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1.0 INTRODUCTION

Lake Hopatcong (Appendix I) experienced unprecedented harmful algal blooms (HABs) of cyanobacteria over
the majority of the 2019 summer season from mid-June well into October. These HABs resulted in the posting of
advisories over large sections of the lake and the closing of all beaches by local/County Departments of Health.
These conditions resulted in substantial impacts on the ecological, recreational, and economic resources of the
lake and region. These conclusions are based on routine, baseline monitoring of Lake Hopatcong, conducted
by the Lake Hopatcong Commission’s (LHC) environmental consultant, Princeton Hydro (PH). These blooms were
triggered by some of the highest June total phosphorus (TP) concentrations measured over the last 25 years.
While prevailing weather conditions contributed toward these elevated TP concentrations, the contributing
sources of TP stem from external sources, primarily stormwater and sepftic systems. While external, watershed-
based sources, triggered the blooms in mid-June 2019, a detailed analysis of the lake’s 30+ water quality
database revealed that the lake's internal phosphorus load sustained these nuisance cyanobacterial blooms
over the summer and into the fall.

The LHC recently updated its TMDL-based Restoration Plan in early 2021 into a Watershed Implementation Plan
(WIP), with funds provided by the NJ Highlands Council. The Restoration Plan was updated to include potential
streambank and shoreline projects, as well as stormwater / surface runoff projects. Additionally, wherever
possible, Green Infrastructure (Gl) stormwater measures were integrated into this updated WIP. There were also
a very cursory assessment of the water quality benefits, specifically reductions in phosphorous, that would result
from sewering the remaining portions of the watershed that are sfill on septic systems. Finally, the WIP followed
the nine elements of a WIP, as outlined by US EPA, in order to maximize opportunities for Federal and State
funding.

While the update WIP focuses on stormwater and septic management, it will take years to implement all of the
recommended measures. It has taken approximately 12 years to implement watershed-control measures
throughout the watershed, as idenfified in the original Restoration Plan, to attain 33% compliance with the lake's
TMDL for TP. Thus, while these long-term, watershed measures are absolutely necessary, some more short-term,
in-lake/nearshore measures needed to be implemented to minimize the local impacts of HABs to protect the
loke and local economy.

There are a variety of in-lake/near-shore management measures that can prevent, mitigate, and/or control HABs
on a more short-term basis and in localized areas. As the stewards of Lake Hopatcong, the LHC has been closely
working with the Lake Hopatcong Foundation (LHF), Sussex and Morris Counties, and the four municipalities that
surround the lake (Township of Jefferson, Borough of Hopatcong, Borough of Mt. Arlington, and Township of
Roxbury) to develop both short and long-term strategies to address, minimize, or even prevent a recurrence of
the HAB problems of 2019. Thus, the LHC applied for and were awarded funds from the New Jersey Department
of Environmental Protection (NJDEP) to implement and evaluate a set of innovative management measures to
prevent, mitigate and/or control HABs, particularly in local, near-shore areas where people have the highest
degree of direct contact with the water.

This study evaluates a variety of innovative, in-lake and watershed management measures designed to prevent,
mitigate, and control the development of HABs in Lake Hopatcong. These measures include floating wetland
islands (FWIs), new types of phosphorus removal filter media installed in existing stormwater basins, installation of
three types of aeration systems, application of a nutrient inactivating product (PhosLock), a freatment of a non-
copper-based algaecide (GreenClean), the use of a filter media (Biochar) that removes phosphorus and can
subsequently be used for mulch and the implementation of the Rutgers rain garden program. These innovative
management techniques have been objectively evaluated through a variety of water quality monitoring
activities that were conducted before and after each management measure was implemented and compared
freated sites with untreated (conftrol) sites. Thus, the overall Project Goals were two-fold. First, implement
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innovative, in-lake management measures that can be utilized in the control and management of HABs. Second,
objectively document the cost effectiveness of these in-lake measures to determine if they are applicable to
other lakes in New Jersey to combat HABs. The following report documents and objectively assesses the
effectiveness of the management techniques implemented in 2020 to prevent, mitigate, and confrol the
development of HABS in Lake Hopatcong.
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2.0 METHODOLOGY

BASELINE MONITORING

As is routinely conducted, Lake Hopatcong was monitored five (5) times over the 2020 growing season. There are
a total of eleven (11) standard in-lake sampling stations (Appendix I). During each monitoring event, in-sifu data
was collected at all stations, from surface to bottom at 0.5 to 1.0-meter intervals for temperature, dissolved
oxygen, pH and conductivity. Water clarity was measured with a Secchi disk.

Discrete water quality samples were collected with a Van Dorn sampling device at 0.5 m below the lake surface,
mid-depths and 0.5 m above the sediments at the mid-lake sampling site (Station 2). Discrete samples were
collected from a sub-surface (0.5 m) position at the remaining six (6) original sampling stations (Stations 1, 3, 4, 5,
6 and 7) and additionally at the Northern Woodport Bay and Jefferson Canals sites (Stations 10 and 11,
respectively) on each date. Discrete water samples were appropriately preserved, stored on ice, and
transported to a State-certified laboratory for the analysis of total phosphorus (TP), soluble reactive phosphorus
(SRP), ammonia-N (NHz-N), nifrate-N (NOs-N), chlorophyll-a (Chl a), total suspended solids (TSS).

During each sampling event, phytoplankton and zooplankton samples were collected at the surface and mid-
depths at the deep sampling station (Statfion 2). Phytoplankton samples were collected at the surface and mid-
depths utilizihg a Van Dorn sampling device and quantitatively assessed, while zooplankton samples were
collected utilizing a Schindler sampling device at each of those depths and qualitatively assessed.

An updated Quality Assurance Protection Plan (QAPP) was developed for Lake Hopatcong that outlines all of
the sampling locations associated with the project sites (Appendix Il). The QAPP included the additional sampling
stations that were associated with this HAB grant project.

OBJECTIVE 1: PHOSLOCK, BIOCHAR, AND FLOATING WETLAND ISLANDS IN ASHLEY COVE

The goal of Objective 1 was to determine if several in-lake management measures could be implemented
collectively to prevent or confrol the development of HABs in a more isolated section of Lake Hopatcong, where
flushing with the main body of the lake was minimal. Ashely Cove is a 2-acre cove separated from the main body
of the lake by a narrow canal and is located in Jefferson Township. The cove is frequently used to temporarily
store the mechanical weed harvesters over the growing season. In 2020 Biochar (processed wood material that
has a high affinity for removing pollutants) was installed in the cove and a series of PhosLock treatments were
conducted to strip the water column of available phosphorus. While not part of the original Scope of Work, a
GreenClean tfreatment (an algicide which is a strong oxidizer) was conducted in Ashely Cove to knock down the
mat and plankton algae biomass before the PhosLock treatments were conducted. In 2021 the Biochar was
replaced with fresh material and a series of additional PhosLock treatments were conducted. In the late spring
of 2022, an existing Floating Wetland Island (FWI) will be refurbished and a new one will be installed in the cove.

Two (2) PhosLock treatments were conducted in 2020. Pre- and post-treatment monitoring in 2020 were
conducted one (1) time before the PhosLock applications and two (2) times after the applications. Five (5)
PhosLock applications and three (3) monitoring events were conducted in 2021. One (1) central sampling station
was established in Ashley Cove and monitored during each sampling event. During each sampling event, in-situ
measurements with a calibrated meter were taken for dissolved oxygen (DO), pH, temperature, and
conductivity. Water clarity was measured with a Secchi disk and sub-surface discrete samples for the analysis of
ammonia-N, nitrate-N, total suspended solids, chlorophyll-a and phytoplankton (cyanobacteria cell counts) were
collected during each monitoring event. Samples were also collected for various species of phosphorus (total
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phosphorus (TP), total dissolved phosphorus (TDP) and soluble reactive phosphorus (SRP)) from mid-cove (both
sub-surface and bottom).

OBJECTIVE 2: EVALUATION OF BIOCHAR IN THE TWO STORMWATER AQUA-FILTER UNITS AT
HOPATCONG BEACH CLUB

Two large Aqua-Filter units were installed to treat stormwater in the Hopatcong Beach Club drainage areq,
located in the Borough of Hopatcong. These units provide a means of settling solids and have the capacity to
remove various forms of phosphorus. The units were designed and installed as part of a Water Quality, NPS 319(h)
grant awarded to the LHC in State Fiscal Year 2010. The original filter media used to remove dissolved forms of
phosphorus was fairly high in product cost and therefore was not replaced. Thus, the objective was implemented
to determine if Biochar could serve as a more cost effective means of addressing the TSS and TP pollution,
generated from this section of the watershed.

After the units were inspected and the old, existing filter media was removed, Biochar was installed in the two
Aqua-Filter units in the parking lot of the Crescent Cove Beach. After the Biochar was installed, monitoring was
conducted immediately upgradient and downgradient of the two Aqua-Filters. Five (5) monitoring events were
conducted and samples were analyzed for TP, SRP, and TDP.

OBJECTIVE 3: INSTALLATION AND EVALUATION OF VARIOUS TYPES OF AERATION ALONG
NEARSHORE BEACH AREAS FOR HAB CONTROL

This Objective focused on evaluating the potential application of various types of near-shore aeration to minimize
or avoid the development of HABs in beach areas. The three types of near-shore aeration included the Air Curtin,
Nanobubble System and a Nanobubble System with Ozone. Once the Air Curtain aeration system was installed,
Princeton Hydro conducted a series of in-lake assessments of the system in 2020 to evaluate its relatfive
effectiveness at controlling HABs. During each monitoring event, samples were collected from an area within the
Air Curtain, or the “treatment zone,” and outside of the area affected by the Air Curtain, or the “control zone.”
Samples were collected and analyzed for cyanobacteria cell counts, microcystins, phycocyanin, and water
clarity. In-situ data was also be collected for temperature, DO, pH, and conductivity.

Note, while most HABs grant activities were completed by the end of 2021, the nanobubble systems will be
evaluated over the 2022 growing season due to technical and logistic issues in 2021. Monitoring of the
nanobubble systems sites will be conducted during the five standard, long-term, water quality monitoring events
from May through September 2022.

OBJECTIVE 4: TREATMENT AND EVALUATION OF PHOSLOCK TO PREVENT OR MINIMIZE THE
DEVELOPMENT OF CYANOHABS

Objective 4 conducted a large-scale nutrient inactivation treatment of a section of Lake Hopatcong with
PhosLock, fo determine how effective such a strategy would be at confrolling or minimizing the development of
a HAB. While a dosage rate for the PhosLock was provided for the grant, a formal assessment of the organic /
inorganic fractions of phosphorus in the sediments, as well as their relative availability, needed to be conducted
in order to determine the specific dosage rate and freatment strategy. Princeton Hydro collected a total of five
(5) sediment samples from Landing Channel that were appropriately preserved and transported to SePRO’s
analytical laboratory and analyzed for various forms of phosphorus in the sediment (labile, organic, apatite,
residual, efc.). The resulting data confirmed that the proposed dosage rate of 440 lbs of product per acre, over
50 acres, was appropriate for the targeted location of Landing Channel, in the Township of Roxbury.
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Pre- and post-treatment monitoring were conducted one (1) time before the PhosLock application and three (3)
times after the application in 2020 and five (5) fimes in 2021, for a total of eight (8) post-treatment monitoring
events. One central sampling station was established in Landing Channel and monitored during each sampling
event. During each sampling event, in-situ measurements with a calibrated meter were taken for DO, pH,
temperature, and conductivity. Water clarity was measured with a Secchi disk and sub-surface discrete samples
for the analysis of phytoplankton cell counts, chlorophyll a, phycocyanin, microcystins, and various species of
phosphorus (total phosphorus, soluble reactive phosphorus, and total dissolved phosphorus). In addition, nearby
long-term monitoring sampling sites, specifically Station 5 (ST-5) was used as pre-treatment and “control” sites to
evaluate the effectiveness of the PhosLock.

OBJECTIVE 5: TREATMENT AND EVALUATION OF STRONG OXIDIZER FOR HAB CONTROL

Objective 5 conducted a treatment of GreenClean, an alternative algaecide that is a strong oxidizer and
contains no copper. The treatment was conducted in August of 2020, just off Capp Beach, located in the
Township of lJefferson. Pre- and post-freatment monitoring were conducted just before and after the
GreenClean application at one station just off Capp Beach. During each sampling event, in-situ measurements
with a calibrated meter were taken for DO, pH, temperature, and conductivity. Water clarity was measured with
a Secchi disk and sub-surface discrete samples for the analysis of microcystins, cyanobacteria cell counts,
chlorophyll a, and phycocyanin.

OBJECTIVE 6: USE OF BIOCHAR TO PREVENT HABS IN NEARSHORE INLET OR BEACH AREAS

Objective 6 was to deploy Biochar, a processed wood product that has a high affinity to removing pollution, in
select areas throughout the Lake Hopatcong watershed to estimate its capacity to remove phosphorus. After
the Biochar was installed, monitoring was conducted immediately upgradient and down gradient of the Biochar
sleeves. Two sampling events were conducted at each sampling site over the course of the 2020 and 2021
seasons, and all collected samples will be analyzed for TP, TDP and SRP. The Biochar was installed at the following
sites:

=

Lorettacong Drive (Stream)

Yacht Club (Stream)

Edith M Decker Elementary School (Stream)

Lakeside (Stream)

Memorial Pond (stormwater wet pond in Borough of Mount Arlington)
Duck Pond (stormwater wet pond in Borough of Roxbury)

East Shore (MTD)

Yacht Club (MTD)
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PROJECT SUMMARY

A series of three projects were approved for Ashley Cove to be implemented and evaluated over a two-year
period. The first project included a series of low-dose, PhosLock applications that were intfended to determine if
phosphorus stripping in an enclosed waterway can achieve the desired levels of HAB control. Thus, Ashley Cove
was treated with PhosLock twice (2) over the 2020 growing season and five (5) times over the 2021 growing
season to strip the water column of phosphorus and to inactivate the mobilization of phosphorus from the
sediments. However, prior to the first PhosLock treatment of 2020, a treatment with the oxidizing algicide
GreenClean was conducted to knock down the existing algae biomass that was in Ashley Cove. Note, Princeton
Hydro's licensed applicators secured the State permit to conduct the algicide treatment in Ashley Cove prior to
freatment. A GreenClean freatment was not required at the start of the 2021 growing season.

To further reduce available phosphorus in Ashely Cove, some sleeves of Biochar were also installed over the 2020
and 2021 growing seasons. The Biochar sleeves were placed directly in front of a large stormwater pipe that
enters the cove just off of Espanong Road.

Finally, an existing floating wetland islands (FWIs) will be re-planted and provided with upgraded anchoring and
tethering material and then relocated to an area where they will receive full sunlight. Additionally, another FWI
structure (approximately 160 sq. ft in surface area) will be purchased, built, planted, and installed in a nearshore
area that will receive full sunlight. An inspection of the existing FWIs over the 2021 growing season revealed that
one of them is being used as a nesting site for a family of swans. Thus, it was decided to refurbish the Island that
is not being used by the swans, purchase a new, larger FWI, and possibly purchase more Biochar for use at Ashley
Cove. The FWI project will be conducted in June of 2022 but the materials were purchased in 2021.

SCHEDULE OF EVENTS

After a review of the baseline monitoring data in Lake Hopatcong, the first PhosLock application was scheduled
for late July of 2020. Pre-treatment monitoring was conducted on 5 June 2020. Two (2) PhosLock applications
were conducted in 2020 on 31 July and 28 August 2020. Two (2) post-freatment monitoring events were
conducted on 4 September 2020 and 9 October 2020. As previously mentioned, a GreenClean treatment was
conducted on 15 July 2020 to knock down the accumulated mat and planktonic algae before the PhosLock
was added. A full breakdown of the 2020 pre- and post-tfreatment monitoring schedule, including the date of
the treatments, is provided in Table 3.1 below.

Since baseline, pre-treatment data was collected in Ashley Cove in 2020, no pre-tfreatment sampling was
conducted prior to the first PhosLock treatment in 2021. Five (5) PhosLock applications were conducted in 2021
on 7 June, 21 July, 20 August, 21 September, and 12 October 2021. Three (3) monitoring events were conducted
over the course of the 2021 season on 14 September, 24 September, and 18 October 2021. A full breakdown of
the 2021 pre- and post-treatment monitoring schedule, including the date of the treatments, is provided in Table
3.2 below.
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Table 3.1: Ashley Cove: 2020 Treatment and monitoring schedule.

Ashley Cove: Treatment and Monitoring Schedule
Date Activity

6/5/2020 Pre-treatment monitoring event
7/15/2020 GreenClean application
7/31/2020 1%t PhosLock application
8/28/2020 2" PhosLock application
9/4/2020 1%t post-treatment monitoring event
10/9/2020 2" post-treatment monitoring event

Table 3.2: Ashley Cove: 2021 Treatment and monitoring schedule.

Ashley Cove: Treatment and Monitoring Schedule
Date Activity

6/7/2021 1%t PhosLock application (3™ total)
7/21/2021 2" PhosLock application (4" total)
8/20/2021 3™ PhosLock application (5% total)
9/14/2021 1% post-treatment monitoring event (3 total)
9/21/2021 4t PhosLock application (6 total)
9/24/2021 2" post-treatment monitoring event (4% total)
10/12/2021 5% PhosLock application (7% total)
10/18/2021 3™ post-treatment monitoring event (5% total)

MONITORING RESULTS AND DATA ANALYSIS

The following section will discuss and objectively assess the results of the water quality data collected in Ashley
Cove in 2020 and 2021 relative to the success of the management measures in confrolling the development of
HABs. This section will focus primarily on the parameters that are most closely associated with the development
of HABs, such as phosphorus and chlorophyll-a concentrations, cyanobacteria cell counts, phycocyanin
concentrations, and water clarity. All in-situ and discrete data collected as part of the Ashley Cove monitoring
can be found in full in Appendix Ill.

NITROGEN (NITRATE-N AND AMMONIA-N)

Surface samples for the analysis of nitrate-N and ammonia-N were collected pre- and post-treatment in Ashley
Cove (Figure 3.1). Nifrate-N and ammonia-N both decreased during the first post-treatment event following the
PhosLock and GreenClean treatments. However, neither of these products have a direct effect on nitrogen in
the water column. Ammonia-N concenftrations remