
   Input needed from RRAC 

A. Possible system selection strategies: Awaiting RRAC’s Approval 
 
1. Random Sampling based on all systems that have sufficient information to 

be located (addresses) 
Pros:  this will give an overview of systems in general,  
Cons:  limits comparisons between attributes.  By getting many samples 
from common systems and counties with many installations but few of less 
common systems, differences between management approaches between 
systems or counties will be hard to detect.  

2. Stratified Sampling by Manufacturer  (based on all systems that have 
sufficient information to be located (addresses) and have manufacturer 
information 
Pros:  By getting a minimum sample size of all manufacturers that exceed 
a minimum number of installations (e.g. 20), it will be possible to compare 
treatment technologies 
Cons:  manufacturer information is not available for all records, so this 
approach would have to be either supplemented by additional random 
sampling, or risk losing information on systems with the management 
attribute “no manufacturer recorded”  

3. Stratified Sampling by type of permit (ATU, PBTS, innovative, commercial 
vs. residential) 
Pros:  The permit stands as a proxy for the type of management.  Overall 
the management level is similar, though, with the exception of old 
experimental systems (no OP and ME) and commercial systems (no ME) 
Cons:  little difference between ATU and PBTS expected because code is 
similar  (requirement of ME).  Commercial vs residential may be more 
interesting 

4. Stratified Sampling by County (e.g. counties with few, many systems, or 
same number of samples per county) 
Pros:  can gather comparative information on counties, even those with 
few systems 
Con: some counties have very few systems, so stratification could result in 
lots of information on a random small county, not better than random 
sampling.  Approach also assumes that number of systems (rather than 
e.g. fraction of systems that have current operating permit)  is a predictor 
of management 

5. Stratification by Maintenance entity: Contact the Maintenance Entity and 
have them Identify systems that are in need of annual inspection or that is 
in need of frequently visits. 

Pros: The Maintenance Entities are familiar with the systems and location of 
each sampling point (effluent or influent tanks) 
Cons: We might be limited to only properly functioning systems.  Information 
on maintenance entities is very limited in database, would need to be 
supplemented by random sampling 



 
 

6. Contact County Health department and have them assist in the selection 
process.  
Pros: Like the ME they should be familiar with the systems and would be able 
to provide additional information on the system. 
Cons: They may not have the man power to devote to this project.  
 
7. Visit all 67 counties and collect 9 samples per county. 
Pros: This would be a true random sampling but, we would not have a 
parameter to judge or compare systems. 
Cons: This would result in a time management discrepancy instead of 30 
weeks it would take 67 weeks to complete this sampling event.  
 
8. Select sites base on geographic location. 
Pros: A representative group of systems would be selected with the same 
temperature and soil profiles. This could be used for further comparison 
through out the state. 
Cons:   While this may provide insights into temperature, it would provide no 
clear information on management, except by whatever locations happened to 
be picked.  This would have a significant economic, as well as, time 
management disadvantage. 
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1.0 Overview  
  

1.1 Project Purpose 
 

To evaluate the performance of advanced systems throughout the State of Florida and identify best 
management practices with regards to compliance.   
 

1.2 Background information  
 

Onsite Sewage Treatment and Disposal Systems (OSTDS) are one of the nutrient sources in nutrient 
impaired watersheds. Estimates of the extent of their contribution to nitrogen loadings for different 
watersheds in Florida have ranged between less than five and 20%.  Conventional OSTDS (septic tank-
drainfields) have limited capacity to reduce nitrogen concentrations in water discharged to the drainfields.  
Because of this, residential density limitations have been used as one approach to meet the nitrate drinking 
water standard of 10 mg/L, which is not necessarily protective of ecological health.  The phosphorus loading 
from OSTDS has been of most concern in the Florida Keys, where small lots, poor soils, and building 
practices increase the risks of impacts on surface water. 

 
To achieve higher reductions of nutrient concentrations, additional treatment steps in OSTDS are 
necessary. Advanced OSTDS can utilize various approaches to improve treatment before discharge to a 
drainfield, or the drainfield itself can be modified.  On occasion, engineers have included the drainfield as 
part of the treatment process, usually as means to achieve fecal coliform removal.  In such cases, the 
engineer is required to include shallow groundwater monitoring wells in the monitoring plan.   

 
The emphasis of this study will be on assessing the effectiveness of pretreatment before discharge to the 
drainfield.  There are two large permitting categories in Florida onsite regulations that qualify as advanced 
treatment:   Aerobic Treatment Units (ATUs) (Florida Administrative Code 64E-6.012), which are generally 
permitted based on certification by the National Sanitation Foundation; and performance-based treatment 
systems (PBTS) (Florida Administrative Code 64E-6, part IV), which are permitted based on design by an 
engineer experienced in wastewater.  A third permitting category, rarely used, consists of engineer-
designed alternative systems, such as sand filters. 

 
Advanced systems have been required by local regulations, at least in part, with the objective to reduce 
nitrogen loading to sensitive areas (Florida Keys, St. George Island, Aucilla and Suwannee River 
floodplains, and Volusia County).  In addition, Florida Administrative Code (FAC) 64E-6 requires advanced 
treatment, sometimes including nitrogen and fecal coliform removal, for lots where the usually required 
setback or authorized lot flow restrictions cannot be met. 

 
Advanced systems differ in three aspects from conventional treatment systems that consist of a septic tank 
with drainfield.  The design of advanced systems is more variable than the prescriptive approach for 
conventional systems.  They need more frequent checkups and maintenance, which has been the reason 
for requiring operating permits for them.  The performance expectations are more specific than absence of 
sewage on the ground surface, while failure definitions for advanced systems are vaguer.  The first two 
issues have been challenges for the permitting process.  Site specific performance specifications are not 
captured completely in the three databases that are used statewide for tracking permits, two that were 
developed for conventional system permitting for the state, and one that was developed for inspection 
tracking by Carmody, Inc.  The third issue has made it hard to determine how well this aspect of Florida's 
onsite program is working.  Until early 2001, operating permit fees allowed County Health Departments to 
perform limited sampling.  In 2001, the legislature decided to limit operating permit fees.  Since then, there 
has been no systematic statewide assessment of the management and performance of these systems.  The 
proposed project aims to perform such a statewide assessment and develop improvements in the 
management of advanced systems where indicated. 
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1.3 Sampling locations 
 

The project is to be performed statewide.  The specific sampling locations will be selected based upon one 
or more of the following criteria: system type, system age, geographic location, random sampling, and 
density of advanced systems.  The systems will be selected based on the Task 2 project database.  If 
manufacturer information and system type are available initially for at least half of the systems, the sampling 
will be stratified to assure proportional representation of manufacturers and system types.  The final 
subgroup categories and sizes will be determined with input from the DOH Research Review and Advisory 
Committee (RRAC) and consideration of the results of Task 1. 
 
Due to the wide range of sampling locations associated with this project, it is anticipated that several 
NELAP certified laboratories will be utilized.  NELAP-certified laboratory services will be provided by DOH-
labs, procured in a set of purchase orders with local labs, or by contract with regional labs. 

 
1.4 Overview of project sampling plan  
 

During phase 4 an estimated total of 600 systems will be tested for three of the five analytes (TSS,TN and 
CBOD)  The samples will be collected from the effluent ports. Then 300 systems out of the 600 systems will 
be sampled from the effluent tank and tested for two of the five analytes (Fecal coliform and TP).  
 
In additionally to the 600 systems selected 100 systems will be sampled from the influent tank and tested 
for all five analytes (TSS, TP, TN, CBOD and fecal Coliform).. 
 
Upon completion of phase 4, a quarter sampling event (phase 5) requires the continuation of sampling for 
70 systems; of which 35 systems shall be tested for TSS, TN, CBOD and remaining  35 systems shall  be 
tested for  TP and Fecal coliform.  
 
The use of a single Laboratory or several different laboratories will be determined after input from the RRAC 
committee. To ensure holding requirement of 6 hours for the fecal coliform samples some local labs should 
be considered. 
 

1.5 Project objectives  
 

The objectives of the overall project are to quantify the reduced loading of contaminants from advanced 
Onsite Sewage Treatment and Disposal Systems (OSTDS) to the environment; assess the operational 
status of systems under the current management framework; survey perceptions of user groups regarding 
the management of such systems; validate elements of a monitoring protocol for consistent assessment of 
systems; document good management practices. 
 This Quality Assurance Project Plan (QAPP) lays out the methodologies, procedures and other 
requirements necessary for collecting data adequate to support the goals of the project. Subsequently, the 
water quality data gathered through the sampling will be used to assess the overall performance of these 
systems.  The data will be used to recommend best management plans which will help ensure that 
advanced systems are performing as designed. 
 

1.6 Definitions: 
 
A. Advanced system:  Includes aerobic treatment units (ATUs), performance-based treatment systems 
(PBTS), innovative systems, and sand or gravel filters.   
B. Carbonaceous Biochemical oxygen demand (CBOD5): The concentration of oxygen (expressed as 
mg/l) utilized by microorganisms in the oxidation of organic matter during a five day period at a temperature 
of 20 Degrees Celsius or 68 degrees Fahrenheit. 
C. Data quality indicators: Quantitative and qualitative measures of principal quality attributes, including 
precision, accuracy, representative-ness, comparability, completeness, and sensitivity employed as a 
means of specifying criteria which, if achieved, will provide an indication that the resulting data are expected 
to meet the data quality objectives of the standard. 
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D. Manufacturer: The entity that develops, designs, and produces residential or commercial wastewater 
treatment systems. 
E. NELAP:  National Environmental Laboratory Accreditation Program 
F. Quality Assurance Project Plan (QAPP): a written document that describes the implementation of 
quality assurance and quality control (QA/QC) activities during the life of the project. 
G. RRAC:  Research Review and Advisory Committee, Department of Health committee formed under 
F.S. 381.0065(4)(o). 
H.  Total nitrogen: The sum of the total Kjeldahl nitrogen (TKN), Nitrite (NO2), and Nitrate (NO3) in a 
sample, expressed as mg/L as N. 
I. Total suspended solids:  The quantity of solids (expressed as mg/L) readily removed from a well 
mixed sample with standard laboratory filtering procedures. 
J. Total Phosphorus: are essential nutrient for plant growth. 
K. Fecal Coliform: are bacteria mainly associated with the colon of animals (including humans) and which 
are excreted in feces. 
 
2.0 Project Organization and Management: 

 
2.1 Organization Chart of Key Personnel 
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2.2 Training Requirements and Certification  
 

In accordance to the grant agreement individual performing sampling should obtain an OSTDS certification. 
An accelerated Training class will begin on December 7 thru December 11 of 2009. . Debra Roberts is 
enrolled and plans to obtain this certification.  
 

Project Manager 
Florida Department of 

Environmental Protection
 

Patricia Sanzone 
 

Project Manager 
Florida Department of 

Health 
 

Elke Ursin 
 

Field Services, Sampling, 
and Data Collection 

 
Debra Roberts 
(Contracted) 

Subcontractors 
 

NELAP Approved 
Laboratories (To Be 

Determined) 

Technical Advisors 
 

• Gerald Briggs (FDOH) 
• Paul Booher (FDOH) 
• Eberhard Roeder (FDOH) 
• FDOH Research Review 

and Advisory Committee 

• Schedule/budget 
• Management 

• Quarterly Reporting to DEP 
• Draft / Final Reports 
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The Department of Health licensed professional engineer, certified environmental health professionals, the 
Research Review and Advisory Committee, and other interested parties will be conducting draft and final 
report review. 
  
Debra received her Bachelor of Science in 2001 from Florida A&M University major in Biology and minor in 
Chemistry. In addition she has worked as a QA Chemistry and Environmental Lab technician for General 
Dynamics, Chemist for Total Home Care Solutions and Quality Assurance Supervisor for Talecris Plasma 
Resources. The culmination of aforementationed employers has exposed her to an extensive knowledge of 
standard operating procedures with respects to handling samples, collection, preservation, transport and 
storage, documentation, chain of custody record completion, and communication with event coordinators 
and laboratory staff.  
 
The selected laboratory will be NELAP certified according to EPA standards methods. Equipment probe 
numerical values will be obtained in accordance with manufacturers instructions.  
 
3.0 Experimental Approach 

3.1 General approach and testing conditions  
The samples shall be collected and analyzed by a NELAP certified laboratory.  

3.2 Experimental Design And Sampling Strategy  
 

This experiment is designed to measure the overall performance of advanced systems. The sampling 
parameters include system type, system age, geographic location, random sampling, and density of 
advanced systems.  
 

3.3 Sampling / Monitoring Points 
 

A total of 600 sites will be selected for the sampling of effluent ports. Each site will be tested for TSS, TN 
and CBOD which will result in 1800 analytes tested from the effluent tanks. In addition to the 1800 analytes 
tested 600 will be collected from the effluent tank and tested for fecal coliform and TP. This will result in a 
net total of 2400 analytes tested from the effluent tanks. 
 
While at the aforementioned sampling sites 100 will be selected for sample collection and tested for TSS, 
TN, TP, CBOD and Fecal coliform. This will result in a net total of 500 analytes tested from the influent 
tanks. 
 
Additionally, 35 systems will be selected and tested on a quarterly basis for TSS, TN, CBOD and 35 
systems will be tested for TP and Fecal coliform. This will result in the net total of 1400 analytes tested per 
year.  
 
Field duplicates of both influent and effluent samples will be collected one duplicate for every twentieth 
samples.  
 
 An alternative 100 systems will be selected as a precautionary measure in the event that the original 
system does not produce an adequate amount of sample.  
 
Depended on the laboratory selection an audit will be perform prior to sampling and then quarterly 
thereafter.   
 

3.4 Frequency Of Sampling  
 

The initial sampling timeline requires that 600 systems are sampled within the project period.  An estimated 
amount between 5 to 10 systems will be sampled daily.  Subsequently, a select number of 70 systems will 
be sampled on a quarterly basis thereafter. 
 

3.5 Measurement and parameters of interest 
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Obtaining access to property will serve as a limiting factor, however if a relationship with the associated 
system maintenance entity is developed this might aid in the process of gathering a larger number of 
samples.  The basic project design is to sample a total of 700 ports which would serve as a representative 
population 
 

4.0   Sample and audit plans 
A total of 600 systems shall be selected for the sampling of effluent ports. Each system will be tested for TSS, TN 
and CBOD5 which will result in 1800 analytes tested from the effluent tanks. In addition to the 1800 analytes tested 
600 will be collected from the effluent tank and tested for fecal coliform and TP. This will result in a net total of 2400 
analytes tested from the effluent tanks. 
 
While at the aforementioned sampling sites, 100 influent tanks will be selected for sample collection and tested for 
TSS, TN, TP, CBOD5, fecal coliform. This will result in a net total of 500 analytes tested from the influent tanks. 
 
Depended on the laboratory selection an audit will be perform prior to sampling and then quarterly thereafter.  If the 
laboratories are within driving range an initial audit of the facility will be conducted prior to first sample submission. 
 
4.1 Significance of measuring analytes 
 

4.1.1 Rationales for analytes to assess performance and operational status 

 

The performance and operational status of a treatment system will be characterized by effluent 
concentration of several analytes.  These will be indicators of a) how complete aerobic stabilization is;  b) 
what the nutrient concentrations leaving the system are; c) the extent of treatment of a pathogen indicator; 
d) operational variables that are expected to be related to system functioning 

 

A. CBOD5 test measures the oxygen utilized to oxidize organic material, inorganic material, and reduce 
forms of nitrogen in the sample. A change in levels away from acceptable ranges may interfere with aerobic 
processes, as well as, the decomposition of organic matter generates cell growth. 

 

B. Total suspended Solids (TSS) measures the non filterable materials contained in the wastewater sample.  
The solids contained in a wastewater sample will accumulate over time thereby reducing the clear layer.  If 
the clear layer is reduced, it causes the solids and liquid retention time to decreases. This will lead to an 
increase in the organic and solid matter leaving the tank. 

 

C. Total Nitrogen measures dissolved inorganic nitrogen such as nitrites, nitrates and ammonia, as well as 
organic nitrogen. Excessive nitrogen in wastewater effluent can lead to eutrophication of receiving waters. 
Within wastewater treatment systems, nitrogen exists in a variety of forms; following nitrogen species 
through the wastewater treatment system can help to identify biological transformations.  Different types of 
biological transformations occur under aerobic and anoxic conditions: 
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Aerobic conditions: 

1. Hydrolysis: Conversion of organic nitrogen into soluble ammonium 

2. Nitrification: Conversion of ammonium to nitrite and nitrate 

3. Nitrogen assimilation: Incorporation of nitrogen into biomass - cells are composed of approximately 
12.4% nitrogen 

 

Anoxic conditions: 

The main transformation is denitrification, where nitrite and nitrate are reduced to nitrogen gas, which 
evolves to the atmosphere. 

 

Denitrification and nitrogen assimilation are the only ways to remove nitrogen from the system.  All other 
processes are only transforming nitrogen from one dissolved species to another. 

 

D. Total Phosphorus is a key nutrient for living organisms, and a key component of cell macromolecules 
such as RNA, phospholipids (cell membranes), and ATP.  In aqueous solution, phosphorus is typically 
found as orthophosphate, polyphosphate, and organic phosphate.  

1. Orthophosphates: (H3PO4) are readily available as nutrients.  

2. Polyphosphates: which are chains of phosphorus-based molecules, must be converted to 
orthophosphates via hydrolysis prior to utilization as a nutrient.  

3. Organic phosphates:  must be converted to orthophosphate to be available as a nutrient.  Cells are 
composed of approximately 2.5% phosphorus. 

 

E. Fecal coliform are a good indicator of contamination from human or other animal waste products and 
they indicate greater risk of exposure to pathogenic organisms. Each person discharges from 100 to 400 
billion fecal coliform organisms per day. 

 

Total alkalinity is a measure of how much acid it can neutralize.  

Alkalinity is significant in the treatment of wastewater, because it will influence treatment processes such 
as anaerobic digestion 

Chlorine (only for systems with chlorination) is used as a disinfectant because it destroys targeted 
organisms by oxidizing cellular materials 
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4.2 Preparations prior to sampling 

4.2.1 Permit file review and coordination 

Prior to sampling, the sampler will coordinate with the county health department for the respective systems. This will 
include review of the permitting files.   
The following forms will be collected and maintained in a separate file: Engineer Schematics, Original permit, 
original soil evaluation, site plans, As built, latest Operating permit, latest ME inspection and latest CHD inspection. 
 
The selected onsite systems will be tentatively sampled on Monday thru Thursday according to the following plan. 
Preparation for the following week sampling event shall occur on Friday. 
 
A two hour window in between sites will allow for breakdown, transport and setup at the next location. This will vary 
based on the location of sample sites selected. 
 
This will result in a yield of 5 systems sampled daily for approximately 30 weeks depending upon the weather and 
access to systems.   
 
Fridays will designated to contacting system owners, ME and CHD to finalize the sampling time and date. Also this 
would be an opportunity to answer any questions that might arise.  
 
The maintenance entity can assist identifying the component tanks and uncovering obstructed tanks. 
The maintenance entity if possible could coordinate their inspection with the sampling events. While in the various 
counties, the local county health department shall be notified and can coordinate annually inspections accordingly. 
This would provide insight of their inspection process and best management practices. 
 
 

4.3 Equipment preparations prior to sampling 

4.3.1 Packing list 

There are several tools and equipments required to complete a sampling event. An automatic sampler with sample 
container, crowbar, 500ml beaker, tubing, battery, coolers, Taylor test kit, 0.5 and 1.0 disposable pipette caps,  50 
ml graduated cylinder , NIST-traceable thermometer, small table, YSI and sample bottles. 
 
The supplies needed are as followed: powder free latex gloves, hand sanitizer, eye protection, plastic bags, 
garbage bags, liquinox detergent, hand lotion and ice.  
 
Disposable powder free gloves are mandatory for sample collection to protect personnel who collect the samples 
and to assure the integrity of the samples. Disposable gloves will be changed and discarded at each sampling 
location. 
Expose the sample points by removing any obstructions.    

4.3.2 Equipment cleaning 

When automatic sampler is deployed for extended time periods, clean the sampler using the following procedures 
when routine maintenance is performed. Inspect deployed samplers prior to each use. At a minimum, change the 
tubing if it has become discolored or has lost elasticity. 
  
Clean the automatic sampler after each sampling event as followed: Wash the exterior and accessible interior 
portions of the automatic samplers (excluding the waterproof timing mechanisms) with laboratory detergent and 
rinse with de-ionized water. Next, clean the face of the timing case mechanisms with a clean, damp cloth. Then, 
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check all tubing (sample intake and pump tubing). Change the tubing every six months or if it has become 
discolored (i.e., affected by mold and algae) or if it has lost its elasticity.  
 
Disposable powder free gloves shall be mandatory for sample collection to protect personnel who collect the 
sample and to ensure the integrity of the samples. Disposable gloves will be changed and discarded at each 
sampling location. 

4.4 Calibration of YSI devices 
The YSI will be calibrated daily prior to sampling event. Then a verification calibration will be completed daily after 
the final sample collection.  
 
Ph calibration will be completed by use of three buffers solutions. Prior to use and after opening buffer solution the 
date open will be annotated on the container. The expiration date of the buffers should not exceed one year after 
open date. 
 
An air calibration will be completed on the dissolved oxygen probe and compared to the oxygen solubility table FT 
1500-1 in FDEP’s SOP FT 1500.  
 
The temperature sensor will check against an NIST-traceable thermometer on bi-weekly intervals. 
 
Table 1. Field Parameter 
Parameter Acceptable criteria Units 
Temperature +/- 0.2  Celsius 
Conductivity +/- 5 % of solution 

value 
mS/cm 

Dissolved Oxygen (DO) +/- 0.3 mg/L DO% 
Power of hydrogen (pH) +/- 0.2  pH 
 
If acceptable calibration standards are not meet a second attempt will be made to calibrate the YSI 556 instrument. 
After the second attempt to calibrate device proves to be unsuccessful a complete diagnosis by field personnel per 
manufacture instruction will be completed to ensure accuracy.  A probe’s reading will be qualified if calibrations are 
not within acceptable ranges.   
 
4.5 Field testing equipment and calibration 
In general electronic instruments for pH, DO and Turbidity are used to measure the properties of water or 
wastewater. As such, they are indirect methods of measurement, and must be calibrated. To calibrate 
probes/instruments, it is extremely important that the technology manufacturers SOP are carefully followed and 
documented. The operator, by complying with instructions will ensure that the equipment is operating as designed 
by the supplier and there is quality control of field data. Accurate field data is necessary in order to 
meet sampling protocol requirements Non-compliance with calibration and testing instruction will result in a lack of 
calibration and inaccurate measurements which will mask both treatment and effluent water quality problems and by 
violating sampling protocols will invalidate all data collected. 
 
4.5.1 Temperature 
The temperature will be measured using pH and dissolved oxygen meter, or thermometer. 

4.5.2 PH   

Measures the “acidity” of the water, measured using a pH meter. 
This meter is used to measure the acidity of the water by comparing readings from a reference electrode and a 
sample electrode. To determine pH the output of these electrodes must be temperature-compensated, most pH 
meters also measure temperature. 
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4.5.3 DO 
The DO meter will measure dissolved oxygen, electrical conductivity, and salinity. DO is measured by the rate of 
consumption of oxygen at the tip of the probe, so it requires continual movement of water past the tip (an up-and-
down motion seems to work best, keep the probe tip submerged). Stable readings are not possible while the 
temperature of the sample is changing.  
 

4.6 Sample labeling 
Sample container from the Laboratory are marked: influent grab CBOD5, influent grab TSS, influent grab TN, 
Influent grab TP, influent grab fecal coliform, effluent grab CBOD5 effluent grab TSS, effluent grab TN, effluent grab 
TP, effluent grab fecal coliform. The nomenclature of the sample will be. 
 
The County coded+ unique Id from database will be annotated on the appropriate sample bottles label. If the 
sample collected is a blank the same county coded, unique Id and word blanks or equipment blanks will be used to 
identify the systems. 
 To ensure accuracy of the sample, label bottles with just prior to field uses.  
 
Example of sample name: 

01- Unique Id   
01-Unique Id “blank” 

 
Table 3. County and associated codes  
County Code County Code County Code County Code 
Alachua 01 Flagler 18 Lake 35 Pinellas 52 
Baker 02 Franklin 19 Lee 36 Polk 53 
Bay 03 Gadsden 20 Leon 37 Putnam 54 
Bradford 04 Gilchrist 21 Levy 38 Santa Rosa 55 
Brevard 05 Glades 22 Liberty 39 Sarasota 56 
Broward 06 Gulf 23 Madison 40 Seminole 57 
Calhoun 07 Hamilton 24 Manatee 41 St. Johns 58 
Charlotte 08 Hardee 25 Marion 42 St. Lucie 59 
Citrus 09 Hendry 26 Martin 43 Sumter 60 
Clay 10 Hernando 27 Monroe 44 Suwannee 61 
Collier 11 Highlands 28 Nassau 45 Taylor 62 
Columbia 12 Hillsborough 29 Okaloosa 46 Union 63 
Dade 13 Holmes 30 Okeechobee 47 Volusia 64 
Desoto 14 Indian Rivers 31 Orange 48 Wakulla 65 
Dixie 15 Jackson 32 Osceola 49 Walton 66 
Duval 16 Jefferson 33 Palm Beach 50 Washington 67 
Escambia 17 Lafayette 34 Pasco 51   
 

4.7 Notification  

4.7.1 Initial system observation 

One day prior to the field sampling, a telephone call will be made to the homeowner. At this time if there are any 
questions, comments or concern the homeowner will have an opportunity to ask prior to staff arrival. During this 
phase the homeowner should be informed that there will be no retaliatory action or disruption to property upon 
arrival. 
 
Upon arrival to the site location, knock on the door so that the homeowner is aware of your presents. Evaluate the 
property for dangers that may impede your ability to collect samples.  
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4.7.2 Sampler setup 
Prepare the site by removing the sampling equipment. Ensure that the effluent and influent tanks are easily 
differentiated by using the schematics provided by the local County Health Department. Place an automatic sampler 
near the effluent sampling point and a different automatic sampler near the influent sampling point when applicable. 
Ensure that all wires and tubing connections are properly connected and the battery is fully charged. 
 

4.7.3 Preparing the site for sampling 
4.7.3.1 Turbidity 
The clarity of the water, measured using a portable turbid meter. 
The turbid meter measures the light transmittance of a sample in NTU's (Nephelometric Turbidity Units, a standard 
measure). It needs no field calibration. Handle the sample vials only by their ends (preferably the lid) so as not to 
affect the transmittance; wipe any fingerprints, spots, etc. from the outside of the vial; and be sure to close the vial 
compartment lid when taking a measurement. 
 
 
4.7.3.2 Collecting samples with auto-samplers 
The sampler should be placed in an upright (it will not work if placed on its back or side. Open the sampler and 
remove the battery charge from the unit. 
To secure the sample jug, screw the jug cap/float, place jug into the sampler enclosure, insert end of the peristaltic 
pump hose into the hole in jug cap and plug the float switch lead into the control panel. (Located under control panel 
enclosure). 
 
If possible, secure the auto-sampler to a fixed point, such as a tree or fence post to prevent theft. The sampling unit 
is water resistant, not water proof. Avoid submerging the unit. 
Insert the hose into the sample port and submerge the strainer under water but avoid the water surface or tank 
bottom. The samples should be collected at depth between 40% and 60% of the total depth where the turbulence is 
maximized.  
Set the collection volume to appropriate volume and start collection process.  Note: If the unit does not start the 
sample cycle press the pump test button to initiate a sample. 
Label bottles with time and date of sample collection and note time on the chain of custody form.  
The global Water WS700 wastewater sampler will function only if the battery plug is securely fastened into the 
battery socket on the control panel and the floater sensor plug is inserted into its socket. 
Cap and invert the sample collecting jug 5 times to obtain a homogenous mixture then pour to contents into the 
respective sample bottle. 
 
The remaining wastewater shall be used to determine visual/olfactory and Taylor chlorination test for chlorinated 
systems only.                
 
Example of Automatic Sampler:  
Composite and Discrete Samplers.  
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FEATURES:  
Ideal for wastewater, industrial and environmental sampling  
CE Certified  
Does composite, or discrete sampling  
Simple to operate – no programming required  
Output provided for use with optional data logger  
Lightweight and easy to carry  
Rugged construction for harsh environments  
Meets federal, state and local wastewater regulations  
Timed and external flow pulsed samples  
Adjustable and repeatable sample volume  
Peristaltic pump prevents sample contamination  
Automatic back flush clears pickup strainer and hose  
Rechargeable battery or AC powered  
Refrigerated/cooler options available  
The easiest and most reliable method for collecting water quality 
samples  

  

 

4.8 Duplicates, fields and equipment blanks 
 
Field duplicates of both influent and effluent samples shall be collected at a frequency of one duplicate after the 
twentieth samples.  
 
Field blanks will be collected with the use of tap water and equipment blanks with distilled water after the twentieth 
sample collection. 
 
Additionally, the laboratory will provide a sample bottle designated QC lab bottles. The chain of custody form will be 
annotated whether the field blank was tap water or distilled water. 
 
4.8.1 Duplicates 
A duplicate sample will be collected and tested for all five analytes after every twentieth sample collection.  
4.8.1.1 Collect enough wastewater to fill 2 sets of sample bottles. 
4.8.1.2 Fill the sample bottles  
4.8.1.3 Label the bottles with time of sample collection and annotate “Duplicate” on appropriate sample bottles. 
       
 4.8.2 Field blanks 
The field blank will be obtained by pouring clean water taken from distilled water container. The frequencies of field 
blank collection will occur after every twenty samples. If an analyte is detected in a blank at greater than the 
detection limit and/or 10 percent of a quantified project sample, a reanalysis will be required.  
 
4.8.3 Equipment blanks 
The equipment blanks will be collected by pouring distilled water into a 500 ml beaker. Then the autosampler hose 
will be inserted into the 500 ml beaker and cycle through the equipment. A sample collecting bottle will be placed in 
the autosampler to collect the equipment blank.  
 
4.9 Field assessments and testing  
 

4.9.1 Visual/Olfactory protocols 
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It is important that the sample collector conduct a visual examination of the wastewater. In most cases this visual 
examination will immediately provide the sample collector with an understanding of the status of treatment. The 
sample collector’s field inspection should include an evaluation of the color of the wastewater in the treatment unit, 
odors from the unit and finally the solid content of the effluent. The following are the items that need inspections: 
 
1. Wastewater Color: no color __ brown___ clear___ turbid ____ other________________ 
2. Wastewater Odor: musty____ earthy ____ moldy ___offensive____ 
3. Effluent Solids: no___ some___ turbid_____ 
  
This information shall be recorded on the chain of custody form. 
 

4.9.2 Alkalinity (use Taylor test kit) 

1. Rinse and fill large comparator tube to 25 ml make with water to be tested. 
2. Add 2 drops R-0007. Swirl to mix 
3. Add 5 drops R-0008. Swirl to mix. Sample should turn green 
4. Add R-0009 dropwise. After each drop, count and swirl to mix until color changes from green to red. 
5. Multiple drops in step 4 by 10.Then, record as part per million (ppm) total alkalinity as calcium carbonate. 
* When high TA is anticipated, this procedure may be used: Use 10ml sample, 1 drops R-0007, 3 drops R-0008 and 
multiply drops in step 4 by 25. 
  

4.9.3 Chlorine test (Use Taylor test kit) (only for systems including chlorination) 

1. Rinse and fill large comparator to desired mark with water to be tested. 
Note: for 1 drop=0.2ppm, use 25 mls sample. For 1 drop=0.5ppm, use 10 mls sample. 
2. Add 2 dipper R-0870. Swirl until dissolved. Sample will turn pink if chlorine is present.  
Note: If pink color disappears, add R-0870 until color turns pink. 
3. Add R-0871 dropwise, swirling and counting after each drop, until color change from pink to colorless. 
4. Multiply drops in step 3 by drop equivalence (Step1). Record as part per million free chlorine (FC). 
5. Add 5 drops R-0003. Swirl to mix. Sample will turn pink if combined chlorine is present. 
6. Add R-0871 dropwise, swirling and counting after each drop, until color change from pink to colorless. 
7. Multiply drops in step 6 by drop equivalent (Step 1). Record as ppm combined chlorine (CC). 
 

4.9.4 Ph Test (if pH meter is not calibrated and occasional to check consistency) 

1. Rinse and fill large comparator tube to 44mls mark with water to be tested. 
2. Add 5 drops R-0004. Cap and invert to mix. 
3. Match color with color standard. Then, record as pH units and save sample if pH needs adjustment. If sample 
color is between two values, pH is average of the two. To lower pH: go to acid demand test. To raise pH: Go to 
base demand test. 
 
Acid Demand Test: 
Use treated sample from pH test. 
Add R-0005 dropwise. After each drop, count, mix and compare with pH color standards unit desired pH is 
matched. See treatment table to continue. 
Base Demand Test: 
Use treated sample form pH test. 
Add R-0006 dropwise. After each drop, count, mix and compare with color standard until desired pH is matched. 
See treatment tables to continue. 
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5.0 Data management 

5.1 Chain of Custody Forms 
The appropriate chain of custody form shall be used for all sample collections.  Samplers shall sign when the cooler 
is relinquished to the shipper.  The laboratory attendant shall sign when the cooler is delivered by the shipping 
agent.  The Chain of Custody Form insures accountability for sample integrity.  Copies of the chain of custody forms 
shall be retained during the period of sampling and analysis. 
 
The approved laboratory shall provide a chain of custody form which includes the name of analytes, time of sample 
collection, time of receipt at lab, laboratory address, sample type, temperature upon arrival to the lab ect… 
 

5.2 Laboratory methods 
This grant agreement requires that the selected laboratory is NELAP certified. To verify that selected laboratory meets these 
requirements a current certification number will be obtained from each lab and documented on appropriate chain of custody.  
 
The laboratory methodology numbers will be determined by selected lab and identified on the chain of custody form.  
 
Depending on laboratory analyses results an alkalinity sample may be collected and tested. If an analyte is detected 
at greater than the detection limit and/or 10 percent of a quantified project sample, a reanalysis will be required.   
 
This will not be a routine test and will be subjected to approval from DEP and the RRAC committee.    

5.2.1 Transport samples to the Laboratory 

Prior to collecting sample ice will be purchased and periodically throughout the day to ensure adequate cooling 
temperature is maintained.  
 
The influent and effluent grab sample shall be sent to be analyzed for the following analytes: CBOD5, TSS, TN, TP, 
and Fecal Coliform. 
 
If contract lab is within 30-50 miles, all samples will be transported to there.  If a lab for fecal coliform is readily 
accessible (e.g. within 20 miles), fecal coliform samples will be transported to there to ensure holding time 
requirement of 6 hours for the fecal coliform.  Other samples will be shipped to the contract lab.   
 
The laboratories will provide a cooler kit which includes the following: sample bottles with affixed labels, approved 
additives, chain of custody and appropriate ice cooler.  
  
Additionally, the affixed label from the lab should include the following annotation: 
Influent/ effluent 
Grab sample 
Duplicate 
Field blank 
Sampling date and time 
 

 Table 2. Laboratory Parameters 
Parameter Method Method 

Detection Limit 
Laboratory Holding 

time  
Preservative 

CBOD5 SM 5210B 2.0 mg/L Various 48 hours none 
TSS EPA 160.2 2.0 mg/L Various 7 days none 
TN Calculated 1.0 mg/L Various 28 days H2SO4 
TP EPA 365.4 0.15 mg/L Various 28 days H2SO4 
Fecal Coliform SM 9222D 10CFU/100mL Various 6 hours Na2S2O3 
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       5.2.2 Laboratory Submissions 
The influent and effluent grab sample shall be sent to be analyzed for CBOD5, TSS, TN, TP, and Fecal Coliform. 
Additional samples of alkalinity shall be submitted to the laboratory for analyses base on the discretions of the 
RRAC committee. The chain of custody forms will be annotated with the machines serial number. 
 

6.0 Data Quality Objectives and Criteria for Measurement Data 
Data Quality Objectives (DQOs) are the quantitative and qualitative terms used to describe how well the data need 
to be in order to meet the project’s objectives. DQOs for measurement data (also known as data quality indicators) 
are precision, accuracy, representativeness, completeness and comparability. The overall QA objective for 
analytical data is to ensure that data of known and acceptable quality are provided. These are necessary attributes 
to ensure that analytical data are reliable, scientifically sound and defensible.  

6.1 Precision 
Analytical precision is a measurement of how far an individual measurement may deviate from a mean of replicate 
measurements.  Precision is evaluated from analysis of field and laboratory duplicates and spiked duplicates.  The 
standard deviation (SD), relative standard deviation (RSD), and/or relative percent difference (RPD) recorded from 
sample analyses are methods used to quantify precision.  RPD should be <20% or better. RPD is calculated by the 
following formula: 
 

RPD= [(C1-C2])/ (C1+C2)/ 2] X 100% 
 

Where: C1= concentration of compound or element in the sample 
             C2= concentration of compound or element in the duplicate 
 
Field duplicates of both influent and effluent samples will be collected one duplicate for every ten samples. The 
laboratory will run duplicate samples as part of the laboratory QA program.  

6.2 Accuracy 
Accuracy is the degree of agreement of measured value with the true or expected value of the quantity of concern. 
To ensure field accuracy instruments will be calibrated in accordance to manufacture suggestion, chemical used will 
be checked for expiration date, completion of chain of custody. 
 
During the verification test, the laboratory will run matrix spike samples at a frequency of one spiked sample from 
every 10 samples analyzed.  The laboratory will run an analysis on the laboratory control prior to testing samples. 
 

6.3 Comparability 
Comparability is a qualitative term that expresses the measure of confidence that one data set can be compared to 
another and can be combined for the decisions to be made. Comparability shall be ensured by using standard 
sample collection, preparation and handling procedures. EPA-approved analytical methods and holding time, and 
by following QA/QC protocols. The data will be compared to determine the degree of differences in data being 
collected at these selected sites.   
 

6.4 Representativeness 
Representativeness is the degree to which data accurately and precisely represent a characteristic population, 
parameter at a sampling point, a process condition, or an environmental condition. The sampling location for the 
samples will be designed for easy access to help ensure that a representative sample of flow is obtained in each 
grab sample bottle.  The laboratory will follow the set procedures in accordance to the good laboratory practices for 
homogenous mixing of grab container contents prior to sub-sampling in order to ensure a homogenous mix. 
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and observation of the sample collection and review of operating logs maintained at the site 
 

6.5 Completeness 
Completeness is the percentage of valid results obtained compared to the total number of samples taken for a 
parameter. Completeness will be measured by tracking the number of valid data results against the specific 
requirements in the test plan.  The anticipated number for valid result from analyses should be equal to or better 
than 85%. 
 
 
 
7.0 DATA MANAGEMENT 
7.1 Documentation and Records 
Required documentation will include: 
Registration of sample site in approved Access database 
Chain of custody records for sample  
Lab analysis report as filed by contracted laboratory manager 
 

Copies of chain of custody records, laboratory reports, and other documentation will be submitted to the 
FDOH project manager for archiving.  Upon completion of the review, a final report, including lab reports 
and chain of custody records will be archived at 4052 Bald Cypress Way Bin# A-08, Tallahassee, FL 32399 
and submitted to the FDEP project manager. 
 

7.2 Data Entry into MS-Access Database 
 

A newly created statewide MS-Access database was created for this project.  This database will be 
maintained on a server accessible to the Bureau of Onsite Sewage Programs.  The database will be made 
available to the FDEP project manager at the end of the project, or as requested. 
 
Information needed for data entry will be gathered from the laboratory results and field notes.  Data entry for 
each sample event will be doubled checked by the project Technical Advisors or their assignees for 
accuracy and comparison.  Any changes done during the quality check will be noted in the database.   
 
Additionally, notes will be taken for each location and documented in a field notebook titled “319 Project”.  A 
schematic of actual system installation will be drawn and a copy will be placed in the folder created for each 
system sampled.  If unusual events are noted at a location they will be documented in the comment section 
of the database. 

 
8.0 Testing and Measurement Protocols 

 
8.1 Data Review 

All data collected by this project is subject to review.  This will allow for individuals or groups to determine 
if the data meet the Quality Assurance Project Plan (QAPP) objectives. 

8.2 Data Integrity 
Sampling chain of custody sheet must be filled at the time prior to delivery to the lab.  Upon receipt, the 
lab will document the arrival time.  This will ensure compliance with holding time requirements. 

8.3 Data Entry 
Data is then entered into the database described in section 5.2 which is designed to flag any values 
which fall outside of the expected range for each parameter. 

 
9.0 Assessment/Oversight 

 
9.1 Schedule of Audits 
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The Research Review and Advisory Committee will review this QAPP and overall project design and may 
suggest procedural refinements or additional testing procedures.  Any such change will be subjected to 
approval by the FDEP Project Manager and FDOH Project Manager. At least one lab audit will be 
performed during the testing by the FDOH representative. 

 
9.2 Corrective Action 
After initial review by the FDOH and the RRAC, a preliminary draft report will be provided to FDEP Project 
Manager.  Any corrections to sampling locations, sample results, or collection information will be made to 
update the report.  The corrected report shall be submitted to the RRAC and posted on the FDOH 
website. 
 
Electronic copies of the lab reports, chain of custody records, field reports, and the final report from the 
sampling event shall be stored on FDOH data servers. 
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Appendix 1 
Form 1-2 Operational Checklists:  System evaluation (SE) 
 
(This form is used for identification of the system design flow and to gather the operational checklists 
needed for conducting an O&M service visit.) 
 
A.  Client Contact Information 
 
Name of owner:______________________________  System ref. #:_______________Site 
address/County:_____________________  
B.  System Evaluation  
2. Observation and assessment of the site (on lot and in neighborhood) 
a. Evaluate presence of odor within 10 ft of perimeter of system:     
� None     � Mild     � Strong      � Chemical     � Sour 
i) Source of odor, if present:      
b. Any surfacing or breakouts. Yes ___ No____ 
c. Any construction, utility work, or changes in drainage patterns. Yes ___ No____ 
d. Are all components present and not modified? Yes ___ No____ 
e. Are all lids at grade or on risers present and secure? Yes ___ No____   
f. Traffic on onsite wastewater system.  Yes ___ No____ 
    
3. Site status at conclusion of O&M service visit: 
� Verify that controls are set on the appropriate mode. 
� Power is on to all components. 
� Revisit all components to verify lids are secure. 
� Gather all tools for removal from the site. 
� Verify that no sewage is on the ground surface. 
� Service notification. 
5.Alarm(s)  
a. Alarm(s) present. Yes No  
b. Audio alarm operational. N.A.  Yes No  
c. Visual alarm operational. N.A.  Yes No  
d. Remote telemetry operational. N.A.  Yes No  
e. Electronic monitoring operational. N.A.  Yes No  
   
4. Comments: 
 
 
 
5. Overall system condition: 
 � Acceptable                   � Maintenance needed   
 � Unacceptable               � Maintenance performed    
                             � Mitigation required 
Company name:             
Agreement period from:        to       
 
This report indicates the condition of the above onsite wastewater treatment system at the time of the O&M service 
visit.  It does not guarantee that it will continue to function satisfactorily. 
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Appendix 2 

 

Form D-1 Residential evaluation survey (RES) 
Name:   _________________________________ Date:   _____________   Time:________________ 

Address: ______________________________ Phone:  __________________________________ 

Parcel #: ______________________________ PM phone: _______________________________ 

Designer: ______________________________ Installer: _______________________________ 

Home/Residents 
1. Is this your first home with an on-site wastewater treatment system?        YES / NO 
2. Did you receive any septic system user information?         YES / NO 
3. Did you receive the as-built drawing for the system?          YES / NO 
4. Type of use:      Permanent / Seasonal          If seasonal, number of months used _____________ 
 a. Number of people living in the home: Adults:  ____ M ____ F 
 b. Children:  ____ M ____ F Teenagers:  ____ M ____ F 
c. Number of bedrooms:  __________  Number of bathrooms:  _____________ 
5. Water supply:        Private well / centralized system / other supply 
6. Do you have an in-home business?           YES / NO 
f “yes”, what type?  ____________________________________________________________ 
7. Is any resident using long term prescription drugs or antibiotics?     YES / NO       
ype __________ 
         
         
8. Do you use bath/skin oil/moisturizer?           YES / NO          
Use:  _____________________times/week. 
Do you use septic system additives?      
YES / NO 
If “yes”, what products? _________________ 
Appliances and cleaning products 
10.Home equipped with water conserving fixtures/appliances?              YES / NO 
11.Garbage disposal?      YES / NO              Use:  ________ times/day     ________ times/week 
12. Dishwasher used?       YES / NO              Use:  _______ times/day      ________ times/week 
13.Laundry:  Maximum _____ loads per day       consecutive loads:  YES / NO   
Total _____ loads/week 
a. Brand of laundry detergents used?  _____________________________ powder  /  liquid 
b. Bleach used?    YES / NO     powder / liquid    Use:  ______ cups/load    _______ loads/week 
c. Hot or cold water used?   ______________ 
14.Whirlpool tub?      YES / NO       Use:  ________ times/day      ________ times/week 
15.Is a drain cleaner used?    YES / NO       
Type:  ____________________   
Frequency of use: __________ 
16.Hand-washing soap brand?  __________________ 
Antibacterial?      YES / NO 
17.Number of rolls of toilet paper used per week?   _______________ 
18.Toilet cleaning product brand?  ________________________     
Cleanings/month __________________ 
Continuous cleaner used in toilet tank?      
YES / NO 
19.Please list commonly used cleaning supplies: 
Shower ___________________________ Kitchen ________________________________ 
Floors ____________________________ Other:  _________________________________ 
20. Please list any antibacterial products:_________________________________________________ 
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21. Water treatment device:           
YES / NO 
a. Is a water softener used?     YES / NO  
Back flushes to:  __________________________ 
b. Reverse osmosis?                YES / NO  
Discharges to:  ___________________________ 
 
22. Air conditioner unit(s)?        YES / NO         
 Condensate drains to:  __________________________ 
23.Commercial ice machine?       YES / NO      
 Condensate drains to:  __________________________ 
24. Footing drains or basement sump pumps connected into the system?         YES / NO   
25. Is the pump working?         
YES / NO 
26.Chain of custody completed?         YES  /  NO 
 
Site Sketch (Sketch the system or attach record of construction (as-built) 
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Scale 1” = ________ feet 
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Appendix 3 
Form 5-2 Operational Checklist:  Septic, trash and processing tanks (STPT) 
Service provided on:   Date:                Time:                          Reference #:                 
Service provided by:   Company:              Employee:                  
Date of last service:      By:  � You   � Other:   
Date of last inspection: _______________________________  
 
1.     Type: 
                  � Septic tank                � Trash tank    
                  � Processing tank         � Pump vault present 
2.     Conditions at the tank 
  a. Evaluate presence of odor within 10 ft of perimeter of system:     
   � None     � Mild     � Strong      � Chemical     � Sour 
  b. Source of odor, if present: ________________________________ 
3. Tank description 
  a. Material:      � Concrete         � Fiberglass         � Plastic     
  b. Capacity:                         gal  
  c. Compartmented. Yes   No  
  d. Capacities for compartmented system: 1)______ gal   2) ______ gal 
4. Tank access   
  a. Access location:              � Inlet             � Outlet             � Center  
  b. Located at grade. Yes No   
  c. If ‘No’, how deep is lid buried.    
  d. Risers on tank. Yes No  
  e. Evidence of infiltration in risers. Yes No  
  f. Lids securely fastened. Yes No  
  g. Lid in operable condition. Yes No  
5. Current tank operating conditions 
         a.    Liquid level relative to outlet:                            in 
                                                                          � At         � Above       � Below 
  b. Maximum liquid level of tank (invert of inlet pipe):  in 
  c. Height at which alarm is activated as measured  
   from invert of inlet:    in 
  d. Evidence liquid level has been higher. Yes No  
  e. Evidence liquid level dropped without pumping. Yes No  
  f. Evidence of continuous inflow. Yes No  
               g.     Date of last pump out:_____________________________________ 
  h. Presence of flocculants in clear zone.                     Yes        No            
  i. Evaluation of layers in tank:     

Compartment 
Number 

Scum (in) Clear Zone (in) Sludge (in) Odor Other  

 Depth Color* Depth Color Depth Color   
1         
2         

*Color Choices:  � Clear   � Flocced  � Milky      � Muddy  � Grainy   
� Black  � Brown   � Mustard   � Gray      � White  

6. Tank pumping recommended. Yes No  
Reference #:                  
 
7. Baffles currently structurally sound. Yes No     
a. Inlet baffle in place. Yes No  
  b. Outlet baffle in place. Yes No     
  c. Compartment baffle in place.          N.A. ______ Yes No  
  d. Effluent screen. Yes No  

NOTES 

2.  � Acceptable 
     � Unacceptable 
 
 
 
 
 
 
 
4.  � Acceptable 
     � Unacceptable 
 
 
 
 
 
 
5.  � Acceptable 
     � Unacceptable 
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    Manufacturer: Model:   
  e. Is screen accessible from ground surface? Yes No  
  f. If screened, percent plugged:              % 
  g. Was screen cleaned? Yes No     
8. Tank structural condition (evaluate if tank pumped): N.A.      
  a. Appears to be watertight (no visual leaks). Yes No  
  b. Rebar exposed. Yes No  
  c. Corrosion present. Yes No  
  d. Sapling present. Yes No  
  e. Cracks present. Yes No  
  f. Root intrusion. Yes No  
  g. Deflection noted. N.A. Yes No  
9. Contractor responsible for pumping:    
  a. Gal removed: _______________        Date:____________________ 
10. Lab samples collected for monitoring. Yes No     
  Types of analysis:    
       
       
 
 
  f. Recirculation changed to:  
  *If dam configuration, recirculation device cannot be inspected or cleaned 
11.    Additional tasks for trickling filters 
 11.1 Clarification chamber 
  a. Solids blanket below recirculation pump inlet. Yes No * 
  *If no, was system pumped out. Yes No  
  b. If screened inlet, was screen cleaned. Yes No  
 11.2 Sludge return 
  a. Solids blanket slightly above return pump. Yes No  
  b. Changed solids return rate. Yes No  
   i) Pump:  � Off  � On                    
   ii) Changed from ____ min to ____min 
12.   Manufacturer’s required maintenance performed. Yes No  
 (If ‘Yes’, attach Manufacturer Inspection form to this report, if supplied) 
13. Lab samples collected for monitoring. Yes No     
  Types of analysis:    
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Appendix 4 
 
 Form FD9000-8   CALIBRATION LOG  (FDEP SOP FT 1000-FT 1500, FD 1000-FD 400

Project/Site: _________________________________________________________    
                  
Temperature (Quarterly) For Date of Last Temperature Verification see  _______________ in log book __________
                       

Dissolved Oxygen DEP SOP 
FT 1500  Initials   Date   Time  Probe 

Charge  Probe
Gain

            
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
 CAL   ICV   CCV                  
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
                      
Specific 
Conductance 

DEP SOP 
FT 1200  Initials   Date   Time  Standard 

µmhos/cm  Exp. 
Date

In Calibrate Mode           
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
                      

pH DEP SOP 
FT 1100  Initials   Date   Time  Standard 

SU  Exp. 
Date

                    
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
 CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
  CAL   ICV   CCV                 
                      
Maintenance: Weekly pH Slope: ________________       Specific Conductance Probe Cleaned?  Yes   No       Dissolved Oxygen
Notes:                   
                      

  
Perform only in 
Calibrate Mode: 

CAL - 
Calibrate -    

Perform 
only in 

CCV - 
Continuing          
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Run 
Mode: 

Calibration 
Verification 

 
Perform only in Run 
Mode: 

ICV - Initial 
Calibration 
Verification                

            
                      
              

 
 

 

  
 

 



Florida Department of Health 
Bureau of Onsite Sewage Programs 
Research Review and Advisory Committee Meeting 

 
 
 
DATE AND TIME:  December 16, 2009 at 9 am 
 
PLACE:   via Conference Call: 1-888-808-6959  
              Conference Code: 1454070# 
 

Or 
Florida Department of Health Southwood Complex 
4042 Bald Cypress Way;  Room 240 P 

           Tallahassee, FL 32399 
   
 

This meeting is open to the public 
 
AGENDA:  FINAL  
 
 

1. Introductions and Housekeeping 

2. Review Minutes of Meeting September 10, 2009 

3. Department’s Interim Report on Nitrogen Reduction Strategies Study:  Review, Comment, and 
Next Steps 

4. Nitrogen Reduction Strategies Study:  Comment on Deliverables and Next Steps 

5. Section 319 Study Update:  Comment on Proposed Sampling Plan 

6. Manatee Springs Study:  Comment on Final Report 

7. Other Business 

8. Public Comment 

9. Closing Comments, Next Meeting, and Adjournment 



Roeder, Eberhard 

From: Roeder, Eberhard

Sent: Wednesday, December 09, 2009 12:54 PM

To: Roeder, Eberhard

Subject: Comments on technology classification, ranking and prioritization report

Attachments: 091207 Nitrogen Reduction.xls
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From: Pio Lombardo [mailto:Pio@lombardoassociates.com]  
Sent: Tuesday, December 08, 2009 3:41 PM 
To: Roeder, Eberhard 
Cc: Briggs, Gerald R; danderson@hazenandsawyer.com; Ursin, Elke; Booher, Paul W; soakley@csuchico.edu; 
jkreissl1@insightbb.com 
Subject: RE: Next RRAC Meeting Announcement: December 16th 
 
 
Eberhard  
  
In reference to the attached Criteria 13 Stage of development, Heterotrophic Denitrification systems are permitted 
in the States of MA, FL, RI, MD, VA, NY, NC, CA, OR and AZ, so it should be classified as national use.  
Autotrophic denitrification should be classified as experimental.  Again the opinions of other experts should be 
solicited  
  
Also such a low, virtually meaningless weighing factor for Stage of Development should be revised upward 
significantly - at least by a factor of 10.  It has a storing appearance that the authors are favoring ("stacking the 
deck") the system they originally proposed with their weighing factors 
  
Furthermore, many of the scores for autotrophic systems are based upon extremely limited real world data vs the 
real world data of heterotrophic systems 
  
Lastly, a category of environmental impact would be appropriate 

Regards, 
 
Pio 
 
Pio Lombardo, P.E.  
Lombardo Associates, Inc.  
Environmental Engineers/Consultants 

Tel:     617-964-2924  
Cell:    617-529-4191 
Fax:    617-332-5477 
Email: Pio@LombardoAssociates.com 

 



From: Pio Lombardo  
Sent: Monday, December 07, 2009 03:47 
To: 'Eberhard_Roeder@doh.state.fl.us' 
Cc: Gerald_Briggs@doh.state.fl.us; danderson@hazenandsawyer.com; Elke_Ursin@doh.state.fl.us; 
Paul_Booher@doh.state.fl.us; soakley@csuchico.edu; jkreissl1@insightbb.com 
Subject: RE: Next RRAC Meeting Announcement: December 16th 
 
Thank you for your astute observations Eberhard 
  
While Florida permitting may not have been a criterion definition, it is respectfully suggested that it should be at 
least noted which ones are already permitted, as there is no need to hide the information.  Also the information 
assists in evaluating which options are "ready for prime time"  
  
  
  
In my opinion there are inherent serious difficulties-weaknesses with ranking systems that have subjective scoring 
and subjective weighing factors.  I am not a fan of them - as it is difficult to achieve transparency and 
reproducibility.  Also the additional "optics" challenge exists with the highest ranked system being "developed" by 
the evaluators and is being pursued prior to the ranking.   
  
Perhaps the ranking effort should be supplemented with evaluations by a select group of unaffiliated experienced, 
well respected practioners - a number of very competent people come to mind including Professor Stewart 
Oakley, Professor George Tchobanoglous and retired US EPA small flows technical specialist Jim Kreissl.  There 
may be extensive disputes on weighing factors and criteria for points.  In my opinion however subjective ranking 
tends to get overly academic and disassociated from the real world, which is driven predominately by treatment 
requirements and costs.   
  
With the weighing factors used, the stage of development have such a meaningless impact on the ranking - while 
in reality it is critical in terms of risk & uncertainty elimination. As I have previously commented on many of the 
items and issues, I will not repeat them. 
  
In terms of screening, the overwhelming preponderance of the evidence in other parts of the US and recent legal 
decisions for FL is that the stringent numeric TMDL requirements and then cost effectiveness should be the 
screening/ranking factors.  This approach is totally objective, transparent and reproducible.  While draft numeric 
effluent requirements are to be established in FL in the next 2+/- months, it is fairly obvious what they are likely to 
be based upon TMDL studies in other parts of the US and an understanding of FL water resources. Whatever 
placeholder values are used can be refined when the rules are issued.  
  
1.  Treatment Requirements 
  
Water quality based 
  
In environments similar to FL, on-site systems need to achieve extremely low TN levels comparable to enhanced 
nutrient removal central sewer systems, typically TN < 5 mg/l based upon TMDL requirements.  In many New 
England areas, on-site systems are dismissed if they cannot achieve this performance requirement.  So the 
ranking criteria should have TN < 5 mg/l as one of its reference points.   
  
Drinking water aquifers  
  
Require TN < 10 mg/l - even though some areas rely on dilution to achieve TN < 10 mg/l many areas simply 
require effluent TN < 10 mg/l 
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2. Cost effectiveness analysis 
  
Life cycle Cost/lb-day N removed should be the ranking criteria.  This is the standard engineering approach for 
optimizing cost effectiveness and has been used for comparing nitrogen removal technologies - including on-site 
systems in other parts of the US - especially Chesapeake Bay 
  
  
Then only systems capable of achieving specified TN requirements would be ranked based upon cost 
effectiveness and then the other "soft" factors included in the ranking report.  This approach then becomes very 
useful for political leaders, the public and practioners in determining which technologies are appropriate for areas 
with specific treatment requirements as well as where research opportunities exist - transparency and 
reproducibility then exists. 
  
This approach is identical to what is performed for centralized wastewater treatment systems in which only 
technologies capable of achieving required levels are examined.  One does not comingle technologies that do not 
have required performance capabilities with those that do.  For example one does not place an extended aeration 
activated sludge plant in the same nitrogen removal category as a membrane bioreactor or biological nutrient 
removal process.   Comingling obfuscates the important issues that need to be addressed 
  
Additional comments below.  Thank you for the opportunity to comment 
  

Regards, 
 
Pio 
 
Pio Lombardo, P.E.  
Lombardo Associates, Inc.  
Environmental Engineers/Consultants 

Tel:     617-964-2924  
Cell:    617-529-4191 
Fax:    617-332-5477 
Email: Pio@LombardoAssociates.com 
 

 

From: Eberhard_Roeder@doh.state.fl.us [mailto:Eberhard_Roeder@doh.state.fl.us]  
Sent: Friday, December 04, 2009 04:02 
To: Pio Lombardo 
Cc: Gerald_Briggs@doh.state.fl.us; danderson@hazenandsawyer.com; Elke_Ursin@doh.state.fl.us; 
Paul_Booher@doh.state.fl.us 
Subject: RE: Next RRAC Meeting Announcement: December 16th 
 
Pio, 
  
thank you for your comments.   
  
It looks to me that there are two, not necessarily mutually exclusive, documents where your concerns could be 
discussed:  The ranking report and the interim study report. 
  
Within the ranking report, stage of technology development received a very low weighting factor, and the report's 
authors assigned the same score of "3" to hetero- and autotrophic denitrification 2-stage systems and the soil 
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infiltration with reactive barriers, and "5" to all other ranked technologies.  Your argument appears to be at least in 
part that these scores don't reflect the differences in technology development that you see.   
  
Absolutely, as the hetero-denitrification option is permitted in numerous states, has numerous 
installations that have been operating for years and has been evaluated by numerous independent 
parties - so it is well beyond demonstration.  I know of no full scale operating systems for the 
autotrophic denitrification so it appears to be more experimental, as it has not been demonstrated in 
the real world yet.  University of Massachusetts recent efforts in this regard have not proved 
fruitful as well as the environmental impact issue of sulfate additions with autotrophic denitrification 
to ground and surface waters is a serious matter taht should be an evaluation factor.  Other 
researchers have opined to that issue being a fatal attribute of autotrophic denitrification 
  
  It is also apparent, and in agreement with the criterion definition, that Florida permitting considerations were not 
important in this approach. 
  
So one question is how to bring the Florida-specific considerations into the discussion, and the other if and 
how broader agreement on scores can be achieved. 
  
That seems like a good topic for the RRAC-meeting. 
  
Damann's group may have some thoughts on that, too. 
  
You are correct in reading that the test center experiments are anticipated to start before field testing at home 
sites.  There could be some concurrency between the testing of home sites with ongoing test center experiments, 
details to be determined by the task B QAPP.  
  
Regards, 
  
Eberhard 
 

From: Pio Lombardo [mailto:Pio@lombardoassociates.com]  
Sent: Thursday, December 03, 2009 6:31 PM 
To: Roeder, Eberhard 
Cc: Briggs, Gerald R; danderson@hazenandsawyer.com 
Subject: RE: Next RRAC Meeting Announcement: December 16th 
 
Hello Eberhard, 

It is respectfully suggested that Table 4.7 of Technologies Recommended for Testing in Task B of the 
Classification, Ranking and Prioritization Of Technologies Report (copy attached) include a column that indicates 
if the technology is currently approved in the State of Florida and if so permit information, and technology name - 
for the general populace 

It is expected that non wastewater management professionals and the general public would want to know that 
information as it is expected that few will understand the generic terminology used.   Also it is expected that it 
would help the Department and legislature to determine the status of technology development to decide where 
future funds would be best served.   

As you and the project team know, of the two equivalently top ranked systems: 
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Type 1 Two stage (segregated biomass) system:  Stage 1: Biofiltration with recycle (nitrification) with Stage 2: 
Autotrophic denitrification with reactive media biofilter 
● Top ranked system capable of meeting the lowest TN concentration standard.  Suitable for new systems or 
retrofit 
Type 2 Two stage (segregated biomass) system: Stage 1: Biofiltration with recycle (nitrification) with Stage 2: 
Heterotrophic denitrification with reactive media biofilter 
● Top ranked system capable of meeting the lowest TN concentration standard.  Suitable for new systems or 
retrofit 
The type 2 system is our FL DoH approved NitrexTM while, as I understand it, the Type 1 is the system 
developed in the earlier phases of the project and the technology has not been tested sufficiently to determine 
permit ability 
  
Consequently we would naturally desire to have the Type 2 system will be field tested. As I have not been 
contacted in this regard and based upon my brief review of project documents, I am concerned that funds are 
solely being used to develop a technology, with risks, when one capable of achieving the study objectives already 
exists, is permitted in FL and has numerous real world installations operating for years. 
  
Please advise.  Am I misreading the documents and situation?  
  

Sincerely, 
 
Pio Lombardo, P.E., DEE 
 
 
Lombardo Associates, Inc. 
Environmental Engineers/Consultants 
49 Edge Hill Road 
Newton, MA  02467 
Tel:     617-964-2924 
Fax:    617-332-5477 
Cell:  617-529-4191 
 
Email: Pio@LombardoAssociates.com 
Web Site www.LombardoAssociates.com  
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EXECUTIVE SUMMARY 
 
This report is submitted in compliance with Line Item 471 Section 3, Conference Report on 
Senate Bill 2600, General Appropriations Act for Fiscal Year 2009-2010.  The item tasks the 
Florida Department of Health (FDOH) to continue and complete a study on passive strategies 
for nitrogen reduction that the legislature had authorized the previous year, and to submit an 
interim study and report on February 01, 2010, and a final study and report on May 01, 2010.   
The bill requires the report to include recommendations on passive strategies for nitrogen 
reduction that complement use of conventional onsite wastewater treatment systems.   
 
The authorization in 2008 provided funding for Phase I of an anticipated 3-year project to 
develop passive strategies for nitrogen reduction that complement use of conventional onsite 
wastewater treatment systems.  Within the task for the department, there were three particular 
areas of concern identified:  (1) Quantification of life-cycle costs and cost effectiveness of 
passive nitrogen reduction treatment technologies in comparison to more active technologies 
and to conventional treatment systems.  (2) Characterization of nitrogen removal from effluent in 
the soil underneath the drainfield and in shallow groundwater. (3) Development of simple 
models to describe the fate and transport of nitrogen from onsite sewage treatment and disposal 
systems. 
 
FDOH and its Research Review and Advisory Committee (RRAC), with input from the general 
public, solicited proposals and selected a contractor in late 2008 and the contract was executed 
in January of 2009.  As of late 2009, the contractor, in coordination with RRAC and FDOH, has 
completed literature reviews, developed criteria and prioritized nitrogen reduction technologies 
for field testing, designed test facilities for further development of passive technologies and 
plume monitoring, and prepared quality assurance documents for the anticipated subsequent 
work to be completed during the fiscal year 2009-2010.  Installation of a test center for the 
evaluation of nitrogen reduction techniques and preparation for field sampling is planned for 
later in the fiscal year 2009-2010.  Sampling and reporting of results would continue through 
subsequent years.  Funding for fiscal year 2010-2011 is required to reap the benefits of this 
preparation.  The report following summarizes the work completed.   
 
Recommendations for passive strategies for nitrogen reduction have not been a strong focus of 
the completed work.   
 
FDOH and its Research Review and Advisory Committee recommend the Legislature: 

• Provide funding and budget authority to FDOH in the amount of $2 million for the fiscal 
year 2010-2011 for continuation of the contract and associated tasks. 

• Allow FDOH to carry over any remaining funds from fiscal year 2009-2010 into fiscal 
year 2010-2011. 

 
Comment:  The following are for the purposes of discussion, and so far only my (E. Roeder) 
ideas. 
While the technology evaluations are ongoing, the information to date appears sufficient to 
consider recommendations to address the following issues:  

 
• in nitrogen sensitive areas, requiring lower sewage system densities or better 

treatment than currently allowed.  For example, the current allowances for lots 
platted before 1972 provide for approximately five houses per acre for parcels served 



 

 ii

by private wells and eight houses per acre for parcels served by public water 
systems.    

 
• allowing the use of performance-based treatment systems for establishments other 

than single family residences without the need for a variance. 
 

• developing regulations for entities that operate and maintain shared treatment 
systems (clusters) treating sewage flows within the department’s jurisdiction and/or 
serving an establishment on multiple parcels.  This should include requirements for 
financial assurance, obligations of property owners, and rate setting. 

 
• identifying funding and cost sharing mechanisms to implement inspection, 

maintenance or upgrade programs to existing onsite sewage systems 
 

• establishing a task force for the study and development of water quality 
requirements, performance, approval, operation, maintenance and inspection 
standards for wastewater reuse treatment and waste separation systems, including 
those that would be constructed within buildings, and delineating the jurisdictional 
boundaries between the Building Authorities and the Department of Health for such 
systems. 
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1 INTRODUCTION 
 

1.1 Legislative Language 
This report is submitted in compliance with Line Item 471 in Section 3, Conference Report on 
Senate Bill 2600, General Appropriations Act for Fiscal Year 2009-2010.  The language 
instructs: 
 

“From the funds in Specific Appropriation 471, $540,000 from the Grants and Donations 
Trust Fund is provided to the department to continue and complete the study authorized 
in Specific Appropriation 1682 of chapater (sic) 2008-152, Laws of Florida.  The report 
shall include recommendations on passive strategies for nitrogen reduction that 
complement use of conventional onsite wastewater treatment systems.  The department 
shall submit an interim study and report on February 1, 2010, and a final study and 
report on May 1, 2010, to the Governor, the President of the Senate, and the Speaker of 
the House of Representatives prior to proceeding with any nitrogen reduction activities.” 

 
The instructions refer to a study that was previously authorized by the legislature.  This study 
was based on budget language in 2008 that instructed: 
 

“…the Department of Health to further develop cost-effective nitrogen reduction 
strategies. The Department of Health shall contract, by request for proposal, for 
Phase I of an anticipated 3-year project to develop passive strategies for 
nitrogen reduction that complement use of conventional onsite wastewater 
treatment systems. The project shall be controlled by the Department of 
Health’s research review and advisory committee and shall include the 
following components: 1) comprehensive review of existing or ongoing studies 
on passive technologies; 2) field-testing of nitrogen reducing technologies at 
actual home sites for comparison of conventional, passive technologies and 
performance-based treatment systems to determine nitrogen reduction 
performance; 3) documentation of all capital, energy and life-cycle costs of 
various technologies for nitrogen reduction; 4) evaluation of nitrogen reduction 
provided by soils and the shallow groundwater below and down gradient of 
various systems; and 5) development of a simple model for predicting nitrogen 
fate and transport from onsite wastewater systems. A progress report shall be 
presented to the Executive Office of the Governor, the President of the Senate 
and the Speaker of the House of Representatives on February 1, 2009, 
including recommendations for funding additional phases of the study.” 

 
Both instructions refer to nitrogen reduction and passive technologies or strategies for onsite 
sewage treatment and disposal systems.  The following sections discuss several terms that are 
important for this study. 
 

1.2 General Background 
 
Protection of public health and the environment is the mission of the Onsite Sewage Program of 
the Florida Department of Health (FDOH).  Onsite Sewage Treatment and Disposal Systems 
(OSTDS) are a permanent solution to wastewater treatment in many locations throughout the 
State of Florida.  In Florida, an estimated 2.3 million OSTDS are in use statewide, serving 
approximately a third of the population.  They create one of the largest artificial ground water 
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recharge sources in the state.  Ninety percent of the water used for drinking comes from ground 
water.  It is necessary to protect this resource to protect public health and the environment. 
 
Excessive nitrogen can have negative effects on public health and the environment.  The 
primary impetus for this study is the increased level of nitrogen in the environment.  Increased 
amounts of nitrogen in surface water bodies can cause eutrophication, which can lead to 
detrimental effects to sensitive aquatic ecosystems.  Nitrogen sources to the environment 
include:   atmospheric deposition; fertilizer from both agricultural and residential land uses; 
livestock wastewater; municipal wastewater treatment systems; onsite sewage treatment and 
disposal systems; and stormwater.  The combination of these sources adds up to a cumulative 
nitrogen load to ground and surface waters.  As land uses change and the population and the 
number of onsite systems increase, the relative contribution of onsite systems to nitrogen 
sources in an area may change. 
 
Various investigators have evaluated the relative contribution of onsite systems to cumulative 
nitrogen impacts in specific watersheds and discussed opportunities to reduce this contribution.  
The department has been most involved in such efforts in the Wekiva Study Area and has 
provided reports on nitrogen and onsite systems to the Governor in 2004 and 2007.  An 
increasing motivation for such evaluations is the need to maintain and restore water bodies to 
their designated uses, implemented through the total maximum daily load program of the Florida 
Department of Environmental Protection.   
 
The 2008 legislative language addressed these concerns over the management of impacts from 
nitrogen from onsite systems on Florida’s waters by providing initial funding for a research 
project.  In the same line item, the legislature requested a report on an inspection program to 
address ongoing maintenance of conventional onsite systems and an inventory of onsite 
systems in Florida.  The 2009 legislative language instructs the department to submit 
recommendations for passive strategies for nitrogen reduction based on the work accomplished 
during the project. 
 

1.3 Discussion of Terms 
 
Florida has been a leader in the field of onsite wastewater treatment and disposal system 
(OSTDS) practices.  Conventionally, OSTDS consist of a septic tank and a drainfield.  Onsite 
system construction and use standards in the State date from 1921.  A major revision occurred 
in 1984 from which time onward all drainfields in new onsite system construction had to be 
installed to provide two feet of separation from groundwater.  Figure 1-1 illustrates a 
conventional onsite system.  Research in Florida and elsewhere has shown that OSTDS 
installed to these modern standards effectively reduce the concentration of pathogens found in 
normal wastewater, but that nitrogen levels are only reduced to a limited extent.   
 
Mass vs. Concentration of Nitrogen 
Mass and concentration of nitrogen in sewage will influence the working of a nitrogen reduction 
system.  The mass of nitrogen to be treated by an onsite system depends on the diet, number, 
and life patterns of users.  On a per capita basis, data allowing estimates of the annual mass of 
nitrogen leaving septic tanks in Florida have resulted in a range from 7 to 15 lbs of nitrogen per 
person, with a mid-range value of 11 lbs per capita and year.  This estimate is also between the 
median and mean value of a recent national study including systems from Florida. 
The concentration of nitrogen in sewage depends on the mass of nitrogen generated and the 
amount of water it is diluted with.  The water usage is again variable and influenced by 
socioeconomic status.  Studies in Florida in the 1980s and 1990s, on which current regulations 
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are based, indicated that a typical total nitrogen concentration was just under 40 mg/L.  Studies 
in the last few years suggest that typical concentrations have increased to 60 mg/L or even 80 
mg/L. 
While the concentrations appear to have increased, the mass loading of total nitrogen does not 
appear to have increased, which is consistent with water conservation as the main cause of the 
concentration increase.  From the perspective of environmental impacts it appears more 
meaningful to refer to reductions in mass loading rather than particular concentration values, 
and most of this report does so. 
 
 

 
Figure1-1.  Conventional onsite sewage treatment and disposal system (aka septic system) (from 
http://www.epa.gov/owm/septic/pubs/homeowner_guide_long.pdf) 
 
 
 
“Advanced” Treatment Systems 
Where local regulations require more treatment or where relatively small lots make it difficult to 
install a conventional system, more advanced treatment options exist.  Aerobic treatment units 
add air to the sewage so that food can be digested before the sewage enters the drainfield.  A 
more general permitting category is labeled performance-based treatment systems.  For the 
purposes of this study the definition is a condensed version of the regulatory definition: 
 

PBTS: Performance Based Treatment System, a type of OSTDS that has been 
designed to meet specific performance criteria for certain wastewater constituents as 
defined by 64E-6.025(10) FAC 

 
It should be noted that nitrogen is only one of the possible constituents in wastewater that can 
be addressed by performance-based treatment systems.  Technologies used in a performance-
based treatment system can have a range of complexity and energy intensity.  Under current 
market conditions, most technologies used in performance-based treatment systems have been 
based on aerobic treatment units and include active aeration whereby air is blown into the 
sewage.   
 
The department had undertaken in 2007-2008 a study on passive technologies for nitrogen 
removal.  The definition used in that study and since then for “passive” is: 
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Passive: A type of onsite sewage treatment and disposal system that excludes the use 
of aerator pumps and includes no more than one effluent dosing pump with mechanical 
and moving parts and uses a reactive media to assist in nitrogen removal. 

 
Two elements are of significance in this definition:  It excludes some approaches (aerator 
pumps) to achieving aeration, one of the processes included in sewage treatment; and it 
requires a particular approach (reactive media) for nitrogen removal, another process in the 
treatment of sewage.  These elements are based on an understanding that nitrogen removal 
from wastewater generally occurs in two steps.  In a first nitrification step associated with 
aeration, the nitrogen is converted to nitrate.  In a second denitrification step, which occurs 
without air (anoxic conditions), the nitrate is converted to nitrogen gas that then leaves the 
sewage.  Figure 1-2 illustrates the sequence of processes occurring in a passive system.  The 
same processes can be achieved by other, less passive technological approaches, too.  Table 
1-1 characterizes the current relationships between conventional, performance-based treatment 
systems, and passive systems. 
 
 

 
Figure 1-2.  Sequence of processes in a passive system (Fig 4.9 of literature review for task A)  
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Table 1- 1.  Relationships between the terms conventional system, performance-based treatment 
system, and passive system for the purposes of this study. 
 
Characteristic Conventional system Performance-based treatment system 
How important is 
nitrogen reduction in 
system? 

Nitrogen reduction is 
coincidental Nitrogen reduction is design goal 

Where does 
nitrogen reduction 
take place? 

Nitrogen reduction 
limited in drainfield, 
site-specific 

Denitrification 
integrated with 
aeration process 

Additional, separate 
denitrification stage 

Not included 
Denitrification by 
dosing reactants Aeration by 

blowers 
Denitrification by 
reactive media 
Not included 
Denitrification by 
dosing reactants 

What treatment 
processes beyond a 
conventional system 
are included? 

Not included 

Aeration by 
sewage flow 
over media Denitrification by 

reactive media 
 
 
 
 
 
 
 
 
2 PROGRESS OF THE MULTI-YEAR STUDY THROUGH NOVEMBER 2009 
 

2.1 Contractor Selection 
 
The legislation was passed and signed into law by the Governor on June 11, 2008.  In 
cooperation with the RRAC, the department developed a request for proposals in the form of an 
invitation to negotiate (ITN) according to Florida Statute 287.054(3)(a).  This ITN was advertised 
on September 26, 2008 as DOH 08-026 with the title “Florida Onsite Sewage Nitrogen 
Reduction Strategies Study: Technology Evaluation, Characterization of Environmental Fate 
and Transport, and an Assessment of Costs”.  Three teams submitted proposals.  During the 
RRAC meeting on November 6, 2008 all proposals were ranked, and the proposal by the team 
led by Hazen and Sawyer was ranked highest.   
 
The department invited the top-ranked team to begin negotiations.  After several negotiation 
sessions during which aspects of the proposals were clarified and a more detailed scope of 
work defined, and review of the best and final offer, the department issued an intent to award 
letter on December 16, 2008, and the contract was executed on January 28, 2009. 
 
The process from signing of the legislation to a completed agreement took approximately six 
months.  This is comparable to the time requirements for soliciting and contracts for smaller 
projects in the past. 
 

“passive system” for the 
purposes of this study 
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2.2 Summary of Scope and Status for the Multi-Year Study 
 
The resulting contract for the study split the project into five main tasks: 

• Task A: Technology Evaluation for Field Testing: Review, Prioritization, and 
Development 

• Task B: Field Testing of Technologies and Cost Documentation 
• Task C: Evaluation of Nitrogen Reduction Provided by Soils and Shallow Groundwater 
• Task D: Nitrogen Fate and Transport Modeling 
• Task E: Project Management, Coordination, and Meetings 

 
For each of these tasks, the contract defines more detailed subtasks and their objectives. The 
contract anticipates progress by establishing particular milestones at which the gathered 
knowledge will be used to further refine subsequent work.  
 

2.2.1 Task A: Technology Evaluation for Field Testing: Review, Prioritization, and 
Development 

The objectives of Task A, Technology Evaluation for Field Testing: Review, Prioritization, and 
Development, are given in the following listing.  Objectives that have been completely or 
partially accomplished are indicated in parentheses. 

• Perform literature review to evaluate nitrogen reduction technologies (completed) 
• Develop technology classification scheme (completed) 
• Formulate criteria for ranking of nitrogen reducing technologies (completed) 
• Rank and prioritize nitrogen reduction technologies for field testing (completed) 
• Conduct technology ranking workshop with RRAC (completed) 
• Prepare innovative systems applications 
• Conduct Technology Development in Passive Nitrogen Removal Study II (50% design 

completed, quality assurance project plan draft  completed) 
 

2.2.2 Task B, Field Testing of Technologies and Cost Documentation 
The objectives of Task B, Field Testing of Technologies and Cost Documentation, are: 

• Indentify home sites and establish use agreements 
• Establish vendor agreements 
• Quality Assurance Project Plan 
• Design and construct test facilities (50% design completed) 
• Install field systems at test facilities and home sites 
• Operate and monitor field systems 
• Compile results in report format 
• Provide technical description of nitrogen removal technologies 
• Acceptance of systems by homeowners 
• Conduct Life Cycle Cost Analyses 
• Final Report for Task B 

As these objectives build on the results of Task A, most of the work is anticipated for the future. 
 

2.2.3 Task C, Evaluation of Nitrogen Reduction Provided by Soils and Shallow 
Groundwater 

The objectives of Task C, Evaluation of Nitrogen Reduction Provided by Soils and Shallow 
Groundwater, are: 
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• Critical characterization of nitrogen reduction in Florida soils and groundwater 
(completed) 

• Develop Quality Assurance Project Plan (draft completed) 
• Establish a controlled test facility (ongoing) 
• Indentify home sites and make use agreements 
• Instrument field systems at test facility and home sites (design of test facility 50% 

completed) 
• Operate and monitor field systems 
• Compile data in report format 
• Close-out of home sites and controlled test facility 
• Provide Final Report for Task C 

 

2.2.4 Task D, Nitrogen Fate and Transport Modeling 
The objectives of Task D, Nitrogen Fate and Transport Modeling, are: 

• Literature review on fate and transport models (draft completed) 
• Quality Assurance Project Plan 
• Space time variable aquifer model with simplified soil treatment 
• Development-scale aquifer model creation and calibration 
• Space time variable model with complex soil treatment 
• Development-scale model with aquifer and soil treatment 
• Uncertainty analysis 
• Validate and refine models using data from Task C 
• Develop decision making framework 
• Final Report for Task D 

 

2.2.5 Task E, Project Management, Coordination and Meetings  
The objectives of Task E, Project Management, Coordination and Meetings are: 

• Conduct project kickoff meeting (completed) 
• Prepare progress reports (four completed) 
• Make presentations to Research Review and Adivisory Committee and Technical 

Review and Advisory Panel (one completed) 
• Conduct Project Advisory Committee meetings 

 

2.3 Expenditure Status 
 
The proposed cumulative total funds anticipated to be spent on the contract with Hazen and 
Sawyer prior to the end of the 2009-2010 fiscal year are $760,000.  Through October of 2009, 
Hazen and Sawyer has invoiced for deliverables valued at $312,000.  The Department has 
spent about $25,000.through October of 2009 for four RRAC meetings in 2008 and five RRAC 
meetings in 2009, and other associated costs to discuss the scope of the project, to rank 
proposals, and to provide input into and updates on the project.  It is anticipated at least 
quarterly RRAC meetings will be required to provide regular updates on the project. 
 

2.4 Coordination with Advisory Committees of the Department 
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Implementation of this study requires close cooperation with the department’s Research Review 
and Advisory Committee (RRAC), which the legislature charged to control the study.   
 
The Department’s Research Review and Advisory Committee (RRAC) met first on July 30, 2008 
in the Orlando area to discuss the project.  One item of discussion was a clarification of roles 
between: the department that is to contract for the study, provide administrative support to the 
RRAC, review and accept the deliverables, and provide the report to the government; the RRAC 
which has been tasked with controlling the study; and the contractors that will perform the work, 
provide reports, and address comments.  The RRAC voted unanimously that in controlling the 
study, RRAC will: rank proposals for contracts, review draft deliverables and provide comments, 
file a progress report, accept as completed the final report by contractors, and attach comments 
to the final report.  The RRAC provided comments on the draft scope and directed department 
staff to proceed further with development of a solicitation. 
 
Additional meetings of the RRAC took place on December 02, 2009, when the first progress 
report was discussed; January 5, 2009; February 3, 2009; May 27&28, 2009 when a workshop 
on prioritization of technologies for testing was held; July 1, 2009, September 10, 2009; and 
December 16, 2009 
 
Department staff presented a status report on August 27, 2008 to the department’s Technical 
Review and Advisory Panel (TRAP), which advises the department on onsite sewage rule 
making and policy per 381.0068 F.S.  The TRAP voted to approve the project as presented to 
them and requested they be kept informed on the status of this project.  The most recent update 
occurred at the TRAP meeting on August 27, 2009. 
 

2.5 Anticipated Progress in Fiscal Year 2009/2010 
 
The tasks associated with this project will have a significant amount of work completed prior to 
the end of the 2009-2010 fiscal year.  The following paragraphs describe the anticipated 
progress. 
 
For Task A, The design for the test facility has largely been completed and bidding, construction 
and beginning of testing are anticipated.  The quality assurance project plan outlining details of 
this sub-project is currently being finalized.   
 
For Task B, preparations for testing at individual homeowner sites will be dependent on 
anticipated funding in for subsequent years.   
 
For Task C, A quality assurance project plan has been drafted to outline the monitoring 
framework for field sites and will be finalized.  The monitoring approach takes a three-pronged 
approach:  detailed monitoring, including of the vadose zone at small-scale drainfields at the 
test center; detailed monitoring of a large drainfield at the test center;  monitoring of 
groundwater plume at home sites. The design for the test facility will be completed and 
monitoring commence.  Home sites will be selected and agreements will be made with the 
homeowners.  It is anticipated home sites will range across the State of Florida, including north 
Florida, central Florida (specifically the Wekiva area), and south Florida to capture diversity in 
site conditions.  . 
 
For Task D, a literature review of nitrogen fate and transport models will be finalized.  A quality 
assurance project plan will be developed to outline steps required to develop a model capable 
of predicting nitrogen concentrations at a specified location downgradient from the wastewater 
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source.  A simple model of nitrogen transport from the drainfield through unsaturated soil to the 
groundwater will be developed. This model will likely use the approach of specifying removal 
fractions that are dependent on soil conditions and effluent quality.  
 
 
3 SUMMARIES OF MAJOR COMPLETED MILESTONES OF STUDY 
 

3.1 Task A Technology Evaluation for Field Testing: Review, Prioritization, and 
Development 

 
A summary of the literature review findings and recommendations for application of nitrogen 
reduction strategies in Florida are provided in this section. Subsequent sections of this report 
include a technology classification scheme to allow comparisons of an array of technologies, a 
ranking scheme to allow relative rankings of technologies based on nitrogen reduction and 
treatment performance, system reliability and consistency, complexity of operation and 
maintenance, costs, aesthetics, and stage of development criteria, and a priority listing of the 
technologies for further testing and evaluation. 
 

3.1.1 Literature Review (modified, edited and condensed from section 6 of literature 
review) 

 
The goal of the Florida Onsite Sewage Nitrogen Reduction Strategies Study is to develop cost-
effective strategies for nitrogen reduction by OSTDS. This literature review provides a review 
and critical assessment of available literature on nitrogen reduction practices, treatment 
processes and existing technologies that appear suitable for use in individual home and small 
commercial onsite sewage treatment and disposal systems (OSTDS). The review catalogued 
well over 600 papers, proceedings, reports, and manufacturers’ technical materials regarding 
existing and emerging technologies.  
 

3.1.1.1 Categories of Nitrogen Reducing Technologies  
Many nitrogen reducing technologies are available for OSTDS applications.  Available test 
results indicate that substantial variations exist between technologies. To simplify evaluation, 
the available technologies were grouped by the treatment processes used to achieve nitrogen 
reduction. Four major categories were identified: source separation, biological 
nitrification/denitrification, physical/chemical, and “natural systems”. Each of these categories 
was broken down further based on distinct process variations within a group (see Figure 3-1). 
The most prevalent nitrogen reduction processes used for onsite sewage treatment were found 
to be biological nitrification/denitrification and natural systems. Significant overlap exists 
between these two process types.   
 
Biological nitrification/denitrification treatment processes are typically contained in treatment 
vessels, which allow access to observe and modify operation.  
 
“Natural systems” effect treatment from combinations of biochemical processes that occur within 
the soil matrix and vegetative uptake/evapotranspiration.  Conventional onsite sewage 
treatment and disposal systems and constructed wetlands, which are designed based on 
mimicking ecological communities, are also included within this group.  
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Physical/chemical processes, which do not rely on biological processes, are easier to control 
and are more consistent in treatment achieved but they require more operator attention and are 
more costly. Originally thought to be more effective for municipal treatment, they were mostly 
abandoned as biological processes became better understood and controlled.  
 
Source separation on the other hand, is an emerging option for nitrogen removal. A promising 
practice is urine separation and recovery. Urine recovery can remove 70 to 80 percent of 
household generated nitrogen by installing urine separating toilets.  If the infrastructure for urine 
collection and use as fertilizer is developed this offers an effective, reliable and easy to 
implement option that is low in cost compared to the other identified nitrogen reduction 
technologies. It also provides a readily available source of fertilizer rich in nitrogen and 
phosphorus.  
 

 
Figure 3-1.  Categorization of treatment technologies for nitrogen reduction (Figure 4-1 of the 
literature review) 
 
 

3.1.1.2 Process Performance 
 
OSTDS technologies are available for most biological nitrification/denitrification and natural 
systems processes. The majority of technologies are proprietary but some public domain 
designs exist. Two large groupings of biological nitrification/denitrification processes are 
commonly used in these technologies; mixed biomass (single stage) and segregated biomass 
(two stage).  The single stage process is the most frequently used process because it relies on 
organic carbon in the sewage to be the food or electron donor during denitrification as opposed 
to the two stage process, which requires an external source of food or electron donor. Nearly all 
of the treatment technologies designed for nitrogen removal can achieve close to 50 percent 
total nitrogen reduction but as removal requirements increase, fewer technologies are available.   
Figure 3-2 summarizes the performance capabilities. 
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The single stage process has been shown to achieve high removals of nitrogen in municipal 
wastewater treatment but for this process the amount of organic carbon reaching the 
denitrification stage in OSTDS appears to be limiting the amount of nitrogen reduction that can 
be achieved. This phenomenon can be seen in the performance of OSTDS that use different 
methods of carbon management in the system. Those nitrogen reducing OSTDS that rely on 
organic carbon released by dying microorganisms in the active biomass of the system typically 
achieve 40-60 percent total nitrogen removal while OSTDS that regularly recycle nitrified 
wastewater back to the anoxic septic tank to mix with organic carbon present in the raw 
wastewater typically achieve 60-80 percent total nitrogen reduction.   
 
Segregated biomass or two stage processes, which do not rely on organic carbon in the system 
but rather add carbon or other food to the denitrification stage from an external source, can 
achieve nearly complete removal of nitrate by metering the carbon into the denitrification reactor 
based on the nitrate concentration it receives.  Because of the intermittent flows and need for 
increased surveillance, a segregated biomass (two stage) biological nitrification/ denitrification 
process would be necessary where strict total nitrogen limits that require more than 70 percent 
removal prior to discharge to the soil. 
 
