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ABBREVIATIONS AND ACRONYMS

°C Degrees Celsius

pg/cm micrograms per centimeter

ug/L micrograms per liter

Ac Acre

ARR Areal Removal Rate

As Arsenic

ATSE Algal Turf Scrubber®

ATSDEM Algal Turf Scrubber® Design Model

ATT Advanced Treatment Technologies

BMP Best Management Practices

B Boron

BOD biochemical oxygen demand

Ca Calcium

Cd Cadmium

cfs cubic feet per second

cm Centimeter

cm/d centimeters per day

COs Carbonate

Cr Chromium

Cu Copper

cy cubic yard

cy/ton cubic yards per ton

CcYy calendar year

DO dissolved oxygen

dry g/m2-day dry grams per meter squared per day

DwW dry weight

EPDM ethylene propylene diene monomer

ET Evapotranspiration

FDEP Florida Department of Environmental Protection

Fe Iron

ft Feet

ft2 square feet

GIS Geographic Information System

gpm gallons per minute

gpm/If gallons per minute per linear feet
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ha Hectare
HCOs Bicarbonate
HDPE high-density polyethylene
Hg Mercury
HLR Hydraulic Loading Rate
in Inch
K Potassium
kWh kilowatt hour
L Liter
Ibs/cf pounds per cubic foot
LCCA Life Cycle Cost Analysis
LHLR Linear Hydraulic Loading Rate
LCCA Life Cycle Cost Analysis
m Meter
m/d meters per day
MAPS Managed Aquatic Plant Systems
Mg Magnesium
mg/L milligrams per liter
mgd million gallons per day
MMBTU One million British thermal units
Mn Manganese
MPU mobile pilot unit
Na Sodium
NA not available
NHs-N ammonia-nitrogen
NO2-N nitrite-nitrogen
NO3-N nitrate-nitrogen
NOx-N nitrate and nitrite-nitrogen
o&M operation and maintenance
oP ortho phosphorus
P Phosphorus
Pb Lead
ppb parts per billion
pts Points
PWC Present Worth Cost
RC-ATS Recycle ATSE System
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Se Selenium
sf square feet
SFWMD South Florida Water Management District
SP-ATSE Single Pass ATSE System
S Sulfur
TDP total dissolved phosphorus
TDS total dissolved solids
TKN total Kjeldahl nitrogen
TMDL Total Maximum Daily Load
TN Total Nitrogen
TOC total organic carbon
TOP total organic phosphorus
TP total phosphorus
TPP total particulate phosphorus
TSS total suspended solids
u.S. United States
USACOE U.S. Army Corps of Engineers
USDA U.S. Department of Agriculture
USDA-ARS U.S. Department of Agriculture - Agricultural Research Service
USGS U.S. Geological Survey
Zn Zinc
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EXECUTIVE SUMMARY

ES1. Project Background and Intent

The Falls Lake Algal Turf Scrubber® (A T S Epilot unit was implemented to determine the suitability of
applying this technology for nitrogen and phosphorus load reduction through direct treatment of Falls Lake
waters at a site located downstream of Interstate 85 and upstream of the Hickory Hill boat launch; and
provide performance projections for nitrogen and phosphorus load reductions and biomass management
for larger scale systems referenced in the 2013 Algal Turf Scrubber® Feasibility Study. The selected AT S E
pilot facility location at the southwest corner of the Falls Lake -85 overpass provided a suitable cleared site
with access and power availability.

The ATSE is a proprietar yTetheobdiesbllCody Oafal Hy d Fd Me n tdiaa
managed aquatic plant system which relies upon direct biological uptake and certain physical (e.g. filtration)

and chemical (e.g. precipitation) processes to extract excess nutrients from a continuous flow of water
delivered from a targeted water source. Nutrient removal is done through 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 refers to the purposeful growth and maintenance of this algal turf community

through controlled flow and periodic harvesting.

The start-up and stabilization period of a plot ATSE is |ike other bi ol ogical
treatment wetlands, wastewater treatment plants), where optimal performance is achieved only after an
initial start-up and stabilization phase. Whilethestartu p and stabilization period

duration than a treatment wetland, performance during the initial 12 months of operation should be
considered a conservative estimate of treatment potentialfor t he ATSE syst em.

ES2. System Installation, Operations and Flow

I nstallation of t heab560ddotang, tna footwidk Feathenpunil wag initiated in May
2015. The unit was installed adjacent to Falls Lake with inflow to the pilot unit from the lake. Flow to the
ATSE system was i nt r o dreaeenioritgopechtions gesigned to irfitiatd development
of the algal turf community started on July 29, 2015 and lasted 62 days until September 29, 2015. Water
quality and algal biomass monitoring activities initiated on September 29, 2016 and continued through
December 20, 2016 (Monitoring Period). Nitrogen samples collected September 29, 2015 through
December 29, 2015 were compromised due to lab error and were removed from dataset.

The ATSE floway ATSE was set t o allpnspeanirate withinfiowwatées i g n
from Falls Lake directly discharged back to the lake approximately356 downstr eamBasédoh he i
inflow rates and system slope, the detention time of water passing through the A T S Esystem was
approximately 10 minutes.

Total metered flow to the A T S Bloway was 12.6 million gallons at a mean flow rate of 19.5 gallons per
minute for the Monitoring Period. The mean flow rate for the CY2016 Monitoring Period was 19.2 gallons
per minute.

Flow was directed t o #48 daysAldriSgihe Monitorirg Peyiedr During this pleriod,
there were a total of 4 flow interruptions which lasted from 26 to 59 hours for a total of 170 hours. All flow
interruptions occurred as result of site flooding and occurred during the month of January 2016. Each dry-
out event resulted in a loss of residual algae on the system. These dry-out events impacted performance
not only during the flow interruption, but for several weeks after initiation of flow following the dry-out.

On January 23, 2016, following the dry-out events, a snowfall event in conjunction with low temperatures
resulted in a significant portion of the algal floway being covered with ice and snow. Throughout this period
flow was maintainedt hr ough t he ATSE system
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ES3. Biomass Productivity and Recovered Solids

Algal productivityandwat er qual ity dat a iStudytvdssepakafediito asmaasdcbol | i t vy
season conditions to more effect i vel y model ATSE performance and all ow
performance relative to operation of the system during periods of low water temperatures. This same

protocol was followed in this report. Based on algal turf productivity, cool and warm seasons were defined

as periods when water temperatures generally are below or above 15.0° Centigrade.

The first ATSE haAwesss 20150/ total of 64 hdrvest revents occurred during the
project. For the Monitoring Period, productivity or harvested biomass - which includes all recovered solids
- totaled 15.9 dry-g/m2-day. For CY2016 productivity increased to 18.9 dry-g/m2-day. The volume of
harvested biomass exceeded the project algal productivity projection of 5 to18 dry-g/m2-day based on
actual inflow water quality. CY2016 harvested biomass during the 8-month warm season averaged 26.3
dry-g/m?-day, and was significantly higher than the 4-month cool season productivity rate of 2.8 dry-g/m?-
day. Furthermore, the CY2016 early cool season (January and February) harvested biomass rate of 1.7
dry-g/m?-day was substantially lower than the CY2016 late cool season (November and December) rate of
4.8 dry-g/m2-day due to multiple factors impacting the early cool season. These factors included (i) system
start-up, (ii) system dry-out due to flood related pump shutdown, (iii) snow/freeze event and (iv) elevated
suspended solids.

Tot al suspended solids (TSS) concentrations were analy
on monthly grab samples collected at the system influent and effluent. For the Monitoring Period influent
TSS ranged from 14 to 68 mg/L and floway effluent TSS ranged from 3.4 to 69 mg/L.

For CY2016 total suspended solids were reduced by 16 mg/L from 29.5 mg/L to 13.5 mg/L i a 54%
reduction.

Total suspended solids analyzed during a high rainfall period were classified as silts and clays with a small

fraction as colloids with 99.6% passing a 1000-micron screen, and approximately 98% passing a 500-

micron screen. These fineclaysar e f i |l tered and removed by the ATSE, b
negatively impact algal growth.

ES4. Nitrogen Reduction

Nitrogen and phosphorus removal performance including (i) reductions in concentration, (ii) load reduction
projections and (iii) 20-Year Present Worth Cost (PWC) projections presented in the Executive Summary
are based on the project Full Dataset less outliers. Five (5) water quality samples in CY2016 were
statistically classified as outliers at the 99% confidence level. Removal of these outliers reduced nitrogen
removal performance for CY2016 by 69% and phosphorus removal by 39% when compared to the Full
Dataset. While there is no guaranty that the values removed are outliers, using the Full Dataset Less
Outliers provides for more conservative performance projections. System performance based on the Full
Dataset and Dataset Less Outliers are provided in the report.

Nitrogen influent and effluent concentrations and reduction rates forthe Fa | | s L a kre surria8zed
inTableES-1.Ni t r ogen ar eal removal rates (ARR) f OdableEShe Fall s
2.

For CY2016 total nitrogen was reduced by 0.13 mg/L from 1.10 mg/L to 0.97 mg/L T a 12% reduction. The
Fal |l s L alsystenArirBgen areal removal rate for the CY2016 Monitoring Period was 80 g/m2-yr;
and 170 g/m2-yr for the CY2016 warm season i a 23% reduction.

Vii
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Table ES-1. Total Nitrogen Influent and Effluent Water Quality and Removal Ratesfort he Fal |l s Lake AT
Pilot for CY2016 and 2016 Warm and Cool Seasons.

TN TN TN
Influent  Effluent Reduction
Monitoring Period Dates (mg/l) (mg/l) (mg/l)
CY2016 Monitoring Period December 29, 2015 to December 20, 2016 1.10 0.97 0.13
CY2016i Early Cool Season December 29, 2016 to March 8, 2016 0.90 1.17 -0.27
CY2016 i Warm Season March 8, 2016 to November 8, 2016 1.16 0.89 0.27
CY2016 i Late Cool Season November 8, 2016 to December 20, 2016 1.12 1.01 0.11

Table ES-2. Total Nitrogen Areal Removal Rates (ARR)f or t he Falls Lake ATSE Pilo
2016 Warm and Cool Seasons.

TN TN
Influent ARR
Monitoring Period Dates (mg/L) (g/m2-yr)
CY2016 Monitoring Period December 29, 2015 to December 20, 2016 1.10 80
CY2016 i Early Cool Season December 29, 2016 to March 8, 2016 0.90 -237
CY2016 i Warm Season March 8, 2016 to November 8, 2016 1.16 170
CY2016 i Late Cool Season November 8, 2016 to December 20, 2016 1.12 98
ES5. Phosphorus Reduction
Phosphorus influent and effluent concentrations and reduction rates for the Fal | s Lakae ATSE
summarized in Table ES-3. Nitrogen areal removal rates f oTable he Fall

ES-4.

For CY2016 total phosphorus was reduced by 0.018 mg/L from 0.056 mg/L to 0.038 mg/L i a 32%
reduction. The Falls La k e A $yStém phosphorus areal removal rate for the CY2016 Monitoring Period
was 14 g/m2-yr; and 17 g/m2-yr for the CY2016 warm season i a 40% reduction.

Table ES-3. Total Phosphorus Influent and Effluent Water Quality and Removal Rates for the Falls Lake
ATSE Pil ot for CY2016 and 2016 Warm and Cool Seasons.

TP TP TP

Influent  Effluent Reduction
Monitoring Period Dates (mg/l) (mg/l) (mg/l)
Monitoring Period September 29, 2015 to December 20, 2016  0.061 0.044 0.017
CY2016 Monitoring Period December 29, 2015 to December 20, 2016 0.056 0.038 0.018
CY2016 i Early Cool Season December 29, 2016 to March 8, 2016 0.077 0.072 0.005
CY2016 i Warm Season March 8, 2016 to November 8, 2016 0.055 0.033 0.022

CY2016i Late Cool Season November 8, 2016 to December 20, 2016 0.029 0.015 0.015

viii i
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Table ES-4. Total Phosphorus Areal Removal Rates (ARR)f or t he Falls Lake ATSE Pi
2016 Warm and Cool Seasons.
TP TP
Influent ARR
Monitoring Period Dates (mg/L) (g/m2-yr)
Monitoring Period September 29, 2015 to December 20, 2016 0.061 13
CY2016 December 29, 2015 to December 20, 2016 0.056 14
CY2016 7 Early Cool Season December 29, 2016 to March 8, 2016 0.077 5
CY2016 i Warm Season March 8, 2016 to November 8, 2016 0.055 17
CY2016 7 Late Cool Season November 8, 2016 to December 20, 2016 0.029 14

ES6. Nitrogen and Phosphorus Load Reduction i Large Scale System

Influent nitrogen and phosphorus concentrations were 31% and 66% lower than projected. Projections were
based on CY2011 and CY2012 data i a period of low rainfall. In contrast, 2015 and 2016 were historically

wet years.

Provided in Figures ES-3 and ES-4 are nitrogen and phosphorus load reduction estimates for 10 and 25
million gallons per day (MGD) A T S Hreatment facilities as described in the 2013 Feasibility Study.

Nitrogen and phosphorus load reductions based on CY2016 pilot performance are provided for high rainfall
periods. In addition, using the calibrated Algal Turf Scrubber® Design Model, load reductions are provided
in Section 6.1 for low rainfall periods based on 2011 and 2012 data as provided in the 2103 Feasibility

Study.

Based on CY2016 ATSE Pi

504 Ibs/yr to 1,260 lbs/yr

ot per f or maprajeeted nifragen lodd0 an d
reductions range from 2,856 Ibs/yr to 7,140 Ibs/yr, while phosphorus projected load reductions range from

|25 MGD Facility

010 MGD Facility

High Rainfall Year - Actual Pilot Performance Data
(CY2016)

2,856

7,140

O LD O O OH H O & O
ST T OO T ST OD
\9 qﬁ) "59 bf; 439 Q,g z\? Q’g Y \QF AN LA

)
&

\fb

P S O
Q@QQ@S@?@

™
N
Projected Annual Nitrogen Load Reduction (Ibs)

Figure ES-3. Comparison of annual nitrogen load reductions projections by full-scale 10 MGD and 25 MGD

A T S Eacilities.
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| m25 MGD Facility 010 MGD Facility |

1,260
High Rainfall Year - Actual Pilot Performance Data
(CY2018)

504

o o P P P PP PP SO
S & S$ GRS SRS SO S

Projected Annual Phosphorus Load Reduction (lbs)

Figure ES-4. Comparison of annual phosphorus load reductions projections by full-scale 10 MGD and 25
MGD A T S Eacilities.

ES7. Nitrogen and Phosphorus Present Worth Costs 1 Large Scale System

Figure ES-1 and ES-2 provide a comparison of projected 20-year Present Worth Cost (PWC) for nitrogen
and phosphorus removal vialarge-s c al e HMSEBand 25 MGD A T S Facilities

20-Year PWC were calculated based on application of a scaled up 10 or 25 MGD A T S Eacility as originally
described in the 2013 Feasibility Study and included in Section 6.0. Cost have been adjusted to 2017
dollars.

Based on CY2016 ATSEan® provided copténforimationnfari@ and 25 MGD facilities,
nitrogen projected 20-Year PWC range from $67/Ib to $100/Ib, while phosphorus projected 20-Year PWC
range from $381/Ib to $565/Ib.

Using the calibrated Algal Turf Scrubber® Design Model, 20-year PWC for nitrogen and phosphorus
removal for low rainfall periods based on 2011 and 2012 data as provided in the 2103 Feasibility Study are
provided in Section 6.2.

B 25 MGD Facility 010 MGD Facility
$67
High Rainfall Year - Actual Pilot Performance Data
(CY2016)
$100
) O O O N O Q
< ¥ o ° P &S o

20 Year Present Worth Cost ($/Ilb N Removed)

Figure ES-1. Comparison of projected 20-year present worth cost (PWC) of nitrogen removal by full-scale
AT S HOMGD and 25 MGD A T S Facilities
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‘ m25 MGD Facility 010 MGD Facility ‘
$381
High Rainfall Year - Actual Pilot Performance Data
(CY2016)
$565

o S N o o o o o

& S o S o S § S
S ol < o 83’3 o <«

20 Year PresentWorth Cost ($/Ib P Removed)

Figure ES-2. Comparison of projected 20-year present worth cost (PWC) of phosphorus removal by full-
scal e XOMSEand25MGD AT S FEacilities

ES8. Algal Biomass Management

Multiple alternative renewable uses for algal biomass have been researched over the past several decades.
The biomass management plan discussed in Section 7.0 of this report recommends that algal biomass
from any future large-scale systems be processed into composted algae and sold within the local
greenhouse/nursery industry as growing media.

To provide a conservative estimate for biomass management when calculating water treatment costs, costs
to dispose of composted algal biomass at the landfill were included in the life cycle cost analysis (LCCA).

Compost disposal at $43.58/ton was based on calculation of freight and tipping fees. For the 4 and 10-acre
ATSE f ac iallated, aneuml disposal fees of compost ranged from $11,747 to $32,685.

Within the LCCA, management of the harvested algal biomass through disposal of processed compost
represented less than 3.6% of the nitrogen and phosphorus removal PWC.

Revenue projection estimates for sale of the composted algal biomass are provided in Section 7.

Xi
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SECTION 10 PROJECT BACKGROUND

The foll owing Background as provided in the Algae Turf
Request for Proposals (RFP) dated March 17, 2014 is provided for reference

The City of Durham is situated along a ridge line between two major river basins, the Cape Fear
and the Neuse. Waters north and east of the Durham Freeway (NC Highway 147) flow to Falls
Lake, to the Neuse River, and ultimately to Albemarle-Pamlico Sound. Waters from the south and
west of the Durham Freeway (NC 147) generally flow to Jordan Lake, the Cape Fear River, and
finally the Cape Fear Estuary. The focus area for this project is the Falls Lake watershed, which
includes the following tributary streams in Durham: Eno River, Ellerbe Creek, Panther Creek, Little
Lick Creek, and Lick Creek. Falls Lake is classified as a water-supply watershed.

In an effort to protect and improve the water quality of Falls Lake, the NC Division of Water Quality
(NCDWQ) developed a nutrient management strategy. The Falls Lake nutrient management rules
that became effective in 2011 require a 40% reduction in total nitrogen and 77% reduction in total
phosphorus from baseline loads in the upper watershed. With the new Falls Lake nutrient
management strategy, Durham faces some of the most stringent water quality regulations in North
Carolina. More details on the nutrient management strategy are available at NCDWQ website
(http://portal.ncdenr.org/web/wg/ps/nps/fallslake).

Recognizing the need to identify cost-effective methods of reducing the nutrient inputs to Falls

Lake, the City requested proposals describing other technologies that may be used to meet the

Falls Lake reduction goals. An RFP was issued in 2012 to solicit proposals for alternate

technologies. Two feasibility studies were conducted as a result of that RFP, including a feasibility

study of the Algae Turf Scrubber E. Two City of Dur ha
were identified for nutrient removal. The Algae Turf Scrubber technology is designed to remove

nutrients and carbon from water using algal photosynthesis to grow algae to intentionally remove

nutrients and carbon through algae biomass. Regular harvesting of the algae from the system

effectively removes the accumulated nitrogen, phosphorus and carbon in the biomass, and reduces

nutrient l oads to the receiving creeks. Ten potenti e
identified along Ellerbe Creek, Little Lick Creek and Falls Lake. These sites were ranked based on

criteria similar to those used in previous City watershed implementation plans. Several sites scored

lower due to inconsistent water volume, lower nutrient concentrations, and the potential for freezing

during the winter. The feasibility study included preliminary contact with the US Army Corps of

Engineers (ACOE) regarding sites on Falls Lake. The pilot study concluded that an Algae Turf

Scrubber could, potentially, provide significant and cost-effective nutrient removal for the City of

Durham. The Public Works Department decided this technology offered enough potential cost-

benefit to move forward with a pilot study. An electronic copy of the feasibility study is available

with this RFP.

Following the conclusion of the feasibility study, City staff met with the ACOE to discuss sites on
Falls Lake. City staff preferred Falls Lake sites of the consistent water volume and warmer waters.
The US Army Corps of Engineers and the NC Wildlife Resources Commission discouraged any
sites above Interstate 85, and suggested an alternate site below Interstate 85 adjacent to Falls
Lake. Use of the alternate Falls Lake site for either a pilot study or full-scale implementation would
have to get ACOE approval.

1.1 Sitel denti fication for a Pilot ATSE

TheCi ty of AgalrThrfaStrabber® Feasibility Study identified several sites in the Ellerbe Creek
study area suitable for pilot scale and large-scale implementation. The site suitability analysis, scoring and
ranking of the candidate sites produced candidate sites based on suitability both as a site for the pilot study
and full scale treatment system.
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The highest ranked site was Site E-3 located at the North Durham Water Reclamation Facility. As noted in
the Feasibility Study:

firhe consistent flows and higher nutrient concentrations afforded by the facility provide

ATSE an opportunity to effectively remove meaningf
Creek and Falls Lake in a cost-effective manner. As an added benefit, the warmer

temperatures of the effluent discharge would stimulate greater algal production and nutrient

removal in the cooler months of the year. These unique water quality and quantity

characteristics make a pilot at the site attractive in informing a potential large-s c al e ATSE

system design, however the data collected would not be easily transferrable to design

criteria at another sitea

The next highest ranked sites based on full scale site ranking were sites E-5 and E-9 as they would provide
direct treatment of Falls Lake. A location map for these sites is provided in Figure 1-1.

At the direction of the City of Durham, site investiga
pilot unit was implemented to locate a site downstream of 1-85 and upstream of the Hickory Hill boat launch.
The |l ocation required access to Falls Lake to facilita

phosphorus load reduction through direct treatment of Falls Lake waters.

Field surveys were conducted by Biohabitats and HydroMentia team members and a site was selected to

the southeast of Site E-5, at the southwest corner of the Falls Lake Interstate 85 overpass as shown in

Figures 1-2and 1-3. The ATSE pil ot facility | ocatewthmacceggssand/i ded a
power availability.

All required permits and approvals were secured and in May 2015 installation oft he pi |l ot ATSE sys
was initiated.
2
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1.2 Goals and Objectives
The primary goal of the A T S E prpjéct wag to evaluate performance ofthe AT SE t e ¢ halative 0 g y
to the recovery of nitrogen and phosphorus via direct treatment of water from Falls Lake.

The City of Durham commissioned the pilotst udy after determining that ATSE
effective tool in the effort to help meet the Falls Lake Rules.

There are three primary elements that comprise this pilot performance report. These include:
1 Evaluation of performance data

' Modeling of accumulated water quality and flow data to develop estimates of nutrient load reduction
and treatment costs using a full scale ATSE

f Cost estimation for implementation of full-s ¢ a | e ©Ba3e8 én pilot performance data

1.3 Feasibility Study Projections

Within the Feasibility Study water quality data from Ci t y o f  Dowmstieamd§BL-DS4) sampling

location was evaluated using the Algal Turf Scrubber® Design Model (ATSDEM). The Ci tDp$s FL
monitoring location as shown in Figure 1-5 is located approximately 400f eet fr om the Fall s L
pilot unit.

