
Lake Lawne ATS™ Pilot Final Report_In-Lake Floway                                                       August 30, 
2009 
 

-i- 

 
 
 
 
 

Lake Lawne 
Algal Turf Scrubber® 

Pilot Facility 

In-Lake Floway 
 
 

Task 9 
Final Report 

      
 

 
 

Prepared for: 
 

 
 
 

Orange County Environmental Protection Division 
 
 
 

Prepared by: 
 
 

 
 
 

HydroMentia, Inc. 
3233 SW 33rd Road, Suite 201 

Ocala, FL  34474 
 

August 30, 2009 
 



Lake Lawne ATS™ Pilot Final Report_In-Lake Floway                                                       August 30, 2009 
 

Table of Contents 
 
 
EXECUTIVE SUMMARY ................................................................................................................................. 1 

Performance Results .................................................................................................................................... 1 
Implementation Strategy............................................................................................................................... 1 
Modeling Projections – Option 2 .................................................................................................................. 1 
Present Worth Cost Analysis........................................................................................................................ 2 

PROJECT BACKGROUND.............................................................................................................................. 3 
Monitoring Period / Period of Record ........................................................................................................... 4 

OPERATIONS.................................................................................................................................................. 5 
Climatic Conditions....................................................................................................................................... 5 
Flow Rate ..................................................................................................................................................... 6 
Algal Turf Management ................................................................................................................................ 6 
Phosphorus Dynamics................................................................................................................................ 11 
Nitrogen Dynamics ..................................................................................................................................... 14 
Suspended Solids Dynamics...................................................................................................................... 17 
Fecal Coliform Dynamics............................................................................................................................ 17 
Other Water Quality Parameters ................................................................................................................ 18 

ATSDEM MODEL PROJECTIONS AND IMPLEMENTATION STRATEGIES.............................................. 21 
ATSDEM Modeling Results ........................................................................................................................ 21 
Implementation Strategies.......................................................................................................................... 23 

PRELIMINARY DESIGN CONSIDERATIONS AND INITIAL COST ANALYSIS........................................... 27 
Preliminary Design Considerations ............................................................................................................ 27 
Initial Cost Analysis .................................................................................................................................... 28 

APPENDIX 1. Lake Lawne ATS™ Pilot Q1 Performance Report ................................................................. 34 
APPENDIX 2. Lake Lawne ASTDEM Modeling Report................................................................................. 35 
APPENDIX 3. Lake Lawne In-Lake Floway Algal Toxin Analysis.................................................................. 36 
 
 
 
 
 
 
 
 

-i- 



Lake Lawne ATS™ Pilot Final Report_In-Lake Floway                                                       August 30, 2009 
 

EXECUTIVE SUMMARY 
 
The Lake Lawne Algal Turf Scrubber® (ATS™) Pilot Project consists of two (2) ATS™ Systems. The In-
Lake System receives water directly from Lake Lawne, while the Stormwater System receives influent 
from the tributary stormwater canal. Each pilot scale system has a floway length of 400 ft and a width of 
one foot, and is designed to deliver a linear hydraulic load rate (LHLR) of up to 20 gallons/minute/linear 
foot of floway width.  This report is focused on performance and analysis associated with the In-Lake 
Floway System. 

Performance Results 
 

• Areal removal rates for phosphorus and nitrogen observed during the second quarter of the pilot 
study (which covers the time period April 8, 2009 through June 30, 2009) were 14.29 g/m2-yr 
(127.0 lb/acre-yr) and 11.72 g/m2-yr (104.6 lb/acre-yr), respectively.  

 
• To provide equivalent phosphorus load reductions, treatment wetlands which typically achieve 

phosphorus areal removal rates of approximately 1 g/m2-yr or less, will require nearly 15 times 
more land surface area than an ATS™ system designed to provide direct treatment of Lake 
Lawne. 

 
• Mean influent and effluent total phosphorus (TP) concentrations were 80 ppb and 65 ppb, 

respectively which relates to a 19% reduction. Mean influent and effluent total nitrogen (TN) 
concentrations were 0.90 mg/L and 0.89 mg/L, respectively, which relates to a 1.0% reduction.   

 
• TMDL established in-lake goals for Lake Lawne are 55 ppb and 1.1 mg/L for total phosphorus 

and total nitrogen, respectively.  

Implementation Strategy  
 

• Considering the possibility that the pilot ATS™ system did not achieve full performance due to the 
short duration of the pilot testing period, it is recommended that full-scale project implementation 
be conducted in phases. Two implementation options are provided below: 

 
OPTION 1: Conduct an extended In-Lake Pilot Study for a full 12-month operational period. Use 
this data to confirm system performance based upon a more complete data set, and to size the 
full-scale facility. 
 
OPTION 2: Proceed with full-scale implementation in two phases. Phase 1 would be a five (5.0) 
acre system, 347 feet wide at the headworks and 628 feet long that would directly receive and 
treat 10 million gallons per day (MGD) from Lake Lawne. Phase 1 will permit refinement of 
system capability in terms of establishing optimal sustainable average standing crop, while also 
providing significant improvement in lake water quality, and meeting a substantial portion of the 
TMDL requirement. Phase 2 would be sized and built in accordance with the performance of 
Phase 1. 

Modeling Projections – Option 2 
 
• Data collected during the second quarter, was used in calibrating and verifying the Algal Turf 

Scrubber® Design Model (ATSDEM) and used to project performance of the Option 2 Phase 1 
facility.  
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• Based upon model projections this Phase 1 facility would remove 510 to 963 pounds of 
phosphorus annually, or 20.5-38.8% of the TMDL requirement. It would also remove 2,109 to 
4,059 pounds of nitrogen annually, or 19.5-37.6% of the TMDL requirement.  

 
• The recommended site for the Phase 1 facility is an open area of about 10 acres located on the 

Central Florida Fairground property, near the southern shoreline of the lake. An alternate site 
would be about 10 acres just north and contiguous to Barnett Park on the west central shoreline 
of the lake.  

Present Worth Cost Analysis 
 

• An initial estimate of construction costs including land and engineering services is $5,144,976. 
The annual operating costs including labor, utilities and fuel is estimated at $321,310. The 
estimated fifty (50) year Present Worth cost, at 4.625% interest, including replacement and land 
salvage, is $11,304,981.  

 
• The estimated 50-Year Present Worth Operating Costs per pound of phosphorus removed 

ranges from $98.96 per pound (modeled at an average standing crop of about 41 dry g/m2) to 
$186.86 per pound of phosphorus removed (modeled at an average standing crop of about 21 
dry g/m2). Estimated 50-Year Present Worth Operating Costs per pound of nitrogen removed at 
the above specified conditions are $30.67 and $59.16, respectively.            

 
• The estimated 50-Year Total Present Worth Costs per pound of phosphorus removed ranges 

from $242.68 per pound of phosphorus removed (modeled at an average standing crop of about 
41 dry g/m2) to $458.23 per pound of phosphorus removed (modeled at an average standing crop 
of about 21 dry g/m2). Estimated 50-Year Total Present Worth Costs per pound of nitrogen 
removed at the above specified conditions are $57.58 and $111.07, respectively. 
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PROJECT BACKGROUND 
 
The Lake Lawne Algal Turf Scrubber® (ATS™) Pilot Project, located at Orange County, Florida’s Barnett 
Park, just west of the City of Orlando near Colonial Avenue (SR50), was operated and monitored from 
January 13, 2009 to June 30, 2009. The Pilot Facility, sited contiguous to Lake Lawne, included two 
parallel ATS™ floways fabricated of aluminum, each being 400 feet long and 1 foot width and installed at 
a 1% slope. The systems were designed to receive flows at a rate of 20 gpm or less. A schematic of the 
pilot facility is noted as Figure 1. One of the floways—the Stormwater Floway-- received flow from the 
upstream reaches of a stormwater canal tributary to Lake Lawne. The second floway—the In-Lake 
Floway received flows taken directly from Lake Lawne. These two scenarios were studied in an effort to 
determine the comparative efficacy of two approaches of applying ATS™ for management of nutrients 
associated with Lake Lawne and its drainage basin. The Stormwater Floway was designed to be 
emulative of what was referenced as an External Application within the earlier Task 2 1 report, with 
stormwater runoff targeted for capture and treatment prior to entering Lake Lawne. The In-Lake System 
was designed to be emulative of what was referenced as the Internal Application within the Task 2 report, 
with water taken directly from the lake for treatment and then returned to the lake. Both approaches were 
considered as potentially cost effective applications of the ATS™ technology for restoring lake water 
quality and meeting the proposed Total Maximum Daily Load (TMDL) requirements of annual phosphorus 
and nitrogen reductions of 2,482 lb/yr and 10,804 lb/yr, respectively2.  
 
The pilot units were installed in January, 2009, with the first sampling event on January 13, 2009. For the 
first quarter, performance and productivity fluctuated considerably with both floways, which is usual during 
start-up as the algal turf progresses toward a mature sustainable community. The In-Lake Floway showed 
signs of stabilizing, both in terms of performance and algal turf health and maturity in early April, 2009. 
However, due the relatively short period of the pilot operation, it cannot be determined if the turf 
community had achieved full system stabilization and maturity. 
 
The Stormwater Floway was impacted by wide fluctuations in flow rates and water quality due to water 
level changes, and variations in the stormwater canal. During the course of the pilot investigation it 
became clear that these fluctuations do not facilitate optimal performance of the ATS™3 . 
 
The consistency of flow rates and water quality associated with using Lake Lawne as a water source, 
appeared to be beneficial to the efficacy of the ATS™. Because the In-Lake system was able to provide 
more consistent water quality improvement, the review and analysis of data obtained from this system is 
being evaluated within this report. Modeling and assessments within this report are oriented around data 
collected after the first quarter start-up period. An assessment of the Stormwater Floway is included in a 
separate report. 
 
