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EXECUTIVE SUMMARY 

Project Background and Intent 
 

• The Rockaway ATS™ Pilot is a component of the CSO-PLANYC: Ecological and Best 
Management Practices (BMP) Planning to Address Combined Sewer Overflows Research 
Program. The Rockaway ATS™ pilot was funded by the New York City Department of 
Environmental Protection (NYCDEP) for the purpose of determining the suitability of applying the 
Algal Turf Scrubber® or ATS™ for nitrogen and phosphorus load reduction within the Jamaica 
Bay Watershed.  

 
• The ATS™ is a proprietary technology of HydroMentia, Inc. of Ocala, Florida. ATS™ is a 

managed aquatic plant system or MAPS, which relies upon direct biological uptake and certain 
physical and chemical phenomenon to extract nutrients from a continuous flow from a targeted 
water source. This is done through the cultivation of an attached algal community known as algal 
turf upon a sloped floway over which water moves as a shallow, laminar, pulsed or surged flow. 
Cultivation means the purposeful growth and maintenance of this algal turf community through 
controlled flow delivery rates and periodic harvesting.   

 
• Primary operational, maintenance, and monitoring responsibilities for the Rockaway ATS™ pilot 

project were assigned to BioHabitats, with HydroMentia providing consultation services through a 
Purchase Order #09-HS00-183 dated July 12, 2010 with Difazio Industries. 

 
• From September 15, 2010 to December 13, 2011, two parallel, 350 foot long, one foot wide, Algal 

Turf Scrubber® (ATS™) Mobile Pilot Units (MPU) floways were operated and their performances 
monitored and recorded. The units were installed adjacent to Jamaica Bay with inflow to the pilot 
units pumped from the clarifiers at the Rockaway Water Pollution Control Plant (WPCP).  

 
• The Rockaway ATS™ unit located to the south – identified as the Plantside ATS™ (PS-ATS™) 

within this report - was set to operate at a design flow rate of 20 gpm. The floway located to the 
north – identified as the Bayside ATS™ (BS-ATS™) - was set to operate at a design flow rate of 
40 gpm. Operation of the two pilot floways at varying linear hydraulic loading rates (LHLR), or the 
flow rate per width of ATS™, was intended to facilitate analysis of the impact of LHLR on nitrogen 
and phosphorus removal rates. 

 
• The investigation strategy was to document performance of the ATS™ technology for the specific 

conditions attendant with project site and water quality conditions associated with the effluent 
from the Rockaway WPCP through normal operational efforts applied to both ATS™ floways.  

System Flow and Algal Productivity 
 

• The total metered flow to the PS-ATS floway was 2.2 million gallons at a mean flow rate of 23.7 
gpm in YR2010 and 6.4 million gallons at a mean flow rate of 19.4 gpm in YR2011 for a total flow 
of 8.6 million gallons. 

 
• The total metered flow to the BS-ATS floway was 3.5 million gallons at a mean flow rate of 35.8 

gpm in YR2010 and 9.9 million gallons at a mean flow rate of 28.5 gpm in YR2011 for a total flow 
of 13.4 million gallons. 

 
• Flow was directed to the two ATS™ floways for a period of 355 days. During this period there 

were a total of nine flow interruptions totaling 416 hours (17.3 days) on the PS-ATS™ floway 
lasting from 5.5 to 87 hours. There were eight flow interruptions totaling 379 hours (15.8 days) on 
the BS-ATS™ floway lasting from 5.5 to 123 hours. In addition, the system was shut down 
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between December 13, 2010 and March 22, 2011 to avoid unplanned discharges associated with 
frozen pipes or tanks. Water quality monitoring occurred over a period of 306 days less the 
periods of flow interruptions. 

 
• Each dry-out event associated with the flow interruptions causes a loss of residual algae on the 

system, significantly impacting performance not only during the flow interruption, but depending 
upon the extent of dry-out, for several weeks after initiation of flow following the dry-out. 
Accordingly, the multiple flow interruption events on the PS-ATS™ and BS-ATS™ floways 
resulted in a significant reduction in both algal production and water treatment performance, and 
prevented the system from becoming fully operational. 

 
• The start-up and stabilization period of the Algal Turf Scrubber® is similar to other 

photoautotrophic water treatment systems (e.g. treatment wetlands), where optimal performance 
is achieved only after the initial start-up and stabilization phases1. While the start-up and 
stabilization period for the ATS™ is of shorter duration than a treatment wetland, performance 
during the initial 12 months of operation should be considered a conservative estimate of 
treatment potential for the Algal Turf Scrubber® system.  

 
• The startup and stabilization phase of an Algal Turf Scrubber® is typically defined as complete, 

and the system is fully operational, after a sustained algal turf is established and maintained for a 
minimum period of 120 days. Due to the multiple flow interruptions that occurred in conjunction 
with operation of the two floways, the longest period of time that the systems operated without a 
flow interruption impacting algal growth was 83 days for the period March 22, 2011 to June 13, 
2001. Due to the impacts associated with the multiple dry out events, the performance data 
associated with the PS-ATS™ and BS-ATS floways provides a very conservative estimate of the 
potential of the ATS™ technology. 

 
• The first ATS™ harvests occurred on the BS-ATS™ floway in conjunction with a system dry out 

that occurred on October 7, 2010. The initial harvest in which biomass was recovered occurred 
on October 19, 2010. A total of 38 harvest dates/events occurred for both the PS-ATS™ and BS-
ATS™ floways for YR2010 and YR2011. 

 
• During the YR2010 monitoring period, dry weight production for BS-ATS™ was 41.0% greater 

than for PS-ATS™. However, during YR2011, dry weight production for the two floways was 
reversed with PS-ATS™ algal production 41.9% higher than BS-TS™. When comparing both 
systems for the YR2010 and YR2011 combined monitoring periods, PS–ATS™ dry weight 
production was 27.5% higher than BS-ATS™.  

 
• For YR2010, calculated net community productivity was 13.9% higher for BS-ATS (5.0 dry-g/m2-

days) than for PS-ATS™ (4.5 dry-g/m2-days). For the YR2011 monitoring period, net community 
productivity was 59.0% higher for PS-ATS™ (7.5 dry-g/m2-day) than for BS-ATS™ (4.8 dry-g/m2-
days). For the combined YR2010 and YR2011 monitoring period, the result showed that the PS–
ATS™ community productivity at 7.0 dry-g/m2-day was 45.6% higher than BS-ATS™ community 
productivity of 4.8 dry-g/m2-day. 

 
• Algal productivity values for the monitoring period are less than the 8 dry-g/m2-day conservative 

estimate included in the preliminary modeling report, and significantly below the optimal model 
projection of 66 dry-g/m2-day. These lower than projected values for algal productivity are not 
unexpected due to the significant number of flow interruptions as referenced previously. 

 
• Bacterial competition may also be impacting algal turf growth on the Rockaway ATS™ pilots. 

                                                      
1 2008. Florida Department of Environmental Protection and South Florida Water Management District. 
Fact Sheet for FDEP Industrial Wastewater Permit No. F10300195   
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Nitrogen Reduction 
 

• For the YR2010 - YR2011 monitoring period, the mean influent total nitrogen concentration was 
13.72 mg/L and 13.53 mg/L for the PS-ATS™ and BS-ATS™ floways, respectively.  

 
• TKN-N was the less abundant nitrogen form, composing 17.7% and 18.6% of the total nitrogen 

for floways PS-ATS™ and BS-ATS™ respectively. For the YR2010 - YR2011 monitoring period, 
the mean influent TKN-N concentration was 2.43 mg/L and 2.52 mg/L for the PS-ATS™ and BS-
ATS™ floways, respectively.  

 
• NOx-N was the more abundant nitrogen form, composing 82.2% and 81.4% of the total nitrogen 

for floways PS-ATS™ and BS-ATS™ respectively. For the YR2010 - YR2011 monitoring period, 
the mean influent NOx-N concentration was 11.29 and 11.01 mg/L for the PS-ATS™ and BS-
ATS™ floways, respectively.  

 
• Nitrogen removal rates for the PS-ATS™ and BS-ATS™ floways are summarized in Table ES-1. 

Also presented are the Rockaway ATS™ Pilot Preliminary Performance Model Projections 
submitted on September 20, 2010 

 
Table ES-1: Summary of Total Nitrogen Removal Rates through the Twelve Month YR2010 to 
YR2011 Project Monitoring Period with Preliminary ATSDEM Model Projections. 

 

Floway  Nitrogen Removal Measure 

YR2010 
to 

YR2011 

ATSDEM Prelim 
Model Projection 
(Conservative) 

ATSDEM Prelim 
Model Projection 

(Optimal) 

PS-ATS™ Water Quality Based TN 
Percent Removal (%) -0.8% 0.6% 5.1% 

 Water Quality Based TN 
ARR (g/m2-yr) -123 93 840 

 Harvest Based TN  
ARR (g/m2-yr) 125 93 840 

     

BS-ATS™ Water Quality Based TN 
Percent Removal (%) 1.7% 0.4% 2.9% 

 Water Quality Based TN 
ARR (g/m2-yr) 375 121 955 

 Harvest Based TN  
ARR (g/m2-yr) 89 121 955 

 
 

• For the PS-ATS™ floway, the water quality based percent reduction in total nitrogen was -0.8%. 
In the Preliminary Performance Modeling Report, the projected nitrogen percent removal rate 
range was from 0.6% (Conservative) to 5.1% (Optimal).  

 
• The PS-ATS™ water quality based areal removal rate for the same period was -123 g/m2-yr, 

while the harvest based total nitrogen areal removal rate was 125 g/m2-yr. In the Preliminary 
Performance Modeling Report, the projected nitrogen areal removal rate range for the PS-ATS™ 
floway was from 93 g/m2-yr (Conservative) to 840 g/m2-yr (Optimal).  

 
• Water quality based nitrogen areal removal performance for the PS-ATS™ floway was 

significantly below projections, while harvest based removal was marginally higher than the 
Conservative projection but less than the Optimal projection. 

 
• For the BS-ATS™ floway, the water quality based percent reduction in total nitrogen was 1.7%. In 

the Preliminary Performance Modeling Report, the projected nitrogen percent removal rate range 
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was from 0.4% (Conservative) to 2.9% (Optimal). Water quality based nitrogen removal 
performance for the BS-ATS™ floway was higher than the Conservative projection. 

 
• The BS-ATS™ water quality based areal removal rate for the same period was 375 g/m2-yr, while 

the harvest based total nitrogen areal removal rate was 89 g/m2-yr. In the Preliminary 
Performance Modeling Report, the projected nitrogen areal removal rate range for the BS-ATS™ 
floway was from 121 g/m2-yr (Conservative) to 955 g/m2-yr (Optimal). 

 
• Water quality based nitrogen areal removal performance for the BS-ATS™ floway was well above 

the Conservative projection yet less than the Optimal projection. Harvest based areal removal 
was marginally lower than the Conservative projection. 

 
• The ATS™ technology when designed to optimize pollutant load reduction will have a relatively 

low percent removal when applied to effluents with relatively high nitrogen concentrations (i.e > 4 
mg/L). A complication of the low percent nitrogen removal rates is that ATS™ nitrogen removal 
may be difficult to quantify due to noise associated with analytical testing at the higher 
concentrations. 

  
• The multiple dry-out events associated with the flow interruptions significantly impacted 

performance of the Rockaway ATS™ Pilot. Accordingly, the nitrogen removal rates should be 
considered extremely conservative. 

Phosphorus Reduction 
 

• For the YR2010 - YR2011 monitoring period, the mean influent total phosphorus concentration 
was 1.07 mg/L and 1.03 mg/L for the PS-ATS™ and BS-ATS™ floways, respectively.  

 
• For the YR2010 - YR2011 monitoring period, the mean influent OP concentration was 1.07 mg/L 

and 1.08 mg/L for the PS-ATS™ and BS-ATS™ floways, respectively. Ortho phosphorus was the 
dominant phosphorus form, composing 100% and 105% of the total phosphorus. 

 
• Phosphorus removal rates for the PS-ATS™ and BS-ATS™ floways are summarized in Table 

ES-2. Also presented are the Rockaway ATS™ Pilot Preliminary Performance Model Projections 
submitted on September 20, 2010 

 
Table ES-2: Summary of Phosphorus Removal Rates through the Twelve Month YR2010 to 
YR2011 Project Monitoring Period with Preliminary ATSDEM Model Projections. 

 

Floway  
Phosphorus Removal 

Measure 

YR2010 
to 

YR2011 

ATSDEM Prelim 
Model Projection 
(Conservative) 

ATSDEM Prelim 
Model Projection 

(Optimal) 

PS-ATS™ Water Quality Based TP 
Percent Removal (%) 8.0% 1.1% 12% 

 Water Quality Based TP 
ARR (g/m2-yr) 98 30 319 

 Harvest Based TP  
ARR (g/m2-yr) 25 30 319 

     

BS-ATS™ Water Quality Based TP 
Percent Removal (%) 2.6% 0.7% 6.9% 

 Water Quality Based TP 
ARR (g/m2-yr) 49 39 369 

 Harvest Based TP  
ARR (g/m2-yr) 17 39 369 
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• For the PS-ATS™ floway, the water quality based percent reduction in total phosphorus was 

8.0%. In the Preliminary Performance Modeling Report, the projected phosphorus percent 
removal rate range was from 1.1% (Conservative) to 12% (Optimal).  

 
• The PS-ATS™ water quality based phosphorus areal removal rate for the same period was 98 

g/m2-yr, while the harvest based total phosphorus areal removal rate was 25 g/m2-yr. In the 
Preliminary Performance Modeling Report, the projected phosphorus areal removal rate range for 
the PS-ATS™ floway was from 30 g/m2-yr (Conservative) to 319 g/m2-yr (Optimal). 

 
• Water quality based phosphorus areal removal performance for the PS-ATS™ floway was above 

the Conservative projection, but less than the Optimal projection. The harvest based removal was 
marginally lower than the Conservative projection. 

 
• For the BS-ATS™ floway, the water quality based percent reduction in total phosphorus was -

2.6%. In the Preliminary Performance Modeling Report, the projected phosphorus percent 
removal rate range was from 0.7% (Conservative) to 6.9% (Optimal).  

 
• The BS-ATS™ water quality based phosphorus areal removal rate for the same period was 49 

g/m2-yr, while the harvest based total phosphorus areal removal rate was 17 g/m2-yr. In the 
Preliminary Performance Modeling Report, the projected phosphorus areal removal rate range for 
the BS-ATS™ floway was from 39 g/m2-yr (Conservative) to 369 g/m2-yr (Optimal). 

 
• Water quality based phosphorus areal removal performance for the BS-ATS™ floway was higher 

than the Conservative projection yet less than the Optimal projection, while harvest based 
removal was marginally lower than the Conservative projection. 

 
• Areal removal rate is an important performance metric as is relates to treatment performance, 

land requirements, and ultimately pollutant recovery costs. The higher the areal removal rate the 
lower the land requirement for a given removal target.  

Available Carbon, pH and Dissolved Oxygen 
 

• Alkalinity levels were moderate within the influent flow, averaging 76 mg/L as CaCO3 for the 
YR2010-2011 monitoring period. When alkalinity is lower, pH levels in a productive ATS™ 
system tend to go higher than 9.0, and conditions are established for available carbon to become 
growth limiting. 

 
• For the YR2010-2011 monitoring period, the midday pH in floway PS- ATS™ increased from an 

average influent pH of 7.02 to an average effluent pH of 7.67 and for BS-ATS™ from an average 
influent pH of 7.03 to 7.62. Based on the stable influent pH to the Rockaway ATS™ pilot units, 
and outflow pH levels that rarely exceeded a pH of 9.5, adequate carbon was available for algal 
growth based on inflow water quality characteristics.  

 
• With available nitrogen, phosphorus and carbon, it is reasonable to expect higher rates of algal 

productivity and nitrogen removal rates when the ATS™ technology is applied to direct treatment 
of Rockaway WPCP effluent; nevertheless, as discussed in Sections 2 (flow interruptions) and 
Section 3 (bacterial competition), there may be other factors that have affected algal productivity. 

 
• For the YR2010-2011 monitoring period the ATS™ increased dissolved oxygen (DO) levels 146% 

for PS-ATS™ floway from 5.14 mg/L to 12.69 mg/L, and for BS-ATS™ floway increased DO 
134% from 5.58 mg/L to 13.05 mg/L.  
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System Potential 
 

• ATS™ pollutant removal rates are based on algal productivity as measured in dry-g/m2-yr and 
harvested tissue pollutant concentrations. The typical range of nitrogen concentration in algal turf 
biomass ranges from 1.5 to 7%, with tissue phosphorus concentrations typically ranging from 
0.25% to 2.5%.  Based on algal productivity rates within an Algal Turf Scrubber® system, 
potential nitrogen areal removal rates range from 50 to 1300 g/m2-yr, while potential phosphorus 
areal removal rates range from 20 and 500 g/m² -yr as illustrated in Figure ES-1. Pollutant areal 
removal rates may be plotted against Present Worth Costs as illustrated in Figure ES-2. 

 

0

200

400

600

800

1,000

1,200

0.3% 0.5% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0%

Tissue Nutrient Concentration

Ar
ea

l R
em

ov
al

 R
at

e 
(g

/m
2-

yr
)

0

2,000

4,000

6,000

8,000

10,000

12,000

Ar
ea

l R
em

ov
al

 R
at

e 
(lb

s/
ar

e-
yr

)10 dry-g/m2-yr
20-dry-g/m2-yr

30-dry-g/m2-yr

40-dry-g/m2-yr

50-dry-g/m2-yr

 
Figure ES-1. Nutrient Areal Removal Rates Based on Algal Productivity (dry-g/m2-yr) and Tissue Nutrient 
Concentrations. 
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SECTION 1. PROJECT BACKGROUND 

Project Review  

The Rockaway Algal Turf Scrubber® Pilot project as defined within this project report is conducted in 
accordance with Difazio Industries Purchase Order #09-HS00-183 dated July 12, 2010. The Algal Turf 
Scrubber® pilot is part of a NYC DEP contract entitled "CSO – PlaNYC: Ecological and Best 
Management Practices (BMP) Planning to Address Combined Sewer Overflows). The project team 
responsible for execution of the Algal Turf Scrubber® pilot program includes Hazen &Sawyer, HydroQual, 
BioHabitats, Difazio Industries and HydroMentia, Inc.  

The Algal Turf Scrubber® (ATS™) is one technology that could be applied to facilitate reduction of 
nutrient loads associated with Jamaica Bay, as it has been shown effective in facilitating nutrient 

with systems operated at high nutrient levels in more 

onditions. Data gathered from pilot studies are introduced into the project development process 
more efficient system and allow more reliable cost estimating, while expanding the 

rocess dynamic. 

r Pollution Control Plant. The results from the ATS™ pilot would be used to (i) verify 
eriphyton growth projections developed in preliminary Algal Turf Scrubber® Design Model (ATSDEM) 

reduction from native surface waters in which nitrogen and phosphorus levels require further reduction. 
Though the majority of recent Algal Turf Scrubber® projects have focused on the application of the ATS™ 
technology for the reduction of nitrogen and phosphorus from urban and agricultural storm water runoff, 
and nutrient impaired surface waters, ATS™ has shown increased removal rates at higher nitrogen and 
phosphorus concentration source waters such as those typically associated with wastewater effluent. 
Additionally, the majority of Algal Turf Scrubber® related projects have been conducted in more southern 
climates, so treatment performance associated 
northern climates like the Rockaway ATS™ will provide valuable data necessary to assess the economics 
of this technology in more northern applications. 
 
As noted in the original Algal Turf Scrubber® proposal, while certain planning decisions and cost 
estimates can be made through modeling and desktop assessments for water treatment technologies, 
there are certain limitations to the level of accuracy and degree of certainty that can be provided through 
these types of reviews. Field demonstrations or pilot studies are suggested as a means of allowing the 
engineer and the operator to evaluate the performances of proposed treatment systems under site-
specific c
to facilitate design of a 
understanding of the p
 
A pilot scale investigation of a 600’ ATS™ was originally proposed in November 2007 to simulate 
application of the ATS™ technology targeting the water quality conditions associated with effluent from 
the 26th Ward Water Pollution Control Plant (WPCP). The 26th Ward WPCP discharges to Jamaica Bay. 
The intent was to investigate the potential application of the ATS™ technology for further reducing 
nitrogen loads from the 26th Ward WPCP after a planned BNR upgrade, which was expected to reduce 
effluent total nitrogen concentrations to 8 mg/L.  
 
Following award of the CSO – PlaNYC: Ecological and Best Management Practices (BMP) Planning to 
Address Combined Sewer Overflows project, team members from Hazen & Sawyer and HydroQual 
initiated a site selection process of potential WPCP sites that discharge to Jamaica Bay. Following the 
site selection review by the project team, the decision was made to install the ATS™ pilot at the 
Rockaway Wate
p
projections and (ii) optimize the design of a full-scale Algal Turf Scrubber® Water Pollution Control 
Facility.  

Technology Review 
 
The Algal Turf Scrubber® (ATS™) is a water treatment technology that can offer cost-effective, nitrogen 
and phosphorus control in agricultural, industrial and urban applications. Unique to the ATS™ is the 
capacity to provide cost-effective nitrogen and phosphorus control at levels below 2.0 mg/L and 500 ppb, 
respectively. This unique capacity allows the ATS™ to (i) provide nitrogen and phosphorus control to 
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levels below Advanced Wastewater Treatment (AWT) standards and (ii) to make possible for cost-
effective treatment of nonpoint source discharges and restoration of impaired surface waters. 
 
In simplest terms, in the ATS™ unit, polluted water is pulsed in waves across a sloped floway of extended 
length.  Algal turf, which consists of dense mats of simple algae are cultivated on the floway surface. As 
the algae grow, they remove nutrient pollutants (nitrogen and phosphorus) from the water. In addition to 
direct plant uptake, the Algal Turf Scrubber® is optimized to facilitate precipitation of phosphorus into the 
algal biomass.  
 
Algal biomass is harvested and processed into marketable commodities such as container media, and 
potentially energy feedstock. Regular recovery of the biomass maintains the algae in an accelerated 
growth phase and provides sustainability as nutrients are continuously removed and recovered from the 
treatment unit.  The conversion of recovered algal biomass into useable end-products has the potential of 
creating a revenue stream, thus reducing water treatment costs. 
 
While shown to be cost effective in the recovery of nitrogen and phosphorus at levels below AWT 
standards, limited performance data is available relative to performance of the ATS™ technology at 
higher nitrogen and phosphorus levels associated with secondary wastewater.  
 
Prior to 2010, the only testing of ATS™ performance relative to the treatment of municipal secondary 
wastewater occurred in Patterson, California (Lat 37°). The Patterson ATS™ pilot was a 21.3’ wide by 
500’ long ATS™ pilot system that was operated at LHLR range of 3.8 to 10.6 gpm/lf. The mean total 
nitrogen inflow concentration for the 12 month period was 13.2 mg/L, and the mean nitrogen areal 
removal rate 2s (ARR) was 432 g/m -yr (3051 lbs/acre-yr). 
 
In early 2010 a pilot ATS™ unit was installed in Dalton, Georgia to investigate phosphorus treatment 
performance of the ATS™ technology when applied to the industrial/municipal wastewater effluent from 
the Dalton WPCP. The Dalton Utilities ATS™ pilot was a 1’ wide by 880’ long ATS™ pilot system that 
was operated at LHLR range of ~ 20 gpm/lf. The mean total nitrogen inflow concentration for the six-
month period in which total nitrogen removal was monitored was 8.1 mg/L, and the mean nitrogen ARR 
was 802 g/m -yr (7155 lbs/acre-yr). 2

 
The Dalton utilities system was operated at the higher hydraulic loading rate in response to data from 
ATS™ testing in Okeechobee, Florida where nitrogen areal removal rates were significantly higher at the 
increased linear hydraulic loading rate. The Okeechobee pilot testing was performed on agricultural runoff 
with an inflow total nitrogen concentration of 1.85 mg/L. For reference, the nitrogen ARR for the 
Okeechobee pilot operated at a linear hydraulic loading rate of 18.8 gpm/lf was 722 g/m2-yr (6,441 
lbs/acre-yr). The nitrogen areal removal rate was significantly higher for floways operated at higher 
hydraulic loading rates as illustrated in Figure 1. 
 