ATS MPU
\Influent/Effluent

Figure1l5. Fal | s Lake ATSE Pi | 0-85ahddt-BS4Monitorirg Sthtiart i ve t o |

The feasibility performance evaluation was based on the CY 2011 and CY2012 water quality concentration
from FL-DS4. Influent total nitrogen and total phosphorus for the DS4 location were 1.59 mg/L and 0.159
mg/L, respectively. In the Feasibility Study treatment performance projections were made for seven (7)
different water quality data sets for the 10 selected sites. Due to the lower than projected influent nitrogen
and phosphorus concentrations in Falls Lake during the 2015 through 2016 pilot monitoring period,

q 6
i @ Biohabitats
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Feasibility Study performance projections are also provided for the Northgate Park Site in the Ellerbe Creek
watershed so as to provide feasibility projections for lower nutrient concentration waters. Water quality data
and removal projections for nitrogen and phosphorus are provided in Tables 1-2 and 1-3. These
performance reference values are provided again in Section 3.6.

As noted in the Feasibility Study, wat er qual ity data is separated |
to more effectively model A T S performance. The breakout of these periods specific to the pilot project is
described in Section 2.2.

1.4 Pilot System Design

Recognizing the diverse water quality conditions associated with nutrient pollutant loads in the Falls Lake
watershed,and the dynamic nature of future nutr identhe
need for flexibiityand eval uation of .the ATSE technology

The Falls Lake AT S Bilot unitisa 500 6 dne ()doothwvige Mobile Pilot Unit (MPU) of aluminum
constructon-whi ch i s Hydr oMe nThe BRUsflonay islined with d geasynthétic liner and
overlain with a proprietary grid matrix that provides enhanced attachment surface for the algal turf. The
ATSE fl oway was 0.5%sopea The efiiuentasystem includes a 500-micron screen that
captures solids sloughed from the floway surface.

The linear hydraul i cwadtargeted ah2 gallang per minote perAife& oot of width
(gpm/If), meaningthe hydrauli ¢ | oadi ng t owadshtataolit 30Egpnu, wiih the capabilities to
adjust this rate as appropriate. The AT S Einfluent pump is a self-priming Pacer Model PA 60-61B4-C.75C
pump, with flow control provided by diversion piping and valving. A Master Meter Octave Ultrasonic flow
meter was used to measure flows within the system at the influenttothe Fal | s Lake ATSE

The ATSE pilot unit was operated in a single pass mode, with influent water being pumped directly from
Falls Lake, and the effluent from t he singl e pass ATSE bei Falis Lake
approximately 35 feet down flow from the intake located near the Interstate 85 overpass. Figures 1-1 and
1-2 show influent water pipe faces upstream. A general site layout is provided in Figure 1-3.

Fal | s L akompoit® sfpling was performed using time sequenced SIGMA 900 Max autosamplers
that collected 50 mL every three hours for seven days.

SECTION 20 OPERATIONS

While certain planning decisions and cost estimates can be made through modeling and desktop
assessments for water treatment technologies, there are certain limitations on the level of accuracy and
degree of certainty that can be provided through these types of assessment. Field demonstrations or pilot
studies allow the Engineer to evaluate the performance of proposed treatment systems under site-specific
conditions. Data gathered from pilot studies are introduced into the planning and design process so that
appropriate, defendable design refinements can be made. The result is better design of a more efficient
system; more reliable cost estimates; and an enhanced understanding of the process dynamics.

The pilot scale investigation of the A T S Kimulates the algae based treatment process specific to the water
quality conditions associated with waters in the Falls Lake. The results will be used to (i) verify periphyton
growth and water treatment projections developed in preliminary ATSDEM projections and (ii) optimize the
design of a full-scale A T S Witrogen and Phosphorus Reduction Facility.

The system is operated per the approved Operations Manual, simulating operations of a full-scale system.

21 ATSE SysteWp Start

For the A T S Edefinitions that distinguish the Start-up & Stabilization Phase from the Fully Operational
Phase are provided below.
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Algal Turf Scrubber® Operational Phases:

(1) Start-up and Stabilization Phase: System start-up is initiated with the introduction of
continuous flow to the A T S Elowhy. During the start-up phase, an 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 sustained algal turf community.

The system operator shall define the stabilization phase complete and the system as fully
operational when the following conditions are met:

a. A sustained algal turf community is present over 90% of the floway surface area

b. A sustained algal turf is established and maintained for a minimum period of 120 days with (i)
minimal variation of the dominant algal turf species and (ii) minimal changes in algal
productivity; except those changes that are consistent with changes in inflow water quality and
ambient conditions

(2) Eully Operational Phase: AT S E ystem is fully operational when a sustained algal turf
community is established and maintained in conjunction with routine biomass recovery on the
floway. Algal turf of the fully-operational phase is a complex community of algae, bacteria, diatoms
and micro and macro invertebrates and detritus. Predominant attached algae species for the
sustained algal turf will vary dependent on water quality, season and geographical location.

The algal turf community is developed from fragments of periphytic algae found within the source water.
During the Start-up and Stabilization Phase, the algal turf community goes through natural succession like
other ecological communities. During the Stabilization Phase the treatment periphytic/epiphytic algal based
community (algal turf) will be maturing and system performance will generally be improving.

As noted in other A T S Etart-ups, the first evidence of algae growth is typically flocculent, dispersed groups
of algae dominated by diatoms, which appear as 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 become visibly predominant, forming a base of a more diverse community,
that includes epiphytic diatoms, blue-green bacteria and unicellular green algae, as well as a full
complement of bacterial and fungal commensals and symbiotes, and invertebrate grazers, detritivores and
predators.

Duration of the Start-up and Stabilization Phase is difficult to predict, and the duration will vary according
to water quality and ambient environmental conditions that include solar radiation, water temperature,
hydraulic loading rates and nutrient concentration, etc.

This start-up and stabilization period is similar to other autotrophic water treatment systems, where optimal

performance is achieved only after the initial start-up and stabilization phases®. As noted by the South

Florida Water Management District (SFWMD) and Florida Department of Environmental Protection (FDEP),

it is anticipated that vegetation in a treatment wetland will require one to three years after flow-through

operations begin for the affected cells to achieve optimal performance; and overall performance of a

treatment wetland system is extremely difficult to evaluate and predict during the start-up and stabilization
period. While the startttzu p and stabilization period for the ATSE is
wetland, performance during the initial 12 months of operation should be considered a conservative

estimate of treatment potential for the A T S Bystem.

As the standing crop of attached algae increases it can be expected to reach a biomass density at which
productivity and nutrient uptake rates are optimized. The A T S Enay enter a post initial system start-up
stabilization phase after the following events: (1) system shut-down and dry-out in conjunction with loss of
system flow; (2) system shut-down and algal die-off in conjunction with freezing temperatures; (3)

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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planned/unplanned maintenance activities which result in die-off of the algal turf; or (4) algal die-off due to
the presence of toxins in the source water. Duration of the stabilization phase following these events is
typically shorter than the initial start-up and stabilization phase.

2.2 Monitoring Periods

Installation o f the Falls Lake ATSE pilot was initiated in M
introduced on July 29, 2015. Provided in Table 2-1 are specified monitoring periods that will be referenced
throughout the report.

Monitoring activities initiated on September 29, 2016 included both water quality and algal biomass.

However, as will be discussed in Section 3, nitrogen analysis performed on samples collected during the
September 29, 2015 through December 29, 2015 were compromised, and had to be excluded from the
dataset. Accordingly, influent and effluent phosphorus data is available for the period September 29, 2015
through December 20, 2016 (Monitoring Period), while influent and effluent nitrogen data is limited to the
December 29, 2015 through December 20, 2016 period (CY2016 Monitoring Period).

Harvested biomass data was collected for the full Monitoring period (September 29, 2015 through
December 20, 2016)

Table 2-1. Data represented within this report and the corresponding data collection periods.

Description Monitoring Period Opeg:)t/ignal
Pre-Monitoring Operations July 29, 2015 to September 29, 2015 62
Q4-2015 September 29, 2015 to December 29, 2015 91
Q1-2016 December 29, 2015 to March 28, 2016 90
Q2-2016 March 28, 2016 to June 27, 2016 90
Q3-2016 June 27, 2016 to September 27, 2016 92
Q4-2016 September 27, 2016 to December 20, 2016 84
TOTAL OPERATIONAL PERIOD 510
Monitoring Period September 29, 2015 to December 20, 2016 448
CY2016 Monitoring Period December 29, 2015 to December 20, 2016 357
As noted in Section 1.3, water qual ity dat aStudywadskparatedin® WVarmearals i bil it
Coolseason conditions to more effectively model ATSE per

Based on algal turf productivity, Cool and Warm Seasons can be defined as periods when water
temperatures generally are below or above 15.0° Centigrade (C). For purposes of this study, Warm and
Cool Season Monitoring Periods were identified as follows:

1 Warm Season (CY2015) - September 29, 2015 to November 10, 2015
Late Cool Season (CY2015) i November 10, 2015 to December 29, 2015
Early Cool Season (CY2016) i December 29, 2015 to March 8, 2016
Warm Season (CY2016) i March 8, 2016 to November 8, 2016

il
il
)l
1 Late Cool Season (CY2016) i November 8, 2016 to December 20, 2016
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Quantifying and evaluating performance based on warm and cool season conditions allows for more
accurate assessment of system performance and provides insight into opportunities to optimize operations
in conjunction with periods of low water temperatures. Data analysis in Sections 3 and 4 include warm and
cool season performance.

2.3 Analysis of Flows

As noted in Section 1, t he AT S Ewapscheduled taibe bperated at an initial design influent rate
of 20 gpm. Based on decades of research HydroMentia has determined that areal nutrient removal rates
increase as linear hydraulic loading rates are increased up to approximately 20 gpm. At linear hydraulic
loading rates above 20 gpm velocity increased performance has not been documented.

On July 29, 2015 flows were initiated to the Falls Lake A T S ETo measure flow, an influent flow meter with
totalizer was installed. Total influent flows during the monitoring period forthe AT SE ar e mimabkei ded
2-2 below. Influent flow rates and adjustment are provided in Table 2-3.

Thetot al metered flow to the ATSE floway was phrte millio
September 29, 2015 through December 20, 2016 monitoring period. The mean flow rate for the CY2016
Monitoring Period was 19.2 gpm.

Flow was directedtothe ATSE f |l oway for a period of 448 days during
period, there were a total of 4 flow interruptions totaling 170 hours lasting from 26 to 59 hours. All flow

interruptions occurred during the month of January 2016 as a result of site flooding and subsequent pump

damage. These 4 flow interruptions occurred on January 1, January 6, January 15 and January 30.

Each dry-out event associated with the flow interruptions results in a loss of residual algae on the system,
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.

10
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Table 2-2. Total metered influent flow and rate during the September 29, 2015 through December 20, 2016
Monitoring Period.

Period Mean
Total Metered Flow Influent Flow Rate

Description (million gallons) (gpm)
Pre-Monitoring Operations 19.2
Q4-2015 2.76 21.0
Q1-2016 2.71 20.9
Q2-2016 2.55 19.4
Q3-2016 2.20 16.6
Q4-2016 2.40 18.3
Monitoring Period 12.61 19.5
CY2016 9.85 19.2

Table 2-3. Influent Flow Rates and Adjustments forthe Fa | | s L a kiwing A& Sefatember 29, 2015
through December 20, 2016 Monitoring Period

Influent
Flow Rate
Date (gpm) Comments and Rationale
July 29, 2015 20 Baseline Start-up
Q4-2015 21 No major flow rate adjustments through Q4-2015
Q1-2016 21 No major flow rate adjustments through Q1-2016
Q2-2016 19 Flow rate was slightly lower through Q2-2016
03-2016 17 _Flow rate was I0\_/ver in Q3-2016 due to clogging of the
influent force main
Q4-2016 18 Influent force main cleared and flow rate increased

Weekly influent flow rates forthe Fa |l | s L a lare illuatfat8dEin Figure 2-1. Weekly flow rates have
been adjusted to account for periods of no flow. Evaluation of weekly inflow to the treatment systems in
conjunction with influent and effluent nutrient concentrations allows for determining optimal hydraulic
loading relative to meeting design treatment objectives.

Each dry-out event causes a loss of residual algae on the system, impacting performance not only during
the flow interruption, but depending upon the extent of dry-out; extending for a period of time post dry-out.
Accordingly, multiple flow interruption events on the AT S E  opfioways result in a reduction in both algal
production, as well as water treatment performance. To eliminate or minimize this impact on a full-scale
system, the system may be designed to allow for flooding of the floway surface during periods of no flow.
The economics of this design would be evaluated in conjunction with a full-scale system design and
economic analysis.

Reported in Table 2-4 are periods of no flow from Falls Lake forthe Fa | | s L a kystemXdF tBefproject
monitoring period.
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Table 2-4.Fal | s L a KPeriods @f SI& Flow during the July 29, 2015 through December 20, 2016
Monitoring Period

i ATSE  Cumulative
ATSE Per i Periodsof PeriodofNo

No Flow No Flow Flow Cause of Flow
(Date) (hrs) (hrs) Interruption
Start-up 7/29/15
Pre-Monitoring Period None 0
Q4-2015 None 0
1/1/16 24 39 Pump Failure due to
1/2/16 15 Flood
1/6/16 24 Damaged Pump
Q1-2016 1/7/16 24 59 Caused Breaker to
1/8/16 11 Trip
1/15/16 24 Damaged Pump
36 Caused Breaker to
1/30/16 9 26 Replacement of
1/31/16 17 Primary Pump
Q2-2016 None 0
Q3-2016 None 0
Q4-2016 None 0
Total No. Flow Interruptions 4
Total Hours of No Flow 170

NOTE: The no-flow events listed above had a significant impact on water quality treatment performance as
will be discussed in Section 3.0.

2.4 Rainfall Impacts

Significant rainfall occurred within the watershed during the project operational period. Direct impacts
included the flooding of the site which began on December 31, 2015 and lasted through January 6, 2016.

As water levels exceeded 260 feet mean sea level, the self-priming pump was flooded resulting in pump
shutdownandaper i od of no fl ow on t fiable24 Bdure®:2 khows thaextemaft e d
flooding at the project site.
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Figure 2-2. Flooding at Algal Turf Scrubber® Pilot Site on December 31, 2016

For the NOAA Raleigh/ Durham (KRDU) monitoring station

is available for 72 years since 1945, annual rainfall for years 2014, 2015 and 2016 ranked the 701, 71st and
63 wettest years. The period from 2014 through 2016 was the wettest recorded 3-year period in the past
70 years for this station.

In contrast, the 2013 A T S [Eeasibility Study used water quality data from monitoring station Downstream
4 (FL-DS4) for CY2011 and CY2012. For comparison, these two years were the 19t and 22" driest 3-year
periods of the last 70 years.

While the period of high rainfall and corresponding high lake water levels had a direct operational impact
because of site flooding and the short-term shutdown of the system, it is also projected that the large volume
of rainfall in the watershed impacted nutrient loadings and concentrations within Falls Lake. Rainfall impacts
on water quality will be discussed further in Section 3.7.

SECTION3.0 WATER QUALITY AND TREATMENT PERFORMANCE

Monitoring of the influent and effluent water quality for purposes of documenting system performance was
initiated on September 29, 2015 and continued through December 20, 2016. Total Nitrogen, Total Kjeldahl
Nitrogen, Nitrate+Nitrite Nitrogen and Total Phosphorus were all analyzed from weekly composite samples.

During Q4-2015 abnormal nitrogen data was observed and an extended investigation was conducted to
identify the cause of the abnormal readings. In late December 2015 Prism Laboratories Quality Assurance
Manager notified HydroMentia that autosampler bottles used at the site were being cleaned by Prism Lab
staff with nitric acid, and said cleaning process was the likely source of the abnormal data. Accordingly,
impacted nitrogen data for the Q4-2015 period are not included in this report.

14
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Q4-2015 phosphorus data were not impacted, and thus the report will include phosphorus monitoring data
and analysis for two periods:

1 September 29, 2015 through December 20, 2016 (Monitoring Period)
1 December 29, 2015 through December 20, 2016 (CY2016 Monitoring Period)

During Q1-2016 phosphorus water quality data as analyzed by Prism Laboratories also appeared abnormal
as effluent values periodically exceeding influent values. A decision was made to initiate the collection of
split samples. Prism Laboratories would continue to provide analysis, but a split sample would be sent to
ENCO Laboratories for analysis. ENCO Laboratories, provides water quality analysis for the adjoining FL-
DS4 sampling station. Split sampling for influent and effluent nitrogen and phosphorus associated with the
weekly composite samples started March 28, 2016.

Water quality analysis provided in this report collected prior to March 28, 2016 was provided by Prism
Laboratories. Water quality analysis provided in this report after March 28, 2016 was provided by ENCO
Laboratories.

Split samples analysis continued throughout the remainder of the project to allow a more complete
understanding of the water quality data. An analysis of these split samples is provided in Appendix A.

It should be noted that values below analytical reporting limits (RL) or practical quantitation limit (PQL), yet
above the method detection limits are included in Section 3.0 analysis. Presented in Table 3-1 and Table
3-2 are nitrogen method reporting limits (RL) and the number of samples reported below the RL for the
December 29, 2015 through December 20, 2016 Monitoring Period for Prism Laboratories and ENCO
Laboratories, respectively. As shown, a substantial number of samples are both below the RL and Detection
Limit (DL). For samples that were reported below DL, the DL was used as the sample value.

Table 3-1. Prism Laboratories Nitrogen and Phosphorus Method Reporting Limits (RL), Detection Limits
(DL) and Samples Reported below the RL and DL for Specified Monitoring Periods.

Method Method Samples  Samples
Reporting Detection Number Below Below
Limit Limit of Reporting Detection
Parameter Monitoring Period (mglL) (mg/L) Samples Limit Limit
TKN Q4-2015 to Q1-2016 0.50 0.13 26 12 3
NOXx Q4-2015 to Q1-2016 0.10 0.0012 26 2 0
TP Q3-2015 to Q1-2016 0.050 0.013 50 8 2
OoP Q4-2015 to Q4-2016 0.050 0.015 28 28 18
15
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Table 3-2. ENCO Laboratories Nitrogen and Phosphorus Method Reporting Limits (RL), Detection Limits
(DL) and Samples Reported below the RL and DL for Specified Monitoring Periods.

Method Method Samples Samples
Reporting Detection Number Below Below
Limit Limit of Reporting  Detection
Parameter Monitoring Period (mglL) (mglL) Samples Limit Limit
TKN Q2-2016 to Q4-2016 0.050 0.037 74 0 0
NOX Q2-2016 to Q4-2016 0.10 0.041 74 71 0
TP Q2-2016 to Q4-2016 0.015 0.010 78 22 16

To improve accuracy, an outlier review was completed for nitrogen and phosphorus data and is included in
Appendix B. Falls Lake nitrogen and phosphorus data sets were analyzed to identify those samples in
which there was a greater than 99% probability that the sample was outside the normal distribution for the
data set.

Data sets were evaluated based on the applicable monitoring periods - Monitoring Period for phosphorus
and CY2016 Monitoring Period for nitrogen.

Based on the analysis, a total of 6 sample sets were removed where the calculated probability that the
sample was an outlier exceeded 99%. Four (4) nitrogen and (2) phosphorus weekly composite data were
removed for the Monitoring Period. Five CY2016 samples statistically defined as outliers were analyzed
during the split sample analysis period. Of those 5 samples, 3 were elevated in both laboratories analysis

To allow the reader to review and compare water quality data and treatment performance, Sections 3 and
4 include data and analysis of both (i) the Full Dataset and (ii) the Full Dataset Less Outliers.

3.1 Nitrogen Dynamics
3.1.1 Total Nitrogen

Presented in Table 3-3, are mean, median, maximum, minimum and standard devjations for influent and
effluent total nitrogen (TN) concentrations forthe Fa | | s L a Koe theADEc®raber 29, 2015 through
September 27, 2016 Monitoring Period.

Presented in Table 3-4 are influent and effluent total nitrogen concentrations, reductions and total flow rates
for select operational periods.

Table 3-3. Total Nitrogen Water Quality Summary for Fal | s L a k e Dekdr®df 29f 2015 to
December 20, 2016 Monitoring Period.

Mean Median Standard Maximum  Minimum
TN TN Deviation TN TN
Monitoring Period (mg/L) (mg/L) TN (mg/L) (mg/L)
Influent 1.39 1.01 1.439 8.84 0.43
CY2016 (Full Dataset)
Effluent 1.05 0.88 0.559 3.54 0.48
Influent 1.10 1.00 0.412 2.74 0.43
CY2016 (Less Outliers)
Effluent 0.97 0.88 0.323 1.84 0.48
16
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Table 3-4. Total Nitrogen Influent and Effluent Water Quality and System Influent Rates forthe Fa | | s L a IC¥2018 M&ioring Period and
Select Operational Periods.

TN TN TN System
Influent  Effluent Reduction Inflow Rate

Monitoring Period Dates (mg/l) (mg/l) (mg/l) (gpm)
CY2016 Monitoring Period (Full Dataset) December 29, 2015 to December 20, 2016 1.39 1.05 0.34 19.2
Initial Start-up July 29, 2015 to September 29, 2015 NR NR NR 19.2
Q4-2015 September 29, 2015 to December 29, 2015 NRP NRP NR 21.0
Q1-2016 December 29, 2015 to March 28, 2016 0.82 1.08 -0.26 20.9
Q2-2016 March 28, 2016 to June 27, 2016 1.70 0.98 0.72 19.4
Q3-2016 June 27, 2016 to September 27, 2016 1.99 1.25 0.74 16.6
Q4-2016 September 27, 2016 to December 20, 2016 1.04 0.89 0.15 18.3
CY2016 Monitoring Period (Less Outliers) December 29, 2015 to December 20, 2016 1.10 0.97 0.13 19.2
Q1-2016 (Less Outliers) December 29, 2015 to March 28, 2016 0.82 1.08 -0.26 20.9
Q2-2016 (Less Outliers) March 28, 2016 to June 27, 2016 1.19 0.98 0.21 19.4
Q3-2016 (Less Outliers) June 27, 2016 to September 27, 2016 1.41 0.89 0.52 16.6
Q4-2016 (Less Outliers) September 27, 2016 to December 20, 2016 1.04 0.89 0.15 18.3

NR 7 Not Recorded
NRP i Not Reported. Nitrogen data removed for this period as autosampler bottles were contaminated at lab during cleaning process
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It should be noted that negative nitrogen removal during the CY2016 Early Cool Season was associated
with the 7-week period from December 29, 2016 through February 16, 2016 when the system experienced
4 system shutdowns. This period also experienced a significant cold weather front with measurable snowfall
and ice on the floway on January 23, 2016. During that 7-week impacted period mean influent and effluent
nitrogen concentrations were 0.94 and 1.38 mg/L, respectively. Nitrogen areal removal rate during said
period was -390 g/m?-yr.

While algal productivity is further discussed in Section 4, to better understand water quality it is important
to note that during the above referenced period, algal productivity was also negligible at 1.0 dry-g/m2-day.
Algal productivity increased to 3.6 dry-g/m?-day during the 4-week period (February 16, 2016 to March 15,
2016) following the period of impact. Correspondingly, water quality based nitrogen areal removal for the 4
weeks following the flow impacted period was 82 g/m2-yr., with influent nitrogen reduced from 0.713 mg/L
to 0.620 mg/L.

