 48 8.6 4.40 0.10 0.35 (10 <0.05 <10 

IAverage 49.13 25.0 702 419 40 3.47 0.35 0.22 I 
Std. Dev 1. 24 2.3 308 116 17 0.83 0.25 0.11 
Maxiau. 50.91 27.2 6.U 1050 534 51 8.6 4.40 0.60 0.35 11 0.11 <10 
Minimu. 48.20 22.7 6.00 465 302 20 (1.0 2.80 0.10 0.13 <10 (0.05 <10 
No. 4 3 3 3 3 3 3 3 3 3 3 3 3 

BC7 10/26/87 25.5 6.70 660 544 56 6.2 2.60 0.02 0.21 51 0.10 <10 
11/17/87 23.5 6.76 420 
12/8/87 0.20 (2 0.05 <10 
3/14/88 5.20 4.90 29 (0.05 10 

• 1 

Maxi.ulI 49.98 25.5 6.76 660 544 4.90 51 0.10 10 
Mini.uII 41.78 19.1 5.20 390 2G4 0.02 (2 (0.05 <10 
No. 4 3 3 3 3 3 3 3 3 
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Table 04. -Ground water quality measurements in Dade County. 

Elev. Tellp. pH Conduct. TDS CI BODS TKN N03 TP 504 MBAS F. col i. 
We II Date (f t. ) (oC) (uni ts) (umho/em) (lig/L) (mg/L) (mg/L) (llg/L) (mg/L) (ag/L) (ag/L) (ag/L) U/I0o.L) 

DCl 12/8/87 4.12 25.1 6.90 720 292 ~4 1.4 1.00 0.71 0.16 57 <0.05 2400 
3/15/88 4.25 24.1 6.90 590 368 37 1.1 1.00 0.51 0.74 33 <0.05 <10 

IAverage 4.19 24.6 655 ~~o ~6 I.~ 1.00 ~.6I o.B U I 
Std. Dev 0.09 0.7 92 54 2 0.2 0.00 0.14 0.41 17 
Maximum 4.25 25.1 6.90 720 368 37 1.4 1.00 0.71 0.74 57 <0.05 2400 
Minimum 4.12 24.1 6.90 590 292 34 1.1 1.00 0.51 0.16 33 <0.05 <10 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

DC2 12/8/87 6.80 <0.05 <1 
3/15/88 7.16 <0.05 170 

MaxiBua 4.36 25.6 7.16 670 37 1.30 1.30 0.73 <0.05 170 
Miniaull 4.14 23.8 6.80 565 34 0.80 0.33 0.11 <0.05 <1 
No. 2 2 2 2 2 2 2 2 2 2 

DC3 4.12 6.90 640 400 36 2.0 53 <0.05 <1 
6.90 565 354 38 1.3 40 <0.05 <1 

603 377 37 1.7 4 
1 O. 9 

Maximu. 4.34 25.5 6.90 640 400 38 2.0 53 .<0.05 < 1 
Mini.um 4.12 23.2 6.90 565 354 36 1.3 40 <0.05 < 1 
No. 2 2 2 2 2 2 2 2 2 2 

DC4 12/8/87 4.15 26.2 6.80 610 390 35 1.3 1.60 0.81 0.25 52 0.06 17000 
3/15/88 4.36 23.3 7.05 562 320 39 3.0 4.60 <0.01 0.38 30 (0.05 3900 

Average 4.26 24.8 586 355 37 2.2 3.10 0.32 41 
St. Dev O. 34 49 3 1. .1 0.0 1 
Maximu. 4.36 7.05 610 390 39 3.0 4.60 0.81 0.38 52 0.06 17000 
Minimu. 4.15 6.80 562 320 35 1.3 1.60 <0.01 0.25 30 (0.05 3900 
No. 2 2 2 2 2 2 2 2 2 2 2 2 

DC5 12/8/87 4.17 26.0 6.70 695 378 36 2.4 2.60 0.56 0.41 60 0.15 270 
3/15/88 4.38 23.5 6.90 555 334 37 3.0 0.82 0.02 1.10 38 (0.05 20 

IAverage 4.28 24.8 625 356 37 2.7 1.71 0.29 0.76 49 I 
Std. Dev 0.15 1.8 99 31 1 0.4 1. 26 0.38 0.49 16 
MaxilluB 4.38 26.0 6.90 695 378 37 3.0 2.60 0.56 1.10 60 0.15 270 
Minillum 4.17 23.5 6.70 555 334 36 2.4 0.82 0.02 0.41 38 (0.05 20 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 
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Table D4 com. Ground water quality measurements in Dade County. 

EI ev. Tellp. pH Conduct • TDS CI BODS TKN N03 TP SO~ UBAS F.coli. 
Well Date (rt. ) (oC) (units)(ullho/ca)(.g/L) (.g/L) (.g/L) (.g/L) (.g/L) (lig/L){IIg/L) (.g/L) (I/I00aL) 

DC6 12/8/87 4.22 25.2 6.40 640 396 36 1.2 0.70 0.23 0.19 60 0.05 <1 
3/15/88 4.51 24.1 6.90 555 342 h <1.0 0.75 0.12 0.46 35 <0.05 (10 

IAverage 4.37 2~.7 598 369 40 0.73 0.1& 0.33 U 1 
Std. De, 0.21 0.8 60 38 5 0.0. 0.08 0.19 18 
Maxi.u. ~.51 25.2 6.90 640 396 .3 1.2 0.75 0.23 0.46 60 0.05 <10 
Mini.u. 4.22 24.1 6.40 . 555 342 36 (1.0 0.70 0.12 0.19 35 <0.05 ( 1 
No. 2 2 2 2 2 2 2 2 2 2 2 2 2 

DC7 12/8/87 4.17 25.2 6.95 660 390 34 <1.0 1.90 0.05 41 (0.05 5 
3/15/88 4.37 23.1 6.85 575 352 37 3.5 1.60 1.20 33 (0.05 <10 

Average 
Std. Dey 
ldaxi.uII 6.95 3.5 (0.05 5 
Mini.u. 6.85 (1.0 (0.05 (10 
No. 2 2 2 2 
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Table El. Ground water VOC measurement method detection limits. 

ConJ>ound Units Method Detection Limit 

Benzene ug/L 1.0 
Bramodichlorornethane ug/L 2.2 
Bromoform ug/L 4.7 
Bromomethane ug/L 5.8 
Carbon Tetrachloride ug/L 2.8 
Chlorobenzene ug/L 6.0 
Chloroethane ug/L 8.2 
2-chloroethylvinylether ug/L 15.0 
Chloroform ug/L 1.6 
Chloromethane ug/L 4.3 
Dibromochloramethane ug/L 3.1 
1,1-Dichloroethane ug/L 4.7 
1,2-Dichloroethane ug/L 2.8 
1,1-Dichloroethylene ug/L 2.8 
Trans-1,2-Dichloroethylene ug/L 1.6 
1,2-Dichloropropane ug/L 6.0 
Cis-l,3-Dichloropropene ug/L 5.0 
Trans-l,3-Dichloropropene ug/L 6.4 
Ethyl benzene ug/L 7.2 
Methylene Chloride ug/L 50.0 
1,1,2,2-Tetrachloroethane ug/L 4.1 
Tetrachloroethylene ug/L 3.0 
Toluene ug/L 6.0 
1, 1, 1-Trichloroethane ug/L 3.8 
1,1,2-Trichloroethane ug/L 5.0 
Trichloroethylene ug/L 1.0 
Trichlorofluoramethane ug/L 3.2 
Vinyl Chloride ug/L 1.0 
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Table Flo Ground water quality control duplicate sample results. 

Ele,. Te.p. pH Condo TDS Cl BODS TIN N03 TP S04 YBAS F. coli. 
Well Date (1t. ) (oC) (units) (umbo/cll) (.g/L) (llg/L) (.g/L) (.g/L) (llg/L) (llg/L) (llg/L) (.g/L) (./100IlL) 

PC2 9/29/87 122.82 26.5 5.35 69 120 <1.0 1.40 4.20 10 
26.5 5.35 69 118 . <1.0 1.60 5.00 40 

PC5 10/15/87 122.81 24.8 5.35 82 38 4 <1.0 0.30 0.32 0.34 12 <0.05 <1 
24.8 5.35 82 38 4 <1.0 0.48 0.36 0.50 13 <0.05 <1 

PC4 12/15/87 123.11 24.8 5.10 165 114 12 <1.0 0.86 2.90 3.20 27 <0.05 <1 
24.8 5.10 165 122 12 <1.0 0.78 2.50 2.60 27 <0.05 <1 

PC5 3/8/88 122.75 21.8 5.52 47 30 2 <1.0 0.58 0.71 3.80 9 <0.05 <1 
21.8 5.52 47 58 2 <1.0 0.48 0.68 1.10 9 <0.05 <1 

SJC3 10/5/87 7.19 24.0 373 248 32 <1.0 0.56 <0.01 0.04 123 <0.05 <1 
24.0 373 240 33 <1.0 0.31 0.21 0.03 115 <0.05 <1 

SJC7 12/3/87 7.31 23.4 5.85 395 . 226 13 <1.0 1.00 5.60 1.40 92 0.11 <2 
23.2 5.98 400 260 16 1.6 1.20 7.00 1.10 95 <0.05 <2 

SJC3 3/7/88 9.58 19.8 5.30 265 216 17 <1.0 1.50 3.90 0.15 95 <0.05 <10 
19.8 5.30 265 232 17 <1.0 1.30 4.60 0.69 95 <0.5 (10 

BC3 10/26/87 47.59 25.0 5.65 640 630 140 <1.0 2.00 0.08 0.89 36 0.13 <10 
25.0 5.65 640 592 140 <1.0 2.60 0.06 0.96 33 0.11 <10 

BCl 11/17/87 49.21 26.3 6.29 675 
26.3 6.29 675 

Be6 12/8/87 48.39 534 51 3.3 2.80 0.60 0.13 6 0.08 <10 
544 51 <1 2.40 0.60 0.15 7 0.08 <10 

BC3 3/14/88 49.58 18.9 5.30 375 288 71 4.2 7.40 4.60 0.50 45 <0.05 150 
18.9 7.00 375 350 44 4.1 5.40 0.20 1.40 13 0.08 110 

DC5 12/8/87 4.17 26.0 6.70 695 378 36 2.4 2.60 0.56 0.41 60 0.15 270 
26.0 6.70 695 414 36 1.5 2.00 0.71 0.36 55 0.13 600 

DC2 3/15/88 4.36 23.8 7.16 565 330 37 1.1 1.30 0.33 0.73 37 <0.05 170 
23.8 7.16 565 328 36 1.8 L20 0.29 0.58 37 <0.05 <10 
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Table Gl. 
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Soil profile description for testpit 3 in the subdivision in 
Polk County. 