At this time, based upon pilot data, it is suggested that the In-Lake (Internal) approach represents the 
most effective application of ATS™ technology for restoring lake water quality and achieving TMDL 
requirements.  
 
 
 

                                                      
1 April 17, 2008 “Lake Lawne Periphyton Water Quality Improvement Pilot Study Contract N. Y7-870—Algal Turf Scrubber® 
Preliminary Modeling Task 3” HydroMentia, Inc., Ocala Florida. Prepared for Orange County, Florida Environmental Protection 
Division. 
2 Florida Department of Environmental Protection (November 2007). Xueqing Gao. “DRAFT TMDL Report Nutrient TMDL’s for 
Spring Lake (WBID 2987A), Lake Florida (WBD 2998A), Lake Orienta (WBID 2998C), Lake Adelaide (WBID 2998E), Lake Lawne 
(WBID 3004C). Silver Lake (3004D), and Bay Lake (WBID 3004G) in the Wekiva Study Area.” Division of water Resource 
Management, Bureau of Watershed Management. Tallahassee, Florida 
3 Table 13, page 19 of Task 2 report includes listing of wide variation in stormwater flows and quality as a potential detriment to 
ATS™ performance. 
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Figure 1. Schematic of Pilot-Scale Lake Lawne ATS™ system. (Not to scale) 
 
 
The Lake Lawne Algal Turf Scrubber® Mobile Pilot Unit (Lake Lawne ATS™ Pilot) project was conducted 
in accordance with Contract Y7-820, between Orange County, FL (COUNTY) and HydroMentia, Inc., 
March 20, 2008. The Algal Turf Scrubber® has been identified as a technology that may provide the 
COUNTY an additional tool for the cost effective removal of nutrients from the Lake Lawne watershed, 
which includes Lake Lawne itself, as well as stormwater inputs from the highly urbanized Orlando area.  
 
The pilot study results facilitate (i) comparison of actual system response to algal turf productivity and 
performance projections developed in preliminary Algal Turf Scrubber Design Model (ATSDEM) analysis4 
and (ii) establishment of critical process performance parameters required for sizing and design of a full-
scale Algal Turf Scrubber® Phosphorus and Nitrogen Load Reduction Control Facility. 

Monitoring Period / Period of Record 
 
The project monitoring period covers the time period from the week beginning January 13th, 2009 through 
June 30th, 2009. The 2009 Quarter 1 Report (Q1-2009) included as Appendix 1 covers the time period 
from the week beginning January 13th, 2009 through April 7th, 2009.This period represented the Start-Up 
and Stabilization Phase for the ATS™ system. 
 
The assessment included in this Final Report (Q2-2009) discusses the time period from the week ending 
April 14, 2009 through the week ending June 30, 2009. This period represents the time when the algal 
turf within the In-Lake system had reached an “operable” level of maturation and sustainability. Included 
in this Final Report is a summary and review of operational, water quality and biomass data; ATSDEM 
model development; and initial sizing and long term cost estimates of a proposed full scale In-Lake 
(Internal) facility.  The time from operational initiation to mature turf development is considered the 
operational “start-up” period and data associated with that period was presented within the Quarter 1 
Report (Appendix 1).  
 

                                                      
4 April 17, 2008 “Lake Lawne Periphyton Water Quality Improvement Pilot Study Contract N. Y7-870—Algal Turf Scrubber® 
Preliminary Modeling Task 3” HydroMentia, Inc., Ocala Florida. Prepared for Orange County, Florida Environmental Protection 
Division. 
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OPERATIONS 
 
A primary objective of the Lake Lawne ATS™ Pilot study is to assess the relationship between in-situ 
water quality, environmental conditions and ATS™ efficiency.  Assessment of operational dynamics 
includes consideration of climatic conditions, flow rates, nutrient supplementation, and solids 
management, as well as water quality.   

Climatic Conditions 
 
The Q2-2009 operational period represented a transition from Florida’s typically cool, dry season to the 
beginning of warmer months of higher precipitation, as shown in Figure 3. For example, during Q2-
2009, average lake water temperature was 24.4 °C during Q2 vs. 18.1 °C during Q1. Total rainfall over 
Q2-2009 amounted to 17.8 inches, in contrast to 3.6 inches of precipitation during the Q1-2009 start-up 
period.    
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Figure 3: Flows and water temperatures In-Lake Floway—Lake Lawne ATS™ Pilot Study 
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Flow Rate 
 
For the final 12 weeks of operation, flow to the In-Lake system ranged from approximately 14.3 to 17.4 
gallons per minute (gpm), with an average of 16.3 gpm.  Total flow and weekly flow rates are shown in 
Table 1.  Effluent flow is calculated based on measured inflow, actual rainfall, and ET estimates for the 
region. 
 
Table 1.  Rainfall and flow rates In-Lake Floway Lake Lawne ATS™ Pilot Study  
 

 
 
 

Week 
Ending 

Rainfall 
(Inches) 

In-Lake 
Influent 

Flow 
Rate 

(gpm) 

In-Lake 
Influent 
Weekly 

Flow 
(gallons) 

In-Lake 
Effluent 
Weekly 

Flow 
(gallons) 

4/14/2009 0.00 17.1 171,805 171,329 
4/21/2009 1.50 16.9 171,129 171,121 
4/28/2009 0.00 16.1 162,859 162,383 
5/5/2009 0.00 16.2 162,640 161,988 
5/12/2009 0.00 17.1 172,660 172,008 
5/19/2009 4.50 16.0 161,192 161,942 
5/26/2009 5.00 14.3 144,174 145,080 
6/2/2009 1.00 16.0 160,961 160,821 
6/9/2009 2.75 16.2 163,888 164,294 
6/16/2009 0.25 16.3 164,523 164,149 
6/23/2009 0.75 16.4 165,732 165,514 
6/30/2009 2.00 17.4 175,597 175,769 

 

Algal Turf Management 
 
The performance of any ATS™ unit relies upon the effective development of a mature, sustained, and 
viable algal turf, and management through harvesting the algal turf. The algal turf community itself is a 
diverse ecosystem, supported by the photosynthetic activity of attached algae. It is the capture and 
fixation of carbon by the algae that facilitates uptake of nutrients by the turf community. As the algal 
community expands, it incorporates nitrogen, phosphorus, carbon and a number of micronutrients 
within its tissue, while generating oxygen.  Some of the algae tissue is ingested through grazing by a 
number of animals, such as crustaceans, annelids, insect larvae, and mollusks. These in turn may be 
preyed upon by a variety of predators, such as water beetles, dragonfly larvae, and even visiting 
vertebrates such as birds and frogs. In addition to the ingested tissue, the algae may also slough tissue, 
which becomes detritus, which in turn is either decomposed by bacteria and fungi, or is lost to the 
flowing water column. If nutrient reduction is to be secured therefore, harvesting must be done before 
the rate of nutrient uptake by the system is outpaced by nutrient loss associated with tissue sloughing 
and necrosis.  The appropriate analogy would be the maintenance of a lawn. If it is not cut frequently 
enough the grass dies, and is replaced by invading species (weeds), and the system’s stability is lost. 
Hence the stability of the algae turf and the sustenance of its ability to accommodate a net removal of 
nutrients, depend upon timely harvesting of accumulated biomass.  
 
When the turf is harvested, what is recovered is not simply algae, but a collection of the associated 
plants, protists and animals. Determining harvesting frequency is dependent on a number of factors. If 
harvesting is done too soon, the total biomass of the algal turf will not be of sufficient size to remove the 
optimal nutrient load. If it is done too infrequently, the system will begin to slough tissue and nutrients at 
a rate greater than uptake. Included in the modeling analysis presented as Appendix 2, is a more 
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detailed review of the algal turf growth dynamics and how these dynamics relate to harvest scheduling 
and nutrient removal. 
 
One of the most important determinations that are made during typical ATS™ pilot investigations is the 
density of the algal turf biomass which can be optimally sustained by the system. Biomass density is 
expressed in terms of dry weight per unit area—e.g. g/m2. If the density of the biomass is represented 
by Z, then the change in biomass with time (t) may be expressed as dZ/dt = µZ, where µ is a rate 
constant (specific growth rate) as 1/time. Therefore dZ/Z =µt, which is integrated to the first order 
equation ln(Zt /Z0 ) = µt or Zt = Z0eµt . This is the classical first order reaction which is often applied to 
biological systems (including activated sludge and fixed film systems used in wastewater treatment), 
where the rate of change (growth in this case) is dependent upon reactant quantity (in this case 
biomass density). The pilot investigation provides values critical for determining workable biomass 
density (Z), specific growth rate (µ) and time (t) between harvests.     
 
While this first order relationship is important in determining the productivity potential of the algal turf, it 
is applicable only when the turf itself is viable. As noted, after a certain time, the biomass (often 
referenced as standing crop) reaches an unsustainable density, and begins to slough tissue and 
experience necrosis. The average optimal density is determined from water quality data and 
observations of algal health. With the In-Lake pilot floway, after the system matured, it was found that 
the algal turf ceased any notable expansion after about 21 days. As noted in Appendix 2, the average 
biomass density during weeks 13-25 was 20.1 g/m2, ranging from 12.8 to 32.8 g/m2 over five harvesting 
events, with the average time between harvests being about 18 days. This average density is 
considerably lower than the estimates used in developing projections included in the Task 3 report. The 
lower than projected average density may be a result of the ATS™ system not achieving full maturity 
during the relatively short duration of the pilot study. 
 
Consequently, the modeling projections based upon the pilot data show a need for an increased 
process area---23 acres as compared to an estimate of 9 acres per the Task 3 report. The harvesting 
and productivity data for the In-Lake system are shown in Table 2.  
 
What is notable about the general growth and harvest patterns (Table 2) is that these are comparatively 
modest values. However, in spite of the lower than expected productivity, the algal turf was well 
developed, healthy and high in nutrient content. Shown in Figure 4 is a photograph of the typical algal 
turf representative of the In-Lake system.  
 