Another factor that impact ed wat er quality data and the ATSE pil ot
relatively high concentration of suspended solids that occurred during select periods. As these conditions
directly impact water quality data, they are mentioned here. Suspended solids are discussed in greater
detail in Section 3.5.4. Rainfall totaling 2.7 inches during the 48-hour period of March 13, 2016 through
March 14, 2016 resulted in total suspended solids(TSS) increasing from 14 mg/L on February 16, 2016 to
68 mg/L on March 15, 2016. The significant load of suspended solids coated the newly developing algal
turf and negative nitrogen removal was observed for a 4-week period. Due to the negligible algal turf present
at the time, suspended solids were not filtered down the floway and the effluent TSS increased to 69 mg/L.

It should be noted that following a period of high rainfall-7 . 76 of rai nf all bet ween Jun:i
12, 2016, influent total suspended solids load spiked again from 18 mg/L on June 14, 2016 to 67 mg/L on

July 12, 2016. However, the more established algal turf community present at this time provided nitrogen

removal through this period as well as reduction of TSS. During this period TSS was reduced from 67 mg/L

to 3 mg/L 1 a 95% reduction in suspended solids.

Presented in Figures 3-1a and 3-1b are influent and effluent TN concentration charts with and without
outliers for the December 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-1a. Total Nitrogen Influent and Effluent ConcentrationsforF a | | s L a kFell Datds&)Eluring
the December 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-1b. Total Nitrogen Influent and Effluent Concentrations (Less Outliers)forFa |l | s L a duengAT SE
the December 29, 2015 through December 20, 2016 Monitoring Period.
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3.1.2 Total Kjeldahl Nitrogen

Presented in Table 3-5, are mean, median, maximum, minimum and standard deviations for influent and
effluent total Kjeldahl nitrogen (TKN-N) concentrations forthe Fa | | s L a forthe Rdc@iber 29, 2015
through December 20, 2016 Monitoring Period. Presented in Table 3-6 are mean influent and effluent TKN-
N concentrations, reductions and total flow rates for select operational periods.

Presented in Figures 3-2a and 3-2b are influent and effluent TKN-N concentration charts with and without
outliers for the December 29, 2015 through December 20, 2016 Monitoring Period

TKN-N is the sum of ammonia nitrogen and organic nitrogen. Total Kjeldahl nitrogen (TKN-N) was the most
abundant nitrogen form,composi ng 87. 0% of the influent total

Table 3-5. Total Kjeldahl Nitrogen Water Quality SummaryforF al | s L a forthe Bdc@riber 29, 2015
to December 20, 2016 Monitoring Period (CY2016).

Mean Median Standard Maximum  Minimum
TKN TKN Deviation TKN TKN
Monitoring Period (mg/L) (mg/L) TKN (mg/L) (mg/L)
Influent 1.26 0.95 1.481 8.80 0.13
CY2016 (Full Dataset)
Effluent 0.92 0.78 0.558 3.50 0.13
Influent 0.96 0.93 0.493 2.70 0.13
CY2016 (Less Outliers)
Effluent 0.82 0.77 0.288 1.80 0.13
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Table 3-6. Mean Total Kjeldahl Nitrogen Influent and Effluent Water Quality and System Inflow Rates forthe Fal | s

Period and Select Operational Periods.

L a K¥2018 M&iforing

TKN TKN TKN System Inflow

Influent Effluent Reduction Rate
Monitoring Period Dates (mg/l) (mg/l) (mg/l) (gpm)
CY2016 Monitoring Period (Full Dataset) December 29, 2015 to December 20, 2016 1.26 0.92 0.34 19.2
Initial Start-up July 29, 2015 to September 29, 2015 NR NR NR 19.2
Q4-2015 September 29, 2015 to December 29, 2015 NRP NRP NR 21.0
Q1-2016 December 29, 2015 to March 28, 2016 0.45 0.70 -0.25 20.9
Q2-2016 March 28, 2016 to June 27, 2016 1.65 0.91 0.74 19.4
Q3-2016 June 27,2016 to September 27, 2016 1.95 1.21 0.74 16.6
Q4-2016 September 27, 2016 to December 20, 2016 1.00 0.85 0.15 18.3
CY2016 Monitoring Period (Less Outliers) December 29, 2015 to December 20, 2016 0.96 0.82 0.14 19.2
Q1-2016 (Less Outliers) December 29, 2015 to March 28, 2016 0.45 0.70 -0.25 20.9
Q2-2016 (Less Outliers) March 28, 2016 to June 27, 2016 1.14 0.91 0.23 19.4
Q3-2016 (Less Outliers) June 27,2016 to September 27, 2016 1.37 0.85 0.52 16.6
Q4-2016 (Less Outliers) September 27, 2016 to December 20, 2016 1.00 0.85 0.15 18.3

NR 7 Not Recorded

NRP 7 Not Reported. Nitrogen data removed for this period as autosampler bottles were contaminated at lab during cleaning process
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Figure 3-2a. Total Kjeldahl Nitrogen Influent and Effluent Concentrations (Full Dataset) for Falls Lake
A T S Huring the December 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-2b. Total Kjeldahl Nitrogen Influent and Effluent Concentrations (Less Outliers) for Falls Lake
A T S Huring the December 29, 2015 through December 20, 2016 Monitoring Period.
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3.1.3 Nitrate + Nitrite Nitrogen

Presented in Table 3-7 are mean, median, maximum, minimum and standard deviations for influent and
L a Koe theADEc®rEber 29,
2015 through December 20, 2016 Monitoring Period. Presented in Table 3-8 are influent and effluent NOx-
N concentrations, reductions and total flow rates for select operational periods.

effluent nitrate + nitrite nitrogen (NOx-N) concentrations forthe Fa |l | s

Presented in Figure 3-3 are influent and effluent NOx-N concentration charts for the December 29, 2015
through December 20, 2016 Monitoring Period

Table 3-7. Total Nitrate + Nitrite Nitrogen Water Quality SummaryforFal | s

29, 2015 to December 20, 2016 Monitoring Period.

L a koetheD&cEnkber

Mean Median Standard Maximum  Minimum
NOx-N NOx-N Deviation NOx-N NOx-N
Monitoring Period (mg/L) (mg/L) NOx-N (mg/L) (mg/L)
Influent 0.13 0.04 0.172 0.60 0.04
CY2016 (Full Dataset)
Effluent 0.14 0.04 0.180 0.64 0.04
. Influent 0.14 0.04 0.177 0.60 0.04
CY2016 (Less Outliers)
Effluent 0.14 0.04 0.186 0.64 0.04
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Figure 3-3. Total Nitrate-Nitrite (NOx-N) Nitrogenl nf | uent and Effl uent Concentrati

during the December 29, 2015 through December 20, 2016 Monitoring Period.
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Table 3-8. Mean Total Nitrate+Nitrite Nitrogen Influent and Effluent Water Quality and System Influent Rates forthe Fal | s

Monitoring Period and Select Operational Periods.

L alC¥2018TSE

NOXx-N NOx-N NOXx-N System Inflow

Influent Effluent Reduction Rate
Monitoring Period Dates (mg/l) (mg/l) (mg/l) (gpm)
CY2016 Monitoring Period (Full Dataset) December 29, 2015 to December 20, 2016 0.13 0.14 -0.01 19.5
Initial Start-up July 29, 2015 to September 29, 2015 NR NR NR 19.2
Q4-2015 September 29, 2015 to December 29, 2015 NRP NRP NR 21.0
Q1-2016 December 29, 2015 to March 28, 2016 0.37 0.38 -0.01 20.9
Q2-2016 March 28, 2016 to June 27, 2016 0.05 0.06 -0.01 19.4
Q3-2016 June 27,2016 to September 27, 2016 0.04 0.04 0.00 16.6
Q4-2016 September 27, 2016 to December 20, 2016 0.04 0.04 0.00 18.3
CY2016 Monitoring Period (Less Outliers) December 29, 2015 to December 20, 2016 0.14 0.14 0.00 19.2
Q1-2016 (Less Outliers) December 29, 2015 to March 28, 2016 0.37 0.38 -0.01 20.9
Q2-2016 (Less Outliers) March 28, 2016 to June 27, 2016 0.05 0.07 -0.02 19.4
Q3-2016 (Less Outliers) June 27,2016 to September 27, 2016 0.04 0.04 0.00 16.6
Q4-2016 (Less Outliers) September 27, 2016 to December 20, 2016 0.04 0.04 0.00 18.3

NR 7 Not Recorded

NRP 7 Not Reported. Nitrogen data removed for this period as autosampler bottles were contaminated at lab during cleaning process
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3.2 Nitrogen Areal Removal Rates

Mass removal (also applicable to other nutrients) based upon water quality is calculated as
Nmw=1n QT En Qe
Where Nmw = mass of nitrogen removed based upon water quality

In = Influent total nitrogen concentration

En = Effluent total nitrogen concentration

Qi = Influent totalized flow

Qe = Effluent totalized flow

Mass nitrogen removal based upon harvested biomass is calculated as:

Nmh = (us)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

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

Applicable to load reduction calculations during the CY2016 Early Cool Season and as noted in the
Feasibility Study and earlier in this report 1

firhe Algal Turf Scrubber® may re-enter the start-up Stabilization Phase after the following events:
(1) system shut-down and dry-out in conjunction with loss of system flow; (2) system shut-down
and algal biomass loss in conjunction with freezing temperatures; (3) planned/unplanned
maintenance activities which result in loss of the algal turf; or (4) algal loss due to the presence of
toxins in the source water. Duration of the stabilization phase following these events is typically
significantly shorter than the initial start-up and stabilization phase, with treatment performance
slightly reduced. 0

Presented in Table 3-9 is a summary of total nitrogen (TN) removal rates based on water quality data for
select operational periods forthe Fa |l | s L a bilet syaAtén&E

The water quality based nitrogen areal removal rate for the December 29, 2015 to December 20, 2016
monitoring period was 257 g/m?2-yr. With the removal of four (4) outliers per Appendix B, the areal removal
rate was adjusted to 80 g/m?-yr. The total nitrogen mass removed was 7.7 pounds over 500 square feet
during the referenced monitoring period.
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Table 3-9. Total Nitrogen Areal Removal Rates (ARR) forthe Fa | | s L a Pa&ingACY2®E Monitoring Period and Select Operational Periods.

TN TN
Influent ARR
Monitoring Period Dates (mg/L) (9/m?-yr)
CY2016 Monitoring Period (Full Dataset) December 29, 2015 to December 20, 2016 1.39 257
Initial Start-up July 29, 2015 to September 29, 2015 NR NR
Q4-2015 September 29, 2015 to December 29, 2015 NRP NRP
Q1-2016 December 29, 2015 to March 28, 2016 0.82 -228
Q2-2016 March 28, 2016 to June 27, 2016 1.70 652
Q3-2016 June 27, 2016 to September 27, 2016 1.99 497
Q4-2016 September 27, 2016 to December 20, 2016 1.04 127
CY2016 Monitoring Period (Less Outliers) December 29, 2015 to December 20, 2016 1.10 80
Q1-2016 (Less Outliers) December 29, 2015 to March 28, 2016 0.82 -228
Q2-2016 (Less Outliers) March 28, 2016 to June 27, 2016 1.19 163
Q3-2016 (Less Outliers) June 27, 2016 to September 27, 2016 1.41 269
Q4-2016 (Less Outliers) September 27, 2016 to December 20, 2016 1.04 127

NR i Not Recorded
NRP 7 Not Reported. Nitrogen data removed for this period as autosampler bottles were contaminated at lab during cleaning process
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As noted previously in text following Table 3-4, negative nitrogen removal during the CY2016 Early Cool
Season was associated with the 7-week period from December 29, 2016 through February 16, 2016 when
the system experienced 4 system shutdowns. During that 7-week impacted period mean influent and
effluent nitrogen concentrations were 0.94 and 1.38 mg/L, respectively. Nitrogen areal removal rate during
said period was -390 g/m?-yr.

Presented in Figure 3-4a, 3-4b, 3-5aand 3-5b and 3-6areFa |l | s L a water qudlit$ Eased nitrogen
areal removal charts for the December 29, 2015 through December 20, 2016 monitoring period.

In the charts projected nitrogen ARR are provided for inflow TN concentrations of 0.66 mg/L and 1.59 mg/L
to provide a point of reference.

Water quality and recovered (harvested) solids based nitrogen areal removal rate and cumulative areal
removal rate charts for the December 29, 2015 through September 27, 2016 monitoring period are provided
in Section 4.3.

The negative nitrogen removal early in CY2016 as discussed in detail in Section 3.1 following Table 3-4
explains the negative removal illustrated in the charts.
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Figure 3-4a. Nitrogen Areal Removal Rates (Full Dataset) forthe Fal | s L a kiwing A& SeEember
29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-4b. Nitrogen Areal Removal Rates (Less Outliers) forthe Fa |l | s L a Kueing & 3eEember
29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-5a. Cumulative Mean Nitrogen Areal Removal Rates (Full Dataset) forthe Fal | s Lake ATSE
during the December 29, 2015 through December 20, 2016 Monitoring Period.

320
280
240
200
160
120

80 I I
© T

0 TUE
-80

-120 Projected N ARR:

-160 22t034 gm2yr' @ Inflow of 0.66 mg/L

Cumulative Mean Nitrogen Areal Removal Rate (g/m2-yr)

-200 107t0 221 g m2yr! @ Inflow of 1.59 mg/L
-240
-280
-320
-360
-400
K \%.@%Qﬁ,@@,\ﬁ,\b.@,@.\b.\%,@.@
N c> Y O Q N S S A oY O
@ﬂﬂ@@@@@ﬂrﬂf\‘t{b@{b‘b‘}ﬂr@
N q}.@ o nﬁp 82 58 oY o l\\,{b R %@m OJ\,Q, & @\%G \\\.\6 a° 'br{’\
m Cumulative Nitrogen ARR
Figure 3-5b. Cumulative Nitrogen Areal Removal Rates (Less Outliers) forthe Fal | s L a kueingAT SE
the December 29, 2015 through December 20, 2016 Monitoring Period.
Q 29 )
i @ Biohabitats

HydroMentia



Falls Lake Algal Turf Scrubber® Pilot Final Report May 2017

6,000 - 3.00
? 5,500 Projected N ARR:
E 5.000 22to 34 g m2yr1 @ Inflow of 0.66 mg/L 250 :l:
k=) 4500 107t0 221 g m2yr! @ Inflow of 1.59 mg/L ' é
o c
& 4,000 g
T ac - 200 &£
g 3,500 ?
£ 3,000 S
3 &)
= 2,500 - 1.50 c
o S
£ 2000 8
= 500 =z
g 1500 L 100 €
£ 1,000 S
2 I E
5 500 I I =
S . Ilallann.ss. - B [ 050
'— - -

|
-500
-1,000 - - 0.00
o o © © Q: o o Q) ) © o QJ o © © © ©
N N N '\ \ N Q¢ N N N8 28 N W
Q Q Q Q QO Q N) Q O
& O Koy Q\&&@\’L@ ROIECIIR ORI R
T g \*\“‘ & P

m Total Nitrogen ARR —— Inflow Nitrogen Concentration

Figure 3-6. Nitrogen Areal Removal Rates and Influent Total Nitrogen Concentration (Less Oultliers) for the
Fal | s L akuing&é& BeEember 29, 2015 through December 20, 2016 Monitoring Period.

3.3 Phosphorus Dynamics
3.3.1 Total Phosphorus

Presented in Table 3-10 are mean, median, maximum, minimum and standard deviations for influent and
effluent total phosphorus (TP) concentrations forthe Fa | | s L a koethe Sépteéraber 29, 2015 through
December 20, 2016 Monitoring Period.

For the pilot report Monitoring Period less outliers, the Fa | | s L a kibt sysfers fean influent and
effluent total phosphorus concentrations were 0.061 mg/L (61 ppb) and 0.044 mg/L (44 ppb), respectively,
resulting in a total phosphorus reduction of 0.017 mg/L (17 ppb).

Table 3-10. Total Phosphorus Water Quality Summary for Fa |l | s L a Koe Septém®dt 29, 2015 to
December 20, 2016 and CY2016 Monitoring Period.

Mean Median Standard Maximum Minimum
TP TP Deviation TP TP

Monitoring Period (mg/L) (mg/L) TP (mg/L) (mg/L)
Monitoring Period __Influent 0.070 0.060 0.088 0.640 0.010

(Full Dataset) Effluent 0.045 0.029 0.027 0.140 0.010
Monitoring Period __Influent 0.061 0.061 0.032 0.140 0.010

(Less Outliers)  Eflyent 0.044 0.046 0.029 0.110 0.010
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CY2016 Influent 0.056 0.059 0.032 0.130 0.010
Monitoring Period
(Less Outliers) Effluent 0.038 0.028 0.028 0.110 0.010

Presented in Table 3-11 are influent and effluent TP concentrations, reductions and total flow rates for
select operational periods.

Presented in Figures 3-7a and 3-7b are influent and effluent TP concentrations with and without outliers,
respectively for the September 29, 2015 through December 20, 2016 Monitoring Period.
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Table 3-11. Mean Total Phosphorus Influent and Effluent Water Quality and System Influent Rates forthe Fa | | s L a KenitoAnp Befiod and
Select Operational Periods.

TP TP TP System
Influent Effluent Reduction Inflow Rate

Monitoring Period Dates (mg/l) (mg/l) (mg/l) (gpm)
Monitoring Period (Full Dataset) September 29, 2015 to December 20, 2016 0.070 0.045 0.025 19.2
Initial Start-up July 29, 2015 to September 29, 2015 NR NR NR 19.2
Q4-2015 September 29, 2015 to December 29, 2015 0.075 0.073 0.002 21.0
Q1-2016 December 29, 2015 to March 28, 2016 0.078 0.071 0.007 20.9
Q2-2016 March 28, 2016 to June 27, 2016 0.068 0.045 0.023 19.4
Q3-2016 Jun 27, 2016 to September 27, 2016 0.098 0.021 0.077 16.6
Q4-2016 September 27, 2016 to December 20, 2016 0.025 0.015 0.010 18.3
Monitoring Period (Less Outliers) September 29, 2015 to December, 2016 0.061 0.044 0.017 19.2
CY2016 (Less Outliers) December 29, 2015 to December, 2016 0.056 0.038 0.018 19.2
Q4-2015 (Less Outliers) September 29, 2015 to December 29, 2015 0.077 0.068 0.009 21.0
Q1-2016 (Less Outliers) December 29, 2015 to March 28, 2016 0.078 0.071 0.007 20.9
Q2-2016 (Less Outliers) March 28, 2016 to June 27, 2016 0.068 0.045 0.023 19.4
Q3-2016 (Less Outliers) Jun 27, 2016 to September 27, 2016 0.053 0.020 0.033 16.6
Q4-2016 (Less Outliers) September 27, 2016 to December 20, 2016 0.025 0.015 0.010 18.3

NR T not recorded
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Figure 3-7a. Total Phosphorus Influent and Effluent Concentrations (Full Dataset) for Fal | s Lake ATSE
during the September 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-7b. Total Phosphorus Influent and Effluent Concentrations (Less Outliers)forFal | s Lake ATSE
during the September 29, 2015 through December 20, 2016 Monitoring Period.
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3.3.2 Ortho Phosphorus

Presented in Table 3-12, are the influent and effluent ortho phosphorus (OP) concentrations for the
Monitoring Period and select operational periods.

Presented in Figure 3-8 are influent and effluent ortho phosphorus concentrations for the September 29,
2015 through December 20, 2016 Monitoring Period fortheFa |l | s L a kystem AT SE

For the Monitoring Period, the mean influent and effluent ortho phosphorus concentrations were 0.017 mg/L
(17 ppb) and 0.017 mg/L (17 ppb), respectively, resulting in no net change in ortho phosphorus.

Ortho phosphorus, typically considered that portion of the total phosphorus which is readily available
biologically, amounted to 16% of the influent in the Fal | s L a kbasedfom BRISM Laboratories
Analysis associated with monthly grab samples. The remainder was assumed to be as phosphorus bound
into organic complexes, which is commonly referenced as organic phosphorus. Organic phosphorus was
the most abundant phosphorus form, composing 84.0% of the influent total nitrogen phosphorus for the
Falls Lake ATSE system.

Table 3-12. Ortho Phosphorus (OP) Influent and Effluent Water Quality and System Influent Rates for the
Fal | s L a MenitoAnp Befiod and Select Operational Periods.

OP OP OoP
Influent  Effluent Reduction
Monitoring Period Dates (mgl/l) (mg/l) (mg/l)

Monitoring Period

September 29, 2015 to December 20, 2016 0.017 0.017 0.000
(Full Dataset)

Initial Start-up July 29, 2015 to September 29, 2015 NR NR NR
Q4-2015 September 29, 2015 to December 29, 2015 0.018 0.030 -0.012
Q1-2016 December 29, 2015 to March 28, 2016 0.022 0.016 0.007
Q2-2016 March 28, 2016 to June 27, 2016 0.015 0.015 0.000
Q3-2016 June 27, 2016 to September 27, 2016 0.016 0.015 0.001
Q4-2016 September 27, 2016 to December 20, 2016 0.014 0.014 0.000
CY2016

. December 29, 2015 to December 20, 2016 0.017 0.015 0.002
(Less Outliers)

NR 7 Not Recorded
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Figure 3-8. Ortho Phosphorus Influent and Effluent Concentrations for Fal | s L a kderingAtifleS E
September 29, 2015 through December 20, 2016 Monitoring Period.

3.4 Phosphorus Areal Removal Rates
Presented in Table 3-13 is a summary of total phosphorus (TP) removal rates for select operational periods

fortheFal | s L a ilet syat@n®E

The water quality phosphorus areal removal rate for the September 29, 2015 to December 20, 2016
monitoring period was 12.8 g/m2-yr. This calculation is based on the Full Dataset with the two (2) identified
outliers removed per Appendix B.
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Table 3-13. Total Phosphorus Areal Removal Rates (ARR) fortheF a | | s

Select Operational Periods.

L a MenitoAnp Befiod and

TP TP
Influent ARR
Monitoring Period Dates (mg/L)  (g/m?3-yr)
Monitoring Period (Full Dataset) September 29, 2015 to December 20, 2016 0.070 18
Initial Start-up July 29, 2015 to September 29, 2015 NR NR
Q4-2015 September 29, 2015 to December 29, 2015 0.075 1
Q1-2016 December 29, 2015 to March 28, 2016 0.078 6
Q2-2016 March 28, 2016 to June 27, 2016 0.068 19
Q3-2016 June 27, 2016 to September 27, 2016 0.098 56
Q4-2016 September 27, 2016 to December 20, 2016 0.025 9
Monitoring Period (Less Outliers) September 29, 2015 to December 20, 2016 0.061 13
CY2016 (Less Outliers) December 29, 2015 to December 20, 2016 0.056 14
Q1-2016 (Less Outliers) December 29, 2015 to March 28, 2016 0.078 6
Q2-2016 (Less Ouitliers) March 28, 2016 to June 27, 2016 0.068 19
Q3-2016 (Less Ouitliers) June 27, 2016 to September 27, 2016 0.053 22
Q4-2016 (Less Outliers) September 27, 2016 to December 20, 2016 0.025 9

NR i Not Recorded

Presented in Figure 3-9a, 3-9b, 3-10a, 3-10b and 3-11 are water quality based phosphorus areal removal
charts for the Monitoring Period forthe Fal | s L a kystemnATSE

In the following phosphorus areal removal rate charts, prdjectedophosphorus ARRf r o m
Feasibility Study for inflow TP concentrations of 0.068 mg/L and 0.159 mg/L are shown on the charts. This
information is provided as a point of reference.
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Figure 3-9a. Phosphorus Areal Removal Rates (Full Dataset) for the Fal | s L a kdaringAtiieS E
September 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-9b. Phosphorus Areal Removal Rates (Less Outliers) for the Fal | s L a kderingAtfieS E
September 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-10a. Cumulative Mean Phosphorus Areal Removal Rates (Full Dataset) forthe Fa |l | s

during the September 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-10b. Cumulative Mean Phosphorus Areal Removal Rates (Less Outliers) for the Falls Lake
A T S Huring the September 29, 2015 through December 20, 2016 Monitoring Period.