SUMMARY SOIL PROFILE DESCRIPTION. Subdivision 1. 
------------------------------------------------------------------------------------------------------------------

Project: FL OSDS Site: SUBDIVISION 1 Sampl~ 10: TEST PIT 3 Date: 09-21-B7 
------------------------------------------------------------------------------------------------------------------
DEPTH 
(ft.) 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS 
(Unified) Primary Secondary 

EST. Ksat 
(em/day) 

REMARKS 

------------------------------------------------------------------------------------------------------------------
0.0 - 1.2 Fine Sand 

(SP-SH) 

1.2 - 2.0 Fine Sand 
(SP-SH) 

2.0 - 3.5 Fine Sand 
(SP-SH) 

3.5 - 10.0 Fine Sand 
(SP-SH) 

Weak. fine. granular. 10yr 2/0 
very friable 

Single grain. loose 10yr 4/2 

Single grainj loose 10yr 6/2 

Single grainj loose 10yr 7/1 

50 - 500 

25 - 250 

25 - 250 

25 - 250 

NOTES: Described by David L. Hargett. Ayres Associates. and Richard Ford and Susan Ploetz, USDA-SCS. TP 3 in HE 
corner of Subdivision 1j ground water observed at 120u

• 

(SPDITPJ.wkl) 
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Table G2. :Soil profile description for testpit 2 in the subdivision in 
Polk County. 

SUMMARY SOIL PROFILE DESCRIPTION. Subdivision 1. 
---------------------------------------------------------------------------------------------------------------------

Projec t: FL OSDS . Site: SUBDIVISION 1 Sample jD: TEST PIT 2 Date: 09-21-S7 
---------------------------------------------------------------------------------------------------------------------
DEPTH 
(ft. ) 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS 
(Unified) Primary Secondary 

EST. Ksat 
(cm/day) 

REMARKS 

---------------------------------------------------------------------------------------------------------------------
0.0 - 0.5 Fine Sand Weak. fine. granular; 10yr 3/2 50 - 500 

(SP-SH) very friable 

0.5 - 2.5 Fine Sand 
(SP-SH) 

Single grain; loose 10yr 6/4 25 - 250 

2.5 - 5.3 Fine Sand 
(SP-SH) 

Single grain; loose 10yr 6/8 25 - 250 

5.3 - 7.3 Fine Sand Single grain; loose 10yr 6/8 7.5yr 5/8 25 - 250 Many. medium. prominent 
(SP-SH) high chroma. mottles; 

few. thin. discontinuous 
lamallae 

7.3 - 8.5 Sand Single grain; loose 10yr 7/2 7.5yr 6/S 100 - 1000 Many. coarse. prominent 
(SW-SP) high chroma mottles; few. 

thin. scattered lamallae 

8.5 - 14.7 Sandy Clay Loam Massive; very finn 10yr 7/1 10yr 7/2 0.1 - 1 Conmon. medium. high 
(SC) chroma mottles; 

restriction 

14.7 - 15.S Loam Massive; very finn 5yr 5/8 0.1 - 1 iron concretions; 
(SH-ML) cemented; restriction 

15.S - 18.0 Loam Ma~sivei very finn 5yr 5/8 0.1 - 1 <15% graveli variegatfoni 
(SH-HL) cemented; restriction; 

phosphatic pebbles 

NOTES: Described by David L. Hargett. Ayres Associates. and Richard Ford a'nd Susan Ploetz. USDA-SCSi TP 2 in SW 
corner of Subdivision Ii pit bottom at lOOn; augered to 216 M (IS'). No ground water observed. 

(SPDIPT2.wkl) 
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Table G3. Soil profile description tor testpit 1 in the subdivision in 
Polk County. 

SUMMARY SOIL PROFILE DESCRIPTION. Subdivision 1. 
-------------------~-----------------------------------~----------------------------------------------------------Project: FL OSDS Site: SUBDIVISION 1 Sample ID: TEST PIT 1 Date: 09-21-87 

DEPTH 
(ft. ) 

0.0 - 1.8 

1.8 - 2.7 

2.7 - 3.2 

3.2 - 4.0 

4.0 - 6.0 

6.0 - 10.0 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS 
(Unified) Primary Secondary 

Sand 10yr 5/4 
(SW-SP) 

Fine Sand Weak. fine. granular; 10yr 3/2 
(SP-SH) very friable 

Fine Sand Single grain; loose 10yr 7/2 
(SP-SH) 

Fine Sand Single grain; loose 7.5yr 4/3 
(SP-SH) 

Ffne Sand Single grain; loose 10yr 5/6 
(SP-SH) 

Sand 
(SW-SP) 

Single grain; loose 10yr 6/6 

EST. Ksat 
(cm/day) 

5 - 1000 

50 - 500 

25 - 250 

25 - 250 

25 - 250 

100 - 1000 

REMARKS 

Ff 11 - Sand to 
loamy.sand 

Eluvial zone 

Spodic 

No mottles 

-----------------------------------------------------------------------------------------------------------------.-
NOTES: Descrfbed by David L. Hargett. Ayres Associates. and Richard Ford and ~usan Ploetz. USDA-SCSi TP 1 

fn NW corner of Subdfvfsfon 1. standing ground water at 10.0'. . 

(SPDlTP1.wkl) 
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Table G4. 

Project: FL OSDS . 
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Soil profile description for test boring 1 in the subdivision 
in St. Joms County. 

SUMMARY SOIL PROFILE DESCRIPTION, Subdivision 2. 

Site: SUBDIVISION 2 Sample 19: TEST BORING 1 Date: 09-23-S7 

DEPTH 
(ft.) 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS EST. Ksat 
(cm/day) 

REMARKS 
(Unified) Primary Secondary 

0.0 - 0.3 Fine Sand Weak. fine. granular; 10yr 4/2 50 - 500 
(SP-SH) very friable 

0.3 - 1.7 Fine Sand 
(SP-SH) 

Single grain; loose 10yr 6/4 25 - 250 

1.7 - 2.9 Fine Sand 
(SP-SH) 

Single grain; loose 7.5yr 7/4 25 - 250 

2.9 - 3.3 Fine Sand Single grain; loose 10yr 6/6 5yr 6/S 25 - 250 Common. fine. dfstfnct 
(SP-SH) mottles; high chroma 

mottles 

3.3 - 4.2 Fine Sand Single grain; loose 10yr 7/3 10yr 7/1 25 - 250 Common. medium. faint 
(SP-SH) mottles; variegation; low 

chroma mbttles 

4.2 - 5.7 Fine Sand Single grain; loose 10yr 7/3 lOyr 6/6 25 - 250 Common. coarse. distinct 
(SP-SH) mottles 

5.7 - 6.7 Fine Sand 
(SP-SM) 

Single grain; loose 10yr 7/2 lOyr 7/6 25 - 250 Few. fine, faint mottles 

----------------------------------------------------------------------------------------------------------------------
NOTES: Described by David L. Hargett. Ayres Associates. and Jeff leppo and Robert Baldwin, USDA-SCSi Typical 

quartzipsamment; Tavares - HWO (borderline Adamsville), Aquic quartzipsamments; FHO 7.5yr5/S mottles; 
ground water at 50M BC; seasonal at 35-40M; hole bottom at SO". 

(~pnnRl.wJcll 
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Table GS. 
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Soil profile description for test boring 4 in the subdivision 
in St. JOMS County. 