Based on these findings from both point source and nonpoint source applications of the Algal Turf 
Scrubber® technology, a design strategy for pilot testing the ATS™ at the Rockaway WPCP was 
developed. 
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Figure 1: Nitrogen Areal Removal Rates for three ATS™ floways of 300 foot length Operated in 
Okeechobee Florida May 11, 2004 to November 29, 2004 for the Treatment of Taylor Creek, a Surface 
Water Impaired by Agricultural Runoff.2 
 
 
As nutrient removal within an ATS™ system is primarily based upon the mass of algae collected 
(harvested) and removed from the system, and the concentration of nutrients in the harvested tissue, 
optimization of algal growth is critical relative to optimization of the ATS™ system for maximum nitrogen 
and/or phosphorus removal.  
 
Illustrated in Figure 2 are nutrient removal rates based on algal productivity as measured in dry-g/m2-yr 
and harvested tissue nutrient concentrations. The typical range of nitrogen concentration in algal turf 
biomass ranges from 1.5 to 7%, with tissue phosphorus concentrations typically ranging from 0.25% to 
2.5%.  Nutrient content in the tissue is highly dependent on tissue concentration of the source water as 
well as the design and operation of the Algal Turf Scrubber® system.  
 
Based on algal productivity rates within an Algal Turf Scrubber® system, potential nitrogen areal removal 
rates range from 50 to 1300 g/m2-yr, while potential phosphorus areal removal rates range from 20 and 
500 g/m² -yr. The lower end of the areal removal rate range reflects conditions in which the source water 
has very low nutrients, typically measured in the parts per billion ranges, or the growth rate is very slow 
due to temperature or other factors, while the higher-end removal rates reflect pollutant removal 
associated with nutrient laden wastewaters and high algal growth rates. 

                                                      
2 S-154 Single Stage Algal Turf Scrubber® (ATS™) Final Report   HydroMentia, Inc. March 2005. SFWMD Contract C-13933. 
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Figure 2. Nutrient Areal Removal Rates Based on Algal Productivity (dry-g/m2-yr) and Tissue Nutrient 
C trations. 
 
 
Provided in Tables 1 and 2 are the summary ATSDEM model runs for the Rockaway plant from the 
Rockaway ATS™ Pilot Preliminary Performance Modeling Report submitted on September 20, 2010. In 
this report monthly nitrogen areal removal rates were projected to range from a most conservative value 
of 33 g/m²- yr in February, to an optimal areal removal rate of 1,291 g/m²-yr in August. The annual 
average nitrogen ar moval rate based on conservative model projections was 93 g/m²-yr, while the 
nitrogen areal removal rate based on model projections for optimal conditions was 840 g/m²-yr.  
 
It should be noted that “Optimal” conditions within the preliminary performance modeling report reflect 
optimal performance of the Algal Turf Scrubber® technology after the algal turf community has proceeded 
through the start up ph , and the ATS™ system is fully operational. These optimal values would not be 
expecte eved u til after the first year of  continuous operation. 
 
Phosp rus areal l rates for the 20 gpm/lf floway were projected to range from a most 
con value of 9 m²- yr in February, to an optimal areal removal rate of 455 g/m²-yr in August. 
The a al average p phorus areal removal rate based on conservative model projections was 30 
g/m²-yr, while the nitroge areal removal rate based on model projections for optimal conditions was 319 
g/m²-yr. As noted in t ragraph above, optimal conditions within the preliminary performance modeling 
repo ct optimal pe rmance of the Algal Turf Scrubber® technology after the algal turf community 
has p eeded throug  start up phase, and the ATS™ system is fully operational.  
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Table 1: Summary of ATSDEM model runs for RO-ATS™ at an LHLR of 20 gpm/lf from Rockaway ATS™ Pilot Preliminary Performance Modeling 

eport Submitted on September 20, 2010. R
 
OPTIMAL

MONTH Water T C TP mg/l TP mg/l lbs g/m2-yr Removal TN mg/l TN mg/l lbs Rate g/m2-yr Removal lb pH pH g/s
Jan 7.2 2.50 2.34 1.21 199 6.52% 15.23 14.83 2.97 487 2.62% 518 6.70 6.81 37
Feb 7.5 1.80 1.66 0.93 169 7.68% 14.30 13.89 2.75 499 2.86% 974 6.70 6.81
Mar 10.5 2.80 2.60 1.52 249 7.27% 15.19 14.73 3.45 565 3.05% 1,204 6.80 7.51

Average Influent Effluent 
P 

removed 
P areal 

Removal Rate Percent P Influent Effluent N removed 
N areal 

Removal Percent N 

Wet 
Harvest at 
8% solids Influent Effluent productivity dry 

m-day
.27

38.80
43.30

Apr 13.5 1.90 1.71 1.37 232 9.97% 15.11 14.56 3.99 676 3.66% 1,396 6.70 6.86 51.88
May 17.3 2.10 1.82 2.07 340 13.23% 13.75 13.00 5.62 922 5.48% 2,015 6.70 7.47 72.48

1.72
101.31

23.2 2.00 1.63 2.77 455 18.63% 11.75 10.73 7.60 1,248 8.69% 2,832 6.60 6.90 101.85
Sep 20.9 2.30 1.95 2.55 432 15.37% 12.23 11.34 6.41 1,087 7.27% 2,364 6.40 6.60 87.86
Oct 17.4 2.40 2.09 2.33 382 13.03% 11.46 10.71 5.59 917 6.55% 2,087 6.70 7.72 75.05
Nov 13.6 2.40 2.17 1.64 279 9.51% 13.80 13.24 4.07 690 4.09% 1,456 7.00 8.69 54.13
Dec 9.3 2.40 2.23 1.28 210 7.16% 14.41 13.98 3.17 521 2.96% 1,124 6.90 8.52 40.41

AVERAGES 15.4 2.23 1.96 1.91 319 11.97% 13.81 13.12 5.04 840 5.12% 1,771 6.69 7.29 66.34
TOTALS 22.93 60.42 21,254

CONSERVATIVE

MONTH
Average 
Water T C

Influent 
TP mg/l

Effluent 
TP mg/l

P 
removed 

lbs

P areal 
Removal Rate 

g/m2-yr
Percent P 
Removal

Influent 
TN mg/l

Effluent 
TN mg/l

N removed 
lbs

N areal 
Removal 

Rate g/m2-yr
Percent N 
Removal

Wet 
Harvest at 
8% solids 

lb
Influent 

pH
Effluent 

pH
productivity dry 

g/sm-day
January 7.2 2.50 2.49 0.08 13 0.44% 15.23 15.20 0.24 40 0.21% 46 6.70 6.71 3.31

February 7.5 1.80 1.79 0.05 9 0.41% 14.30 14.27 0.18 33 0.19% 71 6.70 6.71 2.84
March 10.5 2.80 2.78 0.14 24 0.69% 15.19 15.14 0.39 64 0.35% 150 6.80 6.82 5.38

April 13.5 1.90 1.88 0.13 21 0.92% 15.11 15.05 0.46 77 0.42% 175 6.70 6.72 6.50
May 17.3 2.10 2.07 0.19 31 1.22% 13.75 13.67 0.62 101 0.60% 247 6.70 6.73 8.89

June 21.1 2.20 2.16 0.26 44 1.63% 14.45 14.34 0.82 140 0.79% 322 6.60 6.63 11.99
July 23.2 1.90 1.86 0.27 44 1.89% 14.04 13.91 0.94 155 0.90% 374 6.50 6.53 13.44

August 23.2 2.00 1.86 0.28 46 1.88% 11.75 11.63 0.88 145 1.01% 376 6.60 6.63 13.52
September 20.9 2.30 2.26 0.26 43 1.55% 12.23 12.13 0.74 125 0.84% 310 6.40 6.42 11.52

October 17.4 2.40 2.37 0.22 36 1.23% 11.46 11.38 0.60 98 0.70% 256 6.70 6.73 9.22
November 13.6 2.40 2.38 0.16 27 0.91% 13.80 13.74 0.46 78 0.46% 183 7.00 7.21 6.82
December 9.3 2.40 2.38 0.12 20 0.68% 14.41 14.36 0.36 59 0.34% 142 6.90 6.90 5.10

AVERAGES 15.4 2.23 2.19 0.18 30 1.12% 13.81 13.73 0.56 93 0.57% 221 6.69 6.73 8.21
TOTALS 2.15 6.69 2,653

Jun 21.1 2.20 1.84 2.58 437 16.27% 14.45 13.49 6.95 1,178 6.67% 2,468 6.60 6.86 9
Jul 23.2 1.90 1.54 2.68 439 18.93% 14.04 12.98 7.87 1,291 7.53% 2,817 6.50 6.76

Aug
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Percent P 
Removal

4.06%
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6.37%

Influent 
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 mg/l
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Rate g/
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Emphasis is placed in reporting on the performance measure – “areal removal rate”. Nutrient or pollutant areal removal rates provide a critical 
easure for evaluating the economic cost of a technology such as the Algal Turf Scrubber®. Illustrated in Figure 3 are 25-YR Present Worth 
osts (PWC) for a hypothetical 25 MGD Algal Turf Scrubber® with a floway length of 600 feet under the specified range of nutrient removal rates. 
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Figure 3. 25YR Present Worth Costs for Nutrient Removal at Varying Nutrient Areal Removal Rates based on application of a 25 MGD Algal Turf 

ubber® System 
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Rockaway Algal Turf Scrubber® System 

TS™ pilot, the Rockaway program was designed around the 
 identical 350 foot long, 1 foot wide aluminum Mobile Pilot 

 
 

xisting side, a 350 foot floway was selected, less than originally proposed 600 foot floway leng

The MPU is composed of a sloped floway constru lined with a geosyntheti nd 
overlain with a grid matrix. ilot will facilitate shallow laminar flow at 
velocities of approximately  - 8 minutes, during w  
algal turf ty attac ients from the flowing water, thereby 
reducing oncentr gulation and periodic removal 
(harv a munity remains viable and effective.  

ue to limited land availability associated with New York City wastewater treatment facilities, it was 

ear hydraulic loading rates (LHLR) higher than 
as been previously investigated. Higher pollutant areal removal rates would correlate to a smaller 

U is as noted in Figure 4 and Images 1-2. The general layout, and 
flow and outflow water transport systems for the Rockaway site were provided by HydroQual and Hazen 

The two Rockaway ATS™ pilot units will be identified throughout the following report as Plantside ATS™ 
ayside (BS-ATS™). These two parallel MPUs are shown in Illustrations 1 and 2. The 

esign linear hydraulic loading rate for PS-ATS™ was set at 20 gpm/lf, with the BS-ATS™ operating at 

n system slope can be made to facilitate changes in 

way.  

 
Figure 4. S

To meet the intent of the proposed A
stallation and simultaneous operation of twoin

Units (MPU). The ATS™ MPU was developed by HydroMentia for purposes of pilot testing the ATS™
echnology where permanent pilot facility construction is not desirable. Due to physical limitations of thet
e th.     

c liner acted of aluminum, 
At an influent rate of 20 -40 gpm, the p
0.75 fps, and a hydraulic detention period of 4 hich the

communi
nutrient c

hed to the floway grid extracts nutr
ations. The system operation requires flow re

esting) of excess alg l turf, which ensures the biological com

D
proposed by the project team that one of the Algal Turf Scrubber® pilot units be operated under standard 
ATS™ hydraulic loading rates (20 gpm/lf), and the second pilot unit be operated at an increased hydraulic 
loading rate (40 gpm/lf) in an effort to determine if higher pollutant areal removal rates could be achieved 
in wastewater applications by operating the ATS™ at lin
h
footprint for any full-scale ATS™ system. 

The general layout of a typical MP
in
& Sawyer, with review by HydroMentia.  

(PS-ATS™) and B
d
40 gpm/lf. 

Both ATS™ pilot floways were set at the design slope of 0.5%. The slope of the ATS™ allows the water 
 pass via gravity down the floway. Adjustments ito

water velocity. Flows were measured using an Eastech Flow Control Vantage 4400, Ultrasonic 
Flowmeter. For water quality sample collection, time sequenced ISCO 6712 Autosamplers were 
mployed at the influent and effluent of each floe

 

chematic of Typical Pilot-Scale ATS™ System. (Not to Scale) 

Surger box

Inf
 pump station 

ATS™ MPU parallel floways  
1’ Wide x 350’, 0.5% Slope  

Influent Sampler

Effluent Sampler
luent FM from  

Effluent Sump
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SECTION 2. OPERATIONS 

 within this report and the corresponding data collection periods are as follows: 

Monitoring Period / Period of Record 
 
Data reported
 

 Monitoring Period 
Length 
(Days) 

Sep 15, 2010 to Dec 13, 2010 (Flow) 89 YR2010 Oct 12, 2010 to Dec 13, 2010 (Water Quality) 62 
Mar 22, 2011 to Dec 13, 2011 (Flow) 266 YR2011 Apr 13, 2011 to Dec 13, 2011 (Water Quality) 244 
Sep 15, 2010 to Dec 13, 2011 (Flow) 355 YR2010 – YR2011 Oct 12, 2010 to Dec 13, 2011 (Water Quality 306 

 
In YR2010, flow was introduced to the newly installed system on September 15, 2010, with the water 
quality monitoring being initiated on October 12, 2010. The two pilot systems were operated until 
December 13, 2010, at which time they were shut down to avoid any possible water delivery problems 
associated with freezing water within the pump stations. 
 
In YR2011, flow was reintroduced to the BS-ATS™ floway on March 22, 2011, and on March 24, 2011 for 
the PS–ATS™ floway. Water quality monitoring was initiated on April 13, 2011 These systems were 
perated until December 13, 2011 

During initial operation of any Alga e n a Start-Up 
and Stabilization Phase for the algal turf comm l p d below: 

System Start
 
When operation of an Algal Turf S system is in , some time is velopment of 
a viable alga ng this ment period, system performan dependent on the 

shment of this developing bi

o
 

l Turf Scrubb
unity

r® floway, the system
. ATS™ operationa

 is considered to be i
hases are as define

-Up 

crubber® itiated required for de
l turf. Duri  develop

omass. 
ce is 

establi
 
For the Algal Turf Scrubber®, definitions that distinguish the Start-up & Stabilization Phase from the Fully 
Operational Phase are provided below.  
 

Algal Turf Scrubber® Operational Phases: 
 

(1) Start-up and Stabilization Phase: System start-up is initiated with the 
continuous flow to the Algal Turf Scrubber® Floway. During the start-up phase, an 

introduction of 
initial algal turf 

community is established on the floway. During the stabilization phase, the start-up algal turf 
community proceeds through ecological succession toward a sustai al turf community. 
 
The system operator shall define the stabilization phase com the system as fully 
operational when the following conditions are met: 
 
a. A sustained al nity is present o f the  surface area 
 
b. A sustained a d ma or a um period of 120 days 

with (i) minim inant al ecies (ii) minimal changes in 
algal productiv changes that istent nges in inflow water 
quality and am

ned alg

plete and 

 flowaygal turf commu ver 90% o

lgal turf is established an intained f minim
al variation of the dom gal turf sp  and 
ity; except those  are cons  with cha
bient conditions 
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(2) Fully Operational Phase: Algal Turf Scrubber® fully ional when a sustained 
algal turf community is aintained i tion w utine biomass recovery 
on the floway. Algal tu nal phase plex unity of algae, bacteria, 
diatoms and micro and  and detr inant attached algae species for 
the sustained algal tur n water q ason and geographical location. 

 
 community i gments o c alg nd within the source water.  

uring the Start-up and Stabilization Phase, the algal turf community goes through natural succession 
hytic/epiphytic algal 
 improving.  

s typically noted with most Algal Turf Scrubber® start-ups, the first evidence of algae growth is  
flocculent, dispersed groups of algae dominated by diatoms, which ap  brown to brownish-green 
accumulations. As ecological succession proceeds, filamentous algae - typically green algae and, in 
some cases, filamentous diatoms - begin to appear, and eventually b ibly predominant, forming 
a base of a more diverse community, that includes epip , b en bacteria and unicellular 
green algae, as well a t of bacteria c sals and symbiotes, and 
invertebrate grazers, detriti ors. 
 
Duration of the Start-up an Phase is difficu ct, and the duration will vary according 
to water quality and ambi tal conditions e s iation, water temperature, 
hydraulic loading rates and ability, etc.  
 
This start-up and stabiliza milar to other p  treatment systems, where 
optimal performance is ac er the initial sta stab  phases3. As noted by the 
South Florida Water Mana t and the Florid ent of Environmental Protection, it is 
anticipated that the treatm in a treatment w ll req w-
through operations begin s to achieve optimal perfo e; and overall performance 
of the treatment wetland mely difficult to evaluate and predict during the start-up and 
stabilization period. While  stabilization p he AT s of shorter duration than a 
treatment wetland, perfor the initial 12  should be considered a 
conservative estimate of tr tial for the Algal m. 
 
As the standing crop of at creases it can b d to a biomass density at which 
productivity and nutrient up
 
The Algal Turf Scrubber® t initial system start-up Stabilization Phase after the following 

system is operat
 established and m n conjunc ith ro
rf of the fully-operatio  is a com comm
 macro invertebrates

f will vary dependent o
itus. Predom
uality, se

The algal turf
D

s developed from fra f periphyti ae fou

like other ecological communities. During the Stabilization Phase the treatment perip
based community (algal turf) will be maturing and system performance will generally be
 
A

pear as

ecome vis
lue-gre
ommen

hytic diatoms
l and fungal full complimen

vores and predat

d Stabilization lt to predi
ent environmen that includ olar rad
 nutrient avail

tion period is si hotoautotrophic water
hieved only aft rt-up and ilization
gement Distric

 
a Departm

ent vegetation etland wi uire one to three years after flo
for the affected cell rmanc
system is extre
the start-up and eriod for t S™ i
mance during months of operation
eatment poten Turf Scrubber® syste

tached algae in e expecte reach 
take rates are optimized.  

may enter a pos
events: (1) system shut-do  conjunction  of sy flow; (2) system shut-down wn and dry-out in  with loss stem 
and algal die-off in conjun  temperature ned/ ned maintenance activities ction with freezing s; (3) plan unplan
which result in die-off of 4) algal die-off due to the ce of toxins in the source the algal turf; or ( presen
water. Duration of the stab owing these typica orter than the initial start-up ilization phase foll events is lly sh
and stabilization phase. 
 
To assess if changes in a sistent w es in  water quality and ambient 
conditions per Item (1)(b) a o consid s in n munity productivity relative 
to changes in key growth uding inflow trogen concentration and 
phosphorus concentration  systems nities impacted by many 
variables, changes in net be correlated with changes in water 
temperature and nutrient c  operation s.   
 
 

                                                   

lgal biomass are con ith chang inflow
bove, it is beneficial t er change et com
 parameters incl water temperature, ni
. While algal turf are dynamic commu
 community productivity will typically 
oncentrations in fully al system

   
rida Department of Environmental Protection and South Florida Water Management District. 

Fact Sheet for FDEP Industrial Wastewater Permit No. F10300195   
3 2008. Flo
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Analysis of Flows  
 
As noted in Section 1, the two ATS™ pilot units would initially be operated at design linear hydraulic 
loading rates (LHLR) of approximately 20 gpm/lf and 40 gpm/lf for the PS-ATS™ and BS-ATS™ floways, 
respectively. 
 
On September 15, 2010 flow to the two pilot Algal Turf Scrubber® floway's located at the Rockaway 
Water Pollution Control Plant was initiated. Monitoring of the influent and effluent water quality for 
purposes of documenting system performance was initiated on October 10, 2010. Flows continued until 
December 13, 2010, when the system was shut down due to cold temperature levels typical of the winter 
season.  
 
To measure flow, two influent flow meters with totalizers were installed on S
period prior to totalizer installation (September 15, 2010 to September 29, 

eptember 29th, 2010. For the 
2010), flows are assumed to 

e at the design flow rates of 20 gpm and 40 gpm for the PS-ATS™ and BS-ATS™, respectively. 
 
Following the winter shutdown, on d 24, w  to the BS-ATS™ and PS-
ATS™ floways, respectively. Monitori  ffluent wate  qu  
documenting system performance w on 11. Flows ued ber 13, 
2011, when the system was again shut down due to cold temperature levels typical of the winter season.  
 
Metered influent flows during YR20 2011 for the PS-ATS™ and BS-ATS™ are as provided 
belo . 
 
 

b

March 22 an
ng of the

as initiated 

2011 flo
influent and e
 April 13, 20

was re-started
r

contin
ality for purposes of

 until Decem

10 and YR
w

Floway 
Monitoring 

Period 
Total Metered Flow   

(million gallons) 
Period Mean Flow    

(gpm) 
PS-ATS™ YR201 23.7 0 2.18 
 YR201 1
   
BS-ATS™  Y 35.85 
  Y 2

1 6.45 9.44 
 

R2010 
R2011 

3.47 
9.9 8.51 

 
 
Wee ly flows and flow rates for th  are pr n Table  and s are 
calc tal flow for th nd the total number of days within the reported period. 
The  rates do not account for periods of no flow.  
 
 
Tab  3. Rockaway PS-ATS™ Period T  and Average Flow R R
 
 

k e PS-ATS™ ovided i s 3  4. These flow rate
ulated based on the to e period a
se

le otal Flow ater for Y 2010 

Week Ending 
Period Flow  

(gallons) 

Period 
Average 

Flow 
Rate 
(gpm) 

Septembe  r 15, 2010 20.0 
Septembe 0 20.0 
Septembe 20.0 

er 24.8 
e 010 24.8 
e 010 24.8 

r 21, 2010 
r 29, 2010 

164,40
222,000 

6 Octob
Octob

 
r 12, 2

5, 2010 203,85
239,568 

Octob r 19, 2 239,568 
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gh De

October 26, 2010 231,384 24.8 
November 2, 2010 239,568 24.8 
November 9, 2010 239,568 24.8 
November 15, 2010 203,856 24.8 
November 23, 2010 203,856 24.8 
November 29, 2010 50,000 6.1 
December 7, 2010 210,000 18.9 

 
 
Table 4.
 
 

 Rockaway PS-ATS™ Period Total Flow and Average Flow Rate for YR2010 

Week Ending 
Period Flow  

(gallons) 

Period 
Average 

Flow 
Rate 
(gpd) 

March 24, 2011   
April 20, 2011 201,600 20.87 
April 27, 2011 200,000 20.70 
May 4, 2011 150,000 15.53 
May 11, 2011 160,000 16.56 
May 19, 2011 190,000 17.12 
May 24, 2011 120,000 17.70 
May 31, 2011 200,000 20.70 
June 7, 2011 180,000 18.6 
June 14, 2011 150,000 15.5 
June 21, 2011 180,000 18.6 
June 28, 2011 200,000 20.7 
July 5, 2011 180,000 18.6 
July 12, 2011 200,000 20.7 
July 19, 2011 220,000 22.8 
July 26, 2011 240,000 24.8 
August 2, 2011 190,000 19.7 
August 9, 2011 180,000 18.6 
August 16, 2011 170,000 17.6 
August 23, 2011 220,000 22.8 
August 30, 2011 130,000 13.5 
September 6, 2011 350,000 36.2 
September 13, 2011 190,000 19.7 
September 20, 2011 190,000 19.7 
September 27, 2011 110,000 11.4 
October 4, 2011 260,000 26.9 
October 11, 2011 220,000 22.8 
October 25, 2011 300,000 15.2 
November 9, 2011 360,000 17.0 
November 22, 2011 260,000 14.2 
December 13, 2011 550,000 18.4 
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Based on 
relatively co
 
Reported in
PS-ATS™ 
estimated 5.5
PS-ATS™ flow
 
Each dry-out event cau
only during the flow i
several week
resulted in a signifi
 
 
Table 5. Rock
 

the objective of maintaining a design LHLR rate of 20 gpm/lf, the PS-ATS™ flow rate is 
nsistent when compared to the design objective.  