 

 
Figure 3-2.  Biological Denitrification Processes and Typical Nitrogen Reduction Limits of OSTDS.  
(Table 5-3 of literature review) 
 
 
Natural systems, which include the traditional OSTDS, also have inherent performance 
limitations. Application of septic tank effluent to unsaturated soil results in excellent cBOD and 
fecal coliform removals. However, nitrogen removals in conventional OSTDS are typically less 
than 40 percent. Soils with moderate to high hydraulic permeability with unsaturated (vadose) 
zones several feet deep below the system infiltrative surface are favored by the rules.  Such 
soils are well aerated, which provide efficient and nearly complete nitrification of the influent 
nitrogen, but as the result of the aerobic soil atmosphere, the vadose zone is unable to retain 
organic carbon. If aerobic pretreatment and nitrification were to be provided upstream of the 
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infiltration system, slowly permeable soils, shallow organic soils, and soils with shallow perched 
saturated zones, which typically are restricted for OSTDS, would favor greater denitrification. 
Infiltration systems such as mound systems, which could be constructed above the ground 
surface with the soil’s O and A horizons left intact, may provide nitrification through the sand fill 
and denitrification through the organic layers below, if anoxic.  
 
Timed dosing of septic tank effluent with drip dispersal is a method that can enhance nitrogen 
reduction because of the wetting and drying cycles that occur below the drip emitters as a result 
of the intermittent dosing. The alternating aerobic and anoxic soil conditions in the presence of 
the carbon rich septic tank effluent results in nitrification and denitrification. However, if the 
timed dosing is set for the daily flow prescribed by rule rather than the actual daily flow, nitrogen 
reduction will be less. Soil infiltration systems, particularly those that use drip dispersal, can also 
be constructed to create large “footprints” parallel to the lot’s contours, which reduce the mass 
of nitrogen loading per square foot of area to avoid unacceptable concentrations in the 
underlying groundwater. Like any of the natural systems though, carbon management is 
problematic and because the discharges are below the ground surface, compliance monitoring 
is difficult and costly. Therefore, OSTDS are usually only favored where strict nitrogen limits are 
not required.  
 

3.1.1.3 Emerging Technologies  
 
Few emerging technologies were identified in the literature. Most of those that were found have 
been variants to well-established processes. Others that could be considered new technologies 
for onsite treatment such as distillation or ion exchange are early in their development stages 
and are not yet proven effective.  
 
The most promising new technology is urine recovery. This method of nitrogen reduction is 
already practiced in Scandinavia where urine separating toilets are commercially available. 
Implementation of this method of nitrogen reduction would be highly effective and far less costly 
if the necessary servicing and urine reuse infrastructure could be built and public objections to 
the idea of urine recovery could be overcome or avoided. In addition to ease of use and lower 
costs, urine recovery also has the added benefit of reducing phosphorus discharges.  
 

3.1.1.4 Establishing Nitrogen Reduction Standards 
 
The need for nitrogen reduction is not likely to be the same for all receiving environments. 
Therefore, because most nitrogen reduction options are more costly than traditional OSTDS, 
more complex, and require more attention to operate, the requirements for nitrogen reduction 
should be carefully considered.  The considerations will result in the appropriate treatment 
requirement and the variations around that standard that will be allowed.  Such an analysis 
should also consider the point of the standard’s application.  Several options exist. These 
include the end-of-pipe prior to discharge to the soil, the point below the system where the 
percolate enters the groundwater, at a property boundary, and/or at a point of use, e.g. a well, 
or a surface water. End-of-pipe points of application do not account for further treatment that 
might be attained in the soil.  On the other hand, if the monitoring points are at poorly defined 
locations below the ground surface, compliance monitoring can be more costly and yield 
ambiguous results. 
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3.1.1.5 Technology Selection  
The variety of available nitrogen reduction technologies and performance capabilities allows 
selection of a system design that will best meet the particular site conditions and nitrogen 
reduction requirements established for the area. For example, where the density of housing is 
low and far from high value surface waters, natural systems, such as conventional OSTDS 
might be appropriate. In poorly drained soils or where the soil underlying the system contains 
organic matter, a component designed to nitrify the wastewater before discharging to the soil 
could be added. In areas where surface waters are not considered threatened but preventive 
measures are considered prudent, a technology using a mixed biomass 
nitrification/denitrification process that is capable of removing at least 50 percent might be most 
practical. In sensitive areas where protection of ground and surface waters is a high priority a 
two stage nitrification/denitrification process could be the only acceptable alternative.  
 

3.1.1.6 Management and Enforcement 
Implementation of nitrogen reduction technologies will expand the Department of Health’s 
monitoring and enforcement operations and the owners’ responsibilities toward their systems. 
Thought must be given to how nitrogen reduction standards are to be stated and how 
compliance monitoring is to be performed. Nitrogen reduction standards may be stated as 
concentration limits or as percent removals. Nitrogen reduction standards will require water 
quality sampling to confirm compliance. Alternatively, rather than water quality sampling, 
compliance could be based on proper technology section with processes that are known to 
meet the desired removal and routine maintenance and/or inspections to ensure the technology 
is functioning as intended. This latter approach to stating standards would likely be much less 
costly to monitor.  
Monitoring of a sample of systems within the watershed rather than individual system monitoring 
to observe the aggregate impact of OSTDS on water resources could also be an effective 
alternative. Since impacts to watersheds have many sources and are tracked by multiple 
agencies, costs of monitoring could be shared between state and local water quality agencies.  
Regardless of the choices made, system performance and maintenance tracking, inspections, 
monitoring and enforcement procedures should be available for deployment prior to permitting 
nitrogen reduction systems. Needed service provider qualifications and certification programs 
and sufficient service provider capacity also should be developed before system 
implementation.  A public awareness program is also needed.  Without these programs, 
requirements for nitrogen reduction systems are not likely to achieve the intended goals.  In 
Florida, a regulatory framework developed for aerobic treatment units and performance based 
treatment systems exists already that addresses many of the needed requirements. 
 

3.1.2 Technology Classification, Ranking and Prioritization of Technologies 
(modified, edited and condensed based on A7/8/9 report) 
 

3.1.2.1 Classification 
The results of the literature review (discussed in section 3.1.1) led to development of a 
scheme for classifying nitrogen reduction technologies to allow comparisons between 
the many options that are available for use by onsite sewage treatment systems. This 
scheme consists of four categories for classification; source separation, biological 
treatment via nitrification/ denitrification, physical/chemical treatment, and natural 
systems (Figure 3-1). In most available onsite nitrogen reduction technologies, it is 
typical that more than one of these processes are operative in any given treatment 
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system.  The classification followed largely the pattern developed for the literature 
review (see figure 3-1).    
 

3.1.2.2 Ranking Criteria  
A simple numerical ranking system was developed to prioritize available nitrogen 
reduction systems based on thirteen selected criteria. Each criterion is scored against 
its particular attribute using a scale ranging from 1 to 5. To account for relative 
differences in significance of each of the criteria, the criteria are assigned weighting 
factors indicating relative importance, compared to the other criteria.  The relative 
weights of the criteria were determined via a two stage process. First, each criterion 
was compared to every other criterion by the project team prior to the Technology 
Classification, Ranking and Prioritization Workshop and then by the RRAC at the 
workshop. Second, in order to reconcile the differences between the project team and 
RRAC weights, the weights for each criterion were averaged. Two criteria, construction 
and operational complexity, were added during the RRAC workshop. During 
subsequent discussions, RRAC concluded that the weight for energy requirements 
should be the same as for operation and maintenance cost. 
 
The scoring systems were created with the full knowledge that data would not be 
universally available. Scores were made using the given criteria and good engineering 
judgment, based on the experience of the team where data was not available.  Data 
available for classifications or groupings of technologies were gathered and reviewed by 
the project team.  Given the wide variety of sources and scales, the resulting score was 
informed by the data but not necessarily based on a particular statistic (such as median 
or average) of the available data.  In one particular way did the criteria depart from the 
results of the literature reviews:  While the literature review summarized performance as 
a fraction of nitrogen removed, which accounts for the variability of nitrogen 
concentrations in untreated sewage, the ranking criterion focused on effluent 
concentrations regardless of the nitrogen concentrations in the influent of the treatment 
system. 
 
More details on the individual criteria and how their scores were determined can be 
found in the report. 
 



Draft Interim Report December 2009 

 15

Table 3-1.  Ranking Criteria and Weighting Factors to evaluate technologies  (Table 3-1 from 
classification, ranking, and prioritization report) 

 
 
 

3.1.2.3 Ranking Results 
 
A summary of the individual criterion scores for physical/chemical, biological, natural systems, 
and source separation technology classifications is presented in Tables 3.3. and 3.4  While the 
table encompasses the full range of possible systems contained in the classification, technology 
classifications that lacked sufficient data to make a criteria ranking determination were left 
blank.  Technologies are summarized in broad categories.  Scores for well established 
technologies reflect typical values from field installations, while scores for more experimental 
technologies tend to suggest the potential for the technology based on more controlled tests.  In 
addition, the ranking of some of the technologies, in particular soil infiltration with reactive 
media, reflects the expectations of the project team extrapolated from other technologies more 
than available data. 
 
The rankings did not include a conventional septic system.  Such a system is likely to achieve a 
ranking slightly better than that of a dosed drainfield within the natural system category, based 
on lower construction and lower electrical costs. 
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Table 3-2.   Score assignments for ranking criteria (Table 4-2 of report) 
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The top ranked technology classifications (1 & 2) were biological systems with two stage 
segregated biomass employing autotrophic and heterotrophic denitrification. These systems are 
passive, require little operator attention, and provide high reliability. The total scores for 
autotrophic and heterotrophic denitrification technologies in two stage segregated biomass 
systems were sufficiently close that they were considered essentially equal. The third and fourth 
ranked technology classifications were mixed biomass fixed film biological systems with recycle 
and without recycle, respectively. The total scores for these systems were sufficiently close that 
they were considered essentially equal. These technology classifications have the stability 
advantages that are inherent in fixed film processes.  
 
It is important to note that the natural systems should not be quantitatively compared, using 
these ranking criteria, to the groups of biological systems detailed in Tables 3.3 and 3.4. 
Primary among considerations supporting this division of technologies is the need to consider 
separately the elements, of each system, that perform treatment. The soil infiltration units utilize 
the soil’s ecology and physical characteristics to perform treatment and all relevant data 
measures the treatment capacity within the soil pedon to reduce nitrogen. However, it must be 
kept in mind that the vast majority of biological systems also discharge to the soil. In order to be 
able to rank each technology fairly, only the nitrogen reduction components were considered. 
Moreover, management of non-soil based technologies, though more expensive, is simplified 
because the units can be operated effectively to adjust to varying conditions and serviced 
easily, which may not be the case with soil-based nitrogen reduction technologies. When 
malfunctions occur with soil-based technologies, repairs may be necessary and could lead to 
expensive reconstruction. When the latter is necessary, available land area can become a 
severe constraint. Finally, while soils provide good treatment over a broad range of conditions, 
variability of characteristics among soil units can be large creating significant uncertainty in 
predicting a soil’s nitrogen reduction capacity.  
 
The top ranked natural system was soil infiltration with reactive barriers. The second 
ranked natural system is traditional trench drainfield with timed dosing of septic tank 
effluent. However, this system received the lowest treatment score. Application of our 
ranking system to certain kinds of natural systems can be misleading from a purely 
quantitative perspective: in this instance, the score is high because of its passive 
characteristics and low operating costs, but does not address the difficulty of 
performance monitoring and the costs associated with correcting poor performance 
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Table 3-3.  Scores for pre-disposal treatment technologies based on ranking criteria  (Tables 4-3 
and 4-5 of report) 
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Table 3-4.  Scores for “natural system” technologies based on ranking criteria  (Table 4-5 of 
report) 

 
 

3.1.2.4 Recommendations for Testing 
 
The top ranked technology classifications (1 & 2) were biological systems with two stage 
segregated biomass employing autotrophic and heterotrophic denitrification. These systems are 
passive and expected to require little operator attention and provide high reliability. The total 
scores for autotrophic and heterotrophic denitrification technologies in two stage segregated 
biomass systems were sufficiently close that they were considered essentially equal.  The first 
stage of each is a mixed biomass recirculating biofilter through which nitrification 
occurs. Significant denitrification also occurs due to the recirculation. The biofilters can 
employ a variety of fixed film media, many of which are in current use and are described 
in the literature review. PNRS II testing will provide additional data for biofiltration with 
recycle using clinoptilolite, expanded clay, and polystyrene. The best performing media 
from PNRS II testing will be recommended for Task B testing. Stage 2 of these hybrid 
systems will employ autotrophic denitrification (System 1) and heterotrophic 
denitrification (System 2). The hybrid mixed biomass/separate biomass Systems 1 & 2 
can be employed for new installations or inserted between primary treatment (i.e. septic 
tank) and soil dispersal in existing systems.  
 
System 3 is a natural system that uses drip dispersal into the soil of settled or 
secondary effluent. The design of this system will be based on the results of PNRS II, in 
which variants of this basic system will be evaluated to determine the design that results 
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in the best nitrogen reduction performance. To enhance denitrification, an in-situ 
reactive media barrier will be constructed below the drip dispersal tubing. Effluent is 
dispersed within the root zone and percolates downward through the reactive media 
barrier containing high water retention materials such as expanded clay and 
lignocellulosic or elemental sulfur electron donors to support heterotrophic or 
autotrophic denitrification. This system would meet the FDOH definition of passive 
technology and has the potential to be a low cost in-situ system that can be applied for 
new installations or retrofits.  
 
System 4 is a natural system using drip dispersal of settled or secondary effluent into 
the soil. By dosing septic tank effluent into the soil on timed cycles alternating aerobic 
and anoxic conditions are created in the soil near each emitter, which creates the 
necessary conditions for nitrification/denitrification to occur. This intermittent dosing of 
septic tank effluent has been shown by several studies to reduce the total nitrogen that 
migrates downward from the point of application.  
 
Systems 5 and 6 are similar to Systems 1 and 2, in that they are hybrid 
mixed/segregated biomass systems with a first stage fixed film bioreactor with or 
without recycle, followed by a heterotrophic (System 5) or autotrophic (System 6) 
denitrification filter. While Systems 1 and 2 utilize various widely available media, 
System 5 and 6 will use a combination of different proprietary and non-proprietary 
media systems. Systems 5 will include recycling around the first stage aerobic biofilter 
to enhance predenitrification and lessen the nitrate loading to the Stage 2 denitrification 
filter. Systems 5 and 6 expand the evaluation of the hybrid mixed/segregated biomass 
systems over that provided by Systems 1 and 2 alone.  
 
Systems 7 and 8 are IFAS (Integrated Fixed-Film Activated Sludge) systems. They 
combine elements of both fixed film and suspended growth microbial communities, 
resulting in relatively stable treatment processes that achieve more reliable and 
consistent performance than other mixed biomass processes.  
 
System 9 is a suspended growth system, specifically a Sequencing Batch Reactor 
(SBR). Theoretically, SBR’s should be able to control the loss of carbon better than 
other mixed biomass systems.  
 
System 10 is a membrane bioreactor (MBR) which combines suspended growth with a 
membrane filtration unit. MBR has been applied for onsite treatment of multifamily 
residential wastewater and is an emerging treatment option for single family home 
systems.  
 
Systems 11 and 12 are source separation systems. Source separation is an emerging 
onsite wastewater management option, and may become increasingly prevalent in the 
future in keeping with needs for sustainability and resource recovery. With regard to 
nitrogen removal, source separation has the potential to be a particularly efficient option 
since 50 to 75% of household waste nitrogen is from urine. Accordingly, separating the 
waste streams allows for more efficient, dedicated treatment options for individual 
components of the wastewater stream.  
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Table 3-5.  Recommendations for technologies to be tested at the test center and in field 
installations  (Table 4.7 of the report) 
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3.1.3 Test Facility Selection 
 
Two sites were evaluated by the provider:  the University of South Florida Lysimeter Facility 
property and the University of Florida’s Gulf Coast Research and Education Center (GCREC) 
near Wimauma, FL. Salient issues included space availability, site access, wastewater source 
of sufficient quantity and quality, subsurface hydrology, power supply and security. 
 
Summary (from GCREC memo by provider) 
Based on the cost and time associated with rehabilitating the USF facility, it has become 
apparent that proceeding with construction of two test facility sites will be costly and time 
consuming. The current budget in the FOSNRS contract for construction of a test facility at USF 
does not appear to be sufficient for both the rehabilitation work and the testing facility 
construction. In addition, the USF Lysimeter station can only be used for pilot tests of treatment 
technologies and unsaturated zone work, since the water table is extremely deep at the site 
(>25 ft.) and sufficient area for plume delineation and monitoring is not available. Management 
of two facilities once operational will also be more difficult and expensive in future phases of the 
project.  
The preliminary soils assessment, wastewater (STE) quality, and preliminary GW assessment 
appear to be conducive to performing the proposed work. While the flatwoods type soils at the 
site have a shallow groundwater that may be more likely to support in-situ denitrification, the 
soils of the Florida flatwoods land resource area make up approximately 55% of the area of the 
state, over 60% if the Everglades land resource area is excluded. In contrast, soils of the central 
Florida ridge land resource area make up approximately 17% of the area of the state (Ayres 
Associates, 1987). Also, a site conducive to in-situ denitrification is desirable from a 
groundwater modeling perspective. To include denitrification in the models developed in Task D, 
a study site where denitrification can be measured will be more likely to provide the needed 
inputs and calibration data for model development. If the mechanisms of in-situ denitrification 
can be identified at the site, then the models developed should be able to predict whether such 
denitrification is likely to occur at any given site. Additionally, the individual home field sites for 
Task C will be chosen to include soils of different types, including well drained fine sands typical 
of the central Florida ridge recharge areas, and the models developed will be tested at these 
sites.  
Treatment technology pilot testing and both the saturated & unsaturated zone investigations 
could be performed at the GCREC. Therefore, the Project Team recommendation is to conduct 
all test facility work at the GCREC.  
 

3.1.4 Passive Nitrogen Reduction Study II (Test Center Technology Development and 
Testing)  

 
The purpose of the PNRS II study is to extend and expand into field pilot testing the previous 
experimental studies of the two-stage biofiltration process that were conducted in a previous 
study for the Department.  PNRS II will perform field testing of prototype passive nitrogen 
reduction treatment systems using a variety of candidate biofiltration media. The results of 
PNRS II may be used to develop and implement subsequent evaluations of full-scale systems 
that will be conducted under Task B of this project.  The pilot test systems will consist of various 
configurations of in-tank biofilters and passive in-situ systems. In-tank systems will primarily 
employ variants of the two-stage biofiltration concepts elucidated in PNRS I. In-situ technology 
evaluation will include a drip irrigation system for effluent dosing, with emitters located in 
shallow root zones   
 
Two-stage biofiltration evaluation 
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Candidate media for evaluation in Stage 1 (unsaturated) biofilters and Stage 2 (saturated) 
biofilters are listed in Table 3-6 and 3-7, with physical properties and their sources. Included are 
media with high water retention and porosity.  Stage 1 media includes expanded clay and 
clinoptilolite. These have greater than 45% porosity and high water retention. Clinoptilite also 
contains high ion exchange capacity to retain ammonia ions for enhanced ammonia removal 
under non-steady flows and higher loading rates. Livlite is an expanded clay with high water 
retention characteristics. Expanded polystyrene is a very lightweight, readily available and low 
cost material that appears to be quite suitable as a biofilter media for aerobic treatment.  
 
The Stage 2 electron donor media are elemental sulfur, which will result in an autotrophic 
denitrification process in the anoxic biofilter; lignocellulosic materials, such as woodchips, which 
support heterotrophic denitrification, and glycerol, a readily available carbon source for 
heterotrophic denitrification.  
 
Crushed oyster shell or sodium sesquicarbonate will be used as alkalinity sources in sulfur-
based denitrification biofilters, as auto trophic sulfur-based denitrification will consume alkalinity. 
Expanded shale may be included as a Stage 2 option for its anion exchange capacity to 
enhance nitrate removal performance.  
 
The biofilter systems will be operated over a twelve month period, dependent on additional 
funding, during which eight monitoring events will be conducted. A detailed description of 
analyses is included in the QAPP document. As outlined in Table A.1, there are 42 sampling 
points and a monitoring analyses structure that employs four analytical tiers. 
 
 
 
Table 3-6.  Materials for Stage 1 Filters  (Table 3.3 of QAPP) 
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Table 3-7.  Denitrification filter material (Table 3.6 in QAPP) 
 

 
 
 
Experimental in-situ simulators 
In-situ testing will be conducted using in-situ simulators as shown in Figure 3-2. The simulators 
will consist of subsurface drip irrigation application to the root zone of surface vegetation, 
followed by downward transport through a 12 in. layer of filter sand. Underlying the filter sand is 
a 12 in. layer of engineered media containing electron donor which is in turn underlain by 
natural soil. The test matrix consists of subsurface drip irrigation emitter dosing of primary 
effluent (i.e. septic tank effluent) or nitrified effluent into the root zone of St. Augustine grass. 
Other than the pumping of effluent by subsurface irrigation, the in-situ simulators are completely 
passive systems.  An innovative feature of the in-situ simulator design is the use of mixed media 
in unsaturated mode that contains both a high water retention media (expanded clay) and 
heterotrophic and autotrophic electron donor  This potential for insitu treatment systems, 
including plant-assisted nitrogen transformations, has not been examined in Florida with 
innovative systems of this type but is of potentially high significance.  
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Figure 3-3.  Conceptual drawing of in-situ simulators with engineered nitrogen reduction media  
(Figure 3-2. of QAPP) 
 
 

3.2 Task C  Evaluation of Nitrogen Reduction in Soil and Shallow Groundwater  
 

3.2.1 Literature Review 
 
The literature review revealed numerous factors that may influence nitrogen impacts to 
groundwater resulting from the use of OSTDS. Transport and fate processes that are present in 
the OSTDS, vadose zone, and saturated zone all will influence the extent of nitrogen impacts to 
groundwater. Furthermore, these factors, along with factors related to groundwater/surface 
water interactions will also determine if nearby surface water bodies are adversely affected. In 
doing site assessments, it is therefore important to develop sampling plans that can collect data 
for a majority of the factors described in the literature. Also, predictive efforts and efforts aimed 
at reduction of impacts should also consider the findings of the literature review. A brief 
summary of important points is as follows:  

• Some studies identified lot size and location of water supply wells in relation to OSTDS 
as important factors in determining nitrate contamination to groundwater.  

• OSTDS loading rate can significantly impact the performance of the soil and ultimately 
nitrogen concentrations in the aquifer.  

• In certain cases, water table fluctuations may be a larger factor than loading rate of 
nitrogen on the overall OSTDS performance.  

• Nitrogen reduction in the vadose zone is an important determining factor for nitrate 
concentrations in the groundwater. This is a complex process dependent on numerous 
factors that need to be studied in depth.  

• Nitrification can be influenced by soil type and appropriate loading of an OSTDS. Some 
literature indicates that coarse-textured strongly-aggregated soils favor nitrification while 
finer textured soils lead to the development of anaerobic conditions and inhibit the 
process.  

• Sandy soil aquifers are particularly susceptible to nitrate contamination, particularly in 
the case of low carbon content aquifers with relatively high groundwater velocities. In 
these cases, high concentrations and large areas of impact may be expected due to the 
lack of transformation and the distance nitrate can travel in a short time period.   
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• Denitrification occurs largely in anoxic soils and groundwaters with adequate carbon 
sources. In the soil column, denitrification may occur in systems with high or fluctuating 
water tables that allow the creation of anoxic conditions, providing the organic carbon 
content of the soil is adequate. In groundwater, dilution is often seen as the dominant 
mechanism for the reduction of nitrate, although some studies identify denitrification as 
the dominant factor. This is highly dependent on site-specific characteristics.  

• Denitrification, while being a well-understood process is poorly quantified and not 
correlated with other site characteristics especially when considering the saturated zone. 
This should be a significant topic of further study.  

• Some studies identified the relatively high denitrification capacity of river bed sediments, 
particularly if they contained high levels of organic carbon. This is especially relevant if 
the protection of adjacent surface water bodies is a key concern.  

 
The literature review suggests reductions in groundwater nitrogen impacts associated with 
OSTDS are achievable with a few steps. Nitrate is highly mobile in groundwater and the only 
significant methods of natural attenuation is denitrification, a process that the review indicates is 
not always present in natural aquifers (however, it should be noted that saturated zone 
denitrification can be enhanced with amendments as a potential treatment process). Therefore, 
reduction of nitrate contamination may be most efficiently approached in the design and 
installation processes when considering OSTDS as a treatment alternative. Appropriate land 
planning and density of OSTDS in new developments is a first step. OSTDS should be placed 
within protective distance of downgradient groundwater and surface water resources. 
Additionally, recognizing the importance of dilution for nitrate concentration reductions, 
appropriate lot size should be in the design to allow adequate dilution from recharge water. 
Within the design of OSTDS, appropriate loading rates and an understanding of OSTDS effluent 
can achieve lower levels of nitrogen entering the subsurface.  
 
Lastly, the review indicates the performance value of appropriate treatment units can improve 
effluent quality by reducing nitrogen prior to infiltration. Additional optimization can be achieved 
by a thorough understanding of site characteristics and how these may influence OSTDS 
performance and ultimately nitrogen concentrations in groundwater. Certain water table 
conditions, soil types, and other subsurface characteristics such as pH or temperature can have 
an effect on the treatment ability of OSTDS by varying oxygen content and redox conditions. If 
detrimental conditions are seen at a site being considered for OSTDS, other methods of 
wastewater treatment may be appropriate. This can also be true for areas identified as “high-
risk,” such as areas adjacent to a protected water body. Alternatively, it may be possible to 
amend the site conditions or use an effluent pre-treatment method to improve OSTDS 
performance. Future work may be needed to examine the data in such studies and make 
attempts to correlate hydraulic and reactive parameters to observed nitrogen impacts.  
 

3.2.2 Quality Assurance Project Plan for Field Work 
 
A three-pronged approach is anticipated for the field work. 
Detailed monitoring, including of the vadose zone under very controlled conditions will be 
performed to obtain a side-by-side comparison of drip and low-pressure dosed drainfields that 
are loaded with either nitrified or septic tank effluent.  The in-situ simulators from task A will be 
monitored in the same way.  Table 3-8 shows the experimental design, and Figure 3- 4 shows 
the cross section of the anticipated drainfields and their monitoring equipment. 
 
Monitoring of a test center effluent plume in groundwater will be initially performed at a large 
mound on the test center.  The test center provides somewhat controlled conditions and the size 
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of the mound will make it easier to find the plume and gather insights on the effects of size.  
Elements of the groundwater monitoring are outlined in table 3-9.  The location at the test center 
where monitoring will take place is shown in figure 3-5. 
 
Monitoring of effluent plumes in groundwater at individual home site will utilize the same 
methodology as the monitoring of the mound at the test center. 
 
 
 
Table 3-8.  Experimental design of soil and shallow groundwater monitoring (table 2.2 of draft QAPP) 

 
 
 

 
Figure 3-4.  Conceptual cross sections of drainfields to evaluate soil nitrogen reduction  (figure 2-
2 of draft QAPP) 
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Table 3-9.  Steps in monitoring the effluent plume of an OSTDS  (Table 2-3 of draft QAPP) 
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Figure 3-5.  Outlay of the groundwater monitoring area at the test center.  (Appendix B of the QAPP) 
 



Draft Interim Report December 2009 

 30

3.3 Task D, Nitrogen Fate and Transport Modeling 
(edited from conclusions of the draft literature review) 
 
A review of the literature, the conceptual understanding of the transport of nitrogen as related to 
OWTS, and the goals of the project are all taken into consideration when beginning to describe 
the tool that will be developed. From this, several conclusions and some suggestions for the 
modeling tool can be developed.  The literature review was intended to identify the state-of-
knowledge of nitrate fate and transport modeling, identify past models that may have provide 
good templates for the model developed by the FOSNRS Study, and assist in identifying key 
parameters and processes that need to be represented in a predictive tool. 
 
As with any model development project, the appropriate approach can depend on numerous 
factors. When conceptualizing a model, several key questions need to be posed, such as: 
● Will this model be constructed to represent a specific site of interest or be a predictive 
tool with broad applicability to a variety of sites? 
● What is the desired output? 
● What is the most appropriate method of calculating the output? 
● Will this model require calibration to existing data sets? 
● What, if any, regulatory requirements constrain the model choice? 
 
The modeling tool that is being developed to simulate nitrate fate and transport will require 
certain features, some of which include: 
● ease-of-use; 
● ability to simulate time-variable OWTS inputs; 
● simulation of transport and fate in both the vadose zone and saturated zones; 
● representation of the numerous advective-dispersive and transformative processes that 
affect nitrate transport; 
● simulation of temporal and spatial concentrations and mass loading downgradi-ent of the 
source; 
● include the impacts of seasonal rainfall variation on the source function; and 
● incorporate critical OWTS operating characteristics that strongly influence nitro-gen 
reduction. 
 
Based on the above questions and objectives, many conclusions about the models and model 
types in the research summary can be made. No simple model (analytical or mass-balance) 
identified in the literature can currently achieve all of the above-described goals. Also, numerical 
models are generally not considered a useful tool for system de-sign or regulatory compliance 
where broad applicability is desired. Thus, development of a new modeling tool is likely required 
and rigorous numerical modeling may be needed as a first step to determine the most important 
parameters to include. 
 
A strictly mass-balance modeling approach will likely be inappropriate, as it either does not 
consider the known physical processes that influence nitrate transport or makes simplifying 
assumptions about these processes. Furthermore, the output will not satisfy the objectives of 
the model (time-variable estimations of concentrations at specific spatial points). Nonetheless, 
these approaches have value in the conceptualization of model inputs and should not be 
ignored.  
 
Transfer function models have not been widely applied and will likely encounter regulatory 
resistance, since they are based strictly on probabili-ties and do not directly consider measured 
site characteristics.  
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Both analytical and numerical modeling methods are the most promising approaches when 
considering the FOSNRS Study model to be developed. These approaches will have wide 
applicability, regulatory acceptance, and are capable of estimating the important 
hydrogeochemical properties associated with nitrate fate and transport. 
 
The modeling tool will need to consider transport and transformation (chemical and physical) in 
the vadose zone, because the Nitrogen transformations that occur in this zone have 
considerable influence on the mass-flux input into the underlying aquifer. This can be a 
numerical one-dimensional solution of the Richards’ Equation. A one-dimensional formulation 
can likely be implemented in a spreadsheet. Additionally, the modeling will need to consider 
temporally and spatially variable inputs for multiple OSTDS, as would be found in a community 
development. This could be addressed through a series of one-dimensional vadose zone 
models that could provide input to a multi-dimensional groundwater flow and transport model. 
Both of these studies use the horizontal plane source model or some variation and are also 
capable of transient simulations. However, the models likely will not be capable of interacting 
with each other in the vadose zone (i.e., strictly vertical flow is assumed). Nonetheless, the 
value of including these model features is important when simulating the areal distribution of 
OSTDS in a potential housing development and the temporal variation of source input due to 
changes in wastewater input rate and precipitation recharge. These combined models can likely 
be implemented in a spreadsheet or using Fortran or C++ programming while maintaining 
simple and straight-forward input requirements. Of course, no similar model is available to our 
knowledge, so considerable model research and development must be achieved by this project.  
 
The literature review has suggested the most likely processes and parameters that will need to 
be considered when developing the modeling tool. The fate and transport of nitrogen products is 
a result of advective movement, retardation via adsorption, and the transformative processes of 
nitrification and denitrification. These processes are to be calculated in the model tool via the 
solutions of the appropriate equations using the necessary parameters, described below. Key 
parameters to consider for simulation should consist of: 
● physical parameters of the media such as bulk density, water content, and soil 
characteristics; 
● advective-dispersive parameters such as hydraulic conductivity, hydraulic gradient, 
porosity (or groundwater velocities), and dispersivity values; 
● retardation factor values for ammonium sorption; and 
● rate coefficients for transformative reactions, typically first-order rate constants 
 
A majority of the parameter values needed for model input can be collected during site 
characterization. In a previous study by members of this project team we utilized CFD’s for the 
estimation of initial parameter values if utilizing literature values but the approach results in an 
uncertain model output where the degree of uncertainty must be quantified. 
Additionally, many analytical models were found in the literature review (nitrate-specific and 
general analytical solutions) that are appropriate for the modeling tool, since these can be 
programmed into a spreadsheet and can be user-friendly. 
 
4 RECOMMENDATIONS FOR FUNDING ADDITIONAL PHASES OF THE STUDY 
 
Activities in fiscal year 2008-2009 will prepare the framework for rapid implementation of a field 
sampling program in fiscal year 2009-2010.  Funding for fiscal year 2009-2010 is required to 
reap the benefits of this preparation. Funding for the first phase of this project is already 
appropriated and the associated activities are described above.  The remaining years of the 
project still require funding in order to complete the goals of this project.  For the 2010-2011 
budget year $2-million dollars is required to fund the continuation of this study. 
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During the 2010-2011 fiscal year, the tasks associated with this project are anticipated to 
include a significant amount of construction and sampling.  For Task A, the test facility will have 
been installed and pilot testing will continue for various passive nitrogen removal technologies.  
For Task B, onsite systems will be installed at home locations throughout the State of Florida, 
and monitoring of the performance of these systems in the field will begin.  The report on the life 
cycle cost analysis will be submitted based on actual purchase prices, installation cost 
estimates, and operational costs records.  For Task C, instrumentation of home sites that have 
been selected to evaluate nitrogen movement in the soil and groundwater will occur and 
monitoring will begin.  The installation of a facility to allow side-by-side evaluation of multiple 
drainfield configurations and the resulting nitrogen groundwater fate and transport in a common 
environment will have been completed and monitoring will continue.  For Task D, an initial 
simple model will have been developed, and more complex models that allow evaluation of 
multiple OSTDS, such as on a development scale, will be developed.  An alternative, more 
complex soil transport model that incorporates a more detailed analysis of transport through 
unsaturated soil will be developed and integrated with the groundwater transport models.   
These models will in subsequent years be compared to the data obtained during this project. 
 
The results of this project will help refine strategies for cost-effective nitrogen reduction from 
onsite sewage treatment systems that will protect our environment, as well as, provide cost 
effective options for citizens of this state.   
 
5 CONCLUSION 
 
This report is submitted in compliance with Line Item 471 Section 3, Conference Report on 
Senate Bill 2600, General Appropriations Act for Fiscal Year 2009-2010. This progress report 
identifies the progress that has been made, what immediate progress is proposed, as well as a 
recommendation for funding additional phases of the study. 
 
The department and its Research Review and Advisory Committee recommend the legislature: 

• Provide funding and budget authority to the department in the amount of $2 million for 
the fiscal year 2010-2011 for continuation of the contract and associated tasks. 

• Allow the department to carry over any remaining funds from fiscal year from fiscal year 
2009-2010 into 2010-2011. 

 
Continued support for this project will ultimately benefit Florida’s onsite system owners and will 
improve environmental and public health protection. 
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EXECUTIVE SUMMARY 
 
Phase I of this study, Manatee Springs Onsite Sewage Treatment and Disposal System Study, 

demonstrated rapid transport of nutrients to the groundwater from the conventional septic 

systems located at Manatee Springs State Park.  The objectives of Phase II of the study were to 

retrofit the two onsite systems investigated in Phase I with nitrogen reducing treatment systems 

(NRTS) and evaluate their performance and effect on groundwater.  The performance evaluation 

is documented in Chapter I.  The history of the system modifications both by the State Park and 

in implementation of this project and additional data gathered from operating records and 

sampling events done prior to the performance evaluation is documented in Chapter II. 

 

This study was complicated by three factors.  Delays resulted in finalizing the two NRTS until 

March 2009, well into the proposed sampling period.  A June deadline for completion of the 

project caused the sampling to occur in a more limited period of time than was initially planned, 

and in a period of time when the campground was under-utilized.  Flooding of the Suwannee 

River closed the campgrounds from April 13 to 28, 2009.  A similar event had occurred in 2003 

during Phase I of this study.  The floodwaters covered the Magnolia II wells for days and 

significantly raised the levels in the wells at Hickory campground, likely having a flushing effect 

on the soils and ground water.  After reopening following the flood, visitation was significantly 

reduced from May through early June due to less than optimum conditions at the Park.  This 

reduction in visitation resulted in a lower water use in the bathhouses studied than might 

otherwise have been the case.  Therefore, additional sampling was completed in September of 

2009. 

 

1. The NRTS at Magnolia II, designed with a Hydro-Action aerobic treatment unit (ATU) 

and using the original septic tank as a trash tank was installed in 2004.  Drainfield 

reconfiguration of the system was finalized and became operational on March 09, 2009.   

Through June 2009, twelve grab samples and four 24 hour composite samples of both the 

septic tank effluent (STE) flowing out of the trash tank and the effluent following 

treatment (EFT) downstream of the treatment area exhibited total nitrogen (TN) reduction 

ranging from 60 to 88%, n=12.   
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2. The installation of the NRTS at Hickory, designed with a MicroFAST ATU and also 

using the original septic tank as a trash tank, was complicated by site restrictions causing 

design and installation delays.  The system installation began in 2004 and was finalized 

on March 23, 2009 just prior to the start of sampling of the system.  Through June 2009, 

eleven grab samples and four 24 hour composite samples of the original STE and the 

EFT (effluent following treatment) exhibited TN reduction ranging from 22 to 75%, 

n=11. The nitrogen reduction of 22% is calculated from the composite samples taken 

during the performance assessment.  This may not be an accurate reflection of 

performance as the 9 grab samples taken during the same time period indicated nitrogen 

reduction of 55%.  Not including the composite samples or the 03/27/09 event (37% TN 

reduction), the NRTS at Hickory reduced total nitrogen from 55% to 75%.  

3. Since the sampling event on 03/26/09 was just after the NRTS were fully operational and 

the other two sampling events on 05/11/09 and 06/04/09 were impacted by flooding, 

another sampling event on 09/10/09 was added to the study to capture more typical 

conditions at the sites.  The STE and EFT samples of the NRTS at Hickory indicate a 

nitrogen reduction on 59%.  At Magnolia II, the NRTS apparently was not functioning 

properly as the EFT value was 138 mg-N/L, near the STE value. 

4. Groundwater samples collected from wells were lower in nitrogen species in the Phase II 

portion of this study, following the installation of the NRTS systems, relative to 

concentrations in Phase I.  However, interpretation of this result is somewhat tentative.  

The first sampling even (in January 2009) was intended to give nutrient concentrations in 

the groundwater prior to the effluent being re-directed to the original drainfields; however 

untreated effluent had been intermittently diverted to the drainfields in the vicinity of 

those wells at Hickory through May of 2008 and at Magnolia II through October 2008.  

Thus the January 2009 sampling event captured a residual impact on the groundwater 

prior to the beginning of operation of the NRTS units which were initiated in March 

2009.  The flooding that occurred in the middle of the study also complicated the 

interpretation of the groundwater data as both campgrounds were closed and the 

Magnolia II well field submerged.  Following reopening of the campgrounds, visitation at 

the park was very light.  However we were able to compare groundwater data in 2009 to 

a similar flooded period at the Park in 2003.  The groundwater nitrate concentrations in 
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2009 were much lower than those observed post flood in 2003, consistent with the 

hypothesis that the NRTS would reduce N-loading to the subsurface aquifer.  All 

groundwater samples collected after operation of the NRTS were lower than all previous 

values observed indicating that NRTS units reduce N input to the subsurface.   

5. Since the sampling event on 03/26/09 was just after the NRTS were fully operational and 

the other two sampling events on 05/11/09 and 06/04/09 were impacted by flooding, 

another sampling event on 09/10/09 was added to the study to capture more typical 

conditions at the sites.  The nitrate levels in the monitoring wells observed on 09/10/09 at 

Hickory were similar to the data collected during the background event on 01/14/09 and 

at Magnolia II, the concentrations were lower on 09/10/09 than on 01/14/09.  This gives 

further evidence that installation of the NRTS significantly reduces N-loading in the 

subsurface.   

 

The following are some additional observations and conclusions: 

 

1. This study benefited from and was influenced by upgrades the State Park implemented 

concurrently at the two bathhouses.  Two changes relative to Phase I stemming from 

these upgrades were the use of low-flow fixtures in the bathhouses and the use of lift-

dosing instead of gravity to feed the monitored drainfields.  The use of low-flow fixtures 

has likely increased the concentration of nitrogen in the effluent, but is not expected to 

have changed the mass of nitrogen discharged in the sewage. 

2. The treatment technologies eventually selected for this project represented the two 

approaches currently outlined in state law for the protection of the Suwannee River flood 

plain:  an aerobic treatment unit with combined activated sludge/fixed film technology 

that has extensive documentation on its nitrogen reduction capability available and has 

been commonly installed as a performance-based treatment system for this purpose, and 

an extended aeration aerobic treatment unit that is lacking such documentation. 

3. Retrofitting of the existing systems had to contend with site constraints based on prior 

construction.  The use of existing old drainfields was part of the design of the study to 

allow comparison to Phase I.  The reuse of the existing septic tanks as trash 

compartments for the treatment units resulted in trash tanks that are about twice as large 
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as would usually be the case for new system construction.  There was no indication that 

the trash tanks resulted in a lack of food for the aerobic treatment units, though, and the 

experience over the course of the project suggested that campground bathhouses generate 

a large amount of solids appropriate for a larger trash tank. 

4. A first attempt to install a treatment unit in the first chamber of the existing tank did not 

result in successful treatment.  At least for situations such as those encountered in this 

study, retrofitting for additional treatment appears to require at least an additional tank for 

the treatment unit. 

5. Thorough maintenance appears key to ensuring effective treatment by at least the 

extended aeration treatment unit at Magnolia II.  Samples taken on three occasions in 

2006 and 2007 showed that total nitrogen in the ATU-effluent ranged from 73 to 120 

mg/L and were similar to septic tank effluent samples taken at the same, which ranged 

from 71 to 150 mg/L total nitrogen.  On these occasions, there was also little evidence of 

cBOD5 and TSS removal, and nitrification relative to septic tank effluent.  Two of three 

other aerobic treatment units by the same manufacturer that were installed at park 

restrooms were sampled in 2007 and showed a similar lack of nitrification.  In contrast, a 

sample taken in January 2009 at Magnolia II, after a thorough maintenance visit in June 

2008 that addressed the functioning of air diffusers, showed nearly complete nitrification 

and a total nitrogen concentration of 66 mg/L.  The sampling event in September 2009 

indicated loss of nitrification function again at the Magnolia II treatment unit. 

6. A more thorough inspection and possibly training protocol that is shared between the 

owner of the system, the maintenance entity and the regulatory agency may help to detect 

sub-optimal performance more quickly.  The lack of treatment discussed in the previous 

point occurred even though the aerobic treatment unit appeared to be working, as 

indicated by the running of the aerator, except for some overheating problems observed 

by park staff. 

7. Outside the direct scope of this project, park management reported and DOH staff 

observed a variety of problems related to the functioning of the pressure dosing system 

installed as part of the park service-initiated upgrade.  Some of these problems appeared 

unique to the size and design of the particular systems involved.   
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8. For the continued operation of the bathhouses it proved useful to have the research 

project drainfields remaining as a gravity-fed backup to the pressure-dosed systems.  This 

benefit has to be considered against the lack of treatment obtained during periods when 

the pressure-dosed system is not functional.  In addition, the continued intermittent use of 

the old existing drainfield resulted in residual nitrogen concentrations in the monitoring 

wells that had the potential to confound an evaluation of the treatment effect. 

9. Septic tank effluent contained nearly exclusively reduced forms of nitrogen (TKN) with 

56 to 95% of that concentration being present as ammonia-nitrogen. 

10. Nitrogen concentrations in septic tank effluent from the two systems frequently exceeded 

Florida’s limit of 100 mg/L TKN for domestic sewage and was by a factor of two to four 

higher than average values in domestic sewage found in prior Florida studies.  In part this 

high concentration is due to the use of low-flow fixtures and may indicate a broader 

change in domestic sewage composition.  Total phosphorus concentrations ranged from 

0.5 to 33 mg/L with most being below 10 mg/L.  cBOD5, ranging from 25 to 220 mg/L, 

and TSS, ranging from 38 to 126 mg/L  indicated that septic tanks retain their 

effectiveness for the reduction of these parameters with more concentrated sewage. 
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CHAPTER I: Performance Evaluation Study on Nutrient Removal in Onsite Sewage 
Treatment and Disposal Systems in Karst Areas 

 
Prepared by:  

 
Harmon Harden and Jeff Chanton 

Department of Oceanography 
Florida State University 

Tallahassee, Florida 32306-4320 
Phone 850-644-6700 

 
 
1. Executive Summary 

 

Phase I of this study, Manatee Springs Onsite Sewage Treatment and Disposal System Study, 

demonstrated rapid transport of nutrients to the groundwater from the conventional septic 

systems located at Manatee Springs State Park.  The two conventional septic systems studied in 

Phase I were replaced by Nutrient Reducing Treatment Systems (NRTS) for Phase II.  This study 

was complicated by 3 factors.  Delays resulted in finalizing the two NRTS until March 2009, 

well into the proposed sampling period.  Flooding of the Suwannee River closed the 

campgrounds from April 13 to 28, 2009.  A June deadline for completion of the project caused 

the sampling to occur in a more limited period of time than was initially planned, and in a period 

of time when the campground was under-utilized.  The floodwaters covered the Magnolia II 

wells for days and significantly raised the levels in the wells at Hickory campground, likely 

having a flushing effect of the soils and ground water.  After reopening following the flood, 

visitation was significantly reduced from May through early June due to less than optimum 

conditions at the Park.  This reduction in visitation significantly reduced the typical daily influent 

loading of the system.  Therefore, additional sampling was completed in September of 2009. 

 

1. The NRTS at Magnolia II, designed with a Hydro-Action aerobic treatment unit (ATU) 

and using the original septic tank as a trash tank was installed in 2004.  Drainfield 

reconfiguration of the system was finalized and became operational on March 09, 2009.   

Through June 2009, twelve grab samples and four 24 hour composite samples of both the 

septic tank effluent (STE) flowing out of the trash tank and the effluent following 
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treatment (EFT) downstream of the treatment area exhibited total nitrogen (TN) reduction 

ranging from 60 to 88%, n=12.   

2. The installation of the NRTS at Hickory, designed with a MicroFAST ATU and also 

using the original septic tank as a trash tank, was complicated by site restrictions causing 

design and installation delays.  The system installation began in 2004 and was finalized 

on March 23, 2009 just prior to the start of sampling of the system.  Through June 2009, 

eleven grab samples and four 24 hour composite samples of the original STE and the 

EFT (effluent following treatment) exhibited TN reduction ranging from 22 to 75%, 

n=11. The nitrogen reduction of 22% is calculated from the composite samples taken 

during the performance assessment.  This may not be an accurate reflection of 

performance as the 9 grab samples taken during the same time period indicated nitrogen 

reduction of 55%.  Not including the composite samples or the 03/27/09 event (37% TN 

reduction), the NRTS at Hickory reduced total nitrogen from 55% to 75%.  

3. Since the sampling event on 03/26/09 was just after the NRTS were fully operational and 

the other two sampling events on 05/11/09 and 06/04/09 were impacted by flooding, 

another sampling event on 09/10/09 was added to the study to capture more typical 

conditions at the sites.  The STE and EFT samples of the NRTS at Hickory indicate a 

nitrogen reduction on 59%.  At Magnolia II, the NRTS apparently was not functioning 

properly as the EFT value was 138 mg-N/L, near the STE value. 

4. Groundwater samples collected from wells were lower in nitrogen species in the Phase II 

portion of this study, following the installation of the NRTS systems, relative to 

concentrations in Phase I.  However, interpretation of this result is somewhat tentative.  

The first sampling even (in January 2009) was intended to give nutrient concentrations in 

the groundwater prior to the effluent being re-directed to the original drainfields; however 

untreated effluent had been diverted to the drainfields in the vicinity of those wells at 

Hickory through May of 2008 and at Magnolia II through October 2008.  Thus the 

January 2009 sampling event captured a residual impact on the groundwater prior to the 

beginning of operation of the NRTS units which were initiated in March 2009.  The 

flooding that occurred in the middle of the study also complicated the interpretation of 

the groundwater data as both campgrounds were closed and the Magnolia II well field 

submerged.  Following reopening of the campgrounds, visitation at the park was very 
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light.  However we were able to compare groundwater data in 2009 to a similar flooded 

period at the Park in 2003.  The groundwater nitrate concentrations in 2009 were much 

lower than those observed post flood in 2003, consistent with the hypothesis that the 

NRTS would reduce N-loading to the subsurface aquifer.  All groundwater samples 

collected after operation of the NRTS were lower than all previous values observed 

indicating that NRTS units reduce N input to the subsurface.   

5. Since the sampling event on 03/26/09 was just after the NRTS were fully operational and 

the other two sampling events on 05/11/09 and 06/04/09 were impacted by flooding, 

another sampling event on 09/10/09 was added to the study to capture more typical 

conditions at the sites.  The nitrate levels in the monitoring wells observed on 09/10/09 at 

Hickory were similar to the data collected during the background event on 01/14/09 and 

at Magnolia II, the concentrations were lower on 09/10/09 than on 01/14/09.  This gives 

further evidence that installation of the NRTS significantly reduces N-loading in the 

subsurface.   

 

2. Introduction  

 

Onsite sewage treatment and disposal systems (OSTDS) are an important part of Florida’s 

wastewater infrastructure, serving about a quarter of the state’s households (Social Science Data 

Analysis Network, undated; FDOH, 2007b).  The proportion of homes served by OSTDS units is 

much higher in the rapidly growing, formerly rural areas of central and north Florida.  In these 

areas, karst features, such as large springs, sinkholes and caves have formed in shallow limestone 

layers.  Karst features have been shown to rapidly transport contaminants to the underlying 

groundwater (e.g. Paul et al., 2000; Price, 1988; Dillon et al., 1999, 2000).  Recent work done in 

the Wakulla Springs drainage basin, with a similar karst topography to that found near Manatee 

Springs, indicates that approximately half of the TN concentration observed in effluent from 

conventional OSTDS (STE) is found in the groundwater directly below the drainfield (Katz, et 

al., in review). 

 

Springs in most areas, except in national forests, have experienced degradation in water quality, 

particularly exhibiting elevated nitrogen concentrations (Florida Springs Task Force, 2006).  
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While other sources, such as fertilizer use, stormwater runoff, atmospheric deposition, and 

wastewater treatment plant discharge are large contributors to nutrient loading of groundwater, 

the effects of conventional onsite sewage systems, consisting of a septic tank with a drainfield, 

have become of concern (Katz et al, 1999).  The EPA has stated “alternative systems may be 

necessary in karst areas” (EPA, 2006).  In Florida, nutrient reduction is required for permanent 

onsite systems installed in the Florida Keys, where limestone is at the surface, lots are small, and 

allowable discharge methods include well injection (64E-6 Florida Administrative Code).  In 

other karst areas of Florida, a larger drainfield is required when discontinuous limestone is 

encountered during site evaluation (FDOH, 1999).  Wakulla County in North Florida has an 

ordinance mandating Performance Based Treatment Systems (PBTS) implemented with the goal 

of reducing nitrogen inputs from OSTDS to groundwater, Wakulla Springs and other local 

springs and water bodies (Wakulla County Ordinance, 2007).   

 

Phase I of this study, completed in 2004, demonstrated the rapid transport of nitrogen to the 

groundwater from the conventional septic systems located at two bath houses in campgrounds at 

Manatee Springs State Park (FDOH 2004, Harden et al, 2008).   

Tracer tests employing fluorescein dye and sulfur hexafluoride gas established the connectivity 

between the two septic drainfields and the groundwater.   At Magnolia II campground, high to 

intermediate concentrations of tracers were observed in 8 of the 10 wells and at Hickory 

campground, 3 of the 10 wells.  The average of the peak TN concentrations in the 11 wells with 

significant tracer concentration was 47.8 ± 14.9 (n=11) mg/L nitrate-N.  Total N concentrations 

higher than 50 mg/L were observed in 7 of the 11 wells (FDOH, 2004; Harden et al, 2008).    

 

The primary goal of this study is to assess the performance of two NRTS.  A secondary goal is to 

establish the relationship between the observed nutrient concentrations in the groundwater to the 

effluent concentrations from the NRTS and to compare these results with those from Phase I.  

Since karst conditions occur throughout most of Florida, the results of the study will help shed 

light on the effectiveness of NRTS in much of the state.  We tested the hypothesis that the NRTS 

units would reduce N loading to the groundwater which would result in reduced groundwater 

nitrate concentrations. 
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3. Study Background 

 

The two conventional systems studied in Phase I were replaced with onsite NRTS for Phase II.  

Both systems consist of three tanks.  The systems used the original septic tank as the trash tank, 

and had an ATU treatment tank, and a pump tank.  There was no recirculation from the treatment 

of pump tanks back to the trash tank.  In this study we refer to effluent from the trash tank as 

septic tank effluent (STE).  This water represents the nutrient load released from a typical septic 

tank without an ATU.  Treated water was collected from the pump tank.  This water is referred to 

as Effluent Following Treatment (EFT).  The degree of N-reduction is compared between the 

treated water in the pump tank effluent (EFT) and the untreated septic tank effluent (STE).  The 

treatment tank, containing the ATU, provides oxygen to convert the TKN, mostly ammonia, into 

nitrate (NO3) and nitrite (NO2) with most NO2 converting rapidly to NO3.  Once the nitrogen is 

converted into NO3 and NO2, denitrification may occur with N2 gas as the end nitrogen species.  

The aerated effluent then flows into a pump tank where denitrification may also occur depending 

on dissolved oxygen (DO) level and organic carbon source concentrations.  The aerated effluent 

from the treatment tank temporarily raises DO in the effluent in the pump tank.  After a dosing of 

aerated effluent, the pump tank effluent DO concentrations rapidly decrease.  Similar systems 

designed for residential use have been shown to reduce nitrogen by 50-70% when operating as 

designed (FDOH, 2007a, unpublished FDEP).   

 

At Magnolia II, the ATU installed was a Hydro-Action and at Hickory a MicroFAST ATU was 

installed.  The MicroFAST ATU has a fixed media in the treatment tank for the nitrifying 

bacteria to attach to and grow upon, while in the Hydro-Action system, the nitrifying bacteria 

grow in suspension without any fixed support.  Details of the installation process are described in 

Chapter II.  The installation of the systems at both campgrounds began in 2004.  At Magnolia II 

the ATU began operation in 2004.  Drainfield reconfiguration of the system was finalized and 

became operational on March 09, 2009.  The installation and design of the system at the Hickory 

campground was complicated and delayed by site limitations and was not finalized until March 

23, 2009, well into the study period.  These delays postponed the first of the 3 “post-operational” 

sampling events until March 26-27, 2009, severely restricting the scheduling of sampling events, 
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which were required to be completed by mid June, 2009.  An additional sampling event occurred 

in September 2009. 

 

New drainfields were installed away from both study sites in less environmentally sensitive areas 

of the park.  Plumbing was installed with a valve to direct the effluent back to the original 

drainfields used in Phase I of the study (Harden et al., 2008) and also in case issues arose with 

the new drainfields and pumps.  The study plan was to direct the effluent to the original 

drainfields after the ATU units were installed, and to compare the nutrient concentrations in the 

wells to the Phase I results.  The new drainfield for the Magnolia II campground is located 

further from the river and is less likely to experience flooding.  The new drainfield at Hickory is 

located between the main parking lot and the Magnolia II campground (Figure 1).   

 

Sampling for this study started in January, 2009 with a sampling event that was intended to 

collect background data, before the treated effluent was diverted back to the original (Phase I) 

drainfields.  However due to issues with effluent pumping to the new drainfields, both sites had 

experienced some periods of untreated effluent flow to the original drainfields during the time 

between installation of the systems and system finalization.  The last such events appeared to 

have occurred in October 2008 at Magnolia II and in May 2009 at Hickory.  Thus the January 

2009 sampling event captured a residual impact of septic tank effluent on the groundwater 

prior to the beginning of operation of the ATU’s which were initiated in March 2009.   

At Magnolia II, the effluent was re-directed back to the original drainfield on February 24, 2009.  

On March 31, 2009 FDOH staff reported that the pump tank appeared to be leaking and the 

pumps appeared not to be switching to the on position properly.  The floats were repaired within 

3 days, but it is unclear if the pump tank is still leaking (personal communications, Park 

Manager), which would rather complicate the analysis of the monitoring well nutrient data.  If 

the pump tank is leaking as reported, then effluent is entering the water table without going 

through the drainfield.  At Hickory, the effluent was redirected to the original drainfield on 

March 23, 2009 (personal communications, Park Manger).   The timing of the redirection of 

effluent back to the original drainfield is crucial to understanding the connection of the loading 

of nutrients by the NRTS and nutrient data from the respective monitoring wells.  
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A further complication was the flooding that occurred at the Park during the study period.  The 

Suwannee River was above the 10-ft flood stage at Manatee Springs from April 18 to April 22, 

2009, cresting on April 20, 2009 (SRWMD website, 2009).  The flooding submerged the wells at 

Magnolia II and raised the water levels significantly in the Hickory site wells.  This flooding had 

two effects.  First, it flushed the groundwater in the wells, impacting the water quality most 

likely lowering nutrient levels in the well fields.  Second, the park campgrounds were closed 

from April 13 to April 29, 2009 resulting in no influent loading into the septic systems, which 

were not in use during this period.  Swimming at the Park was not reopened until May 7th; 

therefore even following reopening of the campground, visitation at the park was very light 

compared to normal attendance during much of the study.  During our June sampling event and 4 

day intensive NRTS sampling, the campgrounds were only about half full (field observation).  

The period of inactivity due to the flood and lower than normal bathhouse usage may have 

influenced the performance of the NRTS.  The June 30 completion date for the study 

necessitated sampling under less than optimum conditions. However, we were able to compare 

groundwater data in 2009 to a similar flooded period in 2003. 
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Figure 1.  Map of study site.  Background wells in Phase II are CA and SRMD 4.   

 

. SRMD 4 
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4. Methods 

 

4.1. Study Design 

 

Environmental sampling 

 

The conventional septic systems at Hickory and Magnolia II were replaced by NRTS and the 

effluent pumped to new drainfields. A valve was installed so that the effluent could be re-

directed to the original drainfields for this study.  The first sampling event in January 2009 

sampled the wells before the NRTS units were brought on line.  Three more sampling events 

were planned through June 2009 after the units were operational.  An additional sampling 

event occurred in September 2009.  The same parameters measured in Phase I (nitrite, 

nitrate, ammonia, TKN, total phosphorus and fecal coliforms) were measured in this study.  

Additionally, an YSI Model 63 field instrument was used to collect field water quality data, 

including dissolved oxygen, conductibility, pH, oxidation/reduction potential and salinity.  

The tracers released in Phase I were analyzed in samples from the first two sampling events 

occurring after the systems were finalized. 

 

At Magnolia II, 8 wells were sampled, with two wells M4 and M10 from Phase I being 

omitted (Figure 2).  These wells were shown by the nutrient and tracer data to be outside the 

septic plume in Phase I (Harden et al, 2008). At Hickory 5 of the 10 monitoring wells were 

sampled.  C6, one of the wells shown to have elevated nitrate concentrations in Phase I, was 

damaged during construction of the new septic system.  The 5 wells with the highest average 

nitrate concentrations in Phase I (S1, S2, C3, C4 and C5) were sampled in this study (Figure 

3).  The nitrate concentrations had averaged less than 0.5 mg/L in the other 4 wells in Phase I 

(Harden et al., 2008).  One background well from Phase I (Camp Azalea) was sampled in this 

study.  The other background well from Phase I, MB2, was shown to have elevated nitrate 

levels and therefore not an appropriate background sampling station (FDOH, 2004).  The 

second background well from Phase I was substituted by SRWMD #4 for this study.  In 

addition to the groundwater samples, influent and effluent samples were taken from the two 

NRTS.  
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Figure 2.  Magnolia II site behind the Magnolia II campground bathhouse, showing OSTDS.  

Well M1 is in the lower portion of the drain mound slope.  Wells M10, M4, M6 are just in 

front of the cypress marsh adjacent to the Suwannee River.    

 

 

  

  

OSTDS 
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Figure 3.  Study site at Hickory campground.  Well S1 is installed in a Paleo-sink hole as 

determined by the ground penetrating radar study in Phase I.  The original drainfield 

was due South of the bathhouse, with multiple lines running near C5, S1, S4.  S2 was 

installed at the end of a drainfield line.  Wells S1, S2, C3, C4 and C5 were sampled in 

this study.  Current NRTS is located between wells S1 and C5.   

 
 

 

 

  
 

S2. 

OSTDS 
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Performance assessment 

 

To assess diurnal and daily variability of performance, multiple samples of the influents and 

effluents were taken over a period of four consecutive days from 16:55 May 31 to 16:14 June 

4, 2009, consisting of 8 grab and four 24 hour time composite samples.  The last 

environmental sampling event occurred on the last day of the performance assessment.  The 

field parameters dissolved oxygen, conductivity, pH, oxidation reduction potential, and 

salinity were measured using an YSI Model 63 field probe in addition to the same nutrients 

analyzed in the ground water samples. 

 
4.2. Monitoring Well Sample Collection 

 

All samples were collected using a submersible purge pump.  At least three well volumes 

were pumped prior to any sampling.  Samples for nutrients and fecal coliforms were 

collected from the wells in containers provided by the analytical laboratory.  Sulfur 

hexafluoride samples were collected in 30-mL serum vials.  The vial was allowed to 

overflow for at least three bottle volumes, and was then sealed with a rubber septum and a 

crimp cap.  Fluorescein samples were collected and stored in 100-mL amber polycarbonate 

containers. 

 
4.3. Septic System Sample Collection 

 

Samples representing the pre-advanced treatment of the influent were taken from the outlet 

filter of the first tank of the two systems, also known as a trash tank, and are designated STE 

as they are the same as effluent for a conventional septic tank.  At each campground, the 

original conventional septic tank served as the trash tank for the NRTS.  A tube was placed in 

the outlet filter chamber at the trash tank outflow pipe prior to the treatment tank containing 

the ATU to obtain these samples.   

 

Effluent following treatment (EFT) was sampled from a clean out between the pump tank 

and the drainfield at the Hickory site.  To take a sample, the pump was manually turned on 

and a sample vessel was used to catch the flowing water.  YSI measurements were taken by 
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placing the probe into a collection vessel either immediately before of after the sample was 

taken.  At the Magnolia II site, the EFT was sampled directly from the pump tank, as no 

cleanout was available post pump tank.  A peristaltic pump was used to take the sample 

through weighted tubing placed several inches below the effluent surface. 

 

Only two automatic composite samplers were available at the time of the performance 

assessment.  The other two composite samples consisted of 4 sub composite samples taken 

every 6 hours, held on ice and combined to make a 24-hour composite sample.   

 

4.4. Nutrient and Fecal Coliform Analysis 

 

Samples were transported on ice to the laboratory and analyzed for fecal coliforms 

(SM9222D), total phosphorus (EPA 365.3), total ammonia (EPA 350.2), total Kjeldahl 

nitrogen (TKN) (EPA 351.3), nitrite-nitrogen (SM 4500NO2B), and nitrate-nitrogen (EPA 

353.3).   

 

4.5. Sulfur Hexafluoride Sample Analysis 

 

Sulfur hexafluoride samples were extracted as described by Dillon et al. (1999) and Harden 

et al. (2003).  A small headspace of 4 mL of ultra-high purity nitrogen was added to the 

samples using a syringe.  Simultaneously, 3 mL of water from the sample was removed and 

discarded to allow room for the headspace.  The serum vials were slightly over-pressurized 

with 1 cc of nitrogen to allow for several injection volumes (100 uL or less) for the gas 

chromatograph (GC).  After shaking for at least two minutes, this method extracts 95+% of 

the SF6 from a water sample.  The lower limit of this technique is 0.1 pM (Dillon et al., 

2000).  Samples were analyzed with a Shimadzu model 8A gas chromatograph equipped with 

an electron capture detector as described in Harden et al. (2003).  Headspace concentrations 

in ppmv (parts per million by volume, = µL/L) of SF6 were determined by reference to a 1.04 

ppmv standard (Scott Specialty Gases).  Headspace concentrations were converted to 

dissolved concentrations in pM.  
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4.6. Fluorescein Dye Analysis 

 

The fluorescein samples were analyzed using a Turner Designs TD-700 Fluorometer, which 

provides exact concentrations after calibration.  The fluorometer used a 10-089 blue mercury 

vapor lamp, 10-105 excitation filter (486 nm), and 10-109R-C emission filter (510-700 nm), 

as specified by the manufacturer.  The fluorometer was initially calibrated using fluorescein 

standards made using DI water in the laboratory with a lower detection limit of 0.0005 mg/L.  

Calibration was checked several times daily by use of solid-state standards. 

 

4. Results 

 

4.1. Environmental Monitoring 

 

Magnolia II Campground 

 

In wells M1, M2, M5 and M6 the highest concentrations were observed on the first sampling 

event, 01/14/09 and then concentrations decreased over the next three sampling events.  In 

well M2, the nitrate concentrations observed on the last two sampling events were below the 

levels in the background wells (shown in Fig 7).  Well M6, nitrate concentrations was also 

below background levels on the last sampling event on 6/4/09 (Figure 4). 
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Figure 4.  Nitrate concentrations from wells M1, M2, M5 and M6 sampled on 01/14/09, 

3/26/09, 05/11/09 and 06/04/09.  The Suwannee River was above flood stage April 18-22, 

closing the State Park campgrounds from April 13 to April 29 and submerging the wells at 

Magnolia II.   

 
 

On 01/14/09, nitrate levels observed in wells M3 and M7 were above background well 

concentrations, and wells M8 (0.77 mg-N/L) and M9 (1.36 mg-N/L) were near 

background levels (shown in Fig 7).  On 3/26/09, the nitrate concentrations in M8 and 

M9 increased and decreased in wells M3 and M7 to near background concentrations.  On 

05/11/09, concentrations of nitrate decreased to near background levels in wells M3 and 

M10, and also decreased in M7 and M8 but were well above background well 

concentrations.  The highest concentrations of nitrate in wells M7 and M3 were observed 

on 06/04/09 and concentrations in M8 and M9 were below background well 

concentrations (Figure 5). 

Magnolia II  Wells 

0.0 

2.0 

4.0 

6.0 

8.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

01/02/09 02/21/09 04/12/09 06/01/09

Date

m
g-

N
/L

M1
M2
M5
M6



Final Report:  Chapter I  December 2009 
  Page 19 

 

Figure 5.  Nitrate concentrations from wells M3, M7, M8 and M9 were taken on 01/14/09, 

3/26/09, 05/11/09 and 06/04/09.   The Suwannee River was above flood stage April 18-22, 

closing the State Park campgrounds from April 13 to April 29 and submerging the wells at 

Magnolia II. 
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Total phosphorus in the wells at Magnolia II were between a low of 0.09 ± 0.03 mg-P/L 

(n=4) in well M9 to a high of 0.34 ± 0.04 mg-P/L (n=4) in well M2.  All wells, except 

M9, were above the concentrations observed in the background wells, 0.13 ± 0.14 mg-

P/L (n=8). 

 

Fecal coliform was found sporadically throughout the well field.  All wells had zero 

colonies in at least one of the four sampling events.  The highest counts were 93 

colonies/100 mL in M9, 67 and 32 colonies/100 mL in M2, and 32 colonies/100 mL in 

well M6.  No fecal coliform colonies were found in the background wells. 

 

Hickory Campground 
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In all 5 wells at Hickory campground the highest nitrate levels were observed in samples 

from the first sampling event on 01/14/09.  This sampling event was intended to indicate 

the water quality surrounding the drainfields before the effluent was re-directed.   

Unfortunately, issues with the new systems required the old drainfields to be used during 

repairs prior to the start of the study.  Wells S1 and C5 had the highest observed nitrate 

concentrations observed at the Hickory site.  Nitrate concentrations were lower in the 

next two sampling events on 3/24/09 and 05/11/09.  On the last sampling event on 

06/04/09, the concentrations increased again (Figure 6).   

 

Figure 6.  Nitrate concentrations from wells S1 and C5 taken on 01/14/09, 3/27/09, 05/11/09 

and 06/04/09.  The Suwannee River was above flood stage April 18-22, closing the State Park 

campgrounds from April 13 to April 29.   
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On 01/14/09, the nitrate concentrations in wells S2, C3, and C4 were above the levels 

found in the two background wells, 0.20 ± 0.18 mg-N/L in CAS and 0.52 ± 0.48 mg-N/L 

in SRWMD #4, yet much lower than S1 and C5 (Figure 6).  Concentrations decreased on 

3/27/09, but were still above background levels in wells C3 and C4.  In the last two 
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sampling events on 5/11/09 and 6/4/09 wells S2, C3, and C4 were near or below back 

ground well concentrations (Figure 7). 

 

Figure 7.  Nitrate concentrations from wells S2, C3, C4 and background wells CA and 

SRWMD #4 taken on 01/14/09, 3/27/09, 05/11/09 and 06/04/09. The Suwannee River was 

above flood stage April 18-22, closing the State Park campgrounds from April 13 to April 29.   

Hickory Low Nitrate Wells

0.0

0.5

1.0

1.5

2.0

1/2/09 2/21/09 4/12/09 6/1/09 7/21/09

Date

m
g-

N
/L

S2
C3
C4
CAS
SRWMD#4

 
 

Total phosphorus in wells S2, C3, C4, and C5 were less than half the concentration of 

0.13 ± 0.14 mg-N/L (n=8) observed in the two background wells.  The total phosphorus 

observed in well S1 was 0.76 ± 0.40 mg-N/L (n=4).  The highest concentration of 1.32 

mg-N/L was the only sample above background levels.   

 

Fecal coliform was found sporadically throughout the well field.  All wells had zero 

colonies in two of the four sampling events.  The highest counts were 120 colonies/100 

mL in C5, 76 colonies/100 mL in C4, and 18 and 25 colonies/100 mL in well S2.  No 

fecal coliform colonies were found in the background wells. 
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Tracers 

 

Samples for tracers released in Phase I were collected during the sampling events of 

03/26-27/09 and 05/11/09.  Neither tracer was detected in any of the samples, indicating 

that the tracers are likely no longer present in the groundwater. 

 

Water Use 

 

Water meter data at both bath houses clearly indicate the period of inactivity at the park 

during and after the flood (Fig 8).   

 

Figure 8a.  Park staff records weekly water meter readings at both bathhouses and the water 

meters were read during sampling events. 
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Figure 8b.  Park staff records weekly water meter readings at both bathhouses and the water 
meters were read during sampling events. 
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4.2. Septic System Performance Assessment 

 

The performance assessment sampling occurred on five days, from the afternoon of Sunday 

May 31, 2009 through the afternoon of Thursday, June 04, 2009.  The septic influent was 

sampled from a tube placed in the outlet filter chamber, so it was representative of the 

effluent flowing out of the first tank in the system, known as the trash tank.  At Magnolia II 

the four trash tank composite samples were taken using an automatic sampler. The first 

composite trash tank sample at Hickory employed a composite sampler.  The automatic 

composite sampler took a sample every three hours for 24 hours. Composite trash tank 

samples 2-4 at Hickory were manually combined and consisted of four 100 mL samples, 

each taken 6 hours apart and stored on ice.  Pump tank effluent was sampled directly from 

the pump tank at Magnolia II, with the first composite sample being manually combined and 

the remaining three composite samples were sampled with an automatic sampler.  At 

Hickory, the EFT was sampled from a cleanout between the pump and drainfield.  All 

Hickory composite EFT samples were manually combined.  In addition to the composite 

samples, 2 grab samples were taken during each 24 hour period over the 4 days.  At the end 
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of the last 24-hour period, the final environmental sampling event was performed, which 

included an additional grab sample from each septic sampling station. 

 

Average water use over the four days of performance sampling was 473 gpd at Hickory and 

408 gpd at Magnolia II, in both cases about 40% of the design hydraulic capacity.  The 

weekly water readings conducted by park staff on Monday mornings indicate that the 

average daily water use during the week ending at the beginning of the performance 

sampling at Hickory was 530 gpd and 420 gpd at Magnolia II.  The average weekly water use 

during the week that included three of the performance sampling days was 610 gpd at 

Hickory and 370 gpd at Magnolia II.  This indicates that Hickory experienced more use 

during weekends and that the sampling monitored the transition from higher use conditions 

during the weekend to lower use during weekdays.  Comparison of these flow data with 

figures 8a and 8b indicates that the use during the performance assessment was typical for 

the study period.    

 

At Magnolia II, composite and grab sample results were very similar.   The Magnolia II  STE 

samples had total N values of 143.33 ± 25.27 mg-N/L (n=4) for the composite samples and 

for the grab samples 141.61 ± 27.89 mg-N/L (n=9).  The EFT values for total N at Hickory 

were also in close agreement between the four composite samples (44.52 ± 12.53 mg-N/L) 

and the nine grab samples (42.49 ± 8.24 mg-N/L).  The % reduction of total nitrogen 

calculated from the composite samples was 68.9% and from the grab samples is was 70.0%. 

 

Higher TN concentrations were observed in the STE at Magnolia II on the environmental 

sampling events of 03/26/09 and 05/11/09, yet the EFT samples were lower, yielding higher 

% reduction of TN (Table 1). 

 



Final Report:  Chapter I  December 2009 
  Page 25 

Table 1.  Both the influent (STE) and effluent (EFT) nutrient results from the performance 

assessment composite and grab samples at Magnolia II campground. The composite samples 

are 24 hour samples.  The grab sample average of 5/31 to 6/4 includes the third environmental 

sample taken on 06/04/09.  The composite samples are 24 hour samples taken over a 4 day 

period from 05/31/09 to 06/04/09.  The % N reduction by the system is reported by the different 

sampling dates.  Campground usage was still below normal on the 05/11/09 and 06/04/09 

sampling events. 

_______________________________________________________________________ 

   Nitrate+Nitrite Ammonia TKN TN Total P 

5/31 to 6/4   mg/L mg/L mg/L mg/L mg/L 

Mag STE Comp Ave. 6.45 97.27 136.88 143.33 4.05 

  Stdev 12.60 20.91 27.38 25.27 0.30 

Mag EFT Comp Ave. 18.39 21.38 26.13 44.52 3.47 

  Stdev 15.07 5.31 4.20 12.53 0.39 

    % TN Reduction 68.9  
5/31 to 6/4       

Mag STE Grab Ave. 3.59 103.31 138.02 141.61 3.85 

  Stdev 6.99 21.30 31.16 27.89 0.38 

Mag EFT Grab Ave. 12.95 22.17 29.54 42.49 3.66 

  Stdev 10.18 6.56 14.74 8.24 0.30 

    % TN Reduction 70.0  

Environmental sampling      
Mag EFT 01/14/09  63.48 2.02 3.00 66.49 20.80 

        
Mag STE 03/26/09  7.76 83.64 202.89 210.65 0.13 

Mag EFT 03/26/09  12.24 1.68 14.16 26.40 0.11 

    % TN Reduction 87.5  

       
Mag STE 05/11/09  0.06 39.56 177.88 177.94 1.50 

Mag EFT 05/11/09  6.94 10.70 12.92 19.86 1.75 

    % TN Reduction 88.8  
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At Hickory campground the difference between composite samples and grab samples was 

more pronounced.  The trash tank composite samples had total nitrogen concentrations of 

79.83 ± 17.64 (n=4), while the total nitrogen concentration in the grab samples, 110.68 ± 

31.83 mg-N/L (n=9), were in the same range, but more variable.  The EFT total nitrogen 

concentrations of the composite samples, 61.34 ± 9.97 mg-N/L (n=4) and grab samples, 

50.09 ± 20.79 mg-N/L (n=9) were in good agreement.  The percent reduction of nitrogen 

by the system was less clear for the composite samples than the grab samples.  The grab 

samples indicate a total nitrogen reduction of 54.7%.  The percent reduction of total 

nitrogen calculated from composite samples was less clear as the second set of composite 

samples yielded a higher effluent total nitrogen (61.0 mg-N/L) value than the influent 

total nitrogen (52.5 mg-N/L), yielding a negative % reduction (Table 2).  Note that this 

system was only installed on March 23, 2009. 
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Table 2. Nutrient results from the performance assessment composite and grab samples at 

Hickory campground.  The composite samples are 24 hour samples.  The grab sample average 

of 5/31 to 6/4 includes the environmental sample taken on 06/04/09 (third environmental 

event). The second set of composite samples, Comp #2, had higher TN in the ETF sample than 

the STE, yielding a negative % reduction. 

____________________________________________________________________ 

   Nitrate+Nitrite Ammonia TKN TN Total P
5/31 to 6/4   mg/L mg/L mg/L mg/L mg/L 
Hick STE Comp Ave. 0.52 65.85 78.41 78.93 3.50 

  Stdev 0.37 18.63 18.00 17.64 0.38 
Hick EFT Comp Ave. 34.26 27.90 27.08 61.34 3.35 

  Stdev 18.79 17.04 15.44 9.91 0.42 

Four day Average   % TN Reduction 22.3% n=4 

   Without Comp #2 % TN Reduction 30.7% n=3 

5/31 to 6/4        

Hick STE Grab Ave. 3.08 80.54 107.60 110.68 4.05 

  Stdev 8.03 28.46 30.54 31.83 1.25 

Hick EFT Grab Ave. 22.50 25.20 27.59 50.09 3.29 

  Stdev 21.41 16.92 19.40 20.79 0.32 

Four day Average   % TN Reduction 54.7% n=4 

Hick STE 03/27/09  0.12 61.70 173.31 173.43 13.50 

Hick EFT 03/27/09  2.42 42.34 106.70 109.13 12.99 

    % TN Reduction 37.1%  

        

Hick STE 05/11/09  0.09 59.41 235.16 235.25 2.92 

Hick EFT 05/11/09  6.31 33.60 52.54 58.84 2.73 

    % TN Reduction 75.0%  

_______________________________________________________________________ 
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The field parameters measured with an YSI probe were very consistent over the course of 

the performance assessment.  The influent trash tank samples were characterized by a 

high conductivity, low dissolved oxygen, and a highly negative oxidation/reduction 

potential compared to the STE samples with lower conductivity, higher dissolved 

oxygen, and a positive oxidation/reduction potential (Table 3). 

 

Table 3.  Field parameters from the performance assessment of the septic systems conducted 

from 05/31/09 to 6/4/09. 

_______________________________________________________________________ 

Site Calc Water T COND COND Salinity %SAT DO PH ORP 

  Celsius µS/cm mS/cm ppt % mg/L mg/L mg/L 

Hick STE Ave. 25.62 1312.67 1.33 0.65 9.07 0.74 6.94 -141.55

 Stdev 0.16 23.77 0.03 0.01 7.37 0.60 0.13 28.04 

          

Hick EFT Ave. 25.46 972.56 0.98 0.48 36.08 2.90 7.74 26.36 

 Stdev 0.49 82.65 0.09 0.04 10.73 0.85 0.21 17.69 

          

Mag STE Ave. 27.15 1469.79 1.53 0.73 8.26 0.65 6.92 -142.48

 Stdev 0.13 7.46 0.01 0.00 5.48 0.43 0.22 22.05 

          

Mag EFT Ave. 26.72 1123.13 1.16 0.55 41.64 3.32 6.82 19.53 

 Stdev 0.22 16.89 0.02 0.01 7.84 0.62 0.36 26.75 

_______________________________________________________________________ 

 

4.3. Nitrification and De-nitrification in Septic Systems 

 

Nitrification occurs in the treatment tank of the NRTS by the addition of air into the septic 

effluent.  In the two STE grab samples on 03/27/09 and 05/11/09 and the first five grab 

samples of the performance assessment indicate that nitrification is limited, as the TKN 

values are greater than the nitrite + nitrate concentrations (Figure 9).  .Note that the system 

had only been running 3 days when the first sample was collected on 3/27.  Additionally, the 
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campground was closed from April 13th to the 29th and usage was below normal as 

swimming was reopened at the spring on May 7th.  The data from 03/27/09 and 05/11/09 may 

be more representative of start-up conditions for the system.  When a system is first started or 

re-started after a period of disuse, the nitrifying bacterial colonies are reestablishing and 

growing, thus limiting nitrification.  By the time of the four day performance assessment, 

starting on May 31st, the system should have been past any start up period.  The last four grab 

samples of the performance assessment indicate that the majority of the TKN had been 

converted to nitrate.  Note the trend in the data towards lower TN values and more oxidized 

forms of nitrogen in Figure 9, with nitrate concentrations increased relative to TKN.   

 

Figure 9.  TKN and NO3 + NO2 are given for the EFT grab samples at Hickory campground.  

In samples with more TKN than NO3 + NO2, nitrification is limited, or  else the nitrate was 

removed by denitrification.   Note the trend in the data towards lower TN values and more 

oxidized forms of TN.  Nitrate concentration increase relative to TKN  
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At Magnolia II, nitrate seems to be limited in many of the samples, with TKN being the 

major N species in the effluent.  A notable exception is the STE sample taken on 

01/14/09, which is mostly nitrite + nitrate (Figure 10).  This may be due to limitation of 

nitrification (nitrate formation) or it could have been due to consumption of nitrate 

(denitrification).   

 

Figure 10.  TKN and nitrite + nitrate are given for the EFT grab samples at Magnolia II 

campground.  In samples with more TKN than nitrite + nitrate, nitrification is limited, or the 

else the nitrate was removed by denitrification.    

 

Magnolia II EFT

0.0
10.0
20.0
30.0

40.0
50.0
60.0
70.0

14
:1

0

13
:5

8

12
:5

0

18
:2

0

11
:4

5

23
:4

5

8:
20

5:
35

15
:4

8

5:
50

12
:0

5

16
:1

4

1/14 3/26 5/11 5/31 6/1 6/1 6/2 6/3 6/3 6/4 6/4 6/4

DATE

m
g-

N
/L

NO2+3
TKN

 
 

The significant reduction in total nitrogen during treatment, strongly suggests that de-

nitrification is occurring (Figures 11 and 12).  The dissolved oxygen values in the STE of 

approximately 40% saturation (Table 3) are not favorable for de-nitrification to occur in 

bulk solution, however, micro-environments are likely to be present which allow for de-

nitrification.   
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Figure 11.  Total nitrogen concentrations of influent samples (STE) and effluent samples 

(EFT) at Hickory campground.  E designates grab samples from the environmental 

monitoring and G are grab samples from the performance assessment. Note that in every 

instance the STE bar is higher in concentration than the EFT bar it is paired with.  The 

amount of this decrease is the % N reduction in the system as reported in Table 3. 
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Figure 12.  Total nitrogen concentrations of influent samples (STE) and effluent samples 

(EFT) at Magnolia II campground.  E designates grab samples from the environmental 

monitoring and G are grab samples from the performance assessment. Note that in every 

instance the STE bar is higher in concentration than the EFT bar it is paired with.  The 

amount of this decrease is the % N reduction in the system as reported in Table 3. 
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4.4. Field Duplicates and Lab Replicates 

 

One field duplicate well sample was taken during each sampling event and laboratory 

replicates were analyzed from the march, 2009 sampling event. Table 4 summarizes the field 

duplicates and lab replicates.  All errors were less than 10%, except for sample S1 on 

05/11/09 which had an error of 12% for nitrate and 11% for TN.  The values for nitrate (0.51 

± 0.06 mg-N/L) and TN (0.58 ± 0.06 mg-N/L) were low and range of error was acceptable. 
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Table 4a.  Duplicates (F) and lab replicates (L) for well samples on each sampling date.  The 

bold value is the average of the two duplicate or replicate and the italized value is the ½ the 

range of the values. 

   F Coli Nitrite NO2+NO3 Nitrate Ammonia TKN TN T P 
ID Date  Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L

           
S1 03/27/09 L 1 0.01 1.53 1.53 0.01 0.05 1.58 0.39 

   0 0.00 0.03 0.03 0.00 0.00 0.03 0.00 
S1 05/11/09 F 0 0.01 0.51 0.51 0.04 0.07 0.58 0.56 

   0 0.00 0.06 0.06 0.00 0.00 0.06 0.01 
M1 03/26/09 F 8 0.01 12.31 12.30 0.12 0.35 12.66 0.13 

   1 0.00 0.94 0.94 0.00 0.01 0.94 0.00 
M2 1/14/09 F 67 0.00 7.92 7.91 0.13 0.15 8.06 0.35 

   0 0.00 0.24 0.24 0.00 0.01 0.23 0.02 
M9 03/26/09 L 93 0.05 5.33 5.28 0.01 0.21 5.54 0.12 

   3 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
M9 06/04/09 F 2 0.02 0.27 0.25 0.41 0.52 0.78 0.11 

   0 0.00 0.03 0.03 0.01 0.05 0.02 0.05 
 

The field duplicates of the influent and effluent of the NRTS were less precise than the 

well samples.  This observation is likely due to the nature of the wastewater being 

sampled.  STE is the wastewater flowing out of the trash tank.  This wastewater is likely 

not homogeneous and inputs from the bathhouse during or just prior to sampling would 

increase the heterogeneity   The EFT or wastewater exiting the NRTS is from the pump 

tank.  The wastewater would likely be better mixed than the trash tank wastewater, but 

would be influenced by inputs from the treatment tank during or just prior to sampling.  

The TN values for all septic samples were greater than 10% precision ,except for sample 

06/02/09 Magnolia II EFT and sample 03/27/09 Hickory EFT which both had an error of 

12%.  The Hickory EFT sample on 06/03/09 is interesting that both the nitrite and nitrate 

concentrations had errors greater than 50%, yet the TN values were within 1% of each 

other (Table 4b).  
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Table 4b.  Field duplicates for septic samples during the environmental monitoring and the 

NRTS performance assessment.  The bold value is the average of the two duplicate or replicate 

and the vitalized value is the ½ the range of the values.  Some samples were analyzed fro NO2 

+ NO3 together, instead of separately.  Not all septic samples had fecal coliform analyzes. 

 

  F Coli Nitrite NO2+NO3 Nitrate Ammonia TKN TN TP 
ID Date Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

          
Mag STE 05/11/09 12965 0.07 0.06 0.00 39.56 177.88 177.94 1.50 

  555 0.00 0.01 0.00 0.84 8.89 8.90 0.35 
Mag STE  06/03/09  0.17 0.18 0.02 87.94 137.09 137.28 3.66 

   0.01 0.03 0.02 1.38 6.40 6.37 0.14 
Hick STE  06/01/09   0.40  80.74 87.59 87.99 3.74 

    0.00  4.11 3.58 3.58 0.00 
Hick STE  06/04/09  0.11 0.40 0.29 48.83 85.86 86.26 3.08 

   0.00 0.00 0.00 7.20 7.70 7.70 0.32 
Mag EFT 05/11/09 7805 1.67 6.94 5.28 10.70 12.92 19.86 1.75 

  195 0.15 0.00 0.15 0.51 0.24 0.24 0.01 
Mag EFT  06/02/09   11.06  23.51 29.84 40.90 3.96 

    1.03  4.02 3.69 4.72 0.07 
Mag EFT 06/04/09 8700 1.51 25.17 23.66 11.79 15.72 40.89 3.42 

  2000 1.49 0.16 1.65 0.06 1.32 1.15 0.11 
Hick EFT 03/27/09 7410 0.13 2.42 2.30 42.34 106.70 109.13 12.99 

  650 0.00 2.18 2.18 2.30 9.68 11.86 0.20 
Hick EFT  06/03/09  18.43 47.54 29.11 12.46 10.55 58.10 3.09 

   14.88 0.67 15.55 0.19 0.21 0.46 0.11 
Hick EFT   06/04/09  0.49 60.72 60.23 10.74 12.49 73.21 3.18 

   0.09 1.61 1.52 0.05 1.15 0.46 0.22 
 

5. Discussion 

 

5.1. Septic Tank Effluent 

 

In this study, the STE samples are considered influent or input into the NRTS.  A recent 

study of residential conventional OSTDS report the raw sewage (pre-treatment) has TN 

concentrations that are very similar to the STE concentrations flowing into the drainfield 
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pipe, indicating little N attenuation in a residential septic tank (Lowe et al, 2009).  The 

influent TN concentrations (131.9 ± 43.4 mg-N/L) found in this study were much higher than 

those concentrations observed in residential septic tank effluent during recent research in the 

Wakulla Springs Basin by both FDEP and the Colorado School of Mines, ≈70 mg-N/L 

(Lowe et al, 2009; FDEP, unpublished).  This finding is not unexpected when the usage 

pattern differences of a residence are compared to state park bathhouse.  Bathhouse influent 

consists almost exclusively of toilet use, hand washing, teeth brushing and showering.  At a 

person’s home, other activities such as clothes and dish washing would be a large component 

of the influent.  These two activities account for much less of the TN inputs of influent, than 

other nutrient rich activities such as toilet use.   

 

One weakness of the Phase I research approach was that STE concentrations were not 

measured for nutrient loading calculations of the drainfield.  Both NRTS use the original 

septic system as a trash tank.  After Phase I, both bathhouses were refurbished with low flow 

plumbing fixtures.  The lower water use from the new plumbing would result in a more 

concentrated sewage with higher TN concentrations than with the original plumbing in Phase 

I.   At Hickory, the trash tank was pumped on March 9, 2009 and the first STE sample taken 

less than three weeks afterwards.  This is reported as another difference in the sites resulting 

from the different time period between system finalization and the first environmental 

sampling event on March 27, 2009. It is unclear whether the pump-out affected the STE at 

Hickory or was inconsequential.   

 

5.2. Total Nitrogen reduction by the Nutrient Reducing Treatment Drainfields 

 

In Wakulla County, Florida approximately half of the TN concentration in STE from 

conventional residential septic systems was found in the groundwater directly under the 

drainfields (Katz, et al, in review).  Presumably the soil at Manatee Springs State Park would 

behave in a similar fashion. 