The turf is composed of a base of filamentous green algae and diatoms, with colonies of desmids and 
other non-filamentous species being epiphytic to the filamentous algae. The filaments were firmly 
secured to the floway grid, which facilitated rapid recovery following harvest.  
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Table 2.  Harvest and productivity data In-Lake Floway Lake Lawne In-Lake ATS™ Pilot Study 
 

 
 
 

Harvest Date 

Time 
Since 

Previous 
Harvest 
(days) 

Harvest 
dry 

weight 
(lb) 

Tissue 
Phosphorus 

(% dry 
weight) 

Tissue  
Nitrogen 

% dry 
weight 

Initial 
Standing 

Crop 
Density 
(g/m2)5 

Standing 
Crop 

Density at 
Harvest 
(g/m2) 

Specific 
Growth 

Rate 
(1/hr) 

Productivity 
(g/m2/d) 

5/4/09         34 3.37 0.66 3.99 4.57 41.00 0.0027 1.07
5/28/09         22 2.22 0.61 4.21 4.57 27.13 0.0034 1.03
6/9/09         14 5.09 0.61 4.28 3.01 62.13 0.0090 4.22
6/23/09         14 7.65 0.68 4.57 6.90 87.32 0.0075 5.74
6/30/09         7 2.33 0.71 4.73 9.70 28.42 0.0054 2.67
Mean         18 3.13 0.65 4.36 5.75 49.23 0.0056 2.95

 
 

    
 
Figure 4.  Typical algal turf In-Lake Floway Lake Lawne ATS™ Pilot Study 

                                                      
5 Initial biomass is calculated as 10% of the biomass just prior to harvesting the previous harvest period 
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One requirement of the contract was to determine if the floway would facilitate development of specific 
blue-green bacteria (Cyanobacteria) which could generate known toxins called Microcystins (MC). This 
work was completed by GreenWater Laboratories of Palatka, Florida, the results, as included in Appendix 
3, noted that Microcystins were not detected within influent or effluent samples associated with the In-
Lake Floway. Microscopic review of the turf algae community, included in GreenWater’s report showed:  
 

“the dominant algae community was Chlorophyta (green algae)…The green algae 
present in the sample represented the most diverse group as well…..Multiple diatom 
species (Bacillariophyta) were observed.”    

 
Tissue analyses of the Lake Lawne algal turf shows what is considered healthy levels of nutrients, as 
noted in Table 3. There is a noticeable trend in declining nutrient levels within samples taken at 200-400 
ft, when compared to 0-200 ft. This is understandable, as the more available nutrients are used by the turf 
within the first 200 feet. It is also notable that the June levels are higher than those noted in May. This is 
attributable to a general increase in mineral and nutrient content, (with nitrogen, which remained 
unchanged, being an exception), during the wet season, when surface runoff is most influential to lake 
water quality. Note that no harvest data is available for April 2009.  
 
 
Table 3.  Tissue quality data In-Lake Floway Lake Lawne ATS™ Pilot Study 
 

In-Lake System  Distance from Inflow (ft) 
ANALYSIS Month 0-200 200-400 Mean 

Ammoniacal Nitrogen (%) May 0.48 0.14 0.31 
 Jun 0.47 0.14 0.31 

Nitrate Nitrogen (%) May U U U 
 Jun U U U 

Nitrogen Total (%) May 3.95 4.26 4.11 
 Jun 5.58 3.16 4.37 

Phosphorus Total (%) May 0.67 0.60 0.64 
 Jun 0.90 0.37 0.63 

N/P Ratio May 5.89 7.06 6.47 
 Jun 6.21 8.60 7.40 

Total Carbon (%) May 41.58 40.82 41.20 
 Jun 55.90 36.39 46.15 

pH May 6.0 6.2 6.1 
 Jun 6.2 7.1 6.7 

Calcium (%) May 4.92 3.61 4.27 
 Jun 6.21 2.82 4.52 

Chloride (%) May 0.51 0.59 0.55 
 Jun 1.51 2.74 2.13 

Copper (ppm) May 22 24 23 
 Jun 67 nd 34 
Iron (ppm) May 21,805 34,906 28,356 
 Jun 15,051 10,979 13,018 
Magnesium % May 0.44 0.36 0.40 
 Jun 0.25 0.13 0.19 
Manganese (ppm) May 1180 1747 1464 
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In-Lake System  Distance from Inflow (ft) 
ANALYSIS Month 0-200 200-400 Mean 

 Jun 1352 796 1074 
Potassium (%) May 2.68 2.24 2.46 
 Jun 6.13 1.69 3.91 
Sodium (%) May 0.23 0.30 0.27 
 Jun 0.63 0.13 0.38 
Sulfur (%) May 2.30 1.89 2.10 
 Jun 2.18 1.18 1.68 
Zinc (ppm) May 134 160 147 
 Jun 173 90 132 

 
When compared to other ATS™ units as noted in Table 4, the Lake Lawne In-Lake turf is comparable, 
particularly when compared to other soft water ATS™ systems, such as the Egret Marsh-ATS™ and S-
154-ATS™. The only element outside the general range of sufficiency for hydroponically grown plants is 
magnesium, and initially it was though magnesium deficiency might be influencing turf development. As a 
result, a magnesium supplementation program was implemented early into the pilot study. While the 
additional magnesium may have had some influence on algal turf productivity, it was found that when the 
supplementation program was terminated on 5/12/09, the turf production was not impacted, and 
continued increase in productivity.  
 
Table 4.  Algal turf tissue quality comparison with other ATS™ data In-Lake Floway Lake Lawne ATS™ 
Pilot Study 
 

Element Unit 

Lake 
Lawne 
(May 
and 
June 
2009) 

 
Everglades

(March 
2009) 

Indian 
River 

County 
(March 
2005) 

S-154 Basin 
Okeechobee 

County 
(March 
2004) 

General 
Sufficiency 
Levels for 

Hydroponic 
Systems 

Calcium % dry 
weight 4.40 20.54 1.98 2.06 1.9-2.5 

Magnesium % dry 
weight 0.30 0.76 0.17 0.89 0.35-0.50 

Iron mg/kg 20,687 488 19,700 20,384 50-150 

Potassium % dry 
weight 3.19 0.47 0.48 3.35 2.0-3.0 

Manganese mg/kg 1,269 65 799 1,918 30-100 

Nitrogen % dry 
weight 4.24 1.09 1.80 3.07 - 

Phosphorus % dry 
weight 0.64 0.05 0.47 0.54 0.25-0.40 

 
The harvested biomass was windrow composted on-site. Windrow composting has been applied to a 
number of ATS™ programs designed and operated by HydroMentia, and has in all cases proved to be an 
effective, low cost means of managing the harvested biomass. 
 
While the algal turf productivity was below projections stated in Task 3, production levels were increasing 
when the pilot project was terminated on June 30, 2009.  If the trend of increasing productivity continued 
under a longer pilot project duration, this would have permitted assignment of higher standing crop levels 
during ATSDEM modeling, and resulted in process area requirements for a full scale program that are 
less than those reported in the following sections.   
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Phosphorus Dynamics 
 
Phosphorus data from the In-Lake ATS™ system is noted in Table 5. Average monthly influent and 
effluent total phosphorus (TP), ortho-phosphorus (O-PO4) concentrations and organic phosphorus 
concentrations are shown in Figure 5.  The average In-Lake ATS™ influent total phosphorus 
concentration for the study period was 80 ppb and the average In-Lake ATS™ effluent TP was 65 ppb. 
The average influent ortho-phosphorus, (i.e. soluble inorganic phosphorus generally considered the form 
available for biological uptake) was 26 ppb, and the average effluent O-PO4 was 14 ppb. Calculated as 
the difference between total and ortho-phosphorus, organic phosphorus (which includes polyphosphate) 
decreased from an influent average of 54 ppb to an effluent average of 51 ppb. Therefore of the average 
15 ppb of phosphorus removed, 12 ppb was as ortho-P, and 3 ppb as organic-P. This is consistent with 
expectations, as typically biological uptake is directed towards the more available nutrient forms. 
Conversion of organic phosphorus to ortho-phosphorus does occur through the actions of certain 
bacterial enzymes such as alkaline phosphatase and phospho-diesterase. Considering the noted 
reduction of organic phosphorus, there is indication that some such enzymatic activity is involved in the 
floway phosphorus dynamics.    
 