 Table 5 are periods of no flow for the project monitoring period. During the 12 months that the 
system was operated, there were a total of nine flow interruption events that lasted from an 

 hours to 87 hours. There was an estimated total of 416 hours of no flow, during which the 
ay was subject to dry-out.  

ses a loss of residual algae on the system, significantly impacting performance not 
nterruption, but depending upon the extent of dry-out; the impact may extend for 

s post dry-out. Accordingly, the multiple flow interruption events on the PS-ATS™ likely 
cant reduction in both algal production, as well as water treatment performance. 

away PS-ATS™ Periods of No Flow for YR2010 and YR2011 

  

PS-ATS™ 
Periods of 
No Flow      
(Date) 

PS-ATS™ 
Periods of 
No Flow      

(hrs) 

Cumulative 
Period of No 

Flow         
(hrs) 

Cause of Flow 
Interruption 

YR 2010 Start-up 9/15/2010 0    
 9/19/2010 12 
 
 

9/20/2010 12 
24 System turned off 

unknown cause 
10/21/2010 5.5 5.5 Broken splash guard 

 11/22/2010 24 
 
 

11/23/2010 24 
48 Electrical problems 

11/25/2010 9 
 
 
 
 
 

11/26/2010 24 
11/27/2010 24 
11/28/2010 24 
11/29/2010 6 

87 Electrical problems 

12/7/2010 5.5 5.5 Liner detached 
 12/11/2010 24 
 
YR 2010 
  

12/12/2010 24 
Shut-Dow 12/13/2010 24 

72 Electrical problems 

       
n 

YR 2011 Start-up 3/24/2011 0     
 6/12/2011 6 
 
 
 

6/13/2011 24 
6/14/2011 12 

42 Influent pump leak 

8/27/2011 12 
 
 
 

8/28/2011 24 
8/29/2011 12 

48 
Preventative 
shutdown for 
hurricane 

9/24/2011 10 
 
 
 
YR 2011 

9/25/2011 24 
9/26/2011 24 
9/27/2011 17 

75 Influent piping 
obstruction 

Shut-Dow 12/13/2011 0     n 
Total No. Flow Inte tions   9     rrup
Total Hours of No Flow   416     

20 
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n Figure 5 are the periods of flow interruption in e rs. In Figure 6 are shown the period flow rates for PS-ATS
rates in Figure 6 have been adjusted from Tables 3 and 4 so as t lect actual flow rates for the period of time during which
water. 
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Figure 5. Rockaway PS-ATS™ Periods of No Flow for YR2010 and YR2011 
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Section 1, th i  typically defined as complete, and the system is fully 
operational, after a sustained a blis m riod of 120 days. Due to the multiple flow interruptions that 
occurred in conjunction with op ATS n t system operated without a flow interruption impacting algal 
growth was 80 days for the p , J  impacts associated with the multiple dry out events, the 
performance data associated w  o e estimate of the potential of the ATS™ technology. 
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Figure 6. Rockaway PS-ATS™ P es d low YR2010 and YR2011 
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Weekly flows and flow rates for the BS-ATS™ are provided in Tables 6 and 7. These flow rates are 
alculated based on the total flow for the period and the total number of days within the reported period. 

 Rockaway BS-ATS™ Period Total Flow and Average Flow Rater for YR2010 
 
 

c
These rates do not account for periods of no flow.  
 
Table 6.

Week Ending 
Period Flow  

(gallons) 

Period 
Average 

Flow 
Rate 
(gpm) 

Septembe  r 15, 2010 40.0 
Septembe 0 
Septembe 0 
October 6 37.8 
Octobe 2, 2010 310,71 37.8 
October 1 37.8 
October 2 4 37.8 
Novembe 8 
Novembe 8 37.8 
Novembe 6 37.8 
Novembe 6 28.0 
Novembe 0 
Decembe 0 
Decembe 0 37.7 

r 21, 2010 328,80 40.0 
r 29, 2010 444,00 40.0 

5, 2010 310,71
r 1 6 

9, 2010 365,148 
6, 2010 352,67
r 2, 2010 365,14 37.8 
r 9, 2010 365,14
r 15, 2010 310,71
r 23, 2010 310,71
r 29, 2010 270,00 32.8 

35.1 r 7, 2010 390,00
r 13, 2010 310,00

 
 
Tab  7. Rockaway BS-ATS™ Period T  and Average Flow R R
 
 

le otal Flow ater for Y 2011 

Week Ending 
Period Flow  

(gallons) 

Period 
Average 

Flow 
Rate 
(gpm) 

March 22, 20  11 40.0 
March 29, 20 40.0 

 40.0 
1 40.0 

April 20, 2011 373,000 38.6 
April 27, 2011 320,000 33.1 
May 4, 2011 370,000 38.3 
May 10, 2011 270,000 32.8 
May 19, 2011 380,000 30.3 
May 24, 2011 280,000 41.3 
May 31, 2011 510,000 52.8 
June 7, 2011 360,000 37.3 
June 14, 2011 280,000 29.0 
June 21, 2011 60,000 6.2 
June 28, 2011 20,000 2.08 
July 5, 2011 150,000 15.5 

11 403,200 
April 5, 2011 403,200 
April 12, 201 403,200 
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July 12, 2011 140,000 14.5 
July 19, 2011 180,000 18.7 
July 26, 2011 330,000 34.2 
August 2, 2011 290,000 30.0 
August 9, 2011 290,000 30.0 
August 16, 2011 230,000 23.7 
August 23, 2011 220,000 22.8 
August 30, 2011 110,000 11.4 
September 6, 2011 200,000 20.6 
September 13, 2011 170,000 17.8 
September 19, 2011 80,000 9.7 
September 20, 2011 30,000 30.3 
September 27, 2011 410,000 42.6 
October 4, 2011 420,000 43.3 
October 11, 2011 370,000 38.3 
October 25, 2011 780,000 39.5 
November 9, 2011 720,000 34.0 
November 22, 2011 610,000 33.4 
December 13, 2011 950,000 31.9 

 
 
The BS-ATS
operation an
 
Followi
reducin
hydrauli
subse
2011. Thi
increa
time the desi
 
As with th
period, re
periods of no 
 

interruption 
estimated
PS-ATS™ floway, ea
impactin
impact may e
 
 

™ was operated to maintain a design LHLR rate of 40 gpm/lf. Through the YR2010 period of 
d up until June 14, 2011 the 40 gpm design flow rate objective was maintained.  

ng the June 14, 2011 harvest, the design floway rate was reduced to 10 gpm. The intent of 
g the flow rate was to evaluate changes in algal growth and treatment performance at the lower 
c loading rate. Due to challenges associated with solid buildup in the influent piping, and a 

quent floway shut down, the design flow rate was increased to approximately 15 gpm on July 5, 
s design flow was maintained for two weeks until July 19, 2011, when the design flow rate was 

sed to 30 gpm. The 30 gpm design flow rate was maintained until September 20, 2011 at which 
gn flow rate was returned to 40 gpm, where it was maintained until the end of the project. 

e PS-ATS™ floway, the BS-ATS™ experienced multiple flow interruptions during  
sulting in system dry-outs that occurred both in YR2010 and YR2011. Reported in Table 8, are 

flow for BS-ATS™ floway for the project monitoring period.  

During the 12 months that the BS-ATS™ a system was operated, there were a total of eight flow 
events that lasted from an estimated 5.5 hours to 123 hours. The floway was exposed for an 

 379 hours, during which there was no flow and the system was subject to dry-out. As e 
ch dry-out event caused a loss of residual algae on the system; significantly 

g performance not only during the flow interruption, but dependent upon the extent of dry-out, the 
xtend for several weeks post dry out.  

 the study

with th
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Ta  Rockaway BS-ATS™ Periods of No Flow for YR2010 and YR2011 
 
 

ble 8.

  

BS-ATS™ 
Periods of 
No Flow      
(Date) 

BS-ATS™ 
Periods of 
No Flow      

(hrs) 

Cumulative 
Period of No 

Flow         
(hrs) 

Cause of Flow 
Interruption 

YR 2010 Start-up 9/15/2010 0    
 10/6/2010 12 
 
 

10/7/2010 12 
24 System turned off 

unknown costs 
10/21/2010 5.5 5.5 Broken splash guard 

 12/7/2010 5.5 5.5 Liner detached 
YR 2010 Shut-D 12/13/2010 24     own 
         
YR 2011 Start-u 3/22/2011 0     p 
 6/12/2011 6 
 
 
 

6/13/2011 24 
6/14/2011 12 

42 Influent pump leak 

6/23/2011 20 
 
 
 
 
 
 

6/24/2011 24 
6/25/2011 24 
6/26/2011 24 
6/27/2011 24 
6/28/2011 7 

123 Piping Obstruction 

8/27/2011 12 
 
 
 

8/28/2011 24 
8/29/2011 12 

48 
Preventative 
shutdown for 
hurricane 

9/16/2011 10 
 
 
 
 

9/17/2011 24 
9/18/2011 24 
9/19/2011 17 

75 Influent piping 
obstruction 

11/21/2011 12 
 
YR 201

11/22/2011 12 
24 Influent piping 

obstruction 
1 Shut-D 12/13/2011 0     own 

Total No. Flow I uptions   8     nterr
Total Hours of No Flow   379     

 
 
 
 
 
 
 

25 
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Figures 7 and 8 are the periods of no flow and period flow rates for B  
Tables 6 and 7 so as to reflect flow rates for the period of time floway received water. 
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Figure 7. Rockaway BS-ATS™ Periods of No Flow for YR2010 and YR2011 
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ngest od of time that the BS-ATS™ floway operated without a flow interruption impacting algal growth was 83 days for the period h 
22, 2011 to e 13, 2001. Due to the impacts associated with the multiple dry out events, the performance data associated with the BS-ATS™ 
floway provi a conservative estimate of the potential of the ATS™ technology. 
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Figure 8. Rockaway PS-ATS™ Period Flow Rates Adjusted for Periods of No Flow for YR2010 and YR2011 
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SECTION 3. ASSESSMENT OF BIOMASS 

Biomass Productivity  
 

s noted in the prior section, water flow was introduced toA  the PS-ATS™ and BS-ATS™ floways on 
 PS-ATS™ 

rf had developed 
n both floways prior to initiation of the ality monitori program t of the initial 

algal turf was slightly more pro n BS-ATS™ elivered s somewhat 
more reliable during the early
 
The first ATS™ harvests occurred o -A a un  a at 
occurred on O , 2010. Followin perio o flo  occu n Oc 7, BioHabitats 
personnel f ndar col emov ead  fro flow  occurred in 
conjunction with the system ut. Hy ntia p und ene remove dried 

nd dead biomass that adheres to the floway following a dry out to minimize development of less 
esirable blue-green algae that respond to the presence of the dead organic material on the floway. 

September 15, 2010. Prior to initiation of water quality monitoring on October 12, 2010, the
loway received flows as specified in the previous section. Consequently, some algal tuf
o  water qu

nounced o
ng 

 as flow 
. The developmen
 to this floway wad

 period.   

n the BS
g the 

TS™ flow
d of n

y in conj
w that

ction with
rred o

 system dry out th
tober ctober 7

ollowed sta d proto  for r al of d  algae m the ay that
dry o droMe ersonnel have fo that is b ficial to 

a
d
 
The initial harvest in which biomass was recovered occurred on October 19, 2010. Provided in Table 9 is 
a summary of the 38 harvest dates/events for both the PS-ATS™ and BS-ATS™ floways for YR2010 and 
YR2011. 
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Table 9. Rockaway PS-ATS™ and BS-ATS™ Algal Biomass Harvest Events for YR2010 and YR2011 
 
 

Calendar Quarter Harvest Date Floway 
10/19/10 (BS–ATS™ only) BS-ATS™ 

10/26/2010 BS-ATS™ & PS-ATS™  
11  & PS-ATS™  

 -  P ™
11/23/2010 BS-ATS™ & PS-ATS™  
11/29/2010 BS-ATS™ & PS-ATS™  

Q4-201

12/13/2010 BS-ATS™ & PS-ATS™  

/2/2010 BS-ATS™
11/15/2010 BS ATS™ & S-ATS   0 (Oct-Dec)    

Q1-2011 Mar)  (Jan- Winte -Down r Shut   
4/20/2011 BS-ATS™ & PS-ATS™  
4/27/2011 BS-ATS™ & PS-ATS™  
5/4/2011 BS-ATS™ & PS-ATS™  
5/11/2011 BS-ATS™ & PS-ATS™  
5/19/2011 BS-ATS™ & PS-ATS™  

BS-  P ™
5/31/2011 BS-ATS™ & PS-ATS™  

7/11  (P S™ only) PS-ATS™  
6/14/2011 BS-ATS™ & PS-ATS™  
6/21/2011 BS-ATS™ & PS-ATS™  

Q2-2011 (Apr-Jun

28/11 (P S™ only) PS-ATS™  

5/24/2011 ATS™ & S-ATS   

6/ S-AT

) 

6/ S-AT  
7/5/2011 BS-ATS™ & PS-ATS™  
7/12/2011 BS-ATS™ & PS-ATS™  
7/19/2011 BS-ATS™ & PS-ATS™  
7/26/2011 BS-ATS™ & PS-ATS™  
8/2/2011 BS-ATS™ & PS-ATS™  
8/9/2011 BS-ATS™ & PS-ATS™  
8/16/2011 BS-ATS™ & PS-ATS™  
8/23/2011 BS-ATS™ & PS-ATS™  
8/30/2011 BS-ATS™ 
9/6/2011 BS-ATS™ & PS-ATS™  
9/13/2011 BS-ATS™ & PS-ATS™  
9/19/2011 BS-ATS™ 
9/20/2011 PS-ATS™ 

Q3-2011 ep) (Jul – S

9/27/2011 BS-ATS™ & PS-ATS™  
Q4-2011 ec) 10/4/12 BS-ATS™ & PS-ATS™  

1 1 BS-ATS™ & PS-ATS™  
1 1 BS-ATS™ & PS-ATS™  

 BS-ATS™ & PS-ATS™  
1 1 BS-ATS™ & PS-ATS™  
12/13/11 BS-ATS™ & PS-ATS™  

 (Oct-D
 0/11/1
 0/25/1
 11/9/11
 1/22/1
  

 
 
Total a ts for YR2010 and YR2011 ar oted in Table 10. lgal harves e as n
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During the YR2010 monitoring period, dry weight production of 24.4 pounds for floway BS-ATS™ was 
41.0% greater than for PS-ATS™ (17.3 dry pounds). However, during YR2011, dry weight production for 
the two floways was reversed with the 135.3 pounds dry harvest on PS-ATS™ 41.9% higher than 95.3 
dry pounds of harvest from floway BS-ATS™. When comparing floways for the combined YR2010 and 
YR2011 monitoring period, the result showed that the PS–ATS™ dry weight production (152.6) was 
7.5% higher than BS-ATS™ dry weight production (119.7).  

Table 10: Comparative Algal Wet and Dry Harvest Weights for YR2010 and YR2011    
 

2
 

YR2010  
(89 Days) 

YR2011  
(266 Days) 

YR2010/YR2011 
(355 days) 

Floway 

Wet 
Harvest 

(lbs) 

Dry 
Harvest 

(lbs) 

Wet 
Harvest 

(lbs 

Dry 
Harvest 

(lbs) 

Wet 
Harvest 

(lbs) 

Dry 
Harvest 

(lbs) 
PS-ATS™ 143 17.3 1,326 135.3 1,469 152.6 
BS-ATS™ 235 24.4 931 95.3 1,166 119.7 

 
 
Productivity for the algal turf community is calculated as the product of the wet harvest weight and 
percent dry solids divided by the days between harvest and the surface area of the floway. This value, 
expressed as dry-g/m2-day, is an approximation of net community productivity, and includes the 
summation of accumulated biomass and associated residuals from all involved trophic levels. It should 
not be confused with net primary production, or gross productivity, which relate only to productivity of the 
photoautotrophic (and in some cases chemoautotrophic) organisms.  
 
As reported in Table 11, for YR2010, calculated net community productivity was 13.9% higher for BS-ATS 
(5.0 dry-g/m2-days) than for PS-ATS™ (4.5 dry-g/m2-days). For the YR2011 monitoring period, net 
community productivity was 59.0% higher for PS-ATS™ (7.5 dry-g/m2-day) than for BS-ATS™ (4.8 dry
g/m2-days). For the combined YR2010 and YR2011 monitoring period, the result showed that the PS–

S™ community productivity at 7.0 dry-g/m2-day was 45.6% higher than BS-ATS™ community 
roductivity of 4.8 dry-g/m2-day. 

l model projection of 66 dry-g/m2-day. 

-

AT
p
 
These algal productivity values are less than the 8 dry-g/m2-day conservative estimate included in the 

reliminary modeling report, and significantly below the optimap
These lower than projected values for algal productivity are not unexpected due to the significant number 
of flow interruptions as reference previously. 
 
Table 11: Comparative Algal Productivity for YR2010 and YR2011    
 

YR2010  
(89 Days) 

YR2011  
(266 Days) 

YR2010/YR2011 
(355 days) 

Floway Productivity (dry-g/m2-day) 
PS-ATS™ 4.5 7.5 7.0 
BS-ATS™ 5.0 4.7 4.8 

 
When the nutrient content of the harvested biomass is determined, then the mass recovery of nitrogen 
and phosphorus from harvest can be determined. The nutrients recovered by harvest are often lower than 
the removal as calculated from changes in water nutrient concentrations (influent – effluent), as the 
harvest quantity does not include emigration losses such as would be associated with the hatching of 
flying insect pupae (e.g. Dipterans such as Chironomids), predation or grazing from visiting animals (e.g. 
birds), and losses associated with algal sloughing.4   
                                                      
4 Sloughing losses can be substantial during pilot investigations because the harvest methods do not 
facilitate recovery of very fine solids, which escape as drainage.  
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Provided in Table 12 are PS-ATS™ algal turf productivity rates per harvest period. 
 
 
Table 12: PS-ATS™ Floway Algal Productivity per Harvest Period for YR2010 and YR2011   
 

Date of 
Harvest   

(PS-ATS™) Productivity dry g/m2-day 
  0-100 ft 100-200 ft 200-350 ft 250-350 ft Slough Total Cumulative 
                

10/19/10 4.78 1.33 2.11 2.04 1.27 3.90 3.90 
10/26/10 1.54 0.02 1.64 7.09 0.88 3.59 3.82 
11/02/10 3.04 1.74 6.75 9.17 0.25 5.20 4.11 
11/15/10 2.80 1.80 3.58 8.17 2.75 6.91 4.90 
11/23/10 0.21 0.54 0.55 2.75 0.95 2.03 4.47 
11/29/10             4.47 
12/13/10             4.47 

  0-120ft 120-240 ft 240-350 ft   Slough Total Cumulative 
04/20/11 0.26 0.26 0.90   0.24 0.70 3.69 
04/27/11 0.88 0.23 1.03   1.30 2.01 3.54 
05/04/11 2.63 3.94 4.72   0.62 4.36 3.61 
05/11/11 5.76 4.60 6.27   0.91 6.43 3.83 
05/19/11 8.87 2.99 6.10   1.20 7.18 4.07 
05/24/11 7.13 1.18 3.91   0.61 4.69 4.10 
05/31/11 12.07 6.01 4.86   1.18 8.91 4.42 
06/07/11 6.13 1.83 3.98   0.72 4.70 4.43 
06/14/11             4.43 
06/21/11 16.69 4.04 7.97   0.80 10.42 4.52 
06/28/11 7.95 2.87 4.98   0.58 5.86 4.59 
07/05/11 14.86 7.56 16.21   0.00 12.79 4.99 
07/12/11 31.55 23.86 16.21   5.23 29.34 6.12 
07/19/11 28.16 15.23 12.94   2.95 21.90 6.83 
07/26/11 6.78 12.26 11.52   0.04 10.20 6.97 
08/02/11 29.34 7.95 4.69   0.31 14.58 7.28 
08/09/11 17.47 18.51 4.12   0.63 14.27 7.56 
08/16/11 23.21 12.26 4.84   0.58 14.27 7.81 
08/23/11 27.77 15.39 3.56   0.36 16.28 8.12 
08/30/11 4.52 4.52 4.93   0.00 4.65 8.00 
09/06/11 2.64 1.42 5.31   0.00 3.06 7.78 
09/13/11 8.74 11.14 10.81   1.07 11.28 7.90 
09/20/11 5.48 12.54 6.83   2.66 10.99 8.00 
09/27/11             8.00 
10/04/11 1.90 0.94 1.85   0.15 1.71 7.57 
10/11/11 8.27 6.70 7.76   0.00 7.57 7.57 
10/25/11 2.01 1.02 0.63   0.00 1.23 7.23 
11/09/11 1.94 3.41 4.91   0.00 3.38 7.01 
11/22/11 4.21 6.32 7.51   0.07 6.04 6.97 
12/13/11 4.62 10.34 4.97   0.10 6.79 6.96 
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Provid re 9 are two charts showing algal productivity rates and period flow rates for floway PS-
ATS™. Illustrated is the drop in community productivity that is associated with periods of no flow. The 
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Figure 9. Rockaway PS-ATS™ Period Algal Productivity Rates (lower chart) with Period Flow Rates 
Adjusted for Periods of No Flow for YR2011 (upper chart) 
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Figure 10 illustrates the correlation between algal productivity and air temperature which directly affects 
surface water temperature. Also illustrated in the chart is the impact of dry out events in the development 
of the algal turf community. Following the September 2011 dry out event, algal productivity was slowly 
increasing even while temperatures were decreasing. Within a stabilized fully operational algal turf 
community, algal productivity would be expected to be slowing as temperature is reduced. 
 

0

11 11
011 11 11 11

011 11 11 011 011 11 11
011 011

0.0

5

10

15

20

25

30

0 0 0 0 0 0 0 0 0 201
1

011
201

1
011

A
lg

al
 P

ro
du

ct
iv

ity
 (d

ry
-g

/m
2-

da
y)

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

M
ax

 A
ir 

Te
m

pe
ra

tu
re

 (C
)

 

igure 10. Rockaway PS-ATS™ Period Algal Productivity Rates (bars) with Maximum Air Temperature 

uring a June 2011 site visit, HydroMentia staff observed a significant population of chironomids on the 
oways following harvest. Chironomids are grazers that can significantly reduce algal productivity if not 

maintained at adequate population levels through proper harvesting. It is projected that algal turf 
productivity may have been negatively impacted by this grazer population during late April and May 2011. 
Harvest protocols were revised and chironomids populations were controlled at acceptable levels from 
that point forward.  
 
Algal productivity increased in mid July and then dropped off in late July and early August. Following 
review of water quality data and operational protocol, no causal relationship could be established relative 
to the reduction in algal growth on the PS-ATS™ floway. 
 
Provided in Figure 11 are two charts showing algal productivity rates and period flow rates for floway BS-
ATS™. Illustrated is the drop in community productivity that is associated with periods of no flow.  
 
In late June and early July 2011 the linear hydraulic loading rate on floway BS-ATS was reduced to 
evaluate impacts on algal productivity and water treatment performance. Initial reductions were attempted 
to reduce the flow to approximately 10 gallons per minute per linear foot, however these reduce flow rates 
resulted in clogging in the water delivery system. After two weeks flows were increased to 15 gallons per 
minute per linear foot, for a period of three weeks in early to mid July. In the end of July flow rates were 
again increased in an effort to stimulate productivity. 
 
 
 

3/2
4/2 4/7

/2
4/2

1/2 5/5
/2

5/1
9/2 6/2

/2
6/1

6/2
6/3

0/2
7/1

4/2
7/2

8/2
8/1

1/2
8/2

5/2 9/8
/2

9/2
2/2

10
/6/

2

10
/20

/
11

/3/
2

11
/17

/
12

/1/
2

 
F
(line) for YR2011 
 
D
fl

33 



Rockaway ATS™ Pilot - YR2010 and YR2011 Performance Report                Sep 2010 through Dec 2011 

Provided in Table 13 are BS-ATS™ algal turf productivity rates per harvest period. 
 