 

5.3. Monitoring Well Data 
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Comparison with Phase I 

 

The nitrate concentrations found in this study were less than the concentrations observed in 

Phase I (Table 5).  At Hickory campground the wells most impacted by the septic system in 

Phase I, S1 and C5, had the highest nitrate concentrations in Phase II.  The concentrations in 

these wells were much lower in Phase II than in Phase I.  The concentrations in wells S2, C3, 

and C4 had nitrate concentrations that were very similar to those in Phase I and the 

background wells.  At Magnolia II campground, the nitrate concentrations were much lower 

in Phase II than in Phase I (Table 5).   
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Table 5.  The high and average NO3 (mg-N/L)concentrations from both Phase I and Phase II 
at Hickory and Magnolia II campgrounds.  The high NO3 concentrations in Phase I all 
occurred on 08/22/2003.  Nitrate concentrations are given in mg-N/L.  The background well 
SRWMD #4 in Phase II was substituted for MB2 from Phase I, although NO3 concentrations 
are higher than some of the wells in Hickory.  Note that concentrations were  greater in Phase 
I of the study  The samples from 01/14/09 were higher than the other samples in Phase II 
except in wells M3, M7, M8, and M9.. 
 

Well 

ID 

High NO3 

Phase I 

Average NO3 

Phase I 

NO3 01/04/09 High NO3 

Phase II 

Average NO3 

Phase II 

 Background     

CA 0.15 0.07 ± 0.06  0.42 0.20 ± 0.18 

MB2 1.61 0.61 ± 0.74 SRWMD# 4 1.00 0.52 ± 0.48 

 Hickory     

S1 56.1 21.9 ± 16.1 6.67 4.71 2.25 ± 2.19 

S2 1.1 0.58 ± 0.38 1.71 0.23 0.14 ± 0.08 

C3 1.1 0.59 ± 0.30 0.96 0.64 0.32 ± 0.29 

C4 1.23 0.71 ± 0.33 1.18 1.15 0.63 ± 0.46 

C5 41.3 11.7 ± 14.7 5.96 2.96 2.00 ± 0.99 

 Magnolia II     

M1 49.8 ± 18.8 29.4 ± 9.8 17.14 13.2 7.02 ± 4.87 

M2 63.2 22.8 ± 17.5 7.91 4.83 1.84 ± 2.60 

M3 33.9 14.9 ± 11.2 3.88 13.8 5.05 ± 7.57 

M5 62.6 26.1 ± 15.2 11.47 3.78 2.69 ± 1.22 

M6 51.4 17.5 ± 14.5 4.92 2.80 1.59 ± 1.44 

M7 63.3 19.4 ± 17.7 9.57 19.2 9.53 ± 8.41 

M8 54.6 ± 14.7 30.1 ± 17.1 0.77 10.26 4.90 ± 5.10 

M9 35.9 6.9 ± 12.6 1.36 5.28 1.88 ± 2.95 
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Three weeks prior to the sampling event of 05/11/09, the well field was flooded from the 

Suwannee River.  The Suwannee River was above the 10-ft flood stage at Manatee 

Springs from April 18 to April 22, 2009, cresting on April 20, 2009 (SRWMD website, 

2009).  At the 10-ft flood stage the wells at Magnolia II are submerged.  Swimming at the 

Park was not reopened until May 7th due flooding impact on the water quality of the 

spring.  In sampling following the flooding, we observed relatively low nitrate 

concentrations compared to the other sampling events.  On 06/04/09, concentrations are 

again higher in many wells, especially M7and M3 at Magnolia II (Figure 5) and wells S1 

and C5 at Hickory (Figure 6).  This indicates that these wells are most affected by the 

septic system at Magnolia II and Hickory.   

 

The flushing effect after flooding was also shown in the data from Phase I, due to a 

period of high water from March 10th to May 6th, 2003 (Figure 13).  The May 20, 2003 

TN concentrations were lower than the TN concentrations observed in May 10th, 2004, 

when there was no preceding flood (Table 6).   
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Figure 13.  River stage at Manatee Springs State Park for 2003 to 2005 (Phase I) and 2009 

(Phase II).  Sample dates given in Table 6 are indicated (SRWMD, 2009). 

Suwannee River At Manatee Springs State Park

0

2

4

6

8

10

12

14

Jan-03 Mar-03 May-03 Jul-03 Sep-03 Dec-03 Feb-04 Apr-04 Jun-04 Sep-04 Nov-04 Jan-09 Mar-09 Jun-09

R
iv

er
 S

ta
ge

 (f
ee

t, 
N

G
V

D
19

29
)

2003 to 2004 2009

02/19/03

05/20/03

05/10/04 01/14/09

05/11/09

 



Final Report:  Chapter I  December 2009 
  Page 40 

Table 6.  The nitrate concentrations (mg-N/L) from both Phase I and Phase II at Hickory and 
Magnolia II campground wells are given before and after flooding in 2003 and 2009, as well 
as May 2004 when no flooding occurred.  Nitrate concentrations are given in mg-N/L.  The 
background well SRWMD #4 in Phase II was substituted for MB2 from Phase I, although 
NO3 concentrations are higher than some of the wells in Hickory. 
 

Well 

ID 

Pre Flood 

NO3 

02/20/2003 

Phase I 

Post Flood  

NO3 

05/20/2003 

Phase I 

No Flood 

NO3 

05/10/2004 

Phase I 

Pre Flood 

NO3  

01/14/09 

Phase II 

Post Flood 

NO3 

05/11/2009 

Phase II 

Background 

CA 0.12 <0.01  0.42 0.11 

MB2 <0.01 0.08 SRWMD# 4 1.00 0.01 

Hickory 

S1 26.8 13.6 36.0 ± 3.3 6.67 0.51 ± 0.09 

S2 0.92 0.27  1.71 0.23 

C3 0.38 0.37  0.96 0.10 

C4 0.44 0.60  1.18 0.28 

C5 1.94 3.32 32.7 5.96 2.06 

Magnolia II 

M1 18.2 ± 0.4 23.1 38.1 17.14 2.69 

M2 22.0 7.70 25.8 7.91 0.51 

M3 0.92 6.57 22.8 3.88 0.26 

M5 21.9 15.3 30.8 11.47 3.78 

M6 6.11 9.8 ± 1.99 14.8 4.92 2.80 

M7 9.55 11.1 18.4 9.57 4.27 

M8 19.6 5.9 38.1 ± 30.3 0.77 4.35 

M9 0.96 0.30 35.9 1.36 0.11 
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The flow of septic effluent was altered during Phase II.  The septic effluent was pumped 

into the drainfield by the NRTS, in the conventional system the effluent was gravity fed, 

likely changing the dispersal pattern in the drainfield mound.  .The pumps are designed 

for drainfields that are a good distance from the systems,  It is likely the drainfields had a 

more frequent and lower volume dosing with gravity feed which occurs as water is used 

in the bathhouse than with pumping which is determined by floats in the pump tank and 

quickly reduces the tank volume until the float shuts off.   

 

Additionally, during construction of the NRTS at Magnolia II the drainfield mound was 

re-shaped.  This may help explain why the highest nitrate concentrations after the flood at 

Magnolia II were in wells M7 (20.0 mg-N/L) and M3 (14.5 mg-N/L) on 06/04/09 o, 

while in Phase I M8, M5 and M1 had the highest nitrate concentrations (Table 5).  The 

highest TN concentrations in the other wells at Magnolia II were observed on 01/14/09 

when the drainfield was still under gravity feed.  In wells M8 (0.9 mg-N/L) and M9 (1.5 

mg-N/L)observed on 01/04/09 had very low concentrations, once the pumps were 

activated the concentrations of TN rose to 10.4 mg-N/L in M8 and 5.5 mg-N/L in M9.  

The same pattern with higher nitrate concentrations is observed in wells M3 and M7, 

highest concentrations observed after the flood. 

 

At Hickory only in wells S1 and C5 did the TN concentrations increased after the 

flooding in the 06/04/09 (Figure 6).  These were also the most impacted wells from Phase 

I sampled in Phase II.  

  

Groundwater samples collected after March 2009 were influence by two factors relative 

to previous samples.  These factors were the flooding that occurred and the initiation of 

the ATUs at these sites.  No doubt, groundwater TN and nitrate concentrations were 

lower following the initiation of advanced waste water treatment at the Park.  But was 

this due to the flooding or the treatment?  To address this question, we examined our 

2003 data to discern the effect of flooding on groundwater nitrate concentrations (Figure 

14).     
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Figure 14.  Nitrate levels pre and post flooding (2003 and 2009), and in the absence of 

flooding in May, 2004 (data graphed from Table 5 and 6). 
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The data indicate that in 2003, flooding reduced groundwater nitrate by only 10 to 30% 

while in 2009, the post-flood, post-treatment data are generally more reduced relative to 

the January 2009 pre-flood, pre-ATU treatment data.  The results are corroborated by a 

comparison of average well nitrate data from Phase I, compared to the January 2009 

sampling, and the average data from Phase II, following ATU treatment (Figure 15).   
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Figure 15.  Average well nitrate data from Phase I sampling, Phase II sampling following 

ATU treatment of septic effluent and January 2009 data prior to ATU treatment. 

  

Overall, the Phase II data appear to exhibit nitrate reduction relative to Phase I data and 

relative to January 2009 data prior to ATU treatment.  The nitrate reduction is greater than 

observed for flooding alone in 2003.  The data are consistent with the hypothesis that ATU 

treatment reduces groundwater nutrient concentrations.   
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6. Additional Sampling Event with No Flood Impact. 

 
Since the sampling event on 03/26/09 was just after the NRTS were fully operational and the 
other two sampling events on 05/11/09 and 06/04/09 were impacted by flooding, another 
sampling event was scheduled to capture more typical conditions at the sites.  The sampling 
event occurred on 09/10/09 when the park was at or above normal attendance, flow to the 
drainfields was reduced, and the river level was normal. 
 

6.1. Monitoring Well Data 

 

The monitoring wells and NRTS were sampled on 09/10/09 during conditions not impacted 

by flooding and with both NRTS operational for almost six months.  At Hickory, wells S1 

and C5 had similar nitrate concentrations as found on 01/14/09 (Figure 16).  Although these 

wells continue to be impacted by the NRTS, the nitrate levels are significantly lower than 

observed in Phase I, 21.9 ± 16.1 mg-N/L.  
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Figure 16.  Nitrate concentrations from wells S1 and C5 taken on 01/14/09, 3/27/09, 05/11/09, 

06/04/09 and 09/10/09.  The Suwannee River was above flood stage April 18-22, closing the 

State Park campgrounds from April 13 to April 29.  The samples taken on 09/10/09 were not 

impacted by the flood. 
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The nitrate concentrations in the other wells at Hickory were also similar to those observed 

on 01/14/09.  The concentrations are above background levels and similar to those observed 

in Phase I (Table 5), but show these wells are less impacted than S1 and C5 (Figure 17).  
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Figure 17.  Nitrate concentrations from wells S2, C3, C4 and background wells CA and 

SRWMD #4 taken on 01/14/09, 3/27/09, 05/11/09, 06/04/09 and 09/10/09.  The Suwannee 

River was above flood stage April 18-22, closing the State Park campgrounds from April 13 to 

April 29.  The samples taken on 09/10/09 were not impacted by the flood. 
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At Magnolia II, M1 and M5 had the highest nitrate concentrations and were the only wells in 

which nitrate increased relative to the first 3 sampling events, but they did not surpass the 

concentrations observed on 01/14/09.  Well M6 had a concentration similar to the earlier 

sampling events (Figure 18).  
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Figure 18.  Nitrate concentrations from wells M1, M2, M5 and M6 sampled on 01/14/09, 

3/26/09, 05/11/09, 06/04/09 and 09/10/09.  The Suwannee River was above flood stage 

April 18-22, closing the State Park campgrounds from April 13 to April 29 and 

submerging the wells at Magnolia II.  The samples taken on 09/10/09 were not impacted 

by the flood. 
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At the remaining wells at Magnolia II (M2, M3, M7, M8, M9), the nitrate concentrations 

observed on 09/10/09 were the lowest measured in the study. (Figure 19).   
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Figure 19.  Nitrate concentrations from wells M3, M7, M8 and M9 were taken on 

01/14/09, 3/26/09, 05/11/09, 06/04/09 and 09/10/09.  The Suwannee River was above flood 

stage April 18-22, closing the State Park campgrounds from April 13 to April 29 and 

submerging the wells at Magnolia II.  The samples taken on 09/10/09 were not impacted 

by the flood and were the lowest measured in the study. 
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6.2. NRTS Data 

 

Hickory 

Both the STE and EFT from the NRTS at Hickory campground was similar to the other grab 

samples in this study.  The TN in the STE on 09/10/09 was 140.04 mg-N/L, within the range 

of the other grab samples, 127.7 ± 49.37.2, n=.11  The EFT TN value of 57.3 mg-N/L was 

also similar to the other grab sample values, 56.5 ± 23.5.  The percent reduction of nitrogen 

by the NRTS on 09/10/09 was calculated to be 59.2%.  During this sampling event, TSS, 

BOD and cBOD5 were also measured.  The NRTS reduced the TSS from 47.2 mg/L in the 
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STE to 4.8 mg/L in the EFT.  BOD was reduced from 48.5 mg/L in the STE to 12.3 mg/L in 

the EFT and cBOD5 from 24.5 mg/L to 10.5 mg/L, respectively. 

Magnolia II 

The NRTS at Magnolia II appears to not have been functioning properly during the sampling 

on 09/10/09.  The STE TN value of 149.2 mg-N/L was very similar to the other grab samples 

in the study, 151.2 ± 33.6 mg-N/L, n=11.  The TN EFT value of 138.1 mg-N/L measured on 

09/10/09 was much higher than the other EFT grab samples, 48.7 ± 29.6 mg-N/L and closer 

to values for STE.  The calculated percent reduction of total nitrogen is 7.5% and indicates 

that the system is not operating properly.  The EFT was approximately 30% nitrate and nitrite 

and 70% TKN (Appendix G), indicating incomplete nitrification in the ATU portion of the 

system.  The NRTS did reduce the TSS from 90.0 mg/L in the STE to 6.2 mg/L in the EFT 

and cBOD5 from 60.5 mg/L in the STE to 2.5 /L in the EFT.  The BOD results are unclear; 

the EFT value of 88.5 mg/L is larger than the STE value of 66.5 mg/L.  

7. Conclusions 

 

Significant reduction of total nitrogen is occurring in both NRTS studied, greatly reducing the 

nutrient loading of the groundwater by the effluent from the two bath houses.  At Magnolia II, 

the reduction in TN ranged from 69 to 88% except during the 09/10/09 sampling event when 

only a 7.5% reduction was observed.  At Hickory it nitrogen reduction ranged from 22 to 75%.  

The nitrogen reduction of 22% is calculated from the composite samples taken during the 

performance assessment.  This may not be an accurate reflection of performance as the 9 grab 

samples taken during the same time period indicated nitrogen reduction of 55%.  The Hickory 

site was problematic in its installation due to site limitations, and was finalized on 3/23/09, just 

prior to the 03/27/09 sampling event, which indicated a nitrogen reduction of 37 %.  This 

sampling period included the start-up period during which the nitrifying and denitrifying 

bacterial colonies may have been premature to evaluate the system at Hickory.  Not including the 

composite samples or the 03/27/09 event, the NRTS at Hickory reduced total nitrogen from 55% 

to 75%.  When functioning properly, both NRTS reduce N-loading more than 50%. 
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Groundwater samples collected from wells were lower in TN in the Phase II portion of this study 

following the installation of the NRTS systems, relative to concentrations in Phase I and relative 

to concentrations in January prior to the introduction of the NRTS systems.  This finding is 

consistent with the hypothesis that NRTS will reduce inputs of nutrients to groundwater. 

 

8. Recommendations 

 

More work needs to be done to properly access the performance the NRTS installed at Magnolia 

II and Hickory campgrounds.  The data from this study is influenced by the period of no usage 

during the flood and lower volume of sewage due to reduced park attendance.  Additionally the 

first samples at Hickory were taken just four days after the finalization of the system.  More grab 

and composite samples need to be taken when the campgrounds have normal attendance and 

both systems are well established.  Another worthwhile study would be to continue sampling 

influent and effluent of the NRTS from Phase II and add other NRTS or similar systems that are 

in Manatee Springs State Park, Fanning Springs State Park as well as other parks in Florida. 
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CHAPTER II: Activities in Support of the Study 
 

Prepared by:  
 

Eberhard Roeder 
Florida Department of Health 

Division of Environmental Health 
Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08 

Tallahassee, Florida 32399-1713 
 

 
1. Executive Summary 

 

This chapter presents additional background information on the project sites and a summary of 

activities and observations during the project period leading up to the environmental and 

performance sampling described in Chapter I. 

 

The objectives of the study were to retrofit the two onsite systems investigated in Phase I of this 

study with nitrogen reducing systems and evaluate their performance and effect on groundwater.  

Performance evaluation is documented in Chapter I.  The following are some additional 

observations and conclusions: 

 

1. This study benefited from and was influenced by upgrades the State Park 

implemented concurrently at the two bathhouses.  Two changes relative to Phase I 

stemming from these upgrades were the use of low-flow fixtures in the bathhouses 

and the use of lift-dosing instead of gravity to feed the monitored drainfields.  The use 

of low-flow fixtures has likely increased the concentration of nitrogen in the effluent, 

but is not expected to have changed the mass of nitrogen discharged in the sewage. 

2. The treatment technologies eventually selected for this project represented the two 

approaches currently outlined in state law for the protection of the Suwannee River 

flood plain:  an aerobic treatment unit with combined activated sludge/fixed film 

technology that has extensive documentation on its nitrogen reduction capability 

available and has been commonly installed as a performance-based treatment system 
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for this purpose, and an extended aeration aerobic treatment unit that is lacking such 

documentation. 

3. Retrofitting of the existing systems had to contend with site constraints based on prior 

construction.  The use of existing old drainfields was part of the design of the study to 

allow comparison to Phase I.  The reuse of the existing septic tanks as trash 

compartments for the treatment units resulted in trash tanks that are about twice as 

large as would usually be the case for new system construction.  There was no 

indication that the trash tanks resulted in a lack of food for the aerobic treatment 

units, though, and the experience over the course of the project suggested that 

campground bathhouses generate a large amount of solids appropriate for a larger 

trash tank. 

4. A first attempt to install a treatment unit in the first chamber of the existing tank did 

not result in successful treatment.  At least for situations such as those encountered in 

this study, retrofitting for additional treatment appears to require at least an additional 

tank for the treatment unit. 

5. Thorough maintenance appears key to ensuring effective treatment by at least the 

extended aeration treatment unit at Magnolia II.  Samples taken on three occasions in 

2006 and 2007 showed that total nitrogen in the ATU-effluent ranged from 73 to 120 

mg/L and were similar to septic tank effluent samples taken at the same, which 

ranged from 71 to 150 mg/L total nitrogen.  On these occasions, there was also little 

evidence of cBOD5 and TSS removal, and nitrification relative to septic tank effluent.  

Two of three other aerobic treatment units by the same manufacturer that were 

installed at park restrooms were sampled in 2007 and showed a similar lack of 

nitrification.  In contrast, a sample taken in January 2009 at Magnolia II, after a 

thorough maintenance visit in June 2008 that addressed the functioning of air 

diffusers, showed nearly complete nitrification and a total nitrogen concentration of 

66 mg/L.  The sampling event in September 2009 indicated loss of nitrification 

function again at the Magnolia II treatment unit. 

6. A more thorough inspection and possibly training protocol that is shared between the 

owner of the system, the maintenance entity and the regulatory agency may help to 

detect sub-optimal performance more quickly.  The lack of treatment discussed in the 

previous point occurred even though the aerobic treatment unit appeared to be 
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working, as indicated by the running of the aerator, except for some overheating 

problems observed by park staff. 

7. Outside the direct scope of this project, park management reported and DOH staff 

observed a variety of problems related to the functioning of the pressure dosing 

system installed as part of the park service-initiated upgrade.  Some of these problems 

appeared unique to the size and design of the particular systems involved.   

8. For the continued operation of the bathhouses it proved useful to have the research 

project drainfields remaining as a gravity-fed backup to the pressure-dosed systems.  

This benefit has to be considered against the lack of treatment obtained during 

periods when the pressure-dosed system is not functional.  In addition, the continued 

intermittent use of the old existing drainfield resulted in residual nitrogen 

concentrations in the monitoring wells that had the potential to confound an 

evaluation of the treatment effect. 

9. Septic tank effluent contained nearly exclusively reduced forms of nitrogen (TKN) 

with 56 to 95% of that concentration being present as ammonia-nitrogen. 

10. Nitrogen concentrations in septic tank effluent from the two systems frequently 

exceeded Florida’s limit of 100 mg/L TKN for domestic sewage and was by a factor 

of two to four higher than average values in domestic sewage found in prior Florida 

studies.  In part this high concentration is due to the use of low-flow fixtures and may 

indicate a broader change in domestic sewage composition.  Total phosphorus 

concentrations ranged from 0.5 to 33 mg/L with most being below 10 mg/L.  cBOD5, 

ranging from 25 to 220 mg/L, and TSS, ranging from 38 to 126 mg/L  indicated that 

septic tanks retain their effectiveness for the reduction of these parameters with more 

concentrated sewage. 

 

 
2. Introduction 

 
The first phase of this study had investigated the impacts on groundwater quality by conventional 

onsite sewage treatment and disposal systems (OSTDS), consisting of a septic tank and 

drainfield, in a karst environment.  Karst is characterized by the presence of solution channels, 

sinkholes and springs in limestone bedrock.  A layer of sand frequently covers the bedrock.  The 
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first phase confirmed that this environment allowed rapid transport of sewage effluent tracers 

between the onsite sewage treatment and disposal system and groundwater and resulted in 

particular in elevated nitrogen concentrations in the monitoring wells (Harden et al, 2008).  

Figure 1 shows the location of the study sites, two bathhouses within Manatee Springs State Park 

on the eastern side of the Suwannee River.  Both bathhouses are just outside of the 10-year flood 

plain of the Suwannee. 

 

Current laws governing the installation of new OSTDSs in the 10-year floodway of the 

Suwannee River already require that improved treatment techniques be used.  Common methods 

of complying with this provision is to install either an aerobic treatment unit (ATU) or a 

performance based treatment system (PBTS) that is designed to remove at least 50% of the 

nitrogen prior to the drainfield of the onsite sewage treatment and disposal system.  Similarly, 

Corbett et al. (2002) recommended based on a study on a barrier Island that aerobic treatment 

units, combined with a 3-ft separation to the water table, would likely provide efficient treatment 

before introducing contaminants to groundwater. 

 

More recently, water quality investigations in the Suwannee River have culminated in the 

development of a total maximum daily load (TMDL) report for the Florida Department of 

Environmental Protection (FDEP) (Hallas and Magley, 2008).  The report summarizes existing 

water quantity and quality data and establishes an average monthly concentration of 0.35 mg/L 

nitrate-nitrogen as the target appropriate for the assimilative capacity of the river.  Compared to 

conditions during the evaluation period, this target represents a 58% reduction for the lower 

Suwannee River where Manatee Springs is located, and a 79% reduction for Manatee Springs 

itself (Hallas and Magley, 2008).  The 58% required nitrogen reduction for the Lower Suwannee 

River is similar in magnitude to the reduction specified in onsite regulations for the Suwannee 

flood plain.  The TMDL report as well as an earlier study by the US Geological Survey (Katz et 

al. 2007) identified OSTDS as one of the sources of nitrate in the Suwannee River basin. Pittman 

et al. (1995) had found that for base flow conditions, springs and groundwater were important 

transport pathways for nitrates to the Suwannee river. 

 

The purpose of this project was to conduct treatment performance and environmental monitoring 

to compare the nutrient loading of a conventional OSTDS to one that is retrofitted with nutrient 
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reducing technology.  In order avoid an additional confounding factor in this comparison and to 

save costs, the project concept was based on using the existing monitoring wells and existing 

drainfields, even though these were not in conformance with current construction practices for 

new onsite systems.  Secondary objectives were to gather information on the installation, 

operation and maintenance of such systems, and to assess the variability of performance. 

 

The project proceeded in roughly six steps: 

 

1. Upgrades to existing system by the Park Service 

2. Selection of nitrogen reducing technologies 

3. Initial retrofitting of the existing systems with technologies 

4. Collection of data on operation and water quality  

5. Final modifications to the onsite systems 

6. Performance and environmental sampling (Chapter I) 

 

In the following text, activities related to Tasks 1 through 5 are described.  

 

 

3. Upgrades to Existing Systems by the Park Service 

 

Towards the end of Phase I of the case study in 2003 and 2004, the Park Service initiated 

upgrades and modifications to the bathhouses and onsite systems under study.  The bathhouses 

were refurbished and replaced and received low-flush fixtures as discussed below.  The onsite 

systems received new drainfields away from cave systems and the flood plain, additional 

treatment tanks, and pump tanks and pumps to transfer the sewage to the new drainfields.  The 

construction measures retained connections to the old existing drainfields to allow continuation 

of this study. 

 

3.1. Description of Bathhouses and Sites 

 

The bathhouse at Hickory was originally established around 1962/63.  It and the campground 

it serves are located on a slight rise between two sinkholes, Sue’s Sink and Catfish Hotel, 
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over the main conduit feeding Manatee Springs.  The elevations of the top of well casings, 

roughly at ground surface level, at Hickory were surveyed by DOH staff to be between 14 

and 17 feet (NGVD 1929).  The bathhouse at Hickory serves 25 campsites, each equipped 

with electricity and a supply of potable water.  The design flow, or estimated sewage flow 

per Florida onsite sewage regulations, is 1,250 gallons per day (gpd).  Figure 2 shows the 

monitoring wells, bathhouse and onsite system as they were surveyed in 2002 during Phase I. 
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Figure 1.  Location of Study Site.  Shown is part of Manatee Springs State Park with the Spring and Spring 

Run. 

 

 

The bathhouse at Magnolia II was likely established in the early 1970s  (Mark Hooks, 

personal communication 10/1/2004, based on information provided to him by Bill Roberson, 

assistant park manager).  It, and the campground it serves, are at the edge of the 10-year 

flood plain, which likely was the reason for building the bathhouse and the associated onsite 

sewage system on an artificial hill that reaches an elevation of 15-ft.  The monitoring wells 

were installed towards the river side of the hill in what appeared to be natural ground.  The 

elevations of the tops of well casings at Magnolia II were surveyed by DOH staff to be 

between 6.5 and 10.3 feet (NGVD 1929).  For comparison, the Suwannee River flood 

elevations at Manatee Springs are 7-ft for the two-year flood; 13-ft for the 10-year flood, and 

16-ft for the 100-yr flood (SRWMD, 2004).  The bathhouse at Magnolia II serves 20 

campsites, each equipped with electricity and a supply of potable water.  The design flow, or 

estimated sewage flow, of the bathhouse per current Florida onsite sewage regulations is 

1,000 gpd.  Figure 3 shows the monitoring wells, bathhouse and onsite system as they were 

surveyed in 2002 during Phase I 
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Figure 2.  Site plan of Hickory during Phase I. 

 

 

 
Figure 3.  Site plan of Magnolia II during Phase I. 
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3.2. Renovations of Bathhouses 

 

The Florida Park Service initiated renovations of the Magnolia II house and a replacement of 

the bathhouse at Hickory independent of this project.  These constructions occurred from 

09/04/2003 - 05/02/2004 at Hickory and from 4/19/2004 through September 2004 at 

Magnolia II.  Subsequently sometime in 2005, the initially installed waterless urinals were 

replaced with low-flush urinals, so that the two bathhouses had the following configurations 

for the performance sampling in 2009: 

 

The Hickory bathhouse includes four showers, four sinks, four toilets, and two ADA 

compartments, which each includes a shower, sink, and toilet.  It also includes an outside 

faucet on the septic tank side of the building and a drinking fountain, which was not operable 

during the sampling in 2009.  The Hickory campground host site is located next to the 

bathhouse and the 2003/2004 renovations included providing a sewer connection for this site 

directly into the septic tank.  During the construction activities, monitoring well C-6 became 

damaged and unoperable for the remainder of the study. 

 

The bathhouse at Magnolia II includes four showers, four sinks, and four low-flush toilets.  A 

water meter is installed about 50-yards to the north of the bathhouse.  The water meter 

measures flow to an outside faucet in front of the bathhouse in addition to the bathhouse 

usage.  This faucet was rarely used based on observations during site visits, and appears to 

contribute an insignificant amount to the water usage. 

 

3.3. Hickory Onsite System Upgrades 

 

The onsite system monitored in Phase I of this study had consisted of a 2300 gallon dual 

compartment septic tank with outlet filter that discharged by gravity to a network of trenches 

in the vicinity of the bathhouse and on top of the cave feeding Manatee Springs.  The 

connections, or lack thereof, between trenches beyond a distribution box were not 
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established.  The septic tank had been installed as part of Phase I between the building sewer 

and the distribution box to replace a previous tank. 

 

The upgrades initiated by the Park Service in 2003 included a new drainfield about 100 yards 

south, across an access road and near to the Magnolia II campground.  This drainfield serves 

to dispose of effluent away from the cave system feeding Manatee Springs.  The drainfield is 

a low-pressure dosed mound and was permitted according to 2003 current onsite sewage 

regulations.   

In order to facilitate the pumping to the mound drainfield, a 1250 gallon pump tank with 

alternating pumps was installed.  For unknown reasons, this tank included a compartment 

wall, and the two pumps were installed in the second compartment while the control floats 

were installed in the first compartment.  With the intention to assist in the execution of this 

project, the Park Service project also included a 750 gallon tank between the septic tank and 

the treatment tank for uses in future nitrogen reduction upgrades.  Both of these new tanks 

were installed in the location where a prior survey had indicated the existence of a, likely 

unconnected, trench.   

Figure 4 shows a view from the pump line north toward the new tanks and bathhouse.  There 

was an outside sink that was later removed and only a hose faucet was present for 2009 

performance monitoring. 

 

To allow continuation of this study, the park service project installed a branch-off with 

valves after the septic tank that allowed gravity flow either to the old drainfield or to the 

intermediate tank and pump tank for pumping to the new mound drainfield. 
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Figure 4.  Hickory bathhouse on 03/03/2006.  Pump tank with two round manhole covers in front, septic 

tank behind.   

 

3.4. Magnolia II Onsite System Upgrades 

 

The Magnolia II onsite system monitored in Phase I of this study had consisted of a large 

septic tank with outlet filter that discharged by gravity to a distribution box connected to 

three lines of drainfield.  As part of their continuing efforts to improve onsite sewage 

treatment within the state park system, the Park Service added in 2004 an aerobic treatment 

unit with a treatment capacity of 1000 gpd and a 1050 gallon single compartment pump tank.  

Both tanks consist of fiberglass and the pump tank is a two-piece tank with a mid-seam.  The 

pump tank was equipped with two alternating pumps to move effluent to a new mound 

drainfield about a hundred yards to the southeast that is further removed from the flood plain. 

 

With these additions, the existing septic tank began to serve as a trash tank to the aerobic 

treatment unit.  To facilitate this project, as in the case of Hickory, this installation provided a 

branch-off with valves to allow flow from the old septic tank by gravity either to the old 

drainfield studied in Phase I and II or to the new ATU.  Figure 5 illustrates the location of the 

additional tanks that were surrounded by a fence. 

Valve box to 
determine flow to 
old or new drainfield 

Pump Tank 

Septic tank 

Valve box and pump 
line to new drainfield
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a)   b)  
Figure 5.  Additions to Magnolia II on 03/23/2006:  a) ATU with air supply and pump tank.  b) View across 

the septic tank, valve boxes and old drainfield towards the monitoring wells and the Suwannee River 

 

4. Selection of Nitrogen Reducing Technologies 

 

The treatment technologies eventually selected for this project represented the two approaches 

currently outlined in state law for the protection of the Suwannee River flood plain:  an aerobic 

treatment unit with combined activated sludge/fixed film technology that has extensive 

documentation on its nitrogen reduction capability available and has been commonly installed 

throughout the State of Florida as a performance-based treatment system for this purpose, and an 

extended aeration aerobic treatment unit that is lacking such documentation. 

 

4.1. Hickory 

 

While the modifications implemented by the Park Service in 2003/2004 had provided an 

additional tank for use in future treatment, no nitrogen-reducing treatment was included.  

DOH solicited proposals by engineers for a treatment system for this site in 2005.  The 

solicitation for a proposal for this project emphasized the need to reuse the existing tank 

upstream of the branch-off in order to facilitate dispersal in the old drainfield within a limited 

budget.  The only proposal by an engineer received by DOH proposed the installation of a 

combined activated sludge/fixed film kit (Micro-Fast) with a treatment capacity of 1500 gpd 

in the first compartment of the septic tank for nitrogen reduction and a phosphorus absorbing 

media into the second compartment.  A single family residence size version of the nitrogen 

Drainfield 

Septic tank and 
valve boxes 

ATU and pump 
tank enclosure 
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reducing module had been part of side-by-side evaluations in the Florida Keys, where it had 

achieved nitrogen concentration reductions by roughly 70% to about 10 mg/L. 

 

Usually, such a nitrogen-reducing treatment system is installed in a compartment following a 

trash compartment or tank.  The constraints of the site included the presence of a concrete 

pad over the building sewer lines that precluded installation of an additional trash tank 

upstream of the large existing septic tank and the existence of a 750 gallon tank that was too 

small to install the kit.  On the other hand, some earlier installations of such a kit had not 

included a separate trash compartment and the engineer judged them to be functioning, and 

the close contact between raw sewage reaching the first compartment and the aeration unit in 

it could possibly be expected to maximize the use of carbon for denitrification.  An additional 

potential benefit was the possibility that such a configuration would allow a retrofit without 

the installation of an additional tank.  Therefore, the configuration was installed as proposed 

by the engineer. 

 

Based on the observations and experiences discussed in subsequent sections, the 

configuration did not perform well and the engineer proposed a modified design, which is 

discussed in more detail at the end of this chapter, which was installed and then evaluated 

during the performance assessment of Chapter I.  The final site configuration is shown in 

Figure 9. 

 

4.2. Magnolia II 

 

The modifications implemented by the Park Service had resulted in the availability of an 

extended aeration aerobic treatment unit (Hydro-Action) at this site.  While this treatment 

unit has been certified by NSF under the standard NSF-40 for removal of cBOD5 and TSS, 

no data on nitrogen reduction were available. 

 

Initial treatment concepts developed by DOH staff for this system envisioned the use of 

recirculation from the ATU to the septic tank.  This treatment concept progressed through 

detailed design calculations based on wastewater engineering literature.  Eventually, this 

approach was abandoned in favor of simply testing the performance of the aerobic treatment 
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unit.  This decision was influenced by further review of Florida studies that suggested that a 

combination of aerobic treatment unit and drainfield could possibly be sufficient as nutrient 

reducing treatment.  The same concept is also included in statutory language for the 

Suwannee River flood plain.  Furthermore, the site-specific design and configuration would 

have had very limited applicability to other aerobic treatment systems, was based on 

literature values rather than test data, and there was no means of assessing the benefit from 

the additional design and construction effort relative to simply using the aerobic treatment 

unit.  Therefore, these considerations concluded with a design that allowed the effluent from 

the ATU to be lift-dosed into the old drainfield instead of being discharged into the new 

drainfield.  The final configuration is shown in Figure 13. 

 

5. Initial Retrofitting of the Existing Systems with Technologies 

 

5.1. Hickory 

 

In early March of 2006, the combined activated sludge/fixed film kit for nitrogen reduction 

was installed in the first compartment of the septic tank in the presence of the design 

engineer (Figure 6).  Aeration was activated on April 14, 2006, following sampling of the 

pump tank without the effect of aeration on March 23, 2006.  Initial operational and clogging 

problems at the inlet end did not reoccur once aeration was established and the treatment unit 

operated continuously.  The phosphorus absorbing media were added to the second 

compartment in June of 2006.  The treatment unit continued to operate until modifications to 

implement the final design were installed in March of 2009. 
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Figure 6.  Initial installation of the Hickory nitrogen reducing system.  03/08/2006. 

 

5.2. Magnolia II 

 

At the Magnolia II site, the upgrades implemented by the Park Service consisting of a large 

septic tank followed by an extended aeration treatment unit and a pump tank, became the 

initial retrofit.  The treatment unit either operated when the pumping to the new drainfield 

was functioning or was bypassed when pumps did not function and valves were switched to 

allow gravity flow from the septic tank to the old drainfield.   

 

In February of 2009 a modification was installed that allowed the pumping of effluent from 

the aerobic treatment unit to the old drainfield, in order to monitor the effect of effluent on 

the monitoring wells. 

 

6. Collection of Data on Operation and Water Quality 

 

DOH staff collected data and recorded observations during site visits by DOH staff, from a log 

by the Park Manager on maintenance activities by outside contractors, and from updates 

provided to DOH staff by the Park Manager on problems encountered and resolved.  Of 

particular value was a logging system that the Park Manager instituted in 2004 to record staff 
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observations during weekly maintenance visits.  State Park staff performs approximately weekly 

maintenance visits of the onsite systems installed in the park.  During these visits, the staff 

usually washes off the outlet filters, checks the pump functioning, and records elapsed pump 

times and water meter readings.  These records provided the most finely resolved data on the 

operation of the systems.   

 

7. Operation of Treatment Systems 

 

7.1. Hickory 

 

Manatee Springs State Park has all onsite systems pumped out annually during the summer 

as a matter of routine maintenance.  During these annual tank pumpouts in 2007 and 2008, 

following the installation of the initial system in 2006, it was evident from excessive 

accumulation of solids on and in the nitrogen reduction kit that the system as installed was 

not capable of treating the wastewater completely.  At least in part this appeared to be due to 

lack of storage space for the large amount of indigestible solids received by the treatment 

system.  DOH-staff also observed that the kit was submerged deeper in the sewage than 

designed, which initially suggested a clogging problem between the unit and the drainfield.  

It was only during subsequent construction in 2009 that the installer discovered that the 

septic tank was sloping upward by three inches, which contributed to the presence of the 

water level above the inlet invert.  Subsequent review of photographs of the 2006 installation 

showed that the upward sloping was present already then.  This suggests that the tank was 

either originally not installed level or that construction in 2003/2004 resulted in some 

movement of the tank. 

 

The aeration system worked continuously and no problems were noted.  In particular during 

the initial days of starting the system up in 2006 there was some odor noticed by campground 

residents, when what had been septic sewage was aerated.   

 

7.2. Magnolia II 

 



 Final Report: Chapter II  December 2009 
  Page 67 

State Park staff noticed that the aerators of several of the aerobic treatment units installed in 

Manatee and Fanning Springs State Park experienced an overheating problem that the 

maintenance entity was not able to resolve.  After pursuing a variety of options to find a 

resolution, the contractor who had originally installed most of the systems in the Park visited 

the site in June of 2008.  During this visit the function of air diffusers was restored and the 

aerators were provided with openings in their housing to allow better heat dissipation.    

 

8. Operation of Pumping Systems and Resulting Drainfield Use 

 

An approximate time line of the operation of the pumping system and resulting drainfield use at 

each system was reconstructed based on comments and annotations found in the weekly OSTDS 

maintenance visits by park staff; a history of maintenance events and observations recorded by 

the park ranger; notes in communications between park and DOH staff, and observations during 

field visits by DOH staff.  

 

For the continued operation of the bathhouses it proved useful to have the research project 

drainfields remaining as a gravity-fed backup to the pressure-dosed systems.  This benefit has to 

be considered against the lack of treatment obtained during such periods.  In addition, the 

continued use of the old existing drainfield resulted in residual nitrogen concentrations in the 

monitoring wells that had the potential to confound an evaluation of the treatment effect. 

 

8.1. Hickory 

 

During the project period the system had recurrent problems with the pump system, mainly 

floats and pumps, but also one line break.  An important cause for the problems appeared to 

be the installation of float controls in the first compartment and pumps in the second 

compartment of the pump tank.  This resulted on occasion in continuous running of a pump 

due to the limited vertical movement possible for the off-float.  Maintenance actions by the 

maintenance entity or additional contractors resolved issues temporarily until the spring of 

2009, when additional work on the floats appeared to results in the  pump system working 

properly continuously.   

 



 Final Report: Chapter II  December 2009 
  Page 68 

Whenever the pumping system ceased to deliver effluent to the new drainfield, an available 

option was to switch the valves to gravity flow from the first tank to the old drainfield.  This 

has lead to intermittent use of the old drainfield.   

 

At the Hickory site, the bathhouse was closed from 09/04/2003 through 05/02/2004 for 

renovations to the bathhouse and installation of a pump tank to a low-pressure dosed 

drainfield some distance away.  Pump time readings show pumping to the new drainfield 

from 07/26/2004 - 07/25/2005 with the exception of closing for hurricanes from 09/02/2004 

to 10/04/2004.  From 07/25/2005 through 08/29/2005 the old drainfield was used during 

repairs to the pressure line to the new drainfield.  From 08/29/2005 to some time between 

August 2006 and May 2007 the new drainfield was used.  The old drainfield was then used 

through 05/30/2008.  From then on, the new drainfield was used, with possible short periods 

of interruptions to accommodate work on the pumps.   

 

After installation of the final modifications the valves were switched to direct the effluent 

predominantly to the old drainfield on 03/23/2009.  From 04/13/2009 through 04/27/2009 the 

park was closed due to flooding. Around 06/08/2009 park staff adjusted the valves to 

distribute flow both to the old and the new drainfield. 

 

8.2. Magnolia II 

 

During the project period this pump system, too, experienced intermittent problems.  

Whenever the pumping system ceased to deliver effluent to the new drainfield, an available 

option was to switch the valves to gravity flow from the first tank to the old drainfield.  This 

has lead to intermittent use of the old drainfield, so that effluent from the septic tank rather 

than the aerobic treatment unit has from time to time discharged to the gravity-fed drainfield 

studied during Phase I.   

 

At the Magnolia II site, bathhouse renovations began on 04/19/2004.  This renovation 

included installation of an aerobic treatment unit and a pump tank to serve a low pressure 

dosed drainfield some distance away.  From 9/02/2004 to 10/04/2004 the park was closed 

due to hurricanes.  Pump timer readings indicate that the old drainfield was predominantly 
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used through January 2006, with the exception of 10/11/2004 through 01/03/2005 when the 

new drainfield was used.  Issues relating to the control panel for the pump station and finding 

a replacement for a specific pump resulted in intermittent use of the new drainfields from 

then on.  From 02/2006 to 04/10/2006 the new drainfield was used, followed by a period of 

time through 08/17/2006 when the old drainfield was used.  In the beginning of 2007, one 

pump became operational and effluent was discharged to the new drainfield.  New drainfield 

use continued through at least June 2007, but the old drainfield was then used for a period 

before 3/3/2008, and continued to be used from sometime between 03/11/2008 and 5/5/2008 

through 10/14/2008.   

 

From 10/14/2008 through 03/09/2009 the new drainfield was used, at which time the 

modifications for the final configuration had been completed and the treated effluent flow 

was predominantly directed to the old drainfield.  In contrast to prior years, observations on 

arrival at the site on 03/23, 3/26 and 3/31/2009 showed the same water level in the pump 

tank.  On 03/31/2009 it was discovered that the on-float for the pump controls was not 

working properly and a water tightness test indicated that the pump tank was leaking.  The 

observations were consistent with leaking at the level of the the mid-seam of the pump tank.  

This would have resulted in a release of effluent from the pump tank into the subsurface 

immediately surrounding it instead of effluent flowing to the designated drainfield.  Around 

04/02/2009, the pump floats were repaired to ensure operation of the pumps at a water level 

below the mid-seam to provide flow to the drainfields.  From 04/13/2009 through 04/27/2009 

the park was closed due to flooding. Around 06/08/2009 park staff adjusted the valves to 

distribute effluent flow both to the old and the new drainfield. 

 

9. Water Quality Measurements 

 

Water and effluent samples were obtained on several occasions by DOH staff, the Department’s 

contractor for sampling, and Suwannee River Water Management District staff, as detailed 

below.  Two laboratories analyzed samples for this project.  In Phase 1 of the study and through 

2008, Ackuritlabs (A) in Tallahassee analyzed the samples.  Late in 2008, the contractor for 

sampling in this study began to utilize McGlynn Laboratories (M) in Tallahassee.  Both 
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laboratories were NELAC-certified for the methods used.  The slight variations in methods 

applied are shown in Table 1. 

 
Table 1.  Laboratory analytes and methods used by the two laboratories providing data for this study. 

Analyte Units Ackuritlabs, Inc. (A) McGlynn Laboratories (M) 

Fecal Coliform cfu/100 mL SM 9222D SM 9222D 

Nitrite-N mg/L SM 4500NO2B EPA 354.1 

Nitrite+Nitrate-N mg/L n/a EPA 353.3 

Nitrate-N  mg/L EPA 353.3 calc 

Ammonia-N mg/L EPA 350.2 EPA 350.3 

TIN  mg/L n/a calc 

TKN mg/L EPA 351.3 EPA 351.4 

organic N (calc) mg/L n/a calc 

TN mg/L Calculated Calculated 

TP mg/L EPA 365.3 EPA 365.2 

Ortho-Phosphorus mg/L EPA 365.3 n/a 

cBOD5 mg/L SM 5210 B n/a 

TSS mg/L EPA 160.2 n/a 

Alkalinity mg/L as CaCO3 EPA 310.1 n/a 

 

9.1. OSTDS Water Quality Measurements 

 

Concentrations of effluent leaving the existing septic tanks, representing the influent to the 

aerobic treatment units, and out of the aerobic treatment units were measured on several 

occasions.  The occasions can be grouped together as follows: 

 

1. During the first phase of the nutrient reducing design, treatment in both onsite sewage 

systems was envisioned to effect the most upgradient tank compartment.  In the case of 

Hickory the treatment kit was going to be installed in the existing septic tank.  In the case 

of Magnolia II, a recirculation of ATU-effluent into the septic tank was envisioned.  

Without a separate tank, there would be no raw sewage to measure influent 

concentrations in order to characterize performance.  To accommodate this, 

concentrations in the outlet filters of the septic tanks were measured, as well as 

concentrations in effluent at other points, such as within the pump tank or from the 
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distribution box at the Hickory drainfield.  These sampling events were funded by the 

DOH and performed by DOH staff.  They occurred on 03/23/2006, 05/15/2007, and 

06/04/2007.  

2. In 2007, the park management obtained funding from the Florida Department of 

Environmental Protection for lab analyses of a one-time sampling event of multiple 

aerobic treatment units and arranged with DOH staff to take the samples in combination 

with sampling the treatment systems under study as discussed before.  These samples 

were taken on 05/15/2007 and 06/04/2007, mostly by means of an intermediate container 

that was held under free-flowing effluent into pump tanks.  On these occasions field 

parameters (pH, specific conductance, salinity, dissolved oxygen concentration and 

saturation, oxygen reduction potential (ORP), and temperature) were obtained with a YSI 

556 in addition to laboratory results. 

3. On two occasions DOH’s contractor for sampling also obtained samples from onsite 

systems in association with a well monitoring sampling event.  Several locations were 

sampled on 01/10/2006.  The pump tank at Magnolia II was sampled on 01/14/2009. 

 

Samples were either obtained with an intermediate container that was rinsed with effluent 

before taking the sample, or by means of the pumping equipment of a Global Water 

automatic sampling device, which included flushing the line before taking a sample.  

Samples indicated in the following tables were taken from within the effluent filter 

compartment.  They were obtained by removing the effluent filter, letting turbidity settle, and 

taking a sample from within the frame of the effluent filter.  The following Tables 2 – 7 show 

the results of the sampling.  

 

Except for TSS, agreement between duplicate samples was usually within 10%.  There 

appeared to be no consistent difference between taking a sample with an intermediate 

container and pumping it.  Effluent filter sampling at Hickory on 5/15/2009 showed that 

raising the effluent filter to gain access to the effluent can introduce sufficient turbulence to 

entrain solids.  During the performance sampling (Chapter I) this problem was addressed by 

lifting the effluent filter only briefly and a short distance and inserting the top of the 

peristaltic tubing inside.   
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Readings for the YSI 556 probe were taken usually after two to four minutes stabilization 

time by either submerging the probe in the water to about the top of the probe housing, or by 

measuring in the intermediate container after laboratory samples had been obtained.  

Dissolved oxygen measurement for septic tanks tended to still be drifting downward at the 

time of measurement.  The probe began to malfunction in summer of 2007 and was repaired 

in November 2007.  Probe readings are summarized in Table 8.   

 

Thorough maintenance appears key to ensuring effective treatment by at least the extended 

aeration treatment unit at Magnolia II.  Samples taken on three occasions in 2006 and 2007 

showed that total nitrogen in the ATU-effluent ranged from 73 to 120 mg/L was similar to 

septic tank effluent concentrations ranging from 71 to 150 mg/L total nitrogen at the same 

times.  On these occasions, there was also little evidence of cBOD5 and TSS removal, and 

nitrification relative to septic tank effluent (Table 3 and 6).  Two of three other aerobic 

treatment units of the same manufacturer that were installed at park restrooms were sampled 

in 2007 and showed a similar lack of nitrification (Table 5).  In contrast, a sample taken at 

Magnolia II after a more thorough maintenance visit in June 2008 that addressed the 

functioning of air diffusers showed nearly complete nitrification and a total nitrogen 

concentration of 66 mg/L (Table 3). 

 

This initial lack of treatment occurred even though the aerobic treatment unit appeared to be 

working as indicated by the running of the aerator, except for some overheating problems 

observed by park staff. 

 

Septic tank effluent contained nearly exclusively reduced forms of nitrogen (TKN) with 56 to 

95% of that concentration being present as ammonia-nitrogen.   Total nitrogen concentrations 

in septic tank effluent from the two systems frequently exceeded Florida’s limit of 100 mg/L 

TKN for domestic sewage and was by a factor of two to four higher than average values in 

domestic sewage found in prior Florida studies.  In part, this high concentration is due to the 

use of low-flow fixtures and may indicate a broader change in domestic sewage composition.  

Total phosphorus concentrations ranged from 9 to 33 mg/L and showed some elevation 

relative to previous study results.  cBOD5, ranging from 92 to 220 mg/L, and TSS, ranging 
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from 38 to 126 mg/L did not show a similar increase, indicating that septic tanks retain their 

effectiveness for the reduction of these parameters with more concentrated sewage. 

 
 

9.2. Additional Well Monitoring Data 

 

The Department’s contractor for sampling was tasked with additional sampling to maintain a 

record of the development of concentrations over time until the modifications to the 

treatment systems were accomplished.  These sampling events followed the same procedures 

as the regular sampling for this project, and were funded by the Department.  Such sampling 

events occurred on 05/10/2004, 11/23/2004, 1/26/2006, and 1/14/2009.  Tables 9 and 10 

show the results.  On May 20, 2008, in combination with the pump-out of tanks for 

preparation of permitting, DOH staff used the YSI 556 probe to measure field parameters in 

the monitoring wells.  The wells were not purged prior to measuring on this occasion.  These 

data are included in Table 8. 

 

9.3. Additional Background Water Quality Monitoring Data 

 

The water quality of the potable water supply was determined by three grab samples from the 

faucet before the Magnolia II bathhouse.  The potable water supply for all of Manatee 

Springs Park stems from a well upgradient of the bathhouses.  The raw water is then treated 

and supplied to the bathhouses and campgrounds. 

 

Grab samples were also taken once from catfish hotel and from Manatee Springs.  On the 

occasion of well sampling at the two bathhouses, water samples were also obtained from 

monitoring wells operated by the Suwannee River Water Management District.  These wells 

are equipped with pumps.  These samples were only analyzed for fecal coliform and 

nutrients. 

 

One equipment blank of the auto sampler pumping equipment was taken by taking a sample 

from a DI water bottle. 
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The results for fecal coliform and nutrients are shown in Table 11.  The results for cBOD5, 

TSS and alkalinity are shown in Table 12. 

 

9.4. Oxygen reduction potential as field indicator of nitrogen status.  

 

The lack of nitrification in many tank samples raises the question if there are quantifiable 

field parameters that could be used to assess the status of a treatment system.  Dissolved 

oxygen and oxygen reduction potential (ORP) are two field parameters that provide 

information on the availability of oxygen (for oxidation) and the activity of electrons 

(involved in oxidation-reduction reactions).  The two are somewhat related as indicated by 

the observation that four of five measurements with the highest ORP showed also dissolved 

oxygen concentrations above three mg/L.  In contrast, ORP did appear to provide a better 

indication of the presence and completeness of nitrification.  All six treatment effluent 

samples with an ORP above -300 mV had considerable amounts of oxidized nitrogen.  Only 

one of eleven samples with an ORP below -300 mV had higher concentrations than 1 mg/L 

NOx.  This observation would be consistent with ongoing but limited denitrification.  To 

assess the extent of nitrification and its large range from zero to complete, the ratio of NOx to 

TKN was calculated and log-transformed as log(0.001+NOx/TKN).  The correlation 

coefficient between this parameter and ORP (R) was 0.81.  Further observations and 

validations will be necessary to determine the applicability of this approach.   
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Table 2.  Magnolia II nutrient and fecal coliform data for septic tank effluent and ATU effluent. 
Effluent 
Type 

Effluent 
Location 

Sampling Dups Date Sampler Lab Fecal 
Coliform 

Nitrite
-N 

Nitrate
-N  

Nitrite+ 
Nitrate-
N 

Ammonia
-N 

TKN TN 
 

TP 
 

       cfu/ 
100 mL mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Septic In effluent filter   1/10/2006 HH A 50000 0.012U 0.367  68.9 70.4 70.8 31.3 
Septic In effluent filter int. cont.  3/23/2006 ER A  0.012U 0.012U  79.9 133 133 10.9 
Septic In effluent filter int. cont. dup 3/23/2006 ER A  0.012U 0.012U  82.6 110 110 12.2 
Septic In effluent filter pump  3/23/2006 ER A  0.012U 0.012U  83.4 148 148 11.8 
Septic In effluent filter pump dup 3/23/2006 ER A  0.012U 0.012U  90 148 148 10.8 
Septic In effluent filter pump  5/15/2007 ER A    0.012U 62.4 70.6 70.6 11.8 
Septic In effluent filter pump  6/4/2007 ER A    0.165 104 107 107.2 14.7 
               
ATU Pump tank pump  3/23/2006 ER A  0.012U 0.012U  92 96.7 96.7 12.3 
ATU Pump tank pump  3/23/2006 ER A  0.012U 0.012U  92.8 116 116 10.2 
ATU after ATU free fall  5/15/2007 ER A    0.012U 67 73.4 73.4 13.1 
ATU after ATU free fall  6/4/2007 ER A    0.193 92.6 101 101.2 15 
ATU Pump tank pump  6/4/2007 ER A    0.143 94.2 99.6 99.7 14.3 
ATU Pump tank Pump  1/14/2009 HH M 3780 0.371 63.113 63.484 2.025 3.003 66.48

7 
20.80
2 

Note:  int. cont.=intermediate container; Dups =duplicate;  HH=Harmon Harden; ER=Eberhard Roeder; A=Ackuritlabs; M= McGlynn Laboratories; U=below 
method detection limit   
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Table 3.  Hickory nutrient and fecal coliform data for septic tank effluent and ATU effluent and treatment compartment. 
Effluent 
Type 

Effluent Location Samplin
g 

Date Sampler Lab Fecal 
Coliform 

Nitrite-
N 

Nitrate
-N  

Nitrite+ 
Nitrate-N 

Ammonia
-N 

TKN TN TP Ortho-
P 

      cfu/ 
100 mL mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

 
mg/L 

Septic in effluent filter int. cont. 1/10/2006 HH A 280000 0.012U 0.351  90.2 95.7 96.1 18.1  
Septic Pump tank int. cont. 1/10/2006 HH A 150000 0.012U 0.389  92.2 110 110 19  
Septic in effluent filter Pump 3/23/2006 ER A  0.012U 0.012U  104 109 109 9.38 0.014U 
Septic Pump tank int. cont. 3/23/2006 ER A  0.012U 0.012U  104 115 115 10 0.014U 
Septic Pump tank Pump 3/23/2006 ER A  0.012U 0.012U  101 121 121 8.53 0.014U 
               
ATU in effluent filter Pump 5/15/2007 ER A    0.012U 79.8 80.4 80.4 13.5  
ATU in effluent filter Pump 6/4/2007 ER A    63 40.8 46.2 109.2 12.2  
ATU D-box Pump 6/4/2007 ER A    61.5 37.5 44.2 105.7 12.5  
               
ATU-
related on treatment unit Pump 5/15/2007 ER A    17.5 61 67 84.5 14  
ATU-
related on treatment unit Pump 6/4/2007 ER A    59.5 34.2 37.6 97.1 12.4  

ATU-
related 

in effluent filter, 
stirred, contained 
solids Pump 5/15/2007 ER A    0.575 83.9 559 560 15.2  

Note:  int. cont.=intermediate container; Dups =duplicate; HH=Harmon Harden; ER=Eberhard Roeder; A=Ackuritlabs; M= McGlynn Laboratories; U=below 
method detection limit 
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Table 4.  Nutrient and fecal coliform data for ATU effluent of other bathhouse/restroom systems and a dumping station within Manatee/Fanning 
Springs State Park. 
System Effluent 

Location 
Sampling Date Samp. Lab Fecal 

Coliform 
Nitrite
-N 

Nitrate
-N  

Nitrite+ 
Nitrate-
N 

Ammonia
-N 

TKN TN 
 

TP 
 

Ortho
-P 

      cfu/ 
100 mL mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

 
mg/L 

Manatee 
Concession 

After ATU free fall 
5/15/2007 ER A 

53600 
B,L   0.012U 80.2 94.2 94.2 12.7  

Fanning 
Springside 

After ATU free fall 
5/15/2007 ER A 630 B   22.7 4.03 4.48 27.2 2.44  

Fanning 
Springside 

After ATU free fall 
6/4/2007 ER A 31600   56 65 65.8 121.8 11  

Fanning 
Wayside 

After ATU free fall 
6/4/2007 ER A 170000   0.198 162 168 168.2 11.3  

Manatee 
Dumping 
Station 

dosing tank Pump 

3/23/2006 ER A  
0.012
U 0.012U  772 785 785 57.5 

0.014
U 

Note:  int. cont.=intermediate container; HH=Harmon Harden; ER=Eberhard Roeder; A=Ackuritlabs; M= McGlynn Laboratories; U=below method detection 
limit 
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Table 5.  Magnolia II cBOD5, TSS and alkalinity data for septic tank effluent and ATU effluent. 
Effluent Type Effluent 

Location 
Sampling Dups Date cBOD5 TSS Alkalinity, 

     mg/L mg/L mg/L as 
CaCO3 

Septic in effluent filter int. cont.  3/23/2006 112 118 672 
Septic in effluent filter int. cont. Dup 3/23/2006 100 68 624 
Septic in effluent filter pump  3/23/2006 128 66 596 
Septic in effluent filter pump Dup 3/23/2006 129 126 608 
Septic in effluent filter pump  5/15/2007 220 54 510 
Septic in effluent filter pump  6/4/2007 164 38 750 
        
ATU pump tank pump  3/23/2006 80.4 52 596 
ATU pump tank pump  3/23/2006 88.9 52 580 
ATU after ATU free fall  5/15/2007 139 34 510 
ATU after ATU free fall  6/4/2007 146 28 730 
ATU pump tank pump  6/4/2007 111 18 640 
Note:  int. cont.=intermediate container;  Dups =duplicate; 
 
 
Table 6.  Hickory cBOD5, TSS and Alkalinity data for septic tank effluent and ATU effluent and treatment 
compartment. 
Effluent Type Effluent Location Sampling Date cBOD5 TSS Alkalinity, 
    mg/L mg/L mg/L as 

CaCO3 
Septic in effluent filter pump 3/23/2006 149 164 520 
Septic pump tank int. cont. 3/23/2006 91.5 46 584 
Septic pump tank pump 3/23/2006 100 58 540 
       
ATU in effluent filter pump 5/15/2007 239 92 570 
ATU in effluent filter pump 6/4/2007 73.8 50 320 
ATU D-box pump 6/4/2007 70.7 22 320 
       
ATU-related on treatment unit pump 5/15/2007 161 122 420 
ATU-related on treatment unit pump 6/4/2007 83.8 30 290 
ATU-related in effluent filter, 

stirred, contained 
solids 

pump 5/15/2007 1363 10510 800 

Note:  int. cont.=intermediate container 
 
 
Table 7.  cBOD5, TSS and alkalinity data for ATU effluent of other bathhouse/restroom systems and a 
dumping station within Fanning/Manatee Springs State Park. 
System Date cBOD5 TSS Alkalinity,  
  mg/L mg/L mg/L as CaCO3 
Manatee Concession 5/15/2007 176 50 600 
Fanning Springside 5/15/2007 5.4 4 147 
Fanning Springside 6/4/2007 51.5 12  
Fanning Wayside 6/4/2007 118 28  
Manatee Dumping Station 3/23/2006 507 810 2500 
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Table 8.  Field parameters measured with a YSI 556 probe 
SampleType Sample 

Location 
Date Samp

-ler 
Temp-
erature 

Specific 
Conduct-

ivity 

Salin
-ity 

DO DO 
sat. 

pH ORP 

    deg C uS/cm ppt mg/L % su mV 
Magnolia II           
Septic effluent filter 03/23/2006 ER 24.66 1680 0.85 1.31 15.8 8.32 -396.3 
Septic effluent filter 5/15/2007 ER 25.35 1620 0.81 0.15 2.10 8.53 -406.9 
Septic effluent filter 6/4/2007 ER 26.32 1695 0.85 1.52 19.0 8.21 -384.7 
ATU pump tank 03/23/2006 ER 22.66 1644 0.83 0.36 4.2 8.73 -389.7 
ATU after ATU 5/15/2007 ER 25.15 1664 0.84 1.78 21.50 8.53 -382.0 
ATU pump tank 5/15/2007 ER 25.10 1637 0.82 0.50 59.0 9.09 -422.1 
ATU after ATU 6/4/2007 ER 26.09 1684 0.85 -0.02* -0.2* 8.18 -393.0 
ATU pump tank 6/4/2007 ER 26.23 1666 0.84 -0.02* -0.2* 8.33 -407.0 
ATU pump tank 1/14/2009 ER 18.5 1136 0.57 3.8 40.7 6.79 163.3 
Hickory           
ATU D-box 5/15/2007 ER 24.81 1613 0.81 0.63 7.6 8.72 -428.0 
ATU effluent filter 5/15/2007 ER 24.40 1632 0.82 0.01* -0.2* 8.60 -445.7 
ATU D-box 6/4/2007 ER 24.97 1306 0.65 1.49 18.2 8.25 -274.0 
ATU effluent filter 6/4/2007 ER 25.03 1196 0.59 1.23 14.9 8.57 -394.0 
ATU effluent filter 5/20/2008 ER 25.45 19.13* 0.97 0.33 4.0 6.87 -130.0 
ATU-related on treatment 

unit 5/15/2007 ER 24.99 1559 0.78 0.00 0.4 8.08 4.2 
ATU-related on treatment 

unit 6/4/2007 ER 25.19 1282 0.64 5.11 62.3 7.88 -25.9 
Other ATUs           
Manatee 
Concession 

after ATU 
5/15/2007 ER 23.50 1850 0.94 2.72 31.2 9.60 -426.0 

Fanning 
Springside 

after ATU 
5/15/2007 ER 24.03 562 0.27 3.03 36.00 7.85 1.0 

Fanning 
Springside 

after ATU 
6/4/2007 ER 25.52 1046 0.52 -0.02* -0.2* 8.30 -272.2 

Fanning 
Wayside 

after ATU 
6/4/2007 ER 26.97 1557 0.78 1.73 22.5 8.72 -357.2 

Tap Water Magnolia II 
faucet 

03/23/2006 ER 
19.78 848 0.42 5.16 56.6 7.42 164.2 

Wells           
C3A Well 5/20/2008 ER 20.81 557 0.27 4.28 48.0 7.06 594.4 
C4 Well 5/20/2008 ER 20.89 563 0.27 5.49 61.6 7.06 598.8 
C5 Well 5/20/2008 ER 21.09 636 0.31 2.75 31.0 7.08 592.3 
S1 Well 5/20/2008 ER 21.75 939 0.46 0.56 6.5 6.88 580.1 
S2 Well 5/20/2008 ER 21.03 525 0.25 4.00 45.1 7.13 605.5 
S3 Well 5/20/2008 ER 20.91 632 0.31 1.50 16.9 7.04 552.3 
M1 Well 5/20/2008 ER 20.88 945 0.47 0.90 10.2 6.95 537.0 
M2 Well 5/20/2008 ER 20.06 678 0.33 0.79 8.8 6.95 538.0 
M3 Well 5/20/2008 ER 19.78 744 0.36 1.48 16.8 6.90 551.4 
M4 Well 5/20/2008 ER 19.85 747 0.37 1.18 13.0 7.12 652.0 
M5 Well 5/20/2008 ER 20.13 872 0.43 1.65 18.3 6.98 543.0 
M6 Well 5/20/2008 ER 19.83 877 0.43 0.38 4.2 6.94 564.0 
M7 Well 5/20/2008 ER 19.97 899 0.44 1.84 20.3 6.90 556.6 
M8 Well 5/20/2008 ER 19.76 757 0.37 0.75 8.3 6.99 551.0 
M9 Well 5/20/2008 ER 19.80 794 0.39 0.55 6.0 7.20 675.0 
M10 Well 5/20/2008 ER 19.80 480 0.23 0.95 10.5 7.26 564.0 

Note:  ER=Eberhard Roeder; *=likely recording or instrument error 
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Table 9.  Well nutrient and fecal coliform data at Magnolia II. 
Well Dups Date Sampler Lab Fecal Coliform Nitrite-N Nitrate-N  Ammonia-N TKN TN TP 
     Cfu/100 mL mg/L mg/L mg/L mg/L mg/L mg/L 
M1  5/10/2004 HH A 2U 0.012U 38.1 1.76 2.1 40.2 0.363 
M1  11/23/2004 HH A 2U 0.012U 17.2 0.834 0.878 18.1 0.295 
M1  1/26/2006 HH A 2U 0.018 19.8 0.401 0.784 20.6 0.28 
M2  5/10/2004 HH A 2U 0.012U 25.8 0.072 0.095 25.9 0.886 
M2  11/23/2004 HH A 2U 0.012U 4.5 0.142 0.146 4.65 0.282 
M2  1/26/2006 HH A 2U 0.012U 9.03 0.038 0.165 9.2 0.54 
M2  1/26/2006 HH A 2U 0.013 8.34 0.067U 0.118 8.46 0.542 
M3  5/10/2004 HH A 2U 0.036 22.8 0.074 0.087 22.9 0.458 
M3  11/23/2004 HH A 2U 0.031 2.03 0.165 0.264 2.29 0.014U 
M3  1/26/2006 HH A 2U 0.035 4.38 0.067U 0.163 4.54 0.308 
M4  5/10/2004 HH A 2U 0.012U 0.774 0.138 0.313 1.09 0.014U 
M4  11/23/2004 HH A 2U 0.012U 0.302 0.15 0.199 0.501 0.014U 
M4  1/26/2006 HH A 2U 0.012U 0.061 0.067U 2.06 2.12 0.014U 
M5  5/10/2004 HH A 2U 0.012U 30.8 0.59 0.66 31.5 0.076 
M5  11/23/2004 HH A 2 0.031 10.9 0.373 0.427 11.3 0.014U 
M5  1/26/2006 HH A 2U 0.012U 19.5 0.395 0.451 20 0.029 
M6  5/10/2004 HH A 2U 0.012 14.8 0.18 0.213 15 0.014U 
M6  11/23/2004 HH A 2U 0.014 9.47 0.248 0.256 9.73 0.014U 
M6  1/26/2006 HH A 2U 0.066 16 0.259 0.357 16.4 0.014U 
M7  5/10/2004 HH A 2U 0.012U 18.4 0.143 0.203 18.6 0.107 
M7  11/23/2004 HH A 2U 0.012U 10.6 0.157 0.187 10.8 0.014U 
M7  1/26/2006 HH A 2U 0.016 24.8 0.754 0.932 25.7 0.181 
M8  5/10/2004 HH A 2U 0.012U 37.9 0.962 0.965 38.9 1.36 
M8 dup 5/10/2004 HH A 2U 0.012U 38.3 0.933 1.01 39.3 1.28 
M8  11/23/2004 HH A 2U 0.031 1.49 0.155 0.157 1.65 0.046 
M8 dup 11/23/2004 HH A 2U 0.029 1.53 0.067 0.094 1.62 0.401 
M8  1/26/2006 HH A 2U 0.016 2.16 0.079 0.22 2.38 0.223 
M9  5/10/2004 HH A 2U 0.012U 35.9 0.219 0.273 36.2 0.014U 
M9  11/23/2004 HH A 2U 0.012U 0.405 0.172 0.19 0.595 0.014U 
M9  1/26/2006 HH A 2U 0.012U 0.207 0.067U 0.264 0.471 0.014U 
M10  5/10/2004 HH A 6 0.012U 0.012 0.083 0.481 0.481 0.014U 
M10  11/23/2004 HH A 54 0.012U 0.012 0.211 0.257 0.257 0.014U 
M10  1/26/2006 HH A 2U 0.012U 0.012U 0.07 0.263 0.263 0.014U 

Note:  Dups=duplicate ; HH=Harmon Harden; ER=Eberhard Roeder; A=Ackuritlabs; M= McGlynn Laboratories; U=below method detection limit 
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Table 10.  Well nutrient and fecal coliform data at Hickory. 
Well Dups Date Sampler Lab Fecal Coliform Nitrite-N Nitrate-N  Ammonia-N TKN TN TP 
     Cfu/100 mL mg/L mg/L Mg/L mg/L mg/L mg/L 
C3a  1/26/2006 HH A 2U 0.012U 1.09 0.197 0.265 1.36 0.014U 
C5  5/10/2004 HH A 2U 0.012U 32.7 0.067U 0.071U 32.8 0.014U 
C5  11/23/2004 HH A 2U 0.012U 6.72 0.118 0.128 6.85 0.014U 
C5  1/26/2006 HH A 2U 0.012U 8.36 0.067U 0.081 8.44 0.014U 
S1  5/10/2004 HH A 24 0.012U 33.6 0.147 0.197 33.8 0.452 
S1 dup 5/10/2004 HH A 22 0.012U 38.3 0.067U 0.08 38.4 0.485 
S1  11/23/2004 HH A 22 0.012U 5.44 0.422 0.469 5.91 0.15 
S1 dup 11/23/2004 HH A 2U 0.012U 4.38 0.378 0.406 4.79 0.182 
S1  1/26/2006 HH A 2U 0.012U 58.8 0.069 0.098 58.9 0.014U 
S2  1/26/2006 HH A 2U 0.012U 0.881 0.067U 0.098 0.979 0.014U 
S3  11/23/2004 HH A 2U 0.012U 0.021 0.067U 0.071U 0.021 0.014U 
S4  11/23/2004 HH A 2U 0.012U 0.1 0.094 0.1 0.2 0.014U 
S4  1/26/2006 HH A 2U 0.012U 0.17 0.067U 0.109 0.279 0.014U 

Note:  Dups=duplicate ; HH=Harmon Harden; ER=Eberhard Roeder; A=Ackuritlabs; M= McGlynn Laboratories; U=below method detection limit 
 
 
Table 11.  Nutrients and fecal coliform in tap water, surface water, background wells and an equipment blank. 
Location Date Sampler Lab Fecal Coliform Nitrite-N Nitrate-N  Nitrite+ 

Nitrate-N 
Ammonia-N TKN TN TP 

Tap water    cfu/100 mL mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Mag II 5/10/2004 HH A  0.012U 0.054  0.067U 0.265 0.319 0.014U 
Mag II 3/23/2006 ER A  0.012U 0.012U  0.067U 0.14 0.14 0.259 
Mag II 5/15/2007 ER A    0.012U 0.067U 0.096 0.096 0.014U 
Surface water            
Catfish Sink 11/23/2004 HH A 8 0.012U 1.42  0.067U 0.071U 1.42 0.014U 
Manatee Spring 11/23/2004 HH A 6 0.012U 1.75  0.067U 0.071U 1.75 0.014U 
Background Wells            
MB2 1/26/2006 HH A 2U 0.012U 1.39  0.067U 0.091 1.39 0.014U 
SRWMD #4 1/10/2006 HH A 2U 0.012U 0.351  0.067U 0.103 0.478 0.014U 
CA 1/26/2006 HH A 2U 0.012U 0.264  0.067 0.264 0.264 0.014U 
Equipment Blank 3/23/2006 ER A  0.012U 0.012U  0.067U 0.071U 0.071U 0.014U 

Note:  HH=Harmon Harden; ER=Eberhard Roeder; A=Ackuritlabs; M= McGlynn Laboratories; U=below method detection limit 
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Table 12.  cBOD5, TSS and alkalinity in tap water and an equipment blank. 
Location Date cBOD5 TSS Alkalinity 
  mg/L mg/L mg/L as CaCO3 
Mag II 5/10/2004   174 
Mag II 3/23/2006 2.0U 2.0U 185 
Mag II 5/15/2007 2.0U 3 182 
Equipment Blank 3/23/2006 2.0U 2.0U 10.0U 
Note: U=below method detection limit 
 
 
 
 
 
 
10. Variability of Weekly Flows 

 

During Phase I of this study, water use had not been measured.  For this phase, water use was 

recorded to better characterize the operating conditions of the onsite sewage treatment system 

and the mass of nitrogen released from the onsite system.  To assess the patterns of flow, two 

years of weekly maintenance logs were copied from park service records to assess the variability 

of observed flows, and compare observed flows relative to the design values.  The two years 

were the periods from 1/17/2005, when water meter readings began to be included for the park’s 

maintenance visits at Hickory, to 1/16/2006, and from 12/03/2007 to 12/01/2008.  The 

observations were generally recorded weekly, with occasional deviations by up to three days and 

one instance each in which no record of one weekly visit existed, and one additional instance 

when a reading for the water meter at Magnolia II had not been recorded. 

 

The water use records were used to calculate the average weekly, monthly, quarterly, and annual 

flows for each water meter and each of the two annual observation periods.  These average 

values were then sorted to determine percentiles and cumulative distributions.  Table 13 shows 

the statistical characteristics of water use.  All four yearly series of observations show that the 

longer averaging periods have lower variability, as indicated by their standard deviations, than 

shorter averaging periods.  Figures 7 and 8 show the distribution of weekly and monthly average 

water uses for the two sites.  These figures illustrate that about a tenth of the time each there are 

particularly high or low water uses, but that most values fall within a steady continuum.  Average 

water use in 2008 was somewhat higher than in 2005 for both systems.  Average annual water 
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use was between about 40% and 50% of the estimated sewage flow.  Maximum weekly water 

use exceeded the estimated sewage flow in three of four cases.   

 

The water use data were obtained after the bath houses had been renovated and low-flush toilets 

been installed.  Flows before these renovations during the work for Phase I of this study, while 

not measured, would therefore be expected to have been higher.   

 

A characteristic that may be more generally applicable to the design of campground bathhouses 

than the absolute water usage data is the ratio between maximum and average flows, which is 

called the peaking factor.  Such a peaking factor can be calculated for shorter periods of time, 

such as weeks and months.  For each observation period and system a peaking factor was 

calculated as the maximum yearly value of an average flow condition divided by the annual 

average flow for that observation period and system.  These data resulted in a peaking factor 

between 1.8 and 3.3 (average 2.4) for weekly water use; between 1.5 and 1.7 (average 1.6) for 

monthly water use, and between 1.1 and 1.2 (average 1.2) for quarterly water use.  As mentioned 

before, longer averaging periods result in less variability and lower peaking factors relative to the 

annual observation period.  While not enough daily water use data were collected to determine a 

peaking factor for the daily flow, the peaking factor for daily flow would be higher than the one 

for the weekly flow resulting in peak uses that could be by a factor of two or more above the 

design daily flow.   
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Table 13.  Summary of average water use data for the two bathhouses, based on approximately weekly recordings 

Hickory (estimated sewage flow 1250 gpd) Magnolia II (estimated sewage flow 1000 gpd) 
2005 (annual average=524 gpd) 2008 (annual average=637 gpd) 2005 (annual average=425 gpd) 2008 (annual average=507 gpd) 

Parameter 

weekly Monthly quarterly Weekly monthly quarterly weekly monthly quarterly weekly monthly quarterly 
Average (gpd) 526 529 528 636 635 637 432 427 428 503 507 507
Stdev (gpd) 243 164 84 211 142 118 249 121 52 200 137 74
25-percentile (gdp) 379 431 491 501 547 567 287 329 399 374 458 459
Median (gpd) 513 453 515 619 625 626 423 414 431 448 473 514
75-percentile (gpd) 614 609 552 758 674 696 548 510 459 660 560 562
Maximum (gpd) 1255 899 641 1288 942 786 1395 630 485 917 798 579
Peaking factor (-) 2.4 1.7 1.2 2.0 1.5 1.2 3.3 1.5 1.1 1.8 1.6 1.1
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Figure 7.  Cumulative distributions of weekly and monthly water use 
data for the Hickory bath house (design flow =1250 gpd) 
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Figure 8.  Cumulative distributions of weekly and monthly water use 
data for the Magnolia II bath house (design flow =1000 gpd)
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11. Final Modifications to the Onsite Systems 

 
11.1. Hickory 

 
Concurrently with the 2008 annual maintenance pumpouts, the tanks were certified by a 

septic tank contractor and a site evaluation was completed in preparation for further 

modifications.  The site evaluator discovered an additional drain line.   

 

The constraints of the site, including the presence of a concrete pad over the building sewer 

lines precluded installation of an additional trash tank upstream of the treatment tank.  The 

engineer who had provided the original design developed a revised design that did not 

include phosphorus absorption and replaced the intermediate 750 gallon tank with a 1138 

gallon tank large enough to hold the treatment kit.  With this design, gravity flow of treated 

effluent into the old drainfield could not be accomplished.  The design therefore utilized a 

branch-off with valves from the existing low-pressure dosing lines coming out of the existing 

pump tank to return the effluent to the old drainfield.  In this way, the old drainfield is not 

gravity-fed but lift dosed.  Figure 9 shows the final configuration of the Hickory site. 

 

During replacement of the 750 gallon treatment tank with the larger new treatment tank, the 

installers intercepted a drainline that was oriented in southerly direction.  The drainline 

consisted of gravel with corrugated pipe. 

 

The initial plan had been to simply move the treatment kit from the first to the second tank.  

During construction the walls and treatment media of the old kit were damaged (Figure 10) 

due to the accumulation of solids, and only the aeration pipe and splash plate piece could be 

reused in the new kit that was installed in the new treatment tank (Figure 11).  The treatment 

tank was initially filled with tap water to facilitate the start of aeration.  The construction was 

finally completed on March 23, 2009 (Figure 12), the aeration activated and the effluent flow 

was directed to the old drainfield.  The valves were adjusted to a flow that appeared small 

enough so that the existing trench network could safely accommodate it.  
 



 Final Report: Chapter II  December 2009 
  Page 86 

 

 
Figure 9.  Hickory bathhouse with final treatment system configuration and monitoring wells. 
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Figure 10.  Broken treatment kit, due to increased weight from solids accumulation (note textiles)  (March 
2009) 
 
 

  
Figure 11.  New treatment tank with treatment kit installed March 23, 2009.  Small diameter pipe in front of 
the tank is the return line to the old drainfield. 
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Figure 12.  Post-installation site condition March 23, 2009. 
 
 

11.2. Magnolia II 

 

In preparation of the final modifications at this site, a site evaluation was completed in May 

2008.  All tanks were pumped and certified as structurally sound and all drainfields were 

evaluated according to DOH standards.  This information was a necessary component of the 

septic modification permit.  Figure 13 shows the final configuration of the Magnolia II site. 

 

The modifications to the system as previously existing were the following (Figure 14): 

• Install piping to allow drainfield lift-dosing from the existing ATU to either the old 

existing drainfield for the duration of the research project or to the new existing drainfield 

• Install an inspection port to monitor quality of effluent going into the old drainfield 

• Replace the existing distribution box and piping between the distribution box and the 

proposed inspection port 

 

The modifications were made in February 2009, and on March 09, 2009, the ATU-effluent 

was directed toward the monitored drainfield after verification that the old drainfield was not 

pressurized by a dose of effluent.  Figure 15 shows the condition of the drainfield during this 

time.  During this work concerns about float functioning arose and on March 31, further 
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observations suggested that the on-float was not working properly, and that leakage through 

the mid-seam of the pump tank might be occurring.  On April 02, 2009, the float was 

replaced and set to trigger pumping below the water level reaches the mid-seam. 

 

 

 
Figure 13.  Magnolia II:  Installing the return line from the ATU to the old drainfield, 02/24/2009.   
 

 
Figure 14.  Magnolia II:  old drainfield on 02/24/2009 and 03/31/2009, prior to consistent dosing of the old 
drainfield. 
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Figure 15.  Magnolia II bathhouse with final treatment system configuration and monitoring wells. 
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12. Conclusions 

 

The objectives of the study were to retrofit the two onsite systems investigated in Phase I of this 

study with nitrogen reducing systems and evaluate their performance and effect on groundwater.  

The following are some additional observations and conclusions: 

 

 

1. This study benefited from and was influenced by upgrades the State Park implemented 

concurrently at the two bathhouses.  Two changes relative to Phase I stemming from 

these upgrades were the use of low-flow fixtures in the bathhouses and the use of lift-

dosing instead of gravity to feed the monitored drainfields.  The use of low-flow fixtures 

has likely increased the concentration of nitrogen in the effluent, but is not expected to 

have changed the mass of nitrogen discharged in the sewage. 

2. The treatment technologies eventually selected for this project represented the two 

approaches currently outlined in state law for the protection of the Suwannee River flood 

plain:  an aerobic treatment unit with combined activated sludge/fixed film technology 

that has extensive documentation on its nitrogen reduction capability available and has 

been commonly installed as a performance-based treatment system for this purpose, and 

an extended aeration aerobic treatment unit that is lacking such documentation. 

3. Retrofitting of the existing systems had to contend with site constraints based on prior 

construction.  The use of existing old drainfields was part of the design of the study to 

allow comparison to Phase I.  The reuse of the existing septic tanks as trash 

compartments for the treatment units resulted in trash tanks that are about twice as large 

as would usually be the case for new system construction.  There was no indication that 

the trash tanks resulted in a lack of food for the aerobic treatment units, though, and the 

experience over the course of the project suggested that campground bathhouses generate 

a large amount of solids appropriate for a larger trash tank. 

4. A first attempt to install a treatment unit in the first chamber of the existing tank did not 

result in successful treatment.  At least for situations such as those encountered in this 
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study, retrofitting for additional treatment appears to require at least an additional tank for 

the treatment unit. 

5. Thorough maintenance appears key to ensuring effective treatment by at least the 

extended aeration treatment unit at Magnolia II.  Samples taken on three occasions in 

2006 and 2007 showed that total nitrogen in the ATU-effluent ranged from 73 to 120 

mg/L and were similar to septic tank effluent samples taken at the same, which ranged 

from 71 to 150 mg/L total nitrogen.  On these occasions, there was also little evidence of 

cBOD5 and TSS removal, and nitrification relative to septic tank effluent.  Two of three 

other aerobic treatment units by the same manufacturer that were installed at park 

restrooms were sampled in 2007 and showed a similar lack of nitrification.  In contrast, a 

sample taken in January 2009 at Magnolia II, after a thorough maintenance visit in June 

2008 that addressed the functioning of air diffusers, showed nearly complete nitrification 

and a total nitrogen concentration of 66 mg/L.  The sampling event in September 2009 

indicated loss of nitrification function again at the Magnolia II treatment unit. 

6. A more thorough inspection and possibly training protocol that is shared between the 

owner of the system, the maintenance entity and the regulatory agency may help to detect 

sub-optimal performance more quickly.  The lack of treatment discussed in the previous 

point occurred even though the aerobic treatment unit appeared to be working, as 

indicated by the running of the aerator, except for some overheating problems observed 

by park staff. 

7. Outside the direct scope of this project, park management reported and DOH staff 

observed a variety of problems related to the functioning of the pressure dosing system 

installed as part of the park service-initiated upgrade.  Some of these problems appeared 

unique to the size and design of the particular systems involved.   

8. For the continued operation of the bathhouses it proved useful to have the research 

project drainfields remaining as a gravity-fed backup to the pressure-dosed systems.  This 

benefit has to be considered against the lack of treatment obtained during periods when 

the pressure-dosed system is not functional.  In addition, the continued intermittent use of 

the old existing drainfield resulted in residual nitrogen concentrations in the monitoring 

wells that had the potential to confound an evaluation of the treatment effect. 
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9. Septic tank effluent contained nearly exclusively reduced forms of nitrogen (TKN) with 

56 to 95% of that concentration being present as ammonia-nitrogen. 

10. Nitrogen concentrations in septic tank effluent from the two systems frequently exceeded 

Florida’s limit of 100 mg/L TKN for domestic sewage and was by a factor of two to four 

higher than average values in domestic sewage found in prior Florida studies.  In part this 

high concentration is due to the use of low-flow fixtures and may indicate a broader 

change in domestic sewage composition.  Total phosphorus concentrations ranged from 

0.5 to 33 mg/L with most being below 10 mg/L.  cBOD5, ranging from 25 to 220 mg/L, 

and TSS, ranging from 38 to 126 mg/L  indicated that septic tanks retain their 

effectiveness for the reduction of these parameters with more concentrated sewage. 
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COMMUNITY EDUCATION 
 
The report and the brochure developed from Phase I results have prompted much interest.  FSU 

submitted a journal manuscript about the results of Phase I to the Journal of Hydrology in 

November of 2006.  The manuscript was first redirected and then returned back for revisions.  