SUMMARY SOIL PROFILE DESCRIPTION, Subdivision 2. 
---------------------------------------------------------------------------------------------------------------------

Project: FL OSDS Site: SUBDIVISION 2 Sample 10: TEST BORING 4 Date: 09-23-87 
---------------------------------------------------------------------------------------------------------------------
DEPTH 
(ft. ) 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS 
(Unified) Primary Secondary 

EST. Ksat 
(em/day) 

REMARKS 

----------------------------------------------------------------------------------------------------------------------
0.0 - 0.4 Fine Sand 

(SP-SH) 
Single grafni loose 10yr 4/2 25 - 250 

0.4 - 2.5 Fine Sand 
(SP-SH) 

Single graini loose 10yr 6/4 25 - 250 

2.5 - 3.3 Fine Sand Sfngle graini loose 10yr 6/4 10yr 7/8 25 - 250 Few, coarse, distfnct 
(SP-SH) mottles 

3.3 - 5.8 Fine Sand Single grain; loose 10yr 7/4 7.5yr 6/8 25 - 250 Many, coarse, dfstinct 
(SP-SH) mottles 

5.8 - 6.7 Ffne Sand Single graini loose 10yr 7/2 5yr 5/8 25 - 250 Many, coarse, distinct 
(SP-SH) mottles 

NOTES: Described by Davfd l. Hargett, Ayres Associates. and Jeff Leppo and Robert Baldwin. USDA-SCSi Tavares. ground 
water at 55", seasonal at 35-40". lOyr 5/6 HFD. hole bottom at 80". 

(SPD2TB4.wkl) 
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Table GS. :soil profile description for test boring 2 in the subdivision 
in St. Johns County. 

SUMMARY SOIL PROFILE DESCRIPTION. Subdfvision 2. 
----------------------------------.------------.--------------------------------------------------------------------

Project: FL OSDS Site: SUBDIVISION 2 Sample ID: .TEST BORING 2 Date: 09-23-87 
--------------------------------------------------------------------------------------------------------------------
DEPTH 
(ft.) 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS 
(Unified) Primary Secondary 

EST. Ksat 
(cm/day) 

REMARKS 

--------------------------------------------------------------------------------------------------------------------
0.0 - O.B 

O.B - 1.7 

1.7 - 2.9 

2.9 - 3.3 

3.3 - 6.7 

Fine Sand 
(SP-SH) 

Fine Sand 
(SP-SH) 

Fine Sand 
(SP-SH) 

Fine Sand 
(SP-SH) 

Fine Sand 
(SP-SH) 

Single gr~fn; loose 

Single grain; loose 

Single grain; loose 

Single grain; loose 

Single grain; loose 

10yr 5/0 

10yr 6/2 

10yr 7/2 10yr 5/8 

10yr 7/1 10yr 7/6 

10yr 7/1 

25 - 250 

25 ~ 250 

25 - 250 

25 - 250 

25 - 250 

Few. fine. distinct 
mottles 

Few. fine. faint 
mottles 

NOTES: Described by David L. Hargett. Ayres Associates. and Jeff Leppo and Robert Baldwin. USDA-SCSi Adamsville. 
ground water at 40"; seasonally at 30-35"; deep spodic below BO". hole bottom at BO". 
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Table G7. Soil profile description for test boring 3 in the subdivision 
in St. Johns County. 

SUMMARY SOIL PROFILE DESCRIPTION, Subdivision 2. 
---------------------------------------------------------------------------------------------------------------------

Project: FL OSDS Site: SUBDIVISION 2 Sampl~ 10: TEST BORING 3 Date: 09-23-87 
---------------------------------------------------------------------------------------------------------------------
DEPTH 
(ft.) 

USDA SOIL TEXTURE STRUCTURE/CONSISTENCY MUNSELL COLORS 
(Unified) Primary Secondary 

EST. Ksat 
(em/day) 

REMARKS 

---------------------------------------------------------------------------------------------------------------------
0.0 - 0.3 Fine Sand Weak, fine, granular lOyr 4/2 50 - 500 

(SP-SH) 

0.3 - 1.7 Fine Sand 
(SP-SH) 

Single grain; loose lOyr 5/3 25 - 250 

1.7 - 3.2 Fine Sand Single grain; loose lOyr 7/3 lOyr 5.3 25 - 250 Few. fine, faint 
(SP-SH) mottles 

3.2 - 5.0 Fine Sand Single grain; loose lOyr 6/3 . 10yr 5/4 2S - 250 Few, fine. faint 
(SP-SH) mottles 

5.0 - 6.7 Fine Sand 
(SP-SH) 

Single grain; loose 10yr 7/2 . 25 - 250 

NOTES: Described by David L. Hargett, Ayres Associates, and Jeff Leppo and Robert Baldwin, USDA-SCSi Adamsville; 
ground water at 35"; no mottles above ground water; some ·sand stripping- above; seasonal ground water 
at 20-24u

; hole bottom at 80 M
• 

(SPD2TB3. wkl) 
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Septic tank effluent composition at home 11 in the subdivision 
in Polk County. 

Table H1. 

·---------j--FiE~D-HE~suREHEHTs-------oRG;Hic-----j----sOLios-----j-------HUTRiEHTS-------jHisc:-HiNERALicHEHiCAL-j-SURFACTAHTS---j-----HicROBioLOGicAl 
SAHPLE I I I I --------- 1---------------------- I ----------- 1 ---------------

DATE I TEHP~-i--;H---i-c~~d. I B005 I TOC I TOS I TSS I TKH INOZ-N031 TP I CI- 1 FOG I I K8AS I I Fee. Colt. I 
I ('C) I l(uv/cm)I(Dlg/L) I (mg/L) J(mg/L) J(lIg/L) 1(lIg/L) I(mg/L) I(IIIg/L) I(mg/L) I(mg/L) I J(1I9/L) I 1 (1/100 -1.) I 

_________ I _______ I~ ______ I _______ I _______ -------1------- -------1-------1-------1-------1-------1-------1-------1------- ------- -------------1------
8/20/87 I 33.8 I 7.1 I 760 I lZ9 I 472 44 I 42 I 0.( I 12 I 42 I I I 1.1 100,000.0 I 

1 I I I I I I I I I I I I 
9/22/87 I 30.0 6.8 I 720 I 176 I 446 106 22 I 0.14 I 12 I 51 I 32.2 I I 0.4 280,000.0 I 

I I I I I • I I I I I 1 
10/14/87 I 27.0 6.8 I 870 I 103 I 502 68 29 I 0.06 I 11 I 40 17.6 I I 1.8 700,000.0 1 

I I I I I 1 I I I 
10/27/87 I 27.S 7.2 I 790 I 130 I 454 76 68 I 0.01 I 13 I 29 1 1 1.9 470.000.0 

I 1 I I I I 1 I 
1/06/88 23.5 7.0 I 770 I I I I II 11 II 

I I I I I 
1/27/B8 21.0 6.8 I 880 I I I I II I II 

I I I I I 
4/11/88 26.0 7.0 I 840 I I 1 I II II II 

I I I· I I 
I I I I I 1 1 II 
I I I I I I 1 
I I 1 I I I I I, 
I I I I I I 1 
I I I I I I I 1 1 

··~~~~···i·;;~;;·J ·······i;~;~;;·ii;~~~~·i·······i;;;~;~·i·;;~;~·I·;~~;;·i··~~~;·i·i;~~;·i·;~~;~·i·;~~;~·i·······i··i:;~·i·······i·············i········ 
STD. DEV.I 4.18 I I 60.24 I 30.36 I I 24.84 I 25.58 I 20.Z7 I 0.06 I 0.8Z I 9.04 I 10.32 I I 0.70 1 I 1 

n I 7.00 I 7.00 I 7.00 I 4.00 I I 4.00 I 4.00 I 4.00 I 4.00 I 4.00 I 4.00 I Z.OO I I 4.00 I I 4.0 I 
MIN I Z1.00 I 6.80 1120.00 1103.00 I 1446.00 1 44.00 I 2Z.00 I 0.01 I 11.00 I 29.00 I 17.60 I I 0.40 I I 100,000.0 1 
HAl I 33.80 I 7.Z0 1880.00 1176.00 I 150Z.00 1106.00 1 68.00 I 0.14 I 13.00 I 51.00 I 3Z.20 I I 1.90 I I 700,000.0 1 

._----------------------------------------------.-------------------------------------------------------------------------------------------------------
.\I/QDA 11. wkl ) 

Table H2. Septic tank effluent composition at home 12 in the subdivision 
in Polk County. 

1 1 FlELO MEASUREMENTS ORGANIC SOLIOS NUTRIENTS IHISC. MINERAL/CHEMICAL I SURFACTANTS 1 I MICROBIOLOGICAL 
1 SAHPLE I ------------------ --------- 1---------------------- I ----------- I ---------------
1 DATE I TEMP. I pH I Condo I BOD5 1 TOC I TOS I TSS 1 TKH IN02-N031 TP I Cl- I FOG I I MBAS 1 I Fee. Coli. 1 
I I I'C) I l(uv/clI)I(III9/L) I(mg/L) I(mg/L) 1(lIg/L) I(mg/L) I(mg/L) 1(III9/L) I(Dlg/L) I(Dlg/L) I I(Dl9/L) 1 I (1/100 Ill.) 1 
1---------1-------1-------1------- -------I-~-----I-------I-------I-------I-------I-------1------- -------1-------1------- -------1------------- -------
. 8/20/87 I 30.9 I 6.8 I 5300 lZ5 I I 3160 I 60 1 43 1 0.1 I 13 I 1850 I I 3.Z I 480,000.0 
1 I I I I I I I I I I I I 
: 9/22/87 31.0 7.0 I 4300 142 I I 2940 I 84 I 14 I 0.06 I 14 I 1600 40.0 I I 3.6 I 100,000.0 
1 I I I I I I I I I I 
110/27/87 28.0 7.3 I 5200 151 I I 2900 I 96 1 49 I 0.01 I 20 I 1600 16.5 I 7 I 630,000.0 
I 1 I I I 1 I I I I 
! 1/6/88 22.5 7.4 I 4600 216 I 79 I 2220 I Z20 1 40 I 0.09 I 12 I 1260 I 13 170,000.0 
I I I I I I I I I I 
I 1/27/88 19.5 7.0 I 8200 270 I 87 I llO I 392 1 55 I 0.44 I 16 I Z360 76.0 I 7.4 Z80,OOO.0 
I I I 1 I 1 I 1 I I 

4111/88 26.5 6.8 I 4300 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
1 I I I 1 I I I I 
I I I I I I I I I 
I I I I I I I I ·1 .....................................•.•..••.........•......••.•••..••••.....•.••.•.•...•.•.•.•••••....••...•.•...••••••.•..........••................. 