 
Table 13: BS-ATS™ Floway Algal Productivity per Harvest Period for YR2010 and YR2011   
 

Date of 
Harvest   

(BS-ATS™) Harvest Based TP Areal Removal Rate g/m2-yr 
  0-100 ft 100-200 ft 200-250 ft 250-350 ft Slough Total Cumulative 
                

10/19/10 0.17 22.30 2.84 100.73 3.89 39.50 39.50 
10/26/10 1.72 10.12 2.58 45.26 2.39 19.08 31.98 
11/2/10 1.85 0.66 3.11 5.19 0.16 2.80 24.12 

11/15/10 0.82 0.23 1.13 2.64 0.18 1.39 16.54 
11/23/10 1.76 0.17 0.45 1.82 0.34 1.48 13.98 
11/29/10 0.50 0.09 0.34 1.92 0.13 0.90 12.50 
12/13/10 0.11 0.32 0.01 0.82 0.93 0.63 10.02 

  0-120ft 120-240 ft 240-350 ft   Slough Total Cumulative 
4/20/11 0.32 1.13 1.41   0.62 1.56 8.55 
4/27/11 8.64 3.38 5.01   1.34 7.04 8.43 
5/4/11 14.72 2.90 2.04   1.21 7.90 8.39 
5/11/11 39.98 14.38 8.95   5.53 26.98 9.67 
5/19/11 19.91 11.89 1.18   4.04 15.31 10.08 
5/24/11 44.68 18.82 4.77   1.87 25.14 10.73 
5/31/11 30.40 13.45 0.00   0.29 15.32 11.00 
6/7/11 16.79 6.79 3.51   0.00 9.19 10.90 
6/14/11 0.00 0.00 0.00   0.00 0.00 10.34 
6/21/11 20.01 47.87 6.24   0.00 25.23 11.07 
6/28/11 0.00 0.00 0.00   0.00 0.00 10.55 
7/5/11 20.72 18.22 16.37   0.00 18.50 10.90 
7/12/11 17.15 18.58 14.81   4.78 21.68 11.36 
7/19/11 7.86 16.79 2.34   5.51 14.70 11.50 
7/26/11 20.24 19.05 0.00   0.20 13.68 11.59 
8/2/11 68.47 110.15 48.72   0.61 77.16 14.07 
8/9/11 39.89 133.37 65.60   3.88 83.90 16.61 
8/16/11 35.13 16.08 10.39   1.63 22.46 16.82 
8/23/11 6  8 13.64 0.14 80.9   4.90 57.57 18.20 
8 /1 3.07 /30 1 0.00 3.54   0.36 2.54 17.62 
9/6/11 13.71 8.89 10.91   2.79 13.97 17.47 
9/13/11 11.53 30.92 11.06   11.41 28.88 17.96 
9/19/11 0.00 0.00 0.00   1.28 1.28 17.21 
9/27/11 5.28 6.11 9.70   0.29 7.24 16.74 
10/3/11 5.60 0.30 5.99   0.00 3.91 16.12 

10/11/11 6.69 3.67 7.30   0.44 6.29 15.63 
10/25/11 4.75 4.98 20.03   0.00 9.63 15.33 
11/9/11 5.68 15.70 38.52   0.00 19.44 15.54 

11/22/11 11.65 33.63 26.29   0.00 23.78 15.96 
12/13/11 21.05 40.81 30.50   0.33 31.12 16.75 
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Figure 11. Rockaway BS-ATS™ Period Algal Productivity Rates (lower chart) with Period Flow Rates 
Adjusted for Periods of No Flow for YR2010 and YR2011 (upper chart) 
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igu  provides a comparison of algal productivity on the and BS ATS™ and PS-ATS™ floways, while 
Figure 13 illustrates nges in cumulative algal productivity rates for the specified monitoring. 
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Specific Net Community Growth Rates, Tissue Quality and Standing Crop Estim
 
Specific net community growth rates were calculated as [ln(Zt/ Z0)]/t, where Zt is the rop at 
the time of harvest, Z0 is the initial dry standing crop, and t is the time between harves
 
The initial standing crop Z0 is estimated as 10 percent of the total stan g crop at time of the previous 
harvest (i.e. harvesting removes 90% of the total standing crop) and i lculated a of the 
previous period x 0.11.  
 
The average standing crop (Zave) for any harvest period (time between sts), th es an 
important component regarding system predictability and optimization. T operation refore 
is what is the highest average standing crop which yields the greates oductivity,  likely 
yield the greatest rate of nutrient removal? The average standing crop c e calculat
 

 Zave = (Σ Zte24µ)/n 
 
 
Where Zt=0 is the initial standing crop, µ is the net community specific gr  rate as 1 e in 
days since previous harvest. 
 
It is desirable to maintain as high a standing crop as possible, without deterioration , and 
subsequent collapse of net community productivity. The estimated aver standing 
assumption that 10% of final standing crop remains as the initial standing crop f arvest 
period), for YR2010 are low, averaging 58.33 dry g/m2 for PS-ATS™ f y and 58 r BS-
ATS™ floway. For YR2011, the averaged standing crop was 77.71 dry g/m2 for PS y and 
59.10 dry g/m2 for BS-ATS™ floway. During this period, the standing p was 24 r PS-
ATS™ than BS-ATS™.   
 
Figures 14 and 15 chart period dry harvest and cumulative dry harvest for the PS-ATS and BS-ATS 
floways. As previously noted, in November and December 2011 algal productivity wa en as 
temperature and solar intensity decreased indicating that the algal turf community ha a fully 
operational state likely due to the multiple system dry events.  
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Figure 14. Dry Harvest for Floways PS-AT

PS-ATS BS-ATS 

S floway and BS-ATS floway during the YR2010 and YR2011 
onitoring Period - Rockaway ATS™ Pilot Program. 
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Figure 15. Cumulative Dry Harvest for Floways PS-ATS floway and BS-ATS floway during the YR2010 
and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program. 
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Figure 16 illustrates comparative algal community production at various lengths down the PS-ATS floway. No specific correlations have been 
drawn relative to production down the floway. Until such time as the algal community is stabilized, and dry out events are eliminated or at least 
ignifis cantly minimized, interpretations in regard to growth patterns are of limited reliability. It is interesting to note that in November and December 

of both 2010 and 2011 algal productivity in the outinely greater than at the front of the floway. This pattern is 
different than what is observed during the May throug
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Figure 17. Comparative Algal Turf r t Various Lengths Down the BS-ATS™ Floway for YR2010 and Period - 
Rockaway ATS™ Pilot Program 
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4: Tissue Nitrogen Content of Harvested Algal Turf Biomass from PS-ATS™ and BS-ATS™ Floways for YR2010 and YR2011 Monitoring 
Period. 
 

Algal Tissue Nitrogen Content 
% Nitrogen (dry) 

Sample Description 10/7/10 11/15/10 12/13/10 4/20/11 5/19/11 6/21/11 8/8/11 9/13/11 11/23/11
PS-ATS™ -  0’ to 100’   2.8          
PS-ATS™ - 100’ to 200’   2.5          
PS-ATS™ - 200’ to 250’   2.3          
PS-ATS™ - 250’ to 350’   3.1          
PS-ATS™ - Slough   2.2          

               
PS-ATS™ - 0' to 120'       4.1 6.5 --- --- --- --- 
PS-ATS™ - 120' to 240'       4.1 4.3 --- --- --- --- 
PS-ATS™ - 240' to 350'       3.9 3.2 --- --- --- --- 
PS-ATS™ - Slough       3.9 4.9 --- --- --- --- 
                    
PS-ATS™ - Composite 
Sample or Calculated Mean   2.6   4.0 4.7 4.6 7.0 5.3 4.0 
                    
BS-ATS™ - 0’ to 100’ 4.2 2.1 4.5             
BS-ATS™ - 100’ to 200’ 3.7 3.5 3.1             
BS-ATS™ - 200’ to 250’ 3.2 0.7 2.7             
BS-ATS™ - 250’ to 350’ 3.9 2.1 3.1             
BS-ATS™ - Slough 4.2 3.8 3.7             
                    
BS-ATS™ - 0’ to 120’       4.0 4.6 --- --- --- --- 
BS-ATS™ - 120’ to 240’       3.9 4.4 --- --- --- --- 
BS-ATS™ - 240’ to 350’       0.8 4.7 --- --- --- --- 
BS-ATS™ - Slough       8.6 4.9 --- --- --- --- 
                    
BS-ATS™ - Composite 
Sample or Calculated Mean 3.8 2.4 3.4 4.3 4.7 5.0 7.1 4.7 5.0 

 
Note: October 2010 through May 2011 data from EMSL Analytical. June 2011 to November 2011 data from Midwest Labs. 
 

Ro
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Phosphorus 
 

rus levels are reported in Figure 19 in Table 15. Tissue phosphorus levels as Algal tissue phospho
reported by EMSL Analytical for the November 2010 through May 2011 are unexplainably low relative to 
expected tissue phosphorus levels, and are inconsistent with historical tissue phosphorus analysis for 
Algal Turf Scrubber® systems and in some samples are inconsistent with acceptable levels for plant 
growth. Algal tissue phosphorus levels approaching 0.2% phosphorus have only been observed in low 
utrient applications where inflow phosphorus concentrations are less than 35 ppb. Phosphon rus 

concentrations of less than 0.1% as reported in Table 15 have never been observed in water treatment 
based algal turf tissue. Accordingly, this data is believed to be in error, and calculations based on this 
data should be noted accordingly. 
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Figure 19. Comparison of Algal Turf Tissue Phosphorus Content for PS-ATS and BS-ATS floways during 
the YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
 
Note: Tissue samples collected from October 2010 through May 2011 were analyzed by EMSL Analytical, 

ith sampled collected from June 2011 to November 2011 anaw lyzed by Midwest Labs. 
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Table 15: Tissue Phosphorus Content of Harveste P 11 
Monitoring Period. 
 

d Algal Turf Biomass from S-ATS™ and BS-ATS™ Floways for YR2010 and YR20

Algal Tissue en Phosphorus Cont t 
% Phosphorus (dry) 

Sample Description 10/7/10 11/15/10 12/13/10 4/20/11 5 8/8/11 9/13//19/11 6/21/11 11 11/23/11
PS-ATS™ -  0’ to 100’   0.12          
PS-ATS™ - 100’ to 200’   0.09          
PS-ATS™ - 200’ to 250’   0.13          
PS-ATS™ - 250’ to 350’   0.14          
PS-ATS™ - Slough   0.11          

               
PS-ATS™ - 0' to 120'       0.06 --- --- --0.18 --- - 
PS-ATS™ - 120' to 240'       0.04 --- --- --0.13 --- - 
PS-ATS™ - 240' to 350'       0.03 --- --- --0.14 --- - 
PS-ATS™ - Slough       0.03 --- --- --0.12 --- - 
                    
PS-ATS™ - Composite 
Sample or Calculated Mean   0.1   0.0 1.2 1.2 10.1 0.9 .0 
                    
BS-ATS™ - 0’ to 100’ 0.91 0.12 0.0         8     
BS-ATS™ - 100’ to 200’ 0.87 0.03 0.1         0     
BS-ATS™ - 200’ to 250’ 0.10 0.09 0.0         1     
BS-ATS™ - 250’ to 350’ 1.40 0.14 0.1         2     
BS-ATS™ - Slough 0.84 0.08 0.0         6     
                    
BS-ATS™ - 0’ to 120’       0.05 --- --- --0.17 --- - 
BS-ATS™ - 120’ to 240’       0.05 --- --- 0.16 --- --- 
BS-ATS™ - 240’ to 350’       0.05 --- --- 0.22 --- --- 
BS-ATS™ - Slough       0.04 --- --- 0.15 --- --- 
                    
BS-ATS™ - Composite 
Sample or Calculated Mean 0.8 0.1 0.1 0.0 1.3 1.00.2 0.8  1.4 

 
Note: October 2010 through May 2011 data from EMSL Ana n  to Nove 1 idwest Labs
 

lytical. Ju e 2011 mber 201 data from M . 

44 



Rockaway ATS™ Pilot - YR2010 and YR2011 Performance Report                Sep 2010 through Dec 2011 

Other Parameters 
 
Tissue analysis for the PS-ATS™ and BS-ATS™ floways are provided in Table 16. As noted previously, the accuracy of data associated with the 
November 2010 through June 2011  periods for multiple analytes is in questi
 
Tab Tissu rves al T s S AT oway R201 YR2 oring Period. 
 

 sampling

Al

on. 

S™ Flle 16: e Analysis of Ha ted g urf Biomas from PS-AT ™ and BS- s  Y for 0 d  an 011 Monit

0' - 100' 100' - 20 - 250' 25 Slough 0' - 100' 200' 200" - 250' 250' - 350' Slough
BS P PS PS

Phosphorus (%) .87 0 0.84 0.12 0. .03 0. 0.14 0.11 0.08 0.10 0.12 0.06
Nitrogen (%) 4 70 20 4.20 2.10 2.5 .50 2. 0 3.10 2.20 4.50 0 2.70 3.10 3.70
Carbon (%) 31.20 11.80 20.90 11.90 35.30 21.20 26.50 24.70
A 8 75 75 83.76
Calcium (%) 60 90 4.70
Magnesium (%) .84 8 0.69
ron (%) 0.84 0.92 1.20 1.80 0.37
Copper (%) 0.02 0.02 0.03 0.04 0.01
Zinc (%) 0.10 0.03 0.05 0.05 0.02
Manganese (%) 0.10 0.13 0.17 0.23 0.03

ulfer (%) 1.10 1.20 0.84 1.00 1.60

2.10 3.40 1.90 3.20 2.30

eight Basis)

10 Dec-10
1 0'

BS
100' 20 25 Slou0' 200" 
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0' - 350'

BS
gh

0.91 0 1.0 1.40 0.12 09 0 13 0.09 0.14 0.08 0.10
.20 3.
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3.
25.10

3.90
26.50

2.80
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0 3
17.40 18.80

30 0.7
16.30 4.20

2.10
11.10

3.80
19.50

3.1
22.50

sh (%) 7.55 89.
11.00 1.

91.
2.

85.53
1.70

0.65 0 0.5 0.82

Analyte (Dry W

Oct- Nov-10

I

S
Potassium (%) 1.00 1.20 0.35 0.77 1.50
Sodium (%)  
 

PS BS PS
0.13

BS PS
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1
240" - 35

BS B PS S BS
Phosphorus (%) 0.18 0.17 0.22 2 0.7 .24 5 1.35
Tota  (%) .00 0.80 0 5. .03 7 5.02
Am rogen 0.72 1.47 0. 1.27 1.29
Nitrate Nitrogen (%) ND ND ND ND ND
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T 2 .30 30 2 3.40 .90 2 28.0 43.29 7 29.0 30.09 33.53
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PS BS PS BS PS BS PS BS PS BS PS BS PAnalyte (Dry Weight Basis)
0' - 120' 120' - 240' 240" - 350' Slough

S BS PS BS
Phosphorus (% or ppm) 0.0018 0.0017 0.0013 0.0016 0.0014 2200 ppm 1200 ppm 1500 ppm 0.89 0.75 1.24 1.25 1.23 1.00 1.05 1.35
Total Nitrogen (%) 4.10 4.00 .80 8.60 4.63 7.03 .26 3.97 5.02
Ammonium Nitrogen (%) 0.94 1.47 61 1.27 1.29
Nitrate Nitrogen (%) ND ND ND
Organic Nitrogen (%) 3.72 4 4.68 3.74
To (%) 27.30 0 2 3.40 27.77 04 38 26.77 0 33.53
C/ 0.25 1 5. 5.1:1 1 6.7:1
Ash (%) 4 3.00 70 6. 58.70 0 4

ND D 1. 1.15 21 1.02
<LO D (1  (10) < ) <LO OD (10) (10) <LO 1.13 9 1. 0.96 56 0.85

Calcium (%) 0012 0061 0.0 .0011 49 0. 2.03 2 1. 1.15 30 1.62
Magnesium (%) 00042 044 0.0 .00055 38 0. 0.68 5 0. 0.67 91 0.51
Sodium (%) 0 0012 14 0.0 .0015 5 0. 2.03 9 2. 1.53 95 1.28

<LO D (1  (10) < ) <LO OD (10) (10) <LO ND D ND D 1 229.79
760 0 3 820 8498 86 83 12527 50 17191

Manganese (ppm) D (10  (10) <L 0) <LOD LOD (10)  (10) <LO 3307 00 28 4455 16 4230
Zinc (ppm) D (1  (10) < ) <LO OD (10) (10) <LO 677 89 3 554 1 383
pH 6.30 6.40 6.60 6.00 6.10 6.40 6.50 6.70

horide (%) 2.60 2.93 4.27 3.68 1.82 2.99 1.38 1.62
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SECTION 4. WATER QUALITY AND TREATMENT PERFORMANCE 

Nitrogen Dynamics 
 
Mass removal and areal removal rates for nitrogen can be calculated from both water quality data and 
from harvest data, with the water quality data considered the more reliable because of the homogeneity of 
the matrix (water), and the higher level of reliability of composite sampling and analytical procedures.  
 
During YR2010, comparison of water quality data for the two floways is impacted due to the fact that 
during the period of time the BS-ATS™ were collected as weekly composite samples while the PS-ATS™ 
were collected as grab samples due to equipment problems. However, during YR2011 samples for both 
floways were composited. 
 
Accountability of nitrogen within an ATS™ system is complicated by the fact that not only can dissolved 
and particulate nitrogen in the water be transformed into gaseous forms which escape into the 
atmosphere, but also atmospheric elemental nitrogen (N2) can in certain situations be “fixed” by certain 
organisms, including some Cyanobacteria. Therefore, comparing harvest based nitrogen removals with 
water quality based nitrogen removals not only serves to check procedural reliability, but also provides an 
indication of atmospheric nitrogen transfers. Nitrogen may be removed from the system and lost to the 
atmosphere through ammonia volatilization or denitrification. Nitrogen can be accessed from the 
atmosphere through nitrogen fixation. 
 

atilization rates are typically significant only at high pH levels (>10). However, ammonia

t 
away ATS™ Pilot; however, ammonia 

amples were not collected during this period.      

-aerobic or anaerobic environments in which labile organic compounds are present, nitrate 
. 
 

onia volatilization, for wastewaters the 
ossibility of conditions being better suited for denitrification are increased.   

 
The oxidation of reduced nitrogen (ammonia) to nitrate occurs through a two stage chemoautotrophic 
process known as nitrification. This reaction occurs under highly oxygenated conditions, and when there 
is an opportunity for the chemoautotrophic bacteria to establish a working biomass. Nitrification can occur 
on fixed film systems, and certainly could be promoted on an ATS™ floway. The frequency of harvesting 
however may inhibit development of a stable base of nitrifying bacteria, and the relevance of nitrification 
within the framework of an ATS™ has yet to be established.  
 
Nitrogen fixation occurs when specialized organisms (e.g. certain Cyanobacteria) convert atmospheric 
nitrogen to ammonia nitrogen. Nitrogen fixation by Cyanobacteria is typically activated when there is a 
relative paucity of available nitrogen within the water. It is not unusual for the nitrogen within native waters 
in Florida to be largely composed of organically bound nitrogen. The biological availability of nitrogen 
bound to organic complexes depends upon the relative vulnerability of these complexes to surrender its 
amine groups through enzymatic hydrolysis (e.g. deaminase). If the organic nitrogen is recalcitrant, now 
commonly referred to as refractory dissolved organic nitrogen or RDON, and there is little available 
ammonia or nitrate nitrogen within the water, then the probability of nitrogen fixation will typically increase. 

Ammonia vol  
losses through volatilization would have more consideration with domestic and some industrial and 
agricultural wastewaters, which can have much higher ammonia levels. It would be possible, tha
mmonia volatilization is a factor in the nitrogen dynamics of Rocka

s
 
In micro
nitrogen can be converted by certain bacteria into atmospheric N2 - a process known as denitrification
Typically, the flows on the ATS™ are highly oxygenated, and the nitrate levels are low, so denitrification
s not expected to be a factor in nitrogen dynamics. As with ammi
p
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Nitrogen Water Quality 

Total Nitrogen 
 
Presented in Table 17 is a summary of influent and effluent total nitrogen (TN) concentrations for the year 
YR2010, YR2011 and combined YR2010 - 2011 monitoring period.  
 
For the YR2010 - YR2011 monitoring period, the mean influent total nitrogen concentration was 13.72 
mg/L and 13.53 mg/L for the PS-ATS™ and BS-ATS™ floways, respectively.  
 

Total Kjeldahl Nitrogen 
 
Presented in Table 18 is a summary of influent and effluent total Kjeldahl nitrogen (TKN-N) 
concentrations for the year YR2010, YR2011 and combined YR2010 - 2011 monitoring period. TKN-N is 
calculated as the sum of ammonia nitrogen and organic nitrogen. However, ammonia nitrogen, which 
would be biologically available as a nitrogen source, was not analyzed during the mentioned periods.  
 
TKN-N was the less abundant nitrogen form, composing 17.7% and 18.6% of the total nitrogen for 
floways PS-ATS™ and BS-ATS™ respectively. For the YR2010 - YR2011 monitoring period, the mean 
influent TKN-N concentration was 2.43 and 2.52 mg/L for the PS-ATS™ and BS-ATS™ floways, 
respectively.  

Nitrate + Nitrite Nitrogen 
 
Presented in Table 19 is a summary of influent and effluent Nitrate-N and Nitrite-N (NOx-N) 
oncentrations and for the year YR2010, YR2011 and combined YR2010 - 2011 monitoring period.  

e total nitrogen for 
eriod, the mean 

fluent NOx-N concentration was 11.29 and 11.01 mg/L for the PS-ATS™ and BS-ATS™ floways, 
espectively.  