DOH presented results of Phase I at the 2005 National Conference of the National Onsite 

Wastewater Recycling Association, and a comparison of tracer transport in this environment 

with a wetland environment study at the 2006 National Conference of the National Onsite 

Wastewater Recycling Association.  DOH staff is continuing to analyze tracer data in more 

detail.  Florida State University provided a revised draft Phase I report on June 19, 2007.  FSU 

submitted a journal manuscript titled “Evaluation of Onsite Sewage Treatment and Disposal 

Systems in Shallow Karst Terrain” to Water Research on August 21, 2007.  Comments were 

received regarding the manuscript, and FSU and FDOH addressed these comments.  The 

manuscript was accepted for publication in Water Research and was published in issue 42(2008) 

2585-2597.  The draft final report from the provider and the draft report on the work performed 

by DOH were submitted to the department’s Research Review and Advisory Committee for 

review and comment.  This committee consists of representatives from 10 different interest 

groups (home builders, engineers, state university system, Department of Health, environmental 

interest group, consumers, local government, real estate industry, restaurant industry, and septic 

tank industry).  The final project report will be posted on the department’s research website: 

http://www.doh.state.fl.us/environment/ostds/research/index.html. 
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APPENDIX A:  Chapter I Appendix  NRTS Performance Assessment and Periodic 
Sampling 
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A.1   NRTS Performance Assessment and Periodic Sampling Field Data 
 
  Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
Station Date  Celsius µS/cm mS/cm ppt % mg/L mg/L mg/L units 

            
Hick EFT  5/31/2009 17:06 27.13 1077 1.121 0.53 43.3 3.03 8.02 50.2 8.0 
Hick EFT  5/31/2009 22:56 25.48 1094 1.104 0.54 43.3 3.48 7.60 38.0 8.0 
Hick EFT  6/1/2009 4:55         7.7 
Hick EFT  6/1/2009 5:07 25.29 1117 1.124 0.55 44.2 3.36 7.15 13.0 7.7 
Hick EFT  6/1/2009 11:00 25.58 1076 1.088 0.53 49.3 3.98 7.07 63.1 8.1 
Hick EFT  6/1/2009 17:02 25.53 1053 1.064 0.52 53.7 4.39 7.99 59.1 8.0 
Hick EFT  6/1/2009 23:07 25.37 1015 1.022 0.50 39.1 3.19 8.09 29.9 7.9 
Hick EFT  6/2/2009 7:49 25.14 1003 1.006 0.49 32.1 2.64 8.29 14.9 7.3 
Hick EFT  6/2/2009 11:04 25.50 982 0.991 0.48 36.2 2.96 8.40 18.4  
Hick EFT  6/2/2009 17:04 25.51 967 0.976 0.47 33.5 2.72 8.17 43.8 7.7 
Hick EFT  6/2/2009 23:03 25.43 944 0.951 0.46 38.2 3.12 8.20 10.3 7.7 
Hick EFT  6/3/2009 5:05 25.03 935 0.934 0.46 25.7 2.12 8.34 10.7 7.7 
Hick EFT  6/3/2009 11:03 25.73 922 0.935 0.45 21.6 1.75 8.57 8.5 7.6 
Hick EFT  6/3/2009 16:28 25.49 902 0.910 0.44 39.3 3.21 8.05 20.9 7.6 
Hick EFT  6/3/2009 17:03 25.44 900 0.908 0.44 29.9 2.44 8.14 6.4 7.6 
Hick EFT  6/3/2009 23:02 25.50 885 0.894 0.43 42.3 3.45 8.05 24.3 7.6 
Hick EFT  6/4/2009 5:07 24.62 885 0.879 0.43 15.5 1.27 7.93 26.0  
Hick EFT  6/4/2009 11:24 25.41 874 0.881 0.43 45.0 3.68 7.77 26.3  
Hick EFT  6/4/2009 15:30 25.15 875 0.878 0.43 17.2 1.42 7.70 10.6 7.6 

 average  25.46 972.56 0.98 0.48 36.08 2.90 7.97 26.36 7.74 
 stdev  0.49 82.65 0.09 0.04 10.73 0.85 0.40 17.69 0.21 
            

Hick EFT 05/11/09 16:44 25.96 1403 1.429 0.7 52.6 4.28 4.44 37.2  
Hick EFT 09/10/09 14:56 27.03 920 0.955 0.45 50.3 3.96 12.42 30.6 7.4 



 Final Report: Chapter II  December 2009 
  Page 100 

 

A.1   NRTS Performance Assessment and Periodic Sampling Field Data (continued) 
 
  Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
Station Date  Celsius µS/cm mS/cm ppt % mg/L mg/L mg/L units 

            
Hick STE  5/31/2009 17:23 25.62 1335 1.351 0.66 3.9 0.32 7.16 -203.0 7.2 
Hick STE  5/31/2009 19:26 25.50 1330 1.342 0.66 4.0 0.33 6.98 -159.0 7.1 
Hick STE  5/31/2009 22:37 25.51 1312 1.324 0.65 4.3 0.34 6.74 -177.8 7.1 
Hick STE  6/1/2009 10:49 25.72 1271 1.289 0.63 2.9 0.24 7.00 -190.0  
Hick STE  6/1/2009 17:13 25.53 1261 1.275 0.63 2.9 0.24 7.03 -108.9 7.1 
Hick STE  6/1/2009 23:18 25.39 1266 1.275 0.63 7.8 0.64 7.16 -139.0 6.9 
Hick STE  6/2/2009 7:58 25.38 1295 1.304 0.64 4.1 0.33 7.51 -125.2 7.0 
Hick STE  6/2/2009 11:15 25.58 1340 1.355 0.67 25.5 2.08 7.45 -130.6  
Hick STE  6/2/2009 17:13 25.54 1332 1.346 0.66 8.2 0.66 7.32 -136.2 6.9 
Hick STE  6/2/2009 23:12 25.51 1324 1.337 0.66 6.8 0.55 7.28 -121.7 6.8 
Hick STE  6/3/2009 5:13 25.40 1326 1.336 0.66 8.0 0.64 7.54 -119.0 6.9 
Hick STE  6/3/2009 11:08 25.86 1323 1.345 0.66 4.3 0.35 7.55 -113.9 6.9 
Hick STE  6/3/2009 16:42 25.73 1319 1.338 0.66 11.3 0.92 7.42 -116.0 6.9 
Hick STE  6/3/2009 17:13 25.76 1323 1.342 0.66 9.2 0.75 7.44 -112.3 6.9 
Hick STE  6/3/2009 23:15 25.86 1317 1.339 0.66 17.5 1.42 7.40 -164.0 6.8 
Hick STE  6/4/2009 5:15 25.81 1323 1.343 0.66 11.4 0.93 7.23 -156.8  
Hick STE  6/4/2009 11:31 25.85 1309 1.330 0.65 27.4 2.22 6.98 -146.8 6.8 
Hick STE  6/4/2009 15:36 25.63 1322 1.339 0.66 3.8 0.31 6.97 -127.7 6.8 

 average  25.62 1312.67 1.33 0.65 9.07 0.74 7.23 -141.55 6.94 
 stdev  0.16 23.77 0.03 0.01 7.37 0.60 0.24 28.04 0.13 
            

Hick STE 03/27/09 14:45 23.29 1087 1.051 1 2.2     
Hick STE 05/11/09 16:59 25.91 1611 1.639 0.81 8.9 0.72 4.40 -241.2  
Hick STE 09/10/09 15:06 26.81 1444 1.494 0.72 4.3 0.34 12.15 -350.9 6.9 
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A.1   NRTS Performance Assessment and Periodic Sampling Field Data (continued) 
 
  Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
Station Date  Celsius µS/cm mS/cm ppt % mg/L mg/L mg/L units 

Mag EFT 5/31/2009 18:07 26.73 1168 1.207 0.58 30.8 2.45 6.72 79.6  
Mag EFT 5/31/2009 23:48 26.90 1146 1.189 0.57 43.0 3.44 6.27 31.3 7.0 
Mag EFT 6/1/2009 5:48 26.65 1142 1.178 0.56 32.1 2.56 6.41 10.9  
Mag EFT 6/1/2009 5:55         7.2 
Mag EFT 6/1/2009 11:56 26.61 1132 1.166 0.56 39.6 3.08 6.07 42.4 7.2 
Mag EFT 6/1/2009 18:02 26.85 1124 1.164 0.55 34.9 2.79 6.87 55.1 7.1 
Mag EFT 6/1/2009 23:46 26.76 1120 1.158 0.55 36.9 2.95 6.88 -2.9 7.1 
Mag EFT 6/2/2009 8:21 26.58 1117 1.151 0.55 40.0 3.21 7.26 3.6 7.0 
Mag EFT 6/2/2009 15:14 27.15 1112 1.158 0.55 57.7 4.56 7.00 24.4  
Mag EFT 6/2/2009 16:10         7.2 
Mag EFT 6/2/2009 18:02 27.18 1111 1.157 0.55 48.9 3.86 6.74 48.9 6.6 
Mag EFT 6/3/2009 5:34 26.74 1111 1.147 0.55 46.0 3.68 6.94 -3.3 6.6 
Mag EFT 6/3/2009 15:51 26.56 1110 1.143 0.55 34.7 2.77 6.88 16.7 6.5 
Mag EFT 6/3/2009 16:10         7.0 
Mag EFT 6/3/2009 18:25 26.70 1111 1.148 0.55 41.2 3.29 6.87 5.0 6.5 
Mag EFT 6/4/2009 5:50 26.49 1114 1.146 0.55 41.9 3.36 6.41 -10.4 6.3 
Mag EFT 06/04/09 12:04 26.50 1113 1.145 0.55 55.7 4.47 6.21 -2.5 6.2 
Mag EFT 6/4/2009 16:13 26.41 1116 1.146 0.55 41.2 3.3 6.31 -5.9  
Mag EFT average  26.72 1123.13 1.16 0.55 41.64 3.32 6.66 19.53 6.82 

 stdev  0.22 16.89 0.02 0.01 7.84 0.62 0.35 26.75 0.36 
  

Mag EFT 01/14/09 14:10 18.50 1136 0.996 0.570 40.7 3.80 6.79 163.30  
Mag EFT 05/11/09 12:48 26.15 1237 1.264 0.61 9.9 0.8 3.78 55.3  
Mag EFT 09/10/09 15:31 27.49 1049 1.098 0.52 33.9 2.67 12.7 -11.8 7.7 
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A.1   NRTS Performance Assessment and Periodic Sampling Field Data (continued) 
 
  Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
Station Date  Celsius µS/cm mS/cm ppt % mg/L mg/L mg/L units 

            
Mag STE  5/31/2009 18:44 27.46 1458 1.527 0.73 1.8 0.14 6.93 -177.0 7.2 
Mag STE  5/31/2009 23:23 27.39 1473 1.537 0.73 6.2 0.46 6.21 -176.9 7.1 
Mag STE  6/1/2009 12:07 27.23 1472 1.535 0.73 3.2 0.25 5.78 -179.9 7.0 
Mag STE  6/1/2009 18:12 27.13 1471 1.530 0.73 4.9 0.38 6.76 -137.6 6.9 
Mag STE  6/1/2009 23:59 27.10 1465 1.524 0.73 3.5 0.28 6.77 -140.6 7.0 
Mag STE  6/2/2009 8:33 27.04 1465 1.522 0.73 4.7 0.39 7.18 6.-126.9 6.9 
Mag STE  6/2/2009 15:22 27.13 1473 1.533 0.74 15.6 1.23 7.13 -150.7  
Mag STE  6/2/2009 16:15         7.3 
Mag STE  6/2/2009 18:15 27.09 1481 1.541 0.74 19.6 1.54 6.95 -134.6 6.7 
Mag STE  6/3/2009 5:44 27.16 1477 1.538 0.74 6.8 0.54 7.09 -115.4 6.7 
Mag STE  6/3/2009 15:40 27.11 1464 1.523 0.73 5.7 0.45 7.24 -128.8 6.7 
Mag STE  6/3/2009 16:05         7.2 
Mag STE  6/3/2009 18:13 27.05 1473 1.531 0.74 7.7 0.62 7.36 -130.6 6.7 
Mag STE  06/04/09 11:54 27.07 1463 1.521 0.73 16.5 1.30 6.94 -125.9 6.7 
Mag STE  6/4/2009 5:42 27.18 1460 1.521 0.73 11.8 0.93 6.97 -134.1 6.8 
Mag STE  6/4/2009 15:58 26.96 1482 1.538 0.74 7.7 0.61 6.89 -120.2  
Mag STE  average  27.15 1469.79 1.53 0.73 8.26 0.65 6.87 -142.48 6.92 

 stdev  0.13 7.46 0.01 0.00 5.48 0.43 0.42 22.05 0.22 
            

Mag STE 05/11/09 13:07 26.91 1430 1.482 0.71 1.6 0.11 3.78 -249.4  
Mag STE 09/10/09 15:43 28.41 1459 1.555 0.73 7.3 0.55 11.74 -279.9 6.8 
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A.2   NRTS Performance Assessment and Periodic Sampling Nutrient Data 
 
 C Composite sample  F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
 G Grab Sample  SM EPA EPA calc EPA EPA  EPA 
 E Event sample  9222D 354.1 353.3  350.3 351.4 calc 365.2 

    MDL 1 0.003 0.006 0.006 0.022 0.056 0.056 0.004 
    PQL 4 0.012 0.024 0.024 0.088 0.224 0.224 0.016 

Station ID Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
             

Hick EFT C1 06/01/09 11:30 1   17.006  48.684 45.222 62.228 3.712 
Hick EFT C2 06/02/09 12:30 1   26.526  34.401 34.423 60.949 3.659 
Hick EFT C3 06/03/09 12:00 1  2.695 32.794 30.099 17.775 16.175 48.969 2.836 
Hick EFT C4 06/04/09 13:30 1  0.583 62.333 61.749 10.685 11.341 73.674 2.958 
Hick EFT C4 06/04/09 13:35 F2  0.398 59.103 58.704 10.790 13.646 72.749 3.396 
Hick EFT C4 06/04/09 13:35 Ave   60.718  10.737 12.494 73.212 3.177 

  Average n=4    34.261  27.899 27.078 61.339 3.346 
  St Dev     18.794  17.042 15.435 9.915 0.417 

Hick EFT G1 05/31/09 16:55 1   14.917  40.114 50.612 65.529 3.535 
Hick EFT G2 06/01/09 10:55 1   23.271  41.359 38.587 61.857 3.364 
Hick EFT G3 06/01/09 23:00 1   0.608  33.511 51.175 51.783 3.489 
Hick EFT G4 06/02/09 7:45 1   0.211  52.014 48.029 48.240 3.676 
Hick EFT G5 06/03/09 5:00 1  3.069 59.643 56.575 20.328 22.583 82.227 3.162 
Hick EFT G6 06/03/09 16:25 1  3.848 7.140 3.292 14.535 12.977 20.116 3.071 
Hick EFT G7 06/03/09 5:00 1  3.556 48.217 44.661 12.654 10.342 58.558 3.198 
Hick EFT G7 06/03/09 5:00 F2  33.314 46.872 13.558 12.264 10.764 57.637 2.981 
Hick EFT G7 06/04/09 5:00 Ave  18.435 47.544 29.110 12.459 10.553 58.097 3.089 
Hick EFT E3 06/04/09 11:20 1 6200 4.607 10.785 6.179 5.759 6.783 17.569 2.668 
Hick EFT G8 06/04/09 15:24 1  0.146 38.381 38.234 6.729 7.010 45.391 3.541 

  Average n=9    22.500  25.201 27.590 50.090 3.288 
  St Dev     21.408  16.921 19.398 20.791 0.318 
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A.2   NRTS Performance Assessment and Periodic Sampling Nutrient Data (continued) 
 
 C Composite sample  F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
 G Grab Sample  SM EPA EPA calc EPA EPA  EPA 
 E Event sample  9222D 354.1 353.3  350.3 351.4 calc 365.2 

    MDL 1 0.003 0.006 0.006 0.022 0.056 0.056 0.004 
    PQL 4 0.012 0.024 0.024 0.088 0.224 0.224 0.016 

Station ID Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
             

Hick EFT E1 03/27/09 14:35 1 8060 0.125 4.600 4.475 44.640 116.386 120.986 12.789 
Hick EFT E1 03/27/09 14:35 F2 6760 0.129 0.248 0.119 40.043 97.017 97.265 13.193 
Hick EFT E1 03/27/09 14:35 Ave 7410 0.127 2.424 2.297 42.341 106.701 109.125 12.991 
Hick EFT E2 05/11/09 16:40 1 3350 1.327 6.307 4.979 33.595 52.537 58.844 2.731 
Hick EFT E4 09/10/09 14:55 1  3.283 43.079 39.796 9.733 14.945 58.024 3.068 
Hick EFT E4 09/10/09 14:55 F2  3.294 42.590 39.295 10.266 13.934 56.524 2.923 
Hick EFT E4 09/10/09 14:55 Ave  3.288 42.834 39.546 10.000 14.440 57.274 2.996 

  Average n=3   1.581 17.188 15.607 28.646 57.893 75.081 6.239 
  St Dev    1.596 22.295 20.775 16.729 46.363 29.493 5.848 
             

Hick STE C1 06/01/09 14:30 1   0.400  76.632 91.178 91.578 3.733 
Hick STE C1 06/01/09 14:30 F2   0.400  84.853 84.009 84.408 3.741 
Hick STE C1 06/01/09 14:30 Ave   0.400  80.742 87.593 87.993 3.737 
Hick STE C2 06/02/09 12:45 1   1.052  50.668 51.474 52.526 3.896 
Hick STE C3 06/03/09 11:50 1  0.135 0.211 0.076 83.149 88.735 88.946 3.270 
Hick STE C4 06/04/09 13:14 1  0.117 0.401 0.283 56.022 93.552 93.953 2.759 
Hick STE C4 06/04/09 13:20 F2  0.112 0.401 0.289 41.630 78.160 78.561 3.409 
Hick STE C4 06/04/09 13:20 Ave   0.401  48.826 85.856 86.257 3.084 

  Average n=4    0.516  65.846 78.415 78.931 3.497 
  St Dev     0.368  18.631 17.999 17.638 0.383 
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A.2   NRTS Performance Assessment and Periodic Sampling Nutrient Data (continued) 
 
 C Composite sample  F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
 G Grab Sample  SM EPA EPA calc EPA EPA  EPA 
 E Event sample  9222D 354.1 353.3  350.3 351.4 calc 365.2 

    MDL 1 0.003 0.006 0.006 0.022 0.056 0.056 0.004 
    PQL 4 0.012 0.024 0.024 0.088 0.224 0.224 0.016 

Station ID Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
             

Hick STE G1 05/31/09 19:15 1   0.226  27.374 133.164 133.390 4.311 
Hick STE G2 06/01/09 10:50 1   0.878  129.518 146.016 146.895 3.959 
Hick STE G3 06/01/09 23:15 1   24.464  95.909 110.214 134.677 3.786 
Hick STE G4 06/02/09 7:55 1   0.665  64.654 91.979 92.644 7.259 
Hick STE G5 06/03/09 5:10 1  0.135 0.155 0.020 82.778 124.724 124.878 3.397 
Hick STE G6 06/03/09 16:34 1  0.151 0.161 0.010 96.803 139.712 139.873 3.397 
Hick STE G7 06/04/09 5:10 1  0.135 0.068 0.000 90.928 86.397 86.465 3.325 
Hick STE E3 06/04/09 11:32 1 15400 0.115 0.099 0.000 61.506 58.459 58.558 3.321 
Hick STE G8 06/04/09 15:38 1  0.137 0.984 0.847 75.388 77.748 78.732 3.661 

  Average n=9    3.078  80.540 107.601 110.679 4.046 
  St Dev     8.027  28.461 30.537 31.831 1.250 

Hick STE E1 03/27/09 14:45 1 26000 0.054 0.116 0.063 61.696 173.313 173.429 13.496 
Hick STE E2 05/11/09 17:00 1 60000 0.062 0.092 0.031 59.414 235.162 235.254 2.919 
Hick STE E4 09/10/09 15:05 1  0.101 6.244 6.143 88.158 134.116 140.361 0.479 

  Average n=3    2.151  69.756 180.864 183.015 5.632 
  St Dev     3.545  15.977 50.944 48.168 6.920 
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A.2   NRTS Performance Assessment and Periodic Sampling Nutrient Data (continued) 
 
 C Composite sample  F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P
 G Grab Sample  SM EPA EPA calc EPA EPA  EPA 
 E Event sample  9222D 354.1 353.3  350.3 351.4 calc 365.2 

    MDL 1 0.003 0.006 0.006 0.022 0.056 0.056 0.004 
    PQL 4 0.012 0.024 0.024 0.088 0.224 0.224 0.016 

Station ID Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
     

Mag EFT C1 06/01/09 12:40 1   9.697  28.513 26.151 35.848 3.066 
Mag EFT C2 06/02/09 16:10 1   12.090  19.490 33.525 45.615 4.037 
Mag EFT C2 06/02/09 15:35 F2   10.028  27.528 26.149 36.176 3.888 
Mag EFT C2 06/02/09 16:10 Ave   11.059  23.509 29.837 40.896 3.962 
Mag EFT C3 06/03/09 16:10 1  3.069 6.356 3.287 18.177 27.590 33.946 3.470 
Mag EFT C4 06/04/09 16:30 1  0.000 46.455 46.455 15.318 20.942 67.397 3.396 

  Average n=4    18.392  21.379 26.130 44.522 3.473 
  St Dev     18.813  5.843 3.777 15.530 0.370 
     

Mag EFT G1 05/31/09 18:20 1  11.717 0.806  24.848 49.333 50.139 3.864 
Mag EFT G2 06/01/09 11:45 1   17.528  28.368 21.862 39.390 4.002 
Mag EFT G3 06/01/09 23:45 1   1.023  27.169 34.973 35.997 3.676 
Mag EFT G4 06/02/09 8:20 1   16.214  22.027 28.009 44.223 3.964 
Mag EFT G5 06/03/09 5:35 1  3.556 12.181 8.625 17.305 18.609 30.790 3.307 
Mag EFT G6 06/03/09 15:48 1  4.156 17.559 13.402 14.931 18.240 35.798 3.252 
Mag EFT G7 06/04/09 5:50 1  0.117 0.068 0.000 31.648 57.116 57.183 3.488 
Mag EFT E3 06/04/09 12:05 1 6700 3.000 25.002 22.003 11.734 17.042 42.044 3.535 
Mag EFT E3 06/04/09 12:05 F2 10700 0.022 25.330 25.308 11.848 14.407 39.737 3.314 
Mag EFT E3 06/04/09 12:05 Ave 8700 1.511 25.166 23.656 11.791 15.724 40.891 3.424 
Mag EFT G8 06/04/09 16:14 1  0.002 26.000 25.998 21.432 21.962 47.962 3.966 

  Average n=9    12.949  22.169 29.536 42.486 3.660 
  St Dev     10.178  6.565 14.742 8.241 0.300 
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A.2   NRTS Performance Assessment and Periodic Sampling Nutrient Data (continued) 
 
 C Composite sample  F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P
 G Grab Sample  SM EPA EPA calc EPA EPA  EPA 
 E Event Sample  9222D 354.1 353.3  350.3 351.4 calc 365.2 

 BKG Background Sample MDL 1 0.003 0.006 0.006 0.022 0.056 0.056 0.004 
    PQL 4 0.012 0.024 0.024 0.088 0.224 0.224 0.016 

Station ID Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
    

Mag EFT BKG 01/14/09 14:10 1 3780 0.371 63.484 63.113 2.025 3.003 66.487 20.802 
Mag EFT E1 03/26/09 13:58 1 2100 1.184 12.242 11.058 1.675 14.161 26.403 0.113 
Mag EFT E2 05/11/09 12:50 1 8000 1.512 6.943 5.431 10.199 13.160 20.102 1.743 
Mag EFT E2 05/11/09 12:50 F2 7610 1.819 6.943 5.124 11.211 12.675 19.618 1.763 
Mag EFT E2 05/11/09 12:50 Ave   6.943  10.705 12.918 19.860 1.753 
Mag EFT E4 09/10/09 15:30 1  3.984 41.448 37.464 28.164 96.604 138.052 1.981 

  Average n=3    31.029  10.642 31.671 62.701 6.162 
  St Dev     26.426  12.405 43.575 54.298 9.796 
    

Mag STE C1 06/01/09 15:25 1   25.359  95.403 120.824 146.183 4.481 
Mag STE C2 06/02/09 16:15 1   0.039  77.420 121.218 121.257 3.820 
Mag STE C3 06/03/09 16:05 1  0.087 0.130 0.043 89.717 177.664 177.794 3.886 
Mag STE C4 06/04/09 16:20 1  0.072 0.289 0.216 126.541 127.799 128.088 3.992 

  Average n=4    6.454  97.270 136.876 143.330 4.045 
  St Dev     12.604  20.907 27.380 25.268 0.299 
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A.2   NRTS Performance Assessment and Periodic Sampling Nutrient Data (continued) 
 
 C Composite sample  F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P
 G Grab Sample  SM EPA EPA calc EPA EPA  EPA 
 E Event Sample  9222D 354.1 353.3  350.3 351.4 calc 365.2 

 BKG Background Sample MDL 1 0.003 0.006 0.006 0.022 0.056 0.056 0.004 
    PQL 4 0.012 0.024 0.024 0.088 0.224 0.224 0.016 

Station ID Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
    

Mag STE G1 05/31/09 18:35 1   0.168  97.367 156.863 157.031 4.215 
Mag STE G2 06/01/09 12:05 1   20.138  76.243 89.330 109.468 4.567 
Mag STE G3 06/01/09 23:55 1   10.028  138.813 139.081 149.108 4.100 
Mag STE G4 06/02/09 8:30 1   0.909  84.492 135.452 136.361 3.477 
Mag STE G5 06/03/09 5:42 1  0.151 0.173 0.022 94.663 188.665 188.839 3.669 
Mag STE G6 06/03/09 15:35 1  0.175 0.214 0.038 86.564 130.690 130.904 3.524 
Mag STE G6 06/03/09 15:35 F2  0.161 0.155 0.000 89.316 143.493 143.647 3.796 
Mag STE G6 06/03/09 15:35 Avg   0.184  87.940 137.091 137.276 3.660 
Mag STE G7 06/04/09 5:40 1 0.118 0.068 0.000 127.163 169.553 169.621 3.597
Mag STE E3 06/04/09 11:55 1 102100 0.115 0.075 0.000 100.784 102.330 102.405 3.435 
Mag STE G8 06/04/09 16:00 1  0.109 0.588 0.479 122.302 123.809 124.396 3.913 

  Average n=9    3.592  103.307 138.020 141.612 3.848 
  St Dev     6.993  21.300 31.164 27.888 0.380 
             

Mag STE E1 03/26/09 14:20 1 10500 0.127 7.761 7.634 83.644 202.893 210.654 0.128 
Mag STE E2 05/11/09 13:10 1 13520 0.071 0.055 0.000 38.718 168.989 169.045 1.842 
Mag STE E2 05/11/09 13:10 F2 12410 0.070 0.070 0.000 40.402 186.769 186.839 1.150 
Mag STE E2 05/11/09 13:10 Ave 12965 0 0.063 0.000 39.560 177.879 177.942 1.496 
Mag Ste E4 09/10/09 15:42 1  0.101 6.306 6.205 82.947 142.937 149.242 1.621 

  Average n=3    4.710  68.717 174.570 179.279 1.082 
  St Dev     4.090  25.253 30.115 30.728 0.828 
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B 1. Environmental Monitoring Field Data 
 

Station Date Well  Time Water T COND COND Salinity DO %SAT DO PH ORP PH 
    FSU YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
  (m)  Celsius µS/cm mS/cm ppt % mg/L units mg/L units 

Background             
CAS 01/14/09 3.40 12:14 21.65 41.83   27.4 2.21 8.06   
CAS 03/26/09 6.40 13:31 21.00 41.83   27.4 2.2 8.06   
CAS 05/11/09 2.52 12:35 20.83 53    1.65 3.48   
CAS 06/04/09 2.79 11:04 21.33 277    2.19 4.48   

 average n=4  21.20 103.42    2.07 6.02   
 stdev   0.36 115.84    0.28 2.39   

SRWMD #4 01/14/09 5.46 12:56 22.21 157.9   14.9 0.60 7.71   
SRWMD #4 03/26/09 6.77 13:12 22.21 157.9   14.9 0.6 7.71   
SRWMD #4 05/11/09 4.61 12:59 21.37 299    1.39 3.36   
SRWMD #4 06/04/09 4.90 11:43 21.48 206    1.45 8.46   

 average n=4  21.82 205.20    1.01 6.81   
 stdev   0.46 66.52    0.47 2.33   
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B 1. Environmental Monitoring Field Data (continued) 
 

Station Date Well 
Depth 

Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  FSU YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
  (m)  Celsius µS/cm mS/cm ppt % mg/L units mg/L units 

Hickory             
S1 01/14/09 4.36 9:44 21.86 634 0.596 0.31 21.7 1.89 7.57 219.1  
S1 03/27/09 4.20 14:20 21.96 589.00 0.555 0.29 28.2 2.46 6.75 101.9  
S1 05/11/09 3.75 16:19 21.57 645 0.602 0.31 5.6 0.49 4.00 36.3  
S1 06/4/09 3.73 11:09 21.62 660 0.618 0.32 3.2 0.29 7.37 29.7 7.2 
S1 09/10/09 4.16 14:37 22.80 656 0.628 0.32 5.9 0.51 12.59 22.6 7.1 

 average n=5  21.96 636.80 0.60 0.31 12.92 1.13 7.66 81.92  
 stdev   0.50 28.58 0.03 0.01 11.27 0.98 3.11 82.98  
             

S2 01/14/09 4.26 10:05 21.58 553 0.518 0.27 39.3 3.47 7.47 218.2  
S2 03/27/09 4.08 12:15 21.32 536 0.499 0.26 46.9 4.15 5.79 108.5  
S2 05/11/09 3.45 14:18 21.22 548 0.508 0.27 11.6 1.02 4.13 12.9  
S2 06/4/09 3.64 10:12 21.13 532 0.493 0.26 4.8 0.43 7.51 33.4 7.3 
S2 09/10/09 4.03 13:17 22.1 552 0.521 0.27 11.5 1.01 12.7 30.6 7.1 

 average n=5  21.47 544.20 0.51 0.27 22.82 2.02 7.52 80.72  
 stdev   0.39 9.60 0.01 0.01 18.91 1.67 3.21 85.18  
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B 1. Environmental Monitoring Field Data (continued) 
 

Station Date Well 
Depth 

Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  FSU YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
  (m)  Celsius µS/cm mS/cm ppt % mg/L units mg/L units 
             

C3 01/14/09 4.30 10:55 21.46 588 0.548 0.29 57.0 5.03 7.34 243.7  
C3 03/27/09 4.12 13:30 21.07 566 0.523 0.27 62.1 5.51 6.60 105.0  
C3 05/11/09 3.475 15:24 20.85 555 0.511 0.27 31.3 2.79 4.03 35.6  
C3 06/4/09 3.66 10:44 20.83 550 0.506 0.27 27.0 2.50 7.41 32.6 7.2 
C3 09/10/09 4.055 13:56 22.04 566 0.534 0.27 24.2 2.11 12.67 32.3 7.1 

 average n=5  21.25 565.00 0.52 0.27 40.32 3.59 7.61 89.84  
 stdev   0.51 14.63 0.02 0.01 17.83 1.56 3.14 91.42  
             

C4 01/14/09 4.37 11:12 21.33 573 0.533 0.27 69.7 6.16 7.31 250.1  
C4 03/27/09 4.18 12:45 20.98 563 0.520 0.27 70.1 6.25 6.43 107.5  
C4 05/11/09 3.54 14:59 20:57 541 0.495 0.26 36.3 3.26 4.08 33.1  
C4 06/4/09 3.73 10:32 20.96 542 0.500 0.26 30.6 2.71 7.49 32.6 7.2 
C4 09/10/09 4.115 13:39 22.17 571 0.54 0.28 32.5 2.86 12.64 34.4 7.1 

 average n=5  17.26 558.00 0.52 0.27 47.84 4.25 7.59 91.54  
 stdev   9.18 15.52 0.02 0.01 20.24 1.80 3.13 94.27  
             

C5 01/14/09 4.30 10:35 21.91 696 0.655 0.34 40.6 3.55 7.39 240.8  
C5 03/27/09 4.13 13:50 21.86 639 0.600 0.31 28.1 2.46 6.67 96.6  
C5 05/11/09 3.475 15:50 21.33 641 0.596 0.31 10.9 0.96 4.00 34.7  
C5 06/4/09 3.66 10:59 21.41 658 0.613 0.32 32.4 2.87 7.38 31.7 7.2 
C5 09/10/09 4.07 14:17 22.35 615 0.584 0.3 13.1 1.13 12.66 27 7.1 

 average n=5  21.77 649.80 0.61 0.32 25.02 2.19 7.62 86.16  
 stdev   0.41 30.03 0.03 0.02 12.73 1.12 3.14 91.02  
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B 1. Environmental Monitoring Field Data (continued) 
 

Station Date Well 
Depth 

Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  FSU YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
  (m)  Celsius µS/cm mS/cm ppt % mg/L units mg/L units 
             

M1 01/14/09 2.52 13:44 21.88 959 0.897 0.47 7.2 0.63 7.11 158.9  
M1 03/26/09 2.50           
M1 05/11/09 1.41 12:34 21.52 827 0.773 0.41 5.6 0.49 3.94 43.5  
M1 06/04/09 1.97 14:54 21.16 839 0.778 0.41 2.3 0.21 7.33 13.7 7.1 
M1 09/10/09 2.31 12:47 22.33 748 0.71 0.37 2.9 0.25 12.6 18.6 7.1 

 average n=4  21.72 843.25 0.79 0.42 4.50 0.40 7.75 58.68  
 stdev   0.50 87.09 0.08 0.04 2.30 0.20 3.59 68.08  
             

M2 01/14/09 2.04 13:12 19.64 719 0.645 0.35 18.0 1.64 7.09 165.7  
M2 03/26/09 2.04           
M2 05/11/09 0.93 12:04 19.95 492 0.445 0.24 5.4 0.49 3.98 23.1  
M2 06/04/09 1.45 14:31 21.04 616 0.569 0.3 3.3 0.29 7.48 10.3 7.1 
M2 09/10/09 1.84 12:20 23.85 536 0.524 0.26 4.1 0.34 12.43 -20.9 7.1 

 average n=4  21.12 590.75 0.55 0.29 7.70 0.69 7.75 44.55  
 stdev   1.92 99.72 0.08 0.05 6.92 0.64 3.49 82.85  
             

M3 01/14/09 1.70 12:16 20.45 763 0.697 0.37 7.4 0.66 7.20 178.6  
M3 03/26/09 1.69           
M3 05/11/09 0.62 10:55 19:55 619 0.554 0.3 6.5 0.6 3.97 43.6  
M3 06/04/09 1.12 12:28 20.03 663 0.600 0.32 4.0 0.36 7.35 10.2 7.2 
M3 09/10/09 1.495 11:12 22.31 611 0.579 0.3 7.0 0.6 12.51 -21.2 7.1 

 average n=4  15.90 664.00 0.61 0.32 6.23 0.56 7.76 52.80  
 stdev   10.10 69.85 0.06 0.03 1.53 0.13 3.53 87.94  
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B 1. Environmental Monitoring Field Data (continued) 
Station Date Well Depth Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  FSU YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
  (m)  Celsius µS/cm mS/cm ppt % mg/L units mg/L units 
             

M5 01/14/09 2.00 13:00 21.36 886 0.824 0.44 8.0 0.71 7.10 163.8  
M5 03/26/09 1.98           
M5 05/11/09 0.91 11:54 20.64 748 0.686 0.37 4.2 0.38 3.93 43.0  
M5 06/04/09 1.39 14:21 20.59 745 0.682 0.36 4.9 0.44 7.76 14.0 7.2 
M5 09/10/09 1.79 11:59 21.45 750 0.699 0.37 2.8 0.25 12.66 20.2 7.1 

 average n=4  21.01 782.25 0.72 0.39 4.98 0.45 7.86 60.25  
 stdev   0.46 69.20 0.07 0.04 2.20 0.19 3.61 70.15  
             

M6 01/14/09 1.44 12:32 20.93 869 0.801 0.43 5.6 0.51 7.15 172.3  
M6 03/26/09 1.94           
M6 05/11/09 0.41 11:20 20.49 805 0.73 0.4 2 0.17 3.86 45.7  
M6 06/04/09 0.82 12:35 20.39 778 0.710 0.38 3.7 0.33 7.26 11.6 7.2 
M6 09/10/09 1.25 11:31 21.36 775 0.721 0.38 5.3 0.46 12.62 20.9 7.0 

 average n=45  20.79 806.75 0.74 0.40 4.15 0.37 7.72 62.63  
 stdev   0.45 43.64 0.04 0.02 1.66 0.15 3.63 74.52  
             

M7 01/14/09 1.63 12:46 21.36 894 0.832 0.44 7.1 0.63 7.12 165.8  
M7 03/26/09 1.61           
M7 05/11/09 0.57 11:37 20.32 810 0.738 0.4 2.7 0.24 3.80 43.4  
M7 06/04/09 1.03 12:43 20.57 744 0.681 0.36 4.3 0.37 7.33 11.5 7.2 
M7 09/10/09 1.415 11:44 24.4 773 0.72 0.38 4.3 0.37 12.63 21.4 7.1 

 average n=4  21.66 805.25 0.74 0.40 4.60 0.40 7.72 60.53  
 stdev   1.88 65.04 0.06 0.03 1.83 0.16 3.65 71.44  
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B 1. Environmental Monitoring Field Data (continued) 
Station Date Well 

Depth 
Time Water T COND COND Salinity DO %SAT DO PH ORP PH 

  FSU YSI YSI YSI YSI YSI YSI YSI YSI YSI Probe 
  (m)  Celsius µS/cm mS/cm ppt % mg/L units mg/L units 
             

M8 01/14/09 1.98 13:28 21.02 715 0.660 0.35 5.9 0.53 7.17 159.6  
M8 03/26/09 1.96           
M8 05/11/09 0.87 12:14 19.89 667 0.602 0.33 4.3 0.39 4.00 33.8  
M8 06/04/09 1.38 14:43 20.24 638 0.580 0.32 2.5 0.23 7.47 13.3 7.2 
M8 09/10/09 1.77 12:33 21.82 631 0.592 0.31 2.6 0.23 12.66 16.5 7.1 

 average n=4  20.74 662.75 0.61 0.33 3.83 0.35 7.83 55.80  
 stdev   0.86 38.16 0.04 0.02 1.61 0.14 3.59 69.78  
             

M9 01/14/09 1.84 11:50 20.67 689 0.633 0.34 11.3 1.02 7.39 180.7  
M9 03/26/09 1.82           
M9 05/11/09 0.74 10:44 19.65 562 0.505 0.27 6.9 0.63 4.12 42.6  
M9 06/04/09 1.24 12:11 20.22 566 0.515 0.27 4.0 0.36 7.46 9.9 7.1 
M9 09/10/09 1.62 10:49 21.63 588 0.551 0.29 4.4 0.39 12.65 15.6 7.2 

 average n=4  20.54 601.25 0.55 0.29 6.65 0.60 7.91 62.19  
 stdev   0.84 59.61 0.06 0.03 3.36 0.30 3.53 80.28  



 Final Report: Chapter II  December 2009 
  Page 116 

 

B 2. Environmental Monitoring Nutrient Data 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
            

CAS 01/14/09 12:14 1 0 0.041 0.310 0.27 0.120 0.448 0.76 0.01 
CAS 03/26/09 13:31 1 0 0.131 0.139 0.01 0.012 0.172 0.31 0.01 
CAS 05/11/09 12:35 1 0 0.042 0.155 0.11 0.053 0.073 0.23 0.32 
CAS 06/04/09 11:00 1 0 0.052 0.476 0.42 0.407 0.832 1.31 0.10 

 average n=4   0.067 0.270 0.20 0.148 0.381 0.65 0.11 
 stdev    0.043 0.157 0.18 0.178 0.340 0.50 0.15 
            

SRWMD #4 01/14/09 12:56 1 0 0.010 0.226 0.22 0.123 0.088 0.31 0.01 
SRWMD #4 03/26/09 13:12 1 4 0.019 0.863 0.84 0.014 0.130 0.99 0.01 
SRWMD #4 05/11/09 12:59 1 0 0.009 0.020 0.01 0.045 0.095 0.11 0.27 
SRWMD #4 06/04/09 11:30 1 0 0.033 1.032 1.00 0.466 0.655 1.69 0.29 

 average n=4   0.018 0.535 0.52 0.162 0.242 0.78 0.14 
 stdev    0.011 0.488 0.48 0.208 0.276 0.71 0.15 
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B 2. Environmental Monitoring Nutrient Data (continued) 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

S1 01/14/09 9:44 1 7 0.001 6.670 6.67 0.134 0.096 6.77 1.32 
S1 03/27/09 14:20 1 1 0.006 1.504 1.50 0.006 0.048 1.55 0.39 
S1 03/27/09 14:20 F2 1 0.006 1.562 1.56 0.006 0.053 1.61 0.39 
S1 03/27/09 14:20  Ave 1 0.006 1.533 1.53 0.006 0.050 1.58 0.39 
S1 05/11/09 16:10 1 0 0.005 0.575 0.57 0.041 0.072 0.65 0.57 
S1 05/11/09 16:10 F2 0 0.006 0.453 0.45 0.040 0.069 0.52 0.55 
S1 05/11/09 16:10  Ave 0 0.006 0.514 0.51 0.041 0.070 0.58 0.56 
S1 06/04/09 11:10 1 0 0.133 4.841 4.71 0.264 0.565 5.41 0.78 
S1 09/10/09 14:44 1  0.001 7.165 7.164 0.093 0.239 7.40 0.040 
S1 09/10/09 14:44 F2  0.002 6.920 6.918 0.146 0.172 7.09 0.051 
S1 09/10/09 14:44  Ave   0.002 7.043 7.04 0.120 0.206 7.25 0.05 

 Average n=5   0.03 4.12 4.09 0.11 0.20 4.32 0.62 
 St Dev    0.06 2.97 2.96 0.10 0.21 3.05 0.47 

S2 01/14/09 10:05  0 0.000 1.713 1.71 0.132 0.081 1.79 0.05 
S2 03/27/09 12:15  18 0.009 0.104 0.10 0.008 0.169 0.27 0.07 
S2 05/11/09 14:20  25 0.000 0.085 0.08 0.047 0.061 0.15 0.06 
S2 06/04/09 10:14  0 0.010 0.245 0.23 0.335 0.445 0.69 0.02 
S2 09/10/09 13:15   0.000 1.413 1.414 0.162 0.226 1.639 0.352 

 Average n=5   0.004 0.537 0.53 0.131 0.189 0.73 0.05 
 St Dev    0.005 0.788 0.79 0.146 0.177 0.75 0.02 
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B 2. Environmental Monitoring Nutrient Data (continued) 
 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

C3A 01/14/09 10:55 1 8 0.000 0.963 0.96 0.108 0.072 1.04 0.01 
C3A 03/27/09 13:30 1 0 0.008 0.649 0.64 0.007 0.079 0.73 0.05 
C3A 05/11/09 15:25 1 0 0.004 0.109 0.10 0.041 0.110 0.22 0.03 
C3A 06/04/09 10:46 1 4 0.004 0.208 0.20 0.405 0.367 0.58 0.02 
C3A 09/10/09 13:55 1  0.011 0.822 0.811 0.092 0.145 0.967 0.042 

 average n=5   0.006 0.550 0.545 0.130 0.155 0.705 0.032 
 stdev    0.004 0.376 0.376 0.159 0.122 0.328 0.016 
            

C4 01/14/09 11:12 1 0 0.000 1.180 1.18 0.109 0.084 1.26 0.02 
C4 03/27/09 12:45 1 7 0.004 1.156 1.15 0.007 0.120 1.28 0.05 
C4 05/11/09 15:05 1 0 0.001 0.281 0.28 0.044 0.113 0.39 0.05 
C4 06/04/09 10:34 1 76 0.008 0.467 0.46 0.304 0.450 0.92 0.08 
C4 09/10/09 13:34 1  0.000 1.724 1.725 0.089 0.166 1.890 0.058 

 average n=5   0.003 0.961 0.959 0.111 0.186 1.148 0.050 
 stdev    0.003 0.586 0.588 0.115 0.150 0.548 0.023 
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B 2. Environmental Monitoring Nutrient Data (continued) 
 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
            

C5 01/14/09 10:35 1 120 0.026 5.984 5.96 0.118 0.220 6.20 0.03 
C5 03/27/09 13:50 1 10 0.035 1.019 0.98 0.008 0.133 1.15 0.03 
C5 05/11/09 15:50 1 0 0.003 2.064 2.06 0.040 0.081 2.15 0.05 
C5 06/04/09 11:00 1 0 0.021 2.982 2.96 0.585 0.485 3.47 0.03 
C5 09/10/09 14:15 1  0.013 7.019 7.006 0.114 0.241 7.260 0.037 

 average n=5   0.02 3.81 3.79 0.17 0.23 4.05 0.04 
 stdev    0.01 2.58 2.58 0.24 0.16 2.61 0.01 
            

M1 01/14/09 13:44 1 10 0.011 17.155 17.14 0.483 0.232 17.39 0.19 
M1 03/26/09 13:40 1 7 * 0.006 13.243 13.24 0.116 0.361 13.60 0.13 
M1 03/26/09 13:42 F2 8 * 0.008 11.372 11.36 0.117 0.348 11.72 0.14 
M1 03/26/09 13:42 Ave 8 0.007 12.307 12.30 0.117 0.355 12.66 0.13 
M1 05/11/09 12:38 1 0 0.008 2.698 2.69 0.050 0.120 2.82 0.39 
M1 06/04/09 14:56 1 0 0.005 6.083 6.08 0.044 0.989 7.07 0.20 
M1 09/10/09 12:45 1  0.005 13.922 13.918 0.085 0.355 14.278 0.326 

 Average n=5   0.01 10.43 10.43 0.16 0.41 10.84 0.25 
 St Dev    0.00 5.91 5.91 0.19 0.34 5.84 0.11 
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B 2. Environmental Monitoring Nutrient Data (continued) 
 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
            

M2 01/14/09 13:12 1 67 0.005 8.157 8.15 0.127 0.136 8.29 0.37 
M2 01/14/09 13:12 F2 67 0.005 7.674 7.67 0.128 0.155 7.83 0.33 
M2 01/14/09 13:12 Ave 67 0.005 7.915 7.91 0.127 0.145 8.06 0.35 
M2 03/26/09 12:45 1 32 0.013 4.846 4.83 0.016 0.161 5.01 0.34 
M2 05/11/09 12:05 1 8 0.005 0.514 0.51 0.051 0.149 0.66 0.38 
M2 06/04/09 14:32 1 0 0.004 0.184 0.18 0.042 0.665 0.85 0.29 
M2 09/10/09 12:15 1  0.000 0.099 0.099 0.090 0.321 0.420 1.203 
M2 09/10/09 12:15 F2  0.001 0.083 0.083 0.087 0.444 0.527 1.235 
M2 09/10/09 12:15 Ave   0.000 0.091 0.09 0.088 0.383 0.47 1.22 

 Average n=5   0.005 2.710 2.705 0.065 0.301 3.011 0.517 
 St Dev    0.005 3.526 3.523 0.043 0.227 3.395 0.394 
            

M3 01/14/09 12:16 1 0 0.023 3.899 3.88 0.125 0.237 4.14 0.38 
M3 03/26/09 11:30 1 20 0.027 1.148 1.12 0.052 0.251 1.40 0.04 
M3 05/11/09 11:00 1 5 0.002 0.266 0.26 0.042 0.109 0.38 0.25 
M3 06/04/09 12:30 1 4 0.178 13.957 13.78 0.544 0.524 14.48 0.20 
M3 09/10/09 11:10 1  0.001 0.032 0.032 0.103 0.295 0.328 0.400 

 Average n=5   0.046 3.861 3.814 0.173 0.283 4.144 0.253 
 St Dev    0.075 5.850 5.776 0.210 0.151 5.982 0.147 
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B 2. Environmental Monitoring Nutrient Data (continued) 
 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
            

M5 01/14/09 13:00 1 0 0.006 11.474 11.47 0.124 0.127 11.60 0.42 
M5 03/26/09 12:30 1 7 0.055 1.424 1.37 0.069 0.310 1.73 0.27 
M5 05/11/09 11:55 1 0 0.003 3.787 3.78 0.051 0.138 3.92 0.18 
M5 06/04/09 14:22 1 4 0.016 2.943 2.93 0.068 0.751 3.69 0.15 
M5 09/10/09 12:00 1  0.023 6.815 6.792 0.082 0.311 7.126 0.195 
M5 09/10/09 12:00 F2  0.023 6.917 6.894 0.080 0.338 7.255 0.162 
M5 09/10/09 12:00 Ave   0.023 6.866 6.84 0.081 0.324 7.19 0.18 

 Average n=5   0.021 5.299 5.278 0.079 0.330 5.629 0.237 
 St Dev    0.021 3.982 3.994 0.028 0.253 3.870 0.110 
            

M6 01/14/09 12:32 1 0 0.081 5.005 4.92 0.125 0.333 5.34 0.09 
M6 03/26/09 11:50 1 10 0.093 2.062 1.97 0.037 0.229 2.29 0.03 
M6 05/11/09 12:50 1 5 0.064 2.864 2.80 0.051 0.112 2.98 0.58 
M6 06/04/09 12:36 1 32 2.626 1.415 0.00 0.359 0.686 2.10 0.06 
M6 09/10/09 11:30 1  0.099 2.229 2.130 0.104 0.288 2.517 0.106 

 Average n=5   0.593 2.715 2.365 0.135 0.330 3.045 0.171 
 St Dev    1.137 1.380 1.771 0.130 0.216 1.323 0.229 
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B 2. Environmental Monitoring Nutrient Data (continued) 
 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
            

M7 01/14/09 12:46 1 0 0.022 9.593 9.57 0.124 0.161 9.75 0.48 
M7 03/26/09 12:15 1 29 0.063 5.151 5.09 0.037 0.229 5.38 0.09 
M7 05/11/09 11:40 1 3 0.011 4.284 4.27 0.052 0.140 4.42 0.35 
M7 06/04/09 12:45 1 14 0.202 19.425 19.22 0.373 0.562 19.99 0.22 
M7 09/10/09 11:45 1  0.097 2.585 2.489 0.104 0.323 2.908 0.262 

 Average n=5   0.079 8.208 8.129 0.138 0.283 8.491 0.281 
 St Dev    0.077 6.784 6.728 0.136 0.172 6.913 0.145 
            

M8 01/14/09 13:28 1 0 0.020 0.786 0.77 0.126 0.077 0.86 0.31 
M8 03/26/09 13:20 1 2 * 0.026 10.284 10.26 0.015 0.157 10.44 0.09 
M8 05/11/09 12:15 1 0 0.003 4.351 4.35 0.053 0.142 4.49 0.24 
M8 06/04/09 14:44 1 0 0.002 0.102 0.10 0.036 0.705 0.81 0.17 
M8 09/10/09 12:32 1  0.000 0.032 0.033 0.112 0.331 0.364 1.299 

 Average n=5   0.010 3.111 3.101 0.069 0.282 3.393 0.423 
 St Dev    0.012 4.386 4.378 0.048 0.254 4.277 0.497 
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B 2. Environmental Monitoring Nutrient Data (continued) 
 
    F Coli Nitrite Nitrate+Nitrite Nitrate Ammonia TKN TN Total P 
    SM EPA EPA calc EPA EPA calc EPA 
    9222D 354.1 353.3  350.3 351.4  365.20 

   MDL 1 0.003 0.006 0.01 0.022 0.056 0.06 0.00 
   PQL 4 0.012 0.024 0.02 0.088 0.224 0.22 0.02 

Station Date Time Rep Cts/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
            

M9 01/14/09 11:50 1 13 0.009 1.370 1.36 0.110 0.127 1.50 0.08 
M9 03/26/09 10:55 1 96 0.048 5.332 5.28 0.014 0.216 5.55 0.12 
M9 03/26/09 10:55 F2 90 0.049 5.325 5.28 0.014 0.209 5.53 0.12 
M9 03/26/09 10:55 Ave 93 0.049 5.329 5.28 0.014 0.213 5.54 0.12 
M9 05/11/09 10:50 1 0 0.002 0.111 0.11 0.035 0.151 0.26 0.05 
M9 06/04/09 12:15 1 2 0.017 0.239 0.22 0.419 0.562 0.80 0.16 
M9 06/04/09 12:15 F2 2 0.019 0.297 0.28 0.401 0.471 0.77 0.06 
M9 06/04/09 12:15 Ave 2 0.018 0.268 0.25 0.410 0.517 0.78 0.11 
M9 09/10/09 10:50 1  0.000 0.032 0.033 0.094 0.483 0.515 0.325 

 Average n=5   0.016 1.422 1.406 0.133 0.298 1.720 0.137 
 St Dev    0.020 2.250 2.231 0.160 0.187 2.185 0.109 
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Appendix  C Water meter data 
 Hickory   Magnolia    

Date and time meter gal/day Date/Time meter gal/day   
        

12/29/08 12:00 1013882  12/29/08 12:00 763991  Park staff, no time  
1/5/09 12:00 1021590 1101 1/5/09 12:00 768874 698 Park staff, no time  

1/12/09 12:00 1025574 569 1/12/09 12:00 771642 395 Park staff, no time  
1/19/09 12:00 1028820 464 1/19/09 12:00 773974 333 Park staff, no time  
1/26/09 12:00 1031736 417 1/26/09 12:00 777227 465 Park staff, no time  

        
January 2009  638   473   

        
2/2/09 12:00 1036175  2/2/09 12:00 780145  Park staff, no time  
2/9/09 12:00 1040051 554 2/9/09 12:00 783547 486 Park staff, no time  

2/16/09 12:00 1044820 681 2/16/09 12:00 786390 406 Park staff, no time  
2/23/09 12:00 1049580 680 2/23/09 12:00 789736 478 Park staff, no time  

        
February 2009  638   457   

        
3/2/09 12:00 1053595  3/2/09 12:00 793866  Park staff, no time  
3/9/09 12:00 1059670 868 3/9/09 12:00 799027 737 Park staff, no time  

3/16/09 12:00 1066030 909 3/16/09 12:00 803084 580 Park staff, no time  
3/23/09 12:00 1072963 990 3/23/09 12:00 807278 599 Park staff, no time  
3/27/09 14:55 1077512 1104 3/26/09 10:00 808471 409 FSU  
3/30/09 12:00 1079730 771 3/30/09 12:00 810920 600 Park staff, no time  

        
March 2009  933   609   
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Appendix  C Water meter data 
(continued) 

 Hickory   Magnolia    
Date and time meter gal/day Date/Time meter gal/day   
4/6/09 12:00 1088049  4/6/09 12:00 817026  Park staff, no time 

4/14/09 12:00 1095200 894 4/14/09 12:00 823783 845 Park staff, no time 
4/22/09 12:00 1095200 0 4/22/09 12:00 823900 15 Park staff, no time 

        
April 2009  447   430   

        
5/4/09 12:00 1097500  5/4/09 12:00 826000  Park staff, no time 

5/11/09 12:00 1102320 689 5/11/09 13:20 834365 1186 FSU  
5/11/09 17:10 1102463 664 5/11/09 14:00 834440 2700 Park staff, no time 
5/25/09 12:00 1111500 656 5/25/09 12:00 839262 346 Park staff, no time 
5/31/09 16:30 1114825 537 5/31/09 18:30 841188 307 FDOH  
5/31/09 19:30 1114900 600 5/31/09 19:06 841213 1000 FDOH  
5/31/09 22:30 1115085 1480 5/31/09 23:30 842078 4718 FDOH  

        
May 2009  641   585   

        
6/1/09 12:00 1115200  6/1/09 12:00 842200  Park staff, no time 
6/4/09 15:28 1116695 475 6/4/09 16:11 842781 183 FSU  
6/8/09 12:00 1119500 728 6/8/09 12:00 844820 533 Park staff, no time 

6/15/09 12:00 1125600 871 6/15/09 12:00 849130 616 Park staff, no time 
6/22/09 12:00 1133100 1071 6/22/09 12:00 854000 696 Park staff, no time 

        
June 2009  852   562   

        
9/10/09 14:55 1208134 937 9/10/09 15:50 899203 564 FSU  

        
Total cumulative  761   530   
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Appendix  C Water meter data during performance assessment. 
Performance Assessment 

 Hickory   Magnolia    
Date and time meter gal/hr Date / time meter gal/hr   
5/31/09 16:30 1114825  5/31/09 18:30 841188  FDOH  
5/31/09 19:30 1114900 25 5/31/09 19:06 841213 42 FDOH  
5/31/09 22:30 1115085 62 5/31/09 23:30 842078 197 FDOH  

6/1/09 5:10 1115188 15 6/1/09 5:43 842085 1 FSU  
6/1/09 10:46 1115195 1 6/1/09 11:47 842160 12 FSU  
6/1/09 11:00 1115202 30 6/1/09 12:07 842160 0 FSU  
6/1/09 12:30 1115242 27 6/1/09 15:02 842176 5 FSU  
6/1/09 17:01 1115293 11 6/1/09 15:18 842199 86 FSU  
6/1/09 17:11 1115296 18 6/1/09 18:00 842206 3 FSU  
6/1/09 23:04 1115517 38 6/1/09 18:10 842206 0 FSU  
6/1/09 23:16 1115530 65 6/1/09 23:46 842288 15 FSU  
6/2/09 5:05 1115616 15 6/1/09 23:59 842288 0 FSU  
6/2/09 7:45 1115690 28 6/2/09 8:18 842305 2 FSU  
6/2/09 7:55 1115692 12 6/2/09 8:21 842305 0 FSU  

6/2/09 11:02 1115747 18 6/2/09 8:33 842320 75 FSU  
6/2/09 11:15 1115754 32 6/2/09 15:11 842372 8 FSU  
6/2/09 17:02 1115828 13 6/2/09 15:20 842379 47 FSU  
6/2/09 17:11 1115830 13 6/2/09 16:10 842382 4 FSU  
6/2/09 23:01 1116012 31 6/2/09 17:58 842398 9 FSU  
6/2/09 23:12 1116020 44 6/2/09 18:13 842398 0 FSU  
6/3/09 5:03 1116053 6 6/3/09 5:32 842521 11 FSU  
6/3/09 5:13 1116053 0 6/3/09 15:38 842566 4 FSU  

6/3/09 11:03 1116257 35 6/3/09 15:49 842566 0 FSU  
6/3/09 11:16 1116258 5 6/3/08 18:10 842608 0 FSU  
6/3/09 16:26 1116328 14 6/3/09 18:20 842624 0 FSU  
6/3/09 16:42 1116329 4 6/3/09 18:29 842632 53 FSU  
6/3/09 17:01 1116335 19 6/4/09 5:38 842711 7 FSU  
6/3/09 17:09 1116335 0 6/4/09 5:50 842711 0 FSU  
6/3/09 23:02 1116453 20 6/4/09 11:52 842766 9 FSU  
6/3/09 23:10 1116453 0 6/4/09 12:02 842766 0 FSU  
6/4/09 5:05 1116459 1 6/4/09 15:56 842781 4 FSU  
6/4/09 5:13 1116459 0 6/4/09 16:11 842781 0 FSU  

6/4/09 11:22 1116649 31    FSU  
6/4/09 11:29 1116658 77    FSU  
6/4/09 15:28 1116695 9    FSU  

        
Performance gal/hr 20   17   
Performance gal/day 473   408   
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Research Review and Advisory Committee for the Bureau of Onsite Sewage Programs 
 

Approved Minutes of the Meeting held at the Southwood Office Complex, Tallahassee, FL 
December 16, 2009 

Approved by the RRAC March 23, 2010 
 

In attendance:   

 Committee Membership and Alternates:  
 In person: Anthony Gaudio (vice chairman, member, Septic Tank Industry); Bill Melton 

(member, Consumer); Jim Oskowis (member, Local Government) 
 Via teleconference: David Carter (chairman, member, Home Building Industry); Kim 

Dove (member, Division of Environmental Health); John Dryden (alternate, State 
University System); Eanix Poole (alternate, Consumer); Patti Sanzone (member, 
Environmental Interest Group); John Schert (member, State University System); Vince 
Seibold  (alternate, Local Government); Clay Tappan (member, Professional Engineer); 
and Pam Tucker (member, Real Estate Profession) 

 Not represented:  Restaurant Industry 
 Visitors:  

 In person:  Bruce French (York) 
 Via teleconference: Damann Anderson (Hazen and Sawyer); Quentin (Bob) Beitel 

(Markham Woods Association); Fred Brummer (Orange County Commissioner); Josefin 
Edeback (Hazen and Sawyer); Keith Hetrick  (Florida Home Builders Association); Bruce 
Higginbotham; Dick Otis (Otis Environmental); Daniel Smith (Applied Environmental 
Technologies) 

 Department of Health (DOH), Bureau of Onsite Sewage Programs:  
 Paul Booher; Kara Loewe; Debra Roberts; Eberhard Roeder; and Elke Ursin 

 
1. Introductions: Nine out of ten groups were present, representing a quorum.  Chairman Carter 

called the meeting to order at 9:07 a.m.  Introductions were made and some housekeeping issues 
were discussed.   

 
2. Review of Previous Meeting Minutes: The committee recommended that the approval of the 

minutes from the September 10th meeting be postponed until the next RRAC meeting due to the 
delay in getting the minutes out to the committee members.  This will be included on the agenda 
for the next meeting. 

 
3. Department’s Interim Report on Nitrogen Reduction Strategies Study:  Review, Comment, 

and Next Steps -  David Carter introduced the report and stated that the report appears to be a 
summary of what has been done to date.  The committee is to consider the report and make 
comments now prior to it going to the legislature.  Eberhard Roeder asked for specific feedback 
on the following points: 

 Does the committee want recommendations in the report now or in final report that is due 
in March?  

 Does the committee want to add a discussion of technologies currently available in Florida 
in comparison to prioritization results? 
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 Add background on evidence requirements to become an “innovative system” in Florida, 
and innovative system permitting? 

David Carter asked whether the ranking discussed during the prioritization workshop with Hazen 
and Sawyer would need to be changed based on the interim report and Eberhard Roeder stated 
that the original report would not need to be changed.  RRAC developed the prioritization scheme 
and then the contract provider put the available information into the scheme to calculate the 
results.  Damann Anderson stated that the ranking workshop was to look at available technologies 
and how to rank them for testing.  The ranking report is not a report for the public to use to decide 
what technologies to use now, it’s to help with the testing which, when completed, will hopefully 
provide information that the public can use.  Anthony Gaudio stated that the ranking process was 
designed by the contractor.  He noted at that meeting that he thought the process was flawed and 
the results appeared to be skewed.  He indicated he did not want to participate in the vote 
because he did not agree with the weighting of the items, particularly the stage of technical 
development which he thought was one of the more important issues had the lowest weighting.  
Eanix Poole suggested rewording the report so that it is not so heavy on the rankings and not so 
detailed.  Several people were in agreement that the report could be confusing with regards to the 
rankings.  It could be misconstrued that the rankings are for which systems are the best systems 
rather than ranking for testing.  The interim report will be revised so that this is clearer. 
 
There was much discussion on the report and several suggestions were made on how to 
wordsmith the document.  Eberhard Roeder edited the report live on the WebEx web conference.   
 
There was a discussion on the process forward for how to get the report edited and approved by 
the RRAC, and the following motion was passed: 
 

Anthony Gaudio made a motion, seconded by Bill Melton, for staff 
to take the comments made during the meeting, rewrite the 
Executive Summary and other parts of the Interim Report, email 
the revised document to the RRAC for review and comment, then 
Department staff will submit the report as per the appropriation.  
All were in favor with none opposed and the motion passed 
unanimously. 

 
Jim Oskowis stated that the report needs to be stronger in the recommendations and conclusions 
to show that the project is on schedule and on budget.  He stated that it is important to mention 
the nationwide focus to reduce nutrients in wastewater and the environment and to reiterate the 
purpose of the study.  Keith Hetrick mentioned that the report should mention that this is one 
project that is looking at developing technologies to come up with solutions.  The report will be 
updated to include the most recent status of the project.  There was a discussion on the tanks 
located at the test facility and the repairs and testing that will be done to assure that the tanks are 
not taking in the surrounding groundwater.  There was also a discussion on the importance of 
management and enforcement and how the county health departments may not currently have 
the capability to adequately manage these more complex systems within the current existing 
framework (not enough manpower or funding).  Pam Tucker stated that the Wekiva seasonal 
variability study needs to be more prominent in the report.  Patti Sanzone made several 
comments on the report and will submit written comments to the department after the meeting.  
Quentin Beitel stated that it is important to note that all of this stems from the Wekiva issue.  
There was a discussion on the recommendations and whether they should be included in this 
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interim report or wait until the final report.  There was a general consensus from the RRAC that 
the recommendations should be delayed and considered for the final report due in May.  RRAC 
directed staff to check with the DOH legal staff to see if recommendations are required in the 
interim report per the appropriation language.  Eberhard Roeder stated that the contract 
amendment will include a task for the provider to draft the final report due in May and then RRAC 
and DOH can review prior to routing. 

 
4. Nitrogen Reduction Strategies Study:  Comment on Deliverables and Next Steps:  An 

overview was given outlining what has happened since the last meeting. Numerous reports have 
been submitted and reviewed by RRAC and DOH: 

 Passive nitrogen removal study phase II quality assurance project plan 
 Classification, ranking, and prioritization of technologies 
 Literature review of nitrogen reduction by soils and shallow groundwater 
 Nitrogen reduction by soils and shallow groundwater quality assurance project plan 
 Test Center initial design 
 Literature review on nitrogen fate and transport modeling  

The draft contract amendment, as recommended at July meeting, is currently being reviewed by 
provider.  This amendment will update payment schedules, costs, and tasks associated with the 
project now that some of the finer details have been fleshed out.  Eberhard Roeder provided a 
summary of the QAPP for Task C and there was some discussion on some of the details in this 
report.  The 50% design documents and the literature review for Task C were also discussed.  
Pam Tucker stated that it is important to make sure that the draft interim report and the Task C 
QAPP are consistent. 

 
5. Section 319 Study Update:  Comment on Proposed Sampling Plan:  For the database task, 

data has been gathered from the state database (from two sources: construction permits and 
operating permits), any county specific databases, and from Carmody.  The data fields and 
database structure have been discussed and sketched.  There was a discussion on the review of 
data from operating permits that has been gathered from the various sources and how there is 
limited overlap of the data.  The Carmody system can contain records for systems that are also 
found in the state database, and for many systems in the state database there would be both a 
construction permit as well as an operating permit, so there is the potential for duplicate records.  
Much time has been spent trying to locate and eliminate duplicate records in this new database so 
that there is one comprehensive list of all advanced systems in the state for the purposes of 
pulling addresses to send the survey and also to locate properties for sampling.  The issues with 
gathering this data show some of the management issues as they relate to data management.   

 
The Florida State University Survey Research Laboratory was selected to perform the user-group 
perceptions survey task, and they have completed development of the surveys and they will be 
sent out after the holidays.   
 
A revised draft of the Quality Assurance Project Plan for the sampling task has been submitted to 
the RRAC, and comments are due in the near future.   

 
There was a discussion on what criteria should be used to select systems for sampling.  Should 
there be a purely random sample taken or should the criteria be stratified?  If it is stratified, what 
criteria should be used (i.e. type of permit (ATU vs. PBTS, commercial vs. residential), by 
counties (counties with many systems vs. counties with few systems), treatment technology / 
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manufacturer, maintenance history)?  Bill Melton stated that his understanding is that the intent of 
the sampling is not to look at how extended aeration compares with fixed media but instead to 
look at how systems are operating throughout the state.  Eb Roeder agreed with this: that this 
project is looking both at how systems operate (for example: whether they meet the permitted 
constituent levels) as well as how the management is working (for example: whether a well 
maintained system works better than a poorly maintained system).  There was a discussion on 
whether to sample those systems that are turned off or in some way obviously not working as 
designed.  Several RRAC members suggested just noting those systems when performing the 
site inspection but not sampling them and still others felt that gathering the sample results would 
be good information to have.  After the discussion the RRAC recommended that the information 
should be noted and a percentage of those systems should be sampled but not all of them.  It was 
recommended that staff members create a flowchart showing how to make the decision on which 
systems to sample.  There was some discussion of selecting systems to allow distinction between 
treatment technologies, such as aeration approach.  It was also recommended to get with the 
manufacturers on how to take grab samples and to include the maintenance entity and county 
health department when going out to sample the systems.  Bruce French stated that there is a 
regulatory process for compliance enforcement and that the maintenance entity is to routinely 
provide a report to the department.  Anthony Gaudio suggested first running some statistics on 
the overall sample population and then running a random sample and evaluating the results to 
eliminate some of the over or under represented systems.  There were lots of pros and cons from 
the system selection strategies list that RRAC discussed, DOH will sift through the comments and 
send a strategy back to RRAC for comment. 

 
6. Manatee Springs Study:  Comment on Final Report:  The original contracted sampling work 

has been completed.  The final report on the entire project was submitted to EPA at the end of 
September.  An additional sampling event occurred on September 10th during non-flood 
conditions.  The final report that was sent to EPA has been amended with the new information 
and a draft of this report has been sent to the RRAC for review and comment.  There are a couple 
of additional sections to the end of the Phase I report and some additions to the executive 
summary.  The average septic tank effluent concentrations were about the same for total nitrogen.  
For both sampled sites there was about a 60-82% nitrogen removal.  Eanix Poole asked whether 
the conclusions of this study were reliable and Eberhard Roeder stated that the groundwater data 
were more influenced by the flooding but that the effluent sampling showed a decline in nitrogen 
after the nitrogen reducing systems were installed.  If the RRAC have any comments they would 
be appreciated so that they can be incorporated into the final report prior to sending to EPA.   

 
7. Updates on other projects: [the following items were listed on the slide presentation but were 

not verbally discussed during the meeting] 
a. Town of Suwannee Study – At the last RRAC meeting the committee voted to renew the 

contract with the contract provider to replicate the sampling effort during November and 
December of 2009.  This contract renewal was completed and the sampling began in 
November. 

 
b. Monroe County Performance Based Treatment System Performance Assessment – 

Quality control of existing data is ongoing.  All sampling has been completed.  A report 
summarizing this project is being written. 
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c. Optical Wastewater Tracers Study: The final report on this project was submitted to EPA 
at the end of October. 

 
8. Upcoming Projects [the following item was listed on the slide presentation but was not verbally 

discussed during the meeting] 
 
a. Columbia County Nitrogen Well Sampling Study:  The first step for this project is to 

obtain a purchase order with a lab that is able to do the sample analysis.  Private labs will 
be contacted to see if they might be able to do the analysis.  The Columbia County Health 
Department staff is interested in collecting the samples. 

 
9. Other Business – Bill Melton mentioned that at the last RRAC meeting he had suggested that 

someone come to the next RRAC meeting to discuss getting information off the permitting 
database regarding alternative drainfield products.  Kara Loewe stated that this will be addressed 
at the next meeting.  

 

10. Public Comment - The public were allowed to comment throughout the meeting.   There was no 
public comment. 

 

11. Next Meeting – The next meeting will be scheduled for sometime in March.  The meeting location 
has not been determined but may be at the Gulf Coast Research Facility and/or via 
teleconference.  The focus of the next meeting will be to discuss the final report on the Nitrogen 
Reduction Strategies Study as well as discuss current and proposed research projects. 

 

Bill Melton made a motion to adjourn, seconded by Pam Tucker, and 
the meeting adjourned at 2:04 p.m. 
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Section 1.0 
Project Organization and Management 

The Florida Department of Health has contracted to continue the study of passive nitro-
gen removal (PNRS II) under Task A of the Florida Onsite Sewage Nitrogen Reduction 
Strategies Study (FOSNRS). PNRS II is a follow up to the previous experimental evalua-
tions of passive nitrogen removal technologies conducted under Contract CORY (Pas-
sive Nitrogen Removal Study I). The Passive Nitrogen Removal Study II (PNRS II) will 
be conducted by Hazen and Sawyer and Applied Environmental Technology, who will 
perform overall project management, establish and conduct the pilot studies, and who 
will deliver samples for water quality analyses to an approved analytical laboratory. The 
contractors will review and interpret the resulting data, adjust the pilot testing program as 
warranted, and generate a summary report and recommendations.  Prudent project 
management will help minimize changes, ensure project continuity, and avoid delays in 
the project schedule. This type of project is highly specialized, requiring unusual equip-
ment and services. Therefore it is crucial that adequate project management be used to 
ensure the success of the project. Figure 1-1 depicts the organization chart for PNRS II. 
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Figure 1-1: Organization Chart for PNRS II 
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Section 2.0 
Problem Definition and Background 

2.1 Project Background 
The Florida Department of Health (FDOH) has provided funding to evaluate methods 
that can be used to enhance nitrogen removal in onsite wastewater systems in a passive 
and cost effective manner. The Florida Onsite Sewage Nitrogen Reduction Strategies 
Study (FOSNRS) Passive Nitrogen Removal Study II (PNRS II) QAPP entails formulat-
ing a pilot testing plan to evaluate candidate technologies that can be used to remove 
nitrogen from septic tank effluent with more passive systems. The purpose of the PNRS 
II study is to extend and expand into field pilot testing the previous experimental studies 
of the two-stage biofiltration process that were conducted in PNRS I. PNRS II will per-
form field testing of passive nitrogen reduction treatment systems using a variety of can-
didate biofiltration media. Pilot test systems will consist of various configurations of in-
tank biofilters and passive in-situ systems. The results of PNRS II may be used to devel-
op and implement subsequent evaluations of full-scale systems that will be conducted 
under Task B of this project. 

The Florida Passive Nitrogen Removal Study Literature Review and Database proposed 
the development of a two stage biofilter system for passive removal of total nitrogen from 
septic tank effluent (Smith et al., 2008). The two stage system consisted of an initial un-
saturated media biofilter for ammonification and nitrification, followed in series by a satu-
rated anoxic denitrification biofilter. The system would be deployed between the septic 
tank and the soil treatment unit (drainfield) or soil dispersal system of new or existing 
facilities. Nitrogen in septic tank effluent would be substantially removed before waste-
water was directed to the soil for treatment or dispersal. Results from the previous expe-
rimental studies conducted in PNRS I provided the proof of concept of the two-stage 
passive nitrogen reduction system. 

To perform PNRS II testing, it is desired to conduct studies in a manner that more close-
ly resembles the functioning of actual onsite systems. Actual candidate media will be 
used, and placed in appropriate layers and depths distribution. Continuously operated 
biofilter operation will be employed, where microbial populations will establish their me-
tabolic activities and perform desired biochemical transformations in response to condi-
tions similar to an operating system. In addition, in-situ testing will be conducted using 
in-situ simulators consisting of subsurface drip irrigation application to the root zone of 
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surface vegetation, followed by downward transport through a layer of filter sand and 
engineered media. The use of actual septic tank effluent (STE) as feed source is 
deemed preferable to use of a synthetic analog STE. This Quality Assurance Project 
Plan (QAPP) describes the methods and procedures that will be used to conduct the 
passive nitrogen removal evaluations.   

2.2 Candidate Study Site 
A candidate site, the University of Florida Gulf Coast Research and Education Center 
(GCREC), has been identified and arrangements are being sought for its use. The ac-
ceptability of the site has been established. The chosen site has a source of actual sep-
tic tank effluent or primary effluent, a power supply to pump STE to test biofilters, and 
power for operation of equipment. The site location is isolated from public access and 
would cause minimal disruption to any activity, and it has reasonable security. The site is 
located in Hillsborough County, Florida. 
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Section 3.0 
Project Description 

3.1 Project Purpose 
To evaluate candidate media and treatment processes for development of more passive 
nitrogen removal systems for onsite wastewater treatment. 

3.2 Project Objectives 
The objective is to establish pilot passive nitrogen removal systems to evaluate the ef-
fectiveness of various media and two-stage biofilter designs in removing total nitrogen 
from septic tank effluent. The pilot test systems will consist of various configurations of 
in-tank biofilters and passive in-situ systems. In-tank systems will primarily employ va-
riants of the two-stage biofiltration concepts elucidated in PNRS I. In-situ technology 
evaluation will include a drip irrigation system for effluent dosing, with emitters located in 
shallow root zones. 

In the two-stage biofilter process, a first stage unsaturated biofilter is followed in series 
by a second stage biofilter operated in a water saturated mode. Septic tank effluent will 
be applied to the top of the first stage media, resulting in a downward percolation of 
wastewater over and through the media biofilter bed. The unsaturated pore spaces in 
the first stage media will allow air to reach microorganisms attached to the media sur-
faces, enabling aerobic biochemical reactions to occur. The significant target reactions 
are aerobic heterotrophic oxidation (by microorganisms that oxidize organic material and 
reduce biochemical oxygen demand), hydrolysis and ammonification (releasing ammo-
nia), and nitrification (biochemical conversion of ammonia to nitrate and nitrite). Of par-
ticular interest are the organic and ammonia nitrogen concentrations in first stage efflu-
ent, as well as nitrate and nitrite. 

Effluent from the bottom of the first stage biofilter is passed through a saturated anoxic 
biofilter that contains a reactive media that supplies electron donor for denitrification (re-
duction of nitrate and nitrite to N2 gas). The biofiltration systems will be operated over a 
twelve month period, if funding is available, and monitored for nitrogen species and other 
water quality parameters. Of particular interest are the concentrations of ammonia in first 
stage effluent and nitrate, nitrite and total nitrogen in the second stage effluent. 
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The interaction of media with applied wastewater governs the treatment process. Key 
features affecting nitrogen removal performance include: 

1. The effects of hydraulic and nitrogen loading rates, on average daily and per 
dose basis, on first stage effluent nitrogen concentrations. 

2. The effects of first stage media on effluent nitrogen levels. 

3. Alkalinity consumption in the first stage and its possible effects on nitrification. 

4. The effects of hydraulic and nitrogen loading rates, on average daily basis, on 
second stage effluent nitrogen concentrations. 

5. The effects of second stage media on effluent nitrogen levels. 

6. Second stage effluent total nitrogen concentrations and speciation into organic, 
ammonia, and oxidized nitrogen forms. 

7. Alkalinity consumption or restoration in the second stage and its possible effects 
on denitrification. 

8. Use of first stage recycle. 

3.3 Project Tasks and Timeline 
Project tasks and preliminary timeline are shown in Table 3.1. The start dates and tasks 
are contingent upon Recommendations for Process Forward (FOSNRS Task A.14) and 
may be altered based on the results of Task A.14. The task descriptions provide a tem-
plate by which the project team will conduct the PNRS II project. The nature of technolo-
gy demonstration projects will necessitate system and testing modifications during the 
course of the study. It is important to recognize that operational adaptation is a central 
feature of pilot testing and process optimization. A typical example is a modification in 
operation as a result of assessment of performance data, where a higher loading rate is 
applied to a well functioning system to evaluate performance over a wider loading 
envelope. The QAPP establishes initial loading rates for PNRS II systems that may be 
adjusted as the study progresses, based on ongoing results and the professional judg-
ment of the project team. A degree of discretion must be afforded to the project team to 
make modifications as warranted. Additionally, longer term operation of successful on-
site treatment systems is warranted but dependent on future funding. All substantive 
modifications will be fully communicated to FDOH. 
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Table 3.1 
Project Tasks and Timeline 

Task/Activity Start 
Projected 

Completion 
Task 1  PNRS II infrastructure design Week 1 Week 4 
Task 2  Procurement of materials and media Week 4 Week 8 
Task 3  Construction of test facility and pilot systems Week 6 Week 10 
Task 4  Operation and monitoring of pilot systems Week 12 Week 64 
Task 5  Preparation of draft report Week 68 Week 74 
Task 6  Preparation of final report Week 76 Week 80 

Task 1: PNRS II Infrastructure Design 
A final testing site will be established based on the acceptability of wastewater sources, 
use of the site for other FOSNRS work elements in Tasks B and C, and establishing site 
use arrangements. Once test facility infrastructure is designed (Tasks A.17 through 
A.19), the design of PNRS II infrastructure can begin and will be integrated into the test 
facility design. The design documents will define the needed materials and construction 
of the PNRS II testing component. 

Task 2: Procurement of Materials and Media 
Candidate media for evaluation in Stage 1 (unsaturated) biofilters and Stage 2 (satu-
rated) biofilters are listed in Table 3.2, with physical properties and their sources. In-
cluded are media with high water retention and porosity, and the clinoptilolite additionally 
provides ion exchange capacity. Media will be procured from vendors for use (Table 
3.2). Stage 1 media includes expanded clay and clinoptilolite. These have greater than 
45% porosity and high water retention. Characteristics of hydrous sodium aluminosili-
cates, clinoptilolites, include cation exchange capacities of 1.5 to 1.8 meq/g, high specif-
ic surface area generally 40 m2/gram, and will act to retain ammonia ions for enhanced 
ammonia removal under non-steady flows and higher loading rates. Livlite is an ex-
panded clay with high water retention characteristics. Expanded polystyrene is a very 
lightweight, readily available and low cost material that appears to be quite suitable as a 
biofilter media for aerobic treatment. 

The Stage 2 electron donor media are elemental sulfur, which will result in an autotroph-
ic denitrification process in the anoxic biofilter; lignocellulosic materials, such as wood-
chips, which support heterotrophic denitrification, and glycerol, a readily available carbon 
source for heterotrophic denitrification. Crushed oyster shell and sodium sesquicarbo-
nate will be used as alkalinity sources in sulfur-based denitrification biofilters, as auto-
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trophic sulfur-based denitrification will consume alkalinity. Expanded shale may be in-
cluded as a Stage 2 option for its anion exchange capacity to enhance nitrate removal 
performance. Stage 2 biofilters will be monitored for sulfate and CBOD which will cha-
racterize concentration and indicate the reduction achieved prior to soil infiltration follow-
ing the systems. 

Table 3.2 
Biofilter Media 

Material 

Bulk 
density, 

lb/ft3 

Typical Particle 
Size Range as 

Supplied Supplier 
 Zeo-Pure AMZ 8/20 
 Clinoptilolite 

55 0.8 – 2.3 mm  Ash Meadows, Armagose, NV 

 Livlite (expanded clay) 41 3 to 5 mm  Big River, Alpharetta, GA 
 Expanded Polystyrene 0.34 – 1.5 2.2 – 3.6 mm  JSP 
 Elemental sulfur 77 2 – 4 mm  Georgia Sulfur, Valdosta, GA 
 Oyster shell 82 3 – 15 mm  Misc. Locations, FL 
 Sodium 
 Sesquicarbonate T-50 

69 1 – 3 mm  Solvay 

 Lignocellulosic material 
 (woodchips, sawdust) 

20 – 28 1 to 5 mm  Robbins Products, Tarrytown, FL 

 Glycerol 79 -  Greenhunter Energy 
 ACT-MS ESF-450 
 Utelite (expanded shale) 

54 0.4 – 4.5 mm  ES Filter, Ogden, UT 

Task 3: Construction of Test Facility and Pilot Systems 
A test facility will be constructed that will provide a source of primary effluent (i.e. septic 
tank effluent) to the PNRS II systems, as well as dosing regimes, sampling ports, and 
effluent collection. Design of the test facility will be conducted under FOSNRS Tasks 
A.17 through A.19. Two types of testing systems will be constructed: 

A. Vertical/Horizontal Two-Stage Biological Filtration 

B. In-Situ Vegetation/Media Simulators 
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A. Vertical/Horizontal Two-Stage Biological Filtration 
The two-stage biofiltration systems consist of a vertical unsaturated biofilter followed by 
a saturated denitrification biofilter. The general concept of a typical two-stage biofiltration 
process is illustrated in Figure 3-1. Primary effluent (i.e. septic tank effluent) is dosed to 
the upper surface of the Stage 1 biofilter, trickles through the unsaturated media, and 
then flows by gravity through the saturated horizontal denitrification biofilter. In PNRS II 
pilot testing, multiple Stage 1 biofilters will be operated in parallel on the same primary 
effluent, and multiple Stage 2 biofilters will be operated in parallel on Stage 1 effluent. 
 

Figure 3-1: Schematic of Vertical/Horizontal Two-Stage Biofiltration Concept 

An illustration of different configurations of the Stage 1 unsaturated biofilters is shown in 
Table 3.3. Three biofilter media will be examined in PNRS II pilot studies: expanded clay 
and clinoptilolite, both of which were evaluated in PNRS I, and expanded polystyrene, a 
readily available low cost and light weight material. Design of the expanded clay and cli-
noptilolite pilot biofilters will be guided by the results of PNRS I. Expanded clay and cli-
noptilolite biofilters will each be evaluated in 22, or 4 units. The 22 test matrix consists of 
two media depths (15 and 30 inch) and single pass and recycle operation (Table 3.3). All 
expanded clay and clinoptilolite biofilters will employ a two layer stratified design for par-
ticle size (Table 3.4). The expanded polystyrene biofilter will be evaluated in single pass 
operation (Table 3.3). All pilot Stage 1 biofilters (Systems 1 through 11 in Table 3.3) will 
be dosed at a 30 to 60 minute interval (24 to 48 doses/day), which is similar to the dos-
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ing regime that was employed successfully in PNRS I. Systems 10 and 11 in Table 3.3 
are in-situ simulators that consist of simulated dosing by drip irrigation tubing into filter 
sand media underlain by an engineered media with expanded clay, lignocellulosic and 
sulfur electron donor. 

The initial hydraulic loading rate to Stage 1 biofilters 1 through 9 will be 3 gallon/ft2-day. 
As performance data is gathered over the course of the study, it is expected that this 
loading rate will be progressively increased. The PNRS II pilot studies will include re-
cycle systems to delineate total nitrogen removal by pre-denitrification, and the use of 
two media size stratification and different media depths than were applied in PNRS I. 
These factors have direct technological and cost savings implications as they would af-
fect the size of the treatment biofilters. 

Stratification of media based on particle size is based on the expected progression of 
biochemical reactions within the biofilter. The processes in the upper coarse media layer 
include adsorption of wastewater particulates and colloids, hydrolysis and release of so-
luble organics, aerobic utilization of soluble organics, and biomass synthesis. In the up-
per layer, the biochemical processing of organic matter between doses must keep pace 
with the newly applied wastewater constituents from each dose. The greatest accumula-
tion of organic and inorganic mass will occur in the upper layer, and the use of larger 
particle size media will provide greater space for accumulation of solids. Stratified media 
should enhance the potential for long term operation while maintaining treatment effi-
ciency. The use of finer particle sizes in the lower media depths will provide greater sur-
face area for microbial attachment and physical filtration, the later which could improve 
removal of pathogens and other wastewater constituents. The coarser sized particles in 
the upper layer will also filter out larger particulates and protect the underlying finer me-
dia. The two layer media size stratification (Table 3.4) is a simplification of the 3 layer 
design employed in PNRS I; the two layer design will simplify construction and reduce 
costs. 
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Table 3.3 
Stage 1 Vertical Unsaturated Biofilter Configuration and Initial Operation 

Unsaturated Biofilters (Stage 1) 

No. Media Biofilter Media Depth
(Inches) Flow Regime 

Recycle 
Ratio 

(α) 
1 

Expanded Clay 

UNSAT-EC-1 
15 

Single Pass - 
2 UNSAT-EC-2 Recycle 3 
3 UNSAT-EC-3 

30 
Single Pass - 

4 UNSAT-EC-4 Recycle 3 
5 

Clinoptilolite 

UNSAT-CL-1 
15 

Single Pass - 
6 UNSAT-CL-2 Recycle 3 
7 UNSAT-CL-3 

30 
Single Pass - 

8 UNSAT-CL-4 Recycle 3 
9 Polystyrene UNSAT-PS-1 30 (NS) Single Pass - 
10 Upper: Filter Sand  

Lower: Expanded Clay,  
Lignocellulosic, Sulfur 

UNSAT-IS-1 12 Single Pass - 

11 UNSAT-IS-2 12 Single Pass - 

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: sulfur, α: recycle flowrate/forward flowrate, NS: 
non-stratified 

Specification of pilot hydraulic loading rates was guided by the results of PNRS I. Unsa-
turated expanded clay and clinoptilolite biofilters both exhibited exceptional performance 
at 3 gallon/ft2-day. The PNRS I results suggest that the potential of these media was not 
fully utilized. The PNRS II pilot study will delineate treatment performance under real 
world conditions at the PNRS I loading rate of 3 gallon/ft2-day and at higher loading 
rates. Higher loading rates translate into a smaller footprint for Stage 2 biofilters and sig-
nificantly lower construction costs. The general experimental progression will be to es-
tablish performance at the initial hydraulic loading rate of 3 gallon/ft2-day, characterize 
performance at that loading rate for at least 3 months of operation, and if that operation 
is consistent, to modify operation to a fixed, higher hydraulic loading rate and character-
ize performance at that new operating condition. 
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Table 3.4 
Stage 1 Vertical Unsaturated 

Biofilter Media Depth and Stratification 
Total media 
depth, inch Layer 

Media layer 
depth, inch 

Particle 
diameter, mm 

15 
Upper 5 1.5 – 2.5 
Lower 10 0.3 – 0.6 

30 
Upper 10 1.5 – 2.5 
Lower 20 0.3 – 0.6 

The Stage 1 biofilters will be supplied with septic tank effluent with a timed dosing of 
once per one half hour to one hour (24 to 48 doses/day), as was employed in PNRS I. A 
centrally located dosing system will be used to distribute primary effluent over the sur-
face of the media of each Stage 1 biofilter. Water will percolate downward through the 
Stage 1 media, through the support screen, and into a line that conveys biofilter effluent 
to either the directly connected Stage 2 biofilter or the common Stage 1 effluent collec-
tion chamber. The water elevation in the line below the Stage 1 biofilter will provide hy-
draulic head for passive movement of water to the common collection chamber. A valve 
and sample port (with another valve) will be located in the line below the Stage 1 biofil-
ter. In normal biofilter operation, the sample port valve will be closed and the valve lead-
ing to the effluent collection chamber will be open. The design of the biofilter system will 
minimize internal volumes within the connecting piping. At 48 doses per day and 3 gal-
lon/ft2-day, a single dose will add a volume that is approximately 6% of the water re-
tained within the Stage 1 biofilter bed of a single pass system (Smith et al., 2008). 

Unsaturated biofilter Systems 10 and 11 in Table 3.3 will be in-tank analogs of the in-situ 
simulators that will be placed in the ground as described in Section 3.3 Task 3B. The 
media configuration of Systems 10 and 11 is shown in Table 3.5.  Biofilter Systems 10 
and 11 have two significant media differences from the in-situ simulators that will be 
placed in the ground: they will not include plants at the upper surface, and will not in-
clude natural soil horizons. System 10 will receive septic tank effluent and System 11 will 
receive nitrified effluent supplied over a capillary seepage mat. Systems 10 and 11 will 
both be dosed at 0.8 gal/ft2-day and will not be subject to rainfall inputs at the surface. 
Sample ports will be provided at 4 inch increments along the depth of the biofilter, which 
will enable six point longitudinal profiling of nitrogen species and other water quality pa-
rameters. The design of the in-tank in-situ simulators will enable quantification of liquid 
volumes exiting the filter. 
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Table 3.5 
In-Situ Biofilter Media Depth and Stratification 

Total media 
depth, inch Layer 

Media layer
depth, inch 

Particle 
diameter, mm 

24 
Upper – Sand 12 1.5 – 2.5 (medium-coarse sand) 

Lower - Engineered Media 12 0.5 – 1.0 

Configuration of the Stage 2 saturated denitrification biofilters is shown in Table 3.6. The 
Stage 2 biofilters will be constructed with unstratified mixed media containing elemental 
sulfur, crushed oyster shell, sodium sesquicarbonate, lignocellulosic materials, and ex-
panded clay (Table 3.6). The use of elemental sulfur with oyster shell was successfully 
demonstrated in PNRS I. Sodium sesquicarbonate will provide alkalinity supply which 
will not release calcium and reduce the potential for calcium carbonate precipitation. The 
use of lignocellulosic materials as a source of organics in denitrification filters was re-
viewed in the PNRS I literature review. Expanded clay was also evaluated as microbial 
attachment medium in PNRS I. Glycerol is a low cost fermentable substrate which 
serves as a denitrification electron donor. Glycerol will be added by dosing pump or oth-
er methods. 

Stage 2 biofilters will employ non-stratified mixed media of 1 to 2 mm particle size. The 
configuration of the Stage 2 biofilters that are supplied by the common Stage 1 STE ef-
fluent (i.e. Nos. 1, 2, 5, and 9 in Table 3.6) is as 6 inch diameter columns of 72 inch 
length. Sample ports will be provided at 12 inch increments along the length of the biofil-
ter, which will enable six point longitudinal profiling of nitrogen species and other water 
quality parameters. The configuration of the Stage 2 biofilters that are directly connected 
to Stage 1 biofilters (i.e. Nos. 3, 4, 6, 7, and 8 in Table 3.6) is as 22 inch diameter circu-
lar upflow filters of 30 inch media depth. Sample ports will be provided at 6 inch incre-
ments along the depth of the biofilter, which will enable five point longitudinal profiling of 
nitrogen species and other water quality parameters. Detailed design will be conducted 
in Tasks A.16 through A.19.  

Like PNRS I, the pilot PNRS II biofilter systems will be configured for simplicity of opera-
tion, minimal moving parts and passive gravity flow where possible. The same primary 
effluent (i.e. septic tank effluent) will be supplied to the surface of each of the Stage 1 
vertical biofilters, which will be placed above ground to allow effluent to flow by gravity to 
either a directly connected Stage 2 denitrification filter or alternatively to a common 
Stage 1 effluent tank.  
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In the initial configuration, the single pass Stage 1 biofilters will be directly connected to 
Stage 2 denitrification filters, and effluent from the Stage 1 biofilters with recycle will be 
routed to a Stage 1 effluent collection tank that will produce a common effluent. The 
Stage 2 denitrification filters that are not directly connected to single pass Stage 1 biofil-
ters will receive effluent from the Stage 1 collection tank by pumps that provide indepen-
dent flowrate control to each. Stage 2 biofilters will be maintained in saturated mode by 
the Stage 2 overflow elevation pipe. Stage 2 effluent will be collected via gravity into a 
Stage 2 collection tank, for management or disposal. Details of design and fabrication of 
pilot biofilter systems will be addressed in Tasks A.16 through A.19. 