Lake

38
~N

HydroMentia

ATSE



|

0.020

Falls Lake Algal Turf Scrubber® Pilot Final Report May 2017
- 0.160
Projected P ARR:
m | 13to30g m2yr! @ Inflow of 0.068 mg/L - 0140 o
| 25to 64 g m2yr1 @ Inflow of 0.159 mg/L g
\l f' L 0.120 g
\ TJ f\ L 0.100 ?
' | 5
| wl F \ | ﬂ' " L 0080
TRy T j I f
'| 't I | .; \ \ - 0060 %
\ \ ’ o
\ H‘ I| T (l T
\ i T |' il L 0.040 %
\ |' | ]
u u s

a
QL 38 30 6 10 0 18 0 0 0 B 0 B 28 B 8 0 B 0 WP 20
S SN N S® g© S
&@ ,\\'» rb'*’% ¥ o 9\'19 \"{Pﬂi& ey ?,0"‘0@ R @{P é‘* é" @fé’@%\& & \,L&&&

Total Phosphorus ARR —#—Inflow Phosphorus Concentration

- 0.000

Figure 3-11. Phosphorus Areal Removal Rates and Influent Total Phosphorus Concentration (Less

Outliers) fortheFal | s
Period.

L a kiuging #& Seftember 29, 2015 through December 20, 2016 Monitoring

q 39

~
HydroMentia

@ Biohabitats



Falls Lake Algal Turf Scrubber® Pilot Final Report

May 2017

3.5 Other Water Quality Parameters

Presented in Table 3-14 are additional water quality parameters measured in conjunction with the pilot testing program.

Table 3-14. Other Water Quality ParametersforFa | | s

L a kuging 1@ Sehtember 29, 2015 through December 20, 2016 Monitoring Period.

Total .
Total  Alkalinity Time of Day
Total Organic as pH, DO,
Suspended Solids Carbon  CaCO3 Dissolved Oxygen Water T Temp,

(mg/L) (mg/L) (mg/L) pH Value (mg/l) (°C) Measurement
Monitoring Period Influent  Effluent Influent  Influent  Influent Effluent Influent Effluent Influent Effluent
Monitoring Period Mean 275 12.6 9.1 32 7.6 7.9 7.0 10.1 17.7 17.2 8:30 AM
Monitoring Period Maximum 68.0 69.0 9.1 44 8.9 9.0 13.9 15.8 317 31.1 9:17 AM
Monitoring Period Minimum 14.0 7.5 9.1 26 6.3 7.1 2.2 4.9 2.5 1.4 6:45 AM
CY2016 Mean 29.5 13.5 33 7.5 7.8 6.6 9.8 18.7 18.0
CY21016 Warm Season Mean 234 22.5
CY2016 Cool Season Mean 8.5 8.4
CY2016 Early Cool Mean 78 74
Season
CY2016 Late Cool Mean 97 101
Season
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3.5.1 pH and Alkalinity

During the Monitoring Period, pH was taken with YSI handheld meters from the influent and effluent during
the daytime, usually early to mid-morning between 830 and 930 AM. (usually mid-morning) in conjunction
with weekly staff site visits.

Based on the midmorning pH data collected from the handheld meter, pH changed from an average influent

of 7.6 to an average effluentpH of 7.9 forthe Fal | s L a lpilet syst&ns Based on the stable influent

pH to the Falls Lake ATSE pil ot uni drowthahdwlyoarhon mayc ar bon
be limiting down the floway.

Figures 3-12 shows weekly mid-morning influent and pH levels recorded prior to each weekly harvest for
the September 29, 2015 through December 20, 2016 monitoring period. The mean pH data collection time
was 8:30 AM, with no pH measurements collected after 9:17 AM. The early morning collection period for
pH data did not allow assessment of mid-day effluent pH levels.

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, CO:2 levels recover, and pH shifts downward. These
patterns result in diurnal pH fluctuations whichar e t ypi c al of AHRdgEe3d3).namics as (

The upward pH shift reflects consumption of carbon dioxide and bicarbonate and carbonate alkalinity, and
the generation of hydroxyl alkalinity.
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Figure 3-12. Weekly Mid Morning Influent and Effluent pH levels Recorded prior to Harvest for the Falls
L ak e Adufhéthe September 29, 2015 through December 20, 2016 Monitoring Period.
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Figure 3-13. Ty pi c a | Diurnal pH Trends .Across an Active ATSE

Alkalinity as CaCOs within the Falls Lake source water averaged 32 mg/L for the monitoring period with a
range of 26 to 44 mg/L. These values are consistent with alkalinity levels of 25 to 35 mg/L as CaCO3 in
Falls Lake near Interstate 1-85 reported by the USGS for calendar year October 2010 to September 2011

(Figure 3-14).
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Figure 3-14. Monthly Influent Alkalinity forthe Fa | | s L a klwingAh& Sdptember 29, 2015 through
December 20, 2016 Monitoring Period.

2 Taken from HydroMentia, 2005. S-154 Pilot ATS™-WHS™ Aquatic Plant Treatment System Final Report for SFWMD
Contract C-13933
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I't is not wunusual for pH levels of ATSE ef feérpwhght s asso
productivity systems (i.e. reservoir systems with significant phytoplankton populations) 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.

As noted in the Feasibility Study, alkalinity may be used as a measure of available carbon for periphyton

growth within the A T S Eystem. Alkalinity in conjunction with source water pH determines how much

carbon is available for biological growth. Higher alkalinities imply higher available carbon within the source

water, which typically result in higher algal productivity, less pH fluctuation down the floway, and increased
pollutant recovery rates. Alkalinity levels above 25 mg
while alkalinity levels greater than 100 mg/L are considered optimal.

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.3 The available carbon was expressed
as a percentage of total alkalinity, as noted in Figure 3-15.

As the flow moves down the floway, the pH increases and carbon availability decreases. At about pH =10.1,

there is minmalavai |l abl e carbon remaining, and accordingly, p |
under these conditions would be reduced considerably. The high pH also influences the availability of

essential minerals, as many cations will precipitate as salts at the higher pH levels.

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 ATSE or t he p h ¥{dlolmkeasoukce water; this tishai well-dochneented
phenomenon that results in a shift in the alkalinity species with an increase in hydroxide (OH") and a
decrease in bicarbonate (HCOz") alkalinity as pH rises, as noted within Figure 3-16. 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.

8 Saunders, G.W., F.B. Trama, and R.W. Bachman. 1962. Evaluation of a modified C-14 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.
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Figure 3-15. Relationship of pH and alkalinity and available carbon from Saunders et al. (1962)

= Carbon Dioxide ——Carbonate ——Bicarbonate ———Hydroxide

100 -

90 ~

80 1

70 4

60

50 4

40

30 4

20 A

Alkalinity as mg/l CaCO3

10

6.5 7.0 75 8.0 85 9.0 95 10.0 10.5 11.0
pH

Figure 3-16. Relationship of pH to carbon dioxide, and carbonate, bicarbonate and hydroxide alkalinity.
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3.5.2 Dissolved Oxygen (DO)

Mean early/midmorning DO levels in CY2016 forthe Fa |l | s L a lnereaged &B% for the Falls Lake
A T S Howay from a mean of 6.6 mg/L to 9.8 mg/L. lllustrated in Figure 3-17 are weekly DO levels recorded
prior to harvest.
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Figure 3-17. Monthly Influent and Effluent Dissolved Oxygen forthe Fa |l | s L a kueing#& SE
September 29, 2015 through December 20, 2016 Monitoring Period.

Oxygen is a product of photosynthesis. During the daytime when photosynthesis rates are typically high,

enough oxygen is generated by the ATSE such that | evel
unusual for DO effluent levels to approach 14 mg/L, even during the summer when saturation

concentrations can be as low as 5-6 mg/L. At night, while there is no photosynthetic DO contributed to the

floway, the shallow flow associated with the ATSE proc
thereby avoiding the severe DO fAsagd often asslomciated
there is a drop in DO levels at night, they typically remain higher than the influent levels, and above 5 mg/L*

(Figure 3-18).

4 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 BODs), then DO levels at night could drop to disruptive levels. Typically
this is not the case with Class IIl surface waters in Florida.
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Typical Diurnal DO Trends (S-154 ATS)
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Figure3-18. Ty pi c a l Diurnal DO Trends AMAMcross an Active ATSE
3.5.3 Water Temperature

Water temperature changesfrom i nf l uent to effluent across an ATSE f|
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 being true when ambient

air temperature is cooler than the water temperature.

As reported in Table 3-14 Monitoring Period early to mid-midmorning influent and effluent mean water
temperatures forthe Fa | | s L a lpilt systén$ere 17.7 °C and 17.2 °C, respectively. For CY2016
mean influent and effluent water temperatures were 18.7 °C and 18.0 °C, respectively. Weekly recorded
mid-morning water temperatures are shown in Figure 3-19.

Monitoring Period midmorning maximum influent and effluent temperature forthe Fal | s L a lpiot ATSE
system were 31.7° C and 31.1° C, respectively.

Monitoring Period midmorning minimum influent and effluent temperature forthe Fal | s L a lpiot AT SE
system were 2.5° C and 1.4° C, respectively.

5 Taken from HydroMentia, 2005. S-154 Pilot ATS™-WHS™ Aquatic Plant Treatment System Final Report for SFWMD
Contract C-13933
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CY2016 Cool and Warm Season mean influent water temperatures were 8.5° C and 23.4°C, respectively.

CY2016 Early Cool Season mean influent water temperature was 7.8° C, while the CY2016 Later Cool
Season mean influent temperature was 9.7° C.
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Figure 3-19. Water TemperaturesforFa | | s L a kderingile Séptember 29, 2015 through December
20, 2016 Monitoring Period.

lllustrated in Figure 3-20 are typical warm season water temperature trends in which there is captured heat

down the ATSE floway during othbaeat mgatylllustrated & Figuaen3eB8dreh e n  r e | €
influent and effluent water temperaturesontheFal | s Lake ATSE

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 i 30 degrees C.
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Figure 3-20. TypicalWarmSeason Di ur nal Water Temperatur bwajyinends Ac
the Southern Unites States (see footnote 2).
Asnoted in Section3.1,inmid-J anuary the ATSE pilot was operated durir

a snowfall event that resulted in the floway being covered with ice and snow as shown in Figure 3-21.
Though covered with ice and snow, water continued to pass down the A T S Howay under the snow cover.

\

Figure 3-21. Image ofthe FL-ATSE Fl oway Covered in Snow on January 23

48
~ @ Biohabitats
HydroMentia



Falls Lake Algal Turf Scrubber® Pilot Final Report May 2017

3.5.4 Suspended Solids

Total suspended solids (TSS) concentrations were analyzed forthe Fa | | s L a lilet syst&nsliased
on monthly grab samples collected at the system influent and effluent. For the Monitoring Period influent
TSS ranged from 14.0 to 68.0 mg/L and floway effluent TSS ranged from 3.4 to 69.0 mg/L. For the
Monitoring Period the Fa |l | s L a kpiot sysf®r8 Eeduced TSS 54.1% from 27.5 to 12.6 mg/L. For
CY2016theFal | s L a bilet systgnsréduced TSS levels 54.3% from 29.5 to 13.5 mg/L.

Figure 3-22 illustrates total suspended solid values during the Monitoring Period.
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Figure 3-22. Total Suspended Solids for Fal | s L a kderingAtile SSEptember 29, 2015 through
December 20, 2016 Monitoring Period.

As noted Section 3.1, spikes in TSS concentrations on March 15, 2016 and again on July 12, 2016 were
associated with significant rainfall events in the watershed.

Rainfall totaling 2.7 inches during the 48-hour period of March 13, 2016 through March 14, 2016 resulted
in TSS increasing from 14 mg/L on February 16, 2016 to 68 mg/L on March 15, 2016. As a result, the
significant load of suspended solids coated the newly developing algal turf. Due to negligible algal turf
present on the floway at the time, attributable to the relatively low water temperatures, and the suspected
impact of suspended solids, the algal turf did not provide filtration as the water passed down the floway. As
a result, the influent and effluent TSS concentrations were nearly unchanged at 68 and 69 mg/L for the
influent and effluent, respectively.

To characterize the particle size distribution of the suspended sediments present in the influent during this
period, on April 26, 2016 a grab sample was collected by City of Durham staff and sent to Golder Associates
Inc. for analysis, The results are shown in Figures 3-23 and 3-24. The suspended sediments were
classified as silts and clays with a small fraction as colloids, with 99.6% passing a 1000-micron screen, and
approximately 98% passing a 500-micron screen.

These particles associated with the elevated suspended solids in the Falls Lake influent are typically
trapped and adhere to algal cells and mucilage in a well-established algal turf community. However, a
significant fraction of these particle is lost during the weekly pilot harvest as these silt and clay particles are
smaller than the 1000-micron dewatering filter used to remove free water from the harvested algal biomass.
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MAY 2016 1656698
ENCO/DURHAM ATS PILOT STUDY/NC
SUMMARY OF SOIL DATA
Grain Size
Soil Natural Atterberg Distribution Compaction Additional
Sampl Sampl Sampl Classi- | Moisture Limits % Finer | ¥ Finer | % Finer | Maximum | Optimum Unit Weight Permeability Tests
Identification Type Depth fication Yo 0.1 0.01 0.001 Dry Density | Moisture Gs Moisture Dry (em/sec) Conducted
LL.| P.L.| P.I. | L.L mm mm mm (pcf) % % (pef) (See Notes)
ATS Influent Water - - - - - - - 99.6 46.4 .0 - - - - - -
Figure 3-23. Particle Size Distribution Summaryf or Fal |l s Lake ATSE Pil ot edlAprif26 2660 20¥8at er Sampl e
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MAY 2016 1656698
PARTICLE SIZE DISTRIBUTION
Laser Diffraction
PROJECT NAME: ENCO/Durham ATS Pilot Study/NC
SAMPLE ID: ATS Influent Depth: -
TYPE: Water
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Figure 3-24. Particle Size Distribution Laser Diffractionf or Falls Lake ATSE Pilot Influent Water
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Foll owing 7.706 of rainfall bet ween June 28&olids208ds6 and J
again spiked, this time from 18 mg/L on June 14, 2016 to 67 mg/L on July 12, 2016. However, during this

second spike the more established algal turf community as illustrated in Figure 3-25 provided nitrogen

removal as well as reduction of TSS. During this period TSS was reduced from 67 mg/L to 3 mg/L 7 a 95%

reduction in suspended solids.

Figure 3-25. Image taken July 12t 2016 illustrating significanta | g a | growth at a distanc:e
ATSE pi | owithidflleot wt@lpuspended solids measured at 67 mg/L.

lllustrated in Figure 3-26 is influent TSS concentration and TSS reduction plotted against harvested algal

solids associated with weekly algae harvests. Shown in Figure 3-27 are seasonal changes in the mass of
harvestedalgalso | i ds from the ATSE floway, which were not stro
in TSS. TSS reduction remained relatively stable throughout the monitoring period, while there were

significant changes in harvested algae on a seasonal basis.

Noted in Figure 3-27 are ARR for harvested algal solids and TSS for the referenced period. In 12 of the
15 paired events, TSS ARR exceeded the harvested algal solids ARR i often by a substantial amount.

Focusing on the July 12, 2016 harvest, recovered algal solids as quantified through harvest standard
operating procedures did not account for the volume of suspended solids that would be expected based on
the 64 mg/L reduction in TSS. The recovered dry-weight harvest for the referenced week was 26.6 pounds,
a significant portion of which was algal turf biomass present on the floway as shown in Figure 26. In
comparison, based on the 64 mg/L reduction in TSS as determined by influent and effluent grab samples
collected on July 12, 2016, if it is assumed that the grab sample is reflective of TSS removal for the prior 7
days, there should have been 90.9 pounds of recovered solids based solely on reduced TSS, exclusive of
harvested algal biomass.

Asnotedat the Falls LakedA&ASEdptbument e dtfaallities, @tsipndicant ATSE pi
portion of the relatively fine silt and clay solids associated with TSS are lost through the dewatering process

associated with the weekly harvest. Fines passing through the harvest de-watering filter were not quantified,

and likely account for a significant portion of the discrepancy between TSS and harvested algal solids.
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As TSS data was analyzed from less frequent monthly grab samples when compared to the weekly time
interval composite samples associated with nutrient monitoring, no further calculations regarding removal
have been made based on TSS reduction data. It is howevercl ear |y recogni zed that
reduces TSS, (ii) during periods of higher algal turf growth there is increased filtering of TSS and thus higher
removal percentages, (iii) TSS filtered or trapped on the floway represent a portion of the nutrients removed

with the ATSE system, (iv) an undefined portion of har\
study and (v) high TSS loads impact algal turf growth.

3.6 Feasibility Study Projections Water Quality Comparison

As discussed in Section 1.3, the Fal | s L a lpilet urfit W& Emplemented to determine the suitability

of applying the A T S Hor nitrogen and phosphorus load reduction within Falls Lake Watershed.

As noted in the Feasibility Study, wat er qual ity dat a iasmds diparod toe & eiarstom ftWa

to more effectively naswatettempdidfute has significant impact onealgal growth.
The breakout of these periods specific to the pilot project was described in Section 2.2 and is provided
below.

Based on algal turf productivity, Cool and Warm Seasons can be defined as periods when water
temperatures generally are below or above 15.0° C. For purposes of this study, Warm and Cool Season
Monitoring Periods were identified as follows:

1 Warm Season (CY2015) - September 29, 2015 to November 10, 2015

1 Late Cool Season (CY2015) i November 10, 2015 to December 29, 2015
1 Early Cool Season (CY2016) i December 29, 2015 to March 8, 2016

T Warm Season (CY2016) i March 8, 2016 to November 8, 2016

1 Late Cool Season (CY2016) i November 8, 2016 to December 20, 2016

In the Feasibility Study performance evaluations were based on the CY 2011 and CY2012 water quality
concentrations. In the Feasibility Study treatment performance projections were made for seven (7) different
water quality data sets for 10 selected sites. From the seven water quality data sets, performance
projections from two (2) Feasibility Study sites were selected for comparison in the section.

The Feasibility Study water quality samplesi t € near est t hepiloFwab FLsDS4, akals AT SE
Lakesampl i ng site | ocated appr oxi malPegfdrnyancé prdedtiofsimthen t he AT

Feasibility Study were based on influent total nitrogen and total phosphorus concentrations for the CY2011
and CY2012 period were 1.59 mg/L and 0.159 mg/L, respectively.

A second site from the Feasibility Study is included for performance projection comparison due to the lower
than projected influent nitrogen and phosphorus concentrations in Falls Lake during the 2015 through 2016
pilot monitoring period. Projections are provided for the Ellerbe Creek-Northgate Park Site to provide
feasibility projections for lower nutrient concentration waters. Performance projections in the Feasibility
Study were based on influent total nitrogen and total phosphorus concentrations for the CY2011 and
CY2012 period were 0.66 mg/L and 0.068 mg/L, respectively.

Comparison nitrogen and phosphorus data are provided in Figures 3-15, 3-16, 3-17 and 3-18.
3.6.1 Nitrogen Reduction Comparison

Based on the full dataset, CY2016 total nitrogen reduction was 0.34 mg/L, from 1.39 mg/L to 1.05 mg/L.
The ARR was 257 g/m?-yr. Based on the dataset with outliers removed, CY2016 total nitrogen reduction
was 0.13 mg/L, from 1.10 mg/L to 0.97 mg/L. The ARR was 80 g/m2-yr.

The CY2016 mean total nitrogen concentration of 1.10 mg/L (less outliers) was 31% lower than the
projected total nitrogen concentration of 1.59 mg/L for FL-DS4. However, the influent mean total nitrogen
concentration of 1.10 mg/L closely compares to 1.12 mg/L - the mean value of the two referenced
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comparison sites from the Feasibility Study. The mean annual total nitrogen reduction from the two

Feasibility Study sites was projected to be between 0.08 and 0.15 mg/L. The CY2016 total nitrogen

reduction was 0.13 mg/L (less outliers). The Falls Lake ATSE pil ot nitrogen removal
therefore near the upper end of projected performance based on influent water quality when compared the

Feasibility Study.

If no consideration is given to the difference between projected and actual influent nitrogen concentrations,
then the total nitrogen reduction of 0.13 mg/L, was near the lower end of the projected performance for the
FL-DS4 site which was 0.12 to 0.26 mg/L.

It should be noted that CY2016 warm season and late cool season performance exceed nitrogen removal
projections, however negative removal in the CY2016 early cool season (December through March) period
negatively affected annual performance.
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Table 3-15. Total Nitrogen Influent and Effluent Water Quality and System Influent Rates forthe Fa |l | s L a KC¥2018 M&i#oring Period and
Select Operational Periods.

TN TN TN System
Influent Effluent Reduction  Inflow Rate
Monitoring Period Dates (mg/l) (mg/l) (mg/l) (gpm)
CY2016 Monitoring Period (Full Dataset) December 29, 2015 to December 20, 2016 1.39 1.05 0.34 19.2
CY2016 Monitoring Period (Less Outliers) December 29, 2015 to December 20, 2016 1.10 0.97 0.13 19.2
CY2016 i Early Cool Season (Less Outliers) December 29, 2016 to March 8, 2016 0.90 1.17 -0.27 20.7
CY2016 i Warm Season (Less Outliers) March 8, 2016 to November 8, 2016 1.16 0.89 0.27 18.8
CY2016 i Late Cool Season (Less Outliers) November 8, 2016 to December 20, 2016 1.12 1.01 0.11 20.7
Annual 0.66 0.62 - 0.62 0.04 - 0.04 20
Feasibility Projections TN Influent of 0.66 mg/L . i i
(Ellerbe Cree i Northgate Park) Cool Season (Dec i Mar) 0.66 0.63-0.62 0.03-0.04 20
Warm Season (Apr i Nov) 0.66 0.62-0.62 0.04 - 0.04 20
Annual 1.59 1.47-1.33 0.12-0.26 20
Feasibility Projections TN Influent of 1.59 mg/L .
(Falls Lake FL-DS4) Cool Season (Dec i Mar) 1.59 1.52-1.45 0.07-0.14 20
Warm Season (Apr 1 Nov) 1.59 1.44 -1.27 0.15-0.28 20

56
~ P
HydroMentia



Falls Lake Algal Turf Scrubber® Pilot Final Report

May 2017

Table 3-16. Total Nitrogen Areal Removal Rates (ARR) forthe Fa | | s

L a bwing/Sg&letOperational Periods.