 
 

c
 
NOx-N was the more abundant nitrogen form, composing 82.2% and 81.4% of th
oways PS-ATS™ and BS-ATS™ respectively. For the YR2010 - YR2011 monitoring pfl

in
r
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49 

: Total Nitrogen Water Quality Summary for PS-ATS an T s - YR2010 and YR2011. 
 

d BS-A S floway

Floway Monitoring Period 

Average 
Influent 

TN 
(mg/L) 

Maximum 
Influent TN 

(mg/L) 

Minimum 
 Influ  ent TN

(mg/L) 

Standard 
Deviation 

(mg/L) 

Average 
Effluent 

TN 
(mg/L) 

Maximum 
Effluent 

TN 
(mg/L) 

Minimum 
Effluent 

TN 
(mg/L) 

Standard  
Deviation 

(mg/L) 

YR2010  11.87 16.20 1  11.85 15.50 8.94 1.99 0.19 1.88

YR2011  14.21 19.80 4  14.26 20.90 4.60 3.35 .84 3.43PS-ATS™ 

YR2010 – YR2011 13.72 19.80 4   13.79 20.90 4.60 3.22 .84 3.26

YR2010  11.98 15.50 9  11.81 15.20 9.97 1.61 .79 1.84

YR2011  14.07 21.10 4  13.79 20.10 4.78 3.13 .74 3.27BS-ATS™ 

YR2010 – YR2011 13.53 21.10 4   13.24 20.10 4.78 2.97 .74 3.08
 
 
 
 
Table 18: Total Kjeldahl Nitrogen (TKN) Water Quality Summary -AT BS-ATS floways - YR2010 and YR2011. 
 

 for PS S and 

Floway Monitoring Period  

Average 
Influent 

TKN 
(mg/L) 

Influent 
TKN 
as a  
% of 
TN 

Maximum 
Influent 

TKN 
(mg/L) 

Minimum 
Influent 

TKN 
mg/L) 

Standard 
D

(
eviation 
(mg/L) 

Average 
Effluent 

TKN 
(mg/L) 

Effluent 
TKN as 
a % of 

TN 

Maximum 
Effluent 

TKN 
(mg/L) 

Minimum 
Effluent 

TKN 
(mg/L) 

Standard 
Deviation 

(mg/L) 

YR2010 2.05 17.2 4.20 0.93 1.22 2.08 17.6 3.50 11.10 0.84 

YR2011 2.60 18.3 8.40 0.10 1.81 2.36 11.3 7.50 0.19 1.65 PS-ATS™ 

YR2010 – YR2011 2.43 17.7 8.40 0.10 1.69 2.28 16.5 7.50 0.19 1.48 

YR2010 1.96 16.4 3.50 0.26 1.13 1.74 14.7 3.20 0.79 0.77 

YR2011 2.70 19.2 6.10 0.89 1.73 2.49 18.1 3.80 0.74 1.43 BS-ATS™ 

YR2010 – YR2011 2.52 18.6 6.10 0.26 1.60 2.28 17.2 3.80 0.74 1.33 
 
 

Ro
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: Nitrate + Nitrite Nitrogen (NOx-N) Water Quality Su d BS-ATS - YR2010 and YR2011. 
 

mmary for Floways PS-ATS an

Floway Monitoring period 

Average 
Influent 
NOx-N 
(mg/L) 

Influent 
NOx as 
a % of 

TN 

Maximum 
Influent 
NOx-N 
(mg/L) 

Minimum 
Influent 
NOx-N 
(mg/L) 

Standard 
Deviation 

(mg/L) 

Average 
Effluent 
NOx-N 
(mg/L) 

NOx as 
a % of 

TN 

Maximum 
Effluent 
NOx-N 
(mg/L) 

Minimum 
Effluent 
NOx-N 
(mg/L) 

Standard 
Deviation 

(mg/L) 

YR2010 9.81 82.6 1.53 9.77 82.4 12.00 6.69 1.62 12.00 6.63 

YR2011 11.61 81.7 0.9 3.51 11.90 83.4 18.00 1.00 3.50 17.20 4 PS-ATS™ 

YR2010 – YR2011 11.29 82.2 17 0.94 3.21 11.51 83.5 18.00 1.00 3.25 .20 

YR2010 10.02 83.6 8.5 1.21 10.07 85.3 12.00 8.53 1.16 12.00 1 

YR2011 11.37 80.8 0.9 3.63 11.30 81.9 17.20 0.98 3.38 18.00 4 BS-ATS™ 

YR2010 – YR2011 11.01 81.4 18 0.94 3.22 10.96 82.8 17.20 0.98 3.03 .00 
 
 
 
Figure 20 illustrates total nitrogen, TKN-N, and NOx-N con ons fo TS™ floway for the monitoring period. Figures 21 through 29 
illustrate influent and effluent concentrations for the various ni  specie Figures 23, 26, and 29 providing comparative values for the total 
nitrogen effluent concentrations for the PS-ATS™ an s. 
 

r PS-A
s with 

centrati
trogen

d BS-ATS™ floway

Ro
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Figure 20: Total Nitrogen Influent and Effluent Concentrations for PS-ATS™ Floway during the YR201
and YR2011 Monitoring Period - Rockaway ATS™ Pilot Progra
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Figure 21: Total Nitrogen Influent and Effluent Concentration
a
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Figure 22: Total Nitrogen Influent and Effluent Concentrations for BS-ATS™ Floway during the YR2010 
and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 23: Comparative Total Nitrogen Effluent Concentrations for PS-ATS™ and BS-ATS™ Floways 
during the YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Prog
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Figure 24: TKN-N Influent and Effluent Concentrations for PS-ATS™ Floway during the YR2010 and 

R2011 Monitoring Period - Rockaway ATS™ Pilot Program  Y
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Figure 25: TKN-N Influent and Effluent Concentrations for BS-ATS™ Floway during the YR2010 and 
YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 26: Comparative TKN-N Effluent Co ns for PS-ATS™ and BS-ATS™ Floways during the 
YR20 R2011  - Rockaway ATS™ Pilot Program  
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Figure 27: NOx-N Infl once ions for PS-ATS™ Floway during the YR2010 and 

R2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 28: NOx-N Influent and Effluent Concentrations for BS-ATS™ Floway during the YR2010 and 
YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 29: Comparative NOx-N Effluent Concentrations for PS-ATS™ and BS-ATS™ Floways during the 
YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Nitrogen Mass Removal and Areal Removal Rates 
 
Mass removal (also applicable to other nutrients) based upon water quality is calculated as  
 
Nmw = In QI – En QE 
 
Where Pmw  = mass of nitrogen removed based upon water quality 
           Ip = Influent total nitrogen concentration 
           Ep = Effluent total nitrogen concentration 
           QI = Influent totalized flow 
           QE = Effluent totalized flow 
 
Mass nitrogen removal based upon harvested biomass is calculated as: 
 
Nmh = (sHw)n  
 
Where Nmh  = mass of nitrogen removed through harvesting 
            s = solids content as fraction of wet harvest 
            Hw = mass of wet harvest 
           (sHw) = mass of dry harvest 
            n = tissue nitrogen content as fraction of dry harvest 
 
Some insight into the nature of the nitrogen dynamics within an ATS™ system can be gained by
omparing the harvest based and water quality based nitrogen removals, and through review of changes 

lines are 
nt through the floway.   

 
• If total nitrogen removed through harvest based calculations >> total nitrogen removed through 

ed through 
water quality based calculations, then denitrification or ammonia volatilization (and possibly 
ecological emigration through hatching insect pupae or external predation) may be involved. 

• If total nitrogen removed through harvest based calculation ≈ total nitrogen removed through 
water quality based calculations, then direct plant uptake is likely the dominant removal 
mechanism. 

• If the total nitrogen removed based upon water quality based calculations is dominated by Total 
Kjeldahl Nitrogen (TKN--which is the sum of organic and ammonia nitrogen) removal and there is 
negligible nitrate removal, then direct ammonia uptake, possibly aided by substantial deaminase 
activity, is likely the dominant removal mechanisms.  

• If there is a net removal of TKN based upon water quality based calculations and there is an 
increase in nitrate concentration within the effluent, then active nitrification is indicated.  

• If there is minimal removal of TKN when compared to nitrate removal, based upon water quality 
based calculation then the organic nitrogen is likely resistant to enzymatic hydrolysis, the 
ammonia levels are low, and direct nitrate uptake and/or denitrification are likely the dominant 
removal mechanisms.  

 
Critical to the quantification of biological system performance efficiency over an extended period and a 
wide range of seasonal conditions is the determination of areal removal rates, expressed as mass 
removal of the targeted nutrient, per unit process area per unit time. Typically areal removal rate has 
been expressed by water resource managers as grams of nutrients removed per square meter of process 
area over a year or g/m2-yr. The higher the areal removal rate the smaller the required footprint for a 
common mass removal requirement. High areal removal rates are particularly advantageous when land 

limited or land costs are very high. While higher areal removal rates imply improved cost 

 
c
in organic, ammonia, and nitrate + nitrite nitrogen from influent to effluent. The following guide
helpful in making an assessment of nitrogen moveme

water quality based calculation, then nitrogen fixation may be involved. 
• If total nitrogen removed through harvest based calculations << total nitrogen remov

availability is 
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effectiveness, it is only through appropriate economic assessments (e.g. Life Cycle Cost Analysis), and
detailed, objective environmental review that such cost effectiveness can be verified 

 

otal NitrogenT  

11 
 

ested biomass mass and tissue analytical data. 
 
For the PS-ATS™ floway, the water quality based percent reduction in total nitrogen was -0.8%.The 
water quality based areal removal rate for the same period was -123 g/m2-yr, while the harvest based 
total nitrogen areal removal rate was 125 g/m2-yr. The significant discrepancy and removal rates between 
water quality based calculations and harvest based calculations may be a result of (i) contamination of 
the effluent as a result of backflow from the algal solids collection box, or (ii) may reflect the fact that the 
relatively low percent nitrogen removal of the ATS™ is being hidden by the clutter associated with 
analytical testing. It should be noted that the relatively low percent removal rates were projected in the 
Rockaway ATS™ Preliminary Modeling Report due to the high influent nitrogen concentrations and the 
relatively short ATS™ floway. 
 
In the Preliminary Performance Modeling Report, the projected nitrogen areal removal rate range for the 
PS-ATS™ floway was from 93 g/m2-yr (Conservative) to 840 g/m2-yr (Optimal). 
 
For the BS-ATS™ floway, the water quality based percent reduction in total nitrogen was 1.7%.The water 
quality based areal removal rate for the same period was 375 g/m2-yr, while the harvest based total 
nitrogen areal removal rate was 89 g/m2-yr. In the Preliminary Performance Modeling Report, the 
projected nitrogen areal removal rate range for the BS-ATS™ floway was from 121 g/m2-yr 
(Conservative) to 955 g/m2-yr (Optimal). 

Total Kjeldahl Nitrogen

 
Presented in Table 20 is a summary of total nitrogen (TN) removal rates for the year YR2010, YR20
and combined YR2010 - 2011 monitoring period. Nitrogen removal rates are calculated based both on
water quality flow measurements and testing and harv

 
 
Presented in Table 21 is a summary of total Kjeldahl nitrogen (TKN-N) removal rates for the year 

0, YR2011 and combined YR2010 - 2011 monitoring period. TKN-N is calculated as the sum o
gically 

r the PS-ATS™ floway, the water quality based percent reduction in TKN-N was 5.8%.The water 
 areal removal rate for the same period was 164 g/m2-yr, 

he water 
5 g/m2-yr, 

Nitrate + Nitrite Nitrogen

YR201
a

f 
mmonia nitrogen and organic nitrogen. However, ammonia nitrogen, which would be biolo

available as a nitrogen source, was not analyzed during the mentioned periods.  
 
Fo
quality based
 
For the BS-ATS™ floway, the water quality based percent reduction in TKN-N was 7.9%.T
quality based areal removal rate for the same period was 36

 
 
Presented in Table 22 is a summary of Nitrate-N and Nitrite-N (NOx-N) removal rates for the year 
YR2010, YR2011 and combined YR2010 - 2011 monitoring period.  
 
For the PS-ATS™ floway, the water quality based percent reduction in NOx-N was -2.4%.The water 
quality based areal removal rate for the same period was 288 g/m2-yr, 
 
For the BS-ATS™ floway, the water quality based percent reduction in NOx-N was 0.1%.The water 
quality based areal removal rate for the same period was 10 g/m2-yr. 
 
In the highly oxygenated environment of the Algal Turf Scrubber® floway, it is likely that some ammonia 
present in the wastewater effluent is being nitrified to NOx-N, thus the net increase across the ATS™ 
floway. 
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Table 20: Total Nitrogen Reduction Summary for PS-ATS and BS-ATS floways - YR2010 and YR2011. 
 

Floway  Monitoring Period 

Water 
Quality 

Based TN 
Percent 
Removal 

(%) 

Water 
Quality 

Based TN 
ARR 

(g/m2-yr) 

Harvest 
Based  TN 

ARR 
(g/m2-yr) 

YR2010 -0.1 -13 53 

YR2011 -1.0 -152 115 PS-ATS™  

YR2010 – YR2011 -0.8 -123 125 

YR2010 1.5 320 59 

YR2011 1.8 389 78 BS-ATS™ 

YR2010 – YR2011 1.7 375 89 
 
 
Table 21: Total Kjeldahl Nitrogen (TKN) Reduction Summary for PS-ATS and BS-ATS floways - YR2010 
and YR2011. 
 

Floway  Monitoring Period 

Water 
Quality 

Based TN 
Percent 
Removal 

(%) 

Water 
Quality 

Based TN 
ARR 

(g/m -yr) 2

YR2010 -3.5 -82 

YR2011 7.8 230 PS-ATS™  

YR2010 – YR2011 5.8 164 

YR2010 11.6 414 

YR2011 7.2 353 BS-ATS™ 

YR2010 – YR2011 7.9 365 
 
 
Table 22: Nitrate + Nitrite Nitrogen (NOx-N) Reduction Summary for Floways PS-ATS and BS-ATS - 
YR2010 and YR2011. 
 

Floway  Monitoring Period 

Water Quality 
Based NOx-N 

Percent 
Removal 

(%) 

Water 
Quality 
Based 
NOx-N 
ARR 

(g/m2-yr) 
YR2010 0.6 69 

YR2011 -3.3 -382 PS-ATS™  

YR2010 – YR2011 -2.4 -288 

YR2010 -0.5 -94 

YR2011 0.2 36 BS-ATS™ 

YR2010 – YR2011 0.1 10 
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Figures 30 through 32 illustrate areal removal rates for total nitrogen, TKN-N and NOx-N on the PS-ATS 
floway. Figure 33 illustrates total nitrogen areal removal rate with total nitrogen influent concentration 
overlay for the PS-ATS™ floway. Figure 34 illustrates a comparison of water quality based and harvest 
based total nitrogen areal removal rates.  
 
Figures 35 through 37 illustrate areal removal rates for total nitrogen, TKN-N and NOx-N on the BS-ATS 
floway. Figure 38 illustrates total nitrogen areal removal rate with total nitrogen influent concentration 
overlay for the BS-ATS™ floway. Figure 39 illustrates a comparison of water quality based and harvest 
based total nitrogen areal removal rates for the BS-ATS™ floway.  
 
Figure 40 provides comparative total nitrogen areal removal rates for PS-ATS™ and BS-ATS™ floways. 
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Figure 30: Total Nitrogen Areal Removal Rates for PS-ATS™ Floway during the YR2010 and YR2011 
Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 31: NOx-N Areal Removal Rates for PS-ATS™ Floway during the YR2010 and YR2011 
Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 32: TKN-N Areal Removal Rates for PS-ATS™ Floway during the YR2010 and YR2011 
Monitoring Period - Rockaway ATS™ Pilot Program  
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igure 35: Total Nitrogen Areal Removal Rates for BS-ATS™ Floway during the YR2010 and YR2011 F
Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 36: NOx-N Areal Removal Rates for BS-ATS™ Floway during the YR2010 and YR2011 
Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 37: TKN-N Areal Removal Rates for BS-ATS™ Floway during the YR2010 and YR2011 

onitoring Period - Rockaway ATS™ Pilot Program  M
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Figure 38: Total Nitrogen Areal Removal Rates and Influent Nitrogen Concentration for BS-ATS™ 
Floway during the YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 39: Comparative Water Quality Based and Harvested Based Total Nitrogen Areal Removal Rates 
for BS-ATS™ Floway during the YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot 
Program  
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Figure 40: Comparative Total Nitrogen Areal Removal Rates for PS-ATS™ and BS-ATS™ Floways 
during the YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  

64 



Rockaway ATS™ Pilot - YR2010 and YR2011 Performance Report                Sep 2010 through Dec 2011 

Phosphorus Dynamics 

Phosphorus Water Quality 

Total Phosphorus 

r the 

or the YR2010 - YR2011 monitoring period, the mean influent total phosphorus concentration was 1.07 
nd 1.03 mg/L for the PS-ATS™ and BS-ATS™ floways, respectively.  

rends in water quality total phosphorus (TP) concentration for the full project term are shown in Figures 
41 and 42 for PS-ATS™ and BS-ATS™ floways. Figure 43 provides a comparative of effluent total 
phosphorus concentrations for PS-ATS and BS-ATS floways. 

Ortho Phosphorus

 
Presented in Table 23 is a summary of influent and effluent total phosphorus (TP) concentrations fo
year YR2010, YR2011 and combined YR2010 - 2011 monitoring period.  
 
F
a
 
T

 
 
Presented in Table 24 is a summary of influent and effluent ortho phosphorus (OP) concentrations for the 
year YR2010, YR2011 and combined YR2010 - 2011 monitoring period. To reduce project costs, total 
phosphorus values were not typically developed grab sample analysis. As ortho phosphorus values were 
calculated from a grab sample, all total phosphorus samples were collected from composite samples in 
the majority of sample sets, comparison of ortho phosphorus concentrations to total phosphorus 
concentrations are provided for general guideline purposes only. 
 
For the YR2010 - YR2011 monitoring period, OP was the dominant phosphorus form, composing 100% 
and 105% of the total phosphorus for floways PS-ATS™ and BS-ATS™ respectively . For the YR2010 - 
YR2011 monitoring period, the mean influent OP concentration was 1.07 and 1.08 mg/L for the PS-
ATS™ and BS-ATS™ floways, respectively.  
 
Trends in water quality ortho phosphorus (OP) concentration for the full project term are shown in Figures 
44 and 45 for PS-ATS™ and BS-ATS™ floways. Figure 46 provides a comparative of effluent ortho 
phosphorus concentrations for PS-ATS and BS-ATS floways. Figure 47 provides a comparative of 
influent total and ortho phosphorus concentrations for PS-ATS floway. 

Organic and Polyphosphate Phosphorus 
 
For the YR2010 – YR2011 period, a very small percentage (0.9%) of the total phosphorus was 
documented as organic and polyphosphate phosphorus (OPP) - calculated as the difference between TP 
and OP for the PS-ATS floway, with a slightly larger percentage of OPP (5.5%) quantify during the 
YR2010 monitoring period. OPP values for both YR2010 and YR2011 were negative for the BS-ATS™ 
floway. As the OPP calculation relies upon an accurate relationship between ortho phosphorus and total 
phosphorus analysis, and since many of these paired data sets were collected differently (composite 
versus grab sample), the OPP data should be used to provide general trend information only. 
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: Total Phosphorus Water Quality Summary for PS-ATS™ and BS-ATS™ Floways for YR2010 and YR2011. 
 

Floway  M eonitoring P riod 

Average 
Influent 

TP  
(mg/L) 

Maximum 
Influent TP 

(mg/L) 

Minimum 
Influent TP 

(mg/L) 

Standard 
Deviation 

(mg/L) 

Average 
Effluent 

TP  
(mg/L) 

Maximum 
Effluent 

TP     
(mg/L) 

Minimum 
Effluent 

TP     
(mg/L) 

S atand rd 
Deviation 

(mg/L) 
YR   01 .2  82010 1.18 1.48 0.92 0.17 1. 1 8 0.66 0.1  

YR   98 .8  62011 1.04 2.06 0.16 0.47 0. 1 3 0.08 0.4  PS-ATS

Y R  00 .8  0

™  

R2010 - Y 2011 1.07 2.06 0.16 0.42 1.  1 3 .08 0.4  

YR   00 .2  12010 1.02 1.29 0.89 0.16 1. 1 8 0.68 0.2  

YR   99 .9  02011 1.04 1.99 0.07 0.48 0. 1 5 0.01 0.5  BS-ATS

0-   2 99 .95  4

™  

YR201 2011 1.03 1.99 0.07 0.4  0.  1  0.01 0.4  
 
 
Table 24 o r e S   and B TS™ Floways for YR2010 11. 
 

: Orth  Phospho us Wat r Quality ummary for PS-ATS™ S-A and YR20

Floway  M g  onitorin  Period

Average 
Influent 

OP 
(mg/L) 

Influent 
OP as a 
Percent 
of TP 
(%) 

Maximum 
Influent 

OP 
(mg/L) 

Minimum 
Influent 

OP 
(mg/L) 

Standard 
Deviation 

(mg/L) 

Average 
Effluent 

OP 
(mg/L) 

Effluent 
OP as a 
Percent 
of TP 
(%) 

Maximum 
Effluent 

OP 
(mg/L) 

Minimum 
Effluent 

OP 
(mg/L) 

Standard 
Deviation 

(mg/L) 
YR2010 0.42 0. 1.65 0.49  1.12 95 1.71 062 0.97 82 0.39 

YR2011   0.33 0. 1.70 0.39  1.07 103 1.70 37 1.04 106 0.25 PS - A

Y – 1 0.33 0.36 1 101 0.41 

TS™ 

R2010  YR201  1.08 100 1.71 1.0 1.70 0.39 

YR2010   0.32 0.38 1.00 98 1.68 0.37  1.03 100 1.69 0.31 

YR2011    0.34 0.40 1.04 105 1.70 0.42  1.09 105 1.70 0.31 BS - ATS

 - Y 1 0.32 0.38 1.03 104 0.40 

™ 

YR2010 R201  1.08 105 1.70 1.70 0.31 
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igure 42. BS-ATS™ Influent and Effluent Total Phosphorus Concentrations (lower chart) with Period of 
low Interruptions for YR2010 and YR2011 (upper chart) - Rockaway ATS™ Pilot Program  
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Figure 43. Effluent Total Phosphorus Concentrations for BS-ATS™ and PS-ATS™ Floways during 
YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Figure 44: Influent and Effluent Ortho Phosphorus Concentrations for Floway PS-ATS™ during YR2010 
and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 45: Influent and Effluent Ortho Phosphorus Concentrations for Floway BS-ATS™ during 
and YR2011 Monitoring Period - Rockaway ATS™ P

YR2010 
ilot Program  
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Figure 46: Comparative Effluent Ortho Phosphorus Concentrations for Floways PS-ATS™ and BS-
ATS™ during YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 47: Comparative Influent Total and Ortho Phosphorus Concentrations for Floway PS-ATS™ 
during YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Phosphorus Mass Removal and Areal Removal Rates 

 areal removal rates for phosphorus can be calculated from both water quality data and 
om harvest data, with the water quality data considered the more reliable because of the homogeneity of 

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 
 
Mass phosphorus 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 

Total Phosphorus

 
Mass removal and
fr
the matrix (water), and the higher level of reliability of composite sampling and analytical procedures. 
Nonetheless comparing the two calculations provides a check of the data, and can provide some insight 
into system dynamics. 
 
Mass removal based upon water quality is calculated as  
 

 

tes for the year YR2010, YR2011 
nd combined YR2010 - 2011 monitoring period. Phosphorus removal rates are calculated based both on 
ater quality flow measurements and testing and harvested biomass mass and tissue analytical data.  

 
Presented in Table 25 is a summary of total phosphorus (TP) removal ra
a
w
 
As referenced earlier, phosphorus tissue concentrations reported during the November 2010 through 
June 2011 period appear to be well below tissue concentrations necessary for plant growth. Accordingly, 
any harvest based removal rate calculations during this period are questionable, and likely significantly 
underestimate actual harvest based phosphorus removal during this period.  

or the BS-ATS™ floway, the water quality based percent reduction in phosphorus was 2.6%.The water 

BS-ATS™ floway was from 39 g/m -yr (Conservative) to 369 g/m -yr (Optimal). 

                                                     

 
For the PS-ATS™ floway, the water quality based percent reduction in total phosphorus was 8.0% for the 
YR2010 – YR2011 monitoring period. The water quality based areal removal rate for the same period 
was 98 g/m2-yr, while the harvest based total nitrogen areal removal rate was 25 g/m2-yr5.  
 
In the Preliminary Performance Modeling Report, the projected phosphorus areal removal rate range for 
the PS-ATS™ floway was from 30 g/m2-yr (Conservative) to 319 g/m2-yr (Optimal). 
 
F
quality based areal removal rate for the same period was 49 g/m2-yr, while the harvest based total 
phosphorus areal removal rate was 17 g/m2-yr.5  
 
In the Preliminary Performance Modeling Report, the projected nitrogen areal removal rate range for the 

2 2

 
5 Harvest based total phosphorus ARR employed analytical results likely in error  
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Ortho Phosphorus 
 
Presented in Table 26 is a summary of ortho phosphorus (OP) removal rates for the year YR2010, 

1 and combined YR2010 - 2011 monitoring period. Phosphorus removal rates are calculated 

ter quality based percent reduction in ortho phosphorus was 5.8% for 
the YR2010 – YR2011 monitoring period. The water quality based areal removal rate for the same period 
was 72 g/m2-yr.  
 
For the BS-ATS™ floway, the water quality based percent reduction in phosphorus was 2.9%.The water 
quality based areal removal rate for the same period was 55 g/m2-yr. 
 
 
Table 25: Total Phosphorus Reduction Summary for PS-ATS™ and BS-ATS™ floways - YR2010 and 
YR2011. 
 

YR201
based on water quality flow measurements and testing.  
 
For the PS-ATS™ floway, the wa

Floway  Monitoring Period 

Water 
Quality 
Based 

Phosphorus 
Percent 
Removal 

(%) 

Water 
Quality 
Based 

Phosphorus 
ARR 

(g/m2-yr) 

Harvest 
Based 

Phosphorus 
ARR 

(g/m2-yr) 
YR2010 17.3 258 7 

YR2011 4.8 55 28 PS-ATS™  

YR2010 – YR2011 8.0 98 25 

YR2010 3.64 50 10 

YR2011 4.81 49 18 BS-ATS™ 

YR2010 – YR2011 2.6 49 17 
 
 
Table 26: Total Ortho Phosphorus (TKN) Reduction Summary for PS-ATS™ and BS-ATS™ floways - 
YR2010 and YR2011. 
 