Monitoring sample points are septic tank effluent, Stage 1 effluents, the common Stage 
2 influent, and Stage 2 effluents (Table A.1). For each monitoring point, separate sam-
ples will be collected for field analyses and for laboratory analyses. Field analyses will be 
performed immediately upon sample collection. Samples for laboratory analyses will be 
collected by directing samples directly into sample collection containers that are located 
within iced coolers and that contain any required sample preservatives. Influent and ef-
fluent samples will not have contact with any intermediate sample devices. Effluent 
samples will be maintained in iced coolers and transported to the lab within 24 hours of 
collection. 
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Table 3.6 
Stage 2 Saturated Denitrification Biofilter 

Configuration and Initial Operation 

No. Electron 
Donor Biofilter 

Media 
Composition
(by volume) 

Initial 
Surface 
Loading 

Rate, 
gal/day-ft2 

Stage 1  
Filter 

11 

Elemental 
sulfur 

 DENIT-SU-1  
80% SU 
20% OS 

10.0 2,4,6,8 

21  DENIT-SU-2  
80% SU 
20% NS 

10.0 2,4,6,8 

32  DENIT-SU-3  
80% SU 
20% OS 4.7 1 

42 DENIT-SU-4 
80% SU 
20% NS 

4.7 7 

51 

 Lignocellulosic 
  
 

 DENIT-LS-1  
70% LS 
30% EC 

10.0 2,4,6,8 

62  DENIT-LS-2  
70% LS 
30% EC 4.7 3 

72  DENIT-LS-3  
50% LS 
60% EC 

4.7 5 

82  DENIT-LS-4  
30% LS 
70% EC 

4.7 9 

91 Glycerol DENIT-GL-1 100% EC 10 2,4,6,8 
SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate,  
EC: expanded clay 
1. Fed from common Stage 1 effluent collection tank. 
2. Directly connected to Stage 1 unsaturated biofilter 

B. In-Situ Vegetative/Media Simulators 
In-situ testing will be conducted using in-situ simulators as shown in Figure 3-2. The si-
mulators will consist of subsurface drip irrigation application to the root zone of surface 
vegetation, followed by downward transport through a 12 in. layer of filter sand. Underly-
ing the filter sand is a 12 in. layer of engineered media containing electron donor which 
is in turn underlain by natural soil.  
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The configuration of the in-situ simulators is shown in Table 3.7. The 21 test matrix con-
sists of subsurface drip irrigation emitter dosing of primary effluent (i.e. septic tank efflu-
ent) or nitrified effluent into the root zone of St. Augustine grass. The in-situ simulators 
will receive an average hydraulic application rate of 0.80 gallon/ft2-day on an aerial basis 
applied at 6 doses/day. Drip emitters will be placed at 12 inch spacings. Other than the 
pumping of effluent by subsurface irrigation, the in-situ simulators are completely pas-
sive systems. 

 

Figure 3-2: Cross-Section Schematic of In-Situ 
Vegetative Denite - Media Treatment System 

In the INSITU-1 simulator, primary effluent (i.e. septic tank effluent) will be applied by 
subsurface drip irrigation to a near surface location, such that STE will interact with the 
active root zone of plantings, trickle downward through the sand layer and a 12 in. zone 
containing electron donor media, and then pass through an underlying zone of natural 
undisturbed soil (Figure 3-2).  

In INSITU-2, primary effluent will first be nitrified and then applied to a near surface loca-
tion by drip irrigation and using an innovative application of a capillary seepage mat that 
has been developed for irrigation of agricultural plants by scientists at the University of 
Florida Gulf Coast Research and Education Center (GCREC). Nitrified effluent will inte-
ract with the active root zone of plantings, trickle downward through the sand layer and a 
12 in. zone of engineered media, and then pass through an underlying zone of natural 
undisturbed soil (Figure 3-2).  

Vegetation 

Estimated Wet Season Water Table

~ Native Soil ~ 

Expanded Clay/Sulfur/Lignocellulosic Mix 

Ground Surface 

Drip Irrigation Tubing  
and/or Capillary Mat Nitrified or Septic Tank Effluent 

Topsoil Layer 

~ Native Soil ~ 

Mound or Filter Sand 

Suction Lysimeter or Pore Water Samplers 
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An innovative feature of the in-situ simulator design is the use of mixed media in unsatu-
rated mode that contains both a high water retention media (expanded clay) and hetero-
trophic and autotrophic electron donor (Table 3.7). The media mix will provide three 
electron donor source options for denitrification: wastewater organics, lignocellulosics, 
and elemental sulfur. The use of solid electron donor media in an unsaturated opera-
tional mode will facilitate both aerobic processes (i.e. nitrification) and denitrification. 
This design will provide conditions for both nitrification and denitrification, with an addi-
tional supply of electron donor over that which would be available from with wastewater 
organics or endogenous carbon sources alone. 

The goal of this testing is to quantify nitrogen reduction in systems where STE or nitrified 
effluent is applied with subsurface drip emitter tubing or capillary mat to shallow loca-
tions within the subsurface which contain plant root zones, unsaturated media, and elec-
tron donor media for enhanced denitrification. Timed dosing to shallow application points 
in the subsurface could be capable of affecting nitrogen reduction. This potential for in-
situ treatment systems, including plant-assisted nitrogen transformations, has not been 
examined in Florida with innovative systems of this type but is of potentially high signific-
ance. 

Issues that may affect nitrogen reduction are average daily hydraulic application rate, 
horizontal emitter spacing, doses per day, volume per dose, and the depth at which the 
bottom of emitter tubes is placed. Emitter tubing is available with spacings of as little as 
12 in., which are preferred to typical 24 in. emitter spacings and will be used in this 
study. The lower emitter spacing results in lower effluent volume per dose at each emit-
ter that are spread more uniformly over the plan area of the dosing zone, thereby in-
creasing the effectiveness of utilization of the total plan area of the receiving surface. 
Hydraulic application rate affects volume per dose for any given dosing schedule, as in-
terrelated to dosing frequency. As the average daily hydraulic application rate increases, 
the vegetative/media system will be increasingly challenged to assimilate nitrogen in the 
applied STE and limit downward nitrogen migration. The depth of emitters and the rela-
tionship of emitted effluent to surface vegetation root zones is an ostensibly significant 
factor affecting total nitrogen reduction. A dosing event can lead to water saturation in a 
temporally and spatially limited zone that creates oxygen limited conditions that favor 
denitrification. After saturated conditions end, microenvironments with limited DO can 
persist and provide continued denitrification. When bulk pore spaces are filled with air, 
conditions can favor nitrification. Plant roots can exude organic carbon and provide an 
electron donor rich region. The combination of the supply of organic carbon and reduced 
nitrogen in the applied STE, the varying saturation and oxygen levels resulting from the 
dosing regime, and the characteristics of the plant root zone can affect sequential nitrifi-
cation and denitrification reactions. Downward advective transport of organic carbon and 
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nitrate can create a biologically active denitrification zone of some vertical extent. The 
interaction of all of these factors will determine the extent to which total nitrogen reduc-
tion can be affected by drip application of STE into plant/media systems and the signific-
ance of plant processes on overall nitrogen reduction. Another factor is downward migra-
tion of exudates from the in-situ treatment processes, including biochemical oxygen de-
mand and sulfate that will result from the electron donor media in the engineered layer of 
the drainfield. These will be monitored, but the small scale of this research study will not 
require consideration of the additives rule due to the limited mass that could potentially 
enter the groundwater. Detailed design of in-situ simulators will be conducted in Tasks 
A.16 through A.19.  

For all PNRS II pilot units, system shakedown will proceed following fabrication and set 
up. System integrity and hydraulics will be fully evaluated with clean water. Basic fea-
tures of system integrity and hydraulic conveyance will be examined, including system 
leaks, gravity flow conveyance where applicable, operation of pumps and valves, and 
sample access functionality. Media will be pre-screened where needed, washed at least 
three times to remove fines, and placed to appropriate depths in the biofilters. Denitrifi-
cation biofilters will be initially filled with a clean water source which will be displaced 
upon commencement of operation. Operation on wastewater will proceed and flow moni-
toring will be commenced.  

Table 3.7 
In-Situ Vegetation/Media Simulator Configuration and Operation 

No. In-Situ 
Simulator Influent Flow 

Application Unsaturated Media Saturated 
Media 

Hydraulic 
Loading 

Rate, Plan
Area Basis, 
gallon/ft2- 

day 

Dosing
Regime

1 INSITU-1 Primary
effluent 

Subsurface 
Drip Irrigation 

Tubing 

12 in. filter sand 1.5-2.5 mm
12 in. 0.5-1 mm  40% EC  

30% LS  30% SU 
Native soil 0.80 6/day 

2 INSITU-2 Nitrified 
effluent 

Subsurface 
Drip Irrigation 

Tubing 

12 in. filter sand 1.5-2.5 mm
12 in. 0.5-1 mm  40% EC  

30% LS  30% SU 
SU: elemental sulfur    LS: lignocellulosic     EC: expanded clay  
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Task 4: Operation and Monitoring of Pilot Systems 
The biofilter systems will be operated over a twelve month period, dependent on addi-
tional funding, during which eight monitoring events will be conducted. The analytical 
template is shown in Table 3.8. A detailed analytical description is included in Appendix 
A. As outlined in Table A.1, there are 42 sampling points and a monitoring analyses 
structure that employs four analytical tiers. Tier 1 analytes include field and laboratory 
parameters that will be monitored at each sample point (up to 42) and at each sample 
event. Potential monitoring points are STE (1), Stage 1 effluents (11), Stage 2 influent 
(1), and horizontal Stage 2 effluents (9).  In addition, the in-situ soil/vegetative simulator 
effluents will be monitored at two sampling points within each mound at 5 depths each 
(20). Tier 1 analytes include field parameters (temperature, pH, dissolved oxygen (DO), 
and oxidation reduction potential (ORP); the nitrogen series (laboratory parameters) of 
total kjeldahl nitrogen (TKN), ammonia (NH3), and oxidized nitrogen (NOx); five day car-
bonaceous biochemical oxygen demand (C-BOD5) and total suspended solids (TSS). 
Tier 2 analytes are supporting parameters that will be monitored at much reduced fre-
quency at all sample points. Tier 3 parameters will be conducted only on sulfur-based 
denitrification biofilter sample points. Tier 4 analyte is fecal coliform which will be moni-
tored at a much reduced frequency at all sample points (Table 3.8). 

Table 3.8 
Analyses Template 

Analysis 
Tier 

Number of 
events Sample points Analytes Total number

of analyses 

1 4/8 42 (all) 

Temperature 296 
pH 296 
DO 296 

ORP 296 
Alkalinity 296 

TKN 296 
NH3-N 296 

(NO3+NO2)-N 296 
C-BOD5 296 

TSS 296 

2 1 – 4 42 (all) 
COD 78 

Total phosphorus 48 

3 2 – 8 26 
(sulfur systems) 

Sulfate 176 
H2S 84 

4 2/3 42 (all) Fecal Coliform 116 
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Task 5: Preparation of Draft Report 
A draft report will be prepared describing pilot testing methods and procedures, results 
of the research, discussion and conclusions, and all monitoring data. The draft report will 
be submitted to FDOH for review and comment. 

Task 6: Preparation of Final Report 
A final report will be prepared based on comments from reviewers of the draft report. 
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Section 4.0 
Quality Objectives and Criteria 

The objective of this monitoring program is to evaluate media for passive nitrogen re-
moval from septic tank effluent. The following summarizes the work to be performed: 

● Two stage biofilters and passive in-situ systems will be constructed and operated 
on primary effluent over a twelve month period. 

● The flowrates to each biofilter system provide a range of hydraulic loading rates. 

● First stage recycle will be employed to evaluate pre-denitrification. 

● Monitoring will be conducted for septic tank effluent, effluent from the Stage 1 
(unsaturated) biofilters and effluent from the Stage 2 (saturated) biofilters. 

● Field parameters will be monitored at the site. Samples will be collected and 
transported to the laboratory for analysis of nitrogen species, sulfate and other 
wet chemistry parameters. 

● Operation or configuration of the biofilters will be modified based on analysis of 
results and adaptive management. 

● In-situ soil/vegetative evaluations will be conducted using subsurface drip irriga-
tion technology with emitters located in root zone and monitoring to develop ni-
trogen concentrations and vertical nitrogen flux. 

The monitoring data will be used to calculate: 

1. average concentrations and standard deviations of water parameters in septic 
tank effluent, Stage 1 effluent and Stage 2 effluents; 

2. percent removal nitrogen and nitrogen species in Stage 1 biofilters, Stage 2 bio-
filters and two stage biofilter systems; 

3. changes to dissolved oxygen, pH, oxidation reduction potential and alkalinity 
through biofiltration treatment stages;  
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4. average applied hydraulic loading rate, applied loading rates of total nitrogen and 
nitrogen species; and 

5. vertical nitrogen flux in in-situ soil/vegetative systems. 

4.1 Precision and Accuracy 
Precision describes the reproducibility of results. Accuracy is the degree of agreement 
between an observed value and an accepted reference value. Accuracy will be eva-
luated through the analysis of surrogate spikes, Laboratory Control Samples (LCS), La-
boratory Control Sample Duplicates (LCSD), matrix spike samples (MS/MSD) and labor-
atory internal blind audit samples. Precision and accuracy information is tracked by the 
laboratory, with acceptable ranges updated periodically. NELAC requirements include 
the analysis of proficiency test samples to evaluate precision and accuracy. Analytical 
methods, precision and accuracy, method detection limits and practical quantification 
limits are shown in Table 4.1 for parameters which will be measured as part of the base 
monitoring program, as well as other potential parameters of interest. GCREC is not a 
NELAC certified laboratory; however, GCREC staff includes trained and qualified pro-
fessionals with extensive experience in NELAC procedures and quality control who will 
insure that NELAC requirements are fully met. 
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Table 4.1 
Aqueous Methodology, Precision and Accuracy, Detection Limits 

Analyte Method 
Precision

(%) 
Accuracy

(%) 
MDL 

(ppm) 
PQL 

(ppm) 
pH SM4500H+B 20 NA 0.1 pH units 0.1 pH units

Turbidity 180.1 20 90-110 0.2 NTU 0.2 NTU
Alkalinity SM2320 B 20 90-110 5.0 5.0
C-BOD5 SM5210 B 20 85-115 2.0 2.0

COD 410.4 20 90-110 12.09452 25
TOC SM5310 B 20 90-110 0.14778 1.0
TSS SM2540 D 20 90-110 5.0 5.0
TKN 351.2 20 90-110 0.07121 0.5

NH3-N 350.1 20 90-110 0.02 0.05
(NO3+NO2)-N 353.2 20 90-110 0.02541 0.05

Total Phosphorus 365.1 20 90-110 0.0094 0.0376
Sulfate 300.0 20 90-110 0.05523 0.5

H2S SM4500S-E 20 80-120 1.0 1.0

Fecal coliforms SM9222 B or
SM9222 D 20 NA 1.0 1.0 

Total coliforms SM9222 B 20 NA 1.0 1.0
Escherichia coli SM9222 B 20 NA 1.0 1.0

MDL = method detection limit 
PQL = practical quantitation limit 

4.2 Representativeness 
Representativeness refers to the relationship of a sample taken from a site to be ana-
lyzed to the remainder of the sample matrix at the site. The samples will be taken direct-
ly from the influents and effluent of the biofilters and will provide representativeness. 

4.3 Comparability 
The use of NELAC approved procedures and consistent approved methodologies en-
sure the comparability of data sets generated by different laboratories. 

4.4 Completeness 
Completeness is defined as a measure of the extent to which the data fulfill the data 
quality objectives of the project. The completeness of the data will be determined during 
the data validation and verification process. 
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Section 5.0 
Documentation and Records 

All documentation archives will be kept for a minimum of 5 years after the date of project 
completion as outlined in Table 5.1. Reports and deliverables will be submitted in Word 
or Excel format. 

Table 5.1 
Documentation and Records Storage 

Document/Record Location Retention Time Format 

 QAPP and revisions Hazen and Sawyer,
AET 

5 years after project 
 completion Paper, electronic 

 Field notes Hazen and Sawyer 5 years after project 
 completion Paper 

 Chain of custody Hazen and Sawyer,
Lab 

5 years after project 
 completion Paper 

 Laboratory QA manual Lab 5 years after project 
 completion Paper, electronic 

 Laboratory SOPs Lab 5 years after project 
 completion Paper, electronic 

 Laboratory data reports Hazen and Sawyer,
Lab 

5 years after project 
 completion Paper, electronic 

 Laboratory equipment 
 maintenance logs 

Lab 5 years after project 
 completion Paper 

 Laboratory calibration 
 records 

Lab 5 years after project 
 completion Paper, electronic 

5.1 Field Documentation 

1. Field Notes 
Field notes will be documented and maintained by field staff. 

2. Field Parameters 
Field staff will record specific sample point, date and time of sample collection, 
parameter name, result and units 
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CHAIN   OF   CUSTODY   RECORD No.  E Page ____ of ____

 FOR LAB USE ONLY FOR LAB USE ONLY

Condition of Contents:  Submission No.
(INSTRUCTIONS ON BACK OF THIS FORM) Temp. of Contents:_______oC (or Received on Ice, ROI) Condition of Seals:  ___________

1. Client: (Company or Individual) Address: 13097 N Telecom Parkway  Phone: (         ) 18.  Report Type:
  Routine

City State Zip Code Fax:     (         )   Standard QC
Tampa FL   Data Package

2. Report to: (if different from above) Address: Phone: (         ) 19.  Turnaround Time
Standard

City State Zip Code  Fax:     (         ) Rush :__/___/__  

3. Client Project Name:  Water Sample  Container Codes 14. 15. Preservatives  Preservative Codes
Baffle Box Research Project  Codes (for  Item 13)  (for Item 16) 16. Containers (for Item 15)

4. Client Project No.:  DW = Drinking Water  V = VOA vial 17. PO4  C = Cool Only
5. P.O. No.:  GW = Ground Water  G = glass  TSS  H = Hydrochloric Acid
6. Custody Seal No.:  SW = Surface Water  P = plastic  CBOD5  M = Monochloroacetic Acid

7. Sampled By: Daniel Smith  PW = Processed Water  M = micro bag/cup COD  N = Nitric Acid

8. Shipping Method:  WW = Waste Water  O = other   TP  OH = Sodium Hydroxide

9.    Sample 10.   Sample 11. 12. 13. NOx  S = Sulfuric Acid
    ID or No. Description        TKN _ _______  T = Sodium Thiosulfate

It
em Date Time C
om

p.

G
ra

b

W
at

er
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od
es

)

A
ir

So
il

Sl
ud

ge

O
th

er

NH3   20.  REMARK
LAB USE ONLY                 

LAB SAMPLE NO.

1

2

3

4
5

6

7

8

9

10
 21.      RELINQUISHED BY DATE TIME  22.      RECEIVED BY DATE TIME  FOR LAB USE ONLY

1  Sampling Fee: ___________ Hrs.

2  Equipment Rental Fee:_________

3 Profile No.: Quote No.:

4
DISTRIBUTION:   White with report; Blue, Green, Yellow to labs; Gold to submitter Revised: 

3. Sample Collection, Preservation and Transport 
Chain of custody forms and sample tags attached to sample bottles will be sup-
plied by the laboratory. Figure 5-1 depicts a typical chain of custody form. Legal 
or evidentiary chain of custody as defined in the NELAC standards will be ex-
ecuted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-1: Typical Chain of Custody Form 

5.2 Laboratory Documentation and Reporting 
Laboratory deliverables will be submitted in Word or Excel format. Laboratory reports will 
be issued in accordance with NELAC requirements. Certificates from vendors will be re-
tained, whether from a laboratory or commercial vendor. Records of the lot numbers of 
reagents and other cleaning supplies, with the inclusive dates for use, will be recorded. 
Pre-cleaned container packing slips, lot numbers of shipments, and certification state-
ments provided by the vendor will be retained by laboratories. All local, state and federal 
requirements pertaining to waste storage and disposal will be followed. 

5.3 Archival of Electronically Stored Data 
Analytical reports generated will be retained by Hazen and Sawyer and the laboratories 
performing the analyses. 
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Section 6.0 
Sampling Process Methodology 

6.1 Site Location 
The project will be conducted at the Gulf Coast Research and Education Center in 
Hillsborough County as discussed in Section 2B. 

6.2 Monitoring and Sampling Frequency and Duration 
The biofilter systems will be monitored eight times, dependent on future funding, over a 
twelve month period. 

6.3 Number of Samples and Matrices 
All sampling will be aqueous samples. On each monitoring date, samples will be col-
lected for septic tank effluent, the effluents from Stage 1 biofilters, and the effluents from 
Stage 2 biofilters. Field analysis will be performed upon sample collection. Aqueous 
samples for laboratory analysis will be collected in sample containers prepared by the 
laboratories, maintained in an iced cooler during collection and transport, and trans-
ported to the laboratory. Samples will arrive at laboratories within twenty four hours after 
the completion of collection activities, or as needed for shorter sample hold times. Field 
analysis will be performed on the same date and for the sample locations taken for 
aqueous laboratory samples. Samples for field analyses will be collected in separate 
containers from laboratory samples. Stage 1 and 2 field parameter analyses will be 
measured in-situ by placing probes directly into collected samples or directly into effluent 
pipes.  Shipping coolers will be supplied and decontaminated by the laboratories. Sam-
ple preservation and holding times are provided in Table 6.1 for parameters which will be 
measured as part of the base monitoring program, as well as other potential parameters 
of interest. The laboratories will follow all local, state and federal requirements pertaining 
to waste storage and disposal. No equipment except the sample container will be used 
to collect the samples, and the sampling equipment will be certified clean by the labora-
tory providing the equipment. A field blank will be collected for TKN, NH3 and NO3+NO2 
for a minimum of 5% of samples collected over the life of the project using distilled water 
supplied by the laboratories. As a part of its QC, laboratories will perform sample dupli-
cates for a minimum of 5% of samples. Laboratory QC will also include matrix spikes, 
percent recovery on QC standards, and method blanks. 
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Table 6.1 
Aqueous Matrix Containers, Preservation and Holding Times 

Analyte Method 

Minimum 
Sample 
Volume 

Holding 
Time 

Container 
Type 

Sample 
Preservation 

Preservative 
Dosage 

Physical and Inorganic Parameters 
Alkalinity as 
CaCO3 

310.1/SM2320B 100 mL 14 days 250 mL 4o C n/a 

Ammonia 350.1 25 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

BOD / cBOD SM5210B/405.1 1 L 48 hours 1 L Plastic 4o C n/a 

Chloride 300 50 mL 28 days 250 mL 4o C n/a 

COD 410.4 50 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Hydrogen 
Sulfide 

376.1 500 mL 7 days 500 mL 
Plastic 

Zinc Acetate / NaOH .1 / .5 gm/ 500 
mL 

Nitrate/Nitrite-N 
(NOX) 

SM4500 50 mL 28 days 250 mL 1:1 H2SO4 / 4 o C l mL/ 250 mL 

Nitrate-N SM4500 50 mL 48 hours 250 mL 4o C n/a 

Nitrite-N SM4500 50 mL 48 hours 250 mL 4o C n/a 

Organic 
Nitrogen 
(calculation) 

350.1/351.2 100 mL 28 days 500 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Ortho 
Phosphorus 

365.4/9056/300.0 25 mL 48 hours 250 mL 4o C n/a 

pH SM4500HB 50 mL 24 hours 250 mL 4o C n/a 

Sulfate 300 10 mL 28 days 250 mL 4o C n/a 

Sulfide 376.1/9030/9034 500 mL 7 days 500 ml NaOH + Zn Acetate 1 mL/ 500 mL 

TKN 351.2 100 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Total Nitrogen 
(calculation) 

300.0/351.2 100 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Total Organic 
Carbon (TOC) 

415.1/SM5310B 25 mL 28 days 125 mL Plastic HCl to pH < 2 / 4 o C .5 mL/ 125 mL 

Total 
Phosphorus 

365.2/365.4 50 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Total 
Suspended Solids 

160.2 300 mL 7 days 1 L Plastic 4o C n/a 

Turbidity 180.1 30 mL 48 hours 125 mL Plastic 4o C n/a 
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Table 6.1 
Aqueous Matrix Containers, Preservation and Holding Times 

Analyte Method 

Minimum 
Sample 
Volume 

Holding 
Time 

Container 
Type 

Sample 
Preservation 

Preservative 
Dosage 

Microbiological Parameters 
Total Coliform 
(MMO-Mug) 

SM9223 100 mL 30 hours Micro-cup 4o C n/a 

Total Coliform 
(MF) 

SM9222 100 mL 6 hours Micro-cup 4o C n/a 

Fecal 
Coliform (MF) 

SM9222 100 mL 6 hours Micro-cup 4o C n/a 

Standard Plate 
Count 

SM9222 100 mL 8 hours 
(DW) 

Micro-cup 4o C n/a 

Standard Plate 
Count 

SM9222 100 mL 6 hours 
(WW) 

Micro-cup 4o C n/a 

Fecal 
Coliform (MPN) 

SM9221 100 g. 24 hours Micro-cup 4o C n/a 

Short hold times 

Minimum volume does not include sample volume needed to perform required quality control parameters 

6.4 Inspection/Acceptance of Supplies and Consumables 

1. Sample Containers 
To be provided by the laboratory prior to each sampling event. 

2. Sample Coolers 
To be provided by the laboratory prior to each sampling event. 
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Section 7.0 
Data Review, Verification and Validation 

7.1 Data Verification 
Data verification is the process for evaluating the completeness, correctness, and con-
formance of the data set against the methodology. This evaluation is integral to the final 
report. Verification will check that the data were complete, that sampling and analysis 
matched QAPP requirements, and that Standard Operating Procedures (SOPs) were 
followed. Verification of data compiled for a sampling event will be the responsibility of 
the Task Leader.  

7.2 Data Validation 
Data validation is an analyte and sample specific process that determines the quality of 
the data set relative to the end use. The entire set of data collected from individual biofil-
ters and from the total set of biofilters operated during PNRS II will be entered into 
spreadsheets to enable global evaluation of individual parameters, trend analysis, quality 
of the overall data sets, and assessment of suitability for end use. In this process, out-
liers and data discrepancies will be identified. Any data deemed to be unusable for the 
stated objectives will be identified as such in the final report. 
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Appendix A 
Analytical Schedule 

 
 

Table A.1 
Estimated Number of Analyses at each 

Monitoring Point for each Sampling Event 

Sample 
point 

Influent 
(STE) 

Vertical 
non-sulfur 
Stage 1 
effluent 

Vertical 
sulfur 

Stage 1 
effluent

Stage 2 
influent 

Horizontal 
sulfur  

Stage 2 
effluent 

Horizontal 
non-sulfur 
Stage 2 
effluent 

In-situ  
vegetative/

media  
simulator  

SP#1 

In-situ 
vegetative/

media 
simulator 

SP#2 
No. of 
sample 
points 1 9 2 1 4 5 10 10 

Analyses No. of Sample Events 
Temp 8 8 8 8 8 8 8 4 

pH 8 8 8 8 8 8 8 4 
DO 8 8 8 8 8 8 8 4 

ORP 8 8 8 8 8 8 8 4 
Alkalinity 8 8 8 8 8 8 8 4 

TKN 8 8 8 8 8 8 8 4 
NH3 8 8 8 8 8 8 8 4 
NOx 8 8 8 8 8 8 8 4 

C-BOD5 8 8 8 8 8 8 8 4 
TSS 8 8 8 8 8 8 8 4 
COD 4 2 2 4 2 2 2 1 

Total P 4 1 1 4 1 1 1 1 
SO4 0 0 8 8 8 0 8 4 
H2S 0 0 4 0 4 0 4 2 

Fecal 3 3 3 3 3 3 3 2 
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Table A.2 
Estimated Total Number of Analyses 

at each Monitoring Point over PNRS II Study 
 

Influent 
(STE)

Vertical 
non-sulfur 
Stage 1 
effluent 

Vertical 
sulfur 

Stage 1 
effluent

Stage 2 
influent

Horizontal 
sulfur 

Stage 2 
effluent 

Horizontal 
non-sulfur 
Stage 2 
effluent 

In-situ 
vegetative/ 

media 
simulators 

SP#1 

In-situ 
vegetative/

media 
simulators 

SP#2 

 

 1 9 2 1 4 5 10 10  

Analyses No. of Samples Total 
Samples

Temp 8 72 16 8 32 40 80 40 296 

pH 8 72 16 8 32 40 80 40 296 

DO 8 72 16 8 32 40 80 40 296 

ORP 8 72 16 8 32 40 80 40 296 

Alkalinity 8 72 16 8 32 40 80 40 296 

TKN 8 72 16 8 32 40 80 40 296 

NH3 8 72 16 8 32 40 80 40 296 

NOx 8 72 16 8 32 40 80 40 296 

C-BOD5 8 72 16 8 32 40 80 40 296 

TSS 8 72 16 8 32 40 80 40 296 

COD 4 18 4 4 8 10 20 10 78 

Total P 4 9 2 4 4 5 10 10 48 

SO4 0 0 16 8 32 0 80 40 176 

H2S 0 0 8 0 16 0 40 20 84 

Fecal 3 27 6 3 12 15 30 20 116 
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Section 1.0 
Introduction 

The Florida Department of Health has contracted with Hazen and Sawyer, P.C. to con-
duct the Florida Onsite Sewage Nitrogen Reduction Strategies (FOSNRS) Study to eva-
luate technologies and develop strategies to reduce nitrogen loading from onsite waste-
water treatment systems in Florida. This multi-year, multi-disciplinary study consists of 
four main areas of work, as summarized below. 

Task A:  Technology Evaluation for Field Testing: Review, Prioritization and Development 

Task B:  Field Testing of Technologies and Cost Documentation 

Task C:  Evaluation of Nitrogen Reduction Provided by Soils and Shallow Groundwater 

Task D:  Nitrogen Fate and Transport Modeling 

This report covers preliminary work under FOSNRS Task A. This effort includes a multis-
tep process to identify and evaluate available nitrogen reduction technologies for subse-
quent field testing in Task B. Task A includes an expansion and update to the literature 
review of nitrogen reduction technologies that was conducted under a previously com-
pleted FDOH project, the Passive Nitrogen Reduction Study (PNRS I). The literature re-
view is presented as a separate report and was used as the basis for identifying and 
classifying available onsite sewage nitrogen reducing technologies in this report. 

This report summarizes the results from the Technology Classification, Ranking and Pri-
oritization Workshop (Task A) conducted with the FDOH Research Review and Advisory 
Committee (RRAC) on May 28, 2009. The following summarizes the contents of this re-
port. 

● Classification of Technologies (Task A.7) includes a classification system for 
nitrogen reduction technologies that includes major categories of source separa-
tion, physical/chemical treatment technologies, biological treatment technologies, 
and natural systems. The classification scheme was based on the literature re-
view and consideration of fundamental principles of wastewater treatment unit 
processes. 
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● Technology Ranking Criteria (Task A.8) presents important criteria for onsite 
nitrogen reduction technologies, defines the criteria attributes, and delineates 
numerical scores for each criterion. The criterion scores are combined with crite-
ria weighing factors which can then be used to generate an overall score for each 
technology in Task A.9 technology prioritization for testing. 

● Prioritization of Nitrogen Reduction Technologies (Task A.9) this portion of 
the report outlines the overall methodology by which technologies will be classi-
fied, ranked and evaluated in order to prioritize technologies for testing.  

The Technology Classification, Ranking and Prioritization Workshop presented the nitro-
gen reduction technology classifications, ranking criteria, and weighting factors recom-
mended by the project team in the draft report, and sought input from the stakeholders 
on the RRAC. The objectives of the workshop were to gain consensus on the methods 
that will be used to rank and prioritize technologies for subsequent field testing. Based 
on input from the workshop and review comments, this is the final Technology Classifi-
cation, Ranking and Prioritization Report. 
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ONSITE NITROGEN 

REDUCTION TECHNOLOGIES 
CLASSIFICATION 

 
SOURCE 

SEPARATION 

BIOLOGICAL 
NITRIFICATION / 

DENITRIFICATION 
PROCESSES 

 
PHYSICAL / 
CHEMICAL 

PROCESSES 

 
NATURAL  
SYSTEMS 

 
URINE  

RECOVERY 

 
WASTES  

SEGREGATION 

 
MIXED  

BIOMASS 

 
TWO STAGE  

SEGREGATED  
BIOMASS 

 
MEMBRANE  

SEPARATION 

 
ION  

EXCHANGE 

 
EVAPORATION 

 

 
SOIL 

INFILTRATION 

VEGETATIVE 
UPTAKE/ 
EVAPO- 

TRANSPIRATION 

 
CONSTRUCTED 

WETLANDS 
 

Section 2.0 
Classification of Nitrogen Reduction Technologies 
(Task A.7) 

 
The results of the literature review (Task A.2) led to development of a scheme for classi-
fying nitrogen reduction technologies to allow comparisons between the many options 
that are available for use by onsite sewage treatment systems. This scheme consists of 
four categories for classification; source separation, biological treatment via nitrifica-
tion/denitrification, physical/chemical treatment, and natural systems (Figure 2-1). In 
most available onsite nitrogen reduction technologies, it is typical that more than one of 
these processes are operative in any given treatment system. 

Figure 2-1:  Options for Reducing Nitrogen in Household Sewage 
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2.1 Source Separation 
Source separation options are shown in Figure 2-2. The primary source separation op-
tions include: 1) urine recovery and 2) separation of domestic wastewater into greywater 
and black water waste streams. Toilets are the source of approximately 80% of all nitro-
gen discharged in household waste streams making urine recovery or wastes segrega-
tion significant nitrogen reduction options. Segregation of waste streams also would al-
low for treatment of the more concentrated, nitrogen-laden waste streams separately via 
nitrification/denitrification and would result in less waste volume for treatment. 
 
 

 

 

 

 

 

Figure 2-2:  Source Separation Options 
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2.2 Physical / Chemical Treatment 
Physical / chemical treatment processes do not rely on biological processes and there-
fore are typically more stable and consistent in their performance. However, as a conse-
quence their operation and maintenance can be more intensive. Figure 2-3 illustrates the 
classification of these processes for nitrogen removal. 

 

Figure 2-3:  Physical / Chemical Nitrogen Reduction Categories 

PHYSICAL / CHEMICAL  
NITROGEN REDUCTION 
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BIOLOGICAL NITRIFICATION 
/ DENITRIFICATION  

PROCESSES 

 
MIXED BIOMASS 

TWO STAGE  
(SEGREGATED 

BIOMASS)

 
SUSPENDED 

GROWTH 

 
FIXED FILM 

INTEGRATED FIXED 
FILM ACTIVATED 

SLUDGE 

 
NITRIFICATION 

DENITRIFICATION 
(ALTERNATIVE  

ELECTRON DONERS) 

Examples: 
 
Fixed Film Activated 
Sludge 
 
Moving Bed  
Bioreactor 
 
Immersed Mem-
brane Bioreactor 

Examples: 
  
Recirculating Media 
Filters 
 
Reciprocating Media 
Beds 
 
Rotating Biological 
Contactors 

Examples: 
 
Extended Aeration 
 
Pulse Aeration 
 
Sequencing Batch 
Reactors 

HETEROTROPHIC 
DENITRIFICATION 

AUTOTROPHIC  
DENITRIFICATION 

EXTERNAL CARBON 
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EXTERNAL CHEMICAL
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Hydrogen 

 
SEWAGE CARBON 

(RECYCLE) 

BACTERIAL CELL 
CARBON  

(SIMULTANEOUS)

2.3 Biological Nitrification / Denitrification 
Biological nitrification / denitrification processes are the most commonly used methods 
for reduction of nitrogen in wastewater. The two that are the most practical for onsite 
sewage treatment are mixed biomass and segregated biomass processes. The mixed 
biomass process includes suspended growth, fixed film, and integrated fixed film acti-
vated sludge technologies as shown in Figure 2-4. The segregated biomass technolo-
gies use various external organic carbon sources or elemental chemicals in place of the 
mixed biomass process’ complete reliance on wastewater organic carbon as the electron 
donors necessary for microbial metabolism to reduce nitrate nitrogen. The segregated 
biomass systems require a highly nitrified influent to achieve nitrogen reduction goals. 

Figure 2-4:  Biological Nitrification / Denitrification Technology Classifications 
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Table 2.1 provides a summary of the various biological denitrification processes and 
their typical treatment limits for onsite wastewater systems. These denitrification 
processes can be linked to any source of nitrified wastewater to provide nitrogen reduc-
tion by converting nitrate nitrogen to gaseous nitrogen. Figure 2-5 illustrates the relative 
system complexity for biological nitrogen reduction systems in relation to the process 
used. 

Table 2.1 
Biological Denitrification Processes and 

Typical Nitrogen Reduction Limits of OSTDS 

Process Mixed Biomass 
(Simultaneous) 

Mixed Biomass 
(with Recycle) 

Segregated Biomass
(Two Stage) 

Electron 
Donor 

Organic carbon from 
bacterial cells and influent 

wastewater 

Organic carbon from 
influent wastewater and 

bacterial cells 

External electron donor 
(Organic carbon; Ligno-
cellulose; Sulfur; Iron, 

Other) 
Typical N 

Reductions 40 to 65% 45 to 75% 70 – 96% 

Typical 
Technologies 

● Extended aeration1 
● Pulse aeration2 
● Recirculating media 

filters3 
● Sequencing batch 

reactors4 
● Reciprocating media 

beds5 
● Membrane bioreactor6

● Extended aeration 
with recycle back to 
septic tank 

● Recirculating media 
beds with recycle 
back to septic tank7 

● Moving bed 
bioreactor 

● Heterotrophic 
suspended growth8 

● Heterotrophic packed 
bed fixed film 

● Autotrophic packed 
bed fixed film9 

1 Leverenz, et al., (2002); USEPA (2002) 
2 California State Water Resources Control Board (2002) 
3 USEPA (2002) 
4 Ayres Associates (1998) 
5 Behrends, et al. (2007) 
6 Abbeggen, et al., (2008); Sarioglu, et al. (2009) 
7 Ronayne, et al. (1982); Gold, et al. (1992); Piluk and Peters (1994); Roy and Dube (1994) 
 California Regional Water Quality Control Board (1997); Ayres Associates (1998); Louden et al. (2005) 
8 USEPA, (1993) 
9 Rich (2007); Heufelder et al. (2008) 
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Figure 2-5:  Generic System Complexity for Biological Nitrogen Reduction Systems 
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2.4 Natural Systems 
Natural systems include soil infiltration, vegetative uptake, evapotranspiration and con-
structed wetlands as shown in Figure 2-6. These technologies use a variety of physical, 
chemical and biological processes to effect treatment. The reason they are listed in a 
separate category is that they are typically passive systems that depend more on natu-
ral, ecological processes within the receiving environment where process control is se-
verely limited. 

 
Figure 2-6:  Natural Systems Categories 

2.5 Treatment Technologies for Wastestream Components   
As developed in the Task A literature review report, the domestic sewage from individual 
households can be divided into 4 individual waste streams: 

A – Greywater 
B – Kitchen waste 
C – Fecal waste 
D – Urine 

Separation of these waste streams at the source can be utilized to reduce the nitrogen 
content of the remaining wastewater. Since toilet wastes contribute approximately 80% 
of the nitrogen to household sewage, with urine the principal contributor, separation of 
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toilet wastes or urine from the waste stream could significantly reduce the nitrogen con-
tent of household wastewater. However, the separated waste streams must still be 
treated and reused or discharged for soil infiltration.  

Nitrogen reduction technology selection would be guided by the flow and constituent 
concentrations in the waste stream, the intended application of the final liquid effluent, 
and the degree of nitrogen reduction required in the final effluent. Greywater separation 
removes over half of the water volume and concentrates the constituent mass, while 
urine separation removes substantial nitrogen content while having little effect on total 
volume. Effluent from in-vessel nitrogen reduction systems may be applied to natural 
systems for irrigation use or for soil dispersal or subjected to disinfection treatment for 
indoor reuse.  

Greywater may be made suitable for irrigation or indoor use with appropriate treatment. 
Aerobic biological treatment stabilizes biodegradable organics in the greywater stream 
and maintains oxidizing conditions; these enable storage for on demand reuse of the wa-
ter and nutrient values while reducing possible odors. Treated greywater may be directly 
applied for irrigation, or recycled for indoor toilet flushing after disinfection. Ultraviolet 
disinfection is one candidate onsite technology. 

Separation of urine is a candidate technology with potential benefit for both onsite nitro-
gen reduction and beneficial use of nitrogen contained in the urine stream. One year’s 
urine production from a typical household could be captured in a single 500 gallon tank, 
removed annually and processed for recovery using struvite precipitation or other nitro-
gen and phosphorus recovery techniques. However, onsite urine recovery systems are 
not likely to become widespread in the near future. The service and recovery infrastruc-
ture is not currently in place in the U.S., and may take considerable time to be devel-
oped. 
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Section 3.0 
Technology Ranking Criteria (Task A.8) 

3.1 General Description of the Ranking System 
A simple numerical ranking system was developed to prioritize available nitrogen reduc-
tion systems based on thirteen selected criteria. Each criterion is scored against its par-
ticular attribute using a scale ranging from 1 to 5. To account for relative differences in 
significance of each of the criteria, the criteria are assigned weighting factors indicating 
relative importance, compared to the other criteria. The priority ranking for a technology 
is determined by its total score, which is the sum of the products of the individual crite-
rion scores times the weighting factors for each criterion. The highest score represents 
the highest priority ranking. 

3.2 Criteria Selection and Relative Significance Comparison 
Thirteen ranking criteria were selected based on priority concerns regarding their influ-
ence on the performance, costs, and acceptance of the available nitrogen reduction 
technologies. The selected criteria are listed in Table 3.1, which also provides how the 
relative significance of each criterion was weighted. 
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Table 3.1 
Ranking Criteria and Weighting Factors 

Criterion Description 

Maximum 
Score  

(S) 

Weighting 
Factor 

(W) 

Total 
Possible 

Score 
(S x W) 

Effluent Total Nitrogen Concentration 5 11 55 
Performance Reliability 5 10 50 

Performance Consistency 5 9 45 
Construction Cost 5 7.5 37.5 

Operation and Maintenance Cost 5 7 35 
Energy Requirements 5 7 35 

Construction Complexity 5 5 25 
Operation Complexity 5 5 25 

Land Area Requirements 5 4.5 22.5 
BOD/TSS Effluent Concentration 5 3.5 17.5 

Restoration of Performance 5 3.5 17.5 
System Aesthetics 5 2 10 

Stage of Technology Development 5 0.5 2.5 
   377.5 

The relative weights of the criteria were determined via a two stage process. First, each 
criterion was compared to every other criterion by the project team prior to the Technol-
ogy Classification, Ranking and Prioritization Workshop and then by the RRAC at the 
workshop. If the criterion in a given column was considered to be more important than 
the criterion in a given row, then a “0” was entered into the box at the intersection of the 
column and row. If the criterion in the row was considered more important, then a “1” 
was entered into the box. The totals for each row established the relative rankings of 
each criterion with the highest score receiving the highest rank. Second, in order to re-
concile the differences between the project team and RRAC weights, the weights for 
each criterion were averaged. Two criteria, construction and operational complexity, 
were added during the RRAC workshop. During subsequent discussions, RRAC con-
cluded that the weight for energy requirements should be the same as for Operation and 
Maintenance Cost. Table 3.2 lists the weighting factor assigned to each criterion based 
on this process. 

The scoring systems were created with the full knowledge that data would not be univer-
sally available. Scores were made using the given criteria and good engineering judg-
ment, based on the experience of the team where data was not available. Generally, ni-
trogen concentration, performance reliability, construction costs, energy requirements, 
BOD/TSS concentration and stage of technology development data were generally easy 



o:
\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t/F
in

al
 

Section 3.0  Technology Ranking Criteria September 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE 3-3 
CLASSIFICATION, RANKING AND PRIORITIZATION OF TECHNOLOGIES HAZEN AND SAWYER, P.C. 

to find for most systems. Performance consistency, O&M cost, land area, system aes-
thetics, and restoration of performance data were harder to come by and more frequent-
ly required judgment. 

Table 3.2 
Selected Ranking Criteria and Weighting Factor Determination 

3.3 Criteria Descriptions and Values 
A description of each criterion is presented below together with the attributes for the cri-
terion and the value scores that are the basis for scoring of individual technologies. 

3.3.1 Effluent Total Nitrogen Concentration 
The attribute of this criterion is the concentration of total nitrogen in the final effluent that 
is achieved under suitable conditions with proper and adequate operation and mainten-
ance. Effluent total nitrogen concentration is assigned a weighting factor of 11. The crite-
rion values for total nitrogen effluent concentration are listed in Table 3.3.  Total nitrogen 
values used to score a given technology were based on an average of values from vari-
ous sources, ranging from peer reviewed publications with systems data to manufactur-
ers’ websites. The scores in the prioritization report represent what the project team de-
termined to be accurate reflections of the system potentials. 
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Effluent Nitrogen 
Concentration 1 1 1 1 1 1 1 1 1 1 1 1 12 10 11

Performance 
Consistency 0 0 1 1 1 1 1 1 1 1 1 1 10 8 9

Performance        
Reliability 0 1 1 1 1 1 1 1 1 1 1 1 11 9 10

Construction Cost 0 0 0 1 1 1 1 1 1 1 1 1 9 6 7.5

Operation and 
Maintenance Cost

0 0 0 0 1 1 1 1 1 1 1 1 8 6 7

Land Area Required 0 0 0 0 0 1 1 0 0 1 0 0 3 6 4.5

Energy Requirement 0 0 0 0 0 0 1 0 0 1 0 0 2 4 7

System Aesthetics 0 0 0 0 0 0 0 0 0 1 0 0 1 3 2

BOD/TSS Effluent 
Concentration 0 0 0 0 0 1 1 1 1 1 0 1 6 1 3.5

Restoration of 
Performance 0 0 0 0 0 1 1 1 0 1 1 1 6 1 3.5

Stage of Technology 
Development

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.5

Construction        
Complexity 0 0 0 0 0 1 1 1 1 0 1 0 5 5

Operation       
Complexity 0 0 0 0 0 1 1 1 0 0 1 1 5 5
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Table 3.3 
Criterion Values for 

Total Nitrogen in Effluent 
Effluent TN 

(mg/L) Score 
< 3 5 

3 – 10 4 
11 – 15 3 
16 – 30 2 

> 30 1 

3.3.2 Performance Reliability 
The attributes of the reliability criterion is expressed as the “mean time between unsche-
duled service calls”. The frequency of routine service and unscheduled call-outs pro-
vides a measure of the reliability of a technology. Unscheduled service calls exclude in-
spections required by the FDOH rule. Factors that can increase the need for service in-
clude a high number of mechanical components (pumps, aerators, mechanical mixers), 
complexity of electrical systems, complexity of design, components prone to failure, and 
complex equipment that requires specialized parts and training of personnel. The relia-
bility of onsite nitrogen reduction is assigned a weighting factor of 10. The categories for 
performance reliability are listed in Table 3.4. 

Table 3.4 
Criterion Values for 

Performance Reliability 
Mean Time Between 

Unscheduled Service Calls Score 
Annually 5 

Semi-annually 4 
Quarterly 3 
Monthly 1 

3.3.3 Performance Consistency 
The consistency of performance is defined here as the sensitivity of the treatment sys-
tem to upset. The sensitivity of a system is heavily influenced by the treatment process 
used. Therefore the attribute of the performance consistency criterion is the type of 
treatment process used, based on a review of wastewater treatment design guidelines 
and onsite wastewater treatment performance. Performance consistency is assigned a 
weighting factor of 9. The categories for performance consistency are listed in Table 3.5. 
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Table 3.5 
Criterion Values for 

Performance Consistency 
System Type Score 

Physical/Chemical & Source Separation 5 
Fixed Film 4 
MBR / IMB* 3 

IFAS** 2 
Activated Sludge Nite/Denite 1 

*MBR/IMB: Membrane Bioreactor / Immersed Membrane Bioreactor 
**IFAS: Integrated Fixed-Film Activated Sludge 

3.3.4 Construction Cost 
The attribute of this criterion is the total capital cost of system installation, including sep-
tic tank and drain field where necessary. Available data on construction costs can be 
found in the technology database that accompanies this report.  However, available data 
was not always complete, and therefore engineering judgment and cross-study compari-
sons were used to attempt to compare costs between technologies. Construction cost is 
assigned a weighting factor of 7.5. The categories for construction costs are listed in Ta-
ble 3.6. 

Table 3.6 
Criterion Values for 
Construction Cost 

Construction Cost
($1000) Score 

< 5 5 
5 - 10 4 

10 – 15 3 
15 – 20 2 

> 20 1 

3.3.5 Operation and Maintenance Cost 
The attribute of this criterion is the cost of routine or recommended operation and main-
tenance, excluding power costs, that is needed to ensure that the treatment system 
meets its performance objectives. Operation and maintenance cost data obtained during 
this study is summarized in the technology database that accompanies this report.  
While the number of service calls would likely be a key factor in the operation and main-
tenance cost, data typically only included a total cost or estimate, and did not specify de-
tails of the various cost components. Operation and maintenance cost is assigned a 
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weighting factor of 7. The categories for operation and maintenance are listed in Table 
3.7. Operation and maintenance costs typically included the costs of equipment servic-
ing and consumable materials (reactive filter media, chemicals, etc.) but not the re-
placement cost of primary treatment components such as tanks. Notably, this criterion 
does not include energy costs, which are accounted for separately. The operation and 
maintenance costs are calculated as the present value of these costs over the useful life 
of the system. 
 

Table 3.7 
Criterion Values for Required 

Operation and Maintenance Costs 
O&M Annual Cost 

($/year) Score 
<200 5 

200 - 300 4 
301 - 400 3 
401 - 500 2 

> 500 1 

3.3.6 Energy Requirements 
The attribute of this criterion is the annual energy usage of the entire treatment system, 
including pumps, aerators, and mixing devices. The annual energy requirement is the 
sum of all energy requiring components or the rate of energy usage in operating the 
component multiplied by the component operating time. Energy requirement is assigned 
a weighting factor of 7. Criterion values for energy requirements are listed in Table 3.8. 
Greater energy use is associated with more “active” technologies that employ greater 
numbers of liquid pumps, aeration pumps, and mechanical mixing, whereas unsaturated 
granular media filters that employ passive aeration would consume less energy. 

Table 3.8 
Criterion Values for 

Energy Requirements 
Energy Req. 
(kW-hr/year) Score 

< 500 5 
500 – 1,000 4 

1,001 – 1,500 3 
1,501 – 2,500 2 

> 2,500 1 
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3.3.7 Construction Complexity 
The attribute of this criterion is the degree of difficulty necessary to install the system in 
question. High scoring systems will be simple to install even by an untrained contractor 
or installer – put it in the ground, plug it in, and it works. Low scoring systems will require 
substantial training and require an extensive installation process. Construction complexi-
ty is assigned a weighting factor of 5. Criterion values for construction complexity are 
qualitative, and are listed in Table 3.9. Data for this criterion was generally unavailable, 
and engineering judgment was therefore used to score the various technologies based 
on knowledge of system components and the perceived difficulty of installation. 
 

Table 3.9 
Criterion Values for 

Construction Complexity 
Description Score 

Simple to install by any contractor 5 
Some specialized knowledge and training required 3 
Complex installation, specialized training, sophisti-

cated electrical and controls knowledge req., master 
septic tank contractor 

1 

3.3.8 Operation Complexity 
The attribute of this criterion is the degree of complexity required to operate the system 
in question. High scoring systems will allow operation by the homeowner with little or no 
effort or training, while low scoring systems will not. Operation complexity is assigned a 
weighting factor of 5. Criterion values for operation complexity are qualitative, and are 
listed in Table 3.10. Data for this criterion was generally unavailable, and engineering 
judgment was therefore used to score the various technologies based on the knowledge 
of the process utilized and perceived difficulty in maintaining treatment performance. 

Table 3.10 
Criterion Values for 

Operation Complexity 
Description Score 

Simple operation with limiter operator requirements 
annual scheduled visit 

5 

Some specialized operator training required;  
Scheduled visits by manufacturer’s representative 

required twice per year 

3 

Complex operation with operator training required; 
Scheduled visits by manufacturer’s representative 

required > quarterly 

1 
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3.3.9 Land Area Requirements 
The attribute of this criterion is the plan area or the size of the footprint required for the 
treatment system, including the drain field, nitrogen reducing component, and septic tank 
where required. Available data for this criterion can be found in the technology database 
accompanying this report. However, data was limited and significant judgment was re-
quired to compare relative land area requirements between technologies. Land area re-
quired is assigned a weighting factor of 4.5. Criterion values for land area required are 
the footprint area in square feet, and are listed in Table 3.11. 
 

Table 3.11 
Criterion Values for 

Land Area Requirements 
Land Area Req. 

(ft2) Score 
< 250 5 

250-500 4 
501-1000 3 

1001-2000 2 
> 2000 1 

3.3.10 Effluent cBOD/TSS Concentrations 
The attribute of this criterion are the final effluent concentrations of five day carbona-
ceous biochemical oxygen demand (cBOD5) and total suspended solids (TSS) under 
suitable conditions with proper and adequate operation and maintenance. BOD and TSS 
effluent concentration is assigned a weighting factor of 3.5. Categories for BOD and TSS 
effluent concentration are listed in Table 3.12. 

Table 3.12 
Criterion Values for 

cBOD/TSS Effluent Concentrations 
Effluent cBOD/TSS 

(mg/L) Score 
10 / 10 5 
20 / 20 4 
30 / 30 2 
> 50 1 
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3.3.11 Performance Restoration 
Treatment technologies occasionally will fail to achieve their performance expectations. 
Such upsets may be due to electrical or mechanical problems or a process upset. The 
time needed to restore treatment is an important criterion in preventing harm to the envi-
ronment. The consequences of an operational failure are much less significant if treat-
ment efficacy is restored rapidly. Data was generally unavailable for this criterion, so 
scoring was based on engineering judgment related to the treatment process utilized by 
a given technology, as noted in Table 3.13. Performance restoration is assigned a 
weighting factor of 3.5. The categories for performance restoration are listed in Table 
3.13. 

Table 3.13 
Criterion Values for 

Performance Restoration 
System Type Score 

Physical/Chemical & Source Separation 5 
Fixed Film 4 
MBR/IMB* 3 

IFAS** 2 
Activated Sludge Nite/Denite 1 

*MBR/IMB: Membrane Bioreactor / Immersed Membrane Bioreactor 
**IFAS:  Integrated Fixed-Film Activated Sludge 

3.3.12 System Aesthetics 
The attribute of this criterion is a general judgment of the aesthetic perception of the sys-
tem when it is properly and adequately operated and maintained. System Aesthetics is 
assigned a weighting factor of 2. Categories for system aesthetics are listed in Table 
3.14. 

Table 3.14 
Criterion Values for System Aesthetics 
System Aesthetics Score 

Acceptable 5 
Perceived nuisance/displeasing 3 

Not acceptable 1 
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3.3.13 Stage of Technology Development 
The attribute of this criterion is the stage in development of the nitrogen reduction tech-
nology. Stage of technology development is assigned a weighting factor of 0.5. Criterion 
values for stage of technology development are listed in Table 3.15. Systems used na-
tionwide, or thoroughly tested by NSF or MASSTC will be assigned the highest ranking, 
while the lower rankings allow room for consideration of meritorious ideas that have not 
yet been tested.  This would include “experimental” systems, such as those tested in 
PNRS I, or “conceptual” system ideas based on processes, components, or operational 
strategies that have yet to be tested. 
 

Table 3.15 
Criterion Values for Stage of Technology Development 

Stage of Development Score 
National use 5 

State use 4 
Demonstration 3 
Experimental 2 
Conceptual 1 
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Section 4.0                                                                 
Prioritization of Nitrogen Reduction Technologies 
(Task A.9) 

Prioritization of nitrogen reduction technologies was based on systematic application of 
the ranking criteria to the technologies identified in the literature review. Technologies 
were grouped according to the classification scheme developed in Task A.7. Each tech-
nology classification received individual scores for the separate evaluation criterion, and 
the weighting criteria were used to generate the total score for the technology classifica-
tion. The technologies within each classification were prioritized according to their total 
score. 

4.1 List of Technologies 
The literature review and survey of manufacturers indicated that many processes and 
commercial systems are available for onsite wastewater treatment. The technology da-
tabase is comprised of available onsite nitrogen reduction technologies from manufac-
turers and the literature review. The identified technologies were sorted according to the 
major classifications developed in Task A.7: source separation, biological treatment, 
physical/chemical treatment and natural systems. The basis for assignment of classifica-
tion was the principal nitrogen reduction process of the technology. The systems within 
the major groupings were then further grouped into the process variations within each 
major classification. 

4.2 Technology Evaluation Criteria 
The technology evaluation criteria were individually discussed and edited, and a final 
consensus list of criteria was agreed to and adopted during the Technology Classifica-
tion, Ranking and Prioritization Workshop held with the Research Review and Advisory 
Committee on May 28, 2009. Also agreed to and adopted at that meeting were the 
weighting factors for each individual criterion. The finalized criteria and weighting factors 
are listed in Table 4.1. 
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Table 4.1 
Technology Criteria and Weighting Factor 

Criteria  Weighting Factor 
Effluent Nitrogen Concentration 11 
Performance Reliability  10 
Performance Consistency 9 
Construction Cost 7.5 
Operation and Maintenance Cost 7 
Energy Requirement 7 
Construction Complexity 5 
Operation Complexity  5  
Land Area Required  4.5  
BOD/TSS Effluent Concentration  3.5  
Restoration of Performance  3.5  
System Aesthetics 2 
Stage of Technology Development 0.5 

For each of the individual technologies identified within the literature review, data were 
acquired from a wide variety of sources focusing on the ranking criteria. Manufacturer’s 
information and third party test results such as the NSF International (NSF) Standard 40 
Protocol, EPA Environmental Technology Verification Program (ETV), or field and/or la-
boratory evaluations reported in the technical literature were utilized to develop the tech-
nology database. Some performance data were available only as manufacturer’s claims, 
other data as a range of removal percentages from field installations, and some data in-
cluded detailed analytical results with statistical ranges. Results were averaged because 
sufficient data was generally not available to distinguish between differences in scale, 
number of experiments and control of influent variability.  Nitrogen effluent data were 
generally available while nitrogen influent data were not. The attributes of the perfor-
mance consistency and performance reliability criteria were based on the type of treat-
ment process used. Construction cost was estimated for a newly installed, complete 
treatment system for a three-bedroom home in Florida, and included primary treatment 
(i.e. septic tank) and a conventional drainfield. Performance reliability data were availa-
ble for a few systems for which frequency of maintenance visits recorded were available, 
and estimated for the remainder. Energy use data (kW-h/day or kW-h/year) were availa-
ble for a few systems that detailed a cost per month or cost per year, and estimated for 
the others. For energy use, a conversion to uniform data values was obtained by using 
an assumption of $0.10 per kW-h. Operation and maintenance cost estimates, land area 
required, constructional complexity, operational complexity, and system aesthetics data 
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were very limited, so professional judgment was used to assign scores for individual cri-
teria to the technology classifications. Data which was available was referenced and 
summarized in the technology database provided with this report. Assumptions used in 
the scoring process are footnoted below the criteria scoring tables that follow. 

4.3 Criteria Scores 
For each of the thirteen criteria, scores were established based on cost and/or non-cost 
attributes. Table 4.2 presents a summary of score assignments for each criterion. The 
criterion assignments were the basis for scoring and ranking of the technology classifica-
tions. 
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Table 4.2 

Criteria Scores 

Criteria 
Number Criteria 

Score 
1 2 3 4 5 

1 

Effluent 
Nitrogen 

Concentration 
(mg-N/L) 

> 30 16 – 30 11 – 15 3 – 10 < 3 

2 Performance 
Reliability Monthly  Quarterly Semi-

Annually Annually 

3 Performance 
Consistency1 

Activated 
Sludge 

Nite/Denite 
IFAS2 MBR/IMB3 Fixed Film 

Physical/ 
Chemical & 

Source 
Separation 

4 
Construction 

Cost4 
($1,000’s) 

>20 16-20 11-15 5-10 <5 

5 
Operation and
Maintenance 
Cost5 ($/year) 

>500 401-500 301-400 200-300 <200 

6 
Energy Re-
quirement 

(kW-h/year) 
>2500 1501-2500 1001-1500 500-1000 <500 

7 Construction 
Complexity 

Complex instal-
lation, specia-
lized training, 
sophisticated 
electrical and 
controls know-

ledge req., 
master septic 

tank  
contractor 

  

Some 
specialized 
knowledge 
and training 

required 

  
Simple to 

install by any 
Contractor 
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Table 4.2 (continued) 

Criteria Scores  

Criteria 
Number Criteria 

Score 
1 2 3 4 5 

8 Operation 
Complexity 

Complex 
operation with

operator 
training 

required;  
Scheduled 

visits by 
manufacturer's 
representative

required 
> quarterly 

  

Some 
specialized 

operator 
training 

required; 
Scheduled 

visits by 
manufactur-
er's repre-

sentative re-
quired twice 

per year 

  

Simple 
operation

with limited 
operator 
require-
ments; 
annual 

scheduled 
visit 

9 Land Area 
Required6 (ft2) >2000 1001-2000 501-1000 250-500 <250 

10 

BOD/TSS 
Effluent 

Concentration 
(mg/L) 

>50 30/30  20/20 10/10 

11 Restoration of 
Performance7 

Activated 
Sludge 

Nite/Denite 
IFAS2 MBR/IMB3 Fixed Film 

Physical/ 
Chemical
& Source

Separation

12 System 
Aesthetics 

Not 
Acceptable   

Perceived 
Nuisance/ 

Displeasing
  Acceptable

13 Stage of Tech. 
Development Conceptual Experimental Demonstra-

tion State Use National Use

1. Since most of the natural systems include fixed film, the natural systems received a score of “4”. 
2. Integrated Fixed-Film Activated Sludge 
3. Membrane Bioreactor / Immersed Membrane Bioreactor 
4. Construction cost assumes a standard septic tank cost of $2000 and drainfield cost of $4500 installed. 
5. Operation and maintenance cost includes inspections, annual operating permit fee ($100), and main-

tenance entity, but it does not include power costs. 
6. Land area is for a new entire system, and assumed standard septic tank 50 SF and drainfield 400 SF. 
7. Since soil infiltration is fixed film, a score of “4” was used for the natural soil infiltration classifications.

The constructed wetlands subsurface flow is not quite comparable; therefore it received a score of “3”. 
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The criteria were developed with the full knowledge that data for many of the criteria 
would be sparse and difficult to attain. Good engineering judgment and experience with 
various types of systems were used to develop technology ranking scores when data 
were not available.  

4.3.1 Criteria Scores for Physical/Chemical and Biological Technology Classifications 

A summary of the individual criterion scores for physical/chemical and biological tech-
nology classifications is presented in Table 4.3. While the table encompasses the full 
range of possible systems contained in our classification, technology classifications that 
lacked sufficient data to make a criteria ranking determination were left blank. Natural 
and source separation systems need to be considered separately and are therefore 
summarized in Table 4.5. 
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Table 4.3 
Criteria Scores for Physical/Chemical 

and Biological Technology Classifications 

Technology 
Classification 

Criteria 
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Weighting Factor1 11.0 10.0 9.0 7.5 7.0 7.0 5.0 5.0 4.5 3.5 3.5 2.0 0.5  

Physical/Chemical 
Membrane Separation                         Not Enough Available Data to Score 

Ion Exchange                         Not Enough Available Data to Score 

Evaporation                         Not Enough Available Data to Score 

Biological 
    Mixed Biomass 

Suspended Growth 3 3 1 2 2 2 3 3 3 4 1 5 5 188.5 

Fixed Film  

    Fixed Film with recycle 2 4 4 2 3 2 3 3 3 5 4 5 5 235.5 

    Fixed Film without  

    recycle 

1 4 4 2 4 3 3 3 3 4 4 5 5 235 

Integrated Fixed Film  

Activated Sludge 

2 3 2 2 2 1 3 3 3 4 2 5 5 183 

   Two Stage 
   (Segregated Biomass) 

 Heterotrophic Denitrification 4 5 4 2 3 2 3 5 3 4 4 5 3 2732 

 Autotrophic Denitrification 4 5 4 2 3 2 3 5 3 5 4 5 3 276.52 
1. See Section 3.0 for how weighting factors were developed. 
2. Criteria score pertains to a fixed film (Stage 2) denitrification biofilter and fixed film aerobic (Stage 1) process. For 

other types of Stage 1 systems, the criteria score for the two stage system would be the criteria score for the Stage 1 
system (e.g. activated sludge, IFAS). 
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For each technology classification, the criterion scores (Table 4.3) were multiplied by the 
weighting factor (Table 4.1) and summed to generate a total score. The total score was 
used to rank technology classifications. Total scores for biological technology classifica-
tions are listed in Table 4.4 and plotted in Figure 4-1. 

Table 4.4 
Biological Technology Classification Overall Ranking 

Technology Classification Total Score 
Overall 
Ranking 

Two Stage (Segregated Biomass) – Autotrophic Denitrification 276.51 1 

Two Stage (Segregated Biomass) – Heterotrophic Denitrification 273.01 2 

Mixed Biomass – Fixed Film with Recycle 235.5 3 

Mixed Biomass – Fixed Film without Recycle 235.0 4 

Mixed Biomass – Suspended Growth 188.5 5 

Mixed Biomass – Integrated Fixed Film Activated Sludge 183.0 6 
1. Criteria score pertains to a fixed film (Stage 2) denitrification biofilter and fixed film aerobic (Stage 1) process. For 

other types of Stage 1 systems, the criteria score for the two stage system would be the criteria score for the Stage 1 
system (e.g. activated sludge, IFAS). 

 

 

Figure 4-1: Overall Ranking of Biological Technology Classifications 
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The top ranked technology classifications (1 & 2) were biological systems with two stage 
segregated biomass employing autotrophic and heterotrophic denitrification. These sys-
tems are passive, require little operator attention, and provide high reliability. The total 
scores for autotrophic and heterotrophic denitrification technologies in two stage segre-
gated biomass systems were sufficiently close that they were considered essentially 
equal. 

The third and fourth ranked technology classifications were mixed biomass fixed film bio-
logical systems with recycle and without recycle, respectively. The total scores for these 
systems were sufficiently close that they were considered essentially equal. These tech-
nology classifications have the stability advantages that are inherent in fixed film 
processes. 

Mixed biomass suspended growth systems were the fifth ranked technology classifica-
tion and mixed biomass integrated fixed film systems were the sixth. These systems 
employ suspended growth basins and exhibit higher effluent nitrogen concentrations and 
lower performance consistency and reliability. 
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4.3.2 Criteria Scores for Natural and Source Separation Technology Classifications 

 
Table 4.5 

Criteria Scores for Natural and Source Separation 
System Technology Classifications 

Technology 
Classification 

Criteria 
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Weighting Factor1 11.0 10.0 9.0 7.5 7.0 7.0 5.0 5.0 4.5 3.5 3.5 2.0 0.5  

Natural Systems 

Soil Infiltration 

With dosing 1 5 4 5 4 5 5 5 3 5 4 5 5 305 

With reactive barriers 5 5 4 3 3 5 3 4 5 5 4 5 3 320 

With drip dispersal 2 4 4 4 3 5 3 3 3 5 4 5 5 271.5 

Annamox                                 Not Enough Available Data to Score 

Constructed Wetlands 

Subsurface flow with  
pre-nitrification 

3 5 4 2 4 5 3 3 3 3 3 5 5 274 

Source Separation Systems 

Urine Recovery                                Not Enough Available Data to Score 

Wastes Segregation                                Not Enough Available Data to Score 
1. See Section 3.0 for how weighting factors were developed. 
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Table 4.6 
Natural System Technology Classification Overall Ranking 

Technology Classification Total Score 
Overall 

Ranking 
Soil Infiltration with reactive barriers 320.0 1 
Soil Infiltration with dosing 305.0 2 
Constructed Wetlands subsurface flow with 
pre-nitrification 

274.0 3 

Soil Infiltration with drip dispersal 271.5 4 

Figure 4-2: Overall Ranking of Natural System Technology Classifications 

The top ranked natural system was soil infiltration with reactive barriers. The second 
ranked natural system is traditional trench drainfield with timed dosing of septic tank ef-
fluent. However, this system received the lowest treatment score. Application of our 
ranking system to certain kinds of natural systems can be misleading from a purely 
quantitative perspective: in this instance, the score is high because of its passive charac-
teristics and low operating costs, but does not address the difficulty of performance mon-
itoring and the costs associated with correcting poor performance. 

Subsurface-flow constructed wetlands with pre-nitrification and drip dispersal of septic 
tank effluent to soil infiltration technologies ranked within 1% of each other. The con-
structed wetlands can achieve more complete nitrification and denitrification than soil 
infiltration with drip dispersal, but drip dispersal offers much greater control of perfor-
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mance and repairs of malfunctions are less costly and easier to perform. Aesthetically, 
the systems scored the same, but the acceptance could be quite different among proper-
ty owners. 

It is important to note that the natural systems should not be quantitatively compared, 
using these ranking criteria, to the groups of proprietary and non-proprietary biological 
systems detailed in Tables 4.3 and 4.4, and Figure 4-1. Primary among considerations 
supporting this division of technologies is the need to consider separately the elements, 
of each system, that perform treatment. The soil infiltration units utilize the soil’s ecology 
and physical characteristics to perform treatment and all relevant data measures the 
treatment capacity within the soil pedon to reduce nitrogen. However, it must be kept in 
mind that the vast majority of proprietary systems also discharge to the soil. In order to 
be able to rank each technology fairly, only the nitrogen reduction components were 
considered. Moreover, management of non-soil based technologies, though more ex-
pensive, is simplified because the units can be operated effectively to adjust to varying 
conditions and serviced easily, which may not be the case with soil-based nitrogen re-
duction technologies. When malfunctions occur with soil-based technologies, repairs 
may be necessary and could lead to expensive reconstruction. When the latter is neces-
sary, available land area can become a severe constraint. Finally, while soils provide 
good treatment over a broad range of conditions, variability of characteristics among soil 
units can be large creating significant uncertainty in predicting a soil’s nitrogen reduction 
capacity. 

4.4 Recommendations for Testing 
The technology classification ranking provides the basis from which to formulate recom-
mendations for the field testing to be conducted in Task B of the Florida Onsite Sewage 
Nitrogen Reduction Strategies Study. The criteria used to consider in establishing priori-
ties for testing include representation of several technology classifications, nitrogen ef-
fluent performance data, similarity of technologies, and maturity level of technologies. 
The purpose of prioritization is to select the more promising technologies that may not 
have sufficient prior testing or may be differently configured to improve performance, and 
to avoid duplicate testing where substantial experience already exists. The priority list for 
Task B testing is listed in Table 4.7. The recommended technologies include mixed bio-
mass, two stage segregated biomass biofiltration systems, natural systems with and 
without external sources of electron donors for denitrification, fixed film and integrated 
fixed film activated sludge processes, denitrification filters with reactive media as post-
treatment to commercial aerobic treatment processes, onsite elimination of urine efflu-
ent, and urine separation and recovery. 
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Table 4.7 
 Technologies Recommended for Testing in Task B 

System Technology Comment 
1 Two stage (segregated biomass) system: 

Stage 1: Biofiltration with recycle (nitrification) 
Stage 2: Autotrophic denitrification 
              with reactive media biofilter 

● Top ranked system capable of meet-
ing the lowest TN concentration stan-
dard 
Suitable for new systems or retrofit 

2 Two stage (segregated biomass) system: 
Stage 1: Biofiltration with recycle (nitrification) 
Stage 2: Heterotrophic denitrification 
              with reactive media biofilter 

● Top ranked system capable of meet-
ing the lowest TN concentration stan-
dard  

● Suitable for new systems or retrofit 
3 Natural system: 

Septic tank/Mound with in-situ reactive media 
layer 

● Lower cost natural system that is un-
tested but appears capable of achiev-
ing 75-78% TN removal before reach-
ing groundwater  

● Suitable for new systems or replacing 
existing systems at end of useful life 

4 Natural system: 
Settled or secondary effluent with drip 
dispersal 
 
 

● Suitable for reducing TN impacts on 
groundwater through enhanced TN 
removal and reduced TN loading on 
soil  

● Suitable for new systems or retrofit  
5 Mixed biomass fixed film system with recycle 

followed by a heterotrophic denitrification with 
reactive media biofilter 

● High performance aerobic treatment 
with anoxia for enhanced TN removal 
followed by second stage hetero-
trophic denitrification for high nitrogen 
removal  

● Suitable for new systems or nitrogen 
reduction upgrades 

6 Mixed biomass fixed film system with recycle 
followed by an autotrophic denitrification with 
reactive media biofilter 

● High performance aerobic treatment 
with anoxia for enhanced TN removal 
followed by second stage autotrophic 
denitrification for meeting low TN 
concentration standard 

● Suitable for new systems or nitrogen 
reduction upgrades 

7 Mixed biomass integrated fixed film activated 
sludge system: 
Suspended growth with recycle 

● High performance aerobic treatment 
● Suitable for new systems or nitrogen 

reduction upgrades 
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Table 4.7 (continued) 
 Technologies Recommended for Testing in Task B 

System Technology Comment 
8 Mixed biomass integrated fixed film activated 

sludge system: 
Moving bed bioreactor 

● High performance aerobic treatment 
with simultaneous denitrification  

● Suitable for new systems or nitrogen 
reduction upgrades 

9 Mixed biomass suspended growth system: 
Suspended growth sequencing batch reactor 

● Aerobic treatment 
● Suitable for new systems or nitrogen 

reduction upgrades 
10 Membrane process system: 

Membrane bioreactor (MBR) 
● Suitable for new systems or nitrogen 

reduction upgrades 
11 Source separation system: 

Dry toilet (evaporative or composting) ●  Eliminates liquid disposal of wastes 

12 Source separation system: 
Urine separating (recovery) toilet 

● Innovative system that is capable of 
removing 70-80% of the household 
TN at little capital cost 

● Provides potential for sustainable re-
covery of nutrients 

The first two technologies listed in Table 1.7 are hybrid mixed biomass/segregated bio-
mass systems. The first stage of each is a mixed biomass recirculating biofilter through 
which nitrification occurs. Significant denitrification also occurs due to the recirculation. 
The biofilters can employ a variety of fixed film media, many of which are in current use 
and are described in the literature review. PNRS II testing will provide additional data for 
biofiltration with recycle using clinoptilolite, expanded clay, and polystyrene. The best 
performing media from PNRS II testing will be recommended for Task B testing.  Stage 2 
of these hybrid systems will employ autotrophic denitrification (System 1) and hetero-
trophic denitrification (System 2). The hybrid mixed biomass/separate biomass Systems 
1 & 2 can be employed for new installations or inserted between primary treatment (i.e. 
septic tank) and soil dispersal in existing systems. 

System 3 is a natural system that uses drip dispersal into the soil of settled or secondary 
effluent. The design of this system will be based on the results of PNRS II, in which va-
riants of this basic system will be evaluated to determine the design that results in the 
best nitrogen reduction performance. To enhance denitrification, an in-situ reactive me-
dia barrier will be constructed below the drip dispersal tubing. Effluent is dispersed within 
the root zone and percolates downward through the reactive media barrier containing 
high water retention materials such as expanded clay and lignocellulosic or elemental 
sulfur electron donors to support heterotrophic or autotrophic denitrification. This system 
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would meet the FDOH definition of passive technology and has the potential to be a low 
cost in-situ system that can be applied for new installations or retrofits. 

System 4 is a natural system using drip dispersal of settled or secondary effluent into the 
soil. By dosing septic tank effluent into the soil on timed cycles alternating aerobic and 
anoxic conditions are created in the soil near each emitter, which creates the necessary 
conditions for nitrification/denitrification to occur. This intermittent dosing of septic tank 
effluent has been shown by several studies to reduce the total nitrogen that migrates 
downward from the point of application. 

Systems 5 and 6 are similar to Systems 1 and 2, in that they are hybrid 
mixed/segregated biomass systems with a first stage fixed film bioreactor with or without 
recycle, followed by a heterotrophic (System 5) or autotrophic (System 6) denitrification 
filter. While Systems 1 and 2 utilize various widely available media, System 5 and 6 will 
use a combination of different proprietary and non-proprietary media systems. Systems 
5 will include recycling around the first stage aerobic biofilter to enhance pre-
denitrification and lessen the nitrate loading to the Stage 2 denitrification filter.  Systems 
5 and 6 expand the evaluation of the hybrid mixed/segregated biomass systems over 
that provided by Systems 1 and 2 alone. 

Systems 7 and 8 are IFAS (Integrated Fixed-Film Activated Sludge) systems. They 
combine elements of both fixed film and suspended growth microbial communities, re-
sulting in relatively stable treatment processes that achieve more reliable and consistent 
performance than other mixed biomass processes. 

System 9 is a suspended growth system, specifically Sequencing Batch Reactors (SBR). 
Theoretically, SBR’s should be able to control the loss of carbon better than other mixed 
biomass systems. 

System 10 is a membrane bioreactor (MBR) which combines suspended growth with a 
membrane filtration unit. MBR has been applied for onsite treatment of multifamily resi-
dential wastewater and is an emerging treatment option for single family home systems. 

Systems 11 and 12 are source separation systems. Source separation is an emerging 
onsite wastewater management option, and may become increasingly prevalent in the 
future in keeping with needs for sustainability and resource recovery. With regard to ni-
trogen removal, source separation has the potential to be a particularly efficient option 
since 50 to 75% of household waste nitrogen is from urine. Accordingly, separating the 
waste streams allows for more efficient, dedicated treatment options for individual com-
ponents of the wastewater stream. 
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Summary of Comments on C:\Documents and Settings\cscott\My 
Documents\FDOH.dwf
Page: 1

Number: 1 Author: UrsinEL Subject: Note Date: 8/26/2009 4:30:54 PM 
Comments from Patti Sanzone: 

Drawing No. C-3 – What does the line up the left side of the page and partially across the top go to or represent?  
Drawing No. C-5 - What does the line, with what might be a valve on the end, up on the top left side of the page, seemingly not attached to anything, represent?  
Drawing No. C-6 – Detail 5 / C-2 does not appear to have a corresponding notation of location on Drawing No. C-2.  
Drawing No. C-7 – I presume that the groundwater movement in the area has been looked at sufficiently to assure that there will be no sideways movement toward the 
northwest of effluent from the farthest west test site and the background monitoring area north of the existing onsite system.  
Drawing No. M-1 – What is the existing “line” that is shown toward the top, indicated with small squares across it? See Drawing No. E-1. Is this a fence? What is the dashed line 
representing?  
Drawing No. E-1 – What are the tightly dashed lines as opposed to the other dashed line further to the south? Is the line with the squares along it a fence or something else?  
Is there supposed to be a sheet showing the symbols to be used throughout the plan drawings? If not, shouldn’t details that I noted be labeled?  

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:02:45 AM 
Drawing C-3: This line is a line that transfers STE to the PNRS II Insitu and Task C testing area (see sheet M-1) for entire line, see new drawing C-2 
Drawing C-5: That is a potable water line with a hose bib for the testing area (see sheet M-1) 
Drawing C-6: Detail 5/C-2 should be Detail 5/M-1 
Drawing C-7: We have installed 5 piezometers so far to monitor groundwater flow direction, and it appears to be from NE to SW 
Drawing M-1: The line with small squares is a 6' chain link fence 
Drawing E-1: We will label existing lines 
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Page: 2
Number: 1 Author: RoederEX Subject: Note Date: 9/1/2009 11:52:42 AM 
Why is the dosing pipe wrapped in filter fabric?  How did this come about?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:03:44 AM 
This is from the existing mound system design details. Ask your local health department representative
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Page: 3
Number: 1 Author: UrsinEL Subject: Note Date: 9/1/2009 11:57:14 AM 
The Detail box #5 listed on C-6 is not shown on this plan.

Author: jedeback Subject: Sticky Note Date: 9/2/2009 1:45:00 PM 
Incorrect call-out on sheet C-6, should be referencing M-1 not C-2

Number: 2 Author: UrsinEL Subject: Note Date: 9/1/2009 11:57:27 AM 
How does the effluent get to Part 2 of the PNRS II Testing Area and the Part 3 Task C area?  I see that this is shown on M-1, but is there a way this could be shown here too?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:05:39 AM 
Yes, we can include on this sheet as well. See new sheet C-2
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Page: 4
Number: 1 Author: RoederEX Subject: Note Date: 9/1/2009 1:01:49 PM 
Where is the nitrification unit to make nitrified effluent mentioned in the QAPP?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:06:17 AM 
See new sheet C-5 which includes the nitrification unit

Number: 2 Author: RoederEX Subject: Note Date: 9/1/2009 1:07:23 PM 
where are the recirculation/flushing lines?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:06:38 AM 
Included on new sheets

Number: 3 Author: RoederEX Subject: Note Date: 9/1/2009 1:07:45 PM 
512' seems long compared to the 8' on the other side. 

What prompts this geometry of a narrow bed?  This would be typically fed by two drip lines.  Will this represent a bed or a trench?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:07:23 AM 
Now revised to 20' long beds.  New drawing includes two drip lines. 

Number: 4 Author: RoederEX Subject: Note Date: 9/1/2009 12:11:18 PM 
Does this represent three dosing pumps on top of each other?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:07:54 AM 
New drawings show individual pumps.

Number: 5 Author: RoederEX Subject: Note Date: 9/1/2009 12:12:07 PM 
This does not allow for independent testing of the effect of recycle.  There is not provision for recycling at all. 

The setup could easily be expanded to address the "magic" mix that is proposed for the in-situ testing

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:09:37 AM 
New drawing shows recycle set-up (see Section B sheet C-4) and two in-situ representations included (Detail 1 sheet C-3) UNSAT IS-1 and UNSAT IS-2.

Number: 6 Author: RoederEX Subject: Note Date: 9/1/2009 12:07:45 PM 
What is the proposed residence time in this dosing tank?  Will there be any food left?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:10:07 AM 
Will be sized for at the most 2-3 days of storage
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Page: 5
Number: 1 Author: RoederEX Subject: Note Date: 9/1/2009 12:57:39 PM 
draft QAPP proposed 15 variations (without duplicates and controls), the drawings show only 9.  Where are the rest? 
 
What will you use, in the absence of duplicate columns, to assess variability between columns.

Author: jedeback Subject: Sticky Note Date: 9/4/2009 12:07:14 PM 
We have included 2 columns to mimic the Insitu testing and have eliminated 6 of stage 2 filters.  The QAPP is being revised to reflect this. Currently designed to include 
(11) Stage 1 filter (2 being In-situ mix representations); (5) Stage 2 single pass; (4) Stage 2 with recirculation  

Number: 2 Author: UrsinEL Subject: Note Date: 8/26/2009 4:35:37 PM 
Address how Section C will be contained, or how effluent will comply with additives rule, etc.

Author: jedeback Subject: Sticky Note Date: 9/4/2009 12:07:26 PM 
The sulfate that will result from the electron donor media in the engineered layer of the drainfield will be monitored, but we do not feel that the small scale of this research
study should require consideration of the additives rule.  

Number: 3 Author: RoederEX Subject: Note Date: 9/1/2009 12:56:03 PM 
What are the specifications on this dome shaped geometry?

Author: jedeback Subject: Sticky Note Date: 9/2/2009 2:02:07 PM 
This was just a representative drawing.  They will be designed at a 2:1 slope.

Number: 4 Author: RoederEX Subject: Note Date: 9/1/2009 12:18:52 PM 
What are the specified thicknesses and distances from water table?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:12:37 AM 
Shown on new drawing, see section D, sheet C-4

Number: 5 Author: RoederEX Subject: Note Date: 9/1/2009 12:59:26 PM 
are these columns going to be circular?  What diameter?

Author: jedeback Subject: Sticky Note Date: 9/2/2009 2:03:42 PM 
Current design is 30" circular tanks
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Page: 6
Number: 1 Author: UrsinEL Subject: Note Date: 8/26/2009 4:36:21 PM 
Should we see where the monitoring wells will be installed?  

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:13:20 AM 
This will be addressed in the Task C QAPP

Number: 2 Author: RoederEX Subject: Note Date: 9/1/2009 12:55:51 PM 
This is a 2x2 experimental design with no duplication.  Could you check with Colorado School of Mines how they set up the drip testing.  I recall that it had elements of 
duplication in it. 
This approach is going to evaluate drip against what kind of trench material? 
 
Monitoring equipment is missing! 

Author: jedeback Subject: Sticky Note Date: 9/4/2009 12:07:56 PM 
Yes, in a way it is a 2x2 experimental design with no duplication.  This will be addressed in the Task C QAPP. The approach will evaluate drip against gravel trench 
material.

Number: 3 Author: RoederEX Subject: Note Date: 9/1/2009 12:21:58 PM 
What is proposed as nitrification unit?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:15:10 AM 
First company to donate one will be the one used
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Page: 7
Number: 1 Author: UrsinEL Subject: Note Date: 8/26/2009 4:37:42 PM 
Only proposing to mess with dosing lines AFTER they leave the tank, right?  There is no proposal to put extra holes in the tank, right?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:15:24 AM 
Correct

Number: 2 Author: RoederEX Subject: Note Date: 9/1/2009 12:35:42 PM 
So, the experiment will be fed by one of the existing pumps, so you have a design flow of about 1400 gpd to work with.  You need about 30-300 gpd (depending on the diameter 
of the experimental cells) for the PNRSII columns. 
 
How will you decide how much to bleed off to the existing drainfield?  It looks like you just have some valves to adjust. 

How big will the new dosing tank be?

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:16:24 AM 
Yes, valves will be used to adjust.  Approximately 2-3 days of storage.
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Page: 8
Number: 1 Author: UrsinEL Subject: Note Date: 8/26/2009 4:36:35 PM 
Should we see where the monitoring wells will be installed?  

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:16:52 AM 
This will be addressed in the Task C QAPP

Number: 2 Author: RoederEX Subject: Note Date: 9/1/2009 12:53:46 PM 
Looks like one more reason to set this up differently is to allow a better tie-in with task C. 

Soil and Groundwater monitoring is not addressed in these drawings 

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:17:39 AM 
New drawings show these rearranged so that we could better tie in Task C.
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Page: 9
Number: 1 Author: RoederEX Subject: Note Date: 9/1/2009 12:45:37 PM 
This is the sixth tank that sewage has to pass through.  What will it's characteristics be? 
 
An alternative could be to insert several pumps into one dosing tank, so you would have to sample only that one.

Author: jedeback Subject: Sticky Note Date: 9/2/2009 2:07:39 PM 
This tank has been removed 

Number: 2 Author: RoederEX Subject: Note Date: 9/1/2009 12:42:54 PM 
is this a check valve?  Is the effluent collector still high enough for gravity flow? 

Author: jedeback Subject: Sticky Note Date: 9/4/2009 11:17:52 AM 
Revised in new drawings
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Section 1.0 
Introduction 

1.1 Project Background 
As a result of the widespread impacts of nitrogen on groundwater and surface waters in 
Florida, the management of nitrogen sources, including onsite sewage treatment and 
disposal systems (OSTDS), is of paramount concern for the protection of the environ-
ment. As part of Task C of the Florida Onsite Sewage Nitrogen Reduction Strategies 
(FOSNRS) Study, a review of available research related to the fate and transport of ni-
trogen is being developed. The primary objectives of this review are to: 

● Assess the current available information on nitrogen treatment in soils and the ef-
fects to the receiving groundwater; 

● Develop a searchable database of available literature concerning nitrogen 
groundwater contamination and OSTDS; 

● Assist in the conceptual understanding of the fate and transport processes that 
influence distribution of nitrogen in groundwater; and 

● Guide future field evaluation efforts and provide additional information to the de-
velopment of a modeling tool for simulation of nitrogen in groundwater (Task D). 

The following presents a literature review to assess the current state-of-knowledge re-
garding the fate and transport of nitrogen and its movement and distribution in ground-
water related to OSTDS. The review will identify existing studies and reports that ex-
amine the influence of OSTDS-derived nitrogen inputs, the transformative processes 
that impact nitrate distribution, and the key factors that result in a significant effect to 
groundwater quality from OSTDSs. As part of the literature review, a database of the 
references was developed in conjunction with this summary report. This database (see 
separate Excel file “Nitrogen Soil-GW Studies”) includes a summary table of the relevant 
features and parameters of each modeling study. As a result of the large number of 
identified sources, some studies that were deemed as not valuable to this effort and are 
mentioned in this report, but are not described in detail and the reader is directed to the 
database for further information. 
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1.2 Nitrogen in Ground Water; Conceptual Considerations 
Nitrogen is an important concern for water quality and nitrates represent perhaps the 
most common groundwater pollutant. Animals, crops, ecosystems, and human health 
can be adversely impacted by the presence of nitrogen in water supplies. Of these con-
cerns, nitrate impacts to human health have been a primary consideration. The con-
sumption of nitrates has been linked to various illnesses, including cyanosis in infants 
and some forms of cancer. As a result, in the United States, a maximum allowable ni-
trate concentration of 10 mg/L as N has been established as protective of human health 
(Canter, 1996). Other agencies around the world have also established such standards 
for nitrates in groundwater. 

Also of concern are the environmental effects on groundwater and surface water that 
can result from nitrogen impacts. The degradation of groundwater quality can ultimately 
lead to the degradation of surface waters in watershed systems that have strong 
groundwater/surface water interactions. Nitrogen that enters surface water bodies via 
these interactions can lead to algal blooms and eutrophication. These processes lead to 
oxygen depletion in surface waters which can be harmful to natural aquatic life. In Flori-
da, the protection of watersheds, in particular surface water bodies, has led to the legis-
lation of protection of these areas (i.e., the Wekiva River Protection Act). 