TN TN
Influent ARR
Monitoring Period Dates (mg/L) (g/m2-yr)
CY2016 Monitoring Period (Full Dataset) December 29, 2015 to December 20, 2016 1.39 257
CY2016 Monitoring Period (Less Outliers) December 29, 2015 to December 20, 2016 1.10 80
CY2016 i Early Cool Season (Less Outliers) December 29, 2016 to March 8, 2016 0.90 -237
CY2016 i Warm Season (Less Outliers) March 8, 2016 to November 8, 2016 1.16 170
CY2016 i Late Cool Season (Less Outliers) November 8, 2016 to December 20, 2016 1.12 98
Annual 0.66 30-34
Feasibility Projections TN Influent of 0.66 mg/L . i
(Ellerbe Cree i Northgate Park) Cool Season (Dec i Mar) 0.66 22-34
Warm Season (Apr i Nov) 0.66 34-34
Annual 1.59 107 - 221
Feasibility Projections TN Influent of 1.59 mg/L .
(Falls Lake FL-DS4) Cool Season (Dec i Mar) 1.59 63 - 129
Warm Season (Apr 1 Nov) 1.59 122 - 271
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3.6.1 Phosphorus Reduction Comparison

Based on the full dataset, Monitoring Period total phosphorus reduction was 0.025 mg/L, from 0.070 mg/L
to 0.045 mg/L. The ARR was 18 g/m?-yr. Based on the dataset with outliers removed, Monitoring Period
total phosphorus reduction was 0.017 mg/L, from 0.061 mg/L to 0.044 mg/L. The ARR was 13 g/m2-yr.

The Monitoring Period mean total phosphorus concentration of 0.061 mg/L (less outliers) was 62% lower
than the projected total phosphorus concentration of 0.159 mg/L for FL-DS4. However, the influent mean
total phosphorus concentration of 0.61 mg/L was only 10% less than the 0.068 mg/L value of the Ellerbe
Creek-Northgate Park Site from the Feasibility Study. The mean annual total phosphorus reduction from
the Ellerbe Creek-Northgate Park Site was projected to be between 0.014 and 0.034 mg/L. The Monitoring

Period total phosphorus reduction was 0.017mg/ L (|l ess outl i ers) . phobphoruBal | s

removal performance was therefore in the lower 25% of projected performance based on influent water
guality when compared to the Feasibility Study.

If no consideration is given to the difference between projected and actual influent phosphorus
concentrations, then the total phosphorus reduction of 0.017 mg/L, was below the lower end of the projected
performance for the FL-DS4 site which was 0.019 to 0.074 mg/L.

As with nitrogen performance, CY2016 warm season and late cool season performance exceed removal
projections based on the relatively low influent concentration, however low removal in the CY2016 early
cool season (December through March) period negatively affected annual performance.
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Table 3-17. Mean Total Phosphorus| nf | uent and Effluent Water Quality and System Influent
Select Operational Periods.
TP TP TP System
Influent Effluent Reduction Inflow Rate
Monitoring Period Dates (mg/l) (mg/l) (mg/l) (gpm)
Monitoring Period (Full Dataset) September 29, 2015 to December 20, 2016 0.070 0.045 0.025 19.2
Monitoring Period (Less Outliers) September 29, 2015 to December, 2016 0.061 0.044 0.017 19.2
CY2016 (Less Outliers) December 29, 2015 to December, 2016 0.056 0.038 0.018 19.2
CY2016 i Warm Season (Less Outliers) March 8, 2016 to November 8, 2016 0.055 0.033 0.022 18.8
. : December 29, 2016 to March 8, 2016 and
CY2016 1 Cool Season (Less Outliers) November 8, 2016 to December 20, 2016 0.059 0.050 0.009 20.7
o o Annual 0.068  0.0547 0.034 0.014i 0.034 20
~easlalling Frofesiens TP MLt e O Fals o) smrean (9me 1 WD 0.068  0.063-0.041 0.005-0.027 20
(Ellerbe Cree i Northgate Park) Warm Season (Apri Nov) 0.068  0.049-0.030 0.019 - 0.038 20
o o Annual 0.159 0.130-0.085 0.019-0.074 20
~eeeplityy PrepEtos 1P et a0 SS mell  qp0 eramm (Seel Men) 0159  0.145-0.118 0.014-0.041 20
(Falls Lake FL-DS4) Warm Season (Apri Nov) 0.159  0.122-0.069 0.037 - 0.090 20
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Table 3-18. Total Phosphorus Areal RemovalRat es ( ARR) for the Falls Lake ATSE Monitori
TP TP
Influent ARR
Monitoring Period Dates (mg/L) (9/m?-yr)
Monitoring Period September 29, 2015 to December 20, 2016 0.070 18
Monitoring Period (Less Outliers) September 29, 2015 to December 20, 2016 0.061 13
CY2016 (Less Outliers) December 29, 2015 to December 20, 2016 0.056 14
CY2016 i Early Cool Season (Less Outliers) December 29, 2016 to March 8, 2016 0.077 5
CY2016 i Warm Season (Less Outliers) March 8, 2016 to November 8, 2016 0.055 17
CY2016 i Late Cool Season (Less Outliers) November 8, 2016 to December 20, 2016 0.029 14
Annual 0.068 13-30
Feasibility Projections TP Influent of 0.068 mg/L .
(Ellerbe Cree i Northgate Park) Cool Season (Dec i Mar) 0.068 4-23
Warm Season (Apri Nov) 0.068 17 - 33
Annual 0.159 25-64
Feasibility Projections TP Influent of 0.159 mg/L . i
(Falls Lake FL-DS4) Cool Season (Dec i Mar) 0.159 12-35
Warm Season (Apri Nov) 0.159 31-78
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3.7 Rainfall Impacts on Water Quality

To better understand possible reasons for the relatively lower nutrient concentrations observed in Falls
Lake during the CY2015 and CY2016 ATSE pil ot monitoring period
CY2011 and CY2012 period, a brief investigation was performed relative to rainfall in the watershed.

Recognizing that rainfall is expected to have an impact Falls Lake nutrient concentrations, the following
figures are included to provide a graphic perspective on historic rainfall (Figure 3-28) and flow through Falls
Lake (Figure 3-29) relative to the CY201land CY2012 period referenced

versus

andthe2015-2 016 Operational Period for the Falls Lake

Figure 3-28 shows annual rainfall as recorded the NOAA Raleigh/Durham monitoring station for the 70-
year monitoring period from 1945 through 2015. Figure 3-29 illustrates daily discharges from Falls Lake in
cubic feet per second for the 2010 through 2016 monitoring period.

Raleigh, North Carolina, Precipitation, January-December
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NOAA National Centers for Environmental information, Climate at a Glance: U.S. Time Series, Precipitation,
published February 2017, retrieved on February 28, 2017 from http://www.ncdc.noaa.gov/cag/

Figure 3-28. Annual Rainfall as recorded the NOAA Raleigh/Durham (KRDU) monitoring Station for the
Period 1945 through 2015.

As noted in Section 2.4, for the NOAA Raleigh/Durham monitoring station where rainfall data is available
for 72 years since 1945, annual rainfall for years 2014, 2015 and 2016 ranked the 70, 71st and 63" wettest
years. The period from 2014 through 2016 was the wettest recorded 3-year period in the past 70 years for
this station. This period of high rainfall correlates with a period of elevated discharge rate from Falls Lake
as shown in Figure 3-29.

I n contrast, the 2013 AwWakEquditg dat frdm nonitorigg stiom FLyPS4uw e d

CY2011 and CY2012. These two years were the 19" and 22" driest 3-year periods of the last 70 years.
The low rainfall corresponded to a period of low discharges from Fall Lake as shown in Figure 3-29.

As nitrogen and phosphorus concentrations during 2015 and 2016 were lower than projected based on FL-
DS4 monitoring data for CY2011 and CY2012, a comparison of rainfall data and FL-DS4 total nitrogen and
total phosphorus concentrations is provided Table 3-19.
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USGS 02087183 NEUSE RIVER NEAR FALLS, NC

Faoa.a
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Figure 3-29. Daily Discharge from Falls Lake for the period 2010 through 2016 as recorded at the USGS
02087183 Monitoring Station.

Table 3-19. Rainfall from Select Monitoring Stations and Water Quality Data as reported for the
Downstream4 Monitoring Station for CY2010 through CY2016

North Durham

NOAA NOAA Water
Raleigh/Durham Durham NC Reclamation

NC (KRDU) Annual Facility Total Total
Monitored Annual Rainfall Rainfall Annual Rainfall Phosphorus  Nitrogen
Period (Inches) * (Inches) 2 (Inches) 3 (mg/L) (mg/L)
CY2010 37.0 37.3 37.8 0.126 1.09
CY2011 43.7 38.0 0.183 1.56
CY2012 40.8 42.8 0.133 1.29
CY2013 50.7 55.5 0.121 1.02
CY2014 55.3 42.6 46.9 0.102 4 0.90
CY2015 57.1 55.5 49.5 0.107 4 1.11
CY2016 51.3 58.0 0.079 0.92

1 Lat: 35.8818° N Lon: -78.7781° W (Raleigh Durham Airport)
2 Lat: 35.9705° N Lon: -79.0931° W (West of Durham)
3 Lat: 36.0275° N Lon: -78.8625° W (North Durham Water Reclamation Facility)

4 One outlier removed from data set by HydroMentia. Sample point exceeded 99% probability that the sample
was outside the normal distribution.
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To quantify the correlation between rainfall and nitrogen and phosphorus concentrations in Falls Lake for
the specified period, the Pearson Correlation Coefficient was calculated for the data from KRDU and FL-
DS4. The results as shown in Table 3-20 indicate a negative linear correlation between rainfall and in-lake
nitrogen and phosphorus concentrations. Accordingly, it is expected that periods of high rainfall will result
in lower than normal in-lake nitrogen and phosphorus concentrations.

Table 3-20. Pearson Correlation Coefficient comparing Rainfall to Total Phosphorus and Total Nitrogen at
the FL-DS4 Monitoring Station for CY2010 through CY2016

TP TN Rainfall
TP 1.000
TN 0.928 1.000

Rainfall -0.738 -0.671  1.000

SECTION 4 ASSESSMENT OF BIOMASS HARVESTING AND PROCESSING

4.1 Algal Biomass Productivity

As noted in Section 2, water flow was introduced to the FallsL a k e  Aflbv@iz on July 29, 2015. Prior to
initiation of water quality monitoring on September 29, 2015, the floway received flows as specified in
Section 2. Consequently, some algal turf had developed on the floway prior to initiation of the water quality
monitoring program. The initial harvest in which biomass was recovered occurred on August 26, 2015. The
first harvest of the monitoring period occurred on September 26, 2015.

|l mages of the algal turf were t ak eeflonmy. Amdntalysaldsegafl t ur f
these images is provided in Appendix H.

Wet and dry weight algal harvest mass are provided in Table 4-1. During the Monitoring Period, harvested
solids totaled 10,830 and 727 wet and dry pounds, respectively. However, it should be noted that biomass

recovered fromthe Fal | s L a kneluded Br§abic and inorganic materials from the Falls Lake inflow
that were f il t dlowaydFigone 4-1 ik & chaktTl$stEating recovered dry solids per harvest
period.

Table 4-1. Comparative Algal Wet and Dry Harvest Weightsfor Fa | | s L a kdwingAh& September
29, 2015 through December 20, 2016 Monitoring Period.

Wet Dry
Harvest Harvest

Monitoring Period Dates (Ibs) (Ibs)
Monitoring Period  September 29, 2015 to December 20, 2016 10,830 727
Q4-2015 September 29, 2015 to December 29, 2015 632 39
Q1-2016 December 29, 2015 to March 28, 2016 352 32
Q2-2016 March 28, 2016 to June 27, 2016 3,557 191
Q3-2016 June 27, 2016 to September 27, 2016 4,692 348
Q4-2016 September 27, 2016 to December 20, 2016 1,597 118

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, approximates net community productivity, and includes the summation of accumulated
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biomass, associated residuals from all involved trophic levels and trapped inorganic solids. 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 4-2, for the Monitoring Period algal solids recovered during the weekly harvests
resulted in a productivity value of 15.9 dry-g/m2-day. Calculated productivity or harvested algal solids
includes influent solids that may be filtered on the floway. Productivity projections are included from the
Feasibility Study for water quality conditions that provide a nitrogen and phosphorus influent concentration
range like that observed atthe Fa | | s L a kiuging & Bdaitoring period.

Figures 4-2 and 4-3 are charts showing period and cumulative mean algal productivity rates for the Falls
L a k e Asysk# during the September 29, 2015 through December 20, 2016 Monitoring Period. Figure
4-4 are period algal productivity rates for Fa | | s L a kdaringAtile SSEptember 29, 2015 through
December 20, 2016 Monitoring Period with projected and actual inflow water temperatures.

Figures 4-5 and 4-6 illustrate mean comparative algal community production for the Monitoring Period at
1006 Il engthRal dewhakbe ATSE

Table 4-2. Comparative Algal Productivity or Recovered SolidsforF a | | s L a Kueing thd Sftember
29, 2015 through December 20, 2016 Monitoring Period.

Productivity
(dry-g/m2-
Monitoring Period Dates day)
Monitoring Period September 29, 2015 to December 20, 2016 15.9
Initial Start-up July 29, 2015 to September 29, 2015 NR
Q4-2015 September 29, 2015 to December 29, 2015 4.2
Q1-2016 December 29, 2015 to March 28, 2016 3.6
Q2-2016 March 28, 2016 to June 27, 2016 20.8
Q3-2016 June 27, 2016 to September 27, 2016 37.2
Q4-2016 September 27, 2016 to December 20, 2016 22.8
CY2016 December 29, 2015 to December 20, 2016 18.9
NR T not recorded
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Figure 4-1. Dry recovered solids per harvest periodfor Fa | | s L a klwingAh®& Seftember 29, 2015
through December 20, 2016 Monitoring Period.

As illustrated in Figure 4-1 and corresponding Figures 4-2 and 4-4, algal productivity is significantly
impacted by water temperature.

To quantify the correlation between inflow water temperature and recovered biomass in Falls Lake for the
specified period, the Pearson Correlation Coefficient was calculated for these two variables. The results as
shown in Table 4-3 indicate a positive linear correlation between inflow water temperature and algal
productivity as expected.

Table 4-3. Pearson Correlation Coefficient comparing Inflow Water Temperature to Recovered Biomass at
theFal | s L a koethe&Sé&ptrber 29, 2015 through December 20, 2016 Monitoring Period

Inflow Water Recovered
Temperature  Biomass

Inflow Water

Temperature 1.000
Recovered 0.798 1.000
Biomass

Due to reduced algal productivity and nutrient removal during periods with low water temperatures,
operation of any full-scale system should closely monitor performance during this period to develop data to
assess cost versus treatment performance. As system productivity and performance stabilize after first year
start-up operations, it would be recommended that a monitoring and analysis program be implemented
specifically to optimize system performance during the coldest months.
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Figure 4-2. Period Algal Productivity Rates for Fa | | s L a kiwing A& Sefitember 29, 2015 through
December 20, 2016 Monitoring Period.
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Figure 4-3. Cumulative Mean Algal Productivity Ratesfor F a | | s L a Hueng & Setember 29, 2015
through December 20, 2016 Monitoring Period.
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Figure 4-4. Period Algal Productivity Rates for Fa | | s L a kiwing Ah& Sefitember 29, 2015 through
December 20, 2016 Monitoring Period with projected and actual inflow water temperature.

As illustrated in Figure 4-5, there was a continuous reduction of recovered solids down the floway, with the
top 1006 a c h ipredudtivitygor racoveredssaolids of 25 dry-g/m?-d ay whi l e t he
had a productivity of 8 dry-g/m? - day. The reduced volume of recovered solids down the floway is typical
of ATSE o pand reflecisoedused algal growth due to one or more limiting nutrients. In the Falls
L ak e AT Sith geiiodioetevated suspended solids loads, reductions in the mass of recovered solids
down the floway may also reflect filtration by the algal turf community as discussed in Section 3.5.4.
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Figure 4-5. Mean Al g a | Pr oducforiFwail tl ys e rkueihgd@ &eftember 29, 2015 through
December 20, 2016 Monitoring Period.

Shown in Figure 4-6 are comparative algal community production per harvest period at 100 lengths down

theFal | s L a Hueinghd Seftember 29, 2015 through December 20, 2016 Monitoring Period. Peak
volumes of recovered harvested solids/algalpr oducti vity were observed in the f
August and September 2016. While the TSS ARR during these months was not substantially higher than

the relatively low algal productivity months of November 2015 through January 2016, it is likely that the

more robust algal growth in August and September 2016 may have resulted in increased trapping of
sedimentsintheupper portion of the floway, thus the increased
due to a combination of available nutrients (carbon, nitrogen and phosphorus) and filtered sediments.

4.2 Biomass Element Nutrient Concentrations

Algal tissue quality in terms of nutrient and mineral content was analyzed by Midwest Labs from monthly

composite samp | es t aken fr om.Rrdvided iA TaBIE 4-3 drecalga tssue analysis for the

Monitoring Period. Tissue nitrogen and phosphorus concentrations when combined with determinations of

dry harvested solids recovered from the ATSE fl oway all
in the biomass. Other elements are used as indicators regarding solids recovered from the system.

Ash content at 79% was at the relatively high end of therangef or recovered solids from
which typically ranges from 33% - 83%. In addition, tissue carbon at 9% was below the typical range of

15% - 40%. It is believed that these characteristics are a result of relatively high inorganic suspended solids

in the influent relative to other ATSE systems.
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Figure 4-6. Mean comparative algal community production per harvest period at 100 lengths downthe Fa | | s L a kuing &/& Seftember 29,
2015 through December 20, 2016 Monitoring Period.
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Table 4-4. Elemental Composition of Harvested Algal Turf Biomass fromthe Fal | s

20, 2016 Monitoring Period.

L a kiwing A& Seftember 29, 2015 through December

Month of Moisture Phosphorus Nitrogen Ammonia Nitrate+Nitrite Carbon  Ash  Calcium Potassium Magnesium Sodium  Sulfur  lron  Copper Zinc  Boron Manganese
Composite Sample (%) (% dw) (% dw) (% dw) (% dw) (% dw) (% dw) (% dw) (% dw) (% dw) (% dw) (% dw) (ppm} (ppm) (ppm) (ppm) {ppm)
October-15  6.40%  0.20% 1.41% 0.08% - 9.53% 81.25% 0.63% - 0.31% 0.47% - 29844 - - - 5109
Movember-15  6.40%  0.20% 1.46% 0.05% - 9.09% T79.21% 0.57% 0.40% 0.36% 0.09% 0.20% 32392 36 153 - 5116
December-15  5.10%  0.16% 1.40% 0.04% - 10.03% 78.16% 0.70% 0.35% 0.35% 0.07% 0.23% 36273 34 128 - 6293
January-16  5.10%  0.16% 1.40% 0.04% - 10.03% 78.16% 0.70% 0.35% 0.35% 0.07% 0.23% 36273 34 128 - 6293
February-16 12.22%  0.12% 0.90% 0.02% - 7.58% B8240% 077% 0.24% 0.39% 0.06% 0.13% 35605 40 155 - 6165
March-16  963% 0.13% 1.04% 0.01% - 7.20% 8283% 0.56% 0.28% 0.34% 0.04% 0.15% 34545 29 160 - 6414
April-16  423%  0.17% 1.10% 0.06% - 7.90% 8253% 050% 0.28% 0.35% 0.04% 0.15% 36466 26 144 - 5240
May-16  5.66%  0.14% 1.19% 0.05% - B8.17% B80.14% 057% 0.23% 0.34% 0.04% 0.17% 34677 28 129 39 6633
June-16 5.56%  0.17% 1.11% 0.04% - 8.11% 78.75% 0.57% 0.31% 0.38% 0.04% 0.20% 39275 26 133 - 7734
July-16 5.35%  0.37% 1.57% 0.13% - 11.18% 74.29% 0.86% 0.35% 0.48% 0.06% 0.24% 40041 139 1778 - 8628
August-16  8.45%  0.18% 1.41% 0.10% - 9.79% 76.73% 0.61% 0.37% 0.48% 0.06% 0.19% 44736 31 143 - 8704
September-16 7.78%  0.20% 1.62% 0.05% - 1017% 75.41% 0.78% 0.39% 0.46% 0.08% 0.20% 43955 29 203 - 10656
October-16  7.69%  0.21% 1.60% 0.05% - 10.70% 75.35% 0.82% 0.40% 0.44% 0.06% 0.20% 45233 40 148 - 7018
Movember-16  6.24%  0.16% 1.21% 0.03% - 8.98% 78.24% 092% 0.25% 0.39% 0.05% 0.22% 42288 37 125 - 21246
December-16  7.60%  0.16% 1.24% 0.04% - B8.70% 79.84% 067% 0.26% 0.36% 0.06% 0.16% 37914 28 124 - 9248
Mean 6.88%  0.18% 1.31% 0.05% 9.14% 78.89% 0.68% 0.32% 0.39% 0.09% 0.19% 37972 40 261 8033
Note 1. Oct-15 P data from Nov sample. Oct sample was shown as non-detect as the tissue was analyzed wet
MNote 2. Dec-15 P data was shown < 0.05 % as received and non-detect as dry weight.
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In every ATSE system oper atheedhasthgen &positiveochteelatior betweero dat e
influent phosphorus concentration and the concentration of phosphorus in the recovered solids. The extent

of the correlation can however be impacted by multiple variables including source water nitrogen
concentration, alkalinity and available carbon, nitrogen:phosphorus ratio and suspended solids.

Figure 4-7 illustrates influent water phosphorus concentration versus tissue phosphorus concentration for

ATSE systems with inflow ph o sfiorh d0rppbsto 40@rppbe The influgni ons r a
phosphorus to tissue phosphorus correlation for this dataset was R2 = 0.7063. As shown in Figure 4-7 this

correlation was much higher than the Falls Lake data correlation of R? = 0.0509.

InFigure4-8t h e AfrdieEt data set was modified to include only data points where influent phosphorus

concentrations were less than 300 ppb. At these lower influent phosphorus concentrations, the correlation

is much lower (R? = 0.2336). In Figure 4-9, Falls Lake data is comparedto data fr om &ilosi ngl e /
facilty 7 the Powel | Cr e, ewhich AVeisSdperated at relatively similar influent phosphorus

concentrations in Lee County, Florida. Influent total phosphorus concentrations in this system were less

than 160 ppb. At these lower phosphorus concentrations, the influent phosphorus to tissue phosphorus

correlation was lower yet (R2 = 0.1762). The correlation is even lower if you only consider those Powell

Creek ATSE dhatta® baow anrinfluent phosphorus concentration of 100 ppb.

Historical data indicates that as influent phosphorus concentrations increase, there is a corresponding
increase in tissue phosphorus concentration. However, as shown in Figures 4-7, 4-8 and 4-9, if the
correlation is evaluated over a relative narrow range of inflow phosphorus concentrations, the correlation
may be masked by multiple factors. Elevated total suspended solids in the influent would likely be a masking
factor, as would lab analysis variability.