In assessing phosphorus removal associated with an ATS™ facility, it is helpful to compare the mass 
removal as calculated from water quality data with mass removal as calculated from harvest data. When 
these values track one another relatively closely, it adds confidence that both water quality and biomass 
sampling procedures reflect actual system dynamics. Mass removal based upon harvested biomass is 
calculated as: 
 
Pmh = (sHw)p  
 
Where Pmh  = mass of phosphorus removed through harvesting 
            s = solids content as fraction of wet harvest 
            Hw = mass of wet harvest 
           (sHw) = mass of dry harvest 
            p = tissue phosphorus content as fraction of dry harvest 
 
Mass removal based upon water quality is calculated as  
 
Pmw = Ip QI – Ep QE 
 
Where Pmw  = mass of phosphorus removed based upon water quality 
           Ip = Influent total phosphorus concentration 
           Ep = Effluent total phosphorus concentration 
           QI = Influent totalized flow 
           QE = Effluent totalized flow 
 
Shown as Figure 6 is the comparison for the study period between harvest (Pmh) and water quality (Pmw) 
calculated phosphorus load removals. The trends track one another rather closely, with water quality 
calculations being somewhat higher than harvest calculations. This is not unusual, as the estimation of 
the harvest mass is one of the least reliable of the data parameters collected, largely because the 
sampling matrix—wet biomass--is heterogeneous when compared to the influent and effluent flows.  
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Table 5.  Weekly influent and effluent phosphorus In-Lake Floway Lake Lawne ATS™ Pilot Study 
 
 

In-Lake 
Phosphorus- Total 

(ppb) 
Phosphorus-Ortho (O-PO4) 

(ppb) 
Sample 

Date Influent Effluent Influent Effluent 
4/14/09 36 33 7 4 
4/21/09 71 36 24 8 
4/28/09 28 34 15 8 
5/5/09 36 36 13 6 
5/12/09 37 33 15 5 
5/19/09 70 80 10 7 
5/26/09 120 80 59 34 
6/2/09 120 65 39 22 
6/9/09 82 100 47 29 
6/16/09 100 68 25 20 
6/23/09 38 69 27 10 
6/30/09 220 150 32 13 

Q2 Mean 80 65 26 14 
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Figure 5.  Phosphorus removal dynamics In-Lake Floway Lake Lawne ATS™ Pilot Study  
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Figure 6: Comparative cumulative phosphorus removals In-Lake Floway Lake Lawne ATS™ Pilot Study 
 
Areal removal rate for nutrients is perhaps the most important performance parameter, for it provides a 
basis for sizing a full scale facility targeted for a specific mass rate of removal. The collective areal 
removal rates based upon water quality calculations for both total and ortho phosphorus are shown in 
Figure 7. The collective removal rate for total phosphorus at the end of Q2 was 14.29 g/m2-yr or about 
127 lb/ac-yr. This is less than projections presented in the Task 3 Report, but considerably greater than 
areal removal rates for passive systems such as stormwater treatment wetlands—which typically are 1 
g/m2-yr or less, and thus these passive systems would require nearly 15 times the land surface area to 
provide equivalent phosphorus load reductions.  
 
In summary, the In-Lake floway provided phosphorus reduction averaging 15 ppb, or about 19%. Total 
phosphorus removal rates over the second quarter amounted to 14.29 g/m2-yr. 
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Figure 7: Collective water quality based phosphorus areal removal rates In-Lake Floway 
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Nitrogen Dynamics 
 
Nitrogen data for the In-Lake System for weeks 14 through 25 are noted in Table 6.  Average monthly 
influent and effluent Total Nitrogen (TN) concentrations for the In-Lake System are shown in Figure 8.   
 
For the second quarter, the average In-Lake influent total nitrogen (TN) concentration was 0.90 mg/l and 
average In-Lake effluent TN was 0.89 mg/l, for a net reduction of 0.01 mg/l or about 1%. Total nitrogen 
levels during this period were well below the TMDL target In-Lake total nitrogen concentration of 1.1 mg/l.  
 
Total nitrogen is calculated as the sum of organic nitrogen, nitrate nitrogen, nitrite nitrogen and ammonia 
nitrogen. The sum of organic and ammonia nitrogen is the total Kjeldahl nitrogen (TKN). Within the lake 
water, TKN is clearly the predominant nitrogen form (see Table 6 and Figure 8), composing 99% of the 
TN for both the influent and effluent. Based on ammonia data provided by Orange County, indicating 
undetectable levels, the TKN appears to be almost entirely in the organic form.  Organic nitrogen found in 
Florida surface waters is typically composed of a collection of nitrogen containing compounds, largely 
being generated from biological activity. An example would be amino acids released during protein 
hydrolysis. For plants, including algae, to access organic nitrogen, enzymatic action is required to release 
the basic amine group (NH3) from its bond with its attendant organic complex—a process controlled by 
the enzyme group known as deaminase. Once the amine group is released, it may volatilize as gaseous 
ammonia when the pH is above 10. More likely however, it will be used directly for plant productivity or be 
oxidized further into nitrite (NO2

-1) and nitrate (NO3
-1) ionic forms—a process known as nitrification.  Nitrite 

is comparatively unstable in the presence of oxygen, and is generally found at much lower concentrations 
than the nitrate form. Nitrate is typically considered directly available for plant uptake. Nitrate nitrogen 
can, under low oxygen conditions in the presence of organic carbon, be released back into the 
atmosphere as nitrogen gas (N2) --a process known as denitrification. Denitrification on the floway is 
unlikely because of the highly aerobic environment. 
 
In situations where there is a paucity of available forms of nitrogen, certain bacteria, including some 
cyanobacteria, can fix nitrogen from the atmosphere—a process known as nitrogen fixation. If this occurs, 
or if there is extensive denitrification within the system, then assessing nutrient balances within the water 
column becomes more challenging.  
 
Shown in Figure 9 is a comparison of the nitrogen balances as calculated for the In-Lake system using 
water quality data and harvest data, using the same calculation method as applied to phosphorus in the 
previous section. Unlike phosphorus, nitrogen removal associated with the harvest calculated as higher 
than the nitrogen removal associated with water quality. While the two do track somewhat closely, there is 
an implication that nitrogen fixation may be involved in the In-Lake Floway nitrogen dynamics. 
Accordingly, it appears evident that bioavailability of nitrogen is an important factor in establishing growth 
and nutrient uptake behavior of the algal turf associated with the In-Lake Floway. The implication is that 
there is a pronounced influence of the dynamic balance between nitrogen fixation and deaminase activity.  
Most likely, while the development of a deaminase producing bacterial community may occur at a slower 
rate when compared to a nitrogen fixing community, once mature, it seems to be more stable than the 
nitrogen fixing community. This is of course an empirical observation, and verification is well beyond the 
scope of this study.  However, what is relevant in terms of establishing optimal system performance is the 
need to facilitate a sustainable algal turf community that can access nitrogen from the organic nitrogen 
loads associated with the lake water. It is also clear that accessing this nitrogen could quite often be 
growth controlling.  
 
Table 6.  Weekly influent and effluent nitrogen In-Lake Floway Lake Lawne ATS™ Pilot Study 
 

In-Lake 
Nitrogen- Total 

(mg/L) 
Nitrogen- Total Kjeldahl 

(mg/L) 
Nitrogen- Nitrate + Nitrite 

(mg/L) 
Sample 

Date Influent Effluent Influent Effluent Influent Effluent 
4/14/09 0.93 0.94 0.92 0.93 U* U* 
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In-Lake 
Nitrogen- Total 

(mg/L) 
Nitrogen- Total Kjeldahl 

(mg/L) 
Nitrogen- Nitrate + Nitrite 

(mg/L) 
Sample 

Date Influent Effluent Influent Effluent Influent Effluent 
4/21/09 0.83 0.86 0.82 0.86 0.01 0.01 
4/28/09 0.89 0.91 0.87 0.89 0.02 0.02 
5/5/09 0.74 0.75 0.72 0.75 0.02 0.01 
5/12/09 0.97 1.11 0.96 1.10 U* U* 
5/19/09 1.11 0.97 1.10 0.96 U* U* 
5/26/09 0.90 0.72 0.87 0.70 0.03 0.02 
6/2/09 0.99 0.82 0.98 0.80 U* 0.02 
6/9/09 0.93 0.99 0.92 0.98 U* U* 
6/16/09 0.88 0.82 0.87 0.81 U* U* 
 6/23/09 0.87 1.00 0.86 0.99 U* U* 
6/30/09 0.80 0.76 0.79 0.75 U* U* 

Q2 Mean 0.90 0.89 0.89 0.87 0.02 0.01 
         * Undetected level at 0.012 mg/l as Nitrate + Nitrite Nitrogen 

 
Considering the fact that algal tissue nitrogen are comparatively high, it does appear that during the study 
period, the algal turf community was quite successful in securing available nitrogen. However, the 
nitrogen areal removal rate based upon water quality data was comparatively modest, amounting to 11.72 
g/m2-yr. The collective nitrogen removal rate based upon water quality calculations is shown in Figure 10. 
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Figure 8: Nitrogen removal dynamics In-Lake Floway Lake Lawne ATS™ Pilot Study 
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Figure 9: Comparative cumulative nitrogen removals In-Lake Floway Lake Lawne ATS™ Pilot Study 
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Figure 10: Collective nitrogen removal rates In-Lake Floway Lake Lawne ATS™ Pilot Study 
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Suspended Solids Dynamics 
 
Total suspended solids in both the influent and effluent were low, and likely were not significantly 
influential in total nutrient dynamics. Trends in suspended solids dynamics are noted in Figure 11 for the 
study period from April 7, 2009 to June 30, 2009. The average influent total suspended solids (TSS) 
concentration for the In-Lake System for this period was 2.4 mg/l and the average effluent TSS was 1.5 
mg/l.    
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Figure 11: Total suspended solids In-Lake Floway Lake Lawne ATS™ Pilot Study 
 

Fecal Coliform Dynamics 
 
Grab samples taken during the pilot study period indicate the Floway has little impact upon the fate of 
fecal coliform bacteria (Table 7). In all cases the colony counts are low. Consequently, theses results are 
inconclusive regarding the impacts when counts are high.  
 
 
Table 7.  Monthly influent and effluent fecal coliform counts In-Lake Floway Lake Lawne ATS™ Pilot 
Study 
 

In-Lake System April  May 
Parameter Influent Effluent Influent Effluent
Fecal Coliform 
colonies forming 
units per 100 ml 

66 64 35 27 
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Other Water Quality Parameters 
 
Average monthly influent and effluent concentrations for metals, alkalinity and key cations are shown in 
Table 8. Based upon these results, it does not appear that heavy metal contamination would be an issue 
with a full scale facility. 
 
Alkalinity and mineral content within the lake water are comparatively low, and the lake itself may be 
considered a soft water lake. Low alkalinity often indicates low levels of available carbon. When carbon 
availability is low, algal production can drive the pH to levels approaching 10.5. However, such was not 
the case within the In-Lake Floway, and it is expected that the pH would be sustained within the effluent 
at well below 9.0 even with an extended length to 800 feet (see Appendix 2). This would be particularly 
true when the pH of influent flows are below 7.0, which would be expected if water were taken from 
deeper non-photic zone in which photosynthesis was negligible.     
 