A survey of community service wells and private domestic wells performed by the U.S. 
Environmental Protection Agency (EPA) indicated that over half of these water supply 
wells contained detectable levels of nitrate (Canter, 1996). The sources of this contami-
nation are various, and include agricultural and domestic fertilizer applications, natural 
sources, wastewater treatment applications, and the use of OSTDS. The last category is 
often of concern, as nearly 25% of the population in the U.S. and 30% of all new devel-
opment utilize OSTDS (Lowe et al., 2007). In Florida, nearly a third of all house-holds 
are serviced by OSTDS and 92% of water supplies come from groundwater (Briggs et 
al., 2007; Lowe et al., 2007). 

Due to the unique features of the geology and hydrogeology, the groundwater systems 
and ultimately ecological systems and human health may be adversely impacted by ni-
trogen contamination of groundwater. The geology in Florida is characterized by the 
presence of sinkholes and fractures that develop in the karst limestone prevalent in 
many areas (Briggs, Roeder et al., 2007). These features tend to act as preferential 
flowpaths that can contribute to widespread groundwater contamination and potentially 
can impact protected surface waters. 

Nitrogen transport in the subsurface is a complex process, especially when considering 
the nitrogen inputs from OSTDS. Meeting the objectives of the FOSNRS project there-
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fore requires the development of a conceptual understanding that includes the relevant 
fate and transport processes, parameters, and simulation approaches that will appro-
priately achieve the goals of the project. Figure 1-1 summarizes the conceptual under-
standing of the inputs of nitrogen and the transformative and advective processes that 
lead to nitrogen contamination of groundwater. The FOSNRS project should result in 
tools that will consist of the adequate level of complexity to represent these processes to 
accurately simulate the fate and transport of nitrogen species. 

Proper OSTDS design, installation, operation, and management are essential to ensure 
protection of the water quality and the public served by that water source. Assuming 
soils and site conditions are judged suitable, a wide variety of OSTDS are designed and 
installed (U.S. EPA, 1997, 2002; Crites and Tchobanoglous, 1998; Siegrist, 2001). Con-
ventional OSTDS rely on septic tanks for the primary digestion of raw wastewater fol-
lowed by discharge of septic tank effluent (STE) to the subsurface soils for eventual re-
charge to underlying groundwater (Crites and Tchobanoglous, 1998; Metcalf and Eddy, 
1991; U.S. EPA, 2002). However, increasing uses of alternative OSTDS rely on addi-
tional treatment of the STE prior to discharge to the environment in sensitive areas (e.g., 
aerobic filter) or in some designs may eliminate use of a septic tank altogether (e.g., 
membrane bioreactor). 

Conventional septic tanks are anaerobic and have long solids retention times (e.g., 
years) that can enable digestion resulting in a reduction of sludge volume (40%), bio-
chemical oxygen demand (60%), suspended solids (70%) and conversion of much of the 
organic nitrogen to ammonium (Reneau et al., 2001). Septic tanks are also important as 
they attenuate instantaneous peak flows from the dwelling unit or establishment. The 
effluent discharged from the septic tank (i.e., septic tank effluent or STE) then flows to 
subsequent treatment (e.g., aerobic treatment unit) or directly to the soil treatment unit 
where the processes of soil adsorption, filtration, and transformation (biological and 
chemical) occur. 
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Figure 1-1: Nitrogen Processes Occurring in a Typical OSTDS 
(adapted from Heatwole and McCray, 2007) 

Nitrogen waste products are a considerable component of septic tank effluent. Total ni-
trogen, composed primarily of organic nitrogen products and ammonium-nitrogen, is typ-
ically assumed to range between 20-190 mg-N/L in untreated waste water, and 26-125 
mg-N/L in STE (Canter, 1996; Crites and Tchobanoglous, 1998; Lowe et al., 2009). Fur-
thermore, in a recent study that evaluated the composition of raw wastewater and STE, 
the median total nitrogen concentration in STE specific to Florida was determined to be 
65 mg-N/L (average = 61 mg-N/L) (Lowe et al., 2009). In terms of mass loading to the 
subsurface, the median loading rate was determined to be 10 g-N/capita/d (average = 
13.3 g-N/capita/d) (Lowe et al., 2009). McCray et al. (2005) suggested that an average 
subdivision can generate up to 2880 kg/km2 annually. While this value is significantly 
higher than estimates of naturally generated deposition (600-1,200 kg/km2 annually), it is 
much lower than the loading that results from fertilizer application (10,000-20,000 kg/km2 
annually). Nonetheless, OSTDS should be considered a potential contributor to ground-
water nitrogen concentrations. 

Drinking Water Well 

Groundwater 
Table 
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The first stages of nitrogen transformation related to OSTDS occur in the septic tank. 
Organic nitrogen is mineralized to the inorganic form (ammonia) via the process of am-
monification, followed by volatilization to ammonium ions. 

 ( ) −+ +→+ OHNHOHaqNH 423      (equation 1) 

Once the liquid portion of the wastewater enters the drainfield through the subsurface 
infiltration system, nitrogen species (specifically ammonium and nitrate) are further 
transformed in the soil by nitrification and denitrification. Nitrification is a two step 
process by which ammonium is converted first to nitrite than to nitrate via biological oxi-
dation. 

 −−+ →+→+ 32224 NOONOONH      (equation 2) 

Although a two step process, it can be assumed to be a one step process since the con-
version of nitrite to nitrate is relatively rapid. Nitrification is either described as a zero-
order or first-order reaction or via Monod kinetics. This particular reaction is of impor-
tance, as it represents the transformation from the relatively immobile nitrogen form 
(ammonium) to the highly mobile form (nitrate). Most studies of OSTDS with suitable un-
saturated soil have indicated that little ammonium reaches the underlying groundwater 
and that most impacts to groundwater from nitrogen are in the nitrate form. Nitrate be-
haves essentially as a conservative solute, with virtually no sorption or retardation 
processes affecting its movement in the aquifer. It is, however, subject to transformative 
processes. 

Denitrification is the transformation of nitrate to N2 gas. 

 OHNCOHNOOCH 22232 72544)(5 ++→++ +      (equation 3) 

Denitrification occurs in oxygen-free conditions, and is therefore seen in anoxic zones in 
the soil and groundwater. This reaction is typically described as first-order. However, ni-
trogen transformations are probably best modeled using Monod kinetics, which result in 
zero-order rate constants for concentrations typical of nitrate-impacted groundwater. The 
process, while studied extensively, is not well understood or well quantified. 

Understanding denitrification in the saturated zone, while receiving much less focus in 
the literature, is nonetheless a potentially valuable topic. Korom (1982) provides a tho-
rough review of denitrification in the saturated zone. Although not specific to OSTDS im-
pacts, aquifer denitrification can naturally reduce nitrate concentrations, and can be po-
tentially enhanced via the addition of in situ amendments such as sucrose or methanol. 
This review goes on to include data and estimated denitrification rates found in both la-
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boratory and field studies. In order to assess the contribution denitrification makes to ni-
trate reductions, researchers will often use the ratio of non-reactive solute (typically chlo-
ride) to nitrate along the plume flowpath. Any relative reduction in nitrate can be attri-
buted to denitrification, since a reduction due to mixing with ambient groundwater would 
not change the ratio. Depending on the aquifer conditions, previous studies concerning 
the reduction of nitrate concentrations specifically from OSTDS identify denitrification 
rates as relatively small, and that most reductions occur as a result of mixing with am-
bient groundwater (see Reneau et al., 1989). A small number of studies however indi-
cate that denitrification may be the dominant process, perhaps characterizing aquifers 
with low groundwater flux (see Hantzche and Finnemore, 1992). 
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Section 2.0 
Literature Review 

The following presents a summary of available research related to the treatment of nitro-
gen in soils and the subsequent fate and transport of nitrogen in groundwater. 

2.1 OSTDS Performance – Laboratory and Field Studies 
A number of studies have looked at the performance of either experimental or conven-
tional OSTDS in terms of the treatment of nitrogen wastes depends on the effluent quali-
ty dispersed into the environment and subsequent soil treatment, both of which have a 
significant influence on the resulting impacts to groundwater. These types of studies are 
valuable in that they can indicate which factors influence the transformative processes 
and how various loading rates, soil types, and geochemical parameters may lead to ex-
cessive nitrogen concentrations. Furthermore, these studies suggest ways of improving 
the performance of older or failing OSTDS. A large body of research has been dedicated 
to this topic and is important for assessing nitrogen in groundwater; however, a full dis-
cussion on this topic is beyond the scope of this review, and therefore only a few rele-
vant studies are indicated below. 

An in-depth review of the fate and transport of contaminants from on-site systems is pro-
vided by Reneau et al. (1989). This study considers multiple factors, including soil type, 
loading rates, effluent quality, and carbon content. In this review the author describes the 
important mechanisms related to OSTDS performance. Firstly, he describes the impor-
tance of conditions conducive to nitrification, namely coarse-textured soils in which 
aerobic conditions are dominant. This is even true in fine-grained clay soils as long as 
unsaturated conditions are present. Denitrification in soils utilized for OSTDS is expected 
to be minimal except in anaerobic microsites. However, soils that are influenced by fluc-
tuating water tables in which saturated conditions can occur will see increases in denitri-
fication rates. For groundwater, sites which are ideal for OSTDS are often the most vul-
nerable to nitrate impacts, since they are often well drained soils with limited capacity for 
denitrification. In this case, often the most important mechanism for nitrate reduction is 
dilution by ambient groundwater. 

Cogger and Carlile (1984) looked at the performance of 15 conventional and alternative 
OSTDSs to determine their performance in soils with high water tables in North Carolina. 
The alternative methods included low-pressure pipe systems, soil replacement systems, 
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and pressure-dosed mounds. At the study site, shallow groundwater wells were installed 
around the systems and monitored monthly for nitrogen species. The study found in 
general that nitrogen species concentrations were markedly influenced by seasonal var-
iations in the water table, although some systems experienced continuous saturation. 
Those systems that were continually saturated had the poorest performance, as well as 
those with the heaviest effluent loadings. Additionally, transport of nitrogen products was 
facilitated by those systems located in areas with high gradients and continuous soil sa-
turation. The low-pressure pipe systems, designed to distribute the effluent of the entire 
adsorption field and provide occasional dosing rest periods, performed the best in spite 
of any level of saturation from the water table. The mound system did not perform well, 
however the authors indicate the pumps feeding the system were not operating correctly 
and the dosing recommendations were being exceeded. The soil replacement systems 
showed no improved performance over the conventional systems. 

Similarly, Costa (2002) conducted a series of experiments comparing the nitrogen re-
moval capabilities of a conventional system, two proprietary nitrogen removal systems 
(the Waterloo Biofilter and the MicroFAST Model), and a recirculating sand filter (RSF) 
system. “Nitrogen losses” are described as reduction in nitrogen from the septic tank ef-
fluent to the groundwater. Measurements were conducted over an 18 month period. Re-
sults indicate that the conventional system removed 21-25%, the Waterloo 60%, the Mi-
croFAST removed 55%, and the RSF removed 41%. 

Cogger et al. (1988) examined the performance of an OSTDS on a coastal barrier isl-
and. The study considered loading rate and water table as the primarily influences on 
OSTDS performance. Two absorption fields were constructed and sampled biweekly for 
a period of 18 months. Three loading rates (one, four, and six cm/day) were applied in a 
random fashion. Loading rate was identified as significant. Additionally, periods with a 
high water table in the early part of the year resulted in anaerobic conditions which inhi-
bited nitrification. Redox conditions were generally considered low. However, in drier 
conditions, aerobic conditions dominated and more nitrification resulted with correspond-
ing increases in redox parameters. The authors concluded that although loading was a 
factor, the fluctuations in the water table were more influential in determining the rates of 
transformation. 

Various loading rates were applied and the resulting leaching of nitrogen compounds in 
an OSTDS were measured (Uebler, 1984). Loading rates of 7.5, 11.3 and 15 L m-2 d-1 
were tested. Additionally, soil amendments (cement and lime) were also part of the ex-
periment. Transformation of ammonium to nitrate was enhanced by the soil amend-
ments, particularly the cement amendment when water levels were higher. Interestingly, 
the nitrate concentrations were highest with the lowest loading rate, particularly during 
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high water table conditions. This observation suggests that water table level influences 
the production of nitrate more than the loading rate. 

Lowe and Seigrist (2008) describe a pilot-scale study to evaluate the effects of infiltrative 
surface architectures (ISA) and hydraulic loading rates (HLR) on soil treatment of septic 
tank effluent. A test site was established in Golden, Colorado with three different ISAs 
(open, stone, and synthetic) and with two different HLRs (four and eight cm/day). Moni-
toring was done over a two-year period to evaluate the infiltration capacity and purifica-
tion performance of the different conditions. Results indicate improved infiltration using 
the higher HLR and using the open ISA. The higher HLR resulted in increased nitrogen 
mass removal (42%) compared to the lower HLR. No significant difference was reported 
for the different ISAs. The data suggests that improved purification can be achieved by 
applying higher HLRs to a portion of the soil treatment area rather than a low HLR over 
the entire area. 

In another study, Lowe et al. (2007 and 2008) describes a large field-scale study ex-
amining the soil treatment performance receiving three different effluent qualities: septic 
tank effluent, textile filter unit effluent and membrane bioreactor effluent. The different 
units were operated over a period of 16 to 28 months, with water quality monitoring for 
different parameters including nitrogen. Results showed an improved performance for 
both the MBR and TFU over the conventional septic tank, with a 30% and 61% nitrogen 
removal rate for the TFU and MBR, respectively (compared to the conventional septic 
tank only). The systems including a textile filter or membrane bioreactor, generally per-
formed better with respect to nitrogen removal and were less affected by hydraulic load-
ing rate than the system comprised of only a septic tank and soil treatment.  

2.2 Vadose Zone Processes and Impacts to Groundwater 
Soil treatment of nitrogen from OSTDS in the vadose zone can also have a significant 
influence on the resulting nitrogen concentrations in the aquifer. The transformations and 
reactions of sorption, nitrification, and denitrification described earlier are present in this 
zone. Nitrogen that is present as ammonium is subject to adsorption to negatively 
charged soil particles, plant uptake, or microbial bioaccumulation. Nitrate, on the other 
hand, is mobile in the vadose zone but can be subject to denitrification. It is therefore 
important to quantify the vadose zone processes to assess nitrogen attenuation prior to 
entering the saturated zone. 

Otis (2007) estimated the nitrogen loadings to groundwater from OWTS located within 
the Wekiva Study Area.  Because most literature data lacked accurate wastewater flow 
data, mass loadings could not be determined from existing data and a range of percent 
removals were estimated based on the factors that affect biological denitrification (soil 
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drainage, depth to water table, and organic soil matter content).  While the study did not 
address nitrogen in groundwater, it did provide conservative estimates for nitrogen re-
moval for soil types specific to the Wekiva Study Area. In another study conducted by 
the project team members, a summary of the available literature related to nitrogen at-
tenuation in the soil treatment unit (STU) was done to identify the parameters that influ-
enced transformations and reactions (McCray, et al., 2008). Data from available litera-
ture was collected and tabulated for nitrogen concentration vs. depth, vadose zone cha-
racteristics, and soil type. Additional data was collected considering wastewater type, 
hydraulic loading rates, and source type characterization. Data analysis was performed 
to indicate the correlation between nitrogen attenuation and the various parameters. Ini-
tial analysis indicated no significant relationship existed between expected nitrogen con-
centrations and depth, soil type, or HLR. A more in-depth analysis found that the data 
variability was most related to HLR, suggesting that this parameter may be more influen-
tial than soil type when considering nitrogen attenuation. However, the study also indi-
cates that different soil types will have different hydraulic properties and this can influ-
ence nitrogen attenuation. 

Ammonium that is not immobilized can be converted to nitrate via nitrification. This form 
of nitrogen, as mentioned before, is highly mobile and can impact aquifers under 
OSTDS. Within the vadose zone, the pathway of nitrate reduction is denitrification. In the 
vadose zone, denitrification is the dominant process affecting nitrate concentrations be-
low the absorption field (Wilhelm, Schiff et al., 1998) and is therefore a key process in 
estimating the resultant nitrate loading to the aquifer. A body of research has been in-
volved with understanding and quantifying denitrification in the vadose zone. 

Ritter and Eastburn (1988) provide a summary of available literature related to denitrifi-
cation and OSTDS. Based on their review of available literature, several factors which 
may influence nitrogen attenuation are: 

● adequate supply of a carbon source; 

● infiltrative surface biozones (the biozone has been shown to improve denitrifica-
tion); 

● OSTDS with high water tables (potentially insignificant dentrification due to lack 
of conditions conducive to nitrification); 

● dosing (likely to improve denitrification); and 

● recirculating sand filters (and other aerobic treatment units may improve denitrifi-
cation). 
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Degen (1991) conducted a study that considered multiple factors that could potentially 
influence denitrification processes including effluent loading rates, effluent type, dosing 
rates, and temperature. This study included both experiments on soil cores in the labora-
tory and field sampling and measurements on sites in Virginia. The predominant soil 
types consisted mainly of silt loams collected in Blacksburg, Virginia. Soil cores collected 
for the laboratory experiments were subjected to a variety of effluent dosing rates and 
effluent types in order to quantify the response in a more controlled environment. The 
study attempted to quantify the denitrification via a number of methods, including ni-
trate/chloride ratios, soil chemical analyses, and microbial activity analyses. Field studies 
used similar analyses. Additionally, an attempt was made to model the expected denitri-
fication in the field based on the lab results. The study made several key conclusions as 
follows: 

● Carbon content was the limiting factor for denitrification. 

● Applications every 48 hours (i.e., one dose every 48 hours) doubled the denitrifi-
cation rates compared to applications every 24 hours. 

● The model was not useful for predicting denitrification in the field, likely due to the 
more favorable anaerobic conditions present in the field study. 

Tucholke (2006) provides an analysis for relating denitrification rates in the vadose zone 
with soil type. The study consisted primarily of identifying studies that measured denitrifi-
cation rates and described the soil characteristics of the study site with the hypothesis 
that predictions of denitrification could be made based on soil type. While the data did 
not support the hypothesis, it did show that denitrification varied significantly with soil 
type. However, the study concluded that denitrification is a process dependent on many 
variables, such as organic carbon content, soil temperature, water content, and soil pH. 
This conclusion was verified by statistical analysis that demonstrated that data variability 
was dependent on the variability in the various parameters. 

One of the major research concerns with quantifying denitrification is the wide variation 
in measured rates in different studies. This issue makes correlation of site characteristics 
and denitrification difficult. Tucholke et al. (2007) provides a review discussing the varia-
bility seen in the literature. This variation is attributed to variations in measurement me-
thod and wide variations observed spatially and temporally in the field. For example, 
rates determined in the laboratory as compared to the field varied widely, as did rates 
determined by isotope analysis as compared to other methods. Also, site heterogenei-
ties in limiting factors such as water content and pH also impacted the rate determina-
tion. 
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Nitrogen in the vadose zone that results from OSTDS is subject to various transforma-
tions and reactions which are dependent on numerous factors within the soil and from 
the source. Attenuation of nitrogen is accomplished via sorption, plant uptake, bioaccu-
mulation, or conversion of nitrate to nitrogen gas (denitrification). No single dominant 
process or parameter can be identified; rather, an interconnected complex of factors will 
ultimately influence the nitrogen attenuation. Due to the complexity of the issue, more 
research is required in the future to relate all of the processes and variables to observed 
changes in nitrogen concentration from the source to the groundwater. 

2.3 Land Planning and OSTDS Density 
While a large number of studies consider lot size or OSTDS density to be important fac-
tors, two studies were identified that examined these as primary characteristics for esti-
mating potential groundwater impacts from OSTDS. Ultimately consideration of lot size 
or septic tank density will play a key role in land planning and developments considering 
OSTDS as the primary method of wastewater disposal. 

A method of determining lot size and density related to land development in Pennsylva-
nia was developed by Taylor that assumes the reduction of nitrate is primarily via 
groundwater dilution (Taylor, 2003). The author reiterates the discussion of whether or 
not denitrification is a significant process in groundwater, and ultimately concludes that 
land planning must consider dilution as the primary factor in nitrate reduction, since this 
approach is both conservative and simple. Also, the author indicates denitrification is a 
poorly understood process and should not be relied on for nitrate reductions. 

Similarly, Yates concludes in her study of OSTDS distribution in various watersheds in 
the United States that the most important factor in limiting OSTDS impacts is restricting 
system density (Yates, 1985). The author looks at nitrate impacted areas in New Mexico, 
Colorado, New York, Massachusetts, Delaware, and North Carolina. The study cites 
other research in these areas that quantifies the number of septic tanks in a particular 
watershed and the level of nitrate impacts. However, little quantitative analysis is pro-
vided and no significant conclusions that specify lot size or density of septic tanks and 
how that relates to high nitrate concentrations in groundwater are given. 

2.4 Groundwater Denitrification 
An important component of the nitrogen cycle in the subsurface is denitrification in 
groundwater. This reaction, as described earlier, is essentially the conversion of nitrate 
to nitrogen gas. This transformative process is of particular importance when considering 
the reduction of impacts from OSTDS, since this is the primary pathway of nitrate reduc-
tion other than dilution by ambient groundwater. Most research on this topic has been 
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focused on the nitrate impacts from agricultural activities or aquifer impacts that are not 
attributed to a specific source; therefore limited research directly related to OSTDS has 
been identified. However the body of research available is nonetheless valuable as the 
factors influencing denitrification are not exclusive to agricultural subsurface environ-
ments and can be applied when considering reductions related to OSTDS impacts. Dur-
ing this review, 47 references related to denitrification in groundwater were identified. 
The following summarizes natural denitrification in groundwater and provides an exami-
nation of the rates and processes described in deep and shallow aquifers and in riparian 
(streambed) environments. Additionally, the key factors identified as the most influential 
on the denitrification process are described. 

In the literature review, studies by Hiscock et al. (1991), Korom (1992), Hill (1996), and 
Rivett et al. (2008) were reviews and discussions of the state-of-knowledge of the deni-
trification process in saturated subsurface environments. Hiscock et al. (1991) reviewed 
not only natural processes, but provided additional information on the progress of me-
thods intended to enhance the denitrification process in situ. Korom (1992) provided a 
background of the denitrification process, a historical perspective on denitrification re-
search, published rates of denitrification in the field and laboratory, and made recom-
mendations for further research. The review done by Hill (1996) looked at the process of 
denitrification in the riparian zones of the stream/groundwater interface. Rivett et al. 
(2008) looked primarily at the biogeochemical factors and processes related to denitrifi-
cation. This study was mainly focused on the limiting factors such as electron donor 
availability and attempts to identify the influence of chemical and physical factors. Since 
the organization and material presented in these four papers is generally similar, a 
summary of their findings is provided below to give a summary of the current under-
standing of the denitrification process. 

Denitrification is generally accepted as the most significant pathway to nitrate attenua-
tion in groundwater (Rivett et al., 2008; Korom, 1992). This process requires four key 
components for denitrification to occur (from Korom, 1992): 

● N oxides (N2O, NO3
-, NO2

-  NO) as terminal electron acceptors; 

● Bacteria with the appropriate metabolic capacity; 

● Suitable electron donors; and 

● Anaerobic conditions. 

In general, the species of bacteria are fairly common in a variety of aquifer environments 
(Rivett et al., 2008). They can be found in shallow aquifers and at great depths. Bacterial 
species capable of denitrification have been found in clayey sands to 489 meters as well 
as deep limestone and granite aquifers. These bacteria either derive their energy 
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through the oxidation of organic carbon or certain inorganic compounds. This distinction 
leads to the classification of the denitrification pathways available described below. 

Depending on the electron donor used by the bacteria, denitrification can be classified 
as either heterotrophic or autotrophic. Heterotrophic denitrification utilizes organic car-
bon as an electron donor, whereas autotrophic denitrification utilizes reduced inorganic 
compounds such as sulfate or ferrous iron (Korom, 1992). Furthermore, autotrophic 
processes can follow heterotrophic processes in aquifers with both types of electron do-
nors present when concentrations of nitrate become limited. Most researchers identified 
by Korom indicate the presence of either heterotrophic or autotrophic denitrification oc-
curring but not both; however, most aquifers have both types of electron donors present. 
The review by Hiscock et al. (1991) also describes studies that identify the pathway of 
denitrification based on electron donors, but not in great detail.  

Rivett et al. (2008) provides additional detail when considering the heterotrophic path-
way to denitrification in terms of limiting factors. Their review indicates that in the case of 
the heterotrophic pathway, the rate of denitrification is most limited by the concentration 
of dissolved organic carbon in the pore water. Reseach indicates that the distinction be-
tween DOC and the total fraction of organic carbon (foc) or organic carbon present in 
soils is important based on bioavailability; soil organic carbon is generally not available 
to the microbial species that facilitate denitrification. Furthermore, studies are identified 
that correlate the rate of denitrification to the concentration of DOC in a given aquifer 
and since most aquifers have relatively low DOC concentrations, it is therefore critical to 
the occurrence of denitrification. 

The review by Hill (1996) describing the denitrification process in riparian zones confirms 
the importance of organic carbon in the heterotrophic pathway. Organic carbon concen-
trations in these zones are typically high when compared to those found in aquifers and 
riparian zones often display complete reductions in nitrate. Also, Hiscock et al. (1991) 
describes methods, both above-ground and in situ, that attempt to enhance the denitrifi-
cation process by the addition of organic carbon, usually in the form of methanol, etha-
nol, or sucrose. In most cases, an improved rate of denitrification was observed in the 
studies cited. 

Temperature can also be an important factor. Hiscock et al. (1991) states that denitrifica-
tion decreases markedly below 5°C, and generally, a doubling of denitrification occurs 
with each 10°C increase in temperature, other factors being equal. The temperature 
range for denitrification identified by Rivett et al. (2008) is from 2 - 50°C, however, their 
review indicates that the optimum temperature for denitrification is between 25 and 
35°C. Thus, denitrification rates in Florida soils and groundwater should be higher than 
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in cooler regions, as temperatures are typically near the lower end of this optimum 
range. 

Rivett et al. (2008) indicate that the autotrophic process is less understood and Hiscock 
et al. (1996) describes autotrophic denitrification as “uncommon.” Both Rivett et al. 
(2008) and Korom (1992) cite studies that show that groundwater with high concentra-
tions of ferrous iron typically do not contain nitrate. They also cite references that de-
scribe denitrification via reduced sulfure and pyrite, as does the Hiscock et al. (1991) re-
view. As this process is not well understood, little detail describing how it proceeds and 
the limiting factors is provided, except to say that the desired endpoints may be less sta-
ble and the reaction can be pH dependent. Rivett et al. (2008) also indicates that using 
inorganic substrates from a remedial perspective may result in undesirable impacts to 
groundwater in terms of water hardness, corrosion to well materials and the formation of 
sulfate plumes. 

Rivett et al. (2008) also looks at the influence of a number of biogeochemical factors that 
may influence denitrification. Nutrients and micronutrients such as phosphorus, boron, 
copper, and zinc are all important to the growth of denitrifying bacteria. In general, most 
aquifers have adequate concentrations of these nutrients, but they may be lacking in 
certain oligotrophic aquifers. Denitrifying bacteria prefer a pH range between 5.5 and 8, 
but the influence of pH is typically site-specific due to adaptive behaviors of the bacteria. 
Salinity, toxic substances, and small pore space that prevent the development of bac-
terial colonies are all identified as factors that may limit, but not prevent, denitrification. 
Based on the review, while these factors may influence the rate of denitrification but are 
not considered limiting factors as to whether denitrification occurs. 

The review by Rivett et al. (2008) and Korom (1992) also describe an alternative path-
way for nitrate in groundwater, dissimilatory nitrate reduction to ammonium (DNRA). In 
this case, it has been theorized in systems where nitrate supplies to the bacteria are li-
miting; however, this pathway is less common, mainly because the bacteria that facilitate 
this process cannot occupy as much substrate as those that facilitate denitrification. 
Though not common in the literature, some studies have identified DNRA process in 
aquifers. The main concern would be the cycling of ammonium back to nitrate in cases 
with a fluctuating water table that result in aerobic and anaerobic conditions. 

Beyond the general review of research that these studies provide are research projects 
that collect field data from aquifers in an effort to characterize the nitrate reduction 
processes, if any exist. The descriptions of the studies represent a diverse collection of 
research in terms of site characteristics, aquifer type, and methods of determining 
whether or not denitrification is occurring. The value of the following material lies in this 
diversity of research as the material presented gives insight into how denitrification 
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works in a variety of aquifer materials and which factors present in these materials may 
influence the reduction of nitrate. 

Numerous studies considered the reduction of nitrate in shallow or unconfined aquifers, 
a relevant environment when considering the nitrate impacts that result from OSTDS. As 
stated earlier, a majority of the studies are field-scale studies that consider agricultural 
environments, but the processes and components that influence the denitrification reac-
tion can be applied to nitrate plumes that result from OSTDS. The benefit is a developed 
understanding of the subsurface conditions that most influence the denitrification reac-
tion and therefore source composition and orientation does not need to be considered. 
In fact, Anderson (1998) reviewed denitrification rates from some of the studies de-
scribed here and identified the relevant factors for denitrification. Furthermore, the study 
then applied a statistically-generated regression to apply the rates to denitrificaiton re-
lated to an OSTDS site in Florida. Based on mass-balance calculations, the regression-
derived rate indicated successfully that the nitrate reduction in this system was due to 
denitrification.  

Over 20 studies were found during the review of the literature. Many of the studies are 
similar in their methodology and conclusions so a complete summary of each study is 
not warranted. Also, several studies looked to measure nitrate attenuation without con-
sideration of the key parameters or pathway. Therefore, the following summarizes the 
important findings of the studies and highlights those that are the most relevant.  

Many of the studies indicate heterotrophic denitrification as the dominant pathway in ni-
trate attenuation. This is likely due to the heterotrophic reaction being thermodynamically 
preferred. However, organic carbon concentration is often a limiting factor and in many 
cases natural levels of dissolved organic carbon are low. Bradley et al. (1992) show in 
their study of aquifer sediments collected in Tampa Bay, Florida that the levels of organ-
ic carbon limit the denitrification rate. They compared the natural in situ rates with those 
amended with organic carbon in the laboratory and found a significant difference in the 
results. Additionally, the heterotrophic pathway is strongly influenced by bioavailability of 
the organic carbon. In fact, many studies that indicate autotrophic reductions indicate 
that the carbon source present is not available to the bacteria in the aquifer. Siemens et 
al. (2003) describe an aquifer system that has relatively high concentrations of organic 
matter in the form of dissolved organic matter, but the matter is not spatially distributed 
to favor attenuation of nitrate and bioavailability is low.  

Although numerous studies describe heterotrophic denitrification as the more dominant 
pathway, a surprisingly large number of studies identify autotrophic denitrification as the 
nitrate reduction pathway. These include the studies done by Robertson et al. (1996), 
Postma et al. (1991), Kolle et al. (1985), Pauwels et al. (1998), and Boettcher et al. 
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(1991). Robertson et al. (1996) look at nitrate attenuation in aquitard sediments in 
southern Ontario, Canada. The spatial relationship between reduced nitrate concentra-
tions and a sulfur reservoir in the silty aquitard sediments suggest that sulfur is being 
used as the electron donor in this case. The authors conclude that similar silty or clayey 
materials, due to their relatively high concentrations of sulfur when compared to sur-
rounding aquifer sands, have high potential for autotrophic denitrification. Boettcher et al. 
(1991) similarly conclude that sulfur is the dominant electron donor in the Fuhrberger 
aquifer in Germany due to mass balance calculations that correlate reductions in nitrate 
to increases in sulfate concentrations. The preference towards autotrophic denitrification 
is attributed to the lack of bioavailability of organic carbon in this aquifer. 

Postma et al. (1991) look at denitrification in a sandy, unconfined aquifer in Denmark. 
Their findings indicate that pyrite is the dominant electron donor in spite of the fact that 
the aquifer has abundant amounts of organic carbon. While this observation seems con-
tradictory, in this case the source of the organic carbon is brown coal fragments, and 
given the short residence time of the groundwater, cannot contribute enough to provide 
adequate bioavailability to the bacterial populations. Pauwels et al. (1998) describe auto-
trophic nitrate attenuation also due to pyrite oxidation in an aquifer in France characte-
rized by silts, clays and sandstones with large amounts of pyrite. As with the previous 
study, the autotrophic reaction is favored; in this case, organic carbon concentrations are 
low and cannot contribute to nitrate reduction.  

Some studies considered the denitrification processes that occur in deep or confined 
aquifers. These aquifers are typically characterized by sandstones, claystones, or limes-
tones, and are typically fractured aquifer systems. Additionally, some systems in these 
studies consider the source of nitrate to be natural. Morris et al. (1988) examined deep 
coastal sediments in South Carolina to look for the occurrence of denitrification. Cores 
up to 185 meters in a silty and clay aquifer were sampled at discrete intervals, and sam-
ples were amended with 1 mM nitrate. Evidence of denitrification was seen at all the in-
tervals, however the highest rates were observed in the near-surface sediments. The 
researchers suggest the rate is limited by the concentration of nitrate; however, they did 
not sample sediments for organic carbon, but they describe carbon as a limiting factor. 

Two studies (Rivett et al., 2008; Wilson et al., 1990) looked for evidence of denitrification 
in limestone aquifers in England. The two studies result in contradictory evidence. Rivett 
et al. (2008), in taking a look at the hydrogeochemical conditions present in the major 
confined aquifers of England, have a pessimistic view of the potential for significant re-
ductions in nitrate concentrations from denitrification. Although the conditions are anoxic, 
the bioavailability of organic carbon and the small pore space which can restrict bacterial 
colony growth are not favorable for denitrification. However, Wilson et al. (1990) in col-
lecting aquifer data and comparing noble gas ratios, show evidence of significant denitri-
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fication in the Lincolnshire Limestone aquifer. As the objective of the study is to show 
evidence of denitrification, no data was collected concerning possible factors that could 
enhance or limit the nitrate reductions observed. The authors also do not indicate 
whether or not this observed reduction would have a significant impact on water quality. 
Both studies describe the need for further research in this aquifer types to determine de-
nitrification potential in deep, confined aquifers in England. 

Vogel et al. (1981) studied a deep confined sandstone aquifer in the Kalahari Desert. 
The nitrate in this groundwater system is from natural sources, but the study wanted to 
assess the rate of denitrification in such a system. Their findings, using noble gas ratios, 
indicate the denitrification rate is extremely slow and is essentially non-existent. This is 
attributed to the very low organic carbon content of the water. 

Studies were found that examine denitrification in riparian zones (also known as buffer 
zones) and the results indicate that these regions have high potential for reduction of 
nitrate concentrations. In many cases, this can be attributed to the high organic carbon 
content of streambed sediments. However, heterotrophic reduction pathways are not the 
exclusive pathway in riparian zones, as the literature review revealed. Rather, a combi-
nation of biogeochemical factors in these zones seems to contribute to the ability to at-
tenuate nitrate. Studies focused on this topic include Bohlke et al. (2002), Burt et al. 
(1999), Christensen et al. (1989), Devito et al. (2000), and Hill (1996). The study by Hill 
is a review of the current understanding of denitrification in these zones and is described 
earlier. Burt et al. (1999) studied the denitrification of riparian zones in England. Based 
on measurements of nitrogen gases that would be indicative of denitrification, the ripa-
rian zone showed very high potential for significant nitrate reductions, provided the water 
table adjacent to the buffer zone stayed adequately high to maintain anaerobic condi-
tions. Also, the authors note that the silts and clays with the highest potential for reduc-
tions were often bypassed as groundwater flowed through gravel lenses above and be-
low the lower permeability areas. Bohlke et al. (2002) conducted a similar study in a ripa-
rian zone on a stream in Minnesota. Nitrate concentrations were measured as well as 
other major groundwater chemistry parameters to determine the fate of agricultural ni-
trate contamination. Interestingly, the riparian zone in this case, which significantly re-
duced nitrate concentrations, was rich in pyrite and therefore the autotrophic pathway 
was favored. Organic carbon is present, but is in a form that is not biologically available. 
Christensen et al. (1989) conduct a study of denitrification in a riparian zone along three 
streams in Denmark. Significant reductions in nitrate were observed, however the au-
thors do not attribute this to any factor such as organic carbon or pyrite minerals present 
in the sediments. 

The researchers, as a result of the data collected in these studies, identify key factors in 
the process of denitrification which can be indicators of the occurrence of nitrate reduc-
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tion. Although a precise correlation may not be identified, the presence or absence of 
certain groundwater components in the appropriate concentrations can, in some cases, 
lead to complete reduction of nitrate. Among the key findings related to denitrification in 
groundwater are the following:   

● The primary limiting factor is most often related to the electron donor, whether it 
is organic carbon, ferrous iron, or sulfur compounds.  

● The heterotrophic pathway, though thermodynamically favorable, is considerably 
dependent on the bioavailability of the organic carbon. 

● It is important to consider both pathways of denitrification when assessing a par-
ticular aquifer as the conditions for both pathways may be present and may be 
active once a particular electron donor is depleted. 

● Although there are optimal pH levels and temperatures for denitrification, the 
range is relatively wide when considering most aquifers and therefore they are 
generally not limiting. Soil and groundwater temperatures in Florida, however, 
are near optimum for denitrification. Therefore, denitrification rates should be 
higher than in cooler regions, other factors being equal. 

● Certain limestone or sandstone environments are not favorable for the growth of 
bacterial colonies that can facilitate denitrification; however, given the typical 
aquifer environment common to OSTDS, this may not be relevant. 

The factors influencing the denitrification reaction are various, as are the resultant rates 
of reduction. Studies that calculated or measured denitrification rates report values that 
vary by several orders of magnitude. This variability is indicative of not only the hetero-
geneity of the aquifers studied, but the importance of the identified biogeochemical fac-
tors observed in the research. Denitrification can occur in a variety of aquifers and utilize 
different pathways to achieve significant reductions of nitrate in groundwater. This re-
sults in a potential dichotomy; on one side, the process of denitrification may be fairly 
ubiquitous in most aquifer settings. On the other side, determining if it is actually occur-
ring, at what rate, and what biogeochemical factors are driving the process may be diffi-
cult. Nonetheless, based on the literature review, a number of suggestions can guide 
sampling and assessment of natural denitrification in groundwater: 

● Groundwater sampling directed at determining denitrification parameters can be 
focused on measurements of nitrate concentrations, denitrification end products, 
dissolved organic carbon, ferrous iron, pyrite minerals, and sulfur compounds. 
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● Groffman et al. (2006) describe several methods for the direct measurement of 
denitrification in situ. These methods should warrant further investigation and 
possibly lead to actual implementation in the field. 

● Measurement of denitrification rates should be done in the context of other trans-
port parameters. Smith et al. (2004) indicate that although the aquifer in their 
study had measurable rates of denitrification, these rates could not attenuate ni-
trate enough to overcome the transport rate and a large nitrate plume still re-
sulted.  

2.5 Groundwater Monitoring Studies and Reports 
A relatively large number of studies and reports were found that considered nitrate dis-
tribution, plume delineation, and estimates of the source contribution of OSTDS. Gener-
ally these are characterized by various levels of groundwater sampling, and usually 
some effort to make conclusions as to the nature of the nitrogen impacts based on the 
results of the sampling. In some cases the studies or reports are quite simple, consider-
ing only nitrate concentrations. Others are highly detailed, considering not only nitrogen 
species concentrations, but a variety of hydraulic and geochemical parameters. Typically 
the more complex studies draw more conclusions as to the transport and transformative 
processes at work at the various sites. However, this level of complexity does not always 
correspond with superior results; in some cases, the simple study addresses the objec-
tives and can make some significant conclusions related to nitrogen impacts. 

A study in Helena, Montana, examined the change in groundwater nitrate distribution as 
correlated with the increase in population in the area (Drake and Bauder, 2005). The 
study indicates a potential relationship between the increase in observed nitrate concen-
trations and the increased use of OSTDS between 1971 and 2003. The study compiled 
data for aquifer nitrate concentrations from 10 publicly funded investigations in the de-
fined time period. From this data, trend analysis with statistical significance methods was 
applied to identify any trend between the increasing population and nitrate concentration 
trends. Additionally, the data was plotted geographically for spatial trend analysis. The 
area surrounding Helena experienced a 17% increase in population and a 68% increase 
in septic tank use in the decade between 1990 and 2000. The statistical analysis con-
firmed a correlation between nitrate concentrations and increasing population. The geo-
graphical analysis also indicated a spatial trend, showing the highest increases occurred 
in rural areas. This was especially the case in areas overlying bedrock aquifers and 
areas with high density and unpermitted OSTDS. 

A similar study summarized the overall impacts due to OSTDS in New Mexico that also 
considered nitrate distribution (McQuillan, 2004). In this study, data was compiled in a 
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similar fashion to the study described above. The study compared the level of nitrate im-
pacts of aquifers with largely oxic conditions to aquifers with anoxic conditions. Also, da-
ta results from geochemical isotopic fingerprinting are provided, to identify the source of 
nitrate contamination. Figure 2-1 shows the results using isotopic fingerprinting. This 
study indicated that areas with more significant nitrate concentrations occur in aquifers 
with oxic conditions, whereas aquifers with anoxic conditions have lower impacts due to 
conditions not being favorable for the transformation of ammonium to nitrate. The results 
of the study also indicated that isotopic fingerprinting can be a useful tool for identifying 
nitrate sources, which can be useful for targeting primary nitrate sources. 

 

 

 

 
 
 
 
 
 
 
 
Figure 2-1: Nitrate Sources as Determined from Isotope Fingerprinting 

(McQuillan, 2004) 

A study of the Darling Plateau region near Perth, West Australia also examined the ni-
trate contributions from OSTDS in a populated area served almost exclusively by indi-
vidual OSTDS (Gerritse, Adeney et al., 1995). It was estimated in this study that nearly 
80% of the nitrogen in the subsurface could be attributed to OSTDS source contribu-
tions. This study specifically looked at impacts of a neighboring surface water body ap-
proximately 70 meters downgradient. Monitoring of nitrogen species and bromide tracers 
showed significant decreases in inorganic nitrogen as the groundwater approached the 
creek. Interestingly, the surface water body had relatively high background concentra-
tions of nitrate, but the study showed no significant contribution from this soil treatment 
unit. 
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Lapointe et al. (1990) conducted a study to relate groundwater impacts to nearby marine 
surface waters via tidally-influenced groundwater recharge in the Florida Keys. The area 
in the study is characterized by typical tropical wet and dry seasons, with most of the 
precipitation falling between June and October. The subsurface is a highly porous and 
permeable limestone that allows for rapid lateral groundwater flow. For sampling, net-
works of monitoring wells were established on seven residences using OSTDS and one 
control site in a neighboring wildlife refuge. Wells were sampled monthly for approx-
imately one year for nitrogen species and other biogeochemical factors. Groundwater 
flow was measured directly using an in situ flow meter. Surface water was also sampled. 
The results indicated that the contribution of nitrogen to the groundwater by OSTDS was 
significant in this area, in some cases as much as two orders of magnitude higher than 
when compared to control groundwater. Ammonium was the dominant species, the re-
sult of the largely unfavorable conditions for nitrification. Surface water showed a sea-
sonal variation, with the highest concentrations occurring in the summer months. The 
study also concluded that seasonal variations in tides and groundwater levels result in 
significant contributions from OSTDS to surface waters in the Florida Keys. 

A series of reports have been previously completed for assessment of OSTDS contribu-
tions to nitrate contamination of groundwater and surrounding surface waters in the We-
kiva watershed in Florida. This includes reports prepared by: Anderson (2006); Briggs, 
Roeder et al. (2007); MACTEC (2007); Otis (2007); and Young (2007). The study was 
initiated to protect the Wekiva river system which had been assigned protection under 
the Wekiva River Protection Act. The watershed occupies roughly 304,000 acres and 
includes parts of Lake, Orange, and Seminole counties in central Florida. The project 
has been performed over a number of years and includes a series of tasks in order to 
assess the contribution to groundwater impacts from OSTDS and ultimately strategies to 
reduce these impacts. The tasks included: 

● Field sampling for watershed characteristics, nitrogen concentrations, and 
OSTDS loading estimates. 

● A literature review for refining estimates of OSTDS loading. 

● Integrating these estimates with estimates of other source contributions. 

● Development and discussion of alternatives for reducing OTWS contributions. 

Three sites were selected for sampling that met the criteria and were deemed suitable 
for assessment of the desired data. After completion of the tasks, a number of conclu-
sions were reached. For example, an average home with 2.6 people on average contri-
butes 18 pounds of nitrogen to the groundwater annually with the main nitrogen contribu-



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

2.0  Literature Review October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 2-17 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

tor attributed to fertilizer use. This is slightly higher than reported by Lowe et al. (2008) of 
approximately 14 pounds of nitrogen annually (excluding outdoor residential nitrogen 
sources). The studies also concluded that OSTDS contribution to shallow groundwater 
contamination was similar in terms of intensity to atmospheric deposition, however, due 
to the areal distribution, nitrate impacts from OSTDS were approximately an order of 
magnitude higher and distinct plumes could be delineated. Furthermore, OSTDS tended 
to be in high-vulnerability areas and did not have effective nitrogen removal as com-
pared to centralized wastewater methods. Figure 2-2 shows the estimated relative con-
tributions for medium density residential land uses. 

 
 

Figure 2-2: Source Contribution to Nitrate Impacts 
(Briggs, Roeder et al., 2007) 

Other aspects of the study considered transport and transformation of nitrogen. Two fac-
tors were identified that influenced nitrogen entering the drainfield; the amount of nitro-
gen present in the effluent, and the level of pre-treatment prior to discharge. In the event 
pre-treatment was present then ammonia is converted to nitrate. However, nitrification 
will be limited in soils with high water tables. After discharge, if there is adequate organic 
carbon present, the nitrate can be denitrified to nitrogen gas. 

Soils with moderate to poor drainage, fine loamy texture with clay, shallow water tables, 
and some organic matter have the highest potential for denitrification. 

Ultimately the study found that contributions from OSTDS could be effectively minimized 
by reduced loading and improving OSTDS performance with pre-treatment methods and 
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improvement of subsurface characteristics, especially considering high water table 
areas. 

Andreadakis (1987) performed laboratory simulations of an alternative OSTDS in 
Greece to estimate the effectiveness of the system for nitrogen removal. The system 
consisted of a septic tank, gravel filter, two sand filters operated alternatively, and two 
soil absorption trenches operated alternatively. The study found the system could 
achieve approximately 70% nitrogen removal. The factors that influenced the effective-
ness were the compaction characteristics of the filters and soil, loading rates, and varia-
bility in saturated/unsaturated conditions. 

Reneau (1977) conducted a study of changes in inorganic nitrogen compound concen-
trations from a septic tank in a soil with a fluctuating water table in Virginia coastal plain 
area. Samples were collected and analyzed for nitrate, nitrite, and ammonium ions over 
a three year period. The relationship between nitrate and ammonium and distance is 
demonstrated by the ratio of these constituents to chloride (Cl-). Assuming that chloride 
undergoes no significant transformations or adsorption, any variation in the ratio can be 
the result of either adsorption or transformation. In this case, the ratio of ammonium to 
chloride decreased with depth, indicating that at higher points anaerobic conditions dom-
inated and nitrification could not take place. Following this trend, decreases in the nitrate 
to chloride ratio suggested that in some areas denitrification could take place due to the 
rising water table. 

Arnade (1999) examined the relationship between nitrate well contamination and dis-
tance from OSTDS as related to seasonal variations in water level in Palm Bay, Florida. 
The study area experiences high precipitation during the summer months and results in 
high water tables in sandy soils that cause septic tank overflows and ultimately ground-
water contamination. Results indicated that during the wet season, nitrate concentrations 
tended to be higher as distance increased as compared to the dry season, although the 
opposite was true closer to the OSTDS. The reasons provided for this observation were 
perhaps dilution, plant uptake, or enhanced transformation. This reasoning seems sus-
pect, as if dilution is a factor in reduced concentrations, then concentrations should fol-
low the same pattern throughout the flow path. 

Walker et al. (1973a and b) describes two studies that look at nitrogen transformations of 
septic tank effluent in sands. The first study focused on transformations in sand while the 
second study examined transformations related to groundwater quality. Research was 
done at the field scale at five separate locations in Wisconsin. In all cases, effluent was 
ponded near the surface due to the formation of a “crust” (aka, the biozone) which was 
the result of biological processes. As a result, unsaturated flow rates were extremely low 
(8 cm/day). The biozone conditions were favorable for nitrification where groundwater 
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was not present. Most of the sites showed complete nitrification was possible at six cen-
timeters below the biozone. One site had a high water table and as a result nitrification 
did not occur unless seasonal variations resulted in a lowering of the water table. Denitri-
fication was identified in an underlying clay layer at some of the sites, although this was 
not the case if the site had an underlying sandy layer. In the groundwater, the dominant 
process reducing the nitrate concentrations were dilution with ambient groundwater and 
not denitrification due to the nature of the well-aerated sandy soils and the low carbon 
content of the groundwater. The authors concluded that in order to minimize impacts 
from OSTDS in such aquifers, considerable land size is necessary in order to maximize 
the effects of dilution from clean water. 

Harman et al. (1996) looked at the groundwater impacts resulting from an OSTDS at a 
school in Langton, Ontario, Canada. In this community, over 30% of the water supply 
wells exceeded the standard for nitrate. Multiple sources, primarily from OSTDS use and 
agricultural practices contributed to the high nitrate concentrations. The study aquifer in 
question was characterized by fine to medium sands and has a relatively high ground-
water velocity (170 meters/year). The wastewater from the facility was largely from wa-
shrooms, as the site had no laundry facilities present. The effluent was primarily ammo-
nium. At the site over 400 samples were collected at 45 multilevel monitoring points at 
various locations downgradient of the OSTDS. Samples were collected for all major ions, 
DOC, alkalinity, pH, and dissolved oxygen. The results found high nitrate concentrations 
were observed (20-120 mg/L) and extended over 100 meters downgradient owing to the 
high groundwater velocity. Vadose zone residence time was one to two weeks but did 
not appear to allow for complete conversion of ammonium to nitrate. However, geo-
chemical analyses indicated reduced ammonium and organic carbon concentrations 
coinciding with increases in nitrate which suggest that nitrification was occurring. Denitri-
fication was limited and isolated due to low levels of organic carbon and aerobic condi-
tions. It appeared that most of the reduction of nitrate along the plume extent was likely 
due to natural dilution; denitrification was limited by low levels of organic carbon and 
aerobic conditions. 

Robertson et al. (1991) studied the OSTDS impact to sand aquifer from two single-family 
homes in Ontario, Canada. The first site was a home in Cambridge, Ontario. The surfi-
cial aquifer was characterized as a coarse sand overlying a low permeability silt. The 
home was occupied by four people. The second site in Bracebridge, Ontario was si-
tuated on a fine sand aquifer with a household occupied by two people. Major ion geo-
chemistry and typical septic tank nutrients were sampled. Bromide tracer tests were also 
performed. Both sites showed evidence of nitrification due to high concentrations of ni-
trate, and low concentrations of dissolved organic carbon and ammonium. High concen-
trations of nitrate were observed more than 130 meters downgradient from the sources 
which suggested little or no denitrification was occurring and that aquifer conditions were 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

2.0  Literature Review October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 2-20 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

favorable for considerable nitrate migration. However, almost complete denitrification 
was observed in the carbon rich river sediments downgradient. In this aquifer, it was 
concluded that due to the low dispersive nature of this type of aquifer, current minimum 
distance to well regulations may not be protective. This was verified by natural-gradient 
bromide tracer tests. 

Another study conducted looked at water sampling from domestic supply wells in five 
unsewered subdivisions in Wisconsin (Tinker, 1991). The objective of the study was to 
identify the sources of nitrate impacts to drinking water. Water samples were collected 
on two separate occasions from supply wells in five subdivisions and tested for nitrate 
concentrations. Sources of nitrate impacts were assessed by the location of the OSTDS 
and the water supply well in relation to the groundwater flow direction and comparison of 
the results of three mass-balance models. The combination of methods resulted in a 
good correlation between the locations and the groundwater flow, as well as the results 
of the mass-balance modeling. The author concluded that elevated nitrate concentra-
tions could be attributed to lot size (from the mass-balance modeling) and locations of 
water supply wells and OSTDS. 

Reay (2004) examined the impacts from OSTDS to near shore areas along Chesapeake 
Bay. Due to the sandy characteristics of the aquifer and the shallow water table, signifi-
cant nitrate impacts to near shore sediments were observed. Multiple characteristics 
were analyze at three separate sites in Virginia considered representative of the Virginia 
coastal plains. Among the characteristics were depth to water, aquifer thickness, soil 
characteristics, lot size, and persons per household. Groundwater was sampled for ni-
trogen species and phosphorus as was neighboring surface waters. The author noted 
the lot size and relatively high loading rates contributed to the observed concentrations. 
Furthermore, the sites showed potentially high nitrification rates are likely present due to 
the observed concentrations of nitrate versus ammonium, and that very little denitrifica-
tion was occurring, which led to significant nitrate impacts to nearby surface waters. 

A sampling study to quantify the nitrogen impacts from OSTDSs was performed for a 
community in Nevada (Rosen et al., 2006). This study combined field data and a mass-
balance approach to assess the nitrogen impacts attributed to OSTDS. The area under 
study was a densely populated area north of Reno, Nevada. In this area, 2,070 septic 
tanks were in use. Annual precipitation was low (20-25 cm/year) and recharge water to 
the aquifer also came from irrigation ditches (54%) and septic tank effluent (17%). Four 
separate sites were sampled monthly for one year. No geochemical or hydraulic para-
meters were collected. The final results of the estimates indicated that 25-30 metric tons 
of nitrogen in the groundwater could be the result of OSTDS use, although the authors 
concede that considerable error is possible and that future studies considering more pa-
rameters will be needed. 
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2.6 OSTDS Plume Geochemistry 
A number of researchers went beyond the approach of considering nitrate concentra-
tions only and considered numerous factors of OSTDS-generated nitrate plumes to deli-
neate the important parameters that may affect nitrate transport and transformation. In 
most cases, the study collected samples related to all major ions present in groundwater 
(K+, Cl-, NO3

-, SO4
-2, Ca+2, Na+, Mg+2, PO4

-3), field parameters such as pH, conductivity, 
alkalinity, dissolved oxygen, and other factors such as dissolved organic carbon. Addi-
tionally, complete characterization of the aquifer parameters were collected, such as 
those related to soil type and groundwater flow and velocity. These studies were often 
performed at the field scale, although some laboratory experiments were done as well. 
The value of these studies is the opportunity to understand how the aquifer responds to 
transformative processes in terms of changes to other constituents and physical charac-
teristics, and provide a rationale for the extent of impacts observed. 

Wilhelm et al. (1998) looked at changes in geochemistry for two operating OSTDS in a 
sandy aquifer in Ontario for evidence of nitrate transformation. The objective of the study 
was to confirm a conceptual model that indicated the transformative processes related to 
nitrogen would result in the creation of redox zones. Changes in geochemical parame-
ters could be measured to confirm the presences of these zones. Sampling was per-
formed along the wastewater flow path at two sites from 1987 to 1990. In the septic 
tanks themselves a primarily anaerobic environment existed, with low concentrations of 
nitrate and high concentrations of ammonium and carbon. Aerobic conditions dominated 
below the discharge pipes. The research indicated that nitrification zones could be iden-
tified in areas with decreases in pH and alkalinity, whereas zones of denitrification were 
characterized by increases in both parameters. Differences in the sediment composition 
led to different behaviors of nitrate in the groundwater. For example, the plume at the 
second site entered carbon-rich sediments near a river bed, ultimately leading to com-
plete denitrification and an increase in alkalinity. 

Another study looked primarily at changes in inorganic nitrogen compounds related to 
septic tank effluents, but also looked at subsequent changes in pH and Eh (redox poten-
tials) in a groundwater system in Virginia (Reneau, 1979a). The objective of the study 
was to relate changes in concentrations as related to distance traveled, soil properties, 
and seasonal variation. At three different sites, rows of sampling wells were established 
at 1.5, 5, 10, and 13.5 meters downgradient and sampled semi-monthly for phosphate, 
nitrogen species, Eh, and pH. Sampling occurred over a two-year period. For nitrate, 
concentrations reached a maximum (average values ranging from 2.7 to 3.9 mg/L) at the 
five meter sampling points then decreased with distance. This was attributed to nitrifica-
tion of ammonium and the subsequent denitrification of nitrate to a relatively large de-
gree. This was accompanied by a drop in pH and a slight increase in Eh values. 
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A study conducted in Ontario, Canada examined multiple geochemical factors which can 
be related to OSTDS impacts (Ptacek, 1998). Temperature, pH, dissolved organic car-
bon redox conditions and nitrogen species concentrations were all sampled. The original 
OSTDS effluent contained 98 mg/L of nitrogen as ammonium. Nitrate concentrations 
were high in the shallow portions of the aquifer, along with diminishing concentrations of 
DOC downgradient. pH stayed near neutral which was attributed to the buffering capaci-
ty of the aquifer due to carbonate content. Nitrate concentrations were low, which may 
suggest low rates of denitrification. 

Robertson and Blowes (1995) observed nitrate concentrations in an acidic OSTDS 
plume. The study site was again located in Ontario, Canada at a location using an 
OSTDS for wastewater at a seasonal-use cottage. Sampling was performed at 38 pie-
zometers adjacent to and underneath the infiltration bed. Major ion geochemistry sam-
ples were collected. Subsurface soil characteristics were various, from clays to silts to 
sands. The water table was generally consistent (1.5 meters below the field tiles), but 
became much shallower during the off-season winter months. In this system, back-
ground pH was naturally low; however, more acidic conditions existed within the plume 
core. Ammonium levels dropped substantially suggesting nitrification was occurring. The 
authors suggest that changes in nitrate concentrations downgradient were due to denitri-
fication that was facilitated by relatively high levels of dissolved organic carbon and 
anaerobic conditions. Furthermore, at greater depths in the groundwater, high levels of 
sulfate coinciding with drops in nitrate concentrations suggested an alternative pathway 
for consumption of nitrate via sulphur oxidation. 
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Section 3.0 
Discussion and Analysis 

The literature review revealed important conceptual information for the assessment of 
nitrogen impacts in groundwater due to OSTDS. One of the primary objectives of the re-
view was to examine the current state-of-knowledge related to the primary influences on 
the fate and transport of nitrogen following the initial loading into the soil from the use of 
OSTDS. A cascade of processes and factors contribute to nitrogen contamination. 
These include loading rate, OSTDS density, soil characteristics, oxygen content, aquifer 
recharge, and water table elevation and fluctuation. Primary factors that can lead to sig-
nificant nitrogen concentrations are found in both the septic tank and the vadose zone 
and an understanding of the processes within these is important rather than just consi-
dering processes in the aquifer. 

The transformative processes of nitrification and denitrification require further study and 
quantification, especially when considering septic tank performance and processes with-
in the vadose zone. Additionally, an understanding of the aquifer characteristics, such as 
groundwater velocity and flux estimates can greatly improve the quantification of dilution 
for reduction of nitrate. Nitrification can be inhibited by high water tables and over-
loading of OSTDS. Likewise, heterotrophic denitrification, is an important process in the 
reduction of nitrate in groundwater, requires anoxic conditions in the presence of ade-
quate carbon sources. 

An improved understanding and assessment of field conditions prior to septic tank de-
sign can improve performance and result in reduced impacts from OSTDS. A large 
number of reports have been generated that are essentially monitoring reports describ-
ing nitrogen levels in observation wells. In some cases, these reports considered factors 
beyond nitrogen concentrations and included multiple geochemical factors as well. 
These studies have immense value in the light of other studies, in which the influence of 
important factors for nitrogen contamination can be quantified in real field-scale studies. 
Specifically, these studies provide quantitative data concerning: 

● Downgradient and cross gradient nitrogen concentrations in groundwater which 
provides plume delineation spatially and in some cases temporally; 

● Site-specific subsurface characterization such as soil type and distribution; 
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● Groundwater measurements that provide data concerning groundwater flow 
paths, velocities, and fluxes which can strongly influence the extent of the im-
pacts in terms of concentrations and distance from the OSTDS; 

● Total nitrogen loading rates at the source, which when compared to downgra-
dient nitrogen concentrations provide data concerning OSTDS performance, and 
nitrogen conversion rates; and 

● In some cases, surface water sampling which may indicate the level of ground-
water/surface water interaction and/or transformative processes present at the 
groundwater /surface water interface. 

The conclusions reached using the data in these studies can then be applied for nitrogen 
impact estimates in future studies and how to appropriately monitor and sample a site 
that will utilize OSTDS. Furthermore, these studies can be examples for assisting in 
OSTDS design and installation to minimize nitrogen in groundwater. Lastly, data from 
these studies can be applied to the further study of the OSTDS and vadose zone 
processes affecting nitrogen transport and fate in groundwater and lead to better predic-
tive methods for estimating nitrogen impacts. 
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Section 4.0 
Conclusions 

The literature review revealed numerous factors that may influence nitrogen impacts to 
groundwater resulting from the use of OSTDS. Transport and fate processes that are 
present in the OSTDS, vadose zone, and saturated zone all will influence the extent of 
nitrogen impacts to groundwater. Furthermore, these factors, along with factors related 
to groundwater/surface water interactions will also determine if nearby surface water bo-
dies are adversely affected. In doing site assessments, it is therefore important to devel-
op sampling plans that can collect data for a majority of the factors described in the lite-
rature. Also, predictive efforts and efforts aimed at reduction of impacts should also con-
sider the findings of the literature review. A brief summary of important points is as fol-
lows: 

● Some studies identified lot size and location of water supply wells in relation to 
OSTDS as important factors in determining nitrate contamination to groundwater. 

● OSTDS loading rate can significantly impact the performance of the soil and ulti-
mately nitrogen concentrations in the aquifer. 

● In certain cases, water table fluctuations may be a larger factor than loading rate 
of nitrogen on the overall OSTDS performance. 

● Nitrogen reduction in the vadose zone is an important determining factor for ni-
trate concentrations in the groundwater. This is a complex process dependent on 
numerous factors that need to be studied in depth. 

● Nitrification can be influenced by soil type and appropriate loading of an OSTDS. 
Sikora and Corey (1976) indicate that coarse-textured strongly-aggregated soils 
favor nitrification while finer textured soils lead to the development of anaerobic 
conditions and inhibit the process. 

● Sandy soil aquifers are particularly susceptible to nitrate contamination, particu-
larly in the case of low carbon content aquifers with relatively high groundwater 
velocities. In these cases, high concentrations and large areas of impact may be 
expected due to the lack of transformation and the distance nitrate can travel in a 
short time period. 
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● Denitrification occurs largely in anoxic soils and groundwaters with adequate 
carbon sources. In the soil column, denitrification may occur in systems with high 
or fluctuating water tables that allow the creation of anoxic conditions, providing 
the organic carbon content of the soil is adequate. In groundwater, dilution is of-
ten seen as the dominant mechanism for the reduction of nitrate, although some 
studies identify denitrification as the dominant factor. This is highly dependent on 
site-specific characteristics. 

● Denitrification, while being a well-understood process is poorly quantified and not 
correlated with other site characteristics especially when considering the satu-
rated zone. This should be a significant topic of further study. 

● Some studies identified the relatively high denitrification capacity of river bed se-
diments, particularly if they contained high levels of organic carbon. This is espe-
cially relevant if the protection of adjacent surface water bodies is a key concern. 

The literature review suggests reductions in groundwater nitrogen impacts associated 
with OSTDS are achievable with a few steps. Nitrate is highly mobile in groundwater and 
the only significant methods of natural attenuation is denitrification, a process that the 
review indicates is not always present in natural aquifers (however, it should be noted 
that saturated zone denitrification can be enhanced with amendments as a potential 
treatment process, see Korom (1992)). Therefore, reduction of nitrate contamination 
may be most efficiently approached in the design and installation processes when con-
sidering OSTDS as a treatment alternative. Appropriate land planning and density of 
OSTDS in new developments is a first step. OSTDS should be placed within protective 
distance of downgradient groundwater and surface water resources. Additionally, recog-
nizing the importance of dilution for nitrate concentration reductions, appropriate lot size 
should be in the design to allow adequate dilution from recharge water. Within the de-
sign of OSTDS, appropriate loading rates and an understanding of OSTDS effluent can 
achieve lower levels of nitrogen entering the subsurface. Lastly, the review indicates the 
performance value of appropriate treatment units can improve effluent quality by reduc-
ing nitrogen prior to infiltration. 

Additional optimization can be achieved by a thorough understanding of site characteris-
tics and how these may influence OSTDS performance and ultimately nitrogen concen-
trations in groundwater. Numerous studies were identified that have data related to exist-
ing systems and their performance within the framework of the characteristics of the site. 
Certain water table conditions, soil types, and other subsurface characteristics such as 
pH or temperature can have an effect on the treatment ability of OSTDS by varying oxy-
gen content and redox conditions. If detrimental conditions are seen at a site being con-
sidered for OSTDS, other methods of wastewater treatment may be appropriate. This 
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can also be true for areas identified as “high-risk,” such as areas adjacent to a protected 
water body. Alternatively, it may be possible to amend the site conditions or use an ef-
fluent pre-treatment method to improve OSTDS performance. Future work may be 
needed to examine the data in such studies and make attempts to correlate hydraulic 
and reactive parameters to observed nitrogen impacts. 



o:
\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-1 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Section 5.0 
References 

Aley, W.C.; M. Mark Mechling, G.S. Pastrana, and E.B. Fuller (2007). Multiple Nitrogen 
Loading Assessments from Onsite Wastewater Treatment and Disposal Systems within 
the Wekiva River Basin; Wekiva Study Area. Prepared for State of Florida, Department 
of Health, Tallahassee, FL, by Ellis & Associates, Inc., Jacksonville, FL. 

Anderson, D.L. (2006). A Review of Nitrogen Loading and Treatment Performance Rec-
ommendations for Onsite Wastewater Treatment Systems (OWTS) in the Wekiva Study 
Area. Report submitted to the Florida Department of Health, Technical Review and Advi-
sory Panel. 

Anderson, D.L. (1998). Natural Denitrification in Groundwater Impacted by Onsite 
Wastewater Treatment Systems. Proceedings of the 8th National Symposium on Indi-
vidual and Small Community Sewage Systems. American Society of Agr. Engineers., St. 
Joseph, MI. 

Andreadakis, A.D. (1987). Organic Matter and Nitrogen Removal by an On-site Sewage 
Treatment and Disposal System. Water Research, 21: 559-565. 

Aravena, R. and W.D. Robertson (1998). Use of Multiple Isotope Tracers to Evaluate 
Denitrification in Ground Water:  Study of Nitrate from a Large-flux Septic System 
Plume. Ground Water, 36(6): 975-982. 

Arnade, L.J. (1999). Seasonal Correlation of Well Contamination and Septic Tank Dis-
tance. Ground Water, 37(6): 920-923. 

Bates, H.K. and R.F. Spalding (1998). Aquifer Denitrification as Interpreted from in situ 
Microcosm Experiments. Jour. Environ. Qual., 27(1): 174-182. 

Beller, H.R.; V. Madrid, G.B. Hudson, W.W. McNab, and T. Carlsen (2004). Biogeoche-
mistry and Natural Attenuation of Nitrate in Groundwater at an Explosives Test Facility. 
Applied Geochem., 19(9): 1483-1494. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-2 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Bengtsson, G. and H. Annadotter (1989). Nitrate Reduction in a Groundwater Microcosm 
Determined by 15N Gas Chromatography-Mass Spectrometry. Appl. And Environ. Mi-
crobiology, 55(11): 2861-2870. 

Bohlke, J.K.; R. Wanty, M. Tuttle, G. Delin, and M. Landon (2002). Denitrification in the 
Recharge Area and Discharge Area of a Transient Agricultural Nitrate Plume in a Glacial 
Outwash Sand Aquifer, Minnesota. Water Resources Research, 38(7): 10.11-10.26. 

Bottcher, J.; O. Strebel, S. Voerkelius, and H.L. Schmidt (1990). Using Isotope Fractio-
nation of Nitrate Nitrogen and Nitrate Oxygen for Evaluation of Microbial Denitrification in 
a Sandy Aquifer. Jour. Of Hydrology, 114: 413-424. 

Bradley, P.M.; M. Fernandez Jr., and F.H. Chapelle (1992). Carbon Limitation of Denitri-
fication Rates in an Anaerobic Groundwater. Environ. Sci. and Tech., 26: 2377-2381. 

Briggs, G.R.; E. Roeder, E. Ursin (2007). Nitrogen Impact of Onsite Sewage Treatment 
and Disposal Systems in the Wekiva Study Area. Florida Department of Health Report. 

Burt, T.P.; L.S. Matchett, K.W.T. Goulding, C.P. Webster, and N.E. Haycock (1999). De-
nitrification in Riparian Buffer Zones:  The Role of Floodplain Hydrology. Hydrol. 
Processes, 13(10): 1451-1463. 

Canter, L.W. (1996). Nitrates in Groundwater. 

Christensen, P.B.; L.P. Nielsen, N.P. Revsbech, and J. Sorensen (1989). Microzonation 
of Denitrification Activity in Stream Sediments as Studied with a Combined Oxygen and 
Nitrous Oxide Microsensor. Appl. And Environ. Microbiology, 55(5): 1234-1241. 

Cogger, C.G. and B.L. Carlile (1984). Field Performance of Conventional and Alternative 
Systems in Wet Soil. Jour. Environ. Quality 13: 137-142. 

Cogger, C.G.; L.M. Hajjar, C.L. Moe, M.D. Sobsey (1988). Septic System Performances 
on a Coastal Barrier Island. Jour. Environ. Quality 17(3): 401-407. 

Costa, J.E.; G. Heufelder, S. Foss, N.P. Milham, and B. Howes (2002). Nitrogen Re-
moval Efficiencies of Three Alternative Septic System Technologies and a Conventional 
Septic System. Environment Cape Code 5(1): 15-24. 

Degen, M.J.; C. Hagedorn, and D.C. Martens (1991). Denitrification in Onsite Wastewa-
ter Treatment and Disposal Systems. Virginia Water Resources Research Center Bulle-
tin #171. V. W.R.R. Center. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-3 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Devito, K.J.; D. Fitzgerald, A.R. Hill, and R. Aravena (2000). Nitrate Dynamics in Rela-
tion to Lithology and Hydrologic Flow Path in a River Riparian Zone. Jour. Environ. 
Qual., 29(4): 1075-1084. 

Drake, V.M. and J.W. Bauder (2005). Ground Water Nitrate-Nitrogen Trends in Relation 
to Urban Development, Helena, Montana, 1971-2003. Ground Water Monit. & Remed. 
25(2): 118-130. 

Fontes, J.-C.; J.N. Andrews, W.M. Edmonds, A. Guerre, and Y. Travi (1991). Paleore-
charge by the Niger River (Mali) Deduced from Groundwater Geochemistry. Water Re-
sources Research, 27(2): 199-214. 

Foster, S.S.D.; D.P. Kelly, and R. James. (1985). The Evidence for Zones of Biodenitrifi-
cation in British Aquifers. In Planetary Ecology, Brierely, C.L. (ed.) pp. 356-369. 

Francis, A.J.; J.M. Slater, and C.J. Dodge (1989). Denitrification in Deep Subsurface 
Sediments. Geomicrobiology Journal, 7(1): 103-116. 

Gerritse, R.G.; J.A. Adeney, and J. Hosking (1995). Nitrogen Losses from a Domestic 
Septic Tank System on the Darling Plateau in Western Australia. Water Research 29(9): 
2055-2058. 

Groffman, P.M.; M.A. Altabet, J.K. Bohlke, K. Butterbach-Bahl, M.B. David, M.K. Fire-
stone, M. K., et al. (2006). Methods for Measuring Denitrification:  Diverse Approaches 
to a Difficult Problem. Ecol. Appl., 16(6): 2091-2122. 

Hantzche, N.N. and E.J. Finnemore (1992). Predicting Ground-Water Nitrate-Nitrogen 
Impacts. Ground Water 30(4): 490-499. 

Harman, J.; W.D. Robertson, J.A. Cherry, L. Zanini (1996). Impacts on a Sand Aquifer 
from an Old Septic System:  Nitrate and Phosphate. Ground Water 34(6): 1105-1114. 

Heatwole, K.K. and J.E. McCray (2007). Modeling Potential Vadose-zone Transport of 
Nitrogen from Onsite Wastewater Systems at the Development Scale. Jour. Of Contam. 
Hydrology 91: 184-201. 

Hill, A.R. (1996). Nitrate Removal in Stream Riparian Zones. Jour. Environ. Qual., 
25(44): 743-755. 

Hiscock, K.M.; J.W. Lloyd, and D.N. Lerner (1991). Review of Natural and Artificial Deni-
trification of Groundwater. Water Research, 25(9): 1099-1111. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-4 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Kelly, W.R. (1997). Heterogeneities in Ground-water Geochemistry in a Sand Aquifer 
Beneath an Irrigated Field. Jour. Of Hydrology, 198(1): 154-176. 

Kolle, W.; O. Strebel, and J. Bottcher (1985). Formation of Sulfate by Microbial Denitrifi-
cation in a Reducing Aquifer. Water Supply, 3(1): 35-40. 

Korom, S. (1992). Natural Denitrification in the Saturated Zone: A Review. Water Re-
sources Research 28(6): 1657-1668. 

Korom, S.F.; A.J. Schlag, W.M. Schuh, and A.K. Schlag (2005). In-situ Mesocosms:  
Denitrification in the Elk Valley Aquifer. Ground Water, 25(1): 79-89. 

Lapointe, B.E.; J.D. O'Connell, G.S. Garrett (1990). Nutrient Couplings Between On-site 
Sewage Disposal Systems, Groundwater, and Nearshore Surface Waters of the Florida 
Keys. Biogeochemistry 10: 289-307. 

Lind, A.-M. (1983). Nitrate Reduction in Subsoil. In Denitrification in the Nitrogen Cycle, 
Golterman, H.L. (ed.) pp. 145-156. 

Lowe, K.S.; M.B. Tucholke, J.M.B. Tomaras, K. Conn, C. Hoppe, J.E. Drewes, J.E. 
McCray, J. Munukata-Marr (2009). Influent Constituent Characteristics of the Modern 
Waste Stream from Single Sources: Final Report. WERF Report #04-DEC-01. 206 pp.  

Lowe, K.S.; S.M. Van Cuyk, R.L. Siegrist (2007). Soil Treatment Unit Performance as 
Affected by Hydraulic Loading Rate and Applied Effluent Quality. 11th Individual and 
Small Community Sewage Systems Conference Proceedings, Warwick, RI. 10 pp. 

Lowe, K.S.; S.M. Van Cuyk, R.L. Siegrist, and J.E. Drewes (2008). Field Evaluation of 
the Performance of Engineered On-Site Wastewater Treatment Units. Journal of Hydro-
logic Engineering 13(8): 735-743. 

Lowe, K.S. and R.L. Siegrist (2008). Controlled Field Experiment for Performance Eval-
uation of Septic Tank Effluent Treatment during Soil Infiltration. Journal of Environmental 
Engineering 134(2): 93-101.   

MACTEC (2007). Phase I Report Wekiva River Basin Nitrate Sourcing Study. Florida 
Department of Environmental Protection Report. 

McCray, J.E.; K.S. Lowe, M. Geza, J. Drewes, S. Roberts, A. Wunsch, D. Radcliffe, J. 
Amadore, J. Atoyan, T. Boving, D. Kalen, and G. Loomis (2008). Development of Quan-



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-5 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

titative Tools to Determine the Expected Performance of Unit Processes in Wastewater 
Soil Treatment Units: Literature Review. WERF Report # DEC1R06. 182 pp.  

McCray, J.E.; S.L. Kirkland, R.L. Siegrist, G.D. Thyne (2005). Model Parameters for Si-
mulating Fate and Transport of On-Site Wastewater Nutrients. Ground Water 43(4): 628-
639. 

McGuire, J.T.; D.T. Long, M.J. Klug, S.K. Haack, and D.W. Hyndman (2002): Evaluating 
Behavior of Oxygen, Nitrate, and Sulfate during Recharge and Quantifying Reduction 
Rates in a Contaminated Aquifer. Environ. Sci. and Tech., 36(12): 2693-2700. 

McQuillan, D. (2004). Ground-water Quality Impacts from On-Site Septic Systems. Na-
tional Onsite Wastewater Recycling Association (NOWRA), 13th Annual Conference, 
Albuquerque, N.M. 

Morris, J.T.; G.J. Whiting, and F.H. Chappelle (1988). Potential Denitrification Rates in 
Deep Sediments from the Southeastern Coastal Plain. Environ. Sci. and Tech., 22: 832-
836. 

Oehler, F.P.B., and P. Durand (2007). Variations of Denitrification in a Farming Catch-
ment Area. Agriculture, Ecosystems, and Environment, 120(2-4): 313-324. 

Otero, N.; C. Torrento, A. Soler, A. Mencio, and J. Mas-Pla (2009). Monitoring Ground-
water Nitrate Attenuation in a Regional System Coupling Hydrogeology with Multi-
Isotopic Methods:  The Case of Plana de Vic (Osana, Spain). Agriculture, Ecosystems, 
and Environment, 133(1-3): 103-113. 

Otis, R.J. (2007). Estimates of Nitrogen Loadings to Groundwater from Onsite Wastewa-
ter Systems in the Wekiva Study Area: Task 2 Report. Florida Department of Health Re-
port. 

Pauwels, H.; W. Kloppmann, J.-C. Foucher, A. Martelet, and V. Fritsche (1998). Field 
Tracer Test for Denitrification in a Pyrite-bearing Schist Aquifer. Applied Geochem., 
13(6): 767-778. 

Postma, D.; C. Boesen, H. Kristiansen, and F. Larsen (1991). Nitrate Reduction in a Un-
confined Sandy Aquifer:  Water Chemistry, Reduction Processes, and Geochemical 
Modeling. Water Resources Research, 27(8): 2027-2045. 

Ptacek, C.J. (1998). Geochemistry of a Septic-System Plume in a Coastal Barrier Bar, 
Point Pelee, Ontario, Canada. Jour. Contam. Hydro. 33: 293-312. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-6 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Reay, W.G. (2004). Septic Tank Impacts on Ground Water and Nearshore Sediment Nu-
trient Flux. Ground Water 42(7): 1079-1089. 

Reneau, R.B.J. (1977). Changes in Inorganic Nitrogenous Compounds from Septic Tank 
Effluent in a Soil with a Fluctuating Water Table. Jour. Environ. Quality 6: 173-178. 

Reneau, R.B.J. (1979a). Changes in Concentrations of Selected Chemical Pollutants in 
Wet, Tile-drained Soil Systems as Influenced by Disposal of Septic Tank Effluents. Jour. 
Environ. Quality 8: 189-196. 

Reneau, R.B.J.; C. Hagedorn, M.J. Degen (1989). Fate and Transport of Biological And 
Inorganic Contaminants from On-site Disposal of Domestic Wastewater. Jour. Environ. 
Quality 18(2): 135-144. 

Ritter, W.F. and R.P. Eastburn (1988). A Review of Denitrification in On-site Wastewater 
Treatment Systems. Environ. Pollution 51: 49-61. 

Rivett, M. O.; J.W.N. Smith, S.R. Buss, and P. Morgan (2007). Nitrate Occurrence and 
Attenuation in the Major Aquifers of England and Wales. Quarterly Jour. of Engin. Geol. 
and Hydrogeol., 40(4), 335-352. 

Rivett, M.O.; S.R. Buss, P. Morgan, J.W.N. Smith, C.D. Bemment (2008) Nitrate Attenu-
ation in Groundwater:  A Review of Biogeochemical Controlling Processes. Water Re-
search, 42(2008): 4215-4232. 

Robertson, W.D. and D.W. Blowes (1995). Major Ion and Trace Metal Geochemistry of 
an Acidic Septic-System Plume in Silt. Ground Water 33(2): 275-283. 

Robertson, W.D.; J.A. Cherry, E.A. Sudicky (1991). Ground-Water Contamination from 
Two Small Septic Systems on Sand Aquifers. Ground Water 29(1): 82-92. 

Robertson, W D.; B.M. Russell, and J.A. Cherry (1996). Attenuation of Nitrate in Aquitard 
Sediments of Southern Ontario. Jour. Of Hydrology, 180: 267-281. 

Rosen, M.R.; C. Kropf, K.A. Thomas (2006). Quantification of the Contribution of Nitro-
gen from Septic Tanks to Groundwater in Spanish Springs Valley, Nevada. USGS Inves-
tigations Report # 2006-5206. United States Geological Society. 

Siemens, J.; M. Haas, and M. Kaupenjohann (2003). Dissolved Organic Matter Induced 
Denitrification in Subsoils and Aquifers? Geoderma, 113(3-4): 253-271. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-7 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Sikora, L.J. and R.B. Corey (1976). Fate of Nitrogen and Phosphorus in Soils Under 
Septic Tank Waste Disposal Fields. Transactions of ASAE 19: 866-870. 

Sikora, L.J. and D.R. Keeney (1976). Denitrification of Nitrified Septic Tank Effluent. 
Jour. Water Poll. Control Fed., 48, 2018-2025. 

Singleton, M. J.; Esser, B. K., Moran, J. E., Hudson, G. B., McNab, W. W., & Harter, T. 
(2007). Saturated Zone Denitrification:  Potential for Natural Attenuation of Nitrate Con-
tamination in Shallow Groundwater under Dairy Operations. Environ. Sci. and Tech., 
41(3), 759-765. 

Slater, J.M., and D.G. Capone (1987). Denitrification in Aquifer Soil and Nearshore Ma-
rine Sediments Influenced by Groundwater Nitrate. Appl. And Environ. Microbiology, 
53(6): 1292-1297. 

Smith, R.L.; J.K. Bohlke, S.P. Garabedian, K.M. Revesz, and T. Yoshinari (2004). As-
sessing Denitrification in Groundwater Using Natural Gradient Tracer Tests with 15N:  In 
situ Measurement of Sequential Multistep Reaction. Water Resources Research, 40, 17 
pp. 

Smith, R.L. and J.H. Duff (1988). Denitrification in a Sand and Gravel Aquifer. Appl. and 
Environ. Microbiology, 54(5): 1071-1078. 

Smith, R.L.; S.P. Garabedian, and M.H. Brooks (1996). Comparison of Denitrification 
Activity Measurement in Groundwater Using Cores and Natural-gradient Tracer Tests. 
Environ. Sci. and Tech., 30(2): 3448-3456. 

Smith, R.L.; B.L. Howes, and J.H. Duff (1991). Denitrification in Nitrate-contaminated 
Groundwater; Occurrence in Steep Vertical Geochemical Gradients. Geochimica et 
Cosmochimica, 55, 1815-1825. 

Starr, J.L. and R.W. Gillham (1993). Denitrification and Organic Carbon Availability in 
Two Aquifers. Ground Water, 31(6): 934-947. 

Taylor, J.R. (2003). Evaluating Groundwater Nitrates from On-Lot Septic Systems, A 
Guidance Model for Land Planning in Pennsylvania. 

Tesoriero, A.J.; H. Liebscher, and S.E. Cox (2000). Mechanism and Rate of Denitrifica-
tion in an Agricultural Watershed:  Electron and Mass Balance along Groundwater Flow 
Paths. Water Resources Research, 36(6): 1545-1559. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-8 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Tinker, J.R.J. (1991). An Analysis of Nitrate-Nitrogen in Ground Water Beneath Unse-
wered Subdivisions. Ground Water Monitoring Review Winter: 141-150. 

Trudell, M.R.; R.W. Gillham, and J.A. Cherry (1986). An In-Situ Study of the Occurrence 
and Rate of Denitrification in a Shallow Unconfined Sand Aquifer. Jour. Of Hydrology, 
83, 251-268. 

Tucholke, M.B. (2006). Statistical Assessment of Relationships between Denitrification 
and Easily Measured Soil Properties: A Simple Predictive Tool for Watershed Modeling.  
M.S. Thesis, Colorado School of Mines. 187 pp.  

Tucholke, M.B.; J.E. McCray, G.D. Thyne, and R.M. Waskom (2007). Variability in Deni-
trification Rates:  Literature Review and Analysis. NOWRA 16th Annual Technical Educa-
tion and Exposition Conference, Baltimore, MD. 18 pp. 

Uebler, R.L. (1984). Effect of Loading Rate and Soil Amendments on Inorganic Nitrogen 
and Phosphorus Leached from a Wastewater Soil Absorption System. Jour. Environ. 
Quality 13: 475-479. 

van Beek, C.G.E.M. and J. van Puffelen (1987). Changes in the Chemical Composition 
of Drinking Water after Well Infiltration in an Unconsolidated Sandy Aquifer. Water Re-
sources Research, 23(1): 69-76. 

Vogel, J.C.; A.S. Talma, and T.H.E. Heaton (1981). Gaseous Nitrogen as Evidence for 
Denitrification in Groundwater. Journal of Hydrology, 50, 191-200. 

Walker, W.G.; J. Bouma, D.R. Keeney, F.R. Magdoff (1973). Nitrogen Transformations 
During Subsurface Disposal of Septic Tank Effluent in Sands: I. Soil Transformations. 
Jour. Environ. Quality 2(4): 475-480. 

Walker, W.G.; J. Bouma, D.R. Keeney, F.R. Magdoff (1973). Nitrogen Transformations 
During Subsurface Disposal of Septic Tank Effluent in Sands: II. Ground Water Quality. 
Jour. Environ. Quality 2(4): 521-525. 

Well, R.; J. Augustin, K. Meyer, and D.D. Myrold (2003). Comparison of Field and La-
boratory Measurement of Denitrification and N2O Production in the Saturated Zone of 
Hydromorphic Soils. Soil Biology and Biochemistry, 35, 783-799. 

Wilhelm, S.R.; S.L. Schiff, W.D. Robertson (1998). Biochemical Evolution of Domestic 
Waste Water in Septic Systems: 2. Application of a Conceptual Model in Sandy Aquifers. 
Ground Water 34: 853-864. 



o 
:\4

42
37

-0
01

R
00

9\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

Section 5.0  References October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 5-9 
EVALUATION OF NITROGEN REDUCTION BY SOILS AND SHALLOW GROUNDWATER HAZEN AND SAWYER, P.C. 

Wilson, G.B.; J.N. Andrews, and A.H. Bath (1990). Dissolved Gas Evidence for Denitrifi-
cation in the Lincolnshire Limestone Groundwaters, Eastern England. Jour. Of Hydrolo-
gy, 113(1-4), 51-60. 

Yates, M.V. (1985). Septic Tank Density and Ground-Water Contamination. Ground Wa-
ter 23(5). 

Young, L.J. (2007). Final Report, Task 3: Assess Contributions of Onsite Wastewater 
Treatment Systems Relative to Other Sources; Wekiva Onsite Nitrogen Contribution 
Study June 4, 2007. Florida Department of Health Report. 