ATSE systems have pratedathighesslspended solids irflpent concentrations (mean
and maximum influent TSSof35 and 96 mg/ L) than those obhlsowaver,red at F
suspended solids above 25 mg/L do impact algal turf growth.

During the pilot operation,thepossi bi |l ity of employing a solids separ at
was considered, however it was decided thatthe AT SE pwiodlddé operated under the relatively high
suspended sediment loads to document system performance under these conditions.
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Figure 4-9. Influent Water Phosphorus Concentration Versus Tissue Phosphorus Concentration for the
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2015 through December 20, 2016 Monitoring Period.

4.3 Harvest Based Nutrient Removal

Water quality and recovered (harvested) solids based mean areal removal rates for nitrogen and
phosphorus are provided in Table 4-5. The difference between total phosphorus areal removal rates based
on water quality (less outliers) and harvested biomass were less than 7% and 15%, respectively for CY2016
and the Monitoring Period. The difference between the total nitrogen areal removal rate based on water
quality (less outliers) and harvested biomass was less than 19% for CY2016.

As discussed in Section 3.5.4, a significant portion of the relatively fine silt and clay solids associated with

TSS, as well as algal biomass less than 1000 microns are lost through the dewatering process associated

with the weekly harvest. These fines which pass through the harvest de-watering filter were not quantified,

andr esul t in an wunderesti mate of the total mas.s of ma
Accordingly, it would be expected that ARR based on the recorded harvested solids would be less than the

water quality based ARR.

Water quality and recovered (harvested) solids based nitrogen areal removal rate and cumulative areal
removal rate charts for the December 29, 2015 through September 27, 2016 monitoring period are provided
as Figures 4-10 and 4-11. Figures 4-12 and 4-13 show water quality and harvest based phosphorus areal
and cumulative areal removal charts for the September 29, 2015 through September 27, 2016 monitoring
period.
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Table 4-5. Water Quality and Harvest Based Nitrogen and Phosphorus Areal Removal Rates (ARR) for the Fa |l | s L a kderingASEI&E
Monitoring Periods.

Water Quality ~ Water Quality Harvest

Based ARR Based ARR Based
(Full Dataset)  (Less Outliers) ARR
Monitoring Period Dates Pollutant (g/m2-yr) (g/m2-yr) (g/m?2-yr)
CY2016 December 29, 2015 to December 20, 2016  Total Nitrogen 257 80 95
CY2016 December 29, 2015 to December 20, 2016 Total Phosphorus 23 14 14
Monitoring Period September 29, 2015 to December 20, 2016  Total Phosphorus 18 13 11
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4.4 BiomassComparison to ATSE Feasibility Study

Provided in Table 4-6 are algal productivity/harvested solids for the September 29, 2015 through December
20, 2016 monitoring period to include performance data separated by warm and cool season performance.
Also provided are projections for the two representative Feasibility Study sites.

As with nitrogen and phosphorus removal as discussed in Section 3.6, CY2016 early cool season algal
productivity at 1.4 g/m?-yr was below the projected mean productivity range of 3.8 to 8.0 g/m?-yr. This lower
than projected productivity was likely due to a combination of factors including system start-up, system
shutdown/dry-out, freeze events and high suspended solids.

In contrast, the CY2016 warm season productivity/recovered solids rate of 26.6 g/m2-yr significantly exceed
the mean projected algal productivity of 9.2 to 16.8 g/m2-yr.

CY2016 late cool season productivity at 4.7 g/m2-yr was closer to the projected cool season mean
productivity range of 3.8 to 8.0 g/m2-yr for the two Feasibility Study sites.

Table 4-6. Comparative Algal Productivity for Fa | | s L a kl&ingAh® Sdptember 29, 2015 through
December 20, 2016 Monitoring Period

Productivity
(dry-g/m2-
Monitoring Period Dates day)
Monitoring Period September 29, 2015 to December 20, 2016 15.9
Initial Start-up July 29, 2015 to September 29, 2015 NR
Q4-2015 September 29, 2015 to December 29, 2015 4.2
Q1-2016 December 29, 2015 to March 28, 2016 3.6
Q2-2016 March 28, 2016 to June 27, 2016 20.8
Q3-2016 June 27, 2016 to September 27, 2016 37.2
Q4-2016 September 27, 2016 to December 20, 2016 22.8
CY2016 December 29, 2015 to December 20, 2016 18.9
CY2016 i Early Cool Season December 29, 2016 to March 8, 2016 1.4
CY2016 i Warm Season March 8, 2016 to November 8, 2016 26.3
CY2016 i Late Cool Season November 8, 2016 to December 20, 2016 4.7
Feasibility Projections Cool Season (Dec i Mar) 217 6.4
TN Influent of 0.66 mg/L ) )
TP Influent of 0.068 mg/L Warm Season (Apr i Nov) 6.47 11.5
Feasibility Projections Cool Season (Dec i Mar) 55-9.7
TN Influent of 1.59 mg/L .
TP Influent of 0.159 mg/L Warm Season (Apr i Nov) 12.1-22.2
NR i not recorded
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5.1 Modeling Considerationsd Algal Turf Scrubber® (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. It is intended to use
pilot data to facilitate reasonable approximations of full scale facilities. Once full scale operations are
underway, the model can be refined using operational data, and may help in refining operational protocols
and in making long term performance projections. The model is based upon the Monod® 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 = U maxS/(Ks+S)

Where WU max is the maximum potential community net growth rate and Ks is the half-rate constant
for growth limited by S, or the value of S when 1 = %2 U max.

A review of the model development is included as Appendix E. Critical model inputs include:
a. Water Temperature
b. Linear hydraulic loading rate
c. Relationship between tissue nutrient content and nutrient water levels
d. Total Phosphorus concentration
e. Total Nitrogen Concentration
f. Initial crop density

Average crop density between harvests

= (o]

Harvest frequency

Alkalinity

j. pH

k. Maximum Net Community Specific Growth rate (1/hr)

I. Half Rate Concentration of Limiting Nutrient
m. Half Rate of LHLR
n. V6 a n t-ArHamitisfConstant (for adjusting growth rate to temperature)

During the course of the pilot study period, specific net growth rate was calculated with each harvest. This

+9

rate expresses in the case of the ATSE a net community

through the first order equation:
Zi = ZoeM

Where Z is the dry biomass weight, t is the time interval with Zo being the initial standing crop
density with [ is the net community specific growth rate (1/time)

Specific growth rates can be adj us tAerltenidfsequatitne mper at ur e

6 Monod J. (1942) Recherches sur la Croissance ds Cultures Bacteriennes, Herman et Cie, Paris
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W2 /pty = QOPETY or 1y =py Q2T

Where [z is the growth rate for given S at an optimal growing temperature °C, T2, and p; is the
growth rate for the same given S at some temperature °C, T1, when T:0 2,Tand Qis an empirical constant
ranging from 1.03 to 1.10.

An initial indication of what nutrient is best used as S can be determined from comparative linear regression
analyses with the field calculated areal removal rates and influent water quality. Because total phosphorus
is much more stable than nitrogen in terms of the extent and likelihood of external gains and losses, largely
because of atmospheric losses, the total phosphorus areal removal rates is used as the dependent variable.

When total phosphorus areal removal rate (TP-ARR) is evaluated through linear regression against total
phosphorus, total nitrogen, TKN and NOx-N concentrations, the analysis shows comparative correlation
coefficients (r2) under the same conditions, as shown in Table 5-1. TP demonstrated the highest at r2 = 0.31
which may be somewhat due to a circular relationship. However, experience with other pilot units has shown
other nutrients, such as nitrates, can yield better correlations with TP-ARR on occasion. Not always correct.
The poorest correlations were when the water temperature was below 15° C. It needs to be remembered
that other influences such as pH, solar influx, ecological factors and operational disruptions are not
incorporated directly into this analysis. This exercise simply indicates which nutrient is most influential when
compared to the others under the same background conditions. It does appear that at low water
temperatures the influence of nutrient levels is somewhat overshadowed by the temperature influence.
Considering this it seems reasonable to segregate the cool season performance (December 29, 2015 to
March 8, 2016 and November 8, 2016 to December 20, 20166 Mean Temperature = 9.18 C) from the
warm season (March 8, 2016 to November 8, 201680 Mean Temperature = 22.78 C) when running the
ATSDEM model

From the total phosphorus removals, it is reasonable to estimate net specific productivity for each harvest
period:

Pret=(Pmw/ p)/Ath

Where Pner= net productivity in dry-g/m? yr per harvest period tn in days
Pmw = mass in g of phosphorus removed based upon water quality calculations over th
p = tissue phosphorus content as fraction of dry harvest

A = Floway area in m?

It is also possible to estimate the net community specific growth rate L as 1/hr for each harvest by:

u = {ln[(me/ p)/AZO]}/24th

If the initial standing crop Zo is set at 7 dry-g/m2, which has been found to be a reasonable estimate for the
residual crop left after harvest, then:

W = {In[(Prmw/ p)/7TATH24t,

When this approach is applied to the data, the productivity and growth rate estimates can be calculated,
as shown in Table 5-2. The data evaluated was adjusted by excluding the outlier data for the week
ending 8/16/16, which showed influent concentrations for TP and TN about an order of magnitude higher
than the remaining data. With this exclusion, the total phosphorus removal calculated by harvest was 622
grams over about 14 months, and 649 grams for the same period when calculated from water quality. The
closeness of these two independent calculations provides additional confidence in the reliability of the
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data base. Note that the average productivity over the study period with water quality outliers removed is
15.5 g/m2-day and the net community specific growth rate of 0.0144/hr.

Table 5-1. Summary of linear regression analysis Total Phosphorus Areal Removal Rate (TP-ARR) Vs
Influent Nutrient Concentrations.

Dependent Variable Independent Variable re
TP-ARR TP Influent Concentration 0.07
all data

TP-ARR TP Influer_1rt>Cic5>’rc1:centration 0.31
TP-ARR TP Influe_nrt<(3105nccentration 0.04
TP-ARR TN Influeghcdggzentration 0.08
TP-ARR TN Influeljrt>cltgrc1:centration 0.07
TP-ARR TN Influer_wrt<cl:grc1:centration 0.001
TP-ARR Conce-ll—wfr';tilgrfwlueriatll data 0.080
TP-ARR Congefn':lr;rt}fclnl;eglsc 0.070
TP-ARR TKN Influent 0.0007

Concentration T<15C

NOx-N Influent
TP-ARR Concentration all data 0.07

NOXx-N Influent
TP-ARR Concentration T>15C 0.01

NOX-N Influent
TP-ARR Concentration T<15C 0.0002

There are several methods which have been developed to estimate the Monod parameters of maximum
specific growth rate (Umax) and half rate concentration Ks. The one which was used in developing the
ATSDEM model is the Hanes” method as described by Brezonik8. The Hanes equation as developed from
the Monod relationship is:

[SI/K =Ks/(Hmax) + (1/(Hmax) [S]
When plotted, the slope is 1/pumax , and y-intercept is Ks/pUmax -

7 Hanes, C.S. (1942) Biochem. J. , 26, 1406
8 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
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Because of the differences in system behavior noted for the cooler periods (< 15° C, n = 39) when compared
to the warmer periods (O 15A C, n = 23), it was
independently.

The Hanes Plots were completed for the individual water temperature periods, considering TP as the
limiting nutrient, and excluding the outlier data for the week ending 8/16/16 and weeks in which data was
not available. These plot as shown in Figure 5-1 and 5-2. It should be noted that the line set for the model
optimization are not determined through the least squares method, but rather represent a plot which gives
the closest best model projections when compared to field model projections. Typically, the least squares
plot would be expected to be close to the optimal model plot. This deviation is not easily explained, but may
relate to influences of other external factors, such as tissue nutrient levels, low alkalinity and low carbon
availability.

Based upon adjustments to the model runs for each period pmax and Ks were selected, with pmax for the
warm period of 0.135/hr and Ks of 0.201 mg/L as TP and pmax for the cool period of 0.020/hr and Ks of
0.010 mg/L. These plots are useful in the initial assessment of system performance, and they are
reasonable approximations to be used in developing projections for full scale results within the nutrient
levels considered. Because this is an application on the ecosystem level, rather than the enzymatic or
species level, and is not conducted under laboratory conditions, there is substantial opportunity as noted
for influence from external interferences. But, like other full scale biological processes, such approximations
serve in setting the general range for system behavior within a range of water quality conditions

Using the Hanes plot data and the field data, reasonable conditions for an initial ATSDEM modeling can be
established as shown in Table 5-2. The model comparisons were run for each period for the conditions as
shown in Table 5-3. A summary of the ATSDEM runs compared to field data for each period is shown in
Table 5-4. As noted the model tracks the process fairly closely.

Based upon adjustments to the model runs for each period pmax and Ks were selected, with pmax for the
warm period of 0.0225/hr and Ks of 0.00030 mg/L as TP and pmax for the cool period of 0.015/hr and Ks of
0.004 mg/L. These plots are useful in the initial assessment of system performance, and they are
reasonable approximations to be used in developing projections for full scale results. Because this is an
application on the ecosystem level, rather than the enzymatic or species level, and is not conducted under
laboratory conditions, there is substantial opportunity as noted for influence from external interferences.
But, like other full scale biological processes, such approximations serve in setting the general range for
system behavior.

The fluctuations noted in the field total nitrogen levels, with cool weather showing an addition of nitrogen i
in particular during the first cool season which included a system dryout period and ice coverage of the
floway, and warm weather showing a higher than projected removal of nitrogen. While this might be
suggestive of nitrogen fixation during cool weather, and perhaps denitrification during the warm periods, it
just as well could be an artifact of some sort. Nitrogen behavior is often hard to project or predict i in
particular during first year operations, so these findings are not necessarily surprising. What does appear
however is a more distinct behavioral shift within the community during the cool weather period when
compared to the warm weather period. In Florida, such disparity has not been as evident, and it may indicate
the presence of communities which are cool weather adapted. Of course, during the coldest parts of the
year, productivity can be expected to be greatly reduced, as borne out by the pilot data. Most of system
performance will occur during the warmer summer months and the spring and autumn fringes.
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Table 5-2. Summary of Productivity and Net Community Specific Growth Rates from Total Phosphorus
Removal Data.

Phosphorus Phosphorus
Removed per [Removed per| Tissue P Estimated | Estimated
water quality harvest % dry Net Net specific
calculations | calculations | weight | Productivity | growth rate
Date of Harvest @ @) @ (g/m*-day) (A/hr)
10/6/2015 -77.18 4.09 0.20% 6.2 0.0118
10/13/2015 36.32 4.54 0.20% 6.6 0.0121
10/20/2015 18.16 3.18 0.20% 5.0 0.0107
10/27/2015 13.62 2.72 0.20% 4.4 0.0101
11/3/2015 13.62 2.72 0.20% 4.3 0.0100
11/10/2015 4.54 3.63 0.20% 5.5 0.0111
11/17/2015 0.00 4.09 0.20% 0.1 0.0117
11/24/2015 13.62 2.27 0.20% 3.3 0.0087
12/1/2015 4.54 1.82 0.16% 3.5 0.0090
12/8/2015 0.00 1.36 0.16% 2.6 0.0076
12/15/2015 4.54 1.36 0.16% 2.8 0.0079
12/22/2015 18.16 0.91 0.16% 1.7 0.0060
12/29/2015 -31.78 0.91 0.16% 2.0 0.0065
1/5/2016 13.62 0.45 0.16% 0.6 0.0026
1/12/2016 4.54 0.91 0.16% 1.8 0.0061
1/19/2016 4.54 0.45 0.16% 1.2 0.0048
1/26/2016 -18.16 0.00 0.16% 0.3 0.0018
2/2/2016 0.00 0.45 0.16% 0.7 0.0032
2/9/2016 13.62 0.45 0.12% 1.5 0.0055
2/16/2016 0.00 0.45 0.12% 0.9 0.0038
2/23/2016 9.08 0.45 0.12% 1.3 0.0050
3/1/2016 4.54 0.91 0.12% 1.9 0.0064
3/8/2016 9.08 1.36 0.13% 3.5 0.0090
3/15/2016 27.24 3.18 0.13% 7.8 0.0129
3/22/2016 -9.08 3.18 0.13% 8.3 0.0145
3/29/2016 9.08 6.81 0.13% 16.5 0.0170
4/5/2016 40.86 4.54 0.17% 7.2 0.0116
4/12/2016 13.62 3.18 0.17% 6.1 0.0116
4/19/2016 9.08 4.09 0.17% 7.6 0.0128
4/26/2016 9.08 4.54 0.17% 8.5 0.0134
5/3/2016 -27.24 8.17 0.14% 17.9 0.0175
5/10/2016 0.00 12.26 0.14% 27.4 0.0199
5/17/2016 22.70 8.17 0.14% 23.1 0.0222
5/24/2016 27.24 14.53 0.14% 28.2 0.0182
5/31/2016 31.78 12.71 0.14% 28.1 0.0201
6/7/2016 36.32 16.34 0.17% 29.6 0.0204
6/14/2016 18.16 16.80 0.17% 30.7 0.0206
6/21/2016 22.70 14.53 0.17% 26.1 0.0196
6/28/2016 13.62 14.07 0.17% 30.0 0.0228
7/5/2016 54.48 33.60 0.37% 24.4 0.0175
7/12/2016 45.40 24.06 0.37% 19.9 0.0181
7/19/2016 22.70 25.42 0.37% 21.2 0.0185
7/26/2016 0.00 31.78 0.37% 26.5 0.0197
8/2/2016 0.00 27.69 0.18% 47.2 0.0231
8/9/2016 13.62 34.96 0.18% 59.7 0.0244
8/23/2016 27.24 24.52 0.18% 48.5 0.0261
8/30/2016 22.70 31.78 0.20% 47.7 0.0209
9/6/2016 18.16 26.79 0.20% 41.0 0.0233
9/13/2016 22.70 23.15 0.20% 41.5 0.0250
9/20/2016 13.62 24.52 0.20% 37.4 0.0217
9/27/2016 13.62 23.15 0.20% 31.1 0.0187
10/4/2016 9.08 23.15 0.21% 35.9 0.0215
10/11/2016 4.54 14.07 0.21% 19.9 0.0175
10/18/2016 13.62 15.44 0.21% 22.7 0.0188
10/25/2016 0.00 15.44 0.21% 22.8 0.0189
11/1/2016 0.00 14.07 0.16% 20.5 0.0183
11/8/2016 -4.54 6.81 0.16% 13.2 0.0158
11/15/2016 54.48 2.27 0.16% 3.9 0.0095
11/22/2016 -4.54 4.99 0.16% 9.2 0.0138
11/29/2016 0.00 2.27 0.16% 4.4 0.0101
12/6/2016 9.08 3.63 0.16% 7.3 0.0126
12/13/2016 9.08 1.36 0.16% 2.4 0.0072
12/20/2016 0.00 0.45 0.16% 1.3 0.0408
TOTALS 649.22 621.98
AVERAGES 0.18% 15.5 0.0144
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Figure 5-1. Hanes Plot for Warm Season.
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Table 5-3. Control Parameters for ATSDEM.

Parameter Warm Period Cool Period
Maximum Specific Growth Rate (1/hr) 0.0225 0.015
Optimal Average Crop Density (dry g/m?2) 7-day cycle 7-day cycle
V 6 a n t-ArfHamitisfConstant 1.03 1.03
Optimal Growth Temperature (°C) 26 26
Half Rate Concentration TP (mg/l) 0.00003 0.004
Half Rate LHLR (gpm!/If) 4 1
Table 5-4 ATSDEM Initial Conditions from Field Data .
Parameter Warm Period Cool Period
Average Water Temperature (°C) 22.78 9.18
Average Linear Hydraulic Loading Rate (gpd/If) 19.2 19.2
Average Influent TP (mg/L) 0.055 0.059
Average Influent TN (mg/L 1.16 0.98
Harvest Frequency (days) 7 7
Tissue Nitrogen Concentration (% dry weight) 1.32 1.32
Tissue Phosphorus Concentration (% dry weight) 0.18 0.18
Influent pH 7.5 7.5
Alkalinity mg/L as CaCOs 32 32
- 85 P
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Table 5-5. ATSDEM Runs Comparison with Field Data

Warm Period Cool Period
Parameters

S\rg,i'ifc?ﬁ Field Qgigﬁm Field
Days 245 245 112 112
Average Influent TP (mg/L) - 0.055 - 0.059
Average Influent TN (mg/L) - 1.16 - 1.12!
Effluent TP (mg/L) 0.033 0.033 0.055 0.050
Effluent TN (mg/L) 1.00 0.89 1.09 1.01
TP removed (Ib) 1.25 1.24 0.09 0.17
TP-ARR (g/m2-yr) 18.2 17.6 3.01 1.6
Dry Harvest (Ib) 212 658 15 46
Net Productivity (dry g/m2-day) 28.1 26.3 4.6 2.8

1 Average Influent and Effluent for 2016 Late Cool Season

SECTION @ TREATMENT COSPROJECTIONS

The primary project goal is to achieve a significant reduction in nitrogen and phosphorus concentrations in
Falls Lake.

It is important that technologies developed to achieve that objective are cost effective. In addition, if the
technology is to be operated over an extended period, the technology should be capable of achieving cost-
effective nutrient reductions as nutrient levels in Falls Lake are reduced through implementation of Best
Management Practices in the watershed.

6.1 Pollutant Load Reduction

In Section 5.0, treatment performance of the Falls Lake A T S fhas been provided for select periods of
operation. For purposes of this section, CY2016 data for the period December 29, 2015 through December
20, 2016 shall be used for pollutant load reduction as both nitrogen and phosphorus performance data are
available for this period.

As noted in Section 3.0, the period from 2014 through 2016 was the wettest recorded 3-year period in the
past 70 years as recorded at the Raleigh/Durham KRDU monitoring station. The net result is that nitrogen
and phosphorus levels in Falls Lake during the 2015-2016 period were 31% and 66% lower than projected
based on CY2011 and CY2012 - a low rainfall period. If it assumed that future implementation of BMPs in
the watershed result in reduced nutrient loads to the lake, the nutrient concentrations observed during the
2015-2016 pilot operational period may reflect future normal rainfall conditions.

However, to provide an estimate of treatment performance at higher in-lake nutrient concentrations
associated with periods of low rainfall, projected performance for water quality associated with FL-DS4
Sampling Station for CY2011-CY2012 as reported within the Feasibility Study has been modeled using the
calibrated ATSDEM.
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Provided below in Table 6-1 is water quality data representing the CY2016 (high rainfall) and CY2011-2012
(low rainfall) periods. The warm season is an 8-month period and the cool season is a 4-month period.

Table 6-1. Influent Water Quality Data Assumptions for High Rainfall and Low Rainfall Years.