Floway  Monitoring Period 

Water 
Quality 
Based 

Ortho-P 
Percent 
Removal 

(%) 

Water 
Quality 
Based 

Ortho-P 
ARR 

(g/m2-yr) 
YR2010 15.2 215 

YR2011 2.8 34 PS-ATS™  

YR2010 – YR2011 5.8 72 

YR2010 3.9 58 

YR2011 4.6 54 BS-ATS™ 

YR2010 – YR2011 2.9 55 
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Figure 52: Phosphorus Areal Removal Rate for BS-ATS™ floway during YR2010 and YR2011 
Monitoring Period - Rockaway ATS™ Pilot Program 
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Figure 53: Phosphorus Areal Removal Rates and Influent Phosphorus Concentration for BS-ATS™ 
Floway during the YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Figure 54: Cumulative Phosphorus Areal Removal Rate for BS-ATS™ Floway during YR2010 and 
YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Figure 55: Comparative Phosphorus Areal Removal Rate for PS-ATS™ and BS-ATS™ Floway during 
YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Figure 56: Comparative Cumulative Phosphorus Areal Removal Rate for PS-ATS™ and BS-ATS™ 
Floway during YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Figure 57: Comparative Water Quality Based and Harvest Based Phosphorus Areal Removal Rate for 
BS-ATS™ Floway during YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program  
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Other Water Quality Considerations  

pH and Alkalinity 
 
Typically, when algal turf productivity is active, an upward daytime shift in pH is noted from influent to 
effluent. The extent of this pH shift is largely dependent upon the initial pH and alkalinity, as well as the 
productivity level. The higher the alkalinity and the lower the initial pH the more attenuated the differential. 
During the nighttime, when respiration dominates, CO2 levels recover, and pH shifts downward. These 
patterns result in diurnal pH fluctuations which are typical of ATS™ dynamics (Figure 58).  
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Figure 58: Typical Diurnal pH Trends Across an Active ATS™ floway 6 
 
 
During YR2010 and YR2011, pH was taken by handheld with YSI handheld meters from the influent and 
effluent of both floways during the daytime (usually 11:00 AM to 12:00 PM) in conjunction with weekly 
staff site visits. In addition pH and temperature data were collected at 1 min. intervals from the influent 
and effluent of both floways via sensors associated with the Isco autosamplers.  
 
Based on the midday pH data collected from the handheld meters, YR2010 pH changed from an average 
influent pH of 7.01 to an average effluent pH of 7.63 for PS-ATS™ floway and from 7.01 to 7.67 for BS-
ATS™ floway. During YR2011 period, the pH in floway PS- ATS™ shifted from an average influent pH of 
7.03 to an average effluent pH of 7.70 and for BS-ATS™ from an average influent pH of 7.05 to 7.59. For 
the YR2010-2011 monitoring period, the midday pH in floway PS- ATS™ increased from an average 
influent pH of 7.02 to an average effluent pH of 7.67 and for BS-ATS™ from an average influent pH of 
7.03 to 7.62. This upward pH shift reflects consumption of carbon dioxide and bicarbonate and carbonate 
alkalinity, and the generation of hydroxyl alkalinity.  
 
As noted from Figures 59 and 60 and Table 27, the pH trends for both floways were very similar 
throughout the evaluated period, and are typical of daytime patterns. While the alkalinity is moderately 
high, the initial pH during YR2010 was on the acidic side of neutral, which means the solubility of CO2 is 
comparatively high. The presence of abundant CO2 not only ensures adequate carbon is available during 

                                                      
6 Taken from Hydromentia (2005) “S-154 Pilot ATSTM-WHSTM Aquatic Plant Treatment System Final Report” for 
SFWMD Contract C-13933 
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photosynthesis, but also the rate of pH increase is attenuated. The relatively limited increase in pH 
reflects the relatively slow algal growth rates and the available bicarbonate and carbonate alkalinity. 
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Figure 59: Daytime pH Trends for PS-ATS™ floways during the YR2010 – YR2011 Monitoring Period – 
Rockaway ATS™ Pilot Program. 
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Figure 60: Daytime pH Trends for BS-ATS™ floway during the YR2010 – YR2011 Monitoring Period – 
Rockaway ATS™ Pilot Program. 
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7: Daytime pH, Dissolved Oxygen, Water Temperature s PS-ATS™ and BS-ATS™
YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
 

 and Conductivity for Floway  during the YR2010 and 

pH Dissolved Oxygen (mg/L) Temperature (°C) Conductivity (MicroS/cm) 
PS-ATS™  BS-ATS™  PS-ATS™  BS-ATS™  PS-ATS™  BS-ATS™  PS-ATS™  BS-ATS™  

Date INF  EFF INF EFF INF  EFF INF  EFF INF  EFF INF  EFF INF  EFF INF  EFF 
10/5/2010                                 
10/12/2010 6.98 7.46 6.92 7.47 4.32 11.02 6.75 1 18.67 18.21       11.66 2 .76 20.94   
10/19/2010 7.11 8.03 7.08 7.82 5.07 13.2 4.89 21.08 20.61 70.35 6991 699212.84 21 20.74 7068  
10/26/2010 6.98 7.47 6.96 7.52 5.33 10.2 5.58 1  21.89 22.13 8112 8139 8 8139 11.12 2 .98 22.09 093 
11/2/2010 7.06 8.07 7.03 7.84 5.72 12.74 6.08 9  19.97 19.42 6613 6368 6 6511 12.26 1 .89 18.48 632 
11/9/2010 6.98 8.2     6.11 13.87   8       1 .52 16.04         
11/15/2010 6.96 7.87 7.01 7.6 6.12 12.88 6.55 9  1 68 7 7688 12.24 1 .47 18.85 9.83 20.28 7669 75 631 
11/23/2010 6.98 7.12 7.01 7.61 6.03 7.69 6.29 9  19.47 19.07 6803 52 6 6783 11.85 1 .22 18.83  67 841 
11/29/2010 6.99 7.22 6.92 7.47 6.57 8.21 6.75 8 18.67 18.21     11.66 1 .35 17.92     
12/7/2010 7.06 7.26 7.12 7.91 6.99 8.89 7 5.56 15   13.42 1 12.71 .91 13.48       
12/13/2010     7.01 7.78     6.76       13.82   16.46 13.92     
4/20/2011 6.54 7.49 6.63 7.14 4.96 14.69 6.04 5.7  95 16.03 6860 6 6961 11.92 1 5 15.81 15. 6950 846 
4/27/2011 6.62 8.1 6.66 7.24 4.95 14.89 5.06 7.7  1 5 5058 12.25 1 4 17.92 7.74 17.77 5080 5070 077 
5/4/2011 6.73 7.52 6.69 7.04 5.18 12.76 5.87 6.4  1  5 5777 11.09 1 9 14.03 7.23 16.13 5838 5484 924 
5/11/2011 6.61 8.75 6.6 7.21 4.1 14.03 5.31 8.4  18.43 18.34 7769  7 7492 10.68 1 8 18.09  8821 643 
5/19/2011 6.73 7.6 6.84 7.38 5.18 18.7 5.68 19.2 23.63 18.8 21.97 6823 19 6 723115.16  75 733  
5/24/2011                                 
5/31/2011 7.48 7.31 7.21 7.83 8.3 13.29 7.42 2.5  2 5700 5 5676 19.97 2 5 26.74 1.96 26.4 5259 197 
6/7/2011 7.03 7.15 7.09 6.97 5.35 13.19 7.42 2.3  21.92 24.96 6051 6475 6 6694 16.35 2 8 26.57 130 
6/14/2011                                 
6/21/2011         4.88 18.26 4.03 22.4 22.9 24.5 6370 6619 6 6596 17.06 24.2 463 
6/28/2011         3.37 14.07   3.2     5070 4097     2 3 27.47   
7/5/2011                                 
7/12/2011 6.74 8.72 6.86 8.73 3.79 13.47 3.79 4.6 25.89 30.76 6733 7091 7550 13.47 2 2 28 6847 
7/19/2011         4.57 14.36 5.46 4.9 24.8 28.69 6448 7006 640 6876 15.73 2 5 28.98 9 
7/26/2011 9.17 9.76 9.05 9.45 4.92 14.29 5.07 4.7  24.58 27.56 8546 8992 852 9005 12.12 2 4 27.72 1 
8/2/2011 6.87 9.13 6.97 8.83 4.14 14.02 4.14 5.2  24.93 26.6 7669 8039 761 7908 19.92 2 6 27.38 0 
8/9/2011         5.23 18.22 4.39 4.9 25.4 27.86 6847 7035 690 7163 19.9 2 1 26.68 5 
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pH Dissolved O en (xyg mg/L) Temperature (°C) Conductivity (MicroS/cm) 
PS-ATS™  BS-ATS™  PS-ATS™  BS-A  TS™ PS-ATS™  BS-ATS™  PS-ATS™  BS-ATS™  

Date INF  EFF INF EFF INF  EFF INF  EFF INF  EFF INF  EFF INF  EFF INF  EFF 
8/16/2011 2 4.75  23.37 25.74 23.19 23.6 4817 5058 4801 4779         4.42 16.4 13.6
8/23/2011                                 
8/30/2011                                 
9/6/2011                                 
9/13/2011                                 
9/19/2011                                 
9/27/2011 7.      23.4 23.8     6248       7 2   6.66 4.75   
10/4/2011 7. 7 7.2 6 6.74  21.65 20.84 21.33 21.33 6082 5983 6079 6045 7 4   5.27 12.4  9.87
10/11/2011 7. 7 7.1 7 5.11  22.83 23.49 22.79 22.52 5679 5560 5671 5643 6.9 4   3.83 11.1  9.23
10/25/2011                                 
11/9/2011 7. . 7.4  4.7  20.24 19.87 20.24 19.87 5379 5300 5392 5341 7 2 7 1  4.7 12.4  12.4
11/22/2011 7 . 7.1  3.91  18.28 15.48 18.56 16.62 6989 6402 7103 6674 6.8  6 8  3.91 7.58  7.58
12/13/2011 5. 7. 7.2  4.71  16.87 14.16 17.39 16.06 4694 4403 4753 4603 7.2 4 2  4.28 8.26  6.23

YR2010 
Average 7. . .67 7 6.29 2 19.53 18.51 19.11 18.37 5853 7164 7253 7223 7.01 63 7 01 7  5.81 10.9  12.3

YR2011 
Average 7. . .59 9 5.24 0 21.4 22.7 21.26 22.5 6250 6380 6321 6477 7.03 70 7 05 7  4.86 13.3  13.4

YR2010-
2011 
Average 

7. .03 .62 7 5.58 5 20.84 21.44 20.57 21.18 6174 6537 6515 6633 7.02 67 7  7  5.14 12.6  13.0
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Effluent from the Rockaway WPCP is moderately hard, non colored water with comparatively high mineral 
ontent, which is typical of wastewater effluents. Domestic wastewater typically has an alkalinity less 

than, or slightly greater than, that of water supply.  
 
The alkalinity within Rockaway WPCP effluent at the ATS™ pilot influent was taken during the YR2010 
and YR2011 period, with average influent and effluent alkalinity as CaCO3 of 76 mg/L and 75 mg/L, 
respectively.  
 
 
Table 28: Total Alkalinity for Rockaway ATS™ Pilot during the YR2010 and YR2011 Monitoring Period - 
Rockaway ATS™ Pilot Program 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Because of the medium to high level alkalinity in the Rockaway WPCP effluent, carbon would not likely be 
limited down the ATS™ floway, allowing for increased algal productivity and nitrogen and phosphorus 
removal rates relative to lower nutrient ATS™ applications. However, because of lower than projected 
productivity, pH levels within the effluent did not elevate to levels above 9.00. It is not unusual for pH 
levels of ATS™ effluents associated with low alkalinity source waters or very high productivity systems to 
approach a pH of 10 once bicarbonate and carbonate alkalinity is consumed. At such high pH levels, it 
becomes unclear whether productivity diminishes in response to carbon availability or the potential 
toxicity of the high pH. It is quite likely that both phenomenon factor into the attenuation of production. 
 
The degree of diurnal variability in the effluent pH, which as noted previously, is associated with the 
consumption of carbon dioxide, bicarbonate and carbonate during photosynthesis by the algae 
community on the ATS™. This is a well-documented phenomenon that results in a shift in the alkalinity 
species with an increase in hydroxide (OH-) and a decrease in bicarbonate (HCO3

-) alkalinity as pH rises, 
as noted within Figure 59. As the algae production increases carbon consumption, there is an imposition 
upon carbonate (CO3

=) to the extent that when the pH reaches about 10.5 the carbonate alkalinity will 
begin to decline and hydroxide alkalinity becomes predominant. A pH of about 9.5 represents the 
approximate point at which hydroxide alkalinity begins a dramatic increase and bicarbonate declines, and 
accordingly the carbon availability declines.  
 
The relationship of pH and alkalinity to available carbon for algal photosynthesis was investigated by 
Saunders et al. in their studies on phytoplankton in the Great Lakes.7 The available carbon was 
expressed as a percentage of total alkalinity, as noted in Figure 60.   
 

                                                     

c

 
7 Saunders, G.W., F.B. Trama, and R.W. Bachman. 1962. Evaluation of a modified C14 technique for shipboard 
estimation of photosynthesis in large lakes. Great Lakes Research Division, Institute of Science and Technology, 
University of Michigan, Ann Arbor, Michigan, USA. 

Total Alkalinity 
As CaCO3 

(mg/L) 
Date Influent Effluent 

10/12/2010 80 79 
11/2/2010 71 68 

12/13/2010 66 64 
6/28/2011 70 66 
7/26/2011 78 73 
9/09/2011 94 97 

Mean 76 75 
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Figure 59: Relationship of pH to carbon dioxide, and carbonate, bicarbonate and hydroxide alkalinity
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Figure 60: Relationship of pH an
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Typical Diurnal DO Trends S-154 ATS
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Figure 61: Typical Diurnal DO Trends Across an Active ATS™ Floway (see footnote 13) 

                                                      
8 The maintenance of DO levels at nighttime depends upon the amount of biodegradable organics within the water. If 
the level of these organics is high (>> 20 mg/L BOD5), then DO levels at night could drop to disruptive levels. 
Typically this is not the case with Class III surface waters in Florida. 
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O levels were similar for both floways, and showed the typical pattern, with effluent 

vels above saturation. This pattern persisted through the remaining quarters. This increase in DO is 

creased 133.9%from 5.58 mg/L to 13.05 mg/L 

YR2010 daytime D
le
indicative of active algal turf productivity (Table 27 and Figure 62); although because of the variability of 
DO saturation concentrations with temperature, and the active exchange with the atmosphere, it is not 
practical to try to estimate production across and ATS™ based upon the change in DO levels. However, 
when there is a noticeable decline in the differential, and the daytime effluent concentrations approximate 
daytime influent concentrations, this may be indicative of a substantial drop in productivity 
 
Mean midday DO levels increased 88.9% for PS-ATS™ floway from 5.80 mg/L to 10.97 mg/L, and 
increased 95.7% from 6.29 mg/L to 12.32 mg/L for BS-ATS™ floway in YR2010. In YR2011, mean DO 
levels increased 175.8% for PS-ATS™ floway from 4.86 mg/L to 13.43 mg/L and for BS-ATS floway 
increased 155.6%from 5.24 mg/L to 14.30 mg/L being higher during the summer time for both floways. 
For the YR2010 – YR2011 monitoring period, mean DO levels increased 146.3% for PS-ATS™ floway 

om 5.14 mg/L to 12.69 mg/L and for BS-ATS floway infr
being higher during the summer time for both floways. 
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011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Water Temperature 
 
Water temperature changes from influent to effluent across an ATS™ floway depends upon the 
differential between air temperature and water temperature. When the ambient air temperature is higher 
than the inflow water temperature, there is a net gain in heat down the floway, with the reverse true when 
ambient air temperature is cooler than the water temperature.  Illustrated in Figure 63 are typical warm 
season water temperature trends in which there is captured heat down the ATS™ floway during the day 
time, and then release of heat at night.  
 
Water temperature along with available nutrient concentrations (nitrogen, phosphorus and carbon) are 
factors that have a significant impact on algal productivity and hence system nutrient pollutant removal 
rates. Water temperatures below 15 degrees C have been shown to significantly reduce algal productivity 
when compared to water temperatures of 20 – 30 degrees C. 
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Figure 63: Typical Warm Season Diurnal Water Temperature Trends Across an Active ATS™ Floway in 
the Southern Unites States (see footnote 6) 
 
 
As reported in Tables 25 and illustrated in Figure 64, YR2010 midday influent average temperature were 
19.5 °C and 19.1 °C for PS-ATS™ floway and BS-ATS™ floway, respectively, and average temperature 
for the effluent was 18.5 °C and 18.4 °C, respectively).  
 
YR2011 midday influent average temperature were 21.4 °C and 21.3 °C for PS-ATS™ floway and BS-
ATS™ floway, respectively, and average temperature for the effluent was 22.7 °C and 22.5 °C, 
respectively.  
 
For the YR2010-2011 monitoring period, minimum and maximum temperatures for the PS-ATS™ influent 
were 15.6 °C and 25.3 °C and 12.7 °C and 29.0 °C for effluent. For the BS-ATS™ floway, influent 
minimum and maximum temperatures were 15.9 °C and 25.9 °C, and effluent minimum and maximum 
were 13.5 °C and 30.8 °C (See Table 29) 
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For the YR2010-2011 monitoring period, average or mean temperatures for the PS-ATS™ influent and 
effluent were 20.8 °C and 21.4 °C. Average temperatures for the BS-ATS™ influent and effluent were 
20.6 °C and 21.2 °C 
 
 
Table 29: Mean, Minimum and Maximum Midday Water Temperature for Floways PS-ATS™ and BS-
ATS™ during the YR2010-2011 Monitoring Period - Rockaway ATS™ Pilot Program 
 
 

Temperature (°C) 
Influent Effluent 

PS BS PS BS 
Min Min Min Min 
15.6 15.9 12.7 13.5 
Max Max Max Max 
25.3 25.9 29.0 30.8 
Mean Mean Mean Mean 
20.8 20.6 21.4 21.2 

 
 
For the YR2011 monitoring period, average influent water temperature was around 2 °C higher than 
YR2010, where as the average effluent water temperature was around 4 °C higher than YR2010. This is 
normal because YR2011 period includes the warmer summer period when the ATS™ system was 
exposed to higher ambient air temperatures.  
 
Increased temperature normally solicits increased algal productivity when all other factors are equal, 
although prolonged temperatures above 40° C have the potential of challenging the physiology of certain 
algal communities. It is not expected that even during peak summer, that effluent water temperature will 
reach 40 °C. 
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Figure 64: Midday Water Temperature Trends for Floways PS-ATS™ (top) and BS-ATS™ (bottom) 
during the YR2010-2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Conductivity 
 
The Rockaway WPCP effluent is comparatively high in ionic activity when compared to typical inland 
freshwater surface water systems, and accordingly is characterized by high conductivity, often between 
7000 to 8000 microS/cm. When flows move across an ATS™ floway, there normally is very little shift in 
conductivity from influent to effluent. The changes that are noted are typically attributable to temperature 
changes, with the effluent normally having somewhat higher conductivity levels during the warm daytime 
period (Figure 65).  
 
During YR2010 influent and effluent conductivities were very similar, with both floways (PS-ATS™ and 
BS-ATS™) showing the same patterns (Table 27 and Figure 66).  
 
During the YR2011, the PS-ATS™ and BS-ATS™ average influent conductivity was 6250 Micro S/cm 
and 6321 Micro S/cm respectively and the averaged effluent conductivity was 6380 Micro S/cm and 6477 
Micro S/cm.  
 
For the YR2010 -2011 monitoring period the PS-ATS™ average influent conductivity was 6174 Micro 
S/cm and the average effluent conductivity was 6537 Micro S/cm. For BS-ATS™ influent and effluent 
conductivity was 6515 Micro S/cm and 6633 Micro S/cm, respectively.     
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Figure 65: Typical Diurnal Conductivity Trends Across an Active ATS™ floway  
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Figure 66: Daytime Conductivity Trends for Floways PS-ATS (top) and BS-ATS (bottom) during the 
YR2010-2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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Calcium, Magnesium and Iron 
 
As noted, the mineral content of Rockaway WPCP effluent is high when compared to many surface and 
ground waters (Table 30). Due to the high mineral content this water is classified as moderately hard 
water. The high mineral content should be also reflected in the algal tissue; nevertheless, it is not 
reflected in this case, which may be relevant to laboratory data accuracy. The Everglades system shown 
in Table 31 was a hard water, high in calcium and magnesium. Lake Lawne was a soft water lake with 
calcium levels at about 25 mg/L. Egret Marsh has moderate mineral levels. 
 
In term of PS-ATS™ and BS-ATS™ algal tissue analysis, there was not significantly difference between 
both floways during YR2010 and YR2011. For YR2011, PS-ATS floway influent Calcium averaged 
1.39%, Magnesium averaged 0.65%, and Iron averaged 10,867 mg/L while BS-ATS™ floway showed an 
average influent Calcium of 1.40%, Magnesium averaged 0.71% and Iron averaged 9120 mg/L. 
HydroMentia has not in its experience ever observed any productivity issues related to mineral 
deficiencies, but it is recognized that mineral concentrations and ratios could in certain situations be 
important factors regarding system productivity and community composition.  
 
 
Table 30: Influent Calcium, Magnesium and Iron during the YR2010 and YR2011 Monitoring Period - 
Rockaway ATS™ Pilot Program 
 

Date 

Influent 
Calcium 

(µg/L) 

Influent 
Magnesium 

(µg/L) 

Influent 
Iron 

(µg/L) 
10/12/2010 74,500 135,000 108 
11/2/2010 71,900 141,000 111 

12/13/2010 64,300 124,000 111 
6/28/2011 73,100 139,000 168 
7/26/2011 76,400 149,000 135 
9/09/2011 82,900 158,000 113 

 
 
Table 31: Calcium, Magnesium and Iron Tissue Levels during the YR2010 and YR2011 at Rockaway 
ATS™ Monitoring Period Compared to Other Florida ATS™ Floways and General Sufficiency Levels for 
Hydroponic Macrophyte Systems 
 

Rockaway ATS™ Pilot  
   

Element Unit (YR2010) (YR2011) 

Santa Fe 
ATS™ 
Pilot 

(Alachua 
County, 

FL) 
(2010) 

Lake 
Lawne 
ATS™ 
Pilot 

(Orange 
County, 
FL) (May 
and June 

2009) 

STA-1W 
(West Palm 

Beach 
County, 

FL) 
(March 
2009) 

Egret 
Marsh 
ATS™ 
Indian 
River 

County 
(Aug, 
2010) 

S-154 Basin 
(Okeechobee 
County, FL) 

(March 2004) 

General 
Sufficiency 
Levels for 

Hydroponic 
systems9 

Calcium % dry 
weight 4.38 1.39 1.31 4.40 20.54 9.06 2.06 1.9-2.5 

Magnesium % dry 
weight 0.13 0.65 0.32 0.30 0.76 0.43 0.89 0.30-0.50 

Iron mg/kg 10, 287 10,868 15,783 20,687 488 23,187 20,384 50-150 

 

                                                      
9 These ranges are provided as a general guide, and do not necessarily represent sufficiency levels 
applicable to algae.  
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Suspended Solids 
 
For YR2010, there was a net increase in total suspended solids (TSS) for PS-ATS™ floway, but a 
reduction in TSS for BS-ATS™. The PS-ATS™ floway influent TSS averaged 9.2 mg/L, with values 
ranging from 4 to 19 mg/L, and for BS-ATS™ the influent average was 15.7 mg/L, with values ranging 
from 4 to 23 mg/L. The PS-ATS™ floway showed an average effluent TSS of 11.1 mg/L with values 
ranging from 4 to 37 mg/L. The BS-ATS™ floway showed an average effluent TSS of 7.1 mg/L values 
ranging from 4 to 11 mg/L (Table 32 and Figure 67). The increase in suspended solids included additional 
solids associated with a regular sloughed algae tissue and non-programmed shut downs due factors 
identified in Section 2. In 80% of the events where TSS levels in the effluent were significantly higher 
(80% to 428%) than the influent level, the sampling followed periods of no-flow events. The increase of 
the effluent TSS may also indicate some contamination in the effluent water samples, which was 
observed to occur on several occasions in the pilot units.  
 
For YR2011, PS-ATS™ floway influent TSS averaged 7.0 mg/L, with values ranging from 4 to 16 mg/L 
and floway effluent TSS averaged 7.3 mg/L with values ranging from 0 to 18 mg/L. BS-ATS™ floway 
showed an average influent TSS of 7.8 mg/L with values ranging from 4 to 23 mg/L. and floway effluent 
TSS averaged 7.1 mg/L with values ranging from 4 to 18 mg/  
 
For the YR2010-2011 monitoring period the PS-ATS™ floway influent TSS averaged 7.5 mg/L, with an 
average effluent TSS of 8.4 mg/L. The BS-ATS™ floway influent TSS averaged 9.8 mg/L, with an 
average effluent TSS of 7.2 mg/L 
 
Trends related to TSS are seen in Figure 67. Because of the possible influence of suspended solids upon 
nutrient concentration in the effluent, it is critical that solids contamination associated with operation of the 
effluent box be eliminated or minimized. Modifications made to the solids recovery system associated with 
the effluent box are expected to resolve potential contamination problems.  
 