E
CO

 

 

In association wit

OTIS 
ENVIRONMENT
ONSULTANTS, 

  

  

  

  

  

  

h 

TAL 
LLC 

Florida
Strate
 

Task C

Qualit
 

Draft R
October 

a Onsite
egies St

C 

ty Assur

Report 
2009 

e Sewa
udy 

rance P

age Nitro

Project P

ogen Re

Plan 

eduction 



Florida Onsite Sewage Nitrogen 
Reduction Strategies Study 

 
 

TASK C 
DRAFT REPORT 

 
Quality Assurance Project Plan 

 
Prepared for: 

 
Florida Department of Health 

Division of Environmental Health 
Bureau of Onsite Sewage Programs 
4042 Bald Cypress Way Bin #A-08 

Tallahassee, FL  32399-1713 
 

FDOH Contract CORCL 
 

October 2009 
 
 

Prepared by: 
 

 
 
 

In Association With: 
 

 



O
:\4

42
37

-0
01

R
01

1\
W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE TOC-1 
TASK C DRAFT QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

 
Table of Contents 

Section 1.0 Introduction ............................................................................................. 1-1 

1.1 Project Background ......................................................... 1-1 
1.2 Project Scope and Purpose ............................................ 1-2 
1.3 Project Organization ....................................................... 1-3 

Section 2.0 Task C Description ................................................................................. 2-1 

2.1 Description of Activities ................................................... 2-1 

2.1.1 Controlled Field Testing at GCREC .................. 2-1 

2.1.1.1 GCREC Site Conditions .................. 2-1 
2.1.1.2 Test Area Design ............................ 2-5 
2.1.1.3 Monitoring Framework .................... 2-6 
2.1.1.4 Tracer Testing ............................... 2-10 

2.1.2 Field Monitoring at Home Sites ....................... 2-11 

2.1.2.1 Site Selection ................................ 2-11 
2.1.2.2 Monitoring Framework .................. 2-12 

 
2.2 Performance Assessment ............................................. 2-14 
2.3 Contingency Measures ................................................. 2-15 

Section 3.0 Quality Assurance and Quality Control ................................................... 3-1 

3.1 Data Quality Objectives (DQOs) ..................................... 3-1 
3.2 Field Activities ................................................................. 3-2 

3.2.1 Sample Methods ............................................... 3-2 

3.2.1.1 Sample Collection ........................... 3-3 
3.2.1.2 Sample Handling and Custody ........ 3-8 
3.2.1.3 Sample Analysis ............................ 3-10 
3.2.1.4 QC Samples .................................. 3-13 



o:
\4

42
37

-0
01

R
01

1\
\W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

Table of Contents October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE TOC-2 
PNRS II - QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

3.2.2 Field Testing ................................................... 3-15 
3.2.3 Non-standard or Alternative Field Methods .... 3-17 

 
 

3.3 Laboratory Activities ...................................................... 3-19 
3.4 Documentation, Assessment, and Reporting ................ 3-20 

3.4.1 Documentation ................................................ 3-20 
3.4.2 Data Assessment ............................................ 3-22 

3.4.2.1 Precision ....................................... 3-23 
3.4.2.2 Accuracy ....................................... 3-23 
3.4.2.3 Representativeness ...................... 3-24 
3.4.2.4 Comparability ................................ 3-24 
3.4.2.5 Completeness ............................... 3-24 
3.4.2.6 Validation ...................................... 3-25 

 
3.4.3 Reporting ........................................................ 3-25 

 
3.5 QA Surveillance ............................................................ 3-26 

Section 4.0 Health and Safety ................................................................................... 4-1 

4.1 Hazard Assessment ........................................................ 4-1 
4.2 Personal Protection Requirements ................................. 4-5 
4.3 Emergency Response ..................................................... 4-6 

Section 5.0 References ............................................................................................. 5-1 

Appendix A GCREC Memo ....................................................................................... A-1 

Appendix B 50% Test Design ................................................................................... B-1 

Appendix C Activity Hazard Analysis ........................................................................ C-1 

 



o:
\4

42
37

-0
01

R
01

1\
\W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

Table of Contents October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE TOC-3 
PNRS II - QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

List of Tables 

Table 2.1 Selected Soil Properties of Soils Identified at the GCREC Facility ......... 2-4 
Table 2.2 Study Design Conditions for Test Areas ................................................. 2-5 
Table 2.3 Summary of Field Monitoring Framework ............................................. 2-13 
 
Table 3.1 List of FDEP SOPs (FDEP-SOP-001/01) for Task C .............................. 3-3 
Table 3.2 Summary of Sample Collection .............................................................. 3-4 
Table 3.3 Summary of Field Measurements ........................................................... 3-6 
Table 3.4 Nomenclature for Sample Identification .................................................. 3-9 
Table 3.5 Sample Analyses Methods ................................................................... 3-12 
Table 3.6 Sample Analyses Requirements ........................................................... 3-13 
Table 3.7 Summary of QC Samples Collected and Analyses Conducted ............ 3-14 
 
Table 4.1 Microorganisms Found in STE and Untreated Wastewater  ................... 4-2 
 (in MPN/100 mL) 
Table 4.2 Pathogenic Microorganisms Found in STE and Untreated Wastewater . 4-3 
 (Lowe et al., 2007) 
 



o:
\4

42
37

-0
01

R
01

1\
\W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

Table of Contents October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE TOC-4 
PNRS II - QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

List of Figures 

Figure 1-1 Nitrogen Processes Occurring in a Typical OSTDS ............................... 1-2 
(after Heatwole and McCray, 2007) 

Figure 2-1 GCREC Facility Soil Survey (NRCS, 2009) ............................................ 2-3 
Figure 2-2 General Schematic of Unsaturated Zone Monitoring Framework at  ...... 2-8 
 the GCREC 
Figure 2-3 Illustration of Standpipe and Drive Point Piezometers .......................... 2-10 
 
Figure 3-1 Configuration of Soil Suction Lysimeters Used for Pore Water ............ 3-18 

Sample Collection(from www.soilmeasurement.com) 
 



O
:\4

42
37

-0
01

R
00

5\
W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-1 
TASK C DRAFT QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

Section 1.0 
Introduction 

1.1 Project Background 
Nitrogen is an important concern for water quality and nitrate-nitrogen represents per-
haps the most common groundwater pollutant. Animals, crops, ecosystems, and human 
health can be adversely impacted by the presence of nitrogen in water supplies. The en-
vironmental effects of nitrogen on groundwater and surface water can ultimately lead to 
the degradation of surface waters in watershed systems that have strong groundwa-
ter/surface water interactions. Nitrogen that enters surface water bodies via these inte-
ractions can lead to algal blooms and eutrophication. These processes lead to oxygen 
depletion in surface waters which can be harmful to natural aquatic life. In Florida, the 
protection of watersheds, in particular surface water bodies, has led to the legislation of 
protection of these areas (i.e., the Wekiva River Protection Act). 

Nitrogen transport in the subsurface is a complex process, especially when considering 
the nitrogen inputs from onsite sewage treatment and disposal systems (OSTDS). Fig-
ure 1-1 summarizes the conceptual understanding of the inputs of nitrogen and the 
transformative and advective processes that lead to nitrogen contamination of ground-
water. Additional discussion regarding the fate and transport of nitrogen and its move-
ment and distribution in groundwater related to OSTDS was presented in the Task C Li-
terature Review. 
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Figure 1-1: Nitrogen Processes Occurring in a Typical OSTDS 

(after Heatwole and McCray, 2007) 

As a result of the widespread impacts of nitrogen on groundwater and surface waters in 
Florida, the management of nitrogen sources, including OSTDS, is of paramount con-
cern for the protection of the environment. As part of Task C of the Florida Onsite Se-
wage Nitrogen Reduction Strategies (FOSNRS) Study, field testing related to nitrogen 
fate and transport will be conducted at the University of Florida Gulf Coast Research and 
Education Center (GCREC) and individual residential home sites to evaluate expected 
full-scale performance and produce data required for calibration and validation of fate 
and transport models developed in Task D.  

1.2 Project Scope and Purpose 
The overall goal of Task C is to critically characterize nitrogen reduction in Florida soils 
and groundwater. To accomplish this goal several objectives are identified: 

● determine the cumulative mass loading of N to the soil and groundwater (i.e., at 
the GCREC), 

Groundwater 
Table 

Drinking Water Well 



O
:\4

42
37

-0
01

R
01

1\
W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

1.0  Introduction October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-3 
TASK C DRAFT QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

● identify how currently designed and implemented OSTDS perform (i.e., home 
sites), 

● understand treatment processes involved, and  

● obtain/refine model parameter inputs (e.g., denitrification rates). 

To meet these objectives a combination of controlled field testing and field monitoring at 
home sites is planned. Controlled field testing will be conducted at the GCREC. Home 
sites will be selected from three regions: north Florida, central Florida, and south Florida. 
Monitoring at each site will include effluent quality, hydraulic loading rate to the soil, soil 
properties, groundwater properties, groundwater concentrations, and climate/weather 
conditions. The project approach is described in detail in Section 2.0. 

1.3 Project Organization 
Task C is comprised of several interrelated subtasks that fall within four primary catego-
ries: 

1) literature review and work plan development, 

2) controlled pilot-scale testing, 

3) field monitoring, and 

4) reporting. 

The literature review and work plan development are the first tasks to be completed. 
This Quality Assurance Project Plan (QAPP) describes the proposed testing and field 
monitoring framework building off of the existing knowledge of OSTDS performance. The 
literature review has been previously submitted to the Florida Department of Health 
(FDOH) and the Research Review and Advisory Committee (RRAC) for review (Task 
C.1). Supplemental plans to this QAPP will include the homeowner agreement (Task 
C.6), home site installation reports (Task C.7), and the test facility design and construc-
tion (Tasks C.11 – C.18). The work described in this QAPP encompasses the entire 
scope of the 5 year project. However, efforts to be completed in subsequent years will 
build off of the previous findings using the observational method, and will be dependent 
on future project funding. 

Controlled pilot-scale testing will be conducted at GCREC to characterize nitrogen fate 
and transport under a variety of typical operating conditions. The test area will be highly 
monitored in the both the unsaturated and saturated zones to enable definition of key 
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treatment processes. Tracer tests are also planned to determine groundwater velocity 
and enable assessment of the groundwater dilution that occurs in an OSTDS. Each test 
area will be monitored to delineate effluent quality, hydraulic and nitrogen loading rates 
to the soil, nitrogen transformation in the vadose zone, and potential groundwater im-
pacts. Sufficient temporary piezometers will be used to enable hydrogeologic characteri-
zation. 

Field monitoring will be conducted at residential home sites in Florida to evaluate current 
nitrogen reduction in soil and groundwater. The nitrogen mass loading to the environ-
ment and the resulting groundwater concentrations will provide input for parameter se-
lection as well as validation of the simple models developed in Task D. Each site will be 
monitored to delineate the OSTDS effluent quality, hydraulic and nitrogen loading rates 
to the soil, and potential groundwater impacts. Sufficient temporary piezometers will be 
used to enable hydrogeologic characterization.  

Reporting of Task C results and findings will be through submittal of routine monitoring 
reports. A final report summarizing the results of Task C will be provided at the comple-
tion of the overall project. 
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Section 2.0 
Task C Description 

Controlled field testing will be conducted during the first phase of Task C with field moni-
toring at individual home sites conducted in subsequent phases. This approach will ena-
ble more efficient instrumentation and monitoring of home sites by applying what has 
been learned from the controlled field testing to the monitoring framework at each home. 
For example, if it is determined through controlled field testing that treatment in the unsa-
turated zone is very similar for each operating condition (e.g., 30% removal in 2 feet of 
soil), then the number of monitoring points in the unsaturated zone at the homes sites 
can be minimized. Alternatively, monitoring at the controlled field test areas may suggest 
that specific conditions are critical to capture (e.g., significant rainfall events) and the 
frequency of monitoring may be modified to ensure key operational stages or conditions 
are sufficiently characterized. The following sections describe the field activities that will 
be conducted during the controlled field testing and outline the field activities anticipated 
during the individual home field monitoring. 

2.1 Description of Activities 
The work scope described in this section is consistent with the scope of work and delive-
rables in the FOSNRS contract. The following description of activities provides detail re-
lated to the controlled field testing and field monitoring including the test area design, 
operating conditions, number and location of monitoring points, sample collection and 
analyses, and data handling.  
 
The overall goal of Task C is to critically characterize nitrogen reduction in Florida soils 
and groundwater. To accomplish this goal several objectives are identified: 

2.1.1 Controlled Field Testing at GCREC 
Controlled pilot-scale testing will be conducted at the GCREC to characterize nitrogen 
fate and transport under a variety of typical operating conditions. 

2.1.1.1 GCREC Site Conditions 
The GREC facility is located at 14625 County Road 672, Wimauma, Florida. The facility 
is situated on 475 acres of land that were donated by Hillsborough County government. 
A preliminary soils assessment conducted by the United States Department of Agricul-



O
:\4

42
37

-0
01

R
01

1\
W

pd
oc

s\
R

ep
or

t\D
ra

ft 
***WORKING DRAFT – DO NOT CITE OR DISTRIBUTE*** 

2.0  Task C Description  October 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 2-2 
TASK C DRAFT QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

ture (USDA) Natural Resources Conservation Service (NRCS) identified the soils in the 
area to be used for this project as primarily Seffner fine sand and Zolfo fine sand, with a 
limited area of Myakka fine sand (Figure 2-1). The Zolfo fine sand in the northeastern 
portion of the project area gradually transitions to Seffner find sand in the southwestern 
portion of the project area. These soils are somewhat poorly to poorly drained and are 
typical of the Florida flatwoods land resource area. A well developed spodic horizon was 
identified between 54 and 58 inches in the northeastern portion of the project area. Se-
lected key soil properties of the soils in the project area are summarized in Table 2.1. 
The Test Facility Site Evaluation with soils information is provided in Appendix A for ref-
erence. 
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Figure 2-1: GCREC Facility Soil Survey 
(NRCS, 2009) 

Project Area 

Existing Mound System 
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Table 2.1 
Selected Soil Properties of Soils Identified at the GCREC Facility1 

Soil Name Depth 
(in.) USDA Texture 

Moist Bulk 
Density 
(g/cm3) 

Organic 
Matter (%) 

Cation 
Exchange 
Capacity 

(meq/100g) 
Seffner fine sand 0-13 fine sand 1.35 – 1.45 0 – 2.9 1.2 – 7.6 
 13-21 fine sand, sand 1.35 – 1.45 0 – 2.9 0.7 – 5.6 
 21-80 fine sand, sand 1.50 – 1.60 0 – 2.9 0.7 – 5.6 
Zolfo fine sand 0-3 fine sand 1.35 – 1.55 0 – 2.9 1.0 – 3.8 
 3-60 fine sand, sand 1.30 – 1.60 0 – 2.9 0.8 – 3.6 
 60-80 fine sand, sand 1.50 – 1.70 0 – 2.9 -- 
Myakka fine sand 0-5 fine sand 1.35 – 1.45 0.5 – 2.0 -- 
 5-20 fine sand, sand 1.45 – 1.60 0 – 1.0 -- 
 20-30 fine sand, sand, 

loamy fine sand 
1.45 – 1.60 1.0 – 6.0 -- 

 30-80 fine sand, sand 1.45 – 1.70 0 – 0.8 -- 
1 Typical soil properties from “Soil Survey of Hillsborough County, FL”, NRCS 

Seasonal high water table indicators were found between 24 and 39 inches. Water level 
measurements were obtained from existing piezometers in the project area in March, 
June and July 2009. Based on these water level measurements depth to groundwater 
ranged from approximately 3 ft to 6 ft below ground surface. It should be noted that the 
6 ft depth to groundwater was measured in March 2009 after a three-year drought in the 
area. The regional groundwater gradient in the project area is from northeast to south-
west. 

Wastewater from the GCREC research offices and onsite dormitories flow to an existing 
OSTDS. Wastewater from Facility laboratories is not directed to the OSTDS. This exist-
ing OSTDS consists of a pressure dosed mound system designed for 2,850 gallons per 
day. Two septic tanks (2,500 and 1,250 gallons) provide primary treatment followed by a 
dosing tank (3,000 gallons). The mound drainfield has 4,351 ft2 of infiltrative area (design 
hydraulic loading rate of 0.65 gpd/ft2) with each half of the drainfield receiving alternating 
doses. As part of this project, a flow meter will be installed to monitor the actual daily 
flow to the drainfield. 
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2.1.1.2 Test Area Design 
Test areas representative of typical mounded OSTDS will be established at the GCREC 
to enable controlled testing and evaluation of nitrogen reduction in soil and groundwater. 
Four test areas will be established receiving either septic tank effluent (STE) or nitrified 
effluent delivered to the soil via a pressure dosed mound or a shallow drip dispersal sys-
tem (Table 2.2). Effluent will be delivered to the soil at the maximum allowable rate for 
the sandy soils of 0.8 gpd/ft2. The combination of STE at the maximum hydraulic loading 
rate represents the highest allowable mass loading rate to the soil and is therefore ex-
pected to provide the most conservative nitrogen removal resulting in the highest ex-
pected concentrations of nitrogen reaching the groundwater. However, it is also recog-
nized that many systems in Florida employ an aerobic treatment unit (ATU) which results 
in delivery of a nitrified effluent to the soil treatment unit (aka, drainfield). Delivery of both 
STE and nitrified effluent to the soil will enable comparison of the groundwater plumes 
and evaluation of the benefits (or lack of) of nitrogen transformation and/or reduction 
prior to groundwater recharge. These two effluents will be delivered to the soil via con-
ventional pressure dosed mound systems or shallow subsurface drip dispersal systems 
(mounded as required to meet groundwater separation). The drip dispersal system is 
designed to optimize nitrogen removal through plant uptake and reduce the mobile ni-
trate-nitrogen fraction that recharges the groundwater. A more detailed description of 
nitrogen uptake in drip dispersal systems can be found in Parzen (2007). 

Table 2.2 
Study Design Conditions for Test Areas 

Test 
Area ID Effluent Quality Design HLR 

(gpd/ft2) Soil Treatment Unit Design 

TA1 STE 0.8 pressure dosed mound 
TA2 STE 0.8 shallow drip dispersal 
TA3 nitrified effluent 0.8 pressure dosed mound 
TA4 nitrified effluent 0.8 shallow drip dispersal 

TA5 in situ nitrified effluent  
(Task A) 

from  
PNRS II pilots 

mounded drip dispersal over 
denitrification media 

TA6 in situ STE effluent  
(Task A) 

from  
PNRS II pilots 

mounded drip dispersal over 
denitrification media 

STE will be pumped from the first GCREC septic tank to a holding tank near the test 
areas. Excess effluent will be returned to the existing GCREC mound to prevent effluent 
from discharging to the ground and to minimize the holding tank residence time. A por-
tion of the STE from this holding tank will be directed to an approved aerobic treatment 
unit (e.g., textile filter, single pass sand filter, or other) with the treated effluent held in a 
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separate tank as the source of the nitrified effluent. The aerobic treatment unit will be 
operated in accordance to approved manufacturer specifications and allowed to begin 
nitrifying (10 to 30 days from start-up) prior to delivery to the soil. 

Test areas TA1 – TA4 will have an infiltrative surface of 40 ft2 (20 ft long and 2 ft wide) 
and receive effluent in 6 equal doses of 5.33 gallons/dose each day. Equal distribution of 
effluent to the soil will enable replicate monitoring locations along the length of each test 
area. Orifice controlled pressure distribution, with orifices located at 1 ft intervals, will be 
used to deliver the effluent to the mound test areas. This delivery approach will ensure 
that effluent is equally distributed along the length of the mound. Effluent will be deli-
vered via commercial pressure tubing with pressure compensating emitters located at 1 
ft intervals in the drip dispersal systems.  

Mound test areas will be constructed using two rows of orifice controlled pressure distri-
bution piping placed 1 ft apart in the center of a 20 ft long, 2 ft wide, and 1 ft thick gravel 
(mineral aggregate meeting requirements of 64E-6.014(5)(C)) infiltrative surface. One ft 
of mound or filter sand will underlie the gravel and be placed on the ground surface, pro-
viding at least 2 ft of unsaturated separation during high water tables and 3 or more ft of 
unsaturated separation during low water tables. Native soil will be placed over the gravel 
with vegetation to minimize erosion. Sides of the mound will be graded to a slope of 2:1 
(horizontal:vertical). Additional detail is illustrated on the 50% Test Facility Design draw-
ings (Task C.12) provided in Appendix B for reference.  

Drip dispersal test areas will be constructed in 1.5 ft of mound or filter sand placed on 
the ground surface, again providing at least 2 ft of unsaturated separation during high 
water tables and 3 or more ft of unsaturated separation during low water tables. Two 
rows of commercially available drip tubing will be placed 4 to 6 inches deep and 1 ft 
apart. Turf grass will be placed on the drip dispersal area to replicate a typical residential 
installation. Additional detail is illustrated on the 50% Test Facility Design drawings 
(Task C.12) provided in Appendix B for reference. 

Test areas will be separated by 20 to 30 ft to minimize potential plume interactions be-
tween each test area. In addition, prior to test area construction, vertical and horizontal 
groundwater gradients will be determined. Test areas will be oriented with the 20 ft di-
mension in line with the horizontal gradient to further minimize potential plume interac-
tions and enable groundwater plume characterization with fewer monitoring points. 

2.1.1.3 Monitoring Framework 
Each test area will be monitored for operational conditions, unsaturated and saturated 
nitrogen concentrations, soil properties, groundwater properties, and weather conditions.  
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Operational conditions include effluent quality, hydraulic loading rate to the soil, and 
ponding on the soil infiltrative surface. The STE and nitrified effluent quality will be moni-
tored weekly for the first month and then bi-monthly for the duration of testing. Due to the 
multiple wastewater sources to the septic tank, the STE quality is expected to be rela-
tively consistent (compared to typical single family residential homes). The sampling fre-
quency will be further reduced, if indeed the effluent quality is consistent, but the fre-
quency will remain sufficient to estimate nitrogen mass loading rates to the soil. Effluent 
samples will be analyzed for temperature, specific conductance, pH, dissolved oxygen 
(DO), total kjeldahl nitrogen (TKN), nitrate-nitrogen, ammonium-nitrogen, and chloride. In 
addition, half of the samples will also be analyzed for pH, alkalinity, 5-day carbonaceous 
biochemical oxygen demand (cBOD5), total phosphorus, total solids (TS), total sus-
pended solids (TSS), fecal coliform and E.coli. Up to 10% of the samples will also be 
analyzed for anions and cations. Sample collection, handling and analysis methods will 
be in accordance with Florida Department of Environmental Protection (FDEP) standard 
operating procedures (SOPs) and are discussed in Section 3.0. The hydraulic loading 
rate to the soil will be monitored by recording the delivery pump cycles and with a flow 
meter for each test area. Should ponding develop within the gravel of the mound test 
areas, the ponding height will be recorded with water level indicators (+/- 1/32 in. pond-
ing) and visual observations. 

The center of test areas TA1 – TA4 will be equipped with unsaturated and shallow satu-
rated zone monitoring instrumentation. Up to two sets of such monitoring equipment will 
be placed in each of the four test areas. This instrumentation will include stainless steel 
suction lysimeters, soil moisture probes, and tensiometers. Suction lysimeters, soil mois-
ture probes, and tensiometers will be located at 0.5, 1.0, 1.5, 2.5, and 3.5 ft below the 
bottom of the gravel or below the drip emitter. During installation, the depth intervals may 
be adjusted to capture the transition between soil layers (e.g., spodic horizon noted in 
Soil Survey) and the capillary zone of the low water table. At least four soil moisture 
probe depth intervals will be located in the unsaturated zone to ensure adequate para-
meter estimation during inverse modeling (Ritter et al. 2004). Installation methods are 
discussed in Section 3.0. Figure 2-2 provides general schematics illustrating the loca-
tions of the unsaturated zone instrumentation. 
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Figure 2-2: General Schematic of Unsaturated 
Zone Monitoring Framework at the GCREC 

Suction lysimeter samples will be collected at 1, 3, 5, 7, 9, and 11 months after effluent 
delivery. All unsaturated zone solution samples will be analyzed for temperature, pH, 
specific conductance, DO, TKN, nitrate-nitrogen, ammonium-nitrogen, and chloride. In 
addition, half of the samples will also be analyzed for alkalinity, chemical oxygen de-
mand (COD), and total phosphorus. COD is a measure of the oxygen equivalent of the 
organic matter content that is susceptible to oxidation by a strong chemical oxidant and 
can be empirically related to cBOD5. Because cBOD5 is expected to be at very low con-
centrations in soil moisture and groundwater samples and is time consuming to meas-
ure, COD will be analyzed instead of cBOD5. Up to 10% of the samples will also be ana-
lyzed for dissolved organic carbon (DOC), anions, and cations. Note the 0.2 micron no-
minal pore size of the suction lysimeter precludes total organic carbon (TOC), solids, 
and microorganism sample analyses. Sample handling and analysis methods will be in 
accordance with FDEP SOPs and are discussed in Section 3.0. Sample frequency may 
be increased or decreased to capture seasonal trends and/or changes in system per-
formance as the biozone is developed. Previous work at CSM with suction lysimeter 
sampling suggests changes in treatment performance within a mature soil treatment unit 
are adequately captured with samples collected at intervals up to 2 to 3 months (Tillot-
son, 2009). In addition, samples collected daily over 2 weeks showed relative percent 
difference (RPD) in soil pore water concentrations of only 13% for ammonium, 11% for 
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nitrate, and 10% for chloride. Rather than discrete time intervals, it is more important to 
capture changes in operating conditions (e.g., start-up vs. mature system) and seasonal 
changes (rainy season vs. dry season, hot periods vs. cool periods, etc.). Soil moisture 
content will be collected at least hourly through an automated data logging system. Dur-
ing selected intervals, soil moisture content may be collected every minute to provide 
high resolution data for short time periods such as capturing effluent movement between 
doses. Soil tension will be measured at selected time periods to obtain sufficient data 
resolution to correlate with soil moisture measurements and for parameter estimation 
during Task D. 

Saturated zone monitoring will include groundwater quality, depth of groundwater table, 
and gradient (i.e., water level). Groundwater will be monitored through two types of pie-
zometers: small diameter standpipe piezometers and drive point piezometers (Figure 2-
3). Standpipe piezometers are 0.75 to 1.0 inch diameter wells for groundwater sampling, 
water levels, and hydraulic testing (e.g., pump tests, slug tests, etc.). Drive point piezo-
meters are stainless steel drive points attach to polyethylene tubing and will be used to 
locate and define groundwater plumes and enable collection of groundwater samples. 
Installation methods are described in Section 3.0. Initially up to 12 drive point piezome-
ters will be installed along 2 or 3 transects perpendicular to groundwater flow. Seven or 
more multi-level piezometers will be installed within the project area (encompassing all 
four test areas) to monitor vertical gradients, horizontal gradients, and nitrogen flux. One 
standpipe piezometer will be located at the center of the test area adjacent to the unsa-
turated zone instrumentation. Two additional standpipe piezometers will be installed 
down gradient of the test area. These downgradient standpipe piezometers may not be 
installed until a groundwater plume is identified and additional hydrogeologic information 
is required. 
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Figure 2-3: Illustration of Standpipe and Drive Point Piezometers 

Water level measurements will be taken from all piezometers monthly. Initially, specific 
conductance, nitrate, and chloride will be monitored monthly, at a minimum, to identify 
development of a groundwater plume from each test area. After development of a 
groundwater plume, groundwater samples will be collected at the same frequency and 
for the same analytes as the soil suction lysimeter samples described above. In addition, 
all groundwater samples will be analyzed for specific conductance, DO, and chloride. 
The location of the groundwater samples will be based on groundwater quality field 
screening (specific conductance). Sufficient groundwater samples will be collected to 
delineate the groundwater plume (horizontal and vertical) and determine denitrification 
rates. 

2.1.1.4 Tracer Testing 
Tracer tests will be conducted at two time points during test area operation; prior to ef-
fluent delivery and after six months or more of effluent delivery. Bromide (Br-) will be 
used as a conservative tracer (added to clean water or effluent as potassium bromide) 
representative of the water movement through soil, although some diffusion from mobile 
to immobile water may occur. The first tracer test, prior to effluent delivery to the test 
areas, will enable characterization of the background groundwater velocity and dilution. 
The second test will be conducted after a groundwater plume has been defined and en-
able comparison of the subsurface changes attributed to effluent delivery. During this 
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second tracer test, a nitrogen isotope tracer (15N ammonium chloride) may be added to 
assess concentration, movement and species partitioning of nitrogen in the effluent deli-
vered to the soil. Tracer test methods are described in Section 3.0. 

2.1.2 Field Monitoring at Home Sites 
Field monitoring will be conducted at residential home sites in Florida to evaluate current 
nitrogen reduction in soil and groundwater, to assess groundwater impacts due to con-
ventional and nitrogen removal systems, and to provide data for parameter estimation, 
and verification and validation of models developed in Task D. Field monitoring will be 
conducted in subsequent phases of this project and are dependent on continued fund-
ing. However, the existing OSTDS at the GCREC will be monitored during this first 
phase allowing for methodology refinement for future home site monitoring. 

2.1.2.1 Site Selection 
Up to 8 home sites from three geographical regions (north, central, and south Florida) 
will be selected for inclusion in this study. Six of these home sites will be monitored. The 
remaining two sites will enable quick replacement of a home site if it is subsequently 
deemed inappropriate after monitoring has begun (i.e., unplanned extended absence of 
the homeowner, homeowner withdraws, etc.). 

Home sites located in Wakulla County will serve as representative homes of northern 
Florida. Wakulla County covers approximately 607 square miles and is predominantly 
rural (~51 people per square mile). Home sites in Wakulla County are currently being 
monitored by project team members (Water Research Consulting, LLC) to assess nitro-
gen in groundwater from performance-based treatment systems. Selected locations 
within the soil treatment unit have been monitored, but the full extent of the groundwater 
plume has not been delineated. Leveraging monitoring at these sites will provide histori-
cal information beneficial to understanding longer-term behavior and performance. For 
central Florida, home sites will be located in the Wekiva Study Area, and for southern 
Florida, home sites will be located near the Gulf Coast in Charlotte County. The Wekiva 
Study Area covers approximately 300,000 acres within Seminole, Lake and Orange 
Counties, and is the subject of considerable recent study and proposed nitrogen reduc-
tion regulations pertaining to OSTDS. Home sites in the Wekiva Study Area have also 
been previously monitored by project team members (Mechling Engineering & Consul-
tants, Inc.) to assess fate and transport of nitrogen in highly vulnerable aquifers. Leve-
raging monitoring at these sites will build off of a large existing knowledge base and 
again provide understanding of longer-term behavior and performance. Charlotte County 
covers approximately 694 square miles and is predominantly urban in the eastern por-
tions of the county and rural in the western portions (~216 people per square mile). 
FDOH permit information will be gathered for each candidate site and a system inspec-
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tion and evaluation will be conducted at the selected sites. If suitable home sites with 
willing home owners cannot be identified in these locations, the search for sites will be 
broadened to include additional Counties.  

Factors that will be considered during site selection will encompass a range of conditions 
affecting nitrogen mass loading to the soil and resulting groundwater concentrations. It is 
not the intent of this study to monitor older OSTDS which do not meet recent or current 
code requirements. Rather, only approved and permitted sites will be considered ranging 
in system age from 5 to 10 years old. To enable comparison of the findings with the con-
trolled testing at GCREC, one conventional OSTDS (i.e., STE) and one approved ATU 
or nitrogen reducing OSTDS (i.e., nitrified effluent) will be monitored in each geographic 
location. Key factors to be considered also include homeowner amenability, site access, 
occupancy, and daily household flow. Homeowner amenability is critical. Field monitor-
ing will include installation of numerous instruments which the homeowner must be com-
fortable with. After potential candidate sites are selected based on FDOH permit review, 
project team members will meet with prospective homeowners to discuss the project 
goals and scope. An agreement will be established with the homeowner if identified for 
inclusion in this study. Site access is also a critical factor. Only sites with readily access-
ible OSTDS will be selected (no landscape interferences, nearby power and clean wa-
ter). Candidate sites will have two or more occupants residing in the home year round. 
To the extent possible, home sites with daily household flow within typical ranges (e.g., 
50 – 70 gallons per capita per day) will be selected. After selection, each home site will 
be equipped with a flow meter. Should daily household flow rates be significantly outside 
the typical range, the site will be removed from the study and an alternate site included. 
While numerous subtleties exist between individual OWS, monitoring these key condi-
tions and factors will enable comparison of sites between the three geographical regions 
and determination of the relative impact of mass loading and nitrogen reduction based 
on hydraulic loading rate, effluent quality, and season. 

2.1.2.2 Monitoring Framework 
The existing OSTDS at the GCREC provides a unique opportunity to combine controlled 
field testing with field scale monitoring. Methods for field monitoring and refinement of 
the overall monitoring framework will be conducted here to enable development of the 
simple groundwater model in Task D and streamline future data collection at home sites. 
The following framework is specific to the existing OSTDS at the GCREC. Field monitor-
ing at home sites will be patterned on the same framework with revisions to sample loca-
tions and frequency based on the findings at the GCREC site. 

Field monitoring will follow 5 general steps as summarized in Table 2.3. First, the plume 
extent and location will be determined. Second, based on the delineation of the plume, 
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the site will be instrumented with drive point and standpipe piezometers. Next the aquifer 
will be characterized to determine the groundwater gradient, hydraulic conductivity, and 
velocity. Following aquifer characterization, routine monitoring will be conducted for at 
least 12 months. Finally, based on each data collection event, the need for additional 
information and instrumentation will be assessed. Additional data will be collected as 
needed to refine the evaluation of nitrogen reduction from OSTDS (e.g., higher resolu-
tion of data collection for a short period of time to capture key conditions, additional trac-
er testing with 15N isotope tracers to refine denitrification rates). Methods for field activi-
ties and laboratory analyses during each step are described in Section 3.0. 

Table 2.3 
Summary of Field Monitoring Framework 

Step Purpose Approach Data to be Collected 
1 Plume identification sampling grid for groundwa-

ter screening 
in-field measurements of 
groundwater specific conduc-
tance 

2 Instrumentation install multi-level drive point 
piezometers and shallow 
standpipe piezometers 

soil properties determined from 
soil borings during standpipe 
piezometer installation 

3 Aquifer characteriza-
tion 

conduct pump test and slug 
tests on standpipe piezome-
ters 

hydraulic gradient, saturated 
hydraulic conductivity 

  baseline tracer test establish groundwater velocity, 
dispersivity coefficients, and 
groundwater dilution 

4 Routine monitoring effluent quality, groundwater 
concentrations, water levels, 
climatic conditions 

water quality parameters as 
necessary to determine nitro-
gen reduction 

5 Additional instrumen-
tation, testing, and/or 
monitoring 

as warranted refine denitrification rates, aqui-
fer properties 

Initially a grid will be established downgradient of the soil treatment unit. A 25 ft by 25 ft 
grid will be marked (a smaller grid such as 10 ft by 10 ft will be used for home sites with 
smaller soil treatment units). Hand held methods (e.g., slide hammer, hand auger) will 
place a drive point connected to flexible tubing in the subsurface. The specific conduc-
tance of the groundwater at that location will be measured and recorded. The drive point 
will be advanced to additional depths, as feasible, to obtain a vertical conductivity profile 
at that location. Based on the groundwater specific conductivity, the general plume loca-
tion and extent will be determined. 
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After the groundwater plume has been identified, drive point and standpipe piezometers 
will be installed. Up to 20 multi-level (up to 5 depths) drive point piezometers will be in-
stalled based on the extent of the plume. This network of drive point piezometers will 
enable vertical and horizontal monitoring of nitrogen in groundwater. Four standpipe pie-
zometers will also be installed: one upgradient of the plume and three within the plume 
downgradient of the soil treatment unit. These standpipe piezometers will enable aquifer 
characterization of the gradient and saturated hydraulic conductivity. Soil samples will be 
collected from the soil borings during standpipe installation to determine general soil 
properties (lithology, soil features, organic matter content, grain size, etc.). An installa-
tion report describing the monitoring system installed will be provided for each home site 
(Deliverable C.7). 

Next the aquifer will be characterized through a pump test and slug tests to determine 
the saturated hydraulic conductivity and variability within the plume. A conservative trac-
er test will be conducted to determine groundwater velocity and the affect of aquifer dilu-
tion. 

Routine groundwater and effluent quality monitoring will be conducted at least four times 
(i.e., seasonally) to capture the range of likely climatic conditions. Groundwater and ef-
fluent samples will be analyzed for temperature, pH, specific conductance, DO, TKN, 
nitrate-nitrogen, ammonium-nitrogen, and chloride. Effluent samples will also be ana-
lyzed for TS and TSS. In addition, half of the samples will also be analyzed for alkalinity, 
cBOD5 or COD, total phosphorus, fecal coliform and E.coli. Up to 10% of the samples 
will also be analyzed for anions and cations. Sample collection, handling and analysis 
methods will be in accordance with FDEP SOPs and are discussed in Section 3.0. High-
er frequency sample collection and additional sample analysis as needed for model de-
velopment, calibration, and validation may be conducted based on the results from the 
GCREC OSTDS monitoring. Sufficient groundwater samples will be collected to deli-
neate the groundwater plume (horizontal and vertical) and determine denitrification 
rates. A monitoring report describing the each monitoring event will be provided for each 
home site (see Section 3.4.3). 

Finally, based on the field monitoring results, additional testing and/or instrumentation 
may be required. Additional testing and monitoring will be conducted as needed to en-
sure the data quality objectives (DQOs) are met or it is determined that the required data 
collection is not feasible (Section 3.1). 

2.2 Performance Assessment 
The performance assessment of Task C will be evaluated by the acquisition of sufficient 
data to: 
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● delineate nitrogen reduction in the soil and groundwater at the selected sites, and 
● calibrate and validate the simple model developed in Task D. 

Successful completion of the first measure listed above will enable determination of the 
cumulative mass loading of N to the soil and groundwater, identify how currently de-
signed and implemented OSTDS perform, and provide understanding of treatment 
processes occurring with OSTDS. The second measure will enable development of a 
simple, yet robust, model for nitrogen fate and transport in Florida subsurface environ-
ments in Task D. The combination of these two measures will provide an understanding 
of how Florida OSTDS perform and a user-friendly tool to predict nitrogen concentration 
at specified location downgradient of an OSTDS or the nitrogen loading / mass flux at a 
specified location. 

2.3 Contingency Measures 
The observational method for technical decision making will be employed during con-
trolled field testing and home site monitoring. This method is a continuous, integrated, 
process of design, monitoring, and review that enables modifications to be incorporated 
into the field monitoring framework as appropriate. The observational method provides 
for initial design based on the most probable conditions rather than the most unfavora-
ble. The gaps in the available information are then filled by observations (e.g., nitrogen 
concentrations, subsurface soil layers, daily flow rates, etc.) which aid in the assessment 
of the groundwater by modifying the monitoring framework based on these findings. This 
approach enables decisions in the field and can be described as a “learn as you go” me-
thod. For example, the observational method enables locating groundwater piezometers 
based on field screening of groundwater specific conductance rather than at pre-
selected locations that may not capture the highest nitrogen concentrations (critical for 
being able to determine the denitrification rate and nitrogen fate and transport). Coupled 
with the observational method for this study are identification of additional home sites, in-
field screening approaches, frequent data review and assessment, and flexibility in the 
number and location of sampling points as well as frequency of sample collection. This 
initial monitoring framework and observational method will be consistent with the Task C 
DQOs. 

During Task C, corrective actions may be required for two types of problems:  analytical 
or equipment problems and nonconformance problems. Analytical or equipment prob-
lems may occur during sampling, sample handling, sample preparation, field measure-
ments, laboratory analysis, and data review. Nonconformance problems may develop at 
any time during these activities and are often discovered during data review. Analytical 
laboratory contingency measures are discussed in Section 3.3. 
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Members of the field team will monitor ongoing work performance as a normal part of 
their daily responsibilities. All project personnel will promptly identify, report, and solicit 
approved correction for conditions adverse to quality. All findings and actions concerning 
equipment problems and nonconformance problems will be documented in field or office 
logbooks. 

Equipment problems or nonconformance problems should be reported to the Hazen and 
Sawyer project manager. The field team will then document the condition, its cause, any 
other related information, and the proposed corrective action. The field team will imple-
ment the corrective actions and document them in the field logbook. If appropriate, the 
field team will ensure that no additional work that is dependent on the nonconforming 
activity is performed until the corrective actions are completed. 

Examples of corrective actions for field measurements include: 

● Repeat the measurement to check the error; 

● Check for all proper adjustments for ambient conditions, such as temperature; 

● Check instrument batteries; 

● Recalibrate instrument or device; and 

● Replace the instrument or measurement device. 
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the maximum groundwater concentration is essential to determine the maximum reduc-
tion. 

Data quality indicators will be used to collectively define the quality of the submitted da-
ta. These indicators include both qualitative and the quantitative quality control (QC) 
measures. Task C activities that affect data quality include the sampling design, field col-
lection methods, laboratory analysis, and data analysis. The specific methods and quan-
titative data QA measures (e.g., accuracy, precision, completeness and detection limit) 
are described in the following sections. In addition, specific qualitative control measures 
to be used both field and the laboratory are also described (e.g., data type, frequency of 
use, handling of failed QC measures). 

3.2. Field Activities 
The Task C sampling framework and methodology were described in Section 2. The fol-
lowing descriptions pertain to the field methods to be used. Laboratory activities are de-
scribed in Section 3.3. 

3.2.1 Sample Methods 
To preserve the sample integrity, proper sample handling procedures will be employed 
from the time of sample collection in the field through sample analysis. Table 3.1 lists the 
FDEP SOPs that are pertinent to Task C. The SOPs will be kept on site and will be used 
by field personnel performing field work for the project. 
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Table 3.1 
List of FDEP SOPs (FDEP-SOP-001/01) for Task C 

SOP Description 
FC 1000   Cleaning / Decontamination Procedures 
FD 1000   Documentation Procedures 
FQ 1000   Field Quality Control Requirements 
FS 1000   General Sampling Procedures 
FS 2200   Groundwater Sampling 
FS 2400   Wastewater Sampling 
FS 3000   Soil 
FT 1000   General Field Testing and Measurement 
FT 1100   Field Measurement of pH 
FT 1200   Field Measurement of Specific Conductance 
FT 1400   Field Measurement of Temperature 
FT 1500   Field Measurement of Dissolved Oxygen 
FT 1900   Field Continuous Monitoring 
FT 2000   Residual Chlorine 

3.2.1.1 Sample Collection 
As described in Section 2, several different types of samples will be collected in Task C 
including effluent samples, soil samples, groundwater samples, and soil pore moisture 
samples (see Section 3.2.3 for soil pore moisture samples). In addition, routine monitor-
ing will include several field measurements including pH, temperature, specific conduc-
tance, dissolved oxygen, soil moisture content, and soil tension. Finally operating condi-
tions and weather conditions will be monitored and recorded. Sampling methods will be 
in accordance with FDEP-SOPs (FS 1000). The sample collection methods and field 
measurement methods are described below and are summarized in Tables 3.2 and 3.3. 
Associated QC samples are summarized in Section 3.2.1.4. 
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Table 3.2 
Summary of Sample Collection 

Type of 
Sample Analysis Frequencya 

Sample 
Collection 

Method 
Controlled Test Site (GCREC) 

Effluent 

TKN, nitrate-nitrogen, 
ammonium-nitrogen 

weekly during the first month 
of operation, then bimonthly 

peristaltic pump 
grab sample 

pH, alkalinity, cBOD5, 
total phosphorus, total 
solids, total suspended 
solids, fecal coliform 
and E.coli 

50% of the samples  

anions and cations 10% of the samples 
TKN, nitrate-nitrogen, 
ammonium-nitrogen, 
pH, alkalinity, cBOD5 

to be determined depth specific 
grab sample 

Soil 
lithology, soil features, 
organic matter content, 
grain size 

1 ft intervals to the total depth 
and location of standpipe pie-
zometers 

direct push soil 
core  

Groundwater 

nitrate-nitrogen 
monthly at drive point piezo-
meter locations until plume is 
established 

low flow 
peristaltic pump 
grab sample 

TKN, nitrate-nitrogen, 
ammonium-nitrogen 

every 2 months at drive point 
piezometer locations after 
plume is established 

pH, alkalinity, COD, 
total phosphorus 50% of the samples  

anions and cations 10% of the samples 

Soil moisture 

TKN, nitrate-nitrogen, 
ammonium-nitrogen 

1, 3, 5, 7, 9, and 11 months 
after effluent delivery 

in situ suction 
lysimeter 

pH, alkalinity, COD, 
total phosphorus 50% of the samples  

anions and cations 10% of the samples 
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Table 3.2 continued 
Summary of Sample Collection 

Type of 
Sample Analysis Frequencya 

Sample 
Collection 

Method 
Home Sitesb 

Effluent 

TKN, nitrate-nitrogen, 
ammonium-nitrogen four times 

peristaltic pump 
grab sample 

pH, alkalinity, cBOD5, 
total phosphorus, total 
solids, total suspended 
solids, fecal coliform 
and E.coli 

50% of the samples  

anions and cations 10% of the samples 

Soil 
lithology, soil features, 
organic matter content, 
grain size 

1 ft intervals to the total depth 
and location of standpipe pie-
zometers 

direct push soil 
core 

Groundwater 

water level monthly water level indi-
cator 

TKN, nitrate-nitrogen, 
ammonium-nitrogen, four times 

low flow peristal-
tic pump grab 
sample 

pH, alkalinity, COD, 
total phosphorus, fecal 
coliform and E.coli 

50% of the samples  

anions and cations 10% of the samples 
see Tables 3.5 and 3.6 for analysis methods, detection limits, preservation, and holding times. 
a The number, location, and frequency of sample collection will be based on the observational me-

thod (in-field screening approaches, frequent data review and assessment). 
b Sample locations and frequency based on the findings at the GCREC site. 
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Table 3.3 
Summary of Field Measurements 

Type of 
Measurement Measurement Frequencya Field Method 

Controlled Test Site (GCREC) 

Operational 
Conditions 

HLR 
weekly 

flow meter 
ponding visual observation 

Weather 
Conditions 

temperature, precipita-
tion, barometric pres-
sure, wind speed, rela-
tive humidity, ET 

at least weekly field weather 
station 

Effluent 
temperature, specific 
conductance, pH, DO, 
and chloride 

weekly during the first month 
of operation, then bimonthly 

flow through test 
cell, ISE 

Groundwater 

specific conductance and 
chloride 

monthly until plume is estab-
lished 

flow through test 
cell, ISE 

specific conductance, 
DO, and chloride 

every 2 months after the 
plume is established 

flow through test 
cell, ISE 

Soil moisture 

purge and sample vo-
lumes 

1, 3, 5, 7, 9, and 11 months 
after effluent delivery 

graduated cylinder 
or flask 

temperature, specific 
conductance, pH, DO, 
and chloride 

flow through test 
cell 

soil moisture content  hourly 
in situ probes with 
automated data 
logger  

soil tension to be determined in situ tensiometers
Home Sitesb 

Operational HLR, ponding every visit (4 times) flow meter and 
visual observation 

Effluent 
temperature, specific 
conductance, pH, DO, 
and chloride 

every visit (4 times) flow through test 
cell, ISE 

Groundwater 
temperature, specific 
conductance, pH, DO, 
and chloride 

every visit (4 times) flow through test 
cell, ISE 

see Tables 3.5 and 3.6 for measurement methods, detection limits, preservation, and holding times. 
a The number, location, and frequency of field measurements will be based on the observational method 

(in-field screening approaches, frequent data review and assessment). 
b Sample locations and frequency based on the findings at the GCREC site. 
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Effluent samples will be collected in accordance with FS 2400, Wastewater Sampling. 
Grab samples will be collected at the controlled test site and the individual home sites. 
Grab samples will enable estimation of the mass loading of nitrogen to the soil. The fre-
quency of effluent sample collection and analyses methods are summarized in Tables 
3.2 and 3.3. Effluent samples will be collected using a peristaltic pump with dedicated 
tubing (FS 2430). The suction inlet tubing will be located in the mid section of the clear 
liquid phase in the latter most tank at the home sites and of the effluent holding basins at 
the GCREC immediately prior to discharge to the soil. Effluent samples will be collected 
into a 500 mL or larger sample container and placed in a cooler on ice. 

Soil samples will be collected from the cores during installation of standpipe piezometers 
(see Section 3.2.2 for field methods and equipment) following FDEP-SOP FS 3000 using 
direct push techniques (FS 3220-5.0). Soil characteristics, will be obtained from up to 4 
boreholes located within the area of interest (controlled test site or home site). The num-
ber and layout of the boreholes may be adjusted as necessary based on field results. 
Borings will be drilled to a maximum depth of 30 ft using direct-push equipment and 
GeoProbe sampling tools. Continuous core samples will be obtained starting at the sur-
face. The soils retrieved during coring will be used for field and laboratory analytical 
analysis (Tables 3.2 and 3.3). Soil samples will be collected at 2-ft intervals from the wa-
ter table for soil texture, soil features, total organic carbon (TOC), and grain size distribu-
tion. Depending upon the results of these field measurements and analyses, specific 
analytes, locations, or frequency may be altered.  

All groundwater samples will be collected using a peristaltic pump and dedicated tubing 
in accordance with FDEP-SOP (FS 2201-2.1.1, FS 2220-3.4, and FS 2221-1.1). Prior to 
groundwater sample collection, the piezometer will be micropurged using low-flow purg-
ing and sampling methods (USGS 1998, Kearl et al, 1992 and 1994). The flow rate of 
the peristaltic pump is adjusted to match the piezometer groundwater yield rate by moni-
toring the water level until it is stabilized. Micropurging is continued until water quality 
indicators (temperature, pH, specific conductance, DO, turbidity) are stabilized (three 
consecutive measurements within the limits as stated in FS 2212-3.1). Groundwater 
samples will be collected into a 500 mL or larger sample container and placed in a coo-
ler on ice. The frequency of groundwater sample collection and analyses methods are 
summarized in Tables 3.2 and 3.3. The number and location of groundwater samples 
will be adjusted as necessary based on field screening results and the previous sample 
results. Field measurements of pH, specific conductivity, temperature, and DO will be 
conducted in accordance with FDEP-SOPs (FT 1000, FT 1100, FT 1200, FT 1400, and 
FT 1500). 
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All non-dedicated sampling equipment will be decontaminated (soap wash, triple DI 
rinse, and acid wash as required) between sampling locations in accordance with FDEP-
SOPs (FC 1000). 

In addition, operating and weather conditions will be monitored in the field (Table 3.3). A 
flow meter installed on the pump discharge will measure daily flow. The flow meter will 
be recorded at least weekly to determine HLRs to the test area or home site. In addition, 
a data logger with time stamp may be used to record pump cycles and assess water use 
patterns and peak flows. Should ponding occur, visual observations will measure the 
depth of ponding from a standard reference point at each test area or home site. A ref-
erence mark will be made on the observation port casing and the distance from this ref-
erence to the infiltrative surface measured. Ponding will be measured by lowering a 
measuring tape, with a hook on the tip, down the observation port so that when the tip of 
the hook breaks the surface of the effluent the distance on the measuring tape can be 
recorded. This technique provides a ponding height measurement accurate to ~ ±1/32 
in. (±1 mm). There is a weather station currently located at the GCREC. Weather condi-
tions are recorded every minute with data available via a private website. Direct mea-
surements for evapotranspiration (ET) will be conducted if estimates calculated from the 
available weather data are not sufficient for modeling in Task D. 

3.2.1.2 Sample Handling and Custody 
Sample handling procedures include the use of correct sample containers, labeling, do-
cumentation, preservation, and transport. Sample bottles will be purchased precleaned 
where applicable; certificates of cleanliness will be maintained in the project file. The bot-
tles will be stored in a secured area to maintain integrity. Preservatives will consist of 
reagent grade chemicals and will be placed in the bottles prior to sample collection. Se-
lection of sample containers is governed by sample type and size and the required ana-
lyses. Each sample aliquot will be labeled with the site ID, sample ID, date, time, and 
sampler initials and logged into laboratory notebooks. Sample identification nomencla-
ture will provide a unique number for each sample location/type and is summarized in 
Table 3.4. For example, CE-HS1-DP3-240 is the groundwater sample collected from 
drive point piezometer 3 (240 cm below ground surface) at home site 1 in Central Flori-
da. For simplification in the field, a 4-digit cross reference code may be noted on the 
sample label with the full sample identification recorded in the field logbook. Duplicate 
samples will be designated with a “D” or “dup” after the last character of the sample de-
signation. Equipment rinsates will be designated with an “ER” after the last character of 
the last sample collected prior to the equipment rinsate. Field blanks will be numbered 
consecutively. 
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Due diligence will be exercised to minimize the time between sample removal from the 
site and transport to the laboratory for analysis. After the samples have been collected, 
labeled and preserved, the samples will be placed in a cooler and transported on ice or 
frozen Blue Ice® to the GCREC laboratory or commercial analytical laboratory for ana-
lyses. Each sample container will be secured in packing material as appropriate to pre-
vent damage and spills. Sample delivery will be conducted on a daily to weekly basis, 
dependent upon the sampling frequency. 

Table 3.4 
Nomenclature for Sample Identification 

Site ID Sample ID 
Region 
(AA)a 

Location 
(AAN)b 

Sample Type 
(AAA/N)b 

Depth 
(NNN)c 

GC Gulf Coast Research 
Education Center 

TA1 test area STE effluent sample,  
septic tank effluent  

NA 

NO Northern Florida  
(Wakulla County) 

HS1 home site NTE effluent sample,  
nitrified effluent  

NA 

CE Central Florida  
(Wekiva Study Area) 

  SB1 soil sample,  
soil boring 

60, 120, 
etc. 

SO Southern Florida  
(Charlotte County) 

  SM1 unsaturated zone,  
soil moisture probe 

15, 30, etc. 

    ST1 unsaturated zone,  
soil tension probe 

15, 30, etc. 

    LY unsaturated zone,  
lysimeter soil pore water 

15, 30, etc. 

    SD1 groundwater,  
standpipe piezometer 

90, 240, 
etc. 

    DP1 groundwater,  
drive point piezometer 

90, 240, 
etc. 

a character type:  A = Alpha, N = Numeric 
b numeric identifier for multiple locations of a similar type (e.g., HS1 = home site 1, SB1 = soil boring 1,  etc.) 
c depth in cm below infiltrative surface or below ground surface 

A sample will be considered under custody if it is in: 

● actual possession of a member of the sampling crew, 

● view of the sampling crew (constituting actual possession by the crew), or 
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● actual possession of the sampling crew and locked in a secured area or vehicle 
in a manner such as to prevent tampering. 

Chain of custody forms will be used to document the transfer of samples from field per-
sonnel to the GCREC or analytical laboratory. One chain of custody form will be filled out 
for each set of samples and placed inside the cooler. The chain of custody form will list 
the following: 

● regional location, 

● sampler(s), 

● sample identification, 

● sample type, 

● date and time of collection, 

● analyses requested, 

● preservative (if applicable), 

● signature and date, and 

● remarks. 

Sample custody for samples received by the analytical laboratory will be performed ac-
cording to their procedures. The analytical laboratory will be in compliance with the 
FDOH Environmental Laboratory Certification Program (ELCP) and ensure that all sam-
ples are properly stored, handled, and analyzed within the required holding time (see 
Section 3.3). The laboratory will be notified of upcoming field sampling activities and the 
subsequent transfer of samples to the laboratory. This notification will include informa-
tion concerning the number and type of samples to be shipped, as well as the antic-
ipated date of arrival. 

3.2.1.3 Sample Analysis 
Tables 3.5 and 3.6 list the analytical methods, target analytes, sample containers, pre-
servatives, and holding times for effluent, soil, soil pore moisture, and groundwater sam-
pling that is anticipated to be conducted during Task C. Constituents of interest will be 
analyzed on effluent, groundwater, and soil pore moisture samples following standard 
methods as described in Table 3.5 (FDEP 2008, APHA 2005, Hach 1998). Laboratory 
analysis of the samples shall be performed on the unfiltered sample within 24 hours of 
collection or within the appropriate holding times as specified in individual analysis me-
thods (Table 3.6). 
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Sample aliquots of approximately 15 mL each will be collected, placed into sterilized 
containers (e.g., 15 mL conical tubes), and immediately placed on ice for microbial ana-
lyses. Studies have shown that sample holding times of up to 24 hours have little impact 
on bacterial counts or coliphage numbers (Van Cuyk 2003, Selvakumar et al. 2004). 
Both fecal coliforms and E. coli will be enumerated using a modified version of the en-
zyme substrate test or membrane filtration (APHA 2005, 9222D). For the enzyme sub-
strate test, samples are diluted and added to a chromogenic and flourogenic substrate. 
After adding sample to the substrates, the mixture is incubated at 45°C for 24 hours, the 
system then provides the concentrations of both fecal coliforms and E. coli through a 
most probable number result based on the substrate color change or UV fluorescence. 
Note that the incubation temperature has been modified from the manufacturer’s rec-
ommendation of 35°C in order to enumerate only fecal coliforms rather than total coli-
forms. However, several groups (Yakub et al., 2002; Chihara et al., 2005) have shown 
similar fecal coliform counts when comparing the above method to the membrane filtra-
tion method. 
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Table 3.5 
Sample Analyses Methods 

Parameter Detection Limitsa Method 

Flow Manufacturer 
specifications 

Water meter 

pH 0.1 Electrode - (APHA method 4500-H+B) 
Temperature 0.1 oC Field method - (APHA method 2550B) 
Alkalinity 2.0 mg-CaCO3/L 

0.2b mg-CaCO3/L 
Titration - (APHA method 2320B) 

cBOD5 1.0 mg/L 
0.3b mg/L 

Carbonaceous 5-day test - (APHA method 5210B) 

COD 3.0 mg/L 
0.2b mg/L 

Closed reflux, colorimetric method  
(APHA method 5220D and HACH 1998 U.S. EPA-approved) 

TOC / DOC 1.0 mg-C/L Combustion-infrared method - (APHA method 5310B) 
TS and TSS 5.0 mg/L Gravimetrically, dried at 103–105oC - (APHA methods 2540B 

and 2540D) 
TKN 0.03 mg-N/L Block digestion, flow injection analysis - (APHA method 

4500Norg D) 
Ammonia 
nitrogen 

0.6 mg-N/L 
0.03 b mg-N/L 

Salicylate method - (HACH 1998, U.S. EPA-approved) 
Distillation and titration - (APHA method 4500-NH3 C) 

Nitrate-nitrogen 0.2 mg-N/L Spectrophotometric, chromotropic acid method  
(HACH 1998, U.S. EPA-approved) 
Ion chromatographic method - (APHA method 4110) 

Total phosphorus 0.06 mg-P/L Nitric acid-sulfuric acid method - (APHA method 4500-P) 
Persulfate oxidation method - (U.S. EPA 365.2) 

Chloride 4.0 mg-Cl/L Solid state ion selective electrode - (U. S. EPA 9212) 
Ion chromatographic method - (APHA method 4110) 

Fecal coliform 1cfu/100mL Enzyme substrate test - (APHA method 9223B, modified by 
incubation at 45°C) 

E. coli 1cfu/100mL Enzyme substrate test - (APHA method 9223B) 
a Detection limits are for wastewater samples. Actual minimum detection limits may vary due to sample concentra-

tions and subsequent dilutions. The detection limit will be reported with the data. 
b Lower estimated detection limit for groundwater samples. 
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Table 3.6 
Sample Analyses Requirements1 

Parameter Minimum 
Volume (mL) 

Container  
Requirements 

Preservative and  
Holding Time 

Flow NA NA NA 
pH 5 Pre-cleaned plastic or glass None, analyze immediately 
Temperature 5 Pre-cleaned plastic or glass None, analyze immediately 
Alkalinity, total 50 Pre-cleaned plastic or glass <6oC, 24 hours 
cBOD5 60 Pre-cleaned plastic or glass <6oC, 6 hours 
COD 2 Pre-cleaned glass <6oC, 24 hours 

with H2SO4 to <pH2, 28 days 
TOC / DOC 5 Pre-cleaned acid washed 

amber glass 
<6oC, 28 days 

TS and TSS 20 Pre-cleaned plastic or glass <6oC, 7 days 
TKN 5 Pre-cleaned plastic or glass <6oC, 24 to 48 hours 

with H2SO4 to <pH 2, 28 days 
Nitrate-nitrogen 5 Pre-cleaned plastic or glass <6oC, 24 to 48 hours 

 with H2SO4 to <pH 2 
Ammonia-nitrogen 5 Pre-cleaned plastic or glass <6oC, 24 hours 

with H2SO4 to <pH 2, 28 days 
Total phosphorus 5 1:1 HCl acid washed glass <6oC, 24 hours 

H2SO4 to <pH 2, 28 days 
Chloride <100 Pre-cleaned plastic or glass <6oC 
Fecal coliform 5 Sterile plastic or glass <6oC, 24 hours 
E. coli 5 Sterile plastic or glass <6oC, 24 hours 
1 Requirements are consistent with: FDEP-SOP-001/01, General Sampling Procedures; APHA 2005, Standard 

Methods; and U.S. EPA Test Methods. 

3.2.1.4 QC Samples 
Routine QC checks of sampling and analysis procedures will be in accordance with 
FDEP-SOP FQ 1000 and consist of two parts:  1) field QC samples and 2) laboratory 
QC samples. The primary goal of the QC samples is to ensure that all data are of known 
quality, and that the expected quality is appropriate for the desired use of the data. Field 
QC samples will be collected to ensure proper sample collection and handling. Laborato-
ry QC samples will be analyzed to ensure proper sample preparation and analytical 
techniques (see Section 3.3). Non-routine QC checks will include laboratory testing as 
needed to assure SOPs do not affect the sample quality. A summary of the QC samples 
is presented in Table 3.7. 
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Table 3.7 
Summary of QC Samples Collected and Analyses Conducted 

QC Sample Frequency 
Field duplicate 10% of samples collected 

Laboratory duplicate per laboratory SOPs 
Equipment rinsate one per sampling event per region 

Field blank one per sampling event per region 
Split sample 10% of samples collected 

Laboratory blank per laboratory SOPs 
Laboratory spike per laboratory SOPs 

Non-routine method check as necessary 

Field QC samples will include duplicates, equipment rinsates, and field blanks. Duplicate 
samples will be collected with the regular samples. Field duplicate samples will be col-
lected from the same 24-hr composite sample container. Duplicate grab samples will be 
collected at the same location in immediate succession with a regular sample. The num-
ber of duplicates collected will be 10% of the total samples collected. The identification 
numbers and locations of the duplicate and regular samples will be clearly indicated in 
the log book. Duplicate samples will undergo the same laboratory analyses as regular 
samples. 

Field blanks are samples of the source water used for decontamination. These field QC 
samples are collected to ensure that constituents of interest (i.e., nitrogen) are not intro-
duced into the sample during decontamination. The rinse water used for decontamina-
tion is typically organic-free deionized water. The water used for washing is potable tap 
water. At a minimum, one sample from each source of water for a given sampling event 
will be collected for analysis. The field blanks will be analyzed for the same parameters 
as the associated sample medium. The water used for decontamination will be resam-
pled whenever the source or supplier is changed.  

Equipment rinsate samples will be collected to determine the effectiveness of deconta-
mination procedures. These samples will be collected by pouring deionized water into or 
through the sampling device after it is thoroughly decontaminated. The equipment rin-
sate samples will be analyzed for the same parameters as the associated samples. At 
least one equipment rinsate sample will be collected during each sampling event if the 
sampling involves the use of decontaminated equipment (e.g., samples may be collected 
with dedicated and/or disposable equipment; therefore, no decontamination is per-
formed). 
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3.2.2 Field Testing 
Field testing will include operational monitoring, piezometer installation for subsequent 
groundwater monitoring, field measurements, and weather monitoring. The field equip-
ment for Task C includes a field spectrophotometer, flow meters for effluent delivery, 
meters for measuring pH, specific conductivity, temperature, DO, water levels, etc., and 
a weather station. Equipment used in the field will be maintained and calibrated in ac-
cordance with the manufacturers specifications (FDEP-SOP FT 1900). Field instruments 
will be thoroughly checked and calibrated before they are transported to the field. These 
instruments will be inspected for damage once they have arrived in the field. Damaged 
instruments will be immediately replaced or repaired. Service and repair of field instru-
ments will be performed by qualified personnel and will be recorded in the field logbook.  

Instruments and equipment used to gather, generate, or measure environmental data 
(e.g., field spectrophotometer, multiparameter sonde for pH, specific conductivity, tem-
perature, DO) will be calibrated with sufficient frequency and in such a manner that ac-
curacy and reproducibility of results are consistent with the manufacturer's specifica-
tions. Calibration or calibration checks, as appropriate, of field instruments and equip-
ment will be performed at least daily or at more frequent intervals as specified by the 
manufacturer. Calibrations may be performed at the start and completion of each test 
run. However, calibrations will be reinitiated as appropriate after a period of elapsed time 
due to meals, work shift change, or if damage has occurred. Records of calibration pro-
cedures, frequencies, lot numbers of standard reference solutions used as calibration 
standards, and any repairs or replacements will be recorded in the calibration log and/or 
field logbook.  

Piezometers will be installed to enable groundwater monitoring as described in Section 
2. During standpipe piezometer installation, soil samples will be collected to characterize 
the soil and aquifer. Borings for standpipe piezometer installation will be drilled using di-
rect-push equipment and sampling tools. Continuous core samples will be obtained 
starting at the surface. Soil samples will be collected at 2-ft intervals from the soil cores. 
The GeoProbe/Terraprobe sampling method utilizes a 4-ft. long x 2-in. inner diameter 
(ID) dual-tube assembly with polyethylenterephthalate (PETG) liners to collect conti-
nuous undisturbed samples. The dual-tube assembly is comprised of an outer stainless 
steel core barrel (3.25-in ID), an inner stainless steel core barrel (2.25-in ID) and PETG 
liners (2-in ID) inserted into the inner core barrel. The dual-tube assembly is hammered, 
without rotation, ~3.5 ft into the ground surface. The inner core barrel with PETG sleeve 
and soil core is then retrieved to the surface. Upon retrieval to the surface, the PETG 
liner with the intact soil core is removed from the sampler, capped and stored at 4°C 
prior to transporting to the laboratory for analyses. A clean PETG sleeve is then replaced 
into the inner core barrel and reinserted into the outer core barrel retained in the subsur-
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face. The dual-tube assembly is then again advanced ~3.5 ft and the process repeated 
until a continuous core to the desired depth was obtained. These soil core collection me-
thods enabled relatively intact core samples to be aseptically collected vertically down-
ward.  

Standpipe piezometers will be installed in the soil borings to a maximum depth of ap-
proximately 30 ft using standard well construction practices (Driscoll 1986). The screen 
length of each standpipe piezometer will be selected based on the soil profile at that lo-
cation. All couplings will have flush threaded connections. No glues or lubricants will be 
used. The annular space will be filled with native filter pack or with a grade of silica sand 
pack selected based on the soil grain size and the slot size of the screen. The sand pack 
will extend one to two feet above the top of the screen with a one to two foot bentonite 
seal placed on top of the sand pack to prevent preferential flow between the multiple 
completions. Each standpipe piezometer will be grouted at the ground surface and have 
a locking cap to prevent tampering. Upon completion, all standpipe piezometers will be 
developed by surging and pumping (Driscoll 1986). Piezometers will be allowed to set 
for a minimum of 24 hours before development to allow the grout to set. Development 
will begin at the top of the screen and proceed vertically downward with pumping rates 
and water levels monitored and recorded during the development process. Development 
will continue until at least five times the volume of standing water has been removed or 
the water is as clear as practical. All development water will be recharged to the ground. 

All direct push and soil sampling equipment (e.g., drive points, core barrels, sampling 
utensils, etc.) that contacts potential soil samples will be cleaned according to FDEP-
SOP FC 1000 between each piezometer location. Any residual soil will be spread on the 
ground surface or containerized and disposed of to not alter home site landscaping. 

Drive point piezometers will be used to locate and define groundwater plumes and ena-
ble collection of groundwater samples. Stainless steel drive points are attach to polye-
thylene tubing inserted into standard 3/4" (20 mm) NPT steel drive pipe which is widely 
available through local plumbing and hardware stores. The steel drive pipe allows for the 
drive point piezometers to be driven into the ground with either direct push drilling or 
hand methods such as slide hammers (FDEP-SOP FS 3000). The drive casing is then 
removed leaving the drive point at the desired depth and the attached tubing extending 
to the surface. 

Following standpipe piezometer installation hydraulic tests will be performed. Single well 
step drawdown tests will be conducted to determine the relative distribution of hydraulic 
conductivity within the test area or home site. Understanding the permeability distribution 
will be critical for interpreting the results of the field monitoring. Alternatively, single-well 
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recovery tests may be conducted (bail test or slug test). Analysis will be conducted using 
the Hvorslev (1951) or Bower and Rice (1976). 

3.2.3 Non-standard or Alternative Field Methods 
Monitoring of the unsaturated zone will require the use of non-standard field methods 
including suction lysimeters, in situ soil tensiometers, and in situ soil moisture probes. 
However, these methods have been widely used in field research and are proven tech-
niques (Anderson, 1994; Wolt, 1994; Hart and Lowery, 1997; Tackett, 2004; Dimick, 
2005). A brief description is provided here. 

Stainless steel suction lysimeters (SW-074, Soil Measurement Systems, Tucson, AZ) 
will be installed at the controlled field test site (Figure 3-1). Suction lysimeters are pre-
ferred due to the minimal subsurface disruption and the ability to easily collect discrete 
samples compared to pan lysimeters. The 0.86-in. diameter lysimeters are 4.5-in. long 
including a 3.5-in. length that is porous with a nominal pore size of 0.2 microns and tub-
ing that extends to the ground surface. The small pore size limits sampling for bacteria, 
but is necessary to inhibit air from entering the lysimeters in lieu of soil water solution. 
Lysimeters will be installed within a single 2-in. diameter borehole with a sieved native 
soil and water slurry (3:1 volume:volume) to ensure continuous contact between the 
porous lysimeter and surrounding undisturbed soil. A bentonite seal will be placed be-
tween the lysimeters to prevent preferential flow paths within the borehole that could 
yield artifacts during soil pore water sampling and analyses (see Figure 3-1).  

Individual lysimeter tubing is inserted into a rubber stopper with another set of tubing 
leading to the vacuum line. A vacuum is applied to the tubing to facilitate sample collec-
tion from the unsaturated zone. The vacuum applied must be strong enough to over-
come the soil moisture tension and to draw soil water present in the vadose zone into 
the lysimeter. The SW-074 lysimeters have a bubbling pressure of 700 millibars. This 
pressure is the air entry value, which is the air pressure required to force air through the 
thoroughly wetted porous material. The bubbling pressure is a function of pore size; the 
smaller the pores, the higher the bubbling pressure value. When this critical value is ex-
ceeded, the bonds attaching water to the porous material can be broken. Soil solution 
then travels up from the lysimeter by vacuum and drops into a pre-cleaned stoppered 
flask for sample collection (Figure 3-1). The initial soil solution volume collected is 
purged (dumped) in order to ensure a representative sample from the soil profile. To 
provide the vacuum needed for soil solution sampling, a manifold of PVC pipe will be 
connected with flexible tubing to vacuum pumps. All glassware will be washed in phos-
phorus-free soap, followed by acid/base baths separated by DI water rinses, allowed to 
air dry, and then covered with foil until use. 
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Figure 3-1:  Configuration of Soil Suction Lysimeters Used for 
Pore Water Sample Collection (from www.soilmeasurement.com) 

In situ soil tension and soil moisture measurements will be collected for model develop-
ment in Task D. Parameter estimation for porous media flow by inverse modeling has 
been shown to be sufficient with four observation depths and at least two of three condi-
tions: soil water content, matric pressure head, and or water flux (Ritter, 2004). The ma-
tric potential is the pressure potential due to the interaction of water and soil grains with 
both positive and negative pressures are measured with a tensiometer (Marshall et al., 
1996). Soil moisture tension will be monitored with tensiometers installed at up to 4 
depths as described in Section 2. Tensiometers have a ceramic cup and tube assembly 
equipped with a pressure transducer. The pressure transducer allows for precise mea-
surement of the water potential. Tensiometers can be automated to enable recording of 
soil moisture tension at up to 15 minute intervals to evaluate short-term changes in soil 
moisture status associated with wastewater dosing events. Alternatively, tensiometers 
will be manually read at weekly intervals. Soil moisture will be measured through time 
domain reflectometry (TDR) probes. TDR measures the travel time of an electric pulse 
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down a wave guide inserted in the soil. The travel time of the pulse depends on the ap-
parent permittivity or dielectric constant, ε, of the soil media. Since the εwater is approx-
imately 70 times greater than εsoil (dry soil), the εsoil media depends strongly on the water 
content (θw) of the soil system (Jury et al. 1991). Prior to installation, the global and indi-
vidual settings for each wave guide will be adjusted according to the manufacturer’s rec-
ommendations. Wave guides will be connected to a data logger to automatically acquire 
water content measurements for each TDR wave guide every 2 hours. The frequency of 
data logging may be modified based on the observational approach. Both tensiometers 
and soil moisture probes will be installed with direct push hand methods. During installa-
tion, the depth intervals may be adjusted to capture the transition between soil layers 
(e.g., spodic horizon noted in Soil Survey) and the capillary zone of the low water table. 

3.3 Laboratory Activities 
All laboratory activities will meet the minimum QC as specified in the FDEP-SOPs which 
meet the National Environmental Laboratory Accreditation Program (NELAP) require-
ments. However, if a certified laboratory is not identified, a waiver may be requested 
based on the research nature of this project (DEP 62-160.600 (1)(d) and (3)(f)). Regard-
less of if a waiver for the laboratory certification is obtained, all laboratories conducting 
work for this project will operate and maintain a QA Program consistent with NELAP 
standards. All laboratory methods to be utilized during Task C are standard methods. 
Should any non-standard laboratory methods be required, an addendum to this QAPP 
will be prepared. 

Analytical methods, target analytes, sample containers, preservatives, and holding times 
for effluent, soil, soil pore moisture, and groundwater samples are discussed in Section 
3.2.1.3 (Tables 3.5 and 3.6). Once samples are received, the laboratory will have a doc-
ument-control system including: sample labels, analysis logbooks, computer printouts, 
and raw data summaries. The analytical laboratory will be in compliance with the FDOH 
ELCP and ensure that all samples are properly stored, handled, and analyzed within the 
required holding time. A qualitative assessment of each sample container will be per-
formed to note any anomalies, such as broken or leaking bottles and any labeling or de-
scriptive errors. In the event of discrepant documentation, breakage, or any condition 
that would compromise sample integrity, the laboratory will immediately contact the field 
team. The samples will be stored at a temperature of approximately <6°C (as applicable) 
until analyses are performed. 

The analytical laboratory will have approved SOPs for preventative maintenance for 
each instrument system and for required support activity. These records will be reviewed 
by auditors who perform internal and external system audits of the laboratory. All labora-
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tory instrumentation maintenance and calibration will be performed and documented in 
accordance with the laboratory SOPs. 

Laboratory QC procedures will include split samples, method blanks, spikes, and dupli-
cate samples. The analytical laboratory will be in compliance with the FDOH ELCP and 
routinely analyze QC samples in accordance with their approved SOPs. Split samples 
will be sent to an outside commercial analytical laboratory for 10% of the nitrogen sam-
ples. Reagent blanks will be run for all appropriate analyses to verify that the procedures 
used do not introduce contaminants that affect the analytical results. Surrogate spike 
analysis is used to determine the efficiency of recovery of analytes in sample preparation 
and analysis. Calculated percent recovery of the spike is used as a measure of the accu-
racy of the analytical method. A surrogate spike is prepared by adding to an environ-
mental sample (before extraction) a known amount of pure compound similar in type to 
the one to be assayed in the environmental sample. Surrogate spike recovery must fall 
within certain limits; if the recovery is not within these limits, corrective action will be im-
plemented. Duplicate samples will be used to confirm laboratory method precision. Rep-
licate samples should have a relative standard deviation of <10%. If the recovery is not 
within these limits, corrective action will be implemented. Laboratory duplicate samples 
will be prepared from the same sample in immediate succession with a regular sample. 
A summary of the QC samples is presented in Table 3.7 (Section 3.2.1.4). 

Corrective actions at the analytical laboratory are required whenever an out-of-control 
event or potential out-of-control event is noted. Corrective action procedures are often 
handled at the bench level by the analyst, who reviews the preparation or extraction pro-
cedure for possible errors and checks the instrument calibration, spike and calibration 
mixes, instrument sensitivity, and other parameters. If the problem persists or cannot be 
identified, the matter is referred to the laboratory supervisor, manager, and/or QA de-
partment for further investigation. Each certified laboratory has written SOPs specifying 
the corrective action to be taken when an analytical error is discovered or when the ana-
lytical system is determined to be out of control. 

3.4 Documentation, Assessment, and Reporting 
To ensure representative data is collected to meet the DQOs, the following documenta-
tion, assessment, and reporting methods will be performed. 

3.4.1. Documentation 
Information to be documented will be in accordance with FDEP-SOPs (FD 1000). Log-
books will be used by the project team members and subcontractors responsible for 
sample collection and analyses. Each team member will be responsible for recording 
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daily activities and/or significant events, observations, and measurements. Enough in-
formation will be recorded such that clarification, interpretations, or explanations of the 
data and activities are not required from the originator of the documentation. Checklists 
and FDEP forms will be used as appropriate and maintained in the project files. Specifi-
cally, forms FD 9000-7, FD 9000-8, FD 9000-9, FD 9000-22, FD 9000-23, and FD 9000-
24 are expected to be used. All logbooks will be bound books with entries signed and 
dated. All field data will be protected to prevent loss. All Task C documentation will be 
retained for a minimum of 5 years. 

Entries in the logbooks will include the following when applicable: 

● description of activity,  

● date and time, 

● location, 

● weather conditions, 

● names and affiliations of field team, 

● work progress, 

● test area and OSTDS operational conditions, 

● field measurements and observations,  

● equipment maintenance and calibration (Section 3.2.2), and 

● any unusual occurrences, depending upon the nature of the occurrence, such as: 

● delays, 

● unusual situations, 

● departure from established field procedures, 

● equipment breakdown and repairs, 

● instrument problems, and 

● accidents. 

In addition, the latitude and longitude of each fixed monitoring point (piezometers, suc-
tion lysimeters, etc.) will be documented. Sufficient information will be included such that 
all team members can easily locate the monitoring point. At the time of collection, each 
sample will be labeled with notations made in waterproof, indelible ink. Minimum infor-
mation on the sample label will include: 

● unique sample identification number (Section 3.2.1.2), 
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● analyses required, 

● preservative used (if any), 

● name or initial of sample collector(s), and 

● date and time of sample collection. 

All original data recorded in field logbooks, standard checklists, and sample labels will be 
written with black indelible ink. If a previously recorded value is discovered to be incor-
rect or if blank lines are left, the wrong information or blank lines will be crossed through 
with a single line, the correct value written in, and the change initialed and dated. If the 
change is made by someone other than the original author or if the change is made on a 
subsequent day, the reason for the change will be recorded at the current active location 
in the logbook, with cross reference to the original entry. All monitoring results will be 
entered into an electronic database such as Microsoft Access or Excel. 

Laboratory documentation will be in accordance with FDOH ELCP requirements and at a 
minimum include: 

● project information (e.g., client name, project number, etc.), 

● sample information (e.g., source, location of sample, matrix, etc.) 

● analysis results (e.g., analyte, result, units, comment, etc.), 

● laboratory QC information (e.g., blank results, matrix spike information, RPD, 

etc.) 

● instrumentation/equipment maintenance performed, and 

● instrument calibration results. 

The laboratory records shall contain sufficient information to allow independent recon-
struction of all activities related to generating data that are submitted in data reports to 
the client (Hazen and Sawyer). All analytical results will be entered into an electronic da-
tabase such as Microsoft Access or Excel. 

3.4.2 Data Assessment 
The data collected in Task C will be evaluated for precision, accuracy, representative-
ness, comparability, and completeness. When using these parameters as indicators of 
data quality, only precision and accuracy can be expressed in purely quantitative terms. 
The other parameters are mixtures of quantitative and qualitative expressions. All of 
these parameters are interrelated can be difficult to evaluate separately. Primary data 
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will also be graphically examined to identify obvious effects and trends and then sub-
jected to classic statistical analyses such as multifactor analysis of variance, principal 
components analysis, and/or multivariate regression analyses (e.g., Snedecor and 
Cochran 1980, Minitab 2000).  

3.4.2.1 Precision 
Measurements of data precision are necessary to demonstrate the reproducibility of the 
data. Precision objectives for field instruments are included in the SOPs for the instru-
ments. To the extent possible, one set of field instruments will be used for the duration of 
the project. 

All laboratory measurements will be made with high-purity materials, by knowledgeable 
laboratory personnel, and following internal QC. Duplicate samples will be collected and 
analyzed to assess the overall precision of laboratory procedures. Analytical precision 
may be expressed in terms of the standard deviation or RPD. RPD is calculated as fol-
lows: 

 RPD = ((X1-X2)/Xavg)(100) 

where: 

 X1  = analyte concentration of first sample 
 X2  = analyte concentration of a duplicate sample 
 Xavg   = average analyte concentration of first and duplicate samples. 

3.4.2.2 Accuracy 
The accuracy of a measurement is based on a comparison of the measured value with 
an accepted reference or true value. Accuracy of a procedure is best determined on a 
known quantity or quality. The accuracy of field measurements will be assessed through 
the use of calibration standards (e.g., pH standards), by comparing the measurement of 
a field instrument against a known standard. All calibration and instrument operations 
will be carried out using traceable standards and specified materials and methods. The 
accuracy of surveying measurements for the locations of wells and piezometers will be ± 
0.5 ft. for horizontal measurements and ± 0.1 ft. for vertical measurements. 

Sampling accuracy can be estimated by evaluating the results obtained from blanks. The 
types of blanks to be used for this evaluation are rinsates and field blanks. The accuracy 
of laboratory measurements can be expressed as percent recovery (PR) and is calcu-
lated as follows: 

 
 PR = ((A-B)/C)(100) 
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where: 

 A = spiked sample concentration 
 B = sample concentration 
 C = concentration of spike added. 

3.4.2.3 Representativeness 
All data obtained should be representative of actual conditions. The field procedures and 
laboratory analyses outlined in Section 2.0 were selected to provide data representative 
of site conditions. The representativeness of all field data will be qualitatively assessed 
by determining if the data are consistent with known or anticipated environmental condi-
tions and accepted scientific and engineering principles. Field measurements will also be 
checked for completeness of procedures and documentation of procedures and results. 

To preserve the integrity of water quality data, water quality samples will be collected 
using appropriate collection and handling methods. Field measurements will be con-
ducted using a flow-through cell, if possible. Additionally, to protect the quality of sam-
ples, the sampling equipment and field instruments will be kept clean. 

3.4.2.4 Comparability 
Consistency in the acquisition, handling, and analysis of samples is necessary so the 
results may be compared. Factors that will affect comparability are sample collection and 
handling techniques, sample matrix, field measurement techniques, and analytical me-
thods. Results from two or more sampling events may be compared by specifying and 
standardizing these factors as much as possible. To ensure the comparability of field 
measurements made throughout the duration of the project, all field samples will be 
measured immediately, and the same field instruments and measurement techniques 
will be used consistently. To ensure the comparability of analytical laboratory results, all 
samples will be transported to the laboratory promptly to ensure holding times are met, 
and the instruments and techniques used for sample collection will be used consistently. 
Calibrations will be performed in accordance with the manufacturer's specifications 
and/or approved SOPs. 

3.4.2.5 Completeness 
Field measurements will also be checked for completeness of procedures and documen-
tation of procedures and results. Completeness of field efforts will be defined by compar-
ing the planned scope to the actual field work completed (e.g., by comparing the total 
number of samples planned to be taken with the number of samples successfully re-
ceived by the laboratory) and by evaluating the quality of the field work completed (e.g., 
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by establishing that valid field data have been obtained through the use of proper proce-
dures for field measurements and sample collection, etc.). 
 

3.4.2.6 Validation 
Field measurements will be made by competent engineers, environmental scientists, 
and/or technicians. Field data and analytical results will be validated using five primary 
procedures: 

● Routine checks will be made during the processing of data to check for errors in 
data records. 

● Internal consistency of a data set will be evaluated by plotting the data and test-
ing for outliers. 

● Comparison checks of related analytical results (e.g., ammonium-nitrogen + ni-
trate-nitrogen is less than 120% of TKN). 

● Checks for consistency of the data set over time will be performed by visually 
comparing data sets against gross upper limits obtained from historical data sets, 
or by testing for historical consistency. Anomalous data will be identified. 

● Checks will be made for consistency with parallel data sets, that is, data sets ob-
tained from the similar home sites. 

The purpose of these validation checks is to identify outliers or anomalies (i.e., an ob-
servation that does not conform to the pattern established by other observations). Out-
liers may be the result of transcription errors or instrumental breakdowns. Outliers may 
also be manifestations of a greater degree of spatial or temporal variability than ex-
pected. After an outlier has been identified, obvious mistakes in data will be corrected. If 
no plausible explanation can be found for an outlier, it may be excluded, but a note to 
that effect will be included in data reporting. In addition, an attempt will be made to de-
termine the effect of an outlier when both included in and excluded from the data set. 

3.4.3 Reporting 
Reports of analytical results for Task C (Deliverable C.19, Monitoring Report) will contain 
data sheets and the results of analysis of QC samples. Sample reports will include a log 
of the sample identification numbers designated in the field and the corresponding la-
boratory sample numbers. Analytical reports will contain the following items: 
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● project identification, 

● sample number, 

● sample matrix description, 

● date of sample collection, 

● location of sample collection, 

● date of sample receipt at the laboratory, 

● analytical method and reference citation, 

● date of analysis (extraction, first run, and subsequent runs), 

● individual parameter results, 

● quantification limits, 

● dilution or concentration factors, and 

● corresponding QC report. 

Electronic data will be tab-delimited. The final project report will contain a compilation of 
all the QA/QC data generated, a discussion of out-of-control events, and any corrective 
actions taken.  

3.5 QA Surveillance 
The Hazen and Sawyer project manager will be responsible for QA/QC and will ensure 
compliance with this QAPP. Field surveillances and assessments will be performed by 
the field leader at the initiation of sampling associated with the controlled test site and 
again at the initiation of home site sampling. These QA surveillances of the field activi-
ties will focus on verifying proper use of field procedures for sample collection and do-
cumentation. All surveillances and necessary corrective actions will be documented in 
the field logbook. QA reports will include a discussion of the methods used for field activ-
ities and any items that differ from those described in this QAPP. QA reports will also 
include a short discussion of the quality of field documentation of data, instrument cali-
bration, corrective actions, and other field information pertinent to the field effort. 

Performance audits of the analytical laboratories will be conducted on a regular basis to 
verify the effectiveness and implementation of the laboratory QA/QC plan as specified in 
the laboratory SOPs. Results of the internal audits shall be documented and kept on file 
at the laboratory. 
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Section 4.0 
Health and Safety 

4.1 Hazard Assessment 
Field activities will consist of drilling, piezometer installation, and environmental sam-
pling. An activity hazard analysis table will be available in the field at all times (see Ap-
pendix C). All field activities will be conducted in areas without chemical hazards. How-
ever, bentonite pellets will be used during piezometer installation. Bentonite contains 
crystalline silica which may induce long term respiratory problems at high exposures. 
Bentonite pellets or granular bentonite will be used to minimize dust. Biological hazards 
are associated with exposure to high concentrations of microorganisms in wastewater. 
The most common bacterial pathogens found in untreated wastewater are Salmonella 
and Shigella (Bitton 1999). Other bacterial microorganisms include Vibrio, Campylobac-
ter, and Leptospira (Bitton 1999). The following are general personnel hazards antic-
ipated during Task C field work: 

1) Infectious disease exposure; 

2) Slip, trip, and fall potential; 

3) Potential for pinch points and striking objects due to mechanical hazards; 

4) Potential electric shock from improperly grounded equipment; and 

5) Potential noise hazards from drilling operations. 

Proper personal hygiene and use of personal protective equipment (PPE) can signifi-
cantly reduce or eliminate the biological safety hazard. Constant attention will be given 
to physical hazards encountered during work activities, particularly those associated with 
drilling equipment. Qualifications (i.e., demonstrated experience and ability) with respect 
to the tasks to be performed will be required. Only qualified, competent personnel with 
prior experience will operate drilling equipment. Prior to any site activities, all equipment 
will be inspected. Custom modifications to equipment is prohibited unless authorized in 
writing by the original equipment manufacturer or certified as safe by a registered pro-
fessional engineer.  

Biological Hazards Three general categories of pathogenic organisms that may be 
present in wastewater include bacteria, viruses and parasites (including protozoans and 
helminths). The principle pathogenic organisms found in STE and untreated wastewater 
and the corresponding infectious dose are shown in Table 4.1. Microorganisms of con-
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cern commonly found in STE include pathogenic bacteria at sustained high concentra-
tions and virus at highly variable and episodically released levels (Bicki et al., 1984; Van 
Cuyk et al., 1999). The most common pathogenic viruses found in groundwater are he-
patitis, Norwalk-like agent, echovirus, poliovirus and coxsackie virus. Enteric virus in-
cludes 72 types of virus (e.g. polio, echo and coxsackie virus) that can cause gastroen-
teritis, heart anomalies and meningitis. The diseases caused by common pathogens in 
wastewater are summarized in Table 4.2. 

Table 4.1 
Microorganisms Found in STE and Untreated Wastewater (in MPN/100mL) 

Organism Conc. in STE Infectious Dose 
Bacteria Total Coliform 106-109  
 Fecal Coliform 105-108 106 
 Clostridium perfringens 103-105 1-1010 
 Enterococci 104-105  
 Fecal streptococci 103-106  
 Pseudomonas aeruginosa 103-104  
 Shigella 100-102  
 Salmonella 102-104  
Protozoa Cryptosporidium oocysts 101-103 1-10 
 Entamoeba cysts 10-1-101 10-20 
 Giardia cysts 103-104 <20 
Helminths Ova 101-103  
 Ascaris lumbridcoides  1-10 
Viruses Enteric Virus 103-104 1-10 
 Coliphage 101-104  
(US EPA 2002; Crites and Tchobanoglous, 1998; Anderson et al., 1994; Brown et al., 1980; 
Ziebell et al. 1974). The most probable number (MPN) method is not an actual concentra-
tion, but a statistical estimate of concentration using serial dilutions. 
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Table 4.2 
Pathogenic Microorganisms Found in STE and Untreated Wastewater  

(Lowe et al., 2007) 
Organism Disease Caused Symptoms 

Bacteria Salmonella typhi 
Shigella 
Vibrio cholerae 
Yersinia enterocolitica 
E. coli (pathogenic) 
Legionella pneumophila 
Leptospira spp. 
Campylobacter jejuni 

Typhoid fever 
Bacillary dysentery 
Cholera 
Gastroenteritis 
Gastroenteritis 
Legionnaires’ disease 
Weil’s Disease 
Gastroenteritis 

High fever, diarrhea 
Dysentery 
Diarrhea, dehydration 
Diarrhea 
Diarrhea 
Malaise, acute respiratory illness 
Jaundice, fever 
Diarrhea 

Virus Adenovirus 
Enteroviruses 
   Poliovirus 
   Echovirus 
   Coxsackie virus 
Hepatitis A 
Norwalk  
Parvovirus 
Rotavirus 
HIV 

Respiratory disease 
Gastroenteritis, menin-
gitis, heart anomalies 
 
Infectious hepatitis 
Gastroenteritis 
Gastroenteritis 
Gastroenteritis 
AIDS 

 
 
 
 
 
Jaundice, fever 
Vomiting 
Diarrhea 
Diarrhea 
 

Protozoa Cryptosporidium parvum 
Giardia lamblia 
Balantidium coli 
Entamoeba histolytica 
Cyclospora 

Cryptosporidiosis 
Giardiasis 
Balantidiasis 
Amoebic dysentery 
Cyclosporasis 

Diarrhea, low-grade fever 
Diarrhea, nausea, indigestion 
Diarrhea, dysentery, intestinal ulcers 
Diarrhea, dysentery 
Severe diarrhea, nausea, vomiting, 
severe stomach cramps 

Partially adapted from Bitton (1999) and from Crites and Tchobanoglous (1998) 

Cold and Heat Stress Personnel will be monitored for heat stress during summer moni-
toring activities. The length of periods of active work without a break will be adjusted as 
the weather dictates. Anyone exhibiting signs or symptoms of heat-related illness will be 
removed to a controlled temperature location immediately. 

Noise Hearing protection will be available for all field workers. Hearing protection is re-
quired at 85 decibels or above, on the A-weighted scale on a slow response scale as per 
American National Standards Institute (ANSI). Hearing protection will be worn at all 
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times in proximity of the direct push drilling rig during soil sampling and piezometer in-
stallation.  