Total Total
T | Nitrogen| Phosphorus
Scenario Data Source Season (°C) | (mg/L) (mg/L)
. . CY2016 Pilot Performance DgWarm (Early Mar - Early Nqv) 23 1.16 0.055
High Rainfall Year

Dec 29, 2015 - Dec 20, 2016 Cool (Early Nov - Early Mar) 8 0.98 0.059
Projected by Calibrated Modg Warm (Early Mar - Early Nqv) 23 1.59 0.159

Low Rainfall Years based on FL-DS4
CY 2011 and 2012 Cool (Early Nov - Early Mar) 8 1.59 0.159

ATSDEM model runs for the low rainfall period were evaluated for Warm Season and Cool Season
Performance to more effectively model A T S performance as described in Section 5.0. Model outputs for
these scenarios are provided in Appendix F. ATSDEM Model Outputs.

Provided in Table 6-2 are the ATSDEM conditions and assumptions developed based on the Fall Lake pilot
calibrated model. ATSDEM conditions and assumptions for the Low Rainfall period remain the same except
the adjustment of tissue nutrient concentrations. The assumed influent total phosphorus concentration of
159 ppb and influent total nitrogen of 1.59 mg/L were used to adjust tissue concentrations using the
following equations:

Tissue Phosphorus Equation: y = 1E-05x + 0.0015

Where x = the influent total phosphorus concentration in parts per billion and y = resulting percent tissue
phosphorus concentration

y = 1E-05(159) + 0.0015
y = 0.0030

Tissue Nitrogen Equation: y = 0.0009x + 0.0116

Where x = the influent total nitrogen concentration in mg/L and y = resulting percent tissue nitrogen
concentration

y = 0.0009(1.59) + 0.0116
y = 0.0130

The resulting tissue phosphorus and nitrogen concentrations are 0.30% and 1.30%, respectively. As the
nitrogen tissue concentration of 1.30% is so close to 1.32% - the actual Fall Lake pilot tissue nitrogen
concentration- 1.32% was used in the model.

The equations ar e based on Fall s Lake ATSE pil ot

concentrations with equations as shown in Figures 6-1 and 6-2. As Falls Lake pilot influent total
phosphorus concentrations were below the desired range, the s| ope equation f or
influent total phosphorus concentrations between 10 ppb and 300 ppb was used along with the y-intercept
for the Falls Lake ATSE pilot dat a.
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Influent and effluent nitrogen and phosphorus concentrations are provided, as are nitrogen and phosphorus
areal removal rates. Areal removal rates reflect the reduction in nitrogen and phosphorus per unit area of
ATSE floway. Areal r e imanitsofdrygmmsoipollatanerentovegperrsquareimeter
per year (g/m2-yr) and pounds of pollutant removed per acre per year (Ibs/acre-yr).

Nitrogen and phosphorus treatment performance based on the ATSDEM model runs are provided in Tables
6-3 and 6-4.

As discussed previously in Section 3.0, nitrogen treatment performance in CY2016 was impacted by 4
system periods of no flow during the month of January. The impact to the algal turf system, along with the
significant sediment loads that occurred as the system was re-establishing itself resulted in what was
documented as negative nitrogen removal in Q1-2016.

Even with the systems upsets in Q1-201, the CY2016 nitrogen areal removal for a high rainfall year was 80
g/m2-yr or 714 Ibs/acre-year. Phosphorus areal removal rates for a high rainfall year was 14 g/m2-yr or 126
Ibs/acre-year.

Applying the calibrated ATSDEM model to CY2011-CY2012 data from the FL-DS4 monitoring station

|l ocated 4006 fr om tvehaee aetdBnitakepmodelptojectionstrel kae i ve t o how

system may perform under potential higher nutrient concentrations that may occur during periods of low
rainfall.

The model projected nitrogen removal rate for low rainfall period was 99 g/m?2-yr or 886 Ibs/acre-year.
Phosphorus areal removal rates projections for a low rainfall year was 23 g/m2-yr or 201 Ibs/acre-year.

Projected nitrogen and phosphorus annual load reduction based on the 10 MGD and 25 MGD ATSDEM
model runs are provided in Table 6-5.
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Table 6-2. ATSDEM conditions and assumptions.
Values
Parameter Explanation Units Warm Season Cool Season Comments
A slope of 0.005 has been found to be a workable value for
The slope of the floway influences velocity sustaining desired velocity and water depth. Typically desire
Floway Slope and water depth none 0.005 0.005 velocity of no less than 0.70 fps, and a depth no greater than 2
inches
The Manning coefficient changes with
increased algal development as would be Manning Equation V= (1.49/n)r**s? where V = velocity, r=
Manning Coefficient "n" expected. A value of 0.02 represents an none 0.02 0.02 hydraulic radius in ft,, s is slope, and V is velocity in ft/sec.
approximate mean during the production Note 1.49 is a conversion factor ft**/sec
period
LHLR Linear Hydraulic Loading Rate gpm/ft of floway width 20 20 20 gpm/ft has been found to be an effective LHLR
The half rate concentration for phosphorus, This is applied to the Monod Equation p= pmaxS/(S+Ksp),
K i.e. the concentration at which the specific microg/L 0.03 4 Where p = specific growth rate, pmax = maximum growth rate ,
P growth rate is 1/2 of the maximum growth ' S = concentration or value of controlling factor (e.g.
rate. phosphorus). Adjusted based on Hanes plot analysis.
The half rate value for LHLR, i.e. the value The L.HLR has.been‘found‘ to be inﬂuent.ial upon grgwth rate,
K at which the specific growth rate is 1/2 of gpmtt of floway width 4 1 in a direct relationship. This was determined from pilot scale
sh ) Y work done in 2005. Adjusted for Falls Lake to account for
the maximum growth rate. A
suspended solids
The temperature at which the specific This value generally falls between 25 and 30 C, depending
Optimal T growth rate is the highest when all other Degrees C 26 26 upon field conditions. Value can be closely approximated
variable are held constant. through pilot investigations.
. . The values used is reasonable based upon field experience.
Theta (Q) Vant Hoff Arrhenius Empirical Constant none 1.03 1.03 The value can be adjusted based upon pilot result. Used to
between 1.03 and 1.10 ) h
adjust growth rate with temperature
. . ’ After harvesting it is assumed that a residual crop of 10 dry-
Z, Initial dry standing crop gnm/m 7 7 > .
gm/m” remains
Zow Average Standing crop through harvest gm/m3 70 30 The model is run until the average standing crop approximates
cycle the set value
Moisture Wet Harvest the water content of the algal harvest % 7% 7% These are reasonable values based upon field experience
Performance Period Period set for model runs days 245 112 Based on CY2016 Falls Lake Reference Period
Hiax Monod maximum potential growth rate for Lhr 0.0225 0015  Values Adjusted to CY2016 Field Data
algal community
Algal tissue carbon content Carbon within dried algal tissue % 9% 9% Reasonable value based upon previous field work
Algal tissue phosphorus content Phosphorus within dried algal tissue % 0.18% 0.18% Reasonable value based upon previous field work
Algal tissue nitrogen content Nitrogen within dried algal tissue % 1.32% 1.32% Reasonable value based upon previous field work
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Table 6-3. Actual and Projected Total Nitrogen Treatment Performancef or Fal |l s Lake ATSE Nitrogen and Phosphor

Seasonal| seasonal| Annual

Total Total Total Total
Nitrogen | Nitrogen | Nitrogen | Nitrogen
Influent | Effluent | Areal Areal Areal Areal
Total Total | Removal | Removal | Removal | rRemoval
Nitrogen| Nitrogen| Rate Rate Rate Rate
Scenario Data Source Season (mg/L) | (mg/L) | (g/m%yr) |(bs/acreyr)| (g/m%yr) |(Ibs/acre-yr)
CY2016 Actual Pilot CY2016 POR 1.10 0.97
High Rainfall Yea Performance Data 2016 Warm 1.16 0.89 170 1,519 80 714
Dec 29, 2015 - Dec 20, 2014 2016 Cool 0.98 1.11 -111 -993
Projected by Calibrated Mod¢ Warm 1.59 1.43 137 1,222
Low Rainfall Years based on FL-DS4 99 886

Cool 1.59 1.56 24 214
CY 2011 and 2012

! performance Projections based on Algal Turf Scrubber® Design Model Projections

o1 _
~ @ Biohabitats

HydroMentia



Falls Lake Algal Turf Scrubber® Pilot Final Report May 2017

Table 6-4. Actual and Projected Total Phosphorus Treatment Performancef or Fal | s L a k randPh@&hordsiTreatntegt Eacilities.
Seasonal| geasonal| Annual
Total Total Total Total
PhosphorujphosphorudPhosphoruiphosphorus
Influent | Effluent Areal Areal Areal Areal
Total Total Removal | Removal | Removal | Removal
Phosphoru{Phosphoruy ~ Rate Rate Rate Rate
Scenario Data Source Season (ma/L) (mg/L) | (g/m?yr) |(bs/acre-yr)| (g/m*yr) |(Ibs/acre-yr)
CY2016 Actual Pilot CY2016 POR 0.056 0.038
High Rainfall Year Performance Data 2016 Warm 0.055 0.033 17 150 14 196
Dec 29, 2015 - Dec 20, 2016 2016 Cool 0.060 0.054 8 72
Projected by Calibrated Modsé Warm 0.159 0.123 31 278
Low Rainfall Years based on FL-DS4 Cool 0.159 0.153 5 49 23 201
CY 2011 and 202

! Performance Projections based on Algal Turf Scrubber® Design Model Projections
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Table 6-5. Actual and Projected Total Nitrogen and Phosphorus Load Reduction for 10 MGD and 25 MGD
Falls Lake ATSE Nitrogen and .Phosphorus Treatment Faci

Projected | Projected
Nitrogen |Phosphoru
Facility| Facility] Load Load
Flow | Size | Reduction| Reduction
Scenario Data Source (mgd) | (acres)| (Ibs/yr) (Ibslyr)
CY2016 Actual Pilot 10 4 2,856 504
High Rainfall Yeard Performance Data
Dec 29, 2015- Dec 20,2014 2> | 10 | 7140 1A
Projected by Calibrated Mod¢ 10 4 3,544 804
Low Rainfall Yeats based on FL-DS4
CY 2011 and 2012 G e A

! Total Nitrogen Inflow 1.10 mg/L; Total Phosphorus Inflow 0.056 mg/L
2 Total Nitrogen Inflow 1.59 mg/L; Total Phosphorus Inflow 0.159 mg/L

For high rainfall years with lower in-lake nutrient concentrations like CY2016, annual nitrogen load reduction

is projected to range from 2,856 | bs to 7,140 | bs for
phosphorus load reduction is projected to range from 504 Ibs to 1,260 Ibs for 10 and 25 MGD AT SE
facilities, respectively.

For low rainfall years like CY2011-CY2012, annual nitrogen load reduction is projected to range from 3,544

Il bs to 8,860 | bs for 10 and 25 MGD ATSE facilities, r
projectedto range from 804 I bs to 2,010 I bs for. 10 and 25 MC
It is recommended that actual performance projections

applications until performance can be quantified at higher nutrient concentrations in Falls Lake.

6.2 Treatment Cost Projections

As performed in the Feasibility Study, to calculate relative nitrogen and phosphorus treatment costs for the
various sites evaluated within this study, a Life Cycle Cost Analysis (LCCA) has been developed for 10
million gallons per day (MGD) and 25 MGD A T S Ereatment facilities based on the water quality conditions
and treatment performance of the Falls Lake ATSE pilot

LCCA has proven helpful to engineers and planners for long-term cost comparisons of available
technologies and system processes. LCCA is an economic technique that allows comparisons of
investment alternatives with different costs streams. The process involves estimating the costs and timing
associated with each cost over a selected analysis period. These costs are then converted to economically
comparable values considering the time-value of money. The Present Worth Cost (PWC) is the sum of all
costs associated with a given alternative discounted t

Use of the LCCA allows for a preliminary comparison of present worth or present value treatment costs for
a Falls Lake site based on actual treatment performance, versus projected performance values provided in
the Fall s Lake Stuiy&ikd the Ellarbei CoeeklWMIPy

In an effort to provide a present value cost consistent with the 2013 Feasibility Study and the 2010 Ellerbe
Creek WMIP (Brown and Caldwell, 2010), the following assumptions and protocol are used in the LCCA.

M Discount rate of 7% as used within the Ellerbe Creek WMIP

1 The analysis time frame includes design and construction and a 20-yr operation period
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Engineering/Survey/Permit/Administration costs are $607,000 for the referenced facilities

Land acquisition costs were not included as it is projected that the facility will be located on
government owned lands. We were unable to determine if land costs were included for projects in
the WMIP located on government owned lands

Construction costs are based upon (i) actual unit construction costs experienced in conjunction with
the devel opment of previ ous cioflationeadjasted o year2@ll
dollars

Pump Station and water delivery system costs of $0.528M and $0.793M are included for the
referenced 10 and 25 mgd facilities, respectively

A 10% construction contingency is included in the project costs

Annual O&M Costs include floway grid and liner maintenance ($0.06/sf/yr), equipment
mai ntenance (2%), and general facilities mai
at the specified flow rate ancillary fuel, harvest / site maintenance/biomass management /
administration labor at HydroMentia standard billing rates, monitoring costs ($21.1K) and a 15%
contingency.

Demolition and Replacement and Salvage Costs are not included

Assumes all harvested biomass is processed into composted algae, but no revenues from the sale
of composted algae are included.

Provided in Appendix G are nitrogen removal 20YR Present Worth Cost Worksheets for 10 and 25 MGD

facilities operated in years of high and low rainfall as previously discussed.

A summary of the calculated 20YR Present Worth Costs for nitrogen and phosphorus are provided in Table

6-6.
Table 6-6. Projected 20YR Present Worth Costsfor1 0 MGD and 25 MGD Fall s
and Phosphorus Treatment Facilities.
Facility | Facility| 20YR PW(J 20YR PWC
Flow Size ($/Ib N ($/lb P
Scenario Data Source (mgd) | (acres)| Removed)| Removed)
CY2016 Actual Pilot 10 4 $100 $565
High Rainfall Yeats Performance Data
Dec 29, 2015 - Dec 20, 2016 22 10 $67 $381
Projected by Calibrated Model| 10 4 $81 $368
Low Rainfall Yeafs based on FL-DS4
CY 2011 and 2012 25 10 $57 $261
! Total Nitrogen Inflow 1.10 mg/L; Total Phosphorus Inflow 0.056 mg/L
2 Total Nitrogen Inflow 1.59 mg/L; Total Phosphorus Inflow 0.159 mg/L
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~ P

HydroMentia

e ATSE

ntenanc

Lake AT



Falls Lake Algal Turf Scrubber® Pilot Final Report May 2017

SECTION 7.0BIOMASS MANAGEMENT PLAN

7.1 Biomass Production

Table 7-1 provides algal biomass and compost productone st i mates for 10 and
basedon CY2016F al | s L a Rilet pekfar8dace (High Rainfall Year) and ATSDEM model projections
for CY2011-CY2012 (Low Rainfall Years).

Projected annual compost production ranged from 231 to 300 tons for a 10 MGD facility; and 578 to 750
tons for a 25 MGD ATSE facility.

Table 7-1. Algal Biomass and Compost Production for 10 MGD (4 Acres) and 25 MGD (10 Acres) Falls

25

MGD

Lake ATSE Nitrogen and Ph o dopHighRaingall ahd LevaRamfellivearsBasedi | i t i es

on Actual and Projected Algal Productivity.

Finished
Facility| Mean Annual Algg ~ Compost | compost

Size | Production  (dry] Production | (tons per
Scenario Data Source (acres) g/m?-day) Model facility-yr)
CY2016 Actual Pilot Performance D| 4 19 Optimal 270
Dec 29, 2015 - Dec 20, 2016 4 19 Conservative 231
CY2016 Pilot Performance Data| 10 19 Optimal 674
Dec 29, 2015 - Dec 20, 2016 10 19 Conservative 578
Projected by Calibrated Model basq 4 21 Optimal 300
on FL-DS4 (CY 2011 and 2012)| 4 21 Conservative 257
Projected by Calibrated Model basq 10 21 Optimal 750
on FL-DS4 (CY 2011 and 2012)[ 10 21 Conservative 644
Total Nitrogen Inflow 1.10 mg/L; Total Phosphorus Inflow 0.056 mg/L
2Total Nitrogen Inflow 1.59 mg/L; Total Phosphorus Inflow 0.159 mg/L

High Rainfall Yeats

High Rainfall Yeats

Low Rainfall Yeafs

Low Rainfall Yeafs

7.2 Disposal

While it is projected that valued added compost/growing media produced from A T S ystems will be sold
within regional markets, for purposes of 20-Year PWC calculations within this report, it was conservatively
assumed that process compost would be disposed of at the landfill.

The $41.20/ton cost of compost disposal in the 2013 Feasibility Study was inflated to $43.58 in 2017 dollars
using US Bureau of Labor Statistics CPI calculator (https://data.bls.gov/cgi-bin/cpicalc.pl). For reference,
the 2012 dollars disposal cost was calculated based on the transportation and disposal of a finished
compost product and wet harvested algae at the local landfill. As of September 2013, the disposal fee for
yard waste was $26.50/ton. A freight quote was secured from Carolina Transport in September 2013 for
the delivery of compost materials to the landfill from the referenced sites at a fee of $80/hr and assuming a
maximum of 2 hours per shipment. At typical compost densities, an 18 cubic yard truck is capable of
transporting 10.9 tons of finished compost. Accordingly, total disposal costs were estimated at $41.20/ton.

Provided in Table 7-3 are compost production estimates and disposal costs assuming a worst-case
scenario.

For the 4 and 10 acre ATSE facilities eval ul0sgi,
$32,677.

Costs associated with disposal of composted algae were included in the LCCA to provide a conservative
estimate pertaining to biomass management when calculating water treatment costs. Applied in the life
cycle cost analysis, disposal of the compost represented less than 5.5% of the total water treatment PWC.
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Table 7-3. Annual Landfill Disposal Costs Including Freight and Tipping Fees for 10 MGD (4 Acres) and 25
MGD (10 Acres) Falls Lake ATSE Nitr ogenghRamfalakRdions phor us
Rainfall Years Based on Actual and Projected Algal Productivity.

Disposal

Finished | Finished Assume
Facility| Mean Annual Algd  Compost | Compost | Compost | Disposal @
Size | Production  (dry| Production | (tons per | (tons per |$43.58/ton of

Sites and Scenario ATSDEM Model Run (acres) g/im’day) Model facility-yr) | acre-yr) | Compost
. . CY2016 Actual Pilot Performanc{ 4 19 Optimal 270 67 $11,747
High Rainfall Yeats| o bec 29, 2015 - pec 20, 2004 19 Conservative] 231 58 $10,084
. . ! CY2016 Actual Pilot Performanc{ 10 19 Optimal 674 67 $29,368
High Rainfall Years Data Dec 29, 2015 - Dec 20, 201 10 19 Conservative 578 58 $25,211
Low Rainfall Yeafs Projected by Calibrated Model bas| 4 21 Optimal 300 75 $13,071
on FL-DS4 (CY 2011 and 2012 4 21 Conservative 257 64 $11,221

Low Rainfall Yeafs Projected by Calibrated Model bas| 10 21 Optimal_ 750 75 $32,677
on FL-DS4 (CY 2011 and 2012] 10 21 Conservative 644 64 $28,052

Total Nitrogen Inflow 1.10 mg/L; Total Phosphorus Inflow 0.056 mg/L
2Total Nitrogen Inflow 1.59 mg/L; Total Phosphorus Inflow 0.159 mg/L
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7.3 Biomass Revenue Opportunities

Provided in Figure 7-1 below are projected annual revenues for various algal-based byproducts.

While the production of dried livestock feed and electrical energy offer significant revenue on a per acre
basis, these byproducts have a significant processing cost both in terms of capital investment and
operations. In contrast, production of container/growing media generates a relatively similar revenue on a
per acre basis with significantly lower processing costs.

$14,000 - - - -
* Values represent potential revenues only and do not include biomass processing
costs. Processing costs (CAPEX and OPEX) will vary significantly.
= $12,000
>
3
] $10,000
&
s $8,000
c
5]
]
x $6,000
K
]
s $4,000
< |
$2,000
5 10 18 22
O Compost @ $10/ton $123 $246 $443 $541
@ Methane Gas @ $4.20/MMBTU * $542 $727 $1,088 $1,449
OFeed @ $80/ton (8% Moisture) * $708 $1,416 $2,548 $3,115
O Container Media at $100/ton $1,229 $2,458 $4,425 $5,408
OFeed @ $150/ton (8% Moisture) * $1,327 $2,654 $4,778 $5,840
M Electrical Energy @ $0.12/kWh * $3,408 $4,545 $6,817 $9,089
O Container Media @ $200/ton $2,458 $4,917 $8,850 $10,817
B Feed @ $300/ton (8% moisture) * $2,654 $5,309 $9,556 $11,680

Algal Productivity (dry-g/m2-day)

Figure 7-1. Potential Annual Revenues Per Acre for Various Algal Based Biomass Byproducts at Various
Algal Productivity Ranges.

To optimize the cost-effectiveness of the ATSE technology, most biomass produced from within AT S E
systems operated to date has been windrow composted. A typical compost operation is as shown in Figure
7-2.

It should be noted that the cost of the 10 and 25 mgd A T S Bystems included within the treatment costs
section of this report include the appropriate infrastructure and equipment necessary to windrow compost
algal biomass harvested within the respective systems. In addition to producing a marketable composted
algae product, windrow composting provides a dewatered product that is stable, and thus can be effectively
stored. It should be noted that neither the algae windrow composting process nor the stored final product
produce nuisance odors.
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Figure 7-2. Compost Operation at a 15 Million Gallon Per Day Algal Turf Scrubber®.

During the initial phase of the windrow compost operation, low quality hay from an off-site source is added
as a bulking agent to reduce the moisture content of the recovered biomass from ~92% to 75%. This method
has proven successful and allowed for production of high quality compost. Following production of the initial
compost batches, the hay-bulking agent is replaced with on-site produced finished compost. The result of
this compost process modification is reduced operating costs through elimination of hay purchases, and
improved compost quality through elimination of the low nutrient content hay and weed seeds present in
the hay product.

As compost production rates are impacted by the ash content of the harvested algae as well as the volatile
solids reduction rate, Table 7-1 provided a range of potential compost production rates under various
conditions. Finished compost production rates under these conditions vary from 58 to 89 tons/acre-year.

While the sale of compost allows for the generation of revenues and the recycling of nutrients recovered
within an A T S [system, potential revenues are relatively limited.