AVE. I 26.40 I 15316.7 1180.80 I 83.00 12266.0 1170.40 I 40.20 I 0.14 I 15.00 11734.0 I 44.17 I 
STD. DEV.I 4.62 1 11477.0 I 60.63 I 5.66 11Z55.6 1138.52 I 15.74 I 0.17 I 3.16 I 408.0 I 29.97 I 

n I 6.00 I 6.00 I 6.0 I 5.00 I 2.00 I 5.0 I 5.00 I 5.00 I 5.00 I 5.00 I 5.0 I 3.00! 
MIN I 19.50 I 6.80 14300.0 1125.00 I 79.00 I 110.0 I 60.00 I 14.00 I 0.01 I 12.00 11260.0 I 16.50 I 
HAX I 31.00 I 7.40 18200.0 1270.00 I 87.00 13160.0 1392.00 I 55.00 I 0.44 I 20.00 12360.0 I 76.00 I 

I 6.84 1 
I 3.94 I 
I 5.00 I 
I 3.20 1 
I 13.00 1 

I 
I 

5.00 1 
100,000.0 I 
630,000.0 I 

------------------------------------------------------------------------------------------.------------------------------------------------------------
IIQDA1Z.wkl) 
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Table H3. 1feptic tank effluent composition at home 13 in the subdivision 
in Polk County. 

---------i--riELD-MEAsuRE~E~Ts-------O~GANic----------soLios-------------NUTRiEHTS-------jHrsc:-HrNEiALicHtHrcAL-j-SURFACTANTS---i---HjCROBiolO~iCAl-' 
SAMPLE I ------------------ I I I --------- 1---------------------- I ----------- I ---------------

DATE I TEMP. I pH I Condo I 8005 / TOC I TDS / TSS / TKH IN02-N031 TP / ct- , FOG' / HaAS I I Fee. Coif. I 
I ('C) I ICuv/clII)f(lIIg/L) /(llg/L) /(1I9/L) /(1I9/L) /(II9/L) /(II9/L) /(1l9/L) /(II9/L) /(llg/L) / /(lIIg/L) / I (1/1001111.) / 

---------/------- -------1-------1------- -------/-------/-------/-------/-------1-------/-------/-------/-------/-------/-------,-------------/------
8/20/87 I 30.2 7.2 I 850 I 109 '628 I 176 I 371 0.1 I 5' 60' / / 1 , I 3,300,000.0 I 

I " I r I I I I , 1 1 / I 
9/22/87 / 30.0 7.4 / 660 / 197 / 560 / 576 / 9.5 / 0.14 / 7 / 37 I 8.4 / 1.4 / 4,300,000.0 I 

/ I / / / / / / / / / / I , 
10/14/87 

10/27/87 

1/ 6/88 

1/27/88 

26.5 

28.5 

23.5 

19.0 

/ 
/ 
/ 
/ 
/ 
/ 
I 

7.0 / 860 / 151 / 798 / 704 I 20 I 0.02 / 8 I 48 / 88.2 / / 3.3' / 300,000.0 J 
/ / '" I , , / ., , " I 

7.4 1000' 194 '686' 856 / 56' 0.01 / 14' 58' , , 3 I , 3,900,000.0 , 
I "'" / , , , / / I 

820 / '" / , / / / , /, I 

830 1 173 56 I 462 1 660 I 63 I 0.4 1 15 1 35 1 51 I I 2.4 I 11,700,000.0 I 
I I I I , I I I , / I I I I 
I ,/, / / / ' / , / I I 
I '" " " I / I I / I / , , , , , , , " / 

, """"'" I I "/"" I ' " / I '" / , " / / I I I / / / / , / / / / / / / 

7.5 

7.0 

•............•....•....••...........••••...••••••....••••••.•••••.•••••.•....•••..•••••••......•••...•.••••••.•••....•..•.•••..••...•.•..•........•.... 
AVE. / 26.28 / 1836.67 /164.80 I 56.00 1626.80 /594.40 / 37.10 I 0.13 I 9.80 I 47.60 / 49.20 / 

STD. DEV.I 4.36 I /108.57 / 36.27/ * /126.92 1255.02 I 22.82 / 0.16 I 4.44/11.55' 39.93 I 
n I 6.00 I 6.00 I 6.00 I 5.00 1.00 I 5.00 / 5.00 I 5.00 / 5.00 I 5.00 5.00 3.00 I 

HIN / 19.00 / 7.00 1660.00 1109.00 / 56.00 1462.00 1176.00 / 9.50 I 0.01 I 5.00 35.00 I 8.40 I 
MAX I 30.20 / 7.50 11000.0 '197.00 I 56.00 '79B.00 /856.00 I 63.00 I 0.40, 15.00 / 60.00 I 88.20 / 

WQDAI3.wkl) 

/ 2.22 / 
/ 1.00 I 
, 5.00 
I 1.00 I 
/ 3.30 I 

I I 

1 5.00 1 
I 300,000.0 I 
/ 4,300,000.0 , 

Table H4. Septic tank effluent composition at home 14 in the subdivision 
in Polk County, 

I FIElD HEASUREMENTS ORGANIC I SOLIDS NUTRIENTS IHISC. HINERAL/CHEHICAL I SURFACTANTS HICROBIOLOGICAl 

SAMPLE I ------------------ I I I --------- /---------------------- I ----------- ---------------OATE 'TEMP. I pH I Condo I BOOS I TOC / TDS I TSS I TKH IN02-H031 TP I Cl- / FOG / I HaAS I I Fec. CoIf. / 
I ('C) I l(uv/cIII)I(II9/L) 1(I19/L) 1(II9/L) I(II9/L) 1(II9/Ll 1(1II9/L) I(III!I/L) I(III9/L) /(1I9/L) I I(III9/L) I I (1/100 Ill.) I 

---------1-------1-------1-------1------- -------,------- -------1-------1-------1-------1------- -------1------- ------- -------1-------------1------
8/20/87' 33.3 I 7.3 I 1100 I 136 764 60 I 57 0.1 I 6.5 I 58 I 1.8 18,000.0 I 

/ / / / / / / / I 
9/ZZ/87 / 31.0 / 7.25 / 910 / 131 568 60 17 0.04 / 6 I 47 5.6 1.6 13,000.0 I 

I / / / / / I I 
10/14/87 / 28.0 / 7.3 I 1100 I 10Z 664 164 28 O.OZ / 7.5 / 62 9.7 I 2.8 50,000.0 I 

/ / / / / / I 
10/27/87 / 28.0 / 7.2 / 1000 / 145 698 104 60 0.01 / 6.5 I 9 I 3.4 220,000.0 

/ I / I I I I 
1/6/B8 / 22.0 / 7.2 / 1200 / I I I 

/ / / I I / I 
1/27/88 / 20.0 / 6.8 / 950 / I / I 

/ I / I I I / I 
4/11/88 I 25.5 / 6.9 / 980 I / / I / I I 

I / I / I / I / I I 
/ / / / / / / / / / 
I / , / /. / I / I I / I 
/ I / I I / I I / I / I 
I I I ,/ I / / / I / I 
, / I ,/ I / / /. / / I .............•....•.....•..•.......•...••.....•••.......•.•....••.•..••...•....•••.•.•.•..••....•..••.•.•••.........•..••..••................•....... 

AVE. I 26.83 / 11034.3 1128.50 I 1673.50 / 97.00 I 40.50 / 0.04 / 6.63 / 44.00 / 7.65 / I 2.40 / / I 
STD. DEV.I 4.72' I 102.3 / 18.59 I / 81.67 / 49.25 / 21.30 I 0.04 / 0.63 / 24.18 / 2.90 I / 0.85 I / I 

n '7.00 / 7.00 I 7.0 / 4.00 / / 4.00 I 4.00 / 4.00 / 4.00 / 4.00 / 4.00 / 2.00 I / 4.00 / I 4.00 I 
I1IN '20.00' 6.80 I 910.0 /102.00 I 1568.00 / 60.00 I 17.00 / 0.01 / 6.00' 9.00 I 5.60 I I 1.60 I '13,000.0 I 
MAX '33.30 I 7.30 /1200.0 /145.00 I /764.00 /164.00 / 60.00 I 0.10 I 7.50 I 62.00 9.70 I I 3.40 I I 220,000.0 I • 

·~QOAi4~:;i)------------------------------------------------------------------------------------------------------------------------------~---~~-
I ~ 
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Table H5. 

(*** July 1989 - PrQgress Report ***) 

Septic tank effluent composition at home 21 in the subdivision 
in St. Johns County. 