 
Table 8.  Monthly influent and effluent heavy metals, alkalinity, and cations In-Lake Floway Lake Lawne 
ATS™ Pilot Study 
 

 April 2009 May 2009 June 2009 
Parameter Influent Effluent Influent Effluent Influent Effluent 
Alkalinity 68.5 68 35 27 54 49 
Cadmium 1.1 1.1 1.1 1.1 1.1 1.1 
Calcium 28.3 28.8 19.9 19.3 23.7 23.4 

Chromium 4.5 4.5 4.5 4.5 4.5 4.5 
Copper 2.2 2.2 2.2 2.2 2.2 2.2 

Iron 142 119 695 287 346 189 
Lead 1.2 1.2 1.2 1.2 1.2 1.2 

Magnesium 3.23 17.9 1.92 1.88 2.5 2.46 
Potassium 1.96 2.04 1.96 1.88 1.25 1 

Sodium 11.6 11.9 8.35 8.15 9.47 10 
Zinc 29.5 29 16 16 16 16 

 
 
The low mineral content may be partially responsible for reduced production levels and comparatively low 
standing crop. It has generally been observed that higher mineral waters appear to promote more active 
turf production. As noted, early in the study period, it was suspected that magnesium levels may be 
impacting turf development, and for a time magnesium was supplemented to the system. However, as the 
system stabilized during the warmer months, it became evident that magnesium supplementation was not 
necessary.  
 
Dissolved Oxygen, pH, Water Temperature and Conductivity 

 
Changes in DO, pH and water temperature from the In-Lake Floway influent to the effluent, as shown in 
Table 9, were typical of what is expected with any ATS™ Floway during the daytime. General diurnal 
patterns of pH, water temperature and DO developed during an earlier ATS™ full scale demonstration 
project6 are noted in Figure 12.   
 
Algae productivity as it consumes carbon, reduces carbon dioxide, bicarbonate, and at times, even 
carbonate levels, all of which shift the pH balance towards alkaline. Therefore during the daytime, when 
alkalinity levels are low, and initial pH levels are above 7.0, the pH can rise to levels above 10.0. When 
                                                      
6  HydroMentia (2005)  from S-154 Pilot Study SFWMD Contract C-13933 
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pH levels are above 9.5 -10.0 carbon availability is reduced, and algae production can be impacted 
accordingly. During the night, the balance moves towards respiration, and the generated carbon dioxide 
facilitates a drop in pH.  
 
Similarly, during the daytime, dissolved oxygen levels increase with the production of oxygen from 
photosynthesis. During the night, DO levels will fall as a result of consumption associated with respiration. 
However, as noted in Figure 12, effluent DO levels even at night typically remain above 5.0 mg/l as a 
result of a high re-aeration coefficient accommodated by the shallow laminar flow across the floway.   
Enhancement of DO within the receiving waters (Lake Lawne in this case) is a significant benefit offered 
by an ATS™ system. 
 
Water temperature changes across the floway relate to the increased surface area for heat exchange 
facilitated by the floway. At nighttime as the air temperature cools, the water temperature across the 
floway responds accordingly. Therefore while there is considerably fluctuation in effluent water 
temperatures over a 24 hour period, the average effluent water temperature generally tracks the average 
influent water temperature rather closely. All of the samples taken at the Lake Lawne In-Lake Floway 
were taken during the daytime. It is expected the diurnal patterns would follow the same trends noted for 
other ATS™ operation. 
 
 
Table 9.  Daytime influent and effluent pH, DO, conductivity and water temperature In-Lake Floway Lake 
Lawne ATS™ Pilot Study 

 

Lake 
System 

Conductivity 
(micros/cm) Temperature (°C) pH DO (mg/L) 

Alkalinity per test 
strip method 

(mg/L as CaCO3) 
Date Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent 
4/7/09 381 385 20.20 18.90 7.28 8.17 6.22 7.63 40 40 

4/14/09 371 374 22.50 20.83 7.07 7.72 6.76 9.02 40 40 

4/21/09 1,506 1,599 22.62 28.27 7.42 8.07 8.04 9.01 40 40 

4/28/09 475 476 23.51 27.31 8.32 9.63 7.52 6.5   
5/5/09 439 440 26.32 29.74 6.39 8.1 7.86 11.72 40 40 
5/12/09 439 437 27.28 30.11     40 40 
5/19/09 153 152 23.1 22.32 6.64 8.01 8.72 10.08 20 20 
5/26/09 154 152 25.76 29.89 6.7 10.58 8.78 9.58   
6/2/09 170 165 26.75 31.28 6.86 8.78 7.52 8.72 40 40 
6/9/09 155 147 27.01 30.94 8.15 8.85 7.42 9.1 40 40 
6/16/09 173 170 29.41 33.22 7.06 7.8 6.77 8.76 20 20 
6/23/09 173 170 29.41 33.22 7.06 7.8 6.77 8.76 20 20 
6/30/09 166 125 27.03 25.42 7.63 9.22 8 10.53   
Q2 Mean 366 369 25.45 27.80 7.22 8.56 7.53 9.12 34 34 
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Figure 12: Typical diurnal trends dissolved oxygen (DO), pH and water temperature within an ATS™ 
Floway7 
 
                                                      
7 HydroMentia (2005)  from S-154 Pilot Study SFWMD Contract C-13933 
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ATSDEM MODEL PROJECTIONS AND IMPLEMENTATION STRATEGIES 

ATSDEM Modeling Results 
 
The primary purpose of the Lake Lawne Algal Turf Scrubber® Pilot Study is to project conditions and 
expectations for a fully operational Algal Turf Scrubber® system in the same region using the Algal Turf 
Scrubber® Design Model (ATSDEM). Modeling was completed for the study period data from April 7, 
2009 through June 30, 2009. The details associated with this modeling effort are included in Appendix 2.  
 
Values for the following critical process parameters and relationships were developed during the 
calibration process: 
 

1. Best-fit relationship between tissue nitrogen and phosphorus levels and water quality parameters, 
such as nutrient concentrations and ratios, as well as other parameters, which may include 
temperature, conductivity, pH. etc.  

2. Average standing crop specifically applicable to the pilot study   
3. Maximum Net Growth Rate or µmax (1/hr) for the Turf Community applicable to the specific field 

conditions encountered. 
4. V’ant Hoff Arrhenius coefficient theta (θ) applied in establishing the relationship between growth 

rate and water temperature.  
5. Water temperature when growth rate is highest for the other conditions given. 
6. Half rate concentration of total phosphorus (Ksp)--i.e. the concentration at which the net growth 

rate is half of the maximum net growth rate. 
7. Half rate linear hydraulic loading rate (LHLR) (Ksh). 

   
Included in Table 10 are the values developed from model calibration. It is noteworthy that during the pilot 
study, the average standing crop was documented at 20.71 dry g/m2, well below the value of 150 dry g/m2 

used in the earlier Task 3 projections. Obviously this impacts system sizing.  
 
Also of note is the greater dependence of tissue nitrogen levels upon water temperature, rather than 
nitrogen levels in the water. Tissue phosphorus levels showed the strongest correlation with nitrogen 
concentration, indicating the system process dynamics may be controlled to a significant extent by 
nitrogen.  
 
Table 10.  Assigned values of critical process parameters ATSDEM calibration In-Lake Floway Lake 
Lawne ATS™ Pilot Study 

 

Parameter 
Task 3 Optimistic 
Internal Scenario 

Task 3 
Conservative 

Internal Scenario 

Pilot System Data 
Internal (In-Lake) 

Scenario 
Maximum Specific Growth Rate 1/hr 0.04 0.03 0.03 

Optimal Average Crop Density dry g/m2 150 150 20.71 
V’ant Hoff-Arrhenius Constant 1.10 1.05 1.10 

Half Rate Concentration TP ppb 37 75 37 
Optimal Temperature ºC 29 28 31 
Half Rate LHLR gpm/lf 9.3 15.0 9.3 

Tissue Nitrogen % dry weight formula [N]2.87 x 10-3 +0.0273 [N]2.87 x 10-3 +0.0180 T 1.38 x 10-3 + 2.40 x 10-4 

Tissue Phosphorus % dry weight formula [P]5.9 x 106+0.0052 [P]5.9 x 10-6+0.0025 [N]6.63 x 10—3 + 2.91 x 10-4 

[N] = Total Nitrogen concentration mg/l 
[P] = Total Phosphorus concentration ppb 
T = Water Temperature º C 
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To verify the relative reliability of the calibrated model, it was applied to the remaining data set. The model 
projections tracked the actual effluent nitrogen and phosphorus concentrations as noted in Figures 13 
and 14.   
 

Projected Vs. Actual Effluent Phosphorus Levels Through Study Period
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Figure 13: ATSDEM projected vs. actual total phosphorus concentrations In-Lake Floway Lake Lawne 
ATS™ Pilot Study 
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Figure 14: ATSDEM projected vs. actual total nitrogen concentrations In-Lake Floway Lake Lawne 
ATS™ Pilot Study 

                                                                                                                                                                - 22 - 
 



Lake Lawne ATS™ Pilot Final Report_In-Lake Floway                                                       August 30, 2009 
 

While the model analysis would be strengthened by an extension of the pilot study and a larger number of 
data points, it does appear the projections track actual data closely. This model set-up was therefore 
applied to the same set of conditions used in estimating the size and performance of a full scale facility. 
As expected, as shown in Table 11, the facility size increased from the Task 3 projections, primarily 
because of the smaller average standing crop.     
 