Electrical All temporary, 120V, single-phase, 15- and 10-ampere receptacles and cord 
sets will be protected by approved ground fault circuit interrupts (GFCIs) as prescribed in 
29 CFR 1926.404(b)(ii). Prior to setting the drilling rig at location for piezometer installa-
tion, the field leader will determine the distance to electrical transmission lines. If the vol-
tage of electrical transmission lines is unknown, a distance of 20 ft. will be maintained. If 
the voltage is known, the equipment will not be operated when any part enters a mini-
mum radial distance of 10 ft. to electrical transmission lines as specified in 29 CFR 
1910.181.  

Other Physical Hazards Other physical hazards may be present. These hazards may 
include buried water lines; equipment movement; and equipment malfunctions. Utility 
locator surveys will be conducted for each area where piezometer installation will be 
conducted. In addition, routine hoisting and rigging will be necessary for lifts associated 
with the drilling activities. Improper lifts will be avoided. Tripping, slipping and falling ha-
zards and specific hazards pertaining to the operation of the drilling equipment will be 
evaluated. Equipment guards will be used on any mechanical gears, belts, and drive 
shafts where applicable, as mandated by Occupational Safety and Health Administration 
(OSHA) regulations, to minimize personnel exposure to moving parts during piezometer 
installation. OSHA safety mandates and guidelines will be implemented by personnel 
that work near potentially dangerous drilling equipment. 

The following are general health and safety standard operating procedures. 

1) Wear designated PPE and safety equipment at all times while in the work 

area. 

2) Do not eat, drink, chew gum or tobacco, smoke, or apply cosmetics in the 

work area. 

3) Do not work with open wounds, including bandaged wounds, or other injuries 

that could provide a route of entry for possible microorganisms. 

4) Prevent spillage. If a spill occurs, contain wastewater and dispose properly. 
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5) Practice good housekeeping. Keep everything orderly and out of potentially 

harmful situations. 

6) Be familiar with the physical characteristics of the site, including: 

a. nearest emergency assistance; 

b. accessibility to associates, equipment, and vehicles; 

c. communication facilities at and near the site; and 

d. site access and egress. 

7) Keep the number of personnel and equipment in the work area to a minimum 

but only to the extent consistent with work force requirements of safe site op-

eration. 

8) Dispose of all waste generated properly. 

9) Report all injuries, no matter how minor, to the field leader. 

10) Do not wear loose clothing and jewelry while working with or near drilling 

equipment. 

11) If desired, wear gloves or other equipment for protection against physical ha-

zards in addition to the above-mentioned PPE. 

12) Be continually aware of potentially dangerous situations (e.g., presence of 

strong, irritating, or nauseating odors) and immediately take precautionary 

measures to ensure the safety of everyone. 

4.2. Personal Protection Requirements 
During Task C, the primary exposure risk is ingestion through splashes that contaminate 
food, drinks and/or hands (most common); inhalation of infectious agents or aerosols, 
and contact with unprotected cuts and abrasions. There is no airborne exposure path-
way associated with the microbiological constituents present in residential STE or nitri-
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fied effluent. To mitigate these exposure routes for workers, eating, drinking or smoking 
will prohibited in the field during monitoring. Good personal hygiene such as avoiding 
touching the mouth, frequent hand washing, and use of disposable gloves (latex or ni-
trile) will be implemented. During routine field activities, personal protection equipment 
will include long pants, close-toed shoes, and appropriate gloves. Hard hats and safety 
glasses will be worn when equipment is being set up and when in the proximity of the 
drilling rig or other overhead hazards.  

The primary potential public and environmental exposure risk is the discharge of STE or 
nitrified effluent to the ground surface or groundwater underlying the site. To mitigate 
public exposure risk, all STE released to the environment will occur below ground; there 
will be no surface application of wastewater effluent. In addition, access to the test site 
will be controlled (fencing, locking caps on monitoring points, etc.).  

4.3 Emergency Response 
The following procedures will be implemented in the event of an emergency during field 
activities. In case of emergency dial 911. The location of the nearest medical facility will 
be made available prior to field activities. Notify the Hazen and Sawyer project manager 
of any emergencies. Maps consisting of directions to the nearest medical facility and 
hospital will be posted at the job-site. 
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M E M O R A N D U M  DATE: May 18, 2009 

FOR: Elke Ursin, Florida Department of Health 

FROM: Damann L. Anderson, P.E. 

SUBJECT: Evaluation of Test Facility Site 

Hazen and Sawyer is conducting the Florida Onsite Sewage Nitrogen Reduction Strategies 
(FOSNRS) Study under contract CORCL with the Florida Department of Health.  Under Task A 
of this project, we are in the process of identifying test facility sites where multiple assessments 
of onsite nitrogen reduction technologies and groundwater quality can be conducted in subse-
quent phases of the study.  Two potential sites identified in the response to the ITN were the 
University of South Florida Lysimeter Facility property and the University of Florida’s Gulf Coast 
Research and Education Center (GCREC) near Wimauma, FL.   Salient issues include space 
availability, site access, wastewater source of sufficient quantity and quality, subsurface hydrol-
ogy, power supply and security.   
 
After a preliminary assessment of the USF Lysimeter Facility, we feel that the cost of rehabilitat-
ing this facility will be beyond the budget allocated for that effort.  Also, since space is limited at 
the USF facility and it is not conducive for groundwater quality assessments, we have con-
cluded that it would be more cost effective to have only one test facility, where the controlled 
testing portion of the project could be conducted.  It is our recommendation that the GCREC be 
selected as the test facility site.  This memorandum summarizes the characteristics of the 
GCREC facility, as related to establishment of this test facility. 
 
The GCREC facility is located at 14625 County Road 672, Wimauma, Florida.  The facility is 
situated on 475 acres of land that were donated by Hillsborough County government.  The facil-
ity contains research trials for vegetables, small fruit and ornamental plants.  In addition, 16 
laboratories are housed onsite, one being a water quality laboratory which is available and can 
provide many of the analyses of interest for the FOSNRS project.  One of the active program-
matic areas is soil and water science.  A preliminary agreement to participate has been ob-
tained, and the key personnel at the facility are interested in the FOSNRS study.  A suitable 
area for the proposed work has been identified at the facility as depicted in Figure 1.   
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Potential Home Site 

Proposed Project Area 

Existing Mound System 

Figure 1.  GCREC  Facility and Proposed Project Area 
 
 
Figure 2 is the web soil survey for the project area produced by the National Cooperative Soil 
Survey operated by the United States Department of Agriculture (USDA) Natural Resources 
Conservation Service (NRCS).  As shown, the primary classification of soils on the site are Zolfo 
and Seffner fine sands. 
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Richard Ford, a Resource Soil Scientist with the NRCS, conducted a preliminary soils assess-
ment of the GCREC project area on March 26, 2009.  The objective of the soils assessment 
was to confirm the soil characteristics on the site, obtain soil profile descriptions and morphol-
ogy, and obtain an estimate of the depth to seasonal high water table at the site.  The mapped 
soils in this area are primarily Seffner fine sand (47) and Zolfo fine sand (61), with a limited area 
of Myakka fine sand (29).  These are soils of the Florida flatwoods land resource area. Seffner 
and Zolfo fine sands are classified as somewhat poorly drained and Myakka fine sand is classi-
fied as poorly drained.  A letter from Mr. Ford describing his assessment is included with this 
memo as an attachment. 
 
Figure 3 indicates the approximate locations where five soil borings were augered on site to a 
depth of eighty inches. 
 

 

SB-5

SB-2

SB-1

SB-3

SB-4
 
  

Figure 3.  Approximate Soil Boring Locations 
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Soil boring 1 was identified as Zolfo fine sand. This profile had a well developed spodic horizon 
at about 58 inches. There was also evidence of some sand fill noted at the surface. It was esti-
mated at approximately 10 inches thick. The soil profile at SB-2 was also identified as Zolfo fine 
sand. The well developed spodic horizon was at approximately 54 inches. There was about 10 
inches of fill on the surface. The seasonal high water table was determined to be 30 inches plus 
or minus 6 inches.  Soil boring 3 was mapped and identified in the field as Zolfo fine sand. The 
seasonal high water table indicators were found between 24 and 39 inches.  The location of SB-
4 is in or near an area mapped as Myakka fine sand based on the Soil Survey of Hillsborough 
County, Florida. However, the soil identified on site more closely resembled Seffner fine sand. 
This soil differs from Myakka fine sand by being somewhat poorly drained rather than poorly 
drained. The seasonal high water table was determined to be 30 inches plus or minus 6 inches.  
Soil boring 5 was identified as Zolfo fine sand. The seasonal high water table was also deter-
mined to be 30 inches plus or minus 6 inches. Seffner and Zolfo fine sands are both deep, 
somewhat poorly drained soils formed in sandy marine sediment.  They are found on low-lying 
ridges on the flatwoods. 
 
 
Based on the soils found on site, the soil mapping is representative. Water table depths deter-
mined on site were within the range of the mapped soils with only one exception.  This occurred 
at soil boring 4 where Seffner fine sand was identified rather than Myakka fine sand.  In addi-
tion, the area identified as Haplaquents in the Soil Survey of Hillsborough County was not en-
countered in the area investigated.  If present, this area must exist south of the drainage ditch 
that forms the southern boundary of the study area, which was not investigated. 
 
 
Another salient issue regarding the project site is a wastewater source of sufficient quantity and 
representative quality. The existing onsite wastewater treatment system consists of a pressure 
dosed mound system designed for 2,850 gallons per day. The septic tank receives flow from the 
research facility offices and approximately 11 graduate students that live in onsite dormitories.  
The laboratory liquid waste flow is not sent to the onsite wastewater system. Table 1 provides a 
summary of the system based on design drawings located at the GCREC. 
 
 

Table 1.  GCREC Onsite Wastewater Treatment System Summary 
 

Primary Treatment – two precast septic tanks 
in series 

-One 2,500 gallon precast septic tank-
Category 4 without baffle 
-One 1,250 gallon precast septic tank-
Category 4 with outlet screen 

Dosing Tank 3,000 gallon precast pump/dosing tank-
Category 4 

Mound System Drainfield 4,351 ft2 infiltrative area (0.65 gpd/ft2) 
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A grab sample was collected at the outlet of the second septic tank on March 26, 2009.  Results 
of laboratory analyses of this sample are summarized in Table 2. 
 
 
 
 

Table 2.  Septic Tank Effluent Field & Laboratory Analyses 
 

pH  (measured in field) 6.51 

Temperature (oC, in field) 25.4 

Dissolved Oxygen (mg/L, in field) 0.13 

Alkalinity (mg/L) 220 

TKN (mg/L) 52 

Ammonia (mg/L) 39 

Nitrate (mg/L) 0.24 

Nitrite (mg/L) 0.022 

CBOD5 (mg/L) 300 

COD (mg/L) 680 

Fecal Coliform (Col/100 mL) 10E6 

Phosphorus (Total) (mg/L) 8.5 

Total Dissolved Solids (mg/L) 590 

Total Suspended Solids (mg/L) 80 
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Six piezometers were installed at the facility on March 17, 2009 to determine subsurface hydrol-
ogy.  Figure 3 depicts the approximate piezometer locations and the water table elevations 
measured on March 26, 2009. 
 
 
 

 

PZ-6 
EL 122.95 

PZ-5 
EL 121.00 

PZ-1 
EL 122.02 

PZ-4 
EL 121.17 

PZ-3  
EL 119.04 

PZ-2  
EL 119.61 

 
 
 

 
 

Figure 3.  Piezometer Locations and Water Table Elevations on March 26, 2009 
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Summary 
 
Based on the cost and time associated with rehabilitating the USF facility, it has become appar-
ent that proceeding with construction of two test facility sites will be costly and time consuming. 
The current budget in the FOSNRS contract for construction of a test facility at USF does not 
appear to be sufficient for both the rehabilitation work and the testing facility construction.  In 
addition, the USF Lysimeter station can only be used for pilot tests of treatment technologies 
and unsaturated zone work, since the water table is extremely deep at the site (>25 ft.) and suf-
ficient area for plume delineation and monitoring is not available.  Management of two facilities 
once operational will also be more difficult and expensive in future phases of the project.   
 
The preliminary soils assessment, wastewater (STE) quality, and preliminary GW assessment 
appear to be conducive to performing the proposed work.  While the flatwoods type soils at the 
site have a shallow groundwater that may be more likely to support in-situ denitrification, the 
soils of the Florida flatwoods land resource area make up approximately 55% of the area of the 
state, over 60% if the Everglades land resource area is excluded.  In contrast, soils of the cen-
tral Florida ridge land resource area make up approximately 17% of the area of the state (Ayres 
Associates, 1987).  Also, a site conducive to in-situ denitrification is desirable from a groundwa-
ter modeling perspective.  To include denitrification in the models developed in Task D, a study 
site where denitrification can be measured will be more likely to provide the needed inputs and 
calibration data for model development.   If the mechanisms of in-situ denitrification can be iden-
tified at the site, then the models developed should be able to predict whether such denitrifica-
tion is likely to occur at any given site.  Additionally, the individual home field sites for Task C 
will be chosen to include soils of different types, including well drained fine sands typical of the 
central Florida ridge recharge areas, and the models developed will be tested at these sites.   
 
Treatment technology pilot testing and both the saturated & unsaturated zone investigations 
could be performed at the GCREC.  Therefore, the Project Team recommendation is to conduct 
all test facility work at the GCREC. This recommendation would include shifting the funds for 
test facility design and construction in Task A to the design and construction of the test facility 
for Task C, or vice versa.  We would like to proceed with the GCREC site as the only FOSNRS 
Study testing facility, and request FDOH direction in this regard.  

enc: NRCS letter  

c: E. Roeder 
P. Booher 
 
 
 
File 44237-001 
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1700 U.S. Hwy. 17 So., Suite 2  Bartow, FL 33830  Telephone (863) 533-2051 Ext. 3  Fax: (863) 533-1884 

 
 
 
April 14, 2009 
 
 
Hazen and Sawyer, P.C. 
10002 Princess Palm Ave. 
Suite 200 
Tampa, Florida 33619 
 
 
ATTN:     Mr. Anderson 
RE:         Onsite Wastewater Treatment research 
 
Dear Sir: 
 
An on site soil investigation was conducted March 26, 2009 at the UF Gulf Coast Research 
and Education Center to determine the seasonal high water table and ascertain whether or 
not the soils were mapped correctly in the most recent NRCS soil survey documentation for 
Hillsborough County. The area of concern is located in section 29, T31S, R21E; Hillsborough 
County, Florida. 
 
Soil borings were made at preselected sites or points to a depth of eighty inches. The map-
ping units were identified and the seasonal high water table determined. The Soil Survey of 
Hillsborough County, Florida and the Web based Soil Survey of Hillsborough County were 
used in this effort.  
 
Five soil borings were made on site to a depth of eighty inches in the area of concern. The 
mapped soils in this area are Seffner fine sand (47), Zolfo fine sand (61), and Myakka fine 
sand. These soils are classified as poorly to somewhat poorly drained. 
 
SB#1 was located five feet NW of PZ#1 and was identified as Zolfo fine sand. This profile had 
a well developed spodic at about 58 inches. There was also evidence of some sand fill noted 
at the surface. It was estimated at about 10 inches thick. 
 
SB#2 was located 23 feet NW of PZ#1. This profile was identified as Zolfo fine sand. The well 
developed spodic was at 54 inches. There was about 10 inches of fill on the surface. The 
seasonal high water table was determined to be 30 inches plus or minus 6 inches. 
 
SB#3 was located 200 feet east of the mound system’s eastern edge. The soil mapped on 
site and identified in the field was Zolfo fine sand. The seasonal high water table indicators 
were found between 24 and 39 inches. 
 



 

The Natural Resources Conservation Service works in partnership with the American people to conserve and 
                sustain natural resources on private lands. 
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SB#4 was located 95 feet east of the field road edge and 95 feet north of the line of trees. 
This area is mapped Myakka fine sand based on the Soil Survey of Hillsborough 
County,  Florida. The soil identified on site was Seffner fine sand. This soil differs from My-
akka fine sand by being somewhat poorly drained rather than poorly drained. The seasonal 
high was determined to be 30 inches plus or minus 6 inches. 
 
SB#5 was located on the east side of the Farm Manager residence inside the chain link 
fence. Zolfo fine sand was identified on site. The seasonal high was determined to be 30 
inches plus or minus 6 inches. 
 
Based on the soils found on site the soil mapping is representative. Water table depths de-
termined on site were within the range of the mapped soils with only one exception.  This oc-
curred at SB#4 where Seffner fine sand was identified not Myakka fine sand. 
 
In addition, the area identified as Haplaquents in the Soil Survey of Hillsborough County was 
not encountered in the area investigated.  If present, this area must exist south of the drain-
age ditch that forms the southern boundary of the study area, which was not investigated. 
 
Please call if you have any questions. Thank you very much. 
 
 
 
 
Yours truly, 
 
 
 
Richard D. Ford 
Resource Soil Scientist 
cc:    Juan Vega, District Conservationist 
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Appendix C 
Activity Hazard Analysis 

Job:  FOSNRS Task C Occupation:  Drilling Crew and Field Personnel Date:  August 2009 
Specific Work Location: 
Controlled Test Site / Home Sites 

Analyzed by:  K. S. Lowe 
 

Reviewed by:  D. L. Anderson 

Tools Required: PPE Required:  Gloves, close-toed shoes, and eyewear. 
Job Activity Potential Risks/Hazards Control Measures 

Contact:  Damann Anderson, FOSNRS Project Manager: 813-630-4498 office, 813-340-7976 cell phone. 
               Kathryn Lowe, Task C co-leader: 303-273-3685 office and 303-921-3174 cell phone. 
General Slip, trip, and fall hazards 1. Work will be performed during daylight hours. 

2. Personnel will visually survey the site and avoid hazardous areas to the degree 
feasible. 

3. No smoking, eating or drinking at the drilling rig during operation. 
4. Use ground fault circuit interrupts (GFCIs). 
5. Use proper lifting techniques (use legs not back, do not exceed individual 

physical capability, use lifting devices where appropriate). 
6. First aid kit will be available (access to shower will remain open). 
7. Report all injuries to Damann Anderson (813-630-4498). 
8. In case of emergency call 911. 

Environmental Sample 
Collection 

Spills/splashes/leaks 
Contact with wastewater 
Electrical 

1. Check and address spills/leaks of wastewater. 
2. Check and address potential contact of water/wastewater with electrical cords. 
3. Decontaminate work areas and cleaned spills using 70% ethanol. 
4. Recognize potential bacterial, virus or blood borne pathogens and eliminate 

exposure through adequate PPE and work practices. 
PPE:  gloves, close-toed shoes, eyewear. 
Waste Management (WM):  Clean spills/leaks.  Segregate trash.  Place contact 
waste bins.  Excess effluent will be returned to the septic tank/holding basin.  
Excess groundwater will be discharged to the ground surface. 

Sample Analyses Spills/splashes 
Contact with wastewater 

and/or reactive chemicals 
(e.g., acids) 

Broken glass 
Hot surfaces 

1. Clean all spills immediately.  Ensure proper spill kits are available.  Broken 
glass should be immediately swept.   

2. Properly store incompatible materials and flammables (e.g., separate storage 
for acids and bases). 

3. Close chemical containers when not in immediate use. 
PPE:  lab coat, gloves, close-toed shoes, eyewear.  
WM:  Clean spills/leaks.  Segregate trash.   
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Job Activity Potential Risks/Hazards Control Measures 

Piezometer Installation and 
Soil Coring with Direct Push 
Drilling Rig 

General PPE for all drilling related activities:  Hard hat, hard-toed shoes, safety glasses, 
and work gloves. 
WM:  Soils will be spread on the ground surface. 

 Malfunction 1. Equipment will be inspected prior to use. 
 Noise 1. Sound levels are expected to reach 95 dBA during hammering.  

Additional PPE:  hearing protection with a minimum NRR of 17 will be used by the 
drilling operator(s) during operation and personnel within 30 ft of the rig.   

 Rotating auger may snag 
clothing 

1. Loose clothing is not to be worn by the drill rig operator or the operator’s 
assistant. 

2. No access within four feet of the rotating auger except to the operator and 
operator’s assistant. 

3. Kill switches shall be demonstrated to be operable prior to the first use. 
 Overhead wires 1. Maximum voltage of overhead lines is 13.8 kV. 

2. Minimum 10 ft distance to be maintained between the mast and wires.  Ten ft 
plus 0.4-in. per kV over 50kV. 

3. Spotter will be used if approaching the minimum distance. 
 Underground utilities 1. A utilities locator survey will be preformed and kept on-site during drilling.   
Soil Sample 
Collection/Handling 

Handling heavy equipment 
and falling equipment 

1. Do not exceed personnel physical lifting abilities.  
WM:  Soils will be spread on the ground surface. 

Emergencies Heat stress 1. Breaks will be taken to minimize potential for heat stress. 
2. Drinks and a cool location (i.e., truck) will be available near the work area. 
3. The buddy system will be used.  
PPE:  Gloves and other PPE to prevent direct contact with metal equipment and 
prevent exposure to weather conditions. 

 Injuries 1. The fire department will be summoned for all injuries that need more than first 
aid by calling 911. 

 Blood borne pathogens 1. One field member will be trained in first aid and blood borne pathogens, but 
will not provide first aid unless necessary to stabilize a serious injury. 

2. If blood is present, the area will be controlled to prevent exposure to blood and 
potential blood borne pathogens.  

3. All injuries and treatment will be documented as described above under 
General Field Activities. 

 Fire 1. Call the fire department. 
2. If personnel are trained in the use of fire extinguishers, and it is safe to do so, 

incipient stage fires may be extinguished using portable fire extinguishers. 
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Section 1.0 
Introduction 

1.1 Project Background 
As a result of the widespread impacts of nitrogen on groundwater, the management of 
nitrogen sources, particularly onsite sewage treatment and disposal systems (OSTDS), 
is of paramount concern for the protection of human health. Mathematical models of 
groundwater flow and solute transport historically have been utilized for simulating con-
centration and plume distribution of contaminants and assisting in management practic-
es by providing representations of groundwater behavior. An appropriate model can pro-
vide guidance for land-use planning and remedial approaches. As part of the Florida 
Onsite Sewage Nitrogen Reduction Strategies (FOSNRS) Study, a groundwater flow 
and transport modeling tool is being developed to provide a management tool for poten-
tial impacts of nitrogen from OSTDS. The primary objectives of the model development 
are to: 

● create a user-friendly flow and transport model (i.e., a programmed Microsoft Ex-
cel spreadsheet), and  

● develop a model that can be used to predict nitrogen concentrations and mass 
flux/loading at a point or plane down-gradient of an OSTDS or systems assuming 
the model: 

● adequately represents the identified processes that govern the fate and 
transport of OSTDS-generated nitrogen in groundwater, and 

● should also be capable of simulating temporally variable source input and 
account for non-uniform spatial distribution of OSTDS sources. 

The following presents a literature review to assess the current state-of-knowledge re-
garding the mathematical modeling of nitrogen and nitrate movement and distribution in 
groundwater related to OSTDS. The review will attempt to identify existing models that 
may satisfy the above-stated objectives, modeling approaches that can be useful, rele-
vant input and calibration parameters and the level of effort required in developing a 
modeling tool. As part of the literature review, a database of the references was devel-
oped in conjunction with this summary report. This database (see separate Excel file 
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“CSM_D-1 Nitrogen Modeling Studies”) includes a summary table of the relevant fea-
tures and parameters of each modeling study. As a result of the large number of identi-
fied sources, some modeling studies not deemed valuable to this effort are mentioned in 
this report but are not described in detail and the reader is directed to the database for 
further information. 

1.2 Nitrogen in Ground Water; Conceptual Considerations 
Nitrogen is an important concern for water quality and nitrates represent perhaps the 
most common groundwater pollutant. Animals, crops, ecosystems, and human health 
can be adversely impacted by the presence of nitrogen in water supplies. Of these con-
cerns, nitrate impacts to human health are a primary consideration. The consumption of 
nitrates has been linked to various illnesses, including cyanosis in infants and some 
forms of cancer. As a result, in the United States, a maximum allowable nitrate concen-
tration of 10 mg/L as N has been established as protective of human health (Canter 
1996). Other agencies around the world have also established such standards for ni-
trates in groundwater. 

A survey of community service wells and private domestic wells performed by the U.S. 
Environmental Protection Agency (EPA) indicated that over half of these water supply 
wells contained detectable levels of nitrate (Canter 1996). The sources of this contami-
nation are various, and include agricultural and domestic fertilizer applications, natural 
sources, wastewater treatment applications, and the use of OSTDS. The last category is 
often of concern, as nearly 25% of the population in the U.S. and 30% of all new devel-
opment utilize OSTDS (Lowe et al., 2007). In Florida, nearly a third of all households are 
serviced by OSTDS and 92% of water supplies come from groundwater (Briggs et al. 
2007, Lowe et al. 2007). 

Nitrogen transport in the subsurface is a complex process, especially when considering 
the nitrogen inputs from OSTDS. The objectives of model development therefore re-
quires the development of a conceptual understanding that includes the relevant fate 
and transport processes, parameters, and simulation approaches that will appropriately 
achieve the goals of the model. Figure 1-1 summarizes the conceptual understanding of 
the inputs of nitrogen and the transformative and advective processes that lead to nitro-
gen contamination of groundwater. The model development should result in a tool that 
will consist of the adequate level of complexity to represent these processes to accurate-
ly simulate the fate and transport of nitrogen species. 
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Figure 1-1: Nitrogen Processes Occurring in a Typical OSTDS  
(adapted from Heatwole and McCray 2007) 

Proper OSTDS design, installation, operation, and management are essential to ensure 
protection of the water quality and the public served by that water source. Assuming 
soils and site conditions are judged suitable, a wide variety of OSTDS are designed and 
installed (U.S. EPA, 1997, 2002; Crites and Tchobanoglous, 1998; Siegrist, 2001). Con-
ventional OSTDS rely on septic tanks for the primary digestion of raw wastewater fol-
lowed by discharge of septic tank effluent (STE) to the subsurface soils for eventual re-
charge to underlying groundwater (Crites and Tchobanoglous, 1998; Metcalf and Eddy, 
1991; U.S. EPA, 2002). However, increasing uses of alternative OSTDS rely on addi-
tional treatment of the STE prior to discharge to the environment in sensitive areas (e.g., 
aerobic filter) or in some designs may eliminate use of a septic tank altogether (e.g., 
membrane bioreactor). 

Conventional septic tanks are anaerobic and have long solids retention times (e.g., 
years) that can enable digestion resulting in a reduction of sludge volume (40%), bio-
chemical oxygen demand (60%), suspended solids (70%) and conversion of much of the 
organic nitrogen to ammonium (Reneau et al. 2001). Septic tanks are also important as 
they attenuate instantaneous peak flows from the dwelling unit or establishment. The 
effluent discharged from the septic tank (i.e., septic tank effluent or STE) then flows to 

Drinking Water Well 

Groundwater 
Table
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subsequent treatment (e.g., aerobic treatment unit) or directly to the soil treatment unit 
where the processes of soil adsorption, filtration, and transformation (biological and 
chemical) occur. 

Nitrogen waste products are a considerable component of septic tank effluent. Total ni-
trogen, composed primarily of organic nitrogen products and ammonium-nitrogen, is typ-
ically assumed to range between 20-190 mg-N/L in untreated waste water, and 26-125 
mg-N/L in STE (Canter 1996, Crites and Tchobanoglous, 1998, Lowe et al., 2009). Fur-
thermore, in a recent study that evaluated the composition of raw wastewater and STE, 
the median total nitrogen concentration in STE specific to Florida was determined to be 
65 mg-N/L (average = 61 mg-N/L) (Lowe et al., 2009). In terms of mass loading to the 
subsurface, the median loading rate was determined to be 10 g-N/capita/d (average = 
13.3 g-N/capita/d) (Lowe et al., 2009). McCray et al. (2005) suggested that an average 
subdivision can generate up to 2880 kg/km2 annually. While this value is significantly 
higher than estimates of naturally generated deposition (600-1,200 kg/km2 annually), it is 
much lower than the loading that results from fertilizer application (10,000-20,000 kg/km2 
annually). Nonetheless, OSTDS should be considered a potential contributor to ground-
water nitrogen concentrations. 

The first stages of nitrogen transformation related to OSTDS occur in the septic tank. 
Organic nitrogen is mineralized to the inorganic form (ammonia) via the process of am-
monification, followed by volatilization to ammonium ions. 

 ( ) −+ +→+ OHNHOHaqNH 423   (equation 1) 

Once the liquid portion of the wastewater enters the drainfield through the subsurface 
infiltration system, nitrogen species (specifically ammonium and nitrate) are further 
transformed in the soil by nitrification and denitrification. Nitrification is a two step 
process by which ammonium is converted first to nitrite than to nitrate via biological oxi-
dation. 

 −−+ →+→+ 32224 NOONOONH  (equation 2) 

Although a two step process, it can be assumed to be a one step process since the con-
version of ammonium to nitrite is relatively rapid. Nitrification is either described as a ze-
ro-order or first-order reaction or via Monod kinetics. This particular reaction is of impor-
tance, as it represents the transformation from the relatively immobile nitrogen form 
(ammonium) to the highly mobile form (nitrate). Most studies of OSTDS with suitable un-
saturated soil have indicated that little ammonium reaches the underlying groundwater 
and that most impacts to groundwater from nitrogen are in the nitrate form. Nitrate be-
haves essentially as a conservative solute, with virtually no sorption or retardation 
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processes affecting its movement in the aquifer. It is, however, subject to transformative 
processes. 

Denitrification is the transformation of nitrate to N2 gas. 

OHNCOHNOOCH 22232 72544)(5 ++→++ +      (equation 3) 

Denitrification occurs in oxygen-free conditions, and is therefore seen in anoxic zones in 
the soil and groundwater. This reaction is typically described as first-order. However, ni-
trogen transformations are probably best modeled using Monod kinetics, which result in 
zero-order rate constants for concentrations typical of nitrate-impacted groundwater. The 
process, while studied extensively, is not well understood or well quantified. Previous 
studies identifying significant processes that lead to the reduction of nitrate concentra-
tions identify denitrification rates as relatively small, and that most reductions occur as a 
result of mixing with ambient groundwater (to be discussed in more detail later in this 
review). 

The development of a conceptual understanding of nitrogen fate and transport from 
source to receptor indicates that there are potentially a large number of processes that 
can be simulated depending on the objectives of the model. In the literature review that 
follows, researchers have in some cases used simplifying assumptions to account for 
certain processes if data is not available or the model does not need to simulate the 
process to achieve desired outputs. In other cases, researchers use relatively complex 
mathematical models in attempt to model multiple transformation or transport processes 
as accurately as possible. For example, the development of a model that considers all of 
the sequential steps of denitrification. The approach chosen is highly dependent on the 
goals of the modeling and the data available, as well as the scale that is to be 
represented. 
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Section 2.0 
Literature Review 

The following presents a summary of available research related to the modeling of fate 
and transport of nitrogen in groundwater. Modeling research directly related to nitrogen 
is presented, as well as modeling for general solute transport. The purpose of the sum-
mary is to: 

● assess the state-of-knowledge of modeling nitrogen fate and transport in the va-
dose zone and in groundwater, 

● identify the relevant processes, parameters and data used in the simulation of ni-
trogen transport, 

● identify the modeling methods that enable quality simulation with an appropriate 
level of complexity in the context of the important processes that govern nitrogen 
fate and transport in the subsurface, and 

● identify the merits and drawbacks of the various modeling studies and develop a 
guidance in designing the mathematical approach to address the project objec-
tives. 

2.1 Modeling Research Summary 
The literature review discovered over 70 reports or articles related to the modeling of ni-
trogen fate and transport. Additionally, the review discovered more than 20 modeling 
codes or solutions not specific to a particular contaminant that could potentially be ap-
plied to the simulation of nitrogen in the subsurface, based on the conceptual under-
standing of the processes governing nitrogen movement and transformation. Only a very 
small number of models specific to OSTDS were discovered, and generally were con-
cerned with land-use planning related to septic tank density. 

A relatively large number of studies investigated the behavior of nitrogen in the vadose 
zone. These models were typically physically-based deterministic solutions of the Ri-
chards’ equation for groundwater flow with a variation of the advective-dispersive equa-
tion (ADE) to simulate solute transport. Some researchers used a stochastic solution 
approach; this approach assumes that vadose zone parameters are too heterogeneous 
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to be captured by a physical model, and that transport through the unsaturated zone is 
better modeled by using probabilistic functions for model input parameters. 

The review identified fewer models considering nitrogen in the saturated zone. This may 
be in large part due to the fact that nitrate acts as a conservative solute in groundwater 
and therefore the development of complex models to describe this movement are not 
necessarily valuable or appropriate. A number of mass-balance models were created for 
nitrates in the saturated zone, because such a model could satisfy the objectives of the 
study. The models in this category consist of land-use planning models, studies identify-
ing nitrate sources, and studies of specific groundwater systems. Modeling efforts that 
were not specific to nitrogen also tended to fall in this category, as researchers were 
concerned with developing methods that provided appropriate approximations of the 
ADE. Because solutions to this equation are approximate, many researchers were de-
veloping or comparing solution methods in order to identify the method that provided the 
most accurate solution. 

Fewer still have considered the combined simulation of nitrogen in the vadose and satu-
rated zone, and among these only a handful simulated flow and transport processes at 
the field scale. The latter category of models is often developed at the watershed scale 
and included impacts to surface water bodies. The inputs and the models themselves 
are often fairly large and complex, and include data and simulations for climate, stream-
flow characteristics and fluxes, and land-use and vegetative patterns. Simulations and 
calibration procedures are usually time-consuming and complex, and require a consi-
derable amount of input data. 

Additionally, a large body of research has exclusively modeled the denitrification 
processes. In fact, numerous simple models have been developed that generate empiri-
cal expressions for denitrification at particular sites of interest. As a result, broad appli-
cability and transferability of the models described to other sites is questionable. 

2.2 Vadose Zone Models 
Many modeling studies were identified that addressed solute transport in the vadose 
zone, of which a majority of the models selected for this review specifically simulated 
nitrogen transport. The simplest approach for estimating nitrogen transport through the 
vadose zone is mass-balance budget estimates that provide a loading value from the 
soil to the groundwater.  Additionally, a variety of numerical or analytical modeling ap-
proaches were identified in the literature review that could generally be classified as ei-
ther deterministic physical models or stochastic, probabilistic models. Among the studies 
that examine the problem of nitrogen fate and transport, physically-based deterministic 
models for the vadose zone are generally solutions of the Richards’ equation combined 
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with a one-dimensional solution of the ADE for representing vertical flow and transport 
(in the “z” direction) and assuming horizontal flow vectors are not significant, although in 
some cases dispersion was also considered. 

Mass-balance derived loading estimates can be a simple yet useful tool when consider-
ing the transport of nitrogen through the soil zone.  Otis (2007) applied data related to 
Florida soil types and soil characteristics such as drainage potential, permeability, organ-
ic carbon content and hydraulic conductivity to develop estimates for the percentage ni-
trogen reduction through the vadose zone prior to impacting the groundwater.  The val-
ues generated can be used to provide a source term for a groundwater model as a load-
ing rate.  Katz et al. (2009) also generated a mass-balance based estimate of nitrogen 
loading from a variety of sources including OSTDS in karstic basins in Florida.  This ap-
proach also considered precipitation rates in the calculation as both a factor for water 
input and a nitrogen source.  While this research considers nitrogen inputs from fertiliz-
ers and animal wastes, a useful estimate of loading from OSTDS again can be used as 
a source term in a groundwater model.  

Addiscott and Wagenet (1985) provided a summary of numerical and analytical soil 
leaching models and provided brief descriptions of modeling approaches and specified 
studies that applied the various methods. The key distinction the authors make when 
comparing the modeling approaches is comparing deterministic models with stochastic 
modeling approaches. The authors note that in most cases the selection of methods is 
based on the preferences of the researchers and tend to ignore the fact that models are 
intended for different purposes. 

Among the physically-based models, most studies examine the problem of nitrogen 
transport in the unsaturated zone related to the impacts of fertilizer applications. These 
include studies by Bakhsh et al. (2004), Hansen et al. (1991), Jabro et al. (2001), 
Johnson et al. (1999), Moreels et al. (2003), and Johnsson et al. (1987). Generally, 
these modeling studies used numerical computer simulation programs designed for one-
dimensional solutions of the Richards’ equation coupled with the ADE or a variation of 
the ADE that contains provisions for partially-saturated flow and transport. In some cas-
es, these programs are relatively complex, requiring large amounts of computing power 
and time, as well as complex data inputs. For example, (Bakhsh et al. 2004) used an 
updated version of the Root Zone Water Quality Model (RZWQM) to simulate nitrogen 
transport in a watershed in Iowa that is potentially impacted from corn and soybean field 
fertilizer applications. The RZWQM simulates solute transport using a one-dimensional 
solution to the Richards’ equation and ADE. Input data for meteorological parameters 
includes daily minimum and maximum temperature, hourly wind speed, and solar radia-
tion. Additionally, a full suite of soil and crop management inputs are required as well. 



O
:\4

42
37

-0
01

R
00

5\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

2.0  Literature Review December 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 2-4 
LITERATURE REVIEW OF NITROGEN FATE AND TRANSPORT MODELING HAZEN AND SAWYER, P.C. 

Jabro et al. (2001) used the SOIL-SOILN model to simulate nitrogen transport. This 
model simulates fluid flow and heat transport using a coupled program that solves the 
ADE for fluids and the Fourier equation for heat transport. Again as with the RZWQM, 
inputs are complex including meteorological, soil, and crop management data. Simula-
tions were performed for a three-year period and showed generally good model perfor-
mance. Zhao et al. (2000) used the DRAINMOD-N code to analyze the nitrate nitrogen 
losses and expected crop yield for a field in Minnesota.  DRAINMOD-N is a code with 
subroutines using water balance, a one-dimensional solution to the ADE, and a crop 
yield estimator for its simulations.  The ADE subroutine considers rainfall, fertilizer disso-
lution, organic nitrogen mineralization and denitrification as factors in the solution.  The 
study concluded that variations in drain spacing did not influence nitrate losses as much 
as the fertilizer application rate.   

Other unsaturated zone models simulated nitrogen movement associated with the prac-
tice of wastewater treatment via land applications. Modeling studies by Reynolds and 
Iskandar (1995) and Beggs et al. (2005) looked at effectiveness of this practice at mini-
mizing the impacts of effluents. Beggs et al. (2005) used HYDRUS 2D to look at the ef-
fectiveness of using subsurface drip irrigation as a means of treating STE. HYDRUS 2D, 
like the RZWQM, uses the Richard’s equation for flow and the ADE with reaction para-
meters (including rate constants for nitrification and denitrification) for transformation and 
transport. The study showed an appropriately designed system could reduce annual ni-
trogen percolation through the soil column. Reynolds and Iskandar (1995) used the pre-
viously developed computer code WASTEN to simulate various scenarios of wastewater 
land application at a treatment facility at Fort Dix, New Jersey. The code utilizes a sub-
routine for the ADE and can also simulate transformation processes such as nitrification 
and denitrification. Addtionally, WASTEN is capable of simulating the effects of plant up-
take, evapotranspiration, leaching, and rainfall. 

Selim and Mansell (1976) and Mironenko and Pachepsky (1984) developed one-
dimensional analytical solutions of the ADE for the simulation of solute transport through 
soils. Selim and Mansell develop a solution that can simulate constant source or pulse 
source inputs, and can also simulate reversible linear adsorption and irreversible sorp-
tion. No parameters for reactions are provided. In comparison to other solutions, the 
model performed more favorably at lower pore velocities, and performed similarly at 
higher pore velocities. Mironenko and Pachepsky developed a solution that could simu-
late adsorption as well as biological or chemical transformations. The heterogeneity of 
the soil pore scale was addressed by introducing mobile and immobile transport do-
mains. The model was then used to simulate nitrogen transport and denitrification in a 
soil column. The results are presented as relative concentrations (C/C0) vs. pore vo-
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lumes, as shown in Figure 2-1. The researchers were able to reasonably match ob-
served data using a model calibration procedure to determine input parameter values. 

Figure 2-1: Modeling Results from Mironenko and Pachepsky (1984) 

A number of modeling studies were found that simulated wastewater vadose zone 
transport associated with OSTDS. Huntzinger and McCray (2003) used HYDRUS2D to 
examine the problem of soil pore clogging and its impact on the effectiveness of waste-
water soil absorption systems. Results indicated the importance of understanding the 
influence of clogging on system design to optimize residence times and treatment of 
wastewater. Heatwole and McCray (2007) applied HDYRUS1D to estimations of nitro-
gen contamination flux from a proposed housing development in Weld County, Colora-
do. The modeling used some site-specific data, and statistically-based N-transformation 
rate parameters to simulate nitrate impacts to the groundwater below. The model was 
highly sensitive to nitrogen mass-flux input and the denitrification rate coefficient. The 
latter sensitivity is important, because published denitrification rates are highly variable 
and therefore the estimates can potentially have a high degree of uncertainty. In con-
trast, nitrogen mass flux inputs to the subsurface are less uncertain.  The WARMF wa-
tershed flow and transport model, which is described in detail in a following section, con-
tains an algorithm that simulates the treatment processes in the biologically active soil 
zone (biozone) associated with OSTDS.  As described by Weintraub et al. (2004), this 
algorithm captures the effects of the accumulating biomass on the porosity of the soil 
and the possible hydraulic failure of the OSTDS.  In this case, the effluent is allowed to 
infilitrate in areas that are not active biozones or as surface runoff.  MacQuarrie and Su-
dicky (2001) developed a numerical approach to simulating OSTDS-generated nitrogen 
transport using coupled equations representing flow, solute transport and chemical and 
biological reactions.  The researchers describe the model development and provide an 
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example simulation to test model performance.  However, no comparison with field data 
is provided.   

In contrast to the physically-based models, a stochastic modeling approach was devel-
oped by Jury (1982) for one- or two-dimensional transport of solutes through the vadose 
zone. The transfer function model (TFM) considers that the spatial distribution of the 
physical, chemical and biological transport mechanisms are not well known especially 
when considering a heterogeneous media such as the soil column. Therefore, the model 
simulation is independent of site-measured characteristics and the behavior of a solute 
entering the soil matrix is based on probabilistic functions rather than physical functions; 
in other words, the model produces outputs based on the probability that a solute will 
reach a defined depth in the soil column. This is done using the probability density func-
tion (PDF), a mathematical operator that can estimate solute concentrations at a given 
depth based on the average and variance values of either travel time or input water flux 
at the surface. As a result, the model can consider uniform spatial distribution of input 
water flux or spatially variable inputs. Models in this category, while using agricultural 
problems as examples, could potentially have simulation capabilities for a variety of 
sources. 

Studies by White (1987) and White et al. (1998) used applications of the TFM at the field 
scale to address the problem of nitrogen leaching in pasture lands in New Zealand. The 
first study developed a probability distribution for solute transport times from observed 
data related to numerous rainfall events and soil moisture conditions. The transfer func-
tion was then calibrated against measured quantities of nitrate leached. The TFM was 
capable of representing the measured data with reasonable accuracy. The researchers 
suggest that predictive simulations using a TFM are possible using a time and space-
averaged value for solute travel times. However, this would require numerous additional 
studies to characterize a variety of soil types. The second study is similar, using a TFM 
to simulate nitrate leaching in a soil near Palmerston North, New Zealand. Results are 
generally good; however, there is a consistent tendency of the TFM to over-estimate the 
nitrate leaching in this case. 

A number of studies compared modeled solute transport through the vadose zone using 
the TFM and an analytical solution of the ADE. Jury and Sposito (1985) used data col-
lected from soil core and soil solution samplers to calibrate and validate results using 
both modeling methods. Based on the data collected, model parameters were optimized. 
In the case of the ADE analytical solution, the parameters were pore-water velocity (V) 
and a field-scale dispersion coefficient (D). For the TFM, the parameters were mean and 
variance of travel time through the media. Parameters were estimated using three me-
thods: a sum of squares method, a method of moments, and maximum likelihood esti-
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mation. The parameter estimations for the solution sampler data had relatively high un-
certainties, owing to the deviations between the shape of the average data curve and the 
model estimates of the curve, and the small number of replicate measurements. There-
fore, a comparison of performance could not be done. For the soil core samples, the 
TFM was determined to have provided a better representation of the data. 

Dyson and White (1987) conducted a similar study comparing the two modeling ap-
proaches for the transport of chloride through a structured clay soil. Also considering soil 
cores, the researchers found that the TFM model, using an assumption of a log-normal 
distribution of travel times (characterized by the mean and the variance), could model 
the flux-averaged breakthrough curves well. Also, the ADE could model the break-
through curves equally well when the velocity and dispersion parameters were optimized 
via the least squares method. 

2.3 Saturated Zone Flow and Transport Models 
Due to the scope of the problem related to the protection of groundwater, the modeling 
of fate and transport of contaminants in aquifers has been a significant objective for re-
search. A relatively large body of numerical, analytical and mass-balance models has 
been developed to study the movement of solutes in the saturated zone. Additional effort 
aims to provide accurate simulation of solute reactions and adsorption. Among many 
studies that develop general solutions of flow and transport, numerous models have 
been focused on the behavior of nitrogen (specifically nitrate) in the saturated zone. 
These can be either site-specific or more broadly-focused nitrate transport models that 
can potentially be applied to any site or problem. 

Among the aquifer models, the simplest form of simulating solute fate and transport is 
the mass-balance model. This type of model ignores aquifer parameters that influence 
groundwater direction and velocities and transformative processes. The objective is to 
simply balance source and groundwater inputs and outputs (usually expressed as fluxes 
or rates) based on observed data. Typically, these models have numerous simplifying 
assumptions. 
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A simple mass-balance equation was developed and then compared the model-
predicted results to field data for three communities in California (Hantzche and Finne-
more 1992): 

 
)(

)1(
RI

RndInn bw
r +

+−
=  (equation 4) 

where: nr = net nitrate concentration in recharge groundwater, I = volume rate of waste 
water entering the soil averaged over the gross developed area (inches yr-1), nw is the 
total nitrogen concentration of wastewater (mg L-1), d = the fraction of nitrate-nitrogen 
loss due to denitrification in the soil, R = average recharge rate of rainfall (inches yr-1), 
and nb = background nitrate-nitrogen concentration of the rainfall (mg L-1). 

Results were plotted as mean nitrogen-nitrate concentration versus wastewater recharge 
relative to rainfall recharge (I/R) and include comparison to field data values from the 
different sites in the study (Figure 2-2). In general, model-predicted results compared 
favorably with the concentrations measured in the field. The authors note that the model 
has the following limitations: 

● The equation considers only vertical components of groundwater recharge, and 
does not consider fluxes from upgradient areas. 

● The predicted concentrations are long-term values, as loading rates may take 
many years to develop and may be affected by the nature and thickness of the 
vadose zone. 

● Results cannot be applied to a single point, as in considering a specific water 
supply well. 

● This method does not account for other sources of nitrogen, such as fertilizer or 
animal wastes. 
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Figure 2-2: Results of Modeling with Comparison to Field Data 
(Hantzche and Finnemore 1992) 

DeSimone and Howes (1998) used a mass-balance solution to estimate fate and trans-
port rate values based on observed field data. The source of nitrogen in this study was a 
waste treatment facility in Cape Cod, Massachusetts. The objective of the research was 
to use a mass-balance method to identify the key hydrogeochemical processes, esti-
mate rate values for these processes, and ultimately estimate potential mass flux into 
nearby surface water bodies. 

Calculated wastewater input fluxes from the treatment facility, waste loads to the aquifer, 
and the observed concentrations at downgradient sampling points were considered and 
input into the mass-balance equation. Based on the observed data, values for advective 
and transformative processes were estimated. The researchers determined that within 
the unsaturated zone, nitrification and ammonification processes were the most impor-
tant to nitrogen transport, whereas in the saturated zone denitrification and sorption of 
ammonium had the most influence. They concluded, based on the estimated fate and 
transport processes, that approximately 75% of the input waste load could potentially 
reach the nearby surface water body. 

Mass-balance models are often utilized as land-planning tools. The objective in most 
cases is to estimate the optimal lot size or housing density to minimize the impacts from 
OSTDS. A few examples are summarized below. 
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The National Homebuilders Association developed a computer program described by 
Meyer (1999) and it’s applicability to land-use planning in Florida communities.  This 
program is a nitrate mass-balance model that can be utilized to address two problems:  
1) estimates of nitrogen concentration in recharge waters given certain assumptions re-
garding housing density, and 2) estimates of optimal housing density based on nitrogen 
concentration in recharge waters.  The second option can be used to calculate the hous-
ing density so that the drinking water standard for nitrate (10 mg/L) is not violated.  As 
with other mass-balance models, this model uses a number of simplifying assumptions.  
Data inputs are various, including average precipitation, number of persons per house-
hold, and nitrogen source distributions.  Several proposed developments in various loca-
tions in Florida are tested in the model to determine if the development as planned 
would exceed the standard, and what the optimal housing density should be for these 
developments.  The model predicts that virtually all the developments would violate the 
standard as they are proposed, and that the ideal housing density is lower than the pro-
posed density.  The researcher indicates that a number of questions concerning the 
model applicability to Florida’s unique hydrogeology exist.  The author also suggests that 
the values generated may be overly conservative, given the high precipitation rates and 
aquifer permeability that can aid dilution 

Rogers, Golden and Halpern (1988) developed a groundwater-dilution model based on 
mass-balance inputs for the State of New Jersey. The ultimate goal of the model was to 
assess optimal numbers of households and lot sizes in new developments using septic 
systems to minimize the impact of nitrate groundwater contamination on surface waters. 
In this case, the model considers dilution of nitrate contamination by recharge fluxes 
alone as a way to reduce the waste mass flux into the aquifer, and does not consider 
upgradient groundwater inputs or transformative processes in the soil or the aquifer. 

A very simple modeling approach ultimately defines carrying capacity as acres required 
per household to optimize nitrate dilution from precipitation recharge so as not to exceed 
the groundwater protection standards. The equation, from an earlier study by Trela and 
Douglas (1978) is as follows: 

                 (equation 5) 

Where: H= carrying capacity; Ve= Volume of septic effluent entering system; Ce= Nitrate 
concentration in septic effluent; Vi= Volume of infiltrating precipitation; Ci= Nitrate con-
centration in precipitation; and Cq= Water quality standard for nitrate. 

Two example runs considering varying target nitrate concentrations are provided, but not 
verified with field data. 
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A similar dilution-based mass-balance model for land use planning was developed for 
Pennsylvania (Taylor 2003). Through a mass-balance equation, the model is intended to 
estimate appropriate lot sizes to allow for adequate dilution of the input nitrogen to mi-
nimize the impacts of a septic system: 

(equation 6) 

Where Vs = volume of septic tank effluent (gpd), Cs = Concentration of nitrate in septic 
tank effluent (mg/L), Vr = Volume of groundwater recharge/infiltration (gpd), Cf = nitrate 
concentration in fertilizer that reaches the groundwater (mg/L), Vg = Volume of upgra-
dient recharge water (gpd), Cg = nitrate concentration in upgradient groundwater (mg/L), 
Co = nitrate concentration of groundwater leaving the site (mg/L), and Cd = concentration 
of nitrate lost due to denitrification. 

In order to arrive at these terms, this mass-balance approach utilizes a number of site 
parameters including hydraulic conductivity, gradient, average recharge rate due to pre-
cipitation, and mass of fertilizer applied as examples. These parameters are then used in 
empirical relationships to define the needed inputs for the mass-balance equation. Un-
like the model developed for the state of New Jersey, this model does consider upgra-
dient groundwater flux. The model conceptualization is shown in Figure 2-3. 

This model, as with the other mass-balance models, has several simplifying assump-
tions, such as: complete mixing of wastewater and recharge water within a specified 
aquifer thickness; complete conversion of nitrogen to nitrate; and neglecting most chem-
ical transport and reactive processes including diffusion, dispersion, adsorption, and de-
nitrification. The author provides an example use of the model to calculate the optimal lot 
size for a hypothetical development in Pennsylvania and makes land-use recommenda-
tions based on the results. However, as with the previously described model, the model-
predicted results are not verified with field data. 

While examination of available research indicated mass-balance models are often used 
for land planning tools, some researchers have utilized them for nitrate source identifica-
tion or as a predictive tool. Tinker (1991) compared the results from three mass-balance 
models, along with other investigative tools, to help identify possible sources of nitrate 
impacts on wells in Wisconsin. Tinker used a mass-balance model developed by Wehr-
mann (1984), the BURBS model and a combination of the two models to determine if the 
nitrate in the groundwater was primarily from fertilizer applications or wastewater treat-
ment. 

 

( ) ( ) dgrsogrsggfrss CVVVCVVVCVCVCV +++++=++
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Figure 2-3: Conceptual Model for Mass-Balance Approach 

(Taylor, 2003) 

This model, as with the other mass-balance models, has several simplifying assump-
tions, such as: complete mixing of wastewater and recharge water within a specified 
aquifer thickness; complete conversion of nitrogen to nitrate; and neglecting most chem-
ical transport and reactive processes including diffusion, dispersion, adsorption, and de-
nitrification. The author provides an example use of the model to calculate the optimal lot 
size for a hypothetical development in Pennsylvania and makes land-use recommenda-
tions based on the results. However, as with the previously described model, the model-
predicted results are not verified with field data. 

While examination of available research indicated mass-balance models are often used 
for land planning tools, some researchers have utilized them for nitrate source identifica-
tion or as a predictive tool. Tinker (1991) compared the results from three mass-balance 
models, along with other investigative tools, to help identify possible sources of nitrate 
impacts on wells in Wisconsin. Tinker used a mass-balance model developed by Wehr-
mann (1984), the BURBS model and a combination of the two models to determine if the 
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nitrate in the groundwater was primarily from fertilizer applications or wastewater treat-
ment. 

The Wehrmann mass-balance model uses estimates of water volumes and nitrate con-
centrations to evaluate the diluted nitrate leaving the area of the subdivision in question. 
In this case, the model considers upgradient groundwater and also pumped water vo-
lumes. The primary source for this model is septic effluent: 

  (equation 7) 

Where Vb = Volume of upgradient groundwater, Cb = Nitrate concentration in upgradient 
groundwater, Vi = Volume of precipitation infiltration, Ci = Nitrate concentration in the infi-
litration, Vs = Volume of septic effluent introduced beneath subdivision, Cs = Nitrate con-
centration in the septic effluent, Cp = Nitrate concentration in the pumped groundwater 
and Co = Diluted nitrate concentration leaving the subdivision. The BURBS model is 
similar, but also considers contributions from turf, impervious land, and natural land. A 
bulk nitrogen-nitrate concentration (CBURBS) is used in the water contribution from these 
three sources. The combined mass-balance expression is as follows: 

 (equation 8) 

With terms defined as above and also Vt = Volume of recharge water from turf, Vi = Vo-
lume of water recharged from impervious land and Vn = Volume of water recharged from 
natural lands. 

The author predicted that a majority of the nitrate in the groundwater could be accounted 
for by OSTDS and fertilizer applications, and the mass-balance modeling agreed with 
that prediction, based on sampling results from residential wells. 

Frimpter et al. (1990) developed a simple mass balance equation to predict the potential 
nitrate impacts to municipal supply wells based on loading rates from natural and anth-
ropogenic sources. The model can consider individual sources and therefore is a poten-
tial tool for determining septic tank density in new developments. Assumptions of the 
model are steady-state conditions, complete mixing, and modeling nitrate as a conserva-
tive solute. The author provides example calculations in which nitrate concentrations are 
predicted based on source density and flow rates of withdrawing municipal supply wells. 

Beyond mass-balance models, a variety of approximations of the ADE or similar govern-
ing equations that apply to nitrates were found in the literature. Methods of simulation 
were variable, from simple analytical solutions to complex numerical codes. 

( ) opsibppssiibb CVVVVCVCVCVCV −++=−++

( ) ( ) opsnitbBURBSpsnitbb CVVVVVVCVVVVVCV −++++=−++++
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Lerner and Papatolios (1993) developed a unique, simple analytical expression for pre-
dicting nitrate concentrations in pumped groundwater: 

       (equation 9) 
 
Where Ct = Time variant pumped concentration, Co = Initial groundwater nitrate concen-
tration, C = Concentration of nitrate in groundwater in area of influence of the pumping 
well, R = Recharge rate, b = Aquifer thickness, t = Time, and n = Porosity. 

This expression considers nitrate in the saturated zone with source inputs mostly origi-
nating from recharge waters. Co is arrived at by estimating leaching rates of nitrate 
through the vadose zone. The model considers only nitrate in groundwater as an initial 
concentration and does not consider source input rates or flux. The model was applied 
to a pumping station in England, and predictive calculations were performed. In the two 
years following the model simulations, field data was collected and then compared to the 
simulations to verify if the model predictions agreed with the actual observed nitrate con-
centrations. The model predicted future nitrate concentrations with reasonable accuracy. 
Also, a sensitivity analysis was done to determine sensitive parameters in terms of con-
servative solute transport for this system (in this case, porosity, aquifer thickness and 
estimated leaching rates from the vadose zone that determine Co). 

Young et al. (1976) also develop an analytical approach to predicting future nitrate con-
centrations in groundwater in a fractured sandstone aquifer in England. The investiga-
tors used an unsaturated zone flow model to forward model nitrate impacts to groundwa-
ter based on current land use practices. However, the exact analytical approach is not 
described, except to describe important parameters and processes.  

MODFLOW and MODPATH are two commonly used numerical modeling codes that 
have been widely utilized by both academic and industry hydrogeologists. MODFLOW is 
a three dimensional, finite difference modeling codes that has a wide variety of capabili-
ties for modeling multiple layers of an aquifer system and heterogeneous parametric dis-
tributions. The model code is often employed with a graphical pre- and post-processor to 
assist with the construction of the input files. MODPATH is an extension of MODFLOW 
that utilizes model-calculated groundwater velocities and flow vectors to give particle 
tracking of groundwater movement. The tracking of the groundwater movement can be 
time-stepped to give estimates of travel time. 

Puckett and Lowdery (2002) constructed a MODFLOW groundwater flow and transport 
model and used it in conjunction with sample analyses and water-aging to determine the 
relationship between agricultural practices and nitrate concentrations in groundwater in a 
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glacial outwash aquifer in Minnesota. The model was constructed as a three layer model 
with assigned boundary conditions based on the conceptual understanding of the hydro-
geologic system. The model was calibrated against observed water levels at monitoring 
wells in the study area, and MODPATH was used to compute groundwater travel times 
and flow paths. The modeling was used to indicate expected groundwater travel times 
and correlated with the groundwater aging aspect of the study, and showed generally 
good agreement between the two methodologies. Although no transport modeling was 
done, an extension of MODFLOW, MT3DS is a full transport modeling code and can 
consider adsorption and chemical processes in numerous ways. This could be a poten-
tial extension of the study to further validate the conceptual understanding of the 
groundwater system. 

A study by Molenat and Gascuel-Odeux (2002) provides an example of nitrate modeling 
using a combination of MODFLOW and MT3DS. In this study, these model codes were 
coupled to simulate different spatial distribution scenarios of nitrate inputs from agricul-
tural practices in the Kervidy watershed in Brittany, France. The initial simulation of 
groundwater flow and nitrate distribution was done as a steady-state simulation, and si-
mulation results matched field observations well. Two scenarios reduced the uniform 
spatial distribution of nitrate recharge from the initial 100 mg/L to 80 mg/L and 60 mg/L, 
respectively. The other four scenarios redistributed the nitrate recharge to the watershed 
hillsides, but retained the initial rate of 100 mg/L. The results of the scenarios indicate 
that the impacts to groundwater could be reduced by reducing the nitrate inputs on the 
hillsides more than reducing nitrate inputs over the entire watershed. 

A simple distributed transport model was developed to simulate and predict ground wa-
ter nitrate concentrations. Based on a numerical code developed by Bear (1979), a study 
was completed for the Great Ouse Chalk aquifer in England by Carey and Lloyd (1985). 
The chalk is a fine-grained fractured limestone aquifer that has seen increasing impacts 
from nitrate pollution. For the modeling, a groundwater flow and transport model was 
constructed using numerous computation cells representing small volumes of the aquifer 
with the nitrate concentrations into and out of the model cells calculated using a mass-
balance approach. The model assumed that the concentration of nitrate in groundwater 
recharge was constant, but that the rate of recharge varied. Nitrate sources in this case 
were natural land, plowed land, and nitrogen inputs that resulted from fertilizer applica-
tions. The downward migration of nitrate is solved via a simple equation that calculates a 
velocity based on porosity and recharge. The model was calibrated using observed 
groundwater and nitrate concentration data, and a sensitivity analysis was performed to 
assess the effects of various parameters. The model was able to simulate past trends of 
groundwater behavior and nitrate concentration reasonably well. Further, the model pre-



O
:\4

42
37

-0
01

R
00

5\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

2.0  Literature Review December 2009 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 2-16 
LITERATURE REVIEW OF NITROGEN FATE AND TRANSPORT MODELING HAZEN AND SAWYER, P.C. 

dicted an increasing trend in nitrate concentrations, but the severity of the increase was 
dependent on changes in land practices. 

Hendry et al. (1983) apply this methodology to the problem of nitrate transport in an 
aquifer in England with impacts resulting from agricultural practices. The researchers 
apply a numerical model among other investigative techniques to test two hypotheses of 
nitrate fate and transport; 1) that the resulting concentrations observed are a result of 
mixing with upgradient groundwater, and 2) that the vertical concentration distributions 
are due to denitrification processes. Based on the modeling and other investigations, 
they conclude that the denitrification processes are dominant. 

2.4 Combined Vadose Zone and Saturated Zone Models 
The research that examines the combined fate and transport of nitrogen species in both 
the vadose and saturated zones is limited. However, some models have been developed 
either on the watershed or field scale that does in fact couple the two zones for simula-
tions of contaminant transport. Among these are several models that could effectively 
simulate nitrogen transport. 

Mehran et al. (1983-1984) developed a two-dimensional numerical solution for the fate 
and transport of soluble nitrogen species in both the vadose and saturated zones. This 
model resulted in two separate codes that simulate the vadose zone and saturated zone 
simultaneously. The vadose zone is represented by the finite-difference code UCD-
RANN and the saturated zone by the finite-element code FLOWS. 

The model considers numerous parameters for both flow zones including all relevant 
flow parameters indicated in Darcy’s Law (i.e., hydraulic conductivity, gradient, porosity), 
and transport and transformative parameters in both the vadose zone and saturated 
zone. Among others, these parameters include saturation index, pressure head, and root 
zone uptake of nitrates as well as first-order rate constants for nitrification and denitrifica-
tion, and the retardation factor for ammonium transport in the vadose zone. The retarda-
tion factor is defined by: 

        (equation 10) 

 
Where R = retardation factor, ρb = bulk density of the soil, n = effective porosity, and Kd = 
soil distribution coefficient. 

The model, shown conceptually in Figure 2-4, also provides equations for boundary 
conditions that are necessary to define the model dimensions. 
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Figure 2-4: Conceptual Schematic of the Model 

(Mehran et al. 1983-1984) 

The outputs of the model include nitrate concentrations at various depths through time 
for the vadose zone and time-variable depth and distance nitrate concentrations in the 
aquifer. The researchers provide a model demonstration on a hypothetical aquifer sys-
tem, shown in Figure 2-5. The model as illustrated consists of a one meter thick vadose 
zone with a ten meter thick underlying aquifer. The simulation process starts with a 
model run in the vadose zone with results shown in Figure 2-6.  The second step impos-
es the concentration that results at the bottom of the vadose zone as a constant concen-
tration on the top of the model aquifer. However, it is probable that a varying rate of con-
centration input can be applied using this code. An example output for the vadose zone 
simulation is shown in Figure 2-6. 
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Figure 2-5: Hypothetical Aquifer for Model Example Simulation 

(Mehran et al. 1983-1984) 

 

 

 

 

 

 

 

 

 

 
Figure 2-6: Example Depth Profile Output for Vadose  Zone 

(Mehran et al. 1983-1984) 
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2.5 Nitrate Modeling at the Watershed Scale 
Numerical modeling codes also have been applied to the watershed scale for the simula-
tion of groundwater flow and nitrate leaching in the unsaturated zone and the resulting 
impacts to surface water bodies. These models represent perhaps the most complex of 
the models reviewed, requiring large input data sets and complex numerical codes for 
the simulations. Sonnenburg et al. (2003) and Refsgaard et al. (1999) present modeling 
of watersheds in Denmark using large scale models. The researchers utilize the code 
MIKE SHE, which uses numerical solutions for overland 2-D and channel 1-D flow, 1-D 
unsaturated flow, and 3-D saturated flow. The conceptual model is illustrated in Figure 2-
7. 

Figure 2-7: Conceptual Schematic of MIKE SHE Model 
(Refsgaard, 1999) 

Refsgaard et. al. conceptualized and constructed groundwater flow and transport models 
to consider nitrate impacts on two watersheds in Denmark. The intention of the study 
was to show that such a model could be shown to be a reliable tool for specific water-
sheds, and that reasonable model performance at such a scale was possible. This mod-
el was a coupled model using the MIKE SHE code described above and the Daisy code 
(see Hanson et al (1991)), which simulates the percolation of water and nitrate at the 
bottom of the vadose zone. Input, verification, and calibration data for the model were 
found in GIS-linked databases which provided data for agricultural practices, topogra-
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phy, groundwater data, stream-flow and climatic variables. Representative model grids 
were constructed using topography and catchment delineation data from the databases. 
The researchers use an up-scaling method to transfer some field-scale data to the cat-
chment scale. Model parameters were assessed using various transfer functions, and 
the results of the simulation were validated by comparing model simulated results to ob-
served results for annual water balance, river run-off, and groundwater nitrate concentra-
tions. 

Simulations were done for the Karup and Odense watersheds and validation of the 
model based on watershed-specific water balances over a five-year period and ground-
water nitrate concentrations over the same period was also performed. Validation results 
for the Karup watershed were extremely good, and the simulations of the Odense wa-
tershed were acceptable although not at the same level as the simulations for the Karup 
watershed. The results indicate that similar models can be useful tools for assessing ni-
trate contamination at such a scale for other watersheds, provided access to adequate 
databases is available. 

Conan et al. (2003) used MODFLOW and MT3DMS coupled with the watershed model-
ing code SWAT (Soil and Water Assessment Tool) to simulate nitrogen fate in a wa-
tershed in Brittany, France that has been impacted by livestock practices. The model 
considers the full range of transformative processes for nitrogen species, such as am-
monification, nitrification, and denitrification. Hydraulically, the combined models simu-
late groundwater flow, nitrogen transport, and surface water flows and concentrations. 
Model structure is constructed using digital elevation models and used field data sets for 
stream flow, groundwater levels and nitrogen concentration over a three-year period. 
Data collected was used for initial input parameters and calibration of the model. Results 
were generally good, with some exceptions. The stream flow simulations consistently 
overestimated flows in June and underestimated flows in December. Simulations done 
with the SWAT model alone consistently underestimated nitrogen levels in the surface 
waters, but the coupled model performed much better, perhaps due to being able to ac-
count for the stream baseflow. Groundwater concentrations were also well simulated by 
the coupled model. 

Heng and Nikoladis (1998) developed a highly complex, multidimensional watershed 
scale model for the transport and transformation of nitrogen from non-point sources. The 
model (NTT-watershed) generates a grid system based on topography and subsurface 
properties can also be vertically discretized to represent vegetation, overland flow, and 
the groundwater zones. Flow and solute inputs into the model are temporally and spa-
tially variable and can consider transport and transformation of organic nitrogen, ammo-
nium, and nitrate. For this study, the model was applied to the Muddy Brook watershed 
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in Connecticut. Input, calibration, and validation data was collected over a two-year pe-
riod and included nitrogen species concentrations, field parameters, stream-flow values, 
precipitation rates, and land use practices and applications (i.e. fertilizer use). Simula-
tions were performed and the model matched groundwater, stream-flow, and concentra-
tion data reasonably well. Results indicate that future models for other watersheds can 
be developed in a similar manner to assist with management planning. 

Weintraub et al. (2004) used the GIS-based watershed modeling tool WARMF for inves-
tigating watershed-scale impacts from OSTDS in Summit County, Colorado. WARMF is 
a modeling tool that estimates total maximum daily loads (TMDL) based on a series of 
modules with various inputs. The model was constructed using a Digital Elevation Model 
(DEM) of the Blue River Watershed and included input data for regional meteorology, 
point sources, and land use. Additional data was collected in the field for surface water 
quality, soil properties, well data and spatial distribution of OSTDS. The model was en-
hanced by including a biozone module that simulated the transformative processes in 
the soil column beneath the OSTDS. After constructing the model, simulations were per-
formed representing a period from fall 1998 through fall 2002. Model simulations were 
compared to observed data, and a calibration was done to adjust the input parameters to 
improve the fit to observed hydraulic and concentration data. The calibrated model was 
then used to assess various management scenarios including converting housing subdi-
vision from OSTDS to a centralized sewer system. The results for nitrogen indicate that 
although nonpoint loading is reduced, the loading to the river increases due to the in-
creased nitrogen loading from the treatment plant. This suggests that conversion to a 
sewer system would require a higher level of nitrogen treatment at the plant. 

Geza and McCray (2007) also applied the WARMF model to assess the influence of var-
ious point and non-point sources including OSTDS in the Turkey Creek watershed in 
Colorado. As with the previous study, a DEM was used to build the model that included 
land cover and soil type data. Data was also input regarding population, wastewater 
loading per person, and effluent concentration. Stream flow and water quality data from 
a previous study was used and a simulation period of five years (1998-2003) was used 
as a calibration run. Calibration was done using UCODE, an automatic calibration tool 
and a sensitivity analysis was also done. The analysis showed that groundwater concen-
trations for nitrate were most sensitive to soil parameters, land cover parameters, and 
input concentrations of ammonium. However, the model was not sensitive to denitrifica-
tion rates. Stream concentrations were most sensitive to sediment transport parameters. 

Once a calibrated model was completed, four management scenarios related to OSTDS 
were performed. Stream concentrations of nitrate were shown to be highest when the 
stream segment was located close to an area with a high density of OSTDS as com-
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pared to locations downstream, an effect likely due to dilution. Soil water concentrations 
increased with increasing population, but decreased when OSTDS were converted to 
sewer systems. 

2.6 General Fate and Transport Modeling 
Numerical or analytical codes for modeling groundwater flow and solute transport have 
had numerous applications. The use of a particular method, solution, or transport para-
meter depends largely on the contaminant of interest, the objectives of the modeling, 
and in some cases site-specific characteristics. For the most part, models in this catego-
ry are limited to the saturated zone. Within the summary below, several models have 
been identified that do not model nitrate fate and transport specifically. However, be-
cause the codes can consider the important fate and transport processes, they can be 
useful in developing a model to simulate nitrate in the subsurface. Among the codes 
identified, 13 analytical solutions to the ADE were found in the literature. These solutions 
consider different methods, spatial and temporal simulations, and different transport pa-
rameters such as retardation, decay, or dispersion. Analytical solutions are appealing in 
that they can be programmed into a spreadsheet relatively easily, and can therefore be 
part of a user-friendly modeling tool. Four such spreadsheet programmed solutions are 
discussed below. 

The governing equation in most cases is a variation of the ADE with either chemical 
(production of solute or degradation) or physical reaction (sorption) or both. An example 
featuring one-dimensional advection-dispersion with retardation and first-order degrada-
tion is shown from Elmore (2007): 

      (equation 11) 
 
Where R= retardation factor; C = solute concentration; t = time; vx = average pore water 
velocity; x = distance from source; Dx = dispersion coefficient; and k = first-order degra-
dation constant. 

Virtually all the analytical solutions considered either first-order reaction, equilibrium li-
near reversible sorption, or a combination of both. Leij et al. (1993) provide expressions 
for the partitioning of the solute in the mobile and immobile phases. For degradation, the 
majority of solutions use a first-order degradation rate constant for the solute. Sun et al. 
(1999) develop a three-dimensional reactive model for the saturated zone via an analyti-
cal solution that can simulate degradation as sequential first-order reactions. Example 
contaminants that can be simulated with this process include tetrachloroethylene (PCE) 
and its degradation daughter products and the denitrification process from nitrate to ni-
trite to ammonia to nitrogen gas. A unique three-dimensional code for the simulation of a 
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reactive solute in a variably saturated porous media was developed by Srivasta and Yeh 
(1992). Equations are based on the Richards’ equation for flow in variably saturated me-
dia and the conventional ADE. This model also considers adsorption via a mobile-
immobile partitioning condition and employs the use of a first-order decay function. The 
solutions are performed using a Galerkian finite element method and a Picard iterative 
process. 

A number of solutions simulate transport considering different source orientations. This 
may be an important consideration for nitrate contamination from OSTDS, as the im-
pacts to groundwater may be from multiple sources that are not necessarily point 
sources. Carslaw and Jaeger (1959) derived solutions to the three-dimensional advec-
tion-dispersion equation utilizing Green’s functions, which were extended to develop an 
aquifer  transport model for a contaminant from a horizontal plane source at the top of 
the water table (HPS)(Galva 1987). This results in estimates of contaminant transport 
that are more accurate than simulations using a point source when considering a 
groundwater contaminant source that may be distributed over a relatively large planar 
area, such as a source associated with a landfill or a development utilizing OSTDS. 

Galva provides the mathematical background to the development of the HPS model, and 
provides example numerical simulations using a FORTRAN code to illustrate the appli-
cability of the model. Simulation one uses various retardation rates, zero decay, and a 
continuous source rate. Simulation two varies the retardation rate and the period of 
source emissions. Finally, simulation three considers constant source input rates with 
variations in retardation and decay coefficient. Results for the second simulation are 
shown in Figure 2-8. Results are presented as predicted solute concentrations at a spe-
cified point (200 meters down-gradient) through time. 
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Figure 2-8: Model Output for HPS Model, 
Simulation Two (Galya 1987) 

The model simulations indicate the sensitivity of the varied parameters such as decay 
factor, retardation factor and the temporal period of source emission. The authors also 
point out that while this model is useful for quick estimates, the simplifying assumptions 
required for the analytical solution make it impractical for hydrogeologically complex sys-
tems. 

Heatwole and McCray (2006) applied the HPS to the problem of wastewaters derived 
from OSTDS. The research demonstrates that the HPS model has the appropriate pa-
rameters and model structure to accurately simulate fate and transport of nutrients from 
OSTDS, including nitrogen, phosphorus, and fecal coliform. Using an analytical solution 
of the HPS model in a FORTRAN code, simulations of an example nitrate plume result-
ing from an OSTDS are run using baseline parameter inputs. Additionally, a sensitivity 
analysis of input parameters was included. Groundwater velocity is indicated as the most 
sensitive parameter, and is therefore indicated as an important factor when trying to es-
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timate potential groundwater impacts. The HPS model is identified as a potentially useful 
tool for simple simulations in support of regulatory compliance and OSTDS planning. 

Similarly, Domenico (1987) provided an three-dimensional analytical solution that allows 
the user to input source dimensions in the x, y, and z directions creating a vertical plane 
source in contrast to the horizontal plane source described above. A further develop-
ment of this source orientation was presented in Ollila (1996) for estimating natural at-
tenuation of groundwater contaminants. Superposition of the rectangular source orienta-
tions developed by Domenico can provide for simulation of concentration profiles and 
asymmetric concentration cross sections. 

More complex source orientations are proposed by Leij et al. (1991). In the development 
of this analytical solution, solutions are provided for representing rectangular, circular, 
cylindrical, and parallelepipedal source regions (Figure 2-9). 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 2-9: Source Orientations 

(Leij et al. 1991) 
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Some researchers utilized novel approaches to the solution of the contaminant transport 
problem using analytical solutions. Hwang et al. (1985) incorporate a local analytical so-
lution in a numerical model framework. By developing an analytical element at a node in 
the framework, a relationship with that node and its neighboring nodes is developed via 
a mathematical relationship. However, such an approach may require large amounts of 
computing power for more complex problems. Tang and Aral (1992) provide a solution 
for a layered aquifer that includes the main aquifer body and surrounding aquitards. Dif-
ferent values for degradation and retardation and other parameters are input for the 
aquifer and aquitards. This approach can therefore simulate different flow regimes in the 
same system and also can simulate the effects of diffusion into and out of aquitards. 

Among the analytical solution models, some researchers created spreadsheet solutions 
to the ADE that can potentially be useful, simple tools for simulating nitrogen transport in 
the subsurface. These studies include Ollila (1996), Elmore (2007), Karahan (2006), and 
Karahan and Ayvaz (2005). While the equations themselves are typical solutions to the 
partial differential equation of the ADE, the use of a spreadsheet can be a very efficient 
method of calculating the solutions. Spreadsheets have the advantage of being relatively 
easy to program and use, wide availability, and iterative solution capabilities. 

2.7 Parameter Estimation 
Determining appropriate input parameters and the process of parameter estimation for 
fitting a groundwater model to observed data are an important yet difficult process. Pa-
rameter values can never be completely accurate, due to natural variations or incom-
plete data sets. Uncertainty related to input and calibration parameters leads to uncer-
tainty in outputs. As such, some research has been performed specifically regarding pa-
rameter estimation. The objective of this research is to reduce the uncertainty as much 
as possible when estimating parameters, either as inputs to a model or through the cali-
bration process. 

A process of estimating parameters related to the transport of nitrogen and phosphorus 
from OSTDS was developed by McCray et al. (2005). Cumulative frequency distributions 
(CFDs) were developed from data collected in the available literature to create statistical 
distributions for effluent concentrations, and nitrification and denitrification rates. In cas-
es where inadequate data was available to produce a CFD, the mean, median and stan-
dard deviation was reported. These diagrams indicate the frequency of a reported value. 
The 50% value is the most frequently reported, whereas the 80% value means that 80% 
of the reported values are less than that value. Considering this for effluent concentra-
tions as an example, the selection of the 90 percentile value would be considered as 
very conservative. This may be an appropriate choice if a simulation is intended to pro-
vide a protective concentration for a drinking water well. 
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The resulting CFD diagram (for an example see Figure 2-10) can be useful for selecting 
appropriate water quality input parameters when data is limited either for a site or in the 
literature. This is particularly true for nitrification and denitrification rates. 

Figure 2-10: Example Cumulative Frequency Distribution 
(McCray et al. 2005) 

Yanyong et al. (1992) describe a statistical process in the estimation of model parame-
ters based on the observed data of the actual system. The method suggests using prob-
ability distributions of errors in the observed data to appropriately adjust parameters to 
reduce model residuals as much as possible. The researchers provide this as a direct 
method of estimating parameters, as opposed to performing a trial and error method to 
fit the model to the data. Therefore, the task of parameter fitting is less tedious, creates 
more optimal parameter sets, and has a statistical justification for the parameter values 
that were selected. 

Regardless of the method chosen to estimate parameters, the analysis of uncertainty 
should also be included with any modeling effort. It is important to quantify the level of 
uncertainty as related to the simplifying assumptions of the model used and the quality 
of the data and how this influences the results. 
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2.8 Nitrification and Denitrification Modeling 
The simulation of the nitrification process has not received much research beyond the 
use of Monod kinetics, zero-order or first-order mathematical expressions and is mostly 
expressed as part of a larger model if the transformation of ammonium to nitrate needs 
to be represented. However, the simulation of denitrification has resulted in numerous 
approaches to the problem. This is perhaps due to the complexity of the biogeochemical 
processes associated with denitrification. The methodology ranges from empirically-
based expressions to complex numerical codes. The review of the literature identified 20 
studies related to the modeling of denitrification. Heinen (2006) provides a comprehen-
sive summary of over 50 denitrification models, mostly simple empirical expressions. 
Heinen and other researchers identify numerous influencing factors such as pH, water 
content, dissolved oxygen, and others that may be beyond the scope of such a modeling 
tool. The modeling of denitrification is not discussed in great detail in this review. The 
research is provided for possible reference if desired. 
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Section 3.0 
Discussion and Analysis 

The models addressed in the review represent potential approaches to the model tool 
being developed for this project. The models were grouped in such a manner since each 
zone of interest requires different parameters, inputs, and assumptions; the modeling 
tool being developed will likely consider simulations in the vadose and saturated zones. 
In addition to identifying models for the different zones, various modeling methods were 
also identified; mass-balance modeling, analytical modeling, numerical modeling, and 
transfer function modeling. Each of these has their own advantages and disadvantages. 

Mass-balance models are probably the simplest of the models found in the research re-
view. These models are largely based on estimates of mass flux or volumes, and as 
such do not necessarily require prior knowledge of the subsurface characteristics. These 
types of models can have value for predicting mass flux in a generalized sense. In fact, 
many researchers use mass- or flux- balance calculations to assist in estimating input 
rates and concentrations for transport modeling. However, these models require numer-
ous simplifying assumptions and typically cannot be used to predict solute concentra-
tions at specified points in time and space. Furthermore, they do not account for hydro-
geochemical processes; thus, any change in mass flux that may be influenced by such 
characteristics is represented as a fractional loss that is assumed to be constant over 
time. 

Analytical models are a deterministic approach that simulates systems based on rela-
tively simple, but widely used equations of flow and transport. This approach does re-
quire prior knowledge of subsurface characteristics, but the mathematics behind the 
analytical solution is relatively simple and flexible. Input parameters are relatively few 
and can be readily adjusted. Therefore, an analytical solution can be applied to multiple 
sites or hypothetical sites. Furthermore, the solutions can be programmed into a spread-
sheet program for ease of use. However, analytical solutions cannot simulate highly he-
terogeneous systems. Therefore, it is important to consider the level of spatial variability 
of a system and how accurately this variability must be represented. 

Numerical modeling has the most applicability when considering heterogeneous systems 
that operate under non-steady conditions that are impractical with analytical solutions. 
This is usually the case when estimating flow and transport in the vadose zone. As with 
analytical solutions, these models are very flexible. Often, however, numerical models 
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are extremely complex, require relatively large amounts of input data (when compared to 
analytical solutions or mass-balance models), and require the use of computational me-
thods. Furthermore, numerical models are often site-specific and not easily extended to 
other sites. Nonetheless, when considering a system that is highly heterogeneous or if 
boundary conditions cannot be simplified to constant, steady conditions, they are ex-
tremely useful. 

The final category, transfer function models, operates on the assumption that determinis-
tic models cannot appropriately account for the spatial variation in subsurface characte-
ristics. This modeling approach, instead of relying on broadly applied parameter values, 
generates a probability distribution to account for water and solute movement. The major 
drawback to this model type is the lack of field studies to validate them and the likely re-
sistance from regulatory agencies to their use since they do not rely on physical site cha-
racteristics. However, it is possible to couple stochastic methods with analytical models 
to better assess the uncertainty associated with the results. 

When considering the modeling of nitrification, little research has been devoted to this 
topic.  Generally this process, if it is addressed at all, is usually captured using a rate ex-
pression for the transformation of ammonium and therefore this seems to be the most 
likely approach if it is to be simulated in the model developed for this project. In the case 
of denitrification, four approaches are possible. The first considers the details of the 
process, which may require inputs of temperature, pH, microbial population and growth 
dynamics, soil-moisture, and carbon availability in the modeling to capture the reduction 
functions that lead to denitrification. Secondly, models such as the analytical solution by 
Sun et al. (1999) could consider the reaction as a sequential first order process. The 
third approach simply identifies the process as a single first-order reduction, and there-
fore uses rate constants as an input parameter. Finally, recent work at Colorado School 
of Mines involves linking denitrification and nitrification rate constants to soil type and 
water content in analytical models. This provides an improvement over using only rate 
constants, without the need to consider all the biogeochemical processes at play. Consi-
dering the complexity of the denitrification process and the relative lack of understanding 
of how it works, the first approach is likely impractical. This may also be true when at-
tempting to model denitrification as a sequential process, as the modeling would require 
rate constants for each step. Given the goals of the project and the level of influence of 
the process, the third approach may be sufficient to capture the denitrification process, 
while requiring the least amount of data collection. Field data and application of various 
models will be undertaken in this project to determine the appropriate level of complexi-
ty. 



O
:\4

42
37

-0
01

R
00

5\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 4-1 
LITERATURE REVIEW OF NITROGEN FATE AND TRANSPORT MODELING HAZEN AND SAWYER, P.C. 

Section 4.0 
Conclusions 

A review of the literature, the conceptual understanding of the transport of nitrogen as 
related to OSTDS, and the goals of the project are all taken into consideration when be-
ginning to describe the tool that will be developed. From this, several conclusions and 
some suggestions for the modeling tool can be developed. 

The literature review was intended to identify the state-of-knowledge of nitrate fate and 
transport modeling, identify past models that may have provide good templates for the 
model developed by the FOSNRS Study, and assist in identifying key parameters and 
processes that need to be represented in a predictive tool. 

As with any model development project, the appropriate approach can depend on nu-
merous factors. When conceptualizing a model, several key questions need to be posed, 
such as: 

● Will this model be constructed to represent a specific site of interest or be a pre-
dictive tool with broad applicability to a variety of sites? 

● What is the desired output? 

● What is the most appropriate method of calculating the output? 

● Will this model require calibration to existing data sets? 

● What, if any, regulatory requirements constrain the model choice? 

The modeling tool that is being developed to simulate nitrate fate and transport will re-
quire certain features, some of which include: 

● ease-of-use; 

● ability to simulate time-variable OSTDS inputs; 

● simulation of transport and fate in both the vadose zone and saturated zones; 
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● representation of the numerous advective-dispersive and transformative 
processes that affect nitrate transport; 

● simulation of temporal and spatial concentrations and mass loading downgra-
dient of the source; 

● include the impacts of seasonal rainfall, groundwater table and flow direction var-
iation on the source function; and 

● incorporate critical OSTDS operating characteristics that strongly influence nitro-
gen reduction. 

Based on the above questions and objectives, many conclusions about the models and 
model types in the research summary can be made. No simple model (analytical or 
mass-balance) identified in the literature can currently achieve all of the above-described 
goals. Also, numerical models are generally not considered a useful tool for system de-
sign or regulatory compliance where broad applicability is desired. Thus, development of 
a new modeling tool is likely required and rigorous numerical modeling may be needed 
as a first step to determine the most important parameters to include. 

A strictly mass-balance modeling approach will likely be inappropriate, as it either does 
not consider the known physical processes that influence nitrate transport or makes 
simplifying assumptions about these processes. Furthermore, the output will not satisfy 
the objectives of the model (time-variable estimations of concentrations at specific spa-
tial points). Nonetheless, these approaches have value in the conceptualization of model 
inputs and should not be ignored. Transfer function models have not been widely applied 
and will likely encounter regulatory resistance, since they are based strictly on probabili-
ties and do not directly consider measured site characteristics. Both analytical and nu-
merical modeling methods are the most promising approaches when considering the 
FOSNRS Study model to be developed. These approaches will have wide applicability, 
regulatory acceptance, and are capable of estimating the important hydrogeochemical 
properties associated with nitrate fate and transport. 

The modeling tool will need to consider transport and transformation (chemical and 
physical) in the vadose zone, because the Nitrogen transformations that occur in this 
zone have considerable influence on the mass-flux input into the underlying aquifer. This 
can be a numerical one-dimensional solution of the Richards’ Equation as suggested by 
(Bakhsh et al. 2004) or (Heatwole and McCray 2007) coupled with the ADE applied to 
the unsaturated zone as found in (Selim and Mansell 1976). A one-dimensional formula-
tion can likely be implemented in a spreadsheet. Additionally, the modeling will need to 
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consider temporally and spatially variable inputs for multiple OSTDS, as would be found 
in a community development. This could be addressed through a series of one-
dimensional vadose zone models that could provide input to a multi-dimensional 
groundwater flow and transport model such as those suggested by (Ollila 1996) or 
(Galya 1987). Both of these studies use the horizontal plane source model or some vari-
ation and are also capable of transient simulations. However, the models likely will not 
be capable of interacting with each other in the vadose zone (i.e., strictly vertical flow is 
assumed). Nonetheless, the value of including these model features is important when 
simulating the areal distribution of OSTDS in a potential housing development and the 
temporal variation of source input due to changes in wastewater input rate and precipita-
tion recharge. These combined models can likely be implemented in a spreadsheet or 
using Fortran or C++ programming while maintaining simple and straight-forward input 
requirements. Of course, no similar model is available to our knowledge, so considerable 
model research and development must be achieved by this project. Within the models 
identified by the research review, the model developed by (Mehran et al. 1983-1984) is 
an example of a coupled modeling code for the transport and transformation of nitrogen 
but it lacks certain features for simulating nitrogen fate and transport related to OSTDS. 

The literature review has suggested the most likely processes and parameters that will 
need to be considered when developing the modeling tool. The fate and transport of ni-
trogen products is a result of advective movement, retardation via adsorption, and the 
transformative processes of nitrification and denitrification. These processes are to be 
calculated in the model tool via the solutions of the appropriate equations using the ne-
cessary parameters, described below. Key parameters to consider for simulation should 
consist of: 

● physical parameters of the media such as bulk density, water content, and soil 
characteristics; 

● advective-dispersive parameters such as hydraulic conductivity, hydraulic gra-
dient, porosity (or groundwater velocities), and dispersivity values; 

● retardation factor values for ammonium sorption; and 

● rate coefficients for transformative reactions, typically first-order rate constants 

A majority of the parameter values needed for model input can be collected during site 
characterization. McCray et al. (2005) utilize CFD’s for the estimation of initial parameter 
values if utilizing literature values but the approach results in an uncertain model output 
where the degree of uncertainty must be quantified. 
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Within the models identified by the research review, the model developed by (Mehran et 
al. 1983-1984) is a representative example of a coupled modeling code for the transport 
and transformation of nitrogen. Additionally, many analytical models were found in the 
literature review (nitrate-specific and general analytical solutions) that are appropriate for 
the modeling tool, since these can be programmed into a spreadsheet and can be user-
friendly. 
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