-----------------------------------------------------------------------------------------------------------------------------------------------------
FIELD MEASUREMEHTI ORGAHIC I SOLIDS I NUTRIEHTS IMISC. MINERAL/CHEMICAL I SURFACTAHTS MICROBIOLOGICAL 

SAMPLE I -----------------1 I I --------- 1-----------------------1 ----------- I ---------------
DATE 1 TEMP. I pH 1 Condo 1 800S I TOC I TDS I TSS I TICH IH02-H031 TP I Cl- I FOG I IMBAS I I Fee. Colt. I 

---------l-~~:~--I-------I~~~~~~I~~~~:~-I~~~:~-I!~~:~-I!~~:!- ~~~:!-I~~~:~-I~~~:~-I~~~:!-I~~~:~-I-------I~~~:!-I-------I~~~~~~-~~:~--'-----. 
10/15/87 I 26.0 I 6.6 I 520 I 136 I I 380 I 132 16 0.02 I 6.5 I 26 I 210.0 I 2.1 200,000.0 

I I I I I I I I I I 
10/29/87 I 25.0 I 7.1 550 I 188 I I 300 I 140 40 0.01 I 7.5 I 30 I 36.6 I 

I I I I I I I I I I 
1.2 320,000.0 

11/10/87 I 25.0 I 7.1 540 I 162 I 314 I 100 40 0.05 I 6.51 26 I 87.0 I 
I I I I I I I 

11/16/87 25.0 I 6.9 550 I 127 I 446 I 96 35 0.05 7 I 29 I 
I I I I I 

2.3 240,000.0 

0.65 270,000.0 

I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I ...................•..••....•••..••.••.••...•••..•••....•..••.•.••..•....••••••••••.•••.•..•••..•..••.....••.•..............•••..••••••..•........ 

AVE. I 25.25 I 1540.00 1153.25 I 
STD. OEV.I 0.50 I I 14.14 I 27.51 I 

n I 4.00 I 4.00 I 4.00 I 4.00 I 
MIH I 25.00 I 6.60 1520.00 1127.00 I 
MAX 126.00 I 7.101550.001188.00 I 

IIQOA21. .... k1) 

1360.00 1117.00 I 32.75 I 0.03 I 6.88 I 27.75 1111.20 I 
I 67.11 I 22. 24 111.41 I 0. 02 1 0.48 I 2.06 I 89.20 I 
I 4.00 4.00 4.00 I 4.00 4.00 I 4.00 I 3.00 I 
1300.00 I 96.00 I 16.00 I 0.01 I 6.50 I 26.00 I 36.60 I 
1446.00 1140.00 I 40.00 I 0.05 I 7.50 I 30.00 1210.00 I 

I 1.56 I 
I 0.77 I 
I 4.00 I 
I 0.65 I 
1 2.30 I 

Table H6. Septic tank effluent composition at home 22 in the subdivision 
i.n St. Johns County. 

I 
I 

4.0 I 
200,000.0 I 
320,000.0 , 

I FIElD MEASUREMEHTS ORGAHIC SOLIDS HUTRIENTS IMISC. MIHERAl/CHEMICAL I SURFACTAHTS MICROBIOLOGICAL 
SAMPLE I ------------------ --------- 1-----------------------1 ----------- ---------------

DATE I TEMP. , pH I Condo I BODS I TOC I TOS I TSS I TICH 'H02-HOll TP I Cl- I FOG I I MBAS I I Fee. Colt. I 
I '("C) I l(uv/cm)f(DIg/l) HIII9/l) I(mg/l) J(l1g/l) 1(III9/l) l(m9/l) f(1IIg/l) f(mg/l) I(mg/l) I I(mg/l) I I (1/100 III.) I 

---------1-------1-------1-------1-------1-------1-------1-------1------- -------1-------1-------1------- -------1-------1-------1-------------1------
10/15/87 I 28.0 I 1.0 I 650 I 108 I I 440 I 74 I 16 0.02 I 14 I 23 14.8 I 8.2 I 4,200,000.0 I 

I I I I I I I I I I I I 
10/29/87 I 25.5 7.1 720 I 156 I I 416 I 122 I 47 0.01 I 15 I 23 24.2 ,I 3.0 I 3,900,000.0 I 

I I I I I I I I I I 
11/10/87 I 27.0 7.0 670 I 163 I I 330 I 76 1 38 0.05 I 12 27 36.5 4.3 I 15,000,000.0 I 

I 1 I I 1 I I I' 
11/16/87 I 26.5 7.1 640' 117 I 1 390 I 76 I 28 0.05 I 15 20 4.4 I 5,200,000.0 I 

I I I I I I I I I 
1/15/88 I 20.5 7.2 880 I 149 I 56 I 498 I 116 I 53 0.17 I 17 29 24.0 I 3,700,000.0 , 

1 I 1 I I I I I ,I 
I I I I I I I I, 
I I I I I I I I I 

I I I I I I I I, 
I I 1 I I I I I ~~~ 
I I I I I I I I~_ 
I I I I I I I I 
I I I I I 1 I I I~ 

1 1 1 I I I I I I I I I I I~ 
J ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I AVE. I 25.50 I 1712.00 1138.60 I 56.00 1414.80 I 92.80 I 36.40 I 0.06 I 14.60 I 24.40 I 24.88 I I 4.98 I I I CC 
ISTD. DEV.I 2.94 I I 98.84 I 24.54 I • I 61.98 I 24.02 I 14.81 I 0.06 I 1.82 I 3.58 I 8.90 I I 2.24 I I I (/' 
I n 1 5.00 I 5.00 I 5.00 I 5.00 I 1.00 I 5.00 I 5.00 I 5.00 1 5.00 I 5.00 I 5.00 I 4.00 I I 4.00 I I 5.0 I 
I MIN I 20.50' 7.00 1640.00 1108.00 I 56.00 1330.00 I 74.00 I 16.00 I 0.01 I 12.00 I 20.00 I 14.80 I I 3.00 I 13,700,000.0 I C 
I MAX I 28.00 I 7.20 1880.00 1163.00 I 56.00 1498.00 1122.00 I 53.00 I 0.17 I 17.00 I 29.00 I 36.50 I I 8.20 I 115,000,000.0 I 
---.-------------.-----.---------------------------.---------------------------------------------------------------~----------------------------------. 
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Table H7. 

(*** July 1989 - Progress Report ***) 

S:eptic tank effluent composition at home 23 in the subdivisiOn 
in St. Johns County. 

·---------j-FiELO-HEASUREHEHTS--------ORGAHic-----j----soLios-------------HUTRiEHTS-------jHisc:-MiHERALicHEMicAL-j-SURFACTAHTS---j---HicROBioLO~iCAL--
SAMPLE I ------------------ I I I --------- 1---------------------- I ----------- I ---------------

DATE I TEMP. I pH I Condo I BODS I TOC I TOS I TSS I TKH IHOZ-H031 TP I CI- I FOG I I HBAS I I Fee. Colt. I 
I (·C) I l(uv/cm)I(III9/L) 1(III9/L) 1(IIIg/L) I(III9/L) I(III9/L) I(mg/l) 1(lIIg/L) 1(III9/l) I(II<J/l) I 1(IIIg/L) I I (1/100 III.) I 

---------1------- ------- -~-----I------- -------1-------1-------1------- ----~-I-------I-------I------- ------- -------1------- ------------- ------
101l5/87 I Z6.0 7.1 950 I 83 I 558 I 40 16 0.10 I 6.5 I 9 I 5.0 Z.l I 1,200,000.0 

I I I I I I I I 
10/29/87 I 23.0 7.2 1000 I 131 646 I 38 44 0.01 I 11.0 I 8 I 4.4 1.8 I 

I I I I I I I 
11/10/87 I 27.5 7.3 1000 I 125 680 I BO 33 0.05 I 11.0 I 14 I 18.4 2.B I 

I I I I I I I 
11/16/87 I 25.0 7.4 1050 I 106 674 I 100 40 0.10 I 14.0 I 10 I 1.8 I 

I I I I I 

340,000.0 

280,000.0 

510,000.0 

I I I I I 
I I I, I ~ 
I I I I I ~ 
I ,I' I ~ 
I ,I I I ~ 
I 'I' I ~ 

I I I I " I I <p 
......... ! ....................................... ! ....... ! .............................. ! ....... ! ....................... ! ....... ! ............. ~~ 

AVE. I 25.38 I 11000.0 1111.25 I 1639.50 I 64.50 I 33.25 I 0.07 I 10.63 I 10.25 I 9.27 I I 2.13 I I I ~ 
STD. DEV.I 1.B9 I I 40.82 I 21.64 I I 56.3Z I 30.57 I 12.37 I 0.04 I 3.09 I 2.63 I 7.92 I I 0.47 I I I V 

n I 4.00 I 4.00 I 4.00 I 4.00 I I 4.00 I 4.00 I 4.00 I 4.00 I 4.00 I 4.00 I 3.00 I I 4.00 I 1 4.0 I 
MIN I 23.00 I 7.10 1950.00 I 83.00 I 1558.00 I 38.00 I 16.00 I 0.01' 6.50' 8.00 4.40 I I 1.80, I 280,000.0 I 
MAX I 27.50 I 7.40 11050.0 1131.00 I 1680.00 1100.00 I 44.00 I 0.10 I 14.00 I 14.00 I 18.40 I I 2.80 I I 1,200,000.0 I 

._--_._------------------------------------------------------------------------------------------------------------------------------------------------
IIQOA23.wkl) 

Table H8. Septic tank effluent composition at home 24 in the subdivision 
in st. Johns County. 