 
Table 11.  Projected sizing requirement full scale facility as compared to previous Task 3 estimates In-
Lake Floway Lake Lawne ATS™ Pilot Study 
 

 

Parameter 

Task 3 
Optimistic 

Internal 
Scenario 

Task 3 
Conservative 

Internal Scenario 
Pilot System Data 
Internal (In-Lake) 

Floway Length ft 222 448 800 
Floway Width ft 868 868 1,250 
Floway Area acres 4.4 8.9 23.0 
Flow MGD 25 25 36 
Wet Harvest tons/year 3,000 3,080 2,702 
Compost Production tons/year 168 174 84 

Phosphorus Removal lb/year 3,000 3,080 2,555 

Nitrogen Removal lb/year 16,640 17,140 10,975 

Implementation Strategies 
 
Considering the potential that the ATS™ system did not achieve full performance due to the short 
duration of the pilot system it is recommended that project implementation be done in phases. This could 
be done in one of two ways as listed below: 
 

OPTION 1: Conduct an extended In-Lake Pilot Study for a full 12-month operational period, with 
system start-up in the warmer months. Use this data to confirm the average standing crop 
capabilities based upon a more complete data set, and to size the full scale facility. 
 
OPTION 2: Proceed with full scale implementation in two phases. The first phase would be a five 
(5.0) acre system, 347 feet wide at the headworks and 628 feet long. The second phase would be 
sized and built in accordance with the performance of Phase 1.   

 
Option 2 provides a prudent and cost effective approach to build a Phase 1 facility which is large enough 
to not only allow determination of sustainable average standing crop density and accordingly system 
performance in terms of nutrient reduction per unit area (areal removal rate), but also will actually provide 
meaningful water quality improvement within Lake Lawne. A five acre system would, based upon the pilot 
data, provide from 20-40% (depending upon sustainable average standing crop) of the required TMDL 
load reduction, and would be small enough to be sited either contiguous to, or near the lake itself, thereby 
reducing pumping and conveyance costs. 
 
Based upon an initial overview of the watershed, there appears to be six (6) sites which have some 
reasonable potential as a Phase 1 facility location, as shown in Figure 15. Table 12 is presented as a 
summary of these sites.   
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Site 1

Site 2

Site  6 

Site 5

Site 4

Site 3

Figure 15: Potential Sites proposed Phase 1 Internal Lake Lawne ATS™ Facility (No Scale) 
 

• Sites 3 and 4 are space limited, and are not considered viable for siting a reasonably effective 
Phase 1 facility 

• Site 2 is a remote site, which will require extensive conveyance systems for moving water to and 
from the facility. This site might be considered for future expansions, but is not recommended for 
Phase 1. 

• Site 1 is contiguous to the lake outlet (headwaters of little Wekiva River). This site is not well 
located for efficiently establishing some distance between intake and discharge, and accordingly 
would require an extensive length on the discharge piping to provide proper mixing of treated 
waters within the lake itself. In addition, developing this site would likely offer some substantial 
construction and permitting challenges. It is ranked number 3 at this time, as a potential site for 
the proposed Phase 1 facility 

• Site 6 located contiguous to Barnett Park, and perhaps using some of the northern Barnett Park 
property, while heavily wooded, does provide a slope towards the lake which may allow some 
savings in earth moving costs. This site is well situated to facilitate effective mixing within the 
lake. As with Site 1 this site would likely offer some substantial construction and permitting 
challenges, and because of its proximity to residential areas, may meet with some concerns from 
the public. It is ranked number 2 at this time, as a potential site for the proposed Phase 1 facility 

• Site 5, which is located on the Central Florida Fairgrounds property offers several advantages, 
including utility availability; easier site development demands during construction; sufficient 
distance from residential areas; no apparent environmental issues related to permitting; near the 
lake shore, with relatively simple conveyance requirements; and well situated to facilitate effective 
mixing within the lake. Unknown at this time is the socioeconomic and political ramifications 
associated with locating such a facility on property that is actively used for public information and 
entertainment. It is ranked number 1 at this time, as a potential site for the proposed Phase 1 
facility.  
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Recommendation of Site 5 and the conceptual layout, as shown in Figure 16, is offered only as an initial 
approach. Obviously considerable work would be required to confirm the feasibility and availability of this 
site and the development strategy. While perhaps a first impression is that locating such a facility on a 
Fairgrounds is not feasible, if the plan were developed to be in concert with the overall obligation to public 
service, education and information, and only a portion of the Fairground property were used—about 10 
acres or less than 10% of the Fairground area-- then the plan certainly appears to be not only feasible, 
but significantly contributory. Recognizing that such a facility would have many agricultural features 
associated with it, such as the production of compost and the need for “crop” management, it fits well with 
the general agricultural emphasis associated with County Fairs and associated agricultural shows. 
Additionally, the facility would provide excellent opportunities for engineering, biology and environmental 
management students at University of Central Florida, Valencia Community College and other 
educational institutions, to not only develop an understanding of the technology and its influence upon 
Lake Lawne, but also to enhance the technology through research investigations.  Finally, improvements 
in lake water quality will be associated with expanded and improved recreational opportunities within the 
lake itself, and ultimately increased property values.  

ecommendation of Site 5 and the conceptual layout, as shown in Figure 16, is offered only as an initial 
approach. Obviously considerable work would be required to confirm the feasibility and availability of this 
site and the development strategy. While perhaps a first impression is that locating such a facility on a 
Fairgrounds is not feasible, if the plan were developed to be in concert with the overall obligation to public 
service, education and information, and only a portion of the Fairground property were used—about 10 
acres or less than 10% of the Fairground area-- then the plan certainly appears to be not only feasible, 
but significantly contributory. Recognizing that such a facility would have many agricultural features 
associated with it, such as the production of compost and the need for “crop” management, it fits well with 
the general agricultural emphasis associated with County Fairs and associated agricultural shows. 
Additionally, the facility would provide excellent opportunities for engineering, biology and environmental 
management students at University of Central Florida, Valencia Community College and other 
educational institutions, to not only develop an understanding of the technology and its influence upon 
Lake Lawne, but also to enhance the technology through research investigations.  Finally, improvements 
in lake water quality will be associated with expanded and improved recreational opportunities within the 
lake itself, and ultimately increased property values.  
  
Using an Algal Turf Scrubber® as a central item within a designed park setting has been developed and 
is presently under construction by Indian River County, as their Egret Marsh Stormwater Park. Facilities 
include the ATS™, a series of renovated lakes and wetlands, extensive native vegetation based 
landscaping, visitation accommodations, and an extensive wetland designed specifically for the 
threatened Wood Stork. This facility is presently under construction and shall be fully operational by the 
end of 2009. It is Indian River County’s intent to use the nutrient reduction capabilities of this park towards 
their TMDL obligations, while providing an educational and recreational resource for its citizens. Compost 
developed from the algal turf will be used by the County for their landscaping efforts throughout the 
County. Contact Keith McCully P.E. at kmccully@ircgov.com

Using an Algal Turf Scrubber® as a central item within a designed park setting has been developed and 
is presently under construction by Indian River County, as their Egret Marsh Stormwater Park. Facilities 
include the ATS™, a series of renovated lakes and wetlands, extensive native vegetation based 
landscaping, visitation accommodations, and an extensive wetland designed specifically for the 
threatened Wood Stork. This facility is presently under construction and shall be fully operational by the 
end of 2009. It is Indian River County’s intent to use the nutrient reduction capabilities of this park towards 
their TMDL obligations, while providing an educational and recreational resource for its citizens. Compost 
developed from the algal turf will be used by the County for their landscaping efforts throughout the 
County. Contact Keith McCully P.E. at kmccully@ircgov.com  for additional information regarding the 
Egret Marsh Stormwater Park.  
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Table 12:   Summary of potential sites for proposed Phase 1 Internal Lake Lawne ATS™ Facility 
 

 
 
 

Site    Description Approximate 
Acreage Advantages Disadvantages

1 
North, contiguous to 
Little Wekiva Outlet, 

near Princeton Hospital 
20 Large enough area for expansion; 

Close to lake 

Heavily wooded, may be some environmental 
and other permitting challenges; pricing and 
availability uncertain; not well situated for 
release of discharge within main body of the 
lake. Near a hospital 

2 Remote Easterly  Site 70 
Large enough for expansion; remote. 
Well suited to ensure main body of 
lake is treated. 

Heavily wooded, may be some environmental 
and other permitting challenges; pricing and 
availability uncertain; conveyance to and from 
the site will be expensive 

3   Lake Lawne Park 3.5 Well suited to ensure main body of 
lake is treated. Close to lake 

Not enough area for the suggested Phase 1 
sizing. Near residential area. Would be 
difficult to preserve existing Park  

4   Fairgrounds 4

Near the lake, and well suited to 
ensure main body of Lake. Already 
cleared, construction and permitting 
challenges not expected to be as 
severe as wooded remote sites.  

Pricing and availability un  Som
conveyance challenges. N gh a
the suggested Phase 1 si

5   Fairgrounds 20

Near the lake, and well suited to 
ensure main body of lake is treated. 
Already cleared, construction and 
permitting challenges not expected to 
be as severe as wooded remote sites. 

Pricing and availability uncertain. Unk
socio-economic and political concerns

6 Contiguous to Barnett 
Park  18 

Pricing and availability uncertain. 
Some conveyance challenges. 
Natural slope of the land would save 
in earthwork costs.  

Heavily wooded, may be some enviro
and other permitting challen cin
availability uncertain. Near ial

N 
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PRELIMINARY DESIGN CONSIDERATIONS AND INITIAL COST 
ANALYSIS 

Preliminary Design Considerations 
 

ATS™ Floway 
 

The proposed Phase 1 Floway would be 628 feet long and 347 feet wide, or five acres of process area. 
The average flow to the system would be 10 MGD. Expected performance based upon ATSDEM analysis 
per Appendix 2 is shown in the ATSDEM spreadsheets as Tables 13 and 14. A summary of projected 
performance is included as Table 15. As noted, at an average standing crop of about 21 g/m2, the Phase 
1 facility would remove an estimated 510 pounds of phosphorus annually or 20.5% of the TMDL 
requirement, and an estimated 2,109 pounds of nitrogen annually or 19.5% of the TMDL requirement. If 
the average standing crop is increased to just above 41 g/m2, the estimated annual phosphorus removal 
increases to 963 pounds or 38.8% of the TMDL requirement and the estimated annual nitrogen removal 
increases to 4,059 or 37.6% of the TMDL requirement.   