Following installation of an A T S Bpilot water treatment system at the USDA-ARS research station in Fort
Pierce Florida, researchers began investigating the potential use of composted algae as a value added
container/growing media for horticultural crop production. Results from the research conducted in past
years have been extremely promising. As summarized in an excerpt from a USDA publication (Figure 7-
3), plants grown in composted algae vs. peat based growing media were either superior in quality or equal
in quality. Ongoing studies are focused on engineering a composted algae-based substrate to improve
physical characteristics (e.g. blending with of perlite and vermiculite).
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Composted Algae as an Alternative Substrate for Horticultural Crop Production: Chemical and Physical Properties
Joseph P. Albano!, Jim Owen?, James Altland®, Terence Evens', Stewart Reed?, Thomas Yeager®

“U.S. Horticutural; Research Laboratory, USDA, ARS, 2001 $. Rock Rd., Fort Pierce, FL, 34345-3030; North Willamette Res & Ext Cir, furora, OR 97002; ¥USDA, ARS fpplication Techndogy Research Urit, Wooster, OH 44631, *Subtropical Horticulture Research Station, USDA, ARS, Miami, FL 33158; University of Florida, Gaineswlle, 32611

DISCUSSION & CONCLUSION

Bulk density is how much the substrate weighs per unit volume. Bulk density is an important economic consideration for growers as shipping
cost should be attributed more to their product (i.e. plants) than substrate. CA’s bulk density (0.89 g-cm') generally exceeds the upper range of
what is considered normal/acceptable (0.70 g-cm). 1# Information that has been learned since the submission of this poster’'s abstract that is
relevant to evaluating CA as an alternative substrate includes hydraulic conductivity (i.e. infiltration) and plant quality. For the studies conducted
on floral (Figs. 3 and 4) and woody (Fig. 5) crops, water infiltration rate was greater than 20-times faster in a commercial peat-based substrate

{PB) than in CA, eg. 17 s vs. 410 s, respectively, for study shown in Fig. 4. (120 mL. applied to surface, 4-inch containers). Plants grown in CA
vs. PB were either superior in quality (Fig. 4) or equal in quality (Figs. 3 and 5). 5 Current studies are focused on engineering a CA-based

substrate to improve physical characteristics (e.g. blending with of perlite and vermiculite). < FIGURES 3 (petunia), 4 (marigold), and 5
{Japanese privet); treatrTents: (a) CA + Fertilizer (Fert), (b) PB + Fert, (c) CA— Fert, and (d) PB — Fert.

Figure 7-3. Poster Excerpt of Composted Algae (CA) Research by USDA-ARS.
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7.4 Biomass Revenue Estimation

The research being conducted by USDA ARS indicates that composted algae may be sold at a much higher value. High-value peat-based bagged
growing media sell for $170 per cubic yard. With a typical density of 45 Ibs/cf, composted algae at 1.65 cy/ton, equivalently priced would be valued
at $280/ton. Bulk product in 60 to 64 ft3 mini-bags typically sells at a 5 to 10% discounted price or $252 to $266/ton.

Based on sales of composted algae as either compost or a value-added growing media, Table 7-4 provides potential revenues based on projected
algal production witsystamst he referenced ATSE

Table 7-4. Comparison of Algae Compost Disposal Cost Versus Potential Revenues and Corresponding Water Treatment System Operating Costs

for 10 and 25 MGD Falls Lake ATSE Facilities
Water
Treatment Disposal Cost
System of Compost
Operating Costs| Product * Potential Product Revenue
Revenue - Compost
Finished Sold as Low Grade | Revenue - Compost | Revenue - Compost
Facility Facility| ~Compost Compost | ATSE An| Disposal @ Compost @ Sold as Container | Sold as Container
Flow | Size | Production | (tons per | Operating Cost | $43.58/ton of $10.58/ton Media @ $106/ton | Media @ $264/ton
Scenario ATSDEM Model Run (mgd) | (acres) Model facility-yr) %) Compost ($/facility-yr) ($/facility-yr) ($/facility-yr)
High Rainfall Veals CY2016 Pilot Performance Datq 10 4 Optimal_ 270 $156,538 $11,747 $2,852 $28,572 $71,162
Dec 29, 2015 - Dec 20, 2016 10 4 Conservative 231 $156,538 $10,084 $2,448 $24,528 $61,089
High Rainfall YVeals CY2016 Pilot Performance Datq 25 10 Optimal_ 674 $279,230 $29,368 $7,130 $71,431 $177,904
Dec 29, 2015 - Dec 20, 2016 25 10 Conservative 578 $279,230 $25,211 $6,120 $61,320 $152,721
. Downstream4 10 4 Optimal 300 $156,538 $13,071 $3,173 $31,793 $79,181
Low Rainfall Yeafs -
CY 2011 and 2012 10 4 Conservative 257 $156,538 $11,221 $2,724 $27,292 $67,973
. Downstream4 25 10 Optimal 750 $279,230 $32,677 $7,933 $79,481 $197,954
Low Rainfall Yeafs -
CY 2011 and 2012 25 10 Conservative 644 $279,230 $28,052 $6,810 $68,231 $169,933
Total Nitrogen Inflow 1.10 mg/L; Total Phosphorus Inflow 0.056 mg/L
2Total Nitrogen Inflow 1.59 mg/L; Total Phosphorus Inflow 0.159 mg/L
3 /2YL124&a0 5AaLRalt b2 LyOftdZRSR Ay 1 ¢{u ! yydzdft hLSNIGAYI /240 /1 tOdA GAZ2Y
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APPENDIX ASPLIT SAMPLE ANALYSIS
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Split Sample Analysis

Due to concerns associated with water quality data variance from historical Falls Lake water quality, errors
in autosampler sample bottle cleaning which resulted in nitrogen contamination and necessary removal of
all nitrogen data for Q4-2015, a decision was made by the City of Durham to collect split samples and have
them analyzed by a second laboratory. The selected second laboratory selected was ENCO Conservation
Laboratories Inc., who has performed analyses for the City of Durham at an adjoining Falls Lake monitoring
site (FL-DS4). Collected samples were analyzed by ENCO6 ©rlando, Florida laboratory which provides
lower reporting limits. Split samples were analyzed for total phosphorus, total Kjeldahl nitrogen and nitrate
+ nitrite nitrogen.

Collection of samples for the split sample comparison began March 21, 2016, the last week of the Q1-2016
report monitoring period and continued through December 20, 2016.

Provided in Table A-1 are total phosphorus, total nitrogen, total kjeldahl nitrogen and nitrate/nitrite nitrogen
mean concentrations and Relative Percent Difference (RPD) the mean nutrient reduction for split water
samples collected for 39 sample weeks from March 21, 2016 through December 20, 2016 from the Falls
Lake ARPDEorcomparison of split samples was calculated as follows:

Result 17 Result 2

RPD = 100x
Mean of Result 1 and Result 2

Data in Table A-1 includes values identified as statistical outliers as discussed in Appendix B.

Provided in Table A-2 is data for analytes total phosphorus and total nitrogen as provided in Table A-1 less
those samples where the calculated statistical probability that the sample was an outlier exceeded 99%.
Those statistical outliers were removed from the data set.

Table A-1. Split Water Quality Samples with Statistical Outliers Not Removed for Total Phosphorus, Total
Nitrogen, Total Kjeldahl Nitrogen and Nitrate/Nitrite Nitrogen Mean Concentrations and Relative Percent
Difference of Mean Nutrient Reduction from March 21, 2016 through December 20, 2016 at the Falls Lake

ATSE

Mean Nutrient

Mean Reduction
Number Mean Mean Nutrient Relative
of Sample Influent Effluent  Reduction Percent
Analyte Pairs  Laboratory (mg/L) (mg/L) (mg/L) Difference
PRISM 0.104 0.064 0.035 o
Total Phosphorus %8 Ienco 0.068 0.028 0.037 4%
) PRISM 1.44 0.98 0.46 0
Total Nitrogen 38 ENCO 158 705 052 13%
PRISM 1.38 0.92 0.47 0
TKN-N 38 ENCO 1.53 1.01 0.53 12%
PRISM 0.06 0.06 -0.01
- 0,
NOX-N 38 ENCO 0.04 0.05 0.00 14%
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Table A-2. Split Water Quality Samples with Statistical Outliers Removed Total Phosphorus, Total Nitrogen,
Total Kjeldahl Nitrogen and Nitrate/Nitrite Nitrogen Mean Concentrations and Relative Percent Difference

of Mean Nutrient Reduction from March 21, 2016 through December 20, 2016 atthe Fal | s Lake ATSE
Mean Reduction
Number Mean Mean Nutrient Relative
of Sample Influent Effluent  Reduction Percent
Analyte Pairs  Laboratory (ma/L) {(ma/L) (mg/L) Difference
PRISM 0.091 0.069 0.022 .
Total Phosphorus a7 ENCO 0040 0077 0021 4%
. PRISM 1.03 0.91 0.11 ,
Total Nitrogen 34 ENCO 750 094 057 82%
Presented in Tables A-3 and A-4 are split samples analysis results for the 39 Sample Weeks from March
21, 2016 through September 27, 2016.
The percentage of values exceeding 30% and 40% RPD are shown in Tables A-3 and A-4 were as follows:
30% RPD 40% RPD
9 Total Phosphorus (Influent) 78% 78%
1 Total Phosphorus (Effluent) 92% 81%
1 Total Kjeldahl Nitrogen (Influent) 42% 33%
1 Total Kjeldahl Nitrogen (Effluent) 49% 36%
Presented in Figures A-1 and A-2 are influent and effluent concentrations total phosphorus charts for the
March 21, 2016 through December 20, 2016 Monitoring Period.
Presented in Figures A-3 and A-4 are influent and effluent total Kjeldahl nitrogen concentrations charts for
the March 21, 2016 through December 20, 2016 Monitoring Period.
In Q2-2016, following initiation of the split sample analysis on March 21, multiple discussions were held
bet ween ATSE pilot team members Hydr oMent iagincamngd Bi oHab

water quality data from split sample were collected and analyzed. Due to the comparatively erratic nature
of influent versus effluent total phosphorus concentrations during the April through May 2016 period, which
is illustrated in Figures A-1 and A-2, a decision was made to continue split sample analysis. A decision
was also made to use ENCO Laboratories water quality analysis for performance analysis in favor of PRISM
Laboratories for the period when split samples were collected.

For all reports submitted since Q2-2016, PRISM Laboratories results have been used for Q4-2015 and Q1-
2016 for TP, TKN and NOx-N, while ENCO results have been used for TP, TKN and NOx-N for Q2-2016
through Q4-2016. Grab samples analysis for ortho-phosphorus, alkalinity and total suspended solids have
been provided by PRISM Laboratories for the Monitoring Period.

Table A-1 shows the RPD of mean TP, TKN, NOx-N and TN calculated for the 38 paired samples. Table
A-2 shows the RPD of mean TP (37 pairs) and mean TN (34 pairs) with the outliers removed. There was
negligible (4%) RPD in phosphorus treatment performance for datasets with and without outliers removed.
However, PRISM Laboratories total phosphorus concentrations were consistently higher than total
phosphorus analytical result of ENCO Laboratories.

The RPD in mean total nitrogen reduction for the two labs was 13% for the sample set that included outliers
and 82% for the data set with statistical outliers removed.
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Table A-3. Total Phosphorus, Total Kjeldahl Nitrogen and Nitrate/Nitrite Nitrogen Split Sample Water Quality Data for 39 Sample Weeks from March
21, 2016 through December 20, 2016.

Monitoring Period PHOSPHORUS NITROGEN
Total Phosphorus Composite (mg/L) TKN Composite (mg/L) NOx-N Composite (mg/L) Total Nitrogen Composite (mg/L)
Ssata:vl?f SE“d I‘_}f Influent Effluent P Reduction Influent Effluent TKN Reduction Influent Effluent NOx Reduction Influent Effluent TN Reduction
I A ampill

Week Pteriodg Peﬁodng PRISM| ENCO | PRISM| ENCO | PRISM| ENCO | [PRISM | ENCO | PRISM| ENCO | PRISM | ENCO | | PRISM| ENCO | PRISM | ENCO | PRISM| ENCO | |PRISM | ENCO |PRISM| ENCO PRISM | ENCO
26 312172016 3/28/2016 | 0.091 | 0048 | 0.078 | 0064 | 0013 | -0016]( 076 | 120 | 095 | 140 | 019 | 020 || 0059 | 00471 ] 0064 |0042]-0005[-0001|| 082 | 124 | 101 144 -020 -0.20
27 3/28/2016 4/5/2016 | 0.075 | 0.068 | 0.020 | 0.025 | 0.055 | 0.043 || 052 [ 051 | 029 [ 110 | 023 | 059 || 0.110 | 0.130 | 0.092 | 0.080 | 0.018 | 0.050 | | 063 | 064 | 038 1.18 0.25 -0.54
28 4/5/2016 4/12/2016 | 0.059 | 0.062 | 0.130 | 0.046 [-0.071| 0016 || 076 | 093 | 061 [ 160 | 0.15 | 067 || 0029 | 0041|0030 |0041]-0001]0000|| 079 | 097 | 0.64 1.64 0.15 -0.67
29 411212016 4/19/2016 | 0.130 | 0.064 | 0.110 | 0.050 | 0.020 | 0.014 | 054 | 190 | 058 [ 080 | 004 [ 110 || 0004 | 0041|0010 0041]-0006]0000|| 054 [ 194 | 059 0.84 -0.05 1.10
30 4/19/2016 4/26/2016 | 0.055 | 0.066 | 0.034 | 0.054 | 0021 | 0012 || 058 | 083 | 055 [ 095 | 0.03 [ 012 |[0043|0041]0045]0041]-0006]0000|| 062 | 087 | 0.60 0.99 0.02 -0.12
31 4/26/2016 5/3/2016 | 0.096 [0.010] 0.063 [ 0.046 | 0.033|-0036|| 046 | 0.¥6 | 037 | 079 | 011 | 003 |[ 0057 | 0041|0060 | 0.24 [-0003[-0199|( 054 | 080 | 043 1.03 0.11 0.23
32 5/3/12016 5/10/2016 | 0.073 0.120 -0.047 1.70 1.70 0.00 0.140 0.110 0.030 1.84 1.81 0.03
33 5/10/2016 5/16/2016 | 0.150 | 0.058 | 0.120 | 0027 | 0030 | 0.031 || 160 | 095 | 200 | 070 | 040 025 |[ 0090|0041 0.100 | 0081]-0010]-0040|| 169 | 099 | 210 0.78 041 0.21
34 5/16/2016 5/24/2016 | 0.110 | 0089 0.082 | 0.056 | 0028 | 0.033 || 190 | 092 | 180 [ 100 | 0.10 | 008 || 0082 | 0063 | 0.074 | 0041]0.008|0022|| 198 | 098 | 187 1.04 0.1 -0.06
35 5/24/2016 5/31/2016 | 0.090 | 0,100 0.085 | 0059 | 0005|0041 | 320 | 720 | 240 | 090 | 080 | 630 |[0052| 0041|0064 ]0041]-0012] 0000 325 | 724 | 246 0.94 0.79 6.30
36 5/31/2016 6/7/2016 | 0.075 [ 0130 0.120 [ 0.080 | -0.045] 0050 (| 032 | 097 | 061 | 063 | -029 | 034 || 0063|0041 [0055| 0041 0.008|0000|( 038 | 101 | 067 0.67 -028 034
37 6/7/2016 6/14/2016 | 0.098 | 0039 0077 | 0014|0021 | 0025|( 097 | 270 | 081 00 | 016 [ 170 || 0039|0041 ]0043]0041]|-0004]0000|| 101 [ 274 | 0.85 1.04 0.16 1.70
38 6/14/2016 6/21/2016 | 0.053 | 0.082 | 0037 | 0050 | 0016|0032 |( 064 | 099 | 1.00 74 | 036 | 025 || 0036 /00410037 |0041)-0001]0000|| 0.68 03 | 104 0.78 -0.36 025
39 6/21/2016 6/26/2016 | 0.084 | 0.048 | 0.052 | 0.027 | 0.032 | 0.021 1.10 A0 | 089 (72 | 021 [ 038 || 0031/0041]0035]0041)-0008] 0000 1.13 14 1 093 0.76 0.20 038
40 6/28/2016 7/5/2016 | 0.110 [ 0.087 | 0.062 | 0030 | 0.048 | D057 || 0.88 60 | 067 | 350 | 021 [ 190 || 0100 | 0047|0075 0041] 00210000 0.98 64 ] 075 354 0.23 -1.90
41 7/5/2016 7/12/2016 | 0.140 | 0.093 [ 0.021] 0026 | 0.119 | 0.067 | [ 140 70 | 084 | 056 | 056 | 114 || 0056|0041 ] 0.078 | 0041]-0022] 0.000 || 146 74 | 092 0.60 0.54 114
42 11212016 7/19/2016 | 0.089 | 0,042 0.045 | 0.010 ] 0044 | 0032 | 1.10 | 1.00 | 099 [ 077 | 0.11 [ 023 || 0037 | 0041] 0.065|0041]-0026] 0000 || 1.14 [ 104 | 105 0.81 0.08 023
43 7/19/2016 7/26/2016 | 0.100 | 0.010 | 0.070 | 0010 ] 0.030 | 0.000 |( 690 | 170 | 094 | 062 | 596 | 108 || 0043|0041]|0054]0041]-0011]0000|| 694 [ 174 | 099 0.66 595 1.08
44 772612016 8/2/2016 | 0.110 [0.010 ] 0.066 [ 0.010 | 0.044 | D000 || 0.99 | 120 | 092 | 300 | 0.07 | 180 || 0.042 0041 0045 | 0.041 (00070000 103 | 124 | 0.97 3.04 0.06 -1.80
45 8/2/2016 8/9/2016 | 0.110 [ 0.056 | 0.058 [ 0.036 | 0.052 | 0.020 || 1.10 | 140 | 110 | 180 | 0.00 | 040 | 0.056 | 0041|0055 | 0.041(-0003[0000|( 1.16 | 144 | 1.16 1.84 0.00 -0.40
46 8/9/2016 8/16/2016 | 0590 | 0640 | 0.053 | 0038 | 0537 | 0602 |( 790 | 880 | 054 | 067 | 736 | 813 || 0092|0041 ] 0065 | 0041] 0023|0000 799 | 884 | 061 071 7.38 8.13
47 8/16/2016 8/23/2016 | 0.140 | 0.083 | 0.070 | 0030 | 0070 | 0.053 | 130 | 130 | 091 [ 073 | 039 | 057 |[0043| 0041|0057 0041|0014/ 0000 134 | 134 | 097 0.77 0.38 057
48 8/23/2016 8/30/2016 | 0.130 | 0.061 | 0.085 | 0024 | 0045|0037 || 120 | 170 | 100 [ 074 | 020 | 096 || 0051 | 0041|0073 |0041]-0027]0000|| 125 | 174 | 108 0.78 0.17 0.96
43 8/30/2016 9/6/2016 | 0.057 [0.045] 0.038 [ 0010 | 0.019]0035(| 130 | 120 | 090 | 098 | 040 | 022 || 0054|0041 /0075 |00471(-0021/0000|( 135 | 124 | 098 1.02 0.38 022
50 9/6/2016 9/12/2016 | 0.110 | 0.060 | 0.057 | 0013 | 0053 | 0.047 || 150 | 150 | 090 [ 097 | 0.60 | 053 || 0001 |0041]|0036|0041]-0035/0000|| 150 [ 154 | 0.94 1.01 0.57 053
51 9/12/2016 9/19/2016 | 0.093 | 0.039 | 0047 | 0.014 | 0.046 | 0.025 1.30 0.74 056 0.041 0.041 0.000 1.34 078 0.56
52 9/19/2016 9/27/2016 | 0.100 | 0.049 | 0.062 | 0027 | 0.038 | 0.022 | | 0.80 190 | 0.41 62 | 039 [ 028 || 0100/ 0041]0.120|0041]-0020/0000|| 090 [ 094 | 053 0.66 0.37 0.28
53 9/27/2016 10/4/2016 | 0.100 [0.026| 0057 [ 0010 0.043 ] 0016 || 1.20 196 | 0.83 66 | 037 | 030 || 0092|0041 0080|0041]0.012]0000]] 1.29 00 | 091 0.70 0.38 0.30
54 10/4/2016 10/11/2016 | 0.097 | 0.039| 0.070 [ 0.033 | 0.027 | D.006 || 093 199 | 0.86 71 ] 007 | 028 || 0062 | 0041]0073]0041)-0011]0000|| 0.99 03 | 093 0.75 0.06 0.28
55 10/11/2016 10/18/2016 | 0.093 | 0.030 | 0.100 | 0070 |-0.007] 0.020 || 1.30 77 | 1.10 67 | 020 | 010 |[ 0230|0047 [ 0230|0047 0.000 [ 000D|| 153 [ 081 | 133 0.71 0.20 0.10
56 10/18/2016 10/25/2016 | 0.051 | 0.011| 0.045 | 0.013 ]| 0.006 |-0002|| 080 | 093 | 071 | 076 | 009 | 0.17 || 0.100 | 0041 0.110 | 0041 |-0.010/ 0.000 | | 090 | 097 | 082 0.80 0.08 0.17
57 10/25/2016 11/1/2016 | 0.096 [ 0.010| 0.096 [ 0010 | 0.000 | 0000 || 077 | 095 | 097 | 077 | 020 | 0.18 || 0.050 [ 00471 | 0.056 | 0.041 | -0.006| 0.000 || 082 | 099 | 103 0.81 -021 0.18
58 117172016 11/8/2016 | 0.074 [ 0.015] 0.065 [ 0.018 | 0.009 [-0003|| 0.87 | 090 | 066 | 0.80 | 0.21 | 0.10 || 0.037 [ 0041 | 0.046 | 0.041 {-0.009[ 0000 || 091 | 094 | 0.71 0.84 0.20 0.10
59 11/8/2016 11/15/2016 | 0.059 | 0.072| 0041|0010 0018|0062 || 100 | 100 | 097 | 084 | 003 | 0.16 || 0018 | 0.041] 0.024 | 0.041 |-0.006|0.000|| 102 | 1.04 | 099 0.88 0.02 0.16
60 11/15/2016 11/22/2016 | 0.059 | 0.010| 0.057 | 0.015] 0.002 |-0005|| 089 | 150 | 080 | 084 | 009 | 066 || 0023|0041 0025)|0041/-0002/0000]|| 091 | 154 | 083 0.88 0.09 0.66
61 11/22/2016 11/29/2016 | 0.063 | 0.011| 0.050 | 0010 0013|0001 || 077 | 094 | 082 | 130 | 005 | 036 || 0032|0041 0043 |0041/-0011/0.000|| 080 | 098 | 086 134 -0.06 -0.36
62 11/29/2016 12/6/2016 | 0042 [0.026| 00471 [ 0010 0.001]0016]| 089 | 120 | 069 | 092 | 020 | 028 || 00430041 0054]0041[-0011[/0.000]|( 093 | 124 | 0.74 0.96 0.19 028
63 12/6/2016 12/13/2016 | 0.110 | 0.024 | 0.110 | 0010 0.000 | 0014 || 085 | 093 | 085 | 091 | 000 | 002 || 0025|0041 0031)|0041-0006|0000|| 088 | 097 | 088 0.95 -001 0.02
64 12/13/2016 12/20/2016 | 0.086 | 0.031| 0.077 | 0028 | 0.0095 | 0003 || 082 | 091 [ 083 | 100 | -006 | 009 || 0024 [ 0041 0.024 [ 0047 0.000 [ 0.000 || 084 | 0.95 | 0.90 1.04 -0.06 -0.09

POR Days 267
0.028 | 0.035 136 | 153 | 092 | 101

NOTE 1. Data reported in RED text are below reporting limits (RL) while data shaded in YELLOW were identified as outliers.
NOTE 2. Empty cells represent periods in which samples were not collected

NOTE 1. Data reported in RED text are below reporting limits (RL), Data Highlighted in Yellow Were Identified as Outliers
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Table A-4. Total Phosphorus and Total Kjeldahl Nitrogen Split Sample Relative Percent Difference for 39
Sample Weeks from March 21, 2016 through December 20, 2016.
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