I FIELO HEASUREMEHTS ORGAHIC SOLIDS NUTRIENTS IMISC. MINERAL/CHEMICAL I SURFACTAHTS MICROBIOLOGICAL 

SAMPLE I ------------------ I , ,--------- ,---------------------- I ----------- ---------------DATE I TEMP. I pH I Condo I BOOS I TOC I TOS I TSS I TKH INOZ-N031 TP I CI- I FOG I I HBAS I I Fee. Coif. I 
I ("C) I l(uv/em)l(mg/l) I(mg/l) 1(III9/l) I(mg/l) I(II<J/l) I(mg/l) ICIII9/l) ICII<J/l) I(mg/l) I I(lIIg/l) I I (1/1001111.) I 

---------1-------1-------1-------1-------1-------1-------1-------1-------1------- -------1------- -------1-------1-------1-------1------------- ____ e. 
10/15/87 I 25.0 I 8.0 I 1000 110 I I 600 I 66 I 34 I O.OZ 13 I 20 13.2 I 3.4 I I 2,ZOn,Ooo.0 

I I I I I I I I I I 
10/Z9/87 Zl.O 8.0 900 126 I 492 I n I 65 I 0.01 10 16 16.6 I 2.7 I 340,000.0 

I I I I I 
11/10/87 25.5 8.9 1000 137 I 606 I 52 I 57 I 0.05 12 36 25.9 I 6.2 680,000.0 

, I I I I 
11/16/87 24.5 8.8 870 103 I 548 72 35' 0.05 9 27 I 1.4 600,000.0 

I I 
1115/88 18.0 8.2 1025 107 4Z 504 152 78 I 0.11 15 44 8.9 I 320,000.0 

I I 
I I 
I I 
I , ~ 
I I ~~~ 
I I ~ 
I I .~ 

I I I I I I I I I ·i~.~ ..................•......•............................... •..•...•......•.........•.........•.. ~ ...• ~ ....••...•• ·················I··············~·~ 
; AVE. I 23.20 I 1959.00 1116.60 I 42.00 1550.00 I 82.80 I 53.BO I 0.05 I 11.80 I 28.60 I 16.15 I I 3.43 I I I .. :;..J 
STD. DEV.I 3.05 I I 69.14 I 14.36 I * I 52.73 I 39.54 I 19.15 I 0.04 I 2.39 I 11.48 I 7.22 I I 2.03 I I I 

n I 5.00 I 5.00 I 5.00 I 5.00 I 1.00 I 5.00 I 5.00 I 5.00 I 5.00 I 5.00 I 5.00 I 4.00 I I 4.00 I I 5.0 I ., 
MIN I 18.00 I 8.00 1870.00 110l.00 I 42.00 1492.00 I 52.00 I 34.00 I 0.01 I 9.00 I 16.00 I 8.90 I I 1.40 I I 320,000.0 I 
MAX I 25.50 I 8.90 11025.0 1137.00 I 42.00 1606.00 1152.00 I 78.00 I 0.11 I 15.00 I 44.00 I 25.90 I I 6.20 I I 2,200,000.0 I 

_._----------------------------------------------------------------------------------------------------------------------------------------------------:IIQOAZ4.wkl) 
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Table 11. 

--- (*** July 1989 - Progress Report ***) 

Volatile organic compounds detected in septic tank effluent by 
u.s. EPA Method 624. 

," .,. ". ---.----... --.-.... ---.------------.... ---------.-~---.-._---_._---------------------.--
IMETHOD DET.ILAB. DET. STATIONS DETECTED 
1 LIMITS 1 LIMITS -----------------/624 (ug/L) 1 ug/L 1 