 
Facilities Description 
 

The layout as noted in Figure 16 would include the following major components: 
 

1. Influent Pumping station with 10 MGD capacity. Pumping station would include an intake 
structure located within the lake near the lake bottom; a submersible pump station using high 
quality submersible centrifugal pump such as Flygt or ABS; check and air/vacuum relief valves; 
pump controls; access; and isolation fencing. The station pumps would initially have a TDH 
requirement of perhaps 30 ft.  

 
2. Influent force main, 2,000 ft of 24“ smooth wall HDPE or ductile iron. 
 
3. ATS™ headworks surge box with flow monitoring weir and distribution box cast-in-place concrete, 

with ladder, grating, flow and water quality monitoring components, pre-cast maintenance and 
operation building and lighting and utilities hook-up  

 
4. ATS™ surger with distribution manifold and associated HDPE and PVC piping with low head 

knife gate valves for flow modulation. 
 
5. ATS™ Floway, to include 1% sloped compacted soil sub-based; 5 acres of 40 mil HDPE 

geomembrane and overlying geomatrix for turf attachment; fiber reinforced concrete effluent 
flume.  

 
6. ATS™ effluent distribution structure to include 4- 4 ft wide fiberglass slide gates, handrails 

ladders and grating, flow monitoring weir; water quality and flow monitoring components, 
operational support building; lighting and utilities hook-up. 

 
7. Automatic Harvest Flex Rake at ¼” screen with controls. 
 
8. Approximately 1/4 acre harvest storage and composting pad 
 
9. Isolation fencing and access 
 
10. 30” HDPE or RCP, 1,800 foot gravity discharge line to extend into the lake and discharge at mid 

depth. 
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11. Diversion pond and return pump station for storage of flows during harvest. 
 
12. Borrow ponds for supplying additional fill. 
 
13. Associated operational equipment to include small tractors, harvest attachments, ATV units, small 

truck, skid loader and compost mixer.          
 

Initial Cost Analysis 
 
Life Cycle Cost Analysis (LCCA) has proven most helpful to engineers and planners for long-term cost 
comparisons of available technologies and system processes. LCCA is an economic technique that 
allows comparisons of investment alternatives with different costs streams. The process involves 
estimating the costs and timing associated with each cost over a selected analysis period. These costs 
are then converted to economically comparable values considering the time-value of money. The Present 
Worth Cost (PWC) is the sum of all costs associated with a given alternative discounted to today’s dollars.  
 
Long term PWC analysis were developed for both a 20 year and 50 year life. This analysis is offered in 
recognition that interest rates, construction, labor, fuel, utilities, permitting, engineering, testing, 
equipment and land costs can vary widely, and are typically applicable for a limited temporal range. 
Consequently, a more comprehensive engineering cost estimate would be completed as part of a detailed 
preliminary engineering effort, and would be adjusted accordingly after final design is completed. Under 
the present economy, construction costs can be comparatively low, as there is considerable competition 
among contractors for large municipal projects. This of course could change dramatically as the economic 
complexion changes.  
 
Undeveloped land costs for this region were noted to range from $60,000 to over $100,000 per acre. The 
costs for the fairgrounds property (Site 5) could well be higher and pricing and conditions would have to 
be negotiated. If Site 5 became unattainable, it is suggested site 6 be pursued.  
 
In the analysis provided within this report, the discount rate applied is 4.625% per Economic and 
Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies 
[Section 4.b (1)] (USDA-NRCS web page, 2009). The compost product resulting from the proposed 
operation would be retrieved at no cost by local governments preferentially, with any remainder made 
available to private interest on a first come basis.  
 
Present Worth analyses are presented in Table 16, and summarized in Table 17. The 50 year present 
worth operating cost per pound of phosphorus removed ranged from $129.26 when the standing crop 
averaged 41.47 g/m2 to $244.07 per pound of phosphorus removed when the standing crop averaged 
20.96 g/m2 . Under the same conditions, the present worth operating cost per pound of nitrogen was 
$30.67 and $98.27 respectively. 
 
The 50 year present worth capital cost per pound of phosphorus removed ranged from $106.85 when the 
standing crop averaged 41.47 g/m2 to $201.76 per pound of phosphorus removed when the standing crop 
averaged 20.96 g/m2. Under the same conditions, the present worth capital cost per pound of nitrogen 
was $25.35 and $48.91, respectively.     
 
The total 50 year present worth cost per pound of phosphorus removed ranged from $242.68 when the 
standing crop averaged 41.47 g/m2 to $458.23 per pound of phosphorus removed when the standing crop 
averaged 20.96 g/m2. Under the same conditions, the total present worth cost per pound of nitrogen was 
$57.58 and $111.07, respectively.     
 
As shown in Table 17, the present worth costs per pound of nutrient removed increase substantially when 
the system is limited to a 20 year period.  
 

 

 - 
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Table 13:   ATSDEM summary spreadsheet proposed Phase 1 Internal Lake Lawne ATS™ Facility 20.96 g/m2 Average Standing Crop 
 
Lake Lawne Proposed Phase 1 Facility
ATSDEM Estimated Performance Low Average Standing Crop
Lake Lawn In-Lake Treatment
Panel A Velocity Conditions

Floway 
slope (s) Manning n

Manning 
Factor (1)

Manning 
Factor (2) 

Match LHLR LHLR LHLR

Average 
flow depth 

(d) Velocity
Flow length 

interval
gpm/lf cfs/lf liters/sec-lf ft fps ft

0.005 0.02 0.0084582 0.0084582 20.00 0.045 1.280 0.06 0.75 0.75

Panel B Process Conditions

Water T1 

oC
Optimal T 

oC Θ

Ksp as ppb 
TP

Ksh as 
LHLR 
gpm/ft µmax 1/hr So ppb  Total P

Harvest 
Cycle days

Zave             

dry-g/m2
Z0                 

dry-g/m2

S*p Total 
Phosphorus 

ppb
No mg/l  Total 

N

N* Total 
Nitrogen 

mg/l

Effluent 
Water T 
deg C

24.0 31.0 1.10 37.0 9.3 0.030 74 14 20.36 5.10 20 1.45 0.60 28.00

Panel C  Performance

Control 
Time 

Seconds

Control 
Volume 

liter
Final Total 
P Sf ppb

Total Flow 
Time 

seconds
Total P % 
removal

Floway 
Length ft

Areal Loading Rate 
TP g/m2-yr

Areal 
Loading 
Rate TP 
lb/acre-

year

Areal 
Removal 
Rate TP 
g/m2-yr

Areal 
Removal Rate 
TP lb/acre-yr

Average 
Production 
dry-g/m2-day

Area per time 
sequence m2

Final Total N 
Nf mg/l

Areal 
Loading 
Rate TN 
g/m2-yr

Areal 
Loading 
Rate TN 
lb/acre-

year

Areal 
Removal 
Rate TN 
g/m2-yr

Areal 
Removal 
Rate TN 

lb/acre-yr

1 1.280 57 842 22.63% 628 50 450 11.42 102 3.28 0.069 1.38 989 8,817 47.24 421

Panel D System Design

Total 
Flow mgd

Floway 
Width ft

Floway 
Area acres

Total P 
removed 
lb/period

Moisture 
% wet 

harvest
Moisture % 

compost
Period Dry Harvest 

tons

Period Wet 
Harvest 

tons

Period 
Compost 

Production 
wet tons

Performance 
Period days 

µave           
1/hr

Total N 
removed 
lb/period

Total N %  
Removal 

10 347 5.01 510 5% 40% 27 534 17 365 0.0067 2,109 4.78%

Panel E pH Dynamics

Influent 
pH

Influent 
Alkalinity 
mg/l as 
CaCO3

Influent 
Available 
Carbon 

mg/l
 Diurnal  

Effluent pH

Algae 
Tissue 
Carbon 
% dw

7.00 60 17.94 8.03 30%
1. Do not enter water temperatures higher than optimum Temperature
Note: Inputs in Blue Print
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Table 14:   ATSDEM summary spreadsheet proposed Phase 1 Internal Lake Lawne ATS™ Facility 41.47 g/m2 Average Standing Crop 
 

Lake Lawne Proposed Phase 1 Facility
ATSDEM Estimated Performance High Average Standing Crop
Lake Lawn In-Lake Treatment
Panel A Velocity Conditions

Floway 
slope (s) Manning n

Manning 
Factor (1)

Manning 
Factor (2) 

Match LHLR LHLR LHLR

Average 
flow depth 

(d) Velocity
Flow length 

interval
gpm/lf cfs/lf liters/sec-lf ft fps ft

0.005 0.02 0.0084582 0.0084582 20.00 0.045 1.280 0.06 0.75 0.75

Panel B Process Conditions

Water T1 

oC
Optimal T 

oC Θ
Ksp as ppb 

TP

Ksh as 
LHLR 
gpm/ft µmax 1/hr So ppb  Total P

Harvest 
Cycle days

Zave             

dry-g/m2
Z0                 

dry-g/m2

S*p Total 
Phosphorus 

ppb
No mg/l  Total 

N

N* Total 
Nitrogen 

mg/l

Effluent 
Water T 
deg C

24.0 31.0 1.10 37.0 9.3 0.030 74 21 41.47 5.10 20 1.45 0.60 28.00

Panel C  Performance

Control 
Time 

Seconds

Control 
Volume 

liter
Final Total 
P Sf ppb

Total Flow 
Time 

seconds
Total P % 
removal

Floway 
Length ft

Areal Loading Rate 
TP g/m2-yr

Areal 
Loading 
Rate TP 
lb/acre-

year

Areal 
Removal 
Rate TP 
g/m2-yr

Areal 
Removal Rate 
TP lb/acre-yr

Average 
Production 
dry-g/m2-day

Area per time 
sequence m2

Final Total N 
Nf mg/l

Areal 
Loading 
Rate TN 
g/m2-yr

Areal 
Loading 
Rate TN 
lb/acre-

year

Areal 
Removal 
Rate TN 
g/m2-yr

Areal 
Removal 
Rate TN 

lb/acre-yr

1 1.280 42 842 42.74% 628 50 450 21.57 192 6.32 0.069 1.32 989 8,817 90.92 811

Panel D System Design

Total 
Flow mgd

Floway 
Width ft

Floway 
Area acres

Total P 
removed 
lb/period

Moisture 
% wet 

harvest
Moisture % 

compost
Period Dry Harvest 

tons

Period Wet 
Harvest 

tons

Period 
Compost 

Production 
wet tons

Performance 
Period days 

µave           
1/hr

Total N 
removed 
lb/period

Total N %  
Removal 

10 347 5.01 963 5% 40% 51 1,030 32 365 0.0063 4,059 9.20%

Panel E pH Dynamics

Influent 
pH

Influent 
Alkalinity 
mg/l as 
CaCO3

Influent 
Available 
Carbon 

mg/l
 Diurnal  

Effluent pH

Algae 
Tissue 
Carbon 
% dw

7.00 60 17.94 8.28 30%
1. Do not enter water temperatures higher than optimum Temperature
Note: Inputs in Blue Print  
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Table 15:   ATSDEM summary proposed Phase 1 Internal Lake Lawne ATS™ Facility 
 

Parameter  
 

INITIAL CONDITIONS   
Influent Total Phosphorus ppb 74 74 
Influent Total Nitrogen mg/l 1.45 1.45 
Influent pH 7.0 7.0 
Linear Hydraulic Loading Rate gpm/lf 20 20 
Initial Standing Crop g/m2 5.1 5.1 
Influent Water Temperature º C 24 24 

 

Phase 1  
Average 

Standing Crop 
20.97 g/m2 

Phase 1  
Average 

Standing Crop 
41.47 g/m2 

Effluent Total Phosphorus ppb 57 42 
Effluent Total Nitrogen mg/l 1.38 1.32 
Phosphorus Areal Removal Rate g/m2-yr 11.42 21.57 
Nitrogen Areal Removal Rate g/m2-yr 47.24 90.92 
Phosphorus removed lb/yr 510 963 
Nitrogen removed lb/yr 2,109 4,059 
Percent TMDL P Load removal 20.5 38.8 
Percent TMDL P Load removal 19.5 37.6 
Effluent pH 8.03 8.24 
Productivity  g/m2-day 3.28 6.32 
Wet Harvest tons/week 10 20 
Dry Harvest tons/week 0.5 1.0 
Compost Production tons/yr 17 32 
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Table 16:   Present Worth Analysis proposed Phase 1 Internal Lake Lawne ATS™ Facility 
Item/Task Unit Unit cost Quantity Total

Land acre 100,000$             10 1,000,000$          
Clear and Grubbing acre 2,000$                 10 20,000$               
Earthwork cy 10.00$                 35,000 350,000$             
Cast-In-Place Concrete Headworks cy 1,100$                 120 132,000$             
Cast-In-Place Concrete Effluent Structure cy 1,100$                 240 50,000$               
Cast-In-Place Concrete Pump Station cy 1,100$                 150 165,000$             
Cast-In-Place Concrete Apron/Flume cy 700$                    100 70,000$               
Cast-In-Place Concrete Outfall Structure cy 1,100$                 50 55,000$               
Geomembrane sf 0.70$                   250,400 175,280$             
Goeogrid Matrix sf 0.40$                   225,000 90,000$               
24" Force Main ft 200.00$               2,000 400,000$             
30" Gravity Discharge Line ft 200.00$               1,800 360,000$             
Asphalt Roads sy 24.00$                 2,000 48,000$               
Asphalt Compost Pad sy 26.00$                 600 15,600$               
Distribution Manifold ft 200.00$               347 69,400$               
Grassing/sod sy 3.50$                   1,000 3,500$                 
Operations Building  sf 50$                      1,000 50,000$               
Sampling equipment each 20,000$               2 40,000$               
4' FRP slide gates each 20,000$               4 80,000$               
Flygt/ABS Submersible Pump 6,900 gpm each 100,000$             2 200,000$             
Fencing Security ft 20$                      3000 60,000$               
Flex rake each 140,000$             1 140,000$             
Harvest,  Transport Equipment, Mixer LS 80,000$               1 80,000$               
Skid Loader each 40,000$               1 40,000$               

Subtotal 3,693,780$         
Surveying 1% Construction 36,938$               
Geotechnical 1% Construction 36,938$               
Engineering and Construction Management 12% Construction 443,254$             
Construction contingencies 15% Construction 554,067$             
Algal Turf Scrubber® Technology Fee 380,000$             
TOTAL CAPITAL COSTS 5,144,976$          
PRESENT WORTH - CAPITAL COST 5,144,976$          

Biologist hr 60$                      510 30,600$               
Process Operator hr 30$                      1,040 31,200$               
Operations assistant hr 20$                      1,040 20,800$               
Mechanic hr 45$                     100 4,500$                 
Fuel gal 3.00$                  1,000 3,000$                 
Electricity kwh 0.12$                   1,500,000 180,000$             
Sampling and Monitoring yr 20,000$               1 20,000$               
Lubricants, oils, replacements yr 2,000$                 1 2,000$                 

Subtotal 292,100$            
Operating Contingency 10% of subtotal 29,210$               

TOTAL OPERATING COSTS 321,310$             
20 yr Present Worth @ 4.625% interest PW Factor 12.87 4,135,260$         
50 yr Present Worth @ 4.625% interest PW Factor 19.37 6,223,775$         

Pumps Life 20 yrs 200,000$             
Flex Rake Life 20 yrs 140,000$             
Grid Life 20 yrs 90,000$               
Transport, mixing harvest equipment Life 10 yrs 80,000$               
Skid Loader Life 10 yrs 40,000$               

Total 550,000$             
Present Worth Factor 10 yr 0.636
Present Worth Factor 20 yr 0.405
Present Worth Factor 30 yr 0.258
Present Worth Factor 40 yr 0.164

Present Worth Costs 10 yr 76,320$               
20 yr 222,750$             
30 yr 30,960$               
40 yr 90,200                 

20 yr Present Worth @ 4.625% interest 76,320$              
50 yr Present Worth @ 4.625% interest 420,230$            

Salvage Costs Land 1,000,000$          
TOTAL SALVAGE COSTS 1,000,000$         
20 yr Present Worth @ 4.625% interest (405,000)$           
50 yr Present Worth @ 4.625% interest (104,000)$           

TOTAL 20 YEAR PRESENT WORTH COST 8,951,556$      
TOTAL 50 YEAR PRESENT WORTH COST 11,684,981$    

REPLACEMENT COSTS

Salvage Costs

Capital costs

ANNUAL OPERATING COSTS 
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Table 17:   Summary of Present Worth Analysis proposed Phase 1 Internal Lake Lawne ATS™ Facility 
 

20 Year Present 
Worth Standing 

Crop at 20.96 
g/m2-yr

50 Year Present 
Worth Standing 

Crop at 20.96 
g/m2-yr

20 Year Present 
Worth Standing 

Crop at 41.47 
g/m2-yr

50 Year Present 
Worth Standing 
Crop  at 41.47 

g/m2-yr
Phosphorus removed lb 10,200 25,500 19,260 48,150

Nitrogen removed lb 42,080 105,200 81,180 202,950
PRESENT WORTH CAPITAL COST 5,144,976$           5,144,976$          5,144,976$           5,144,976$          
Present Worth Capital Costs per Pound of 

Phosphorus Removed $504.41 $201.76 $267.13 $106.85
Present Worth Capital Costs per Pound of 

Nitrogen Removed $122.27 $48.91 $63.38 $25.35
PRESENT WORTH OPERATING COST 4,135,260$           6,223,775$          4,135,259.70$      6,223,775$          
Present Worth Operating Costs per Pound 

of Phosphorus Removed $405.42 $244.07 $214.71 $129.26
Present Worth Operating Costs per Pound 

of Nitrogen Removed $98.27 $59.16 $50.94 $30.67
PRESENT WORTH REPLACEMENT COST 76,320$                420,230$             76,320$                420,230$             

Present Worth Replacement Costs per 
Pound of Phosphorus Removed $7.48 $16.48 $3.96 $8.73

Present Worth Replacement Costs per 
Pound of Nitrogen Removed $1.81 $3.99 $0.94 $2.07

PRESENT WORTH LAND SALVAGE (405,000)$             (104,000)$            (405,000)$             (104,000)$            
Present Worth Replacement Costs per 

Pound of Phosphorus Removed ($39.71) ($4.08) ($21.03) ($2.16)
Present Worth Replacement Costs per 

Pound of Nitrogen Removed ($9.62) ($0.99) ($4.99) ($0.51)
TOTAL PRESENT WORTH 8,951,556$           11,684,981$        8,951,556$           11,684,981$        

Total Present Worth  Costs per Pound of 
Phosphorus Removed $877.60 $458.23 $464.77 $242.68

Total Present Worth Costs per Pound of 
Nitrogen Removed $212.73 $111.07 $110.27 $57.58  
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APPENDIX 1. Lake Lawne ATS™ Pilot Q1 Performance Report 
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APPENDIX 2. Lake Lawne ASTDEM Modeling Report 
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APPENDIX 3. Lake Lawne In-Lake Floway Algal Toxin Analysis 
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