 
Table 32: Daytime Total Suspended Solids (TSS) for Floways PS-ATS™ and BS-ATS™ during the 
YR2010 and YR2011 Monitoring Period - Rockaway ATS™ Pilot Program 
 
 

TSS  (mg/L) 
PS-ATS™  BS-ATS™  

Date INF  EFF INF  EFF 
10/5/2010         
10/12/2010 10 4     
10/19/2010 11 4 5 5 
10/26/2010 7 37 23 9 
11/2/2010 8 6 27 4 
11/9/2010 8 6 45 7 
11/15/2010 7 5 12 11 
11/23/2010 19 9 9 7 
11/29/2010 9 14 10 10 
12/7/2010 4 15 10 6 
12/13/2010     0 5 
4/20/2011 16 9 5.2 7.4 
4/27/2011 12 7 23 6 
5/4/2011 4 4 4 4 
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TSS  (mg/L) 
PS-ATS™  BS-ATS™  

Date INF  EFF INF  EFF 
5/11/2011 5.2 8.8 5 5.8 
5/19/2011 8.2 19 21 8 
5/24/2011 6 14 4 4 
5/31/2011 4 7.5 4.8 8 
6/7/2011 4 5.5 10 12 
6/14/2011 6 12 10 18 
6/21/2011 10 9.5 10 6.5 
6/28/2011 7.5 5.5     
7/5/2011 7.7 11 8.3 16 
7/12/2011 6.5 10 5.5 18 
7/19/2011 5.5 7.7 9.3 5 
7/26/2011 7.7 7.7 6.3 9.3 
8/2/2011 7.7 11 5.3 8.3 
8/9/2011 4.3 5.7 7.3 4 
8/16/2011 7 4 4 4 
8/23/2011 4.7 5.5 5 4 
8/30/2011         
9/6/2011 7 4.3 6 4 
9/13/2011 5 4 4.6 5.8 
9/19/2011         
9/27/2011     5.7 4 
10/4/2011 10 4 9.5 4.5 
10/11/2011 4 4.3 6 4 
10/25/2011 4.8 4 4 4.3 
11/9/2011         
11/22/2011 13 0 14 10 
12/13/2011 4 4 5.5 4 

YR2010 
Average 9.2 11.1 15.7 7.1 

YR2011 
Average 7.0 7.3 7.8 7.3 

YR2010-
2011 

Average 
7.5 8.4 9.8 7.2 
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Figure 67: Total Suspended Solids (TSS) for Floways PS-ATS™ (top) and BS-ATS™ (bottom) during the 
YR2010-2011 Monitoring Period - Rockaway ATS™ Pilot Program 
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SECTION 5: MODELING REVIEW 

Modeling Considerations—ATSDEM Adjustment 
 
The ATSDEM model was developed by HydroMentia to establish a means of developing initial 
assessments of system performance, and for sizing facilities during preliminary engineering efforts. The 
model can also be used during operations for establishing harvesting regimens and adjustments to 
hydraulic loading. The model is based upon the Monod10 relationship and first order dynamics applied to 
a community rather than an enzyme or individual species, such as is done with other commercial 
biological process (e.g. activated sludge). The Monod relationship is expressed as: 
 

 m = mmaxS/(Ks+S)     
   
   Where mmax is the maximum potential growth rate and Ks is the half-rate constant for growth 
limited by  S, or the value of S when m = ½ mmax.  

 
 
 
 
 
 
 
 
 
 
 
 
THIS SECTION TO BE COMPLETED UPON RECEIPT OF 2012 OPERATIONAL DATA 
 

                                                      
10 Monod J. (1942) Recherches sur la Croissance ds Cultures Bacteriennes, Herman et Cie, Paris   
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APPENDIX A: pH AND SOLAR DATA  
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APPENDIX B: SUMMARY OF ATSDEM DEVELOPMENT 
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Development of an ATS™ Design Model (ATSDEM)  
 

Technical Rationale and Parameter Determination 
 
Modeling of complex, expansive biological processes requires recognition that system behavior is a 
composite of a number of physical, chemical and biological reactions, and that each has the capability of 
exerting influence over the other. Within most biological treatment systems, the dominant reactions 
revolve around enzymatic conversion. These enzymatic reactions will influence both tissue creation and 
tissue reduction. The more expansive the biological system, the more difficult it becomes to identify and 
project the dynamics of specific reactions. For example, Walkeri, in modeling treatment wetlands, known 
as Stormwater Treatment Areas or STA, utilized the resultant, documented removal of phosphorus to 
establish a general first order equation in which removal is projected, but the mechanisms involved are 
not individually assessed. This model, Dynamic Model for STA, or DMSTA, while quite reliable over a set 
period of time, projects only the rate at which phosphorus is accumulated through sediment accretion. 
Admittedly, it does not include efforts to model or optimize plant productivity, as noted by Walker21 –“The 
model makes no attempt to represent specific mechanisms, only their net consequences, as reflected by 
long-term average phosphorus budget of a given wetland segment.”   
 
The principle weakness of the DMSTA approach is that it presumes, and requires storage (peat 
accumulation), or dA/dt > 0, with A the accreted peat, and t is time, while assuming that there is no 
change in the rate factor, Ke , also know as the effective velocity, or dKe  /dt = 0. This relationship is 
incongruous with the present understanding of ecological succession, as it assumes no relationship 
between the collection of complex ecological processes and the accumulated stores within the 
ecosystem. This presumption does not eliminate the inevitability that ultimately there will be a changed 
ecostructure in which the mechanisms and rates of phosphorus management will change. The need 
recently to remove accumulated peat within an STA near the City of Orlandoii has validated this 
suspected vulnerability. 
 
Within more compact intensive processes, such as activated sludge and fermentation chambers, as well 
as MAPS programs, greater management effort is extended towards a specific product, and typically this 
product is targeted specifically within the modeling efforts. For example, with activated sludge, design and 
operation relies upon the rate of production of the diverse population of heterotrophic and 
chemoautotrophic microorganisms, which collectively generate the desired oxidation and consumption of 
organic debris. These processes are typically compatible with the principles of ecological succession, as 
the accumulated biomass is removed at frequent intervals, therefore, dA/dt = 0. This removal stabilizes 
the system’s dynamic, and permits long-term reliability. 
 
MAPS, which include ATS™, are such stabilized systems that rely upon photoautrophic (green plants and 
certain bacteria) production, and the subsequent removal (harvesting) of accumulated production to 
preserve relative predictable and reliable performance. Managed photoautotrophic production of course is 
the basis of much of established agriculture, and has been practiced for several thousands of years—
therefore it is not a new concept, and it is understandable that certain aspects of ATS™ resemble 
conventional farming. The difference between an ATS™ and traditional farming is oriented more around 
purpose than technique, although to some extent purpose directs technique. With ATS™ and other MAPS 
it is the intent not to maximize production for the sole purpose of food or fiber cash product generation, 
but rather maximizing production for the principal purpose of removal of pollutant nutrients. With an 
ATS™, the resultant crop value is secondary—the larger and more valuable product is enhanced water 
quality. In other words, algae is not grown because it fixes carbon and thereby generates a valuable 
product, but because in its growth, supported by the fixation of carbon, it incorporates phosphorus and 
nitrogen in its tissue, and thereby provides an efficient mechanism for water treatment.  
 
The dynamics associated with the ATS™ can be described as a first-order reaction as with many 
biological water treatment process, where the rate of reaction is proportional to the concentration of the 
substrate. This can be expressed through Equations 1 through 3. 
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dS/dt = -kS    Equation 1 
or 

dS/S = -kdt    Equation 2 
 
Integrated between t = 0 to t = i or 
 
             ln(Si/S0) = -kt  or  Si = S0e-kt  Equation 3 
 
 Where S is the nutrient concentration, t is time, and k is the rate constant  
 
This general expression was initially applied to enzymatic reactions as described by Michaelis-Menten19. 
While the value “k” within the laboratory was in these vanguard studies applied to a specific substrate 
and a specific enzyme, the “k” value, as noted previously, has come to be identified within more complex 
biological treatment processes with the cumulative effect of a broad and fluctuating collection of reactions 
and organisms. While repetitive experimentation in such cases can strengthen confidence in establishing 
values for “k” on a short-term basis, it cannot, as noted previously, determine the rate of change in “k” 
as environmental conditions change within a system, such as a treatment wetland, which is not managed 
through tissue removal —i.e. as accretion begins to change to chemical and physical complexion of the 
process.  
 
Within sustainable biological processes, in which biomass removal allows long-term stabilization of the 
chemical and physical environment, it is possible to orient the first-order reaction around the principal 
mechanism involved in nutrient removal—that being actual biomass productivity. In some cases, 
modeling of this productivity can target a dominant species, such as with the WHS™ technology. 
However, in most cases, the application of growth models is applied to a set community of involved 
organisms, such as with activated sludge, fixed film technology, fermentation and ATS™.  
 
Managing a collection of organisms in this manner presents the design challenge of projecting 
performance of a functioning ecosystem and, in operations, manipulating parameters, to the extent 
practical, (e.g. hydraulic loading rate, chemical supplementation) such that the most efficient ecostructure 
in terms of removal of the targeted pollutant, is sustained, and thus provided a selective advantage.  
 
When a biological unit process is oriented around sustainable community production, the first order 
kinetics are generally applied through the Monod20 relationship. 
 
                 Zt = Z0emt     Equation 4  
 
 Where Z is the biomass weight and m is the specific growth rate (1/time) when: 
 
       m = mmaxS/(Ks+S)    Equation 5 
   
   Where mmax is the maximum potential growth rate and Ks is the half-saturation constant for 
growth limited by  S, or the concentration of S when m = ½ mmax.  

 

Considering the flow dynamic of the ATS™, the system may be viewed as a plug flow system. 
Recognizing that the average biomass at any one time on the ATS™ is assumed stable (Zave), and 
relatively constant when harvesting is done frequently, and the reduction rate at steady state of S is also 
a function of the concentration of S within the tissue or St, then Sy1 at a sufficiently small increment “y” 
down the ATS™ may be expressed as: 
 

Sy1 = Sy0 – {[St{Zavee [m][(y1-y0)/v] – Zave}]/[q(y1-y0)/v]}        Equation 6 
 
 Where “v” is the flow velocity down the ATS™ at unit flow rate “q”.  
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The conditions required for Equation 6 are that the temperature is optimal for growth, that solar intensity 
is relatively constant, that the process is irreversible, and that there is no inhibitory effects related to S 
within the ranges contemplated, and that the difference between Sy1 and Sy0 is sufficiently small down 
“y”, as to not influence m. If temperature variations are expected, their impacts need to be considered 
using the classical V’ant Hoff-Arrheniusiii equation (Equation 7), which may be incorporated into the 
relationship as noted in Equations 8. 
 
  mopt /m1 = Q(Topt-T1)   or  m1 =mopt /Q(Topt-T1)     Equation 7 
 
 Where mopt is the growth rate for given S at the optimal growing temperature oC, Topt, and m1 is 
the growth rate for the same given S at some temperature oC, T1, when T1< Topt, and  Q is an empirical 
constant ranging from 1.03 to 1.10. 
 
         Sy1 = Sy0 – {[St{Zavee [m(y1-y0)/v] [1/Q(Topt-T1)]   – Zave}]/[q(y1-y0)/v]}    Equation 8  

 
In more northern applications, adjustments might need to be made for light intensity as well. While there 
are seasonal fluctuations in Florida for both solar intensity and photoperiod, the impacts are assumed to 
be minimal when compared to temperature influences, and can be incorporated into the empirical 
determination of Q. 
 
Finally, if the right side of Equation 5 is included for m, then the relationship for concentration of S, at the 
end of segment y1 becomes Equation 9. 
 
Sy1 = Sy0 – {[St{Zavee [mmaxSy0/(Ks+Sy0)][(y1-y0)/v] [1/Q(Topt-T1)]  – Zave}]/[q(y1-y0)/v]}  Equation 9 
 
 
Estimation of mmax and Ks can be done by manipulation of the Monod20 relationship, noted as Equation 5 
to yield linear equations to which field data can be applied and plotted, as discussed by Brezonikiv. 
Several techniques are discussed, including Lineweaver-Burkev, Hanesvi and Eadie-Hofsteevii. It is 
suggested that of the three methods, the Hanes25 method, which involves the plot of substrate 
concentrations S, as the independent variable, and the quotient of substrate concentration and growth 
rate, [S]/m, as the dependent variable is the preferred of the three. In such a plot, mmax is represented as 
the inverse of the slope of the linear equation:  
 

 [S]/m= (Ks/ mmax)+(1/mmax) [S]   Equation 10  
 
 Accordingly, Ks is the negative of the x-intercept, or Ks = -[S], when  [S]/m= 0.  
 
Plotting the single flow data set using the Hanes method is helpful at providing some indication of 
expected general range of mmax and Ks . The fact that data collection, particularly as related to growth, as 
noted earlier, is inherently vulnerable to error, and that there are undoubtedly other factors involved in 
determining production rate that must be considered when deciding how to apply a developed model, and 
in determining the extent of contingencies included in establishing sizing and operational strategy, non-
linear regression analysis, a technique beyond the scope of this review, may result in a set of parameters 
that provide closer projections.  
 
The data set used in establishing the Hanes plot as shown in Table 4-1, were created from field data 
incorporated with the following approach: 
 

1. Data was used for that period identified as the adjusted POR, as inclusion of results impacted by 
the hurricane events, and the associated power outages represent unusual perturbations that 
would likely influence system performance. This POR was from May 17, 2004 to August 23, and 
October 23 to December 6, 2004. 
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2. Water loss was considered negligible down the ATS™. 
3. Crop production was calculated as the mass of total phosphorus removed over the monitoring 

period divided by the tissue phosphorus content as % dry weight, with the tissue phosphorus 
content calculated using the equation note in Figure 3-7. 

4. Growth rate is calculated by ln(Zt/Z0) /t = m with Z0, the initial algal biomass assumed to be 10 
g/m2 on a dry weight basis, adjusted to optimal growing temperature. This value is based upon a 
reasonable harvest of 90-95% of standing crop. 

5. Optimal growing temperature (water) is set at 30o C, with Q= 1.10.  
6. Substrate concentration is set as the mean between influent and effluent concentrations.  
7. Available carbon concentration is calculated using the method described in Section 3-4. 

 
Scattergrams of the total phosphorus, total nitrogen, available carbon, and linear hydraulic loading rate 
with calculated growth rate are noted in Figures 4-9 to 4-12. The patterns as seen provide indication that 
phosphorus influences upon growth rate are more dramatic at lower concentrations, with a “plateau” 
noted at high concentration indicating rather low values of Ks. Phosphorus appears to be more influential 
than nitrogen or available carbon. The LHLR however, as noted previously, appears to be quite 
influential. This may be related to the greater available mass of nutrients per unit time, or to the influences 
of increased flow velocity, as discussed in a later segment of this section.  
 
Based upon literature review and field observations, it is possible that algae productivity and nutrient 
removal rates are impacted by more than one parameter, particularly at low concentrations. Brezonikviii 

includes in his discussions related to Monod and diffusion algal growth dynamics the recognition that 
more than one controlling factor may be involved, and that the Monod relationship may need to reflect this 
within the model, as noted in the following equation form: 
 

 m  = mmax.  {[P]/(Kp+[P])} {[N]/(Kn+[N])} {[CO2]/(KC+[ CO2])}… Equation 11 

 
Noted in Table 4-2 are the results of Hanes plots for the four parameters considered. It is not surprising 
that total phosphorus shows good correlation with growth rate, as total phosphorus removal was used in 
calculating algae production. Nonetheless, it does appear reasonable that phosphorus is involved in 
growth rate determination, as noted in Figures 4-13 through 4-15. What is more difficult to explain are the 
negative values of Ks, most notable during the October to December period. Initially, this might be 
interpreted as indication of inhibition at high concentrations. However, at these concentrations (500-
1,000ppb), there is no evidence within the literature that phosphorus inhibits algae production. Rather, it 
appears that what may be associated with this condition is the fact that growth calculated by phosphorus 
uptake during this period was an underestimate of actually measured growth—see Figures 3-5 and 3-6. 
The implication therefore is that during this time, the system drew its phosphorus from some source other 
than the water column—such as stores. As discussed previously, there is little space available for such 
stores within an ATS™, so it is suspected that the more likely explanation for these anomalies is data 
error.  
 
The relationship over the adjusted POR between LHLR and growth rate appears rather clear, as noted in 
Figures 4-16 through 4-18, at least within the ranges studies. The correlations shown are reasonable, 
even with a few “outlier” data points. As noted, the relationships associated with nitrogen and carbon are 
not as clear. 
 
 
Table 4-1: Data set for adjusted POR 
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Week 
ending

Period 
days

Average 
Water T C

Total P  Average 
Concentration 

ppb

Total N  Average 
Concentration 

mg/l

Available Carbon  
Average 

Concentration mg/l

LHLR 
gallons/
minute-ft

Estimated 
Algae 

Production 
dry grams

Calculated 
growth rate 

1/hr

South 
Floway 5/17/2004 6 27.2 171 1.30 13.83 6.20 13,194 0.021

5/24/2004 7 27.8 190 1.40 13.83 6.09 18,351 0.020
5/31/2004 7 28.4 218 2.01 19.14 5.60 28,746 0.021
6/7/2004* 7 29.2 178 1.90 15.24 3.90 13,681 0.015
6/14/2004 7 27.1 116 1.70 17.98 4.41 14,627 0.019
6/21/2004 7 30.2 106 1.48 18.56 5.62 12,103 0.013
6/28/2004 7 31.4 75 1.49 16.23 2.69 13,488 0.012
7/5/2004 3 32.3 57 1.70 14.07 5.12 5,277 0.018

7/12/2004 7 31.1 72 1.30 14.07 4.44 4,094 0.007
7/19/2004 7 30.4 48 1.19 11.90 4.82 463 0.002
7/26/2004 7 29.4 61 1.05 12.16 4.15 6,947 0.011
8/2/2004 7 29.5 55 1.21 22.68 4.52 6,874 0.011
8/9/2004 7 28.3 57 0.96 11.55 3.61 4,204 0.010

8/16/2004 5 29.7 63 1.20 22.81 5.82 6,670 0.015
8/23/2004 7 30.4 336 2.20 30.72 3.37 18,905 0.015
10/25/2004 7 28.0 885 1.28 25.58 5.47 6,959 0.013

11/1/2004 7 28.3 830 2.11 11.74 2.95 3,324 0.009
11/8/2004 7 28.2 715 2.63 26.33 6.48 3,912 0.009

11/15/2004 7 24.8 625 1.57 25.46 4.93 5,260 0.015
11/22/2004 7 24.3 500 2.01 21.53 4.82 2,245 0.010
11/29/2004 7 24.7 300 1.11 17.09 4.90 16,022 0.025

Central 
Floway 5/17/2004 6 26.7 186 1.25 11.81 22.84 30,193 0.030

5/24/2004 7 27.3 190 1.50 11.81 22.98 71,964 0.030
5/31/2004 7 28.0 223 2.24 14.11 22.60 110,742 0.032
6/7/2004* 7 29.1 178 1.90 11.27 25.11 79,193 0.026
6/14/2004 7 27.3 129 1.79 13.54 24.55 56,162 0.029
6/21/2004 7 30.2 119 1.53 13.35 23.40 45,956 0.021
6/28/2004 7 30.9 88 1.54 11.98 19.14 34,307 0.018
7/5/2004 3 31.5 65 1.26 11.17 26.51 26,807 0.036

7/12/2004 7 30.5 77 1.30 10.37 18.30 16,849 0.015
7/19/2004 7 30.5 48 1.15 18.04 19.57 1,910 0.005
7/26/2004 7 29.6 67 1.10 9.88 16.96 20,676 0.017
8/2/2004 7 30.2 66 1.19 15.47 19.52 15,628 0.015
8/9/2004 7 28.4 58 0.96 15.62 14.21 16,114 0.018

8/16/2004 5 29.1 70 1.12 15.76 22.72 19,803 0.025
8/23/2004 7 30.2 346 2.21 28.94 11.78 64,722 0.023
10/25/2004 7 27.5 880 1.28 17.65 16.47 24,019 0.022

11/1/2004 7 27.3 815 2.05 10.59 17.97 30,617 0.024
11/8/2004 7 27.5 710 2.17 18.03 17.22 13,906 0.018

11/15/2004 7 24.9 630 1.81 17.82 17.14 14,583 0.024
11/22/2004 7 23.4 490 1.94 16.00 17.03 15,984 0.028
11/29/2004 7 24.4 335 1.09 12.84 17.33 22,940 0.029

12/5/2004 6 23.3 240 1.52 12.84 18.16 26,852 0.040
North 

Floway 5/17/2004 6 27.0 171 1.25 11.66 10.52 22,410 0.026
5/24/2004 7 27.5 210 1.60 11.66 10.71 18,990 0.020
5/31/2004 7 28.2 223 2.19 13.99 9.56 46,102 0.025
6/7/2004* 7 29.1 193 2.00 11.17 9.36 23,893 0.019
6/14/2004 7 27.1 119 1.62 13.72 9.10 26,433 0.024
6/21/2004 7 30.2 110 1.58 13.37 9.41 23,294 0.017
6/28/2004 7 31.0 83 1.54 12.09 8.78 16,184 0.014
7/5/2004 3 32.1 58 1.22 11.07 19.10 15,493 0.028

7/12/2004 7 31.1 68 1.25 10.04 4.70 10,084 0.011
7/19/2004 7 30.8 41 1.11 17.55 9.56 5,363 0.009
7/26/2004 7 30.1 59 1.05 9.80 9.40 14,860 0.015
8/2/2004 7 29.6 55 1.16 14.86 8.09 13,400 0.015
8/9/2004 7 28.3 53 0.96 15.31 8.10 9,813 0.015

8/16/2004 5 29.7 81 1.20 15.76 6.66 3,035 0.010
8/23/2004 7 30.4 326 2.10 29.99 2.23 11,409 0.013
10/25/2004 7 27.8 630 1.28 18.05 7.99 16,982 0.019

11/1/2004 7 27.8 582 2.23 10.86 8.79 17,389 0.019
11/8/2004 7 28.0 524 2.26 18.47 7.22 13,229 0.017

11/15/2004 7 24.5 468 1.58 17.95 9.01 17,174 0.026
11/22/2004 7 24.9 398 1.85 16.01 9.11 18,348 0.026
11/29/2004 7 24.6 325 1.08 12.60 9.24 17,264 0.026  
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 Figure 4-9: Total phosphorus Vs. calculated growth rate adjusted POR data set 
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Figure 4-10: Total nitrogen Vs. calculated growth rate adjusted POR data set 
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Figure 4-11: Available Carbon Vs. calculated growth rate adjusted POR data set 
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Figure 4-12: Linear Hydraulic Loading Rate Vs. calculated growth rate adjusted POR data set 
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Table 4-2: Results of Hanes analysis 
 

Floway Time Period Parameter r2 mmax 1/hr Ks *
Combined Total POR TP 0.720 0.015 -15
Combined May through August TP 0.327 0.025 71
Combined October to December TP 0.740 0.015 -81

Combined Total POR TN 0.021 0.031 1.72
Combined May through August TN 0.002 -0.091 -11.04
Combined October to December TN 0.536 0.017 -0.32

Combined Total POR Available C 0.126 0.014 -0.27
Combined May through August Available C 0.078 0.016 3.16
Combined October to December Available C 0.590 0.013 -5.17

Combined Total POR LHLR 0.159 0.030 8.6
Combined May through August LHLR 0.147 0.029 9.5
Combined October to December LHLR 0.805 0.037 5.7

* ppb for TP, mg/l for TC and Carbon, gpm/ft for LHLR  
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Figure 4-13: Hanes plot total phosphorus all floways over adjusted POR 
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Figure 4-14: Hanes plot total phosphorus all floways May through August 
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Figure 4-15: Hanes plot total phosphorus all floways October to December 
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Figure 4-16: Hanes plot LHLR all floways over adjusted POR 
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Figure 4-17: Hanes plot LHLR all floways May through August 
 

 



Rockaway ATS™ Pilot - YR2010 and YR2011 Performance Report                Sep 2010 through Dec 2011 

 

Hanes Analysis LHLR 
All Floways October to December

0

250

500

750

1,000

-6.00 -1.00 4.00 9.00 14.00 19.00 24.00 29.00

[Sh]

[S
]/u

LHLR Series South best fit
LHLR Series Central LHLR Series North

r2 = 0.805
Ks = -x intercept = 5.7 gpm/ft

mmax = 1/slope = 0.037/hr

 
 
Figure 4-18: Hanes plot LHLR all floways October to December 
 
 
The issue of the influence of flow rate and velocity upon algae growth rate has been extensively reviewed 
within the literature. Brezonikix in a detailed discussion regarding the relative role of nutrient uptake within 
algae as influenced by both Monod dynamics and boundary layer transport through molecular diffusion, 
presents work done on models that include consideration of both phenomena. He notes that at high 
substrate [S] concentrations, boundary-layer diffusion control over growth rate becomes negligible. At low 
concentrations, however, diffusion influences can overwhelm the Monod kinetics, and uptake projections 
based solely upon the Monod growth equations without inclusion of diffusion influence can be higher than 
observed. He identifies a factor 1/(1+P’) as representative of the proportion of the total resistance to 
nutrient uptake caused by diffusion resistance, where: 
 

 P’ = a(14.4pDsrcKs)/V     Equation 12 
When a = shape factor applied to algal cell shape 

          Ds = Fick’s diffusion coefficient as substrate changes per unit area  
     per unit time  

          rc = algal cell radius 
          Ks = Substrate concentration when uptake rate v is ½ of  

                   maximum uptake rate V 
                       V = Michaelis-Menten substrate uptake rate mass per unit time 
 

The Michaelis-Menten V may be seen in this case as analogous to the Monod maximum growth rate or 
mmax, therefore it is reasonable to express the equation as: 
 
    P’ = a(14.4pDsrcKs)/mmax.     Equation 13 
 
Brezonik includes this P’ into the Monod relationship at low concentrations of S, resulting in the equation: 

 
m  = mmax.  [P’/(P’+1)]S/ Ks    Equation 14 
 

It is noted then, the smaller P’ the greater the influence of growth.  
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Observations regarding velocity influences relate to the general thickness of the boundary layer around 
the cell wall. Carpenter et al.16 discuss the influence water movement has upon the thickness of the 
boundary layer. This is consistent with discussions offered by Brezonik who notes that “turbulence 
increases nutrient uptake rates at low concentrations where diffusion limitations can occur”. He generally 
observed that at low concentrations Monod dynamics can be influenced by boundary layer conditions, 
and uptake rates may be lower than predicted by Monod kinetics. This is relevant when discussing the 
use of periphytic algae for reduction of total phosphorus to low concentrations, because passive systems 
such as PSTA which rely upon extensive areas and very low velocities, would be expected to be much 
more restrained by boundary layer thickness at low concentrations, which as noted by both Carpenter et 
al. and Brezonik, is inversely related to the gradient through which diffusion occurs. The ATS™ system by 
adding the influence of flow and turbulence can substantially enhance the uptake rate and production of 
the algal turf. 
 
Turbulence and water movement therefore serve to increase the rate of substrate transport, and hence 
decrease the importance of diffusion. This quite logically is why the use of high velocities and turbulence 
(e.g. oscillatory waves) enhances algal nutrient uptake. Brezonik notes that in low nutrient conditions 
there exists a minimum velocity (umin) at which diffusion limitation of nutrient uptake is avoided. He defines 
this mathematically as: 
 
  umin = (2Ds/rc){(2/P’)-1}    Equation 15 
 
This means that at P’ = 2, umin = 0, and umin increases as P’ decreases. Values for P’ of some algae 
species are provided, ranging from 0.33 to 680, but there is no discussion offered for assessing the 
cumulative influence of an algal turf community upon the general role of diffusion or how umin might be 
determined on the ecosystem level. Rather, empirical information such as that provided by Carpenter et 
al. and work such as that done on the single-stage ATS™ floways can provide insight into the reaction of 
algal communities to velocity changes. 
 
It is noteworthy that at low nutrient concentrations, adapted algae species would likely be characterized 
by a low Ks value. This is validated by Brezonik, who notes the difficulty in determining the controlling 
influence of nutrients upon algae production at low nutrient levels, as “Ks may be below analytical 
detection limits—making it difficult to define the m vs. [S] curve.” He includes some of the documented Ks 
values for several algae species associated with low nutrients. Phosphate appears as a limiting nutrient in 
several cases, with Ks values as low as 0.03 mM as PO4, or about 3 ppb as PO4, or just less than 1 ppb 
as phosphorus. As Ks is directly proportional to P’, then it would not be unexpected that at low nutrient 
levels, P’ would be comparatively small, and hence umin comparatively large—the implication being that 
elimination of diffusion influence becomes very important, and hence flow velocity becomes an important 
design parameter. As noted, Kadlec and Walker9 made reference to the influence of flow velocity upon 
the efficacy of PSTA systems. With velocities orders of magnitude greater within ATS™ systems, it 
becomes an even more essential design component with ATS™.  The inclusion of higher velocities and 
oscillatory motion within the ATS™ operational protocol allows contemplation of much higher phosphorus 
uptake rates, which has broad economic implications.  
 
One practical way to include flow in an operational model is to treat LHLR as a controlling parameter. It 
seems appropriate then to consider a growth model, as suggested by Brezonik, in which two factors are 
included in the Monod equation (see Equation 10). It seems reasonable to include both total phosphorus 
and LHLR in the case of this dataset. The parameters Ks and  mmax can then be approximated through 
convergence to the lowest standard error between actual and projected total phosphorus concentration. 
Once the parameters are so calibrated with the Central Floway data, then the model reliability can be 
tested with data from the North and South Floways. This was done, applying the following relationship, as 
modified from Equation 9: 
 
   Spp = Spi – {[St{Zoemmax [{Spa/(Ksp+Spa)] [(Lp/(Khp+Lp)][24t] [1/Q(Topt-T1) – Zo}]/Vp }         Equation 16 
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Where Spp = projected effluent total phosphorus concentration for sampling period 
 
           Spi = Influent total phosphorus concentration for sampling period 
 
            Zo = Initial algal standing crop at beginning of sampling period 

            Spa = Mean total phosphorus concentration across ATS™ for sampling period 

 Ksp = Monod half-rate coefficient total phosphorus 

Lp = Linear Hydraulic Loading Rate for sampling period 

Khp = Monod half-rate coefficient LHLR 

t = sampling period time in days 

Vp = Volume of flow during sampling period 

The result of the calibration run for the Central floway is shown in Table 4-3 and Figure 4-19. The 
parameter set which resulted in the best projection (lowest standard error=40.61 ppb) was mmax = 0.04/hr, 
Ksp = 37 ppb, Khp = 9.3 gpm/ft, Topt = 29.9 oC and Q = 1.10, with an initial standing crop of 10 dry-
g/m2.Using these values, the model was applied to the other two floways, as noted in Figures 4-20 and 4-
21. 
 
 
Table 4-3: ATSDEM Projection effluent total phosphorus Central Floway 
 



Rockaway ATS™ Pilot - YR2010 and YR2011 Performance Report                Sep 2010 through Dec 2011 

 

Z0 dry-g 1390
Q 1.10

Topt 
oC 29.9

Ksp ppb 37
Ksh gpm/ft 9.30
mmax 1/hr 0.04

Week ending Period days
Average Water 
Temperature C

Period Flow 
gallons

Sp Average P 
ppb

Sh         
LHLR gpm/ft

Estimated P 
tissue 

Content

 Field 
Calculated 

Growth Rate
Projected 

Growth Rate
Influent Total  

P ppb
Effluent Total 

P ppb
Projected 
Total P

Central 5/17/2004 6 26.7 986,787 186 22.8 0.63% 0.026 0.017 211 160 184
5/24/2004 7 27.3 1,204,631 190 23.0 0.63% 0.028 0.019 240 140 197
5/31/2004 7 28.0 1,157,989 223 22.6 0.65% 0.030 0.020 305 140 245
6/7/2004 7 29.1 1,139,115 178 25.1 0.63% 0.028 0.022 235 120 151
6/14/2004 7 27.3 1,265,598 129 24.6 0.60% 0.026 0.018 164 94 133
6/21/2004 7 30.2 1,237,320 119 23.4 0.59% 0.025 0.022 148 90 74
6/28/2004 7 30.9 1,179,360 88 19.1 0.57% 0.023 0.021 110 66 53
7/5/2004 3 31.5 964,656 65 26.5 0.56% 0.051 0.022 85 44 77
7/12/2004 7 30.5 572,540 77 18.3 0.57% 0.019 0.019 99 55 15
7/19/2004 7 30.5 922,204 48 19.6 0.55% 0.008 0.016 49 46 19
7/26/2004 7 29.6 986,135 67 17.0 0.56% 0.020 0.016 82 51 53
8/2/2004 7 30.2 854,905 66 19.5 0.56% 0.019 0.018 79 52 34
8/9/2004 7 28.4 983,700 58 14.2 0.55% 0.019 0.013 70 46 54
8/16/2004 5 29.1 716,421 70 22.7 0.56% 0.028 0.017 90 49 70
8/23/2004 7 30.2 817,852 346 11.8 0.73% 0.027 0.021 422 270 317
10/25/2004 7 27.5 830,325 880 16.5 1.05% 0.021 0.020 920 840 801
11/1/2004 7 27.3 905,817 815 18.0 1.01% 0.023 0.020 860 770 754
11/8/2004 7 27.5 867,933 710 17.2 0.95% 0.018 0.020 730 690 626
11/15/2004 7 24.9 864,060 630 17.1 0.90% 0.018 0.015 650 610 605
11/22/2004 7 23.4 858,542 490 17.0 0.81% 0.019 0.013 510 470 483
11/29/2004 7 24.4 873,224 335 17.3 0.72% 0.021 0.014 360 310 332
12/5/2004 6 23.3 784,534 240 18.2 0.66% 0.026 0.012 270 210 255

Mean TP Effluent actual ppb 242
Mean TP Effluent projected ppb 251
Standard error of estimate ppb 40.61  

 
The model displayed reasonable, and conservative projections, and may be considered applicable for 
initial sizing of proposed facilities. Depending upon the level of performance demand placed upon the 
facility, the design engineer may want to include a contingency factor to cover the standard error, which 
ranged from 17% to 35%. Considering that the difference between the actual and projected mean effluent 
concentrations for the POR were so close, it is concluded that for long-term projections, the ATSDEM 
model is suitable for ATS™ programs that fall within the general water quality and environmental ranges 
studied. In some cases, particularly if there are significant differences in conditions, or when performance 
tolerances are small, “bench” scale testing may be a recommended pre-design exercise. 
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Figure 4-19: Actual Vs. ATSDEM Projected total phosphorus effluent concentration Central Floway 
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Figure 4-20: Actual Vs. ATSDEM Projected total phosphorus effluent concentration North Floway 
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Figure 4-21: Actual Vs. ATSDEM Projected total phosphorus effluent concentration South Floway 
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While models such as ATSDEM are helpful in conducting conceptual level sizing of a proposed facility, 
and the various components associated with the proposed facility, and for projecting the rate of 
production and the harvesting needs, they assume that system operation is conducted such that the 
design provisions are sustained. As with most biological systems, the ultimate success and efficiency of a 
system relies heavily upon effective operational management, and the ability of a skilled operator to 
recognize, and sustain a healthy working biomass.   
 
A Practical Excl Spreadsheet Based ATSDEM 
 
While very complex computer models could certainly be developed for sizing and designing ATS™ 
systems, a practical spreadsheet model is typically the most helpful to the engineer at the conceptual and 
preliminary engineering level, and may well be all that is required, as long as design conditions are 
relatively predictable, and within ranges for which the model is developed. The general theory of function 
regarding ATS™ has already been described, with Monod growth kinetics, and diffusion boundary 
influences both incorporated into the basic algorithm. The basic premise for ATS™ is that 1) it is driven by 
photosynthesis, or primary productivity, and that sustaining high levels of productivity through frequent 
harvesting is essential and 2) the principal mechanism for removal of nutrients through an ATS™ is direct 
plant uptake, either through incorporation into tissue, luxury storage within cellular organelles, or 
precipitation/adsorption upon the cell wall. 
 
Before proceeding with the refinement of a practical EXCEL based model, it is crucial that those involved 
in sizing and design, be even more sensitive to the importance of operational efficiency. The modeling 
includes assumptions that the system is harvested effectively and completely, with biomass removal 
complete. It has been observed that incomplete harvest or leaving residual mats of non-productive 
biomass on the floway can interfere with performance. Also, harvesting at improper frequencies can also 
result in poor performance. The general operational strategy is to maintain a consistent biomass level on 
the ATS™ at all times, and the modeling is based on the presumption that this is done. Algae that are not 
harvested properly can become senescent, as it proceeds towards another successional level. These 
senescent algae accordingly will interfere and compete with the uptake of water column associated 
nutrients, as they become a rudimentary “soil” for new plant communities—such as aquatic vascular 
plants, and pioneer transitional plants (e.g. Primrose willow and cattails). This new ecostructure becomes 
less dependent upon the water column as its nutrient source, which accordingly will retard performance. It 
is a critical operational component then that harvesting be used to “pulse stabilize” the ecosystem, and 
thereby avoid successional pressures. This general strategy is the foundation of all MAPS technologies, 
as well as heterotrophic based systems, such as activated sludge. 
 
It is typical that the harvesting frequency for an ATS™ in warm season conditions will be about every 
seven days, meaning that the entire ATS™ floway is completely harvested every seven days. In the 
cooler season, this frequency will typically increase to every 14 days. ATSDEM projections are based 
upon a composite average condition for the entire floway. For example an average standing biomass, Zave 
represents the standing crop at anytime as dry-g/m2 averaged over the whole ATS™ area. It is a function 
of the frequency of harvesting, and can be estimated through Equation 17. 

Zave = (SZ0e24mm)/n
m=1 

n 

  Equation 17 
 

Where m is the days since harvest and n is the days between harvests. 
 

It is recognized that any one section of the ATS™ may be providing better or less treatment than the 
model projection, but as an average, the model effluent estimate and actual composite effluent can be 
expected to be similar. This applies to any time period during the operation. While photosynthesis occurs 
only during the daytime, productivity projections are based upon a 24-hour period. While there may be 
some concern that nocturnal performance is well below diurnal performance, experience indicates that 
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nutrient uptake does continue with the loss of sunlight, even if carbon fixation is discontinued.  
 
While the model is based upon the assumption that direct nutrient uptake within the plant biomass is the 
sole removal mechanism, under certain conditions other phenomenon may also contribute—including 
luxury uptake; adsorption; emigration through invertebrate pupae emergence and predation; and 
chemical precipitation, both within the water column directly, and upon the surface of the algal cell wall. 
Some evidence of these factors is noted with the change in tissue phosphorus concentration with change 
in water column total phosphorus concentration, as noted previously. By incorporating the change in 
phosphorus concentration within the tissue, it is presumed that ATSDEM incorporates the influence of 
these other phosphorus removal mechanisms. 
 

In the case of an ATS™, the velocity parameter is expressed as gal/minute-ft of ATS™ width, also known 
as the Linear Hydraulic Loading Rate or LHLR, as presented previously. The LHLR as discussed 
previously is incorporated into the ATSDEM equations. The LHLR converts to flow by multiplying by the 
ATS™ width. Width in this case does not refer to the short side of a rectangle, but rather the length of the 
influent headwall in which the flow is introduced to the ATS™. In actuality this “width” may well be larger 
than the ATS™ “length”, which is the distance from the headwall to the effluent flume.  Within the ATS™ 
velocity can be estimated using the Manning’s Equation: 
 

V = (1.49/n)r2/3s1/2)  Equation 18 
 

Where V = velocity fps 
           n = Manning’s friction coefficient 
           r = hydraulic radius = flow cross- section area/wetted perimeter 
           s = floway slope 

 
However, the Manning’s coefficient “n” will vary as the algal turf develops, and is harvested, and in 
addition, surging will create a predictable change in flow from zero to the something greater than umin 
(Equation 15) during the siphon (surge) release. Actual velocity variations are best determined from field 
observations under different conditions (e.g. high standing biomass, pre-surge, post surge, etc. ) 

 
As applied to an ATS™, the Manning Equation can be simplified by first multiplying both sides of the 
equation by the flow area A, which is equal to the flow depth (d) in feet times the ATS™ width (w) in feet, 
or: 

 
 Qcfs=Vdw = (1.49/n)dw)r2/3s1/2   Equation 19 
 

As the hydraulic radius r is flow area (A) over the wetted perimeter, then: 
 
 r = dw/(w+2d)     Equation 21 
 

Therefore: 
Qcfs = 0.00223(LHLR)w    Equation 22 
 

 when LHLR is gallons/minute-ft. If w is set at 1 ft, then  
  
 LHLR = {0.00332d5/3s1/2}/[n(2d+1)2/3]  Equation 23 
 

This allows for the flow depths to be established for specific Manning’s “n” values and slopes, and 
accordingly, velocity can be estimated. These relationships are noted in Figure 4-21. 

As noted, the higher the floway slope, the greater flexibility in terms of maintenance of a critical velocity—
i.e. the velocity at which boundary layer disruption is complete. However, higher slopes require greater 
earthwork quantities and higher lifts.  
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Down a floway then, the change in phosphorus concentration (dCp/dt) may be expressed as: 

dCp/dt  = St(dZ/dt)/ qt     Equation 24 

Where qt=control volume over time increment  

The change in floway length traversed by the control volume, with time, dL/dt, is expressed as: 

 dL/dt = vt           Equation 25 
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Figure 4-21: Velocity, LHLR and depth relationships as determined from Manning Equation 
 
These relationships hold for a relatively short time sequence when Ct0 ~ Ct1, e.g. one second. This then 
can be put into a spreadsheet to facilitate assessment of ATS™ performance using Equation 8 adjusted 
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per Equation 15, under established Ks and  mmax values. The Manning relationship is incorporated into 
the model to allow estimation of Velocity.  
 
The actual format for the ATSDEM spreadsheet model includes a front-end tutorial sheet, followed by a 
Design Parameter and Summary Worksheet, followed by a ZAVE worksheet, and finally the Model Run 
Worksheet. These are presented within Appendix A. The example used for the model run is for a 
proposed system on the Kissimmee River with a flow of 26.5 MGD and an annual total phosphorus 
removal of 5,180 pounds.  The Conditions and results for both warm and cool season associated with 
each Panel from the Design Parameter and Summary Worksheet are shown as Figure 4-22. A summary 
table is presented as Table 4-4. 
 

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 0.008458 0.008458 20 0.045 1.280 0.06 0.75 0.75
 

Panel B Process Conditions Warm Season

Water T 
oC

Optimal T 
oC Q

Ksp as ppb 
TP

Ksh as 
LHLR 
gpm/ft

mmax 

1/hr So ppb  Total P
Harvest 

Cycle days
Zave            

dry-g/m2
Z0                

dry-g/m2

S*p Total 
Phosphorus 

ppb
28 30 1.10 40 4 0.04 150 7 82.73 8.00 30

Panel C  Performance Warm Season

Control 
Time 

Seconds

Control 
Volume 

liter

Final 
Total P Sf 

ppb

Total Flow 
Time 

seconds

Total P 
percent 
removal

Floway 
Length ft

Areal Loading 
Rate TP g/m2-yr

Areal 
Loading 
Rate TP 

lb/acre-day

Areal 
Removal 
Rate TP 
g/m2-yr

Areal 
Removal Rate 

TP lb/acre-
day

Average 
Production 
dry-g/m2-day

Area per time 
sequence m2

1 1.280 45 780 70% 582 110 2.70 78 1.89 37.35 0.069

Panel C  Performance Cool Season

Control 
Time 

Seconds

Control 
Volume 

liter

Final 
Total P Sf 

ppb

Total Flow 
Time 

seconds

Total P 
percent 
removal

Floway 
Length ft

Areal Loading 
Rate TP g/m2-yr

Areal 
Loading 
Rate TP 

lb/acre-day

Areal 
Removal 
Rate TP 
g/m2-yr

Areal 
Removal Rate 

TP lb/acre-
day

Average 
Production 
dry-g/m2-day

Area per time 
sequence m2

1 1.280 126 780 16% 582 110 2.70 18 0.43 8.20 0.069

Panel D System Design Cool Season

Total 
Flow 
mgd

Floway 
Width ft

Floway 
Area 
acres

Total P 
removed 

ton/period

Moisture 
% wet 

harvest

Moisture 
% 

compost
Period Wet 

Harvest tons

Period Dry 
Harvest 

tons

Period 
Compost 

Production 
wet tons

Performance 
Period days 

mave           

1/hr
25 868 11.59 0.41 5% 40% 1,371 69 86 165 0.0082

Note: Inputs in Blue Print
Panel D System Design Warm Season

Total 
Flow 
mgd

Floway 
Width ft

Floway 
Area 
acres

Total P 
removed 

ton/period

Moisture 
% wet 

harvest

Moisture 
% 

compost
Period Wet 

Harvest tons

Period Dry 
Harvest 

tons

Period 
Compost 

Production 
wet tons

Performance 
Period days 

mave           
1/hr

25 868 11.59 2.20 5% 40% 6,246 312 390 200 0.0188

Panel B Process Conditions Cool Season

Water T 
oC

Optimal T 
oC Q

Ksp as ppb 
TP

Ksh as 
LHLR 
gpm/ft

mmax 

1/hr So ppb  Total P
Harvest 

Cycle days
Zave            

dry-g/m2
Z0                

dry-g/m2

S*p Total 
Phosphorus 

ppb
18 30 1.10 40 4 0.04 150 14 41.54 8.00 30

 

Figure 4-22: Design Parameter and Summary Worksheet Kissimmee ATS™ 26.5 MGD 
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Table 4-4: ATSDEM summary 25 MGD Kissimmee ATS 

 

 Warm Season Cool Season Combined Annual 

Flow (MGD) 25 25 25 
Width (ft) 868 868 868 
Length (ft) 582 582 582 
Area (acres) 11.59 11.59 11.59 
Time Period (days) 200 165 365 
Average Water Temperature on ATS™ (oC) 28 18 23 
Influent TP (ppb) 150 150 150 
Effluent TP (ppb) 45 126 82 
Period TP Removal (pounds) 4,400 820 5,220 
Wet Harvest (tons) 6,246 1,371 7.617 
Compost Production (tons)  390 86 476 
TP Loading Rate (g/m2-yr) 110 110 110 
TP loading rate (lb/acre-day) 2.7 2.7 2.7 
TP Removal Rate (g/m2-yr) 78 18 51 
TP Removal Rate (lb/acre-day) 1.89 0.43 1.23 
Algal Production (dry-g/m2-day) 37.4 8.2 24.2 

 
 
 
                                                      
i Walker, W.W. (1995) “Design basis for Everglades stormwater treatment areas” Water Resource Bulletin 
American Water Resources Association Vol 31 No. 4 
ii The City of Orlando just recently had to remove over 500,000 cubic yard of organic sediment after 15 
years of operation of the Orlando Easterly Wetland. 
 
iii As described by Brezonik, P.L.(1994)  Chemical kinetics and process dynamics in aquatic systems, 
CRC Press, Boca Raton, Fl pp 114-117  
iv Brezonik, P.L. (1993) Chemical Kinetics and Process Dynamics in Aquatic Systems   Lewis Publishers, 
Boca Raton, Fl pp 421-427 ISBN 0-87371-431-8 
v Lineweaver, H and D. Burke (1934) “The determination of enzyme dissociation constants” 
J.Am.Chem.Soc. 56, 568 
vi  Hanes, C.S. (1942) Biochem. J. , 26, 1406 
vii Eadie,G.S (1942) J/ Biol. Chem. 146,85 ; Hofstee, B.H.J. (1959) Nature 184, 1296 
viii Brezonik, P.L. (1993) Chemical Kinetics and Process Dynamics in Aquatic Systems   Lewis Publishers, 
Boca Raton, Fl pp 507-509 ISBN 0-87371-431-8 
 

ix Brezonik, P.L. (1993) Chemical Kinetics and Process Dynamics in Aquatic Systems   Lewis Publishers, 
Boca Raton, Fl pp 513-525 ISBN 0-87371-431-8 
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