---------------------------1-----------1---------1---------------------------------------

~~~~~~-~------------------I----~~~----I---~~~---I~::-~~~~~~~~-~~:-----------------------Bromodlchloromethane 1 2.2 1 1.1 1 llT* 
---------------------------1-----------1---------/---------------------------------------
Bromoform 1 4.7 1 2.4 IALL STATIONS BDL 
---------------------------1-----------1---------1---------------------------------------
Bromomethane 1 nd 1 10.0 IALL STATIONS BDL 
---------------------------1-----------1---------1---------------------------------------
Carbon Tet. + 1 2.8 1 1.4 IALL STATIONS BDL 
---------------------------1-----------/---------1---------------------------------------
Chlorobenz 1 6.0 1 3.0 /ALL STATIONS BDL 
---------------------------1-----------1---------1---------------------------------------

:~~~~~~~~~~~--~------------I----~~-----I--~~~~---I~::-~~~~~~~~-~~:-----------------------
2-Chloroethyl vinyl ether 1 nd / 1.0 IALL STATIONS BDL 
---------------------------1-----------1---------1---------------------------------------
Chloroform 1 1.6 1 1.6 Ill. llT*. 12, 13. 14, 24 
---------------------------1-----------1---------1---------------------------------------
Chloromethane 1 nd 1 10.0 IALL STATIONS BOL 
---------------------------1-----------1---------1---------------------------------------
Dlbromochloromethane 1 3.1 J 1.6 IALL STATIONS BOL 
---------------------------1-----------1---------1-----~---------------------------------
1.2 Dichlorobenzene I nd 1 10.0 IALL STATIONS BDl . 
---------------------------1-----------1---------1---------------------------------------
1,3 Dichlorobenzene 1 nd 1 10.0 IALL STATIONS BOl 
---------------------------1-----------1---------1---------------------------------------
1.4 Dichlorobenzene + J nd 1 10.0 1 22 
---------------------------1-----------1---------1---------------------------------------
1,1 Dlchloroethane + 1 4.7 1 2.4 IALl STATIOIIS BDL . 
---------------------------1-----------1---------1---------------------------------------
1,2 Dlchloroethane of- 1 2.8 1 1.4 IALl STATIOIIS BDL 
---------------------------1-----------1---------1---------------------------------------
1,1 Dlchloroethylene J 2.B 1 1.4 IALL STATIOIIS BDl 
---------------------------1-----------1---------1---------------------------------------
trans 1,2 Dlchloroethene 1 1.6 I 1.0 IALL STATIOIIS BDl 
---------------------------1-----------1---------1---------------------------------------
1.2 Dlchloropropane I 6.0 I 3.0 IALL STATIOIIS BDL 
---------------------------1-----------1---------1---------------------------------------
Cis 1,3 Dlchloropropene 1 5.0 1 1.0 IALL STATIOIIS BDL 
---------------------------1-----------1---------1---------------------------------------
trans 1,3 Dlchloropropene I nd 1 2.5 IALL STATIOIIS BDL 
---------------------------1-----------1---------1---------------------------------------

=:~~~~~:~~~---------------I----~~~----I---:~~---I~:=-:~~~~~~:-~~=------~----------------Methylene Chloride 1 2.B 1 1.4 112, 13, 14, 24 
---------------------------1-----------1---------1---------------------------------------
1.1,2,2 Tetrachloroethane I 6.9 1 3.5 IALl STATIOIIS BDl 
---------------------------1-----------1---------1---------------------------------------
Tetrachloroethene J 4.1 J 2.1 JALL STATIONS BDL 
---------------------------1-----------1---------1---------------------------------------
Toluene I 6.0 I 3.0 Ill, 12, 13, 14. 21, 22, 23. 24 
---------------------------1-----------1---------1---------------------------------------
1,1.1 Trichloroethane + 1 3.8 I 1.9 IALl STATIOIIS BOl 
---------------------------1-----------1---------1---------------------------------------
1.1,2 Trichloroethane + 1 5.0 I 2.5 IALl STATIONS BOL 
---------------------------1-----------1---------1---------------------------------------
Trlchloroethene 1 1. 9 1 1.0 IALL STATIONS BOL 
---------------------------1-----------1---------1---------------------------------------
Trlchlorofluoromethane 1 nd J 1.0 IAll STATIONS BDL 
---------------------------1-----------1---------1----------------------~---~------------
Vinyl Chloride + 1 nd 1 1.0 IALl STATIOIIS BOL 
---------------------------1-----------1---------1---------------------------------------

VOC.TBL 

* Detected In tapwater supply to Station 11 
+ VOC's currently regulated under SDWA Amendments 
BDL - Below Detection Limits 
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(*** July 1989 - Prqgress Report ***) 

Table J1. Septic tank effluent quality control sample results. 

isAH;LE-.... -.. -si~PLE·-······························ ............................................................................ j •..•••.•............ -
I DATE DESCRIPTION PARAMETER I COIt1EIITS 
1········-1··············.·········-1 ••••••••• I I I I B005 , TDS , TSS , TKN IHOZ·N031 TP I Cl I FOG I HBAS I Fec. ColI. IVOC's(a)! 
I . 1(lIIg/L) 1(lIIg/l) I(mg/l) 1(lIIg/l) f(mg/L) l(m9/L) I(mg/l) I(mg/L) 1(lIIg/Ll 1(1/100111.) I (ug/l) I 
1 ......... 1-........................ 

1 
.............. I ....... I ....... , ....... I .... !.-I ... -....... -.. 1-...... 1 .... -.... -.. 1 ........ 1-.. - .• -........ -.... . 

108/Z0/87 ISti 11 Duplicates 468 I I 41 I I I 42 I I I ICheck ok 
I ISta 14 Duplicates I 60 '57 <0.10 6.5' " , ICheck ok , , "" , , 
109/22/87 ISU 11 Duplicates , 22 , ,I I ICheck ok 
I ISti 14 Duplicates 578 56' 6.0 , , 1.6 ,10,000 ,theck ok 

I I I"" 
110/14/87 'Sta 11 Duplicates 500' 31 , " ICheel: ok I ISU 14 laboratory split I , I' 29 ICheck compd. & conc. 
I I Subdlv. 1 Field Blank , , " BDl(b) I 

I I "" I :10/15/87 ISh 24 laboratory split , , I' 29 'Cheel: compd. & conc. 
I ISh 21 Duplicates 372 I , " ICheck ok 
I ISta 2Z Duplicates 70 , , " ICheck ok 
I ISh 24 Priv. Well 134' <0.02 0.14 , , <0.05 ,<1 'Hard: 120; AU.: 120; 
I , "I I , 
110127/87 ISh 11 Duplicates 80 I " I I ICheck ok 
, ISh 14 Duplicates "I' ,230,000 ICheck ok 
, , I"" I 
110/29/87 'Sta 21 Duplicates 178 144 , ,I " 'Check ok 
, ISla 24 Duplicates 504' <0.01' 10 I , 2.6 I 350,000 , 
I I Subdlv. 2 Field Bhnk I"" BDl(b) , I I ' , ,\ \' , .• -.-.--\ .•• ---------------. 

111110/81 ISh 24 Duplicates , 608 , 41 I <0.05' 12 , 42 , 6.3 , 440,000' ICheck ok 
I I , "I' I' I I 
111116/87 Sta 21 Duplicates , 466 100 I 34 I I 7.0 I I I I ICheck ok 
I ISta 24 Duplicates '109 ,I <0.05' 9.0 I 27 I 1.5 I 3Z0,OOO I ICheck ok 
I I I I' I I I I I I 
101/06/88 ISubdlv. I Field Bhnk , I I I I " I 7.8 IToluene only 
I ISla 11 tapwater sample I 180 <1 I ,0.05 I O.lZ , 11 ,,<1/<1 I 48(c) IHdness: 160; Alk.: 13 
, ISh lZ Duplicates I I , , lZ60 I I I ICheck Dk 
, ISta lZ laboratory split '198 2440 . 196 53 IZ.6(d) '2.2(d) , lZ96 I ,>2400' ICheck except (d) 
" I I I I ,I I I 
101112/88 ISub.l Soil Samp Field Blkl , " " . , BDl , 
I' I I I' I' I I 
101/14/88 Sub.Z Soil Samp Field Blkl B 0.05 I 0.01 '<0.05 I <1 , <1 I BDL I 
I I I I ". , I I 
101/15/88 ISh 2Z Duplicates I 55 I 0.17 , 17 , I I ICheel: ok 
I ISta 22 Tapwater I 172 I <0.01 , '10 I ,ICheck ok 
I ISta 24 Duplicates I 104 "I' 330,000' ICheck ok 
I I I I " , I' 
101127/87 ISh 12 Duplicates I '0.44 I I ,210,000' ICheck ok 
I ISta 13 Internal split I 208 504 708 58' 0.31 , 14 I .42 , 2.5 ,'Check ok 
I ISla 14 laboratory split I , " , , 30.1 ICheck compd. & conc. 
I ISubdlv.l Field Blank I I " , , BDl , 
I I I , I' I I' . 
IAIl dateslTrlp Blanks I , I' I IBDl (b) I ..........•..............••.••.•••.•......••••••.•••••.•......•.•.••.••.......•....•.•.•.•.....••••.•..•••.•.•.••.•....•••...••.••.••....•...•...•...•.. 

(a) Concent~atlon value represents total VOC's by EPA Method 624. Individual compounds also checked. 
(b) Results fDr t~lp blanks and all field blanks prlDr to 11/01/87 were verbally repDrted as BDl by laboratory due to misunderstanding. 

Labo~ato~y polley was to only Include blanks on written laboratory report If VOC's were detected. 
(c) Chlo~oform and B~omodlchloromethlne detected on EPA 624 Scan. 
(d) Split lab results assumed In error based on concentrations and past experience. 
BDL' Below detection limits. 

wqdqcS.wkl 
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Table K1. Results of sub-infiltration system soil srunpling at home 12. 

-------------_.---_ ... -.-----------------------_._---------------------------------------.--------------------------------------------------------1 SAMPLE 1 GRO. 1 SOil IIN~ SURF. I SOIL I SOIL ICOLOR/TEXTUREI I CEC I TOC I CI I TKN I N03-N I TP lOP (4) I Fecal Ivoc's 
ILOCATION I LEVEL I SAMPLE I TO I TEMP IMOIST I (2) I PH I ~ ICmg/kg)ICmg/kg)I(lII9/kg)l(mg/kg)I(mg/kg)lleach. I Colf ((ug/kg) 

I nEV; IMID-COREIHID-COREI C·C} I s I I 1100 gm I I I I I ICmg/kg}1 Ilgm I 
1 I (ft.) I DEPTH( I) I DEPTH I I I I I I I I I I 1 I I 
I I I (ft.) I (ft.) I I I I I I I I I I I I I 
1---------1--------1--------1--------1-------1------1-------------1-------(-------1-------1-------1-------1-------1-------1-------1-------1-------
liZ-CIA I 140.4 I 1.9 I NA 1 21 I 4.98 /lOyr 3/3-115 / 5.9 / 1.60 / 3800 / 3.2 / 190 / 0.06 / 520 I 0.06 1 <100 I SOl.. 
/---------1--------1--------1--------1-------1------1-------------I-------I-------I-~-----I-------/-------I-------1-------1-------1-------/-------
I 12-C18 / 1 3.6 / NA / 21 / 3.98 II0yr 5/4-fs 1 5.5 1 1.00 1 1700 I <3.2 1 B7 I <0.02 1 450 I <0.02 I <100 / eOL 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------/-------1-------1-------1-------1-------1-------
I 12-CIC 1 I 5.7 1 NA I 2l 1 3.01 110yr 6/3-fs I 5.3 1 0.77 1 670 I <1.5 1 57 1 0.02 / 360 I <0.02 I <100 1 eOL 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------/-------/-------/-------
/ / / / / / / I I / / / I / / 1 / 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------/-------
1 I I I I 1 1 / 1 1 1 1 1 1 1 I I 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
1 12-02A 1 140.4 I 2.6 1 0.2 1 20 1 3.96 110yr 6/4-f$ I 6.5 1 0.75 1 2400 1 62 I 91 1 0.06 1 440 I 0.06 I <100 180~ 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------' 
1 12-028 1 1 4.8 I 2.4 1 21 1 3.B8 110yr 6/4-fs 1 6.6 1 0.64 I 790 I ISO 1 55 1 0.02 1 510 1 0.36 I <100 I eo'-
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
I 12-02C I 1 6.7 1 4.3 1 HA I 3.66 II0yr 6/l-fs I 5.7 I 0.76 I 460 1 150 1 39 1 0.7B I 520 1 0.02 1 <100 I SQL 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
I / I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------, 
1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 
1---------1--------1--------1--------1-----.-1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
1 12-01A / 141 1 2.8 1 0.3 1 21 1 9.23 110yr 5/6-lfs 1 6.9 1 2.10 1 5200 1 110 1 380 1 12.00 1 B801 2.60 1 200lsDL 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1------~I-------I-------I-------I-------
1 12-018 I I 4.7 1 2.3 I 21 1 6.89 II0yr 5/6-fs 1 6,4 1 1.10 1 690 1 90 1 78 1 0.18 1 780 1 6.90 1 <100 I BPI- I 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
1 12-01C 1 1 6.7 1 4.2 1 20 1 7.41 IIOyr 6/3-fs 1 6.5 I 0.58 I 520 I 120 1 47 I 1.60 I 620 I 4.20 1 <100 I SOL 
1---------1--------1--------1--------1-------1------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
1 I I 1 I 1 I I I 1 1 I I I I I 1 1 

Cl} Soil core sampled extended above and below mid-core point by approximately 0.25 feet. 
(2) Munsell col,ors and 5011 textures as determined IIIanually on field-moist samples. 
(l) Units on TOC, CI-. UN. H03-N. TP. and OP are mg/kg dry solI. 
(4) Orthophosphate analyses run on water extracts of the soli (Olson and Sommers. 1982). 
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Table K2. Results of sub-infiltration system soil sampling at home 13. 

i-s~PLE--i--GRD:---i--soil---iiHF:sURF.-i-soil--i-soiL--icoLoRiTEiTuREi-------i--cEc--i--Toc--i--ci---i--T~--i-Hoj:H-i--TP---ioP-i4i-i-F;~;i-i-voc7;-
ILOCATION I LEVEl I SAMPLE 1 TO 1 TEMP 1 HOIST 1 (2) 1 pH 1 l!!!t9..Lllmg/kg) I (mglkg) I (mg/kg)l(mglkg)l (lIg/kg) ILeach. I Call 1 ug/kg 
1 I HEV. IHID-CORE IHIO-CORE 1 (OC) 1 s 1 I 1100 gm 1 1 1 1 I I(mg/kg)l '19m 1 
I I ( ft. ) 1 DEPTH( I) 1 DEPTH 1 1 1 1 1 1 1 1 1 1 1 1 , 
1 1 1 (ft.) 1 (ft.) 1 1 1 1 1 1 1 1 1 1 1 1 1 
1---------1---------1-----·---1---------1-------1-------I-------------I-----~-~-------I-------I-------I-------1-------1-------1-------1-------1------· 
1 13-CIA 1 143.2 1 5.1 1 HA 1 -24 1 1.91 II0yr 6/6-fs 1 6.5 1 0.76 1 860 1 <3.1 1 49 1 <0.02 1 420 I <0.02 1 <100 '8DL 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------· 
I 13-C18 1 1 7.1 1 HA 1 24 1 2.30 110yr 7/4-fs 1 5.5 1 0.56 1 370 1 1.5 1 31 1 <0.02 1 310 1 <0.02 1 <100 I BOL 
1---------1---------1---------1---------1-------1-------I-------------I-------I-------I---~---I-------I-------1-------1-------1-------1-------1-------
1 13-CIC 1 1 9.2 1 HA 1 25 1 3.76 110yr 6/2-Ifs 1 5.2 1 0.29 1 300 1 <1.6 1 25 1 <0.02 1 500 1 0.05 1 <100 1 'BOL 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------: 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
I---------I---------I---------I~--------I-------I-------I-------------J-------I-------I-------I-------I-------1-------1-------1-------1-------1-------
1 13-02A 1 142.9 1 3.7 1 0.4 1 24 1 7.25 110yr 3/2-Ifs 1 . 7.0 1 0.78 1 3200 1 8.1 1 220 1 6.00 1 470 1 0.47 1 900 I'SDL I 

1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------I-------I-------I-------I------~I-------l 
1 13-028 1 1 5.8 1 2.5 1 23 1 8.79 110yr 6/8-fs 1 6.3 1 0.33 1 430 1 6.6 1 56 1 0.44 1 480 1 <0.02 1 <100 1 BDL ! 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------I-------I-------I-------I-------I-------! 
1 13-0lC 1 1 7.9 1 4.6 1 23 1 7.B6 110yr 6/6-fs 1 5.3 1 0.65 1 180 1 <3.3 1 29 1 0.20 1 360 1 0.02 1 <100 1 'BOl I 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------, 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1------~I-------I-------I-------I-------I-------: 
1 13-01A 1 143 1 3.4 1 0.4 1 22 1 14.B4 IIOyr 3IZ-Ifs 1 7.6 1 1.40 1 3000 1 <B.B 1 300 1 O.Bl 1 680 1 5.1 1 <100 1 SDL • 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------1 
1 13-018 1 1 5.5 1 Z.5 1 21 1 5.78 110yr 5/6-15 1 7.9 1 0.67 1 440 1 B.O 1 72 1 0.05 1 470 1 4.B 1 <100 1 EDt. I 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------I-------I-------I-------I-------I-------! 
1 13-DIC 1 1 7.6 1 4.6 1 21 1 5.64 II0yr 6/6-fs 1 7.9 1 0.3 1 200 1 19.0 1 35 1 <0.02 1 380 1 0.78 1 <100 1 SOL I 
1---------1---------1---------1---------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 

(1) Soil core sampled extended above and below mid-core point by approximately 0.25 feet. 
(Zl Hunsell colors and soil textures .s determined manually on field-moist samples. 
(3 Units on TOC. CI-, TKN, H03-H, TP, and OP are mg/kg dry soil. 
(4) Orthophosphate analyses run on water extracts of the soil (Olson and Sommers. 1982). 
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Table K3. Results of sub-infiltration system soil sampling at home 22. 

i:~~~~~~:-i-:~~~~--i-~!~!t~-ii~~~~URF.i-~~~~--i-~~:~~-iCOLORiTEXI~~Ei--::---i-;~~;-i;~~~~:;i;~~~::;i;::~~:;i;:~~:;i~:~~::;ie:~~~!-i-~:f:i-i-~~:~ 
I I £lEV. IHIO-COREIHIO-COREI ('C) I s I I· 110 gin I I I I I IIlng/kg)I I/9m I -
I I (ft.) I OEPtH(l)l DEPTH I I I 1 1 I I I 1 1 I I I 
I I I (ft.) 1 (ft.) I I 1 I I I I 1 1 1 1 1 I 
1---------1--------1--,-----1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
122-CIA I 14.9 I 2.7 I HA I IS I 5.41 II0yr 6/3-fs I 6.9·' 0.71 I 750 I 16.00 I 79 I 0.03 I 93 I 0.13 I <10 '1H>L 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
122-C18 I I 4.6 I HA I 18 I 21.52 II0yr 6/Z-vfs I 7.4 I 0.241 150 I 11.00 I 20 1<0.02 I 21 I 0.29 I <10 I 'BDL 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
I I I I I I I I 1 I I I I I I I I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
I I I 1 I I I I 1 I I 1 1 1 "I I I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
122-02A I 14.9 I 2.4 1 0.3 I 15 1 6.96 I 1 Orr 6/3-fs I 6.6 I 1.10 I 1300 I 3.2 I 170 I 3.40 I 350 I 4.20 I 370 1150l. 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
122-028 I I 4.6 I 2.5 I 17 I 22.04 110yr 6/Z-vfs I 7.1 I 0.28 I 170 I 9.6 1 23 I 0.04 I 70 I 1.20 I 10 I BOL 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
I I 1 I I 1 1 1 1 1 1 1 1 1 1 1 I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
I I I I I I I I I I I II I I I I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1------
122-01A I 15 I 2.6 I 0.4 I 17 I 13.10 110yr 6/3-fs I 5.2 I 1.60 I 3300 I <8.6 I 520 I 1.30 I 540 I 14.00 I 2000 I \1' 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------/-------/-------/-------/-------1-------/-------1-------1------
122-018 I I 4.6 I 2.4 / 18 1 21.08 1 1 Orr 6/2-vfs I 6.5 1 0.51 1 250 1 9.5 I 49 I 6.10 1 110 I 2.90 I 10 I SDI.-
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-------
I I I I I 1 I I 1 I 1 1 I 1 / I I 
(ii-S~ii-~~;;-;;~;i;d-;;~;~d;d-;~;;-;~d-b;i~~-;id:~~;;-;~i~t-b;-;;;~;i;;t;i;-o:25-f;;t:-------------------------~--i;~--t>;chi;;;b-;~i=;n-~-----
(2) Hunsell colors and sofl textures as determfned manually on ffeld-molst samples. 
(3) Unfts on TOC. CLOt TKH. H03-N. TP, and OP are lng/kg dry soil. 
(4) Orthophosphate analyses run on water extracts of the soil (Olson and Sommers. 1982). 

(SSR22.wkl) 
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-Table K4. Results of sub-infiltration system soil sampling at home 24. 

i-s~;~LE--i--G;o~--i--soiL--iiH~-s~RF;-soiL--i-soiL--icOLoRiTE~TUREi-------i--cEc--i--Toc--i--ci---i--T~--i-Hoj:H-i--T;---io;-i4j-i-F;~;i-i-Yoc; 
ILOCATION I LEVEL I SAHPLE I TO I TEHP I HOIST I (2) I pH 1~I(mg/kg)l(mg/kg)l(mg/kg)l(mg/kg)l(mg/kg)ILeach. I Call I ug/k 
I I HEV. IHIO-COREIHID-COREI ('C) 1 % I I 1100 gm I I I I I I (llg/kg)I 1/9'1 I 
I I (ft.) IOEPTH(1l1 DEPTH I I I I I I I I I I I I I 
I I I (ft.) I (ft.) I I I I I I I I I I I I I 
1---------1--------1--------1--------1-------1-------1-------------I------!I-------I-------I-------I-------I-------1-------1-------1-------1-----
I 24-CIA I 15.6 I 2.8 I NA I 13 I 4.89 110yr 6/6-fs I 6.5 I 0.94 I 640 I 3.2 I 54 I 0.06 I 33 I 0.09 I <10 I 'SOL 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I 24-C18 I I 4.6 I NA I 16 I 12.59 110yr 6/6-fs I 7.4 I 0.48 I 300 I 6.9 I 55 I 0.01 I 31 I <0.02 I <10 I'SD! 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I I I I I I I 1 I I 1 1 I I I 1 1 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I I I I I 1 I I I I 1 1 1 I I I I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I Z4-02A I 15.7 I 3.1 I .3 I 16 I 14.00 110yr 5/Z-lfs 1 6.2 1 1.60 I 3400 1 7.0 1 520 1 6.60 I J50 I 0.87 I 70 I 'SDL 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I 24-0Z8 I I 5.0 I 2.2 I 16 I 14.13 110yr 6/3-fs I 6.9 I 0.63 I 260 I 14.0 I 41 I 9.40 I 89 I 1.70 I <10 I SDL 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I I I I I I I I I I I I I I I I I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I I I I I I I I I I I I I I I I I 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I 24-01A I 15.7 I 3.0 I .4 I NA I 16.99 1l0yr 4/3-lfs I 5.5 I 2.30 I 5100 I 14.0 I 870 I 6.50 I 550 I 8.10 I 380 113t>L 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I 24-018 I I 5.0 I 2.4 I 18 I 15.25 /lOyr 7/2-fs I 6.7 I 0.52 I 210 I 14.0 I 43 I 9.30 I 90 I 1.10 I <10 16DL. 
1---------1--------1--------1--------1-------1-------1-------------1-------1-------1-------1-------1-------1-------1-------1-------1-------1-----
I I I I I I I I 1 I 1 I I I I I I 

(1) Sofl core sampled extended above and below mfd-core pofnt by approxfmately 0.25 feet. 
(Zl Hunsell colors and sofl textures as determfned manually on ffeld-mofst samples. 
(3) Units on TOC. CL-. TKH. NOl-N. TP and OP are IIg/kg dry soil. 
(4) Orthophosphate analyses run on water extracts of the sofl (Olson and Sommers. 1982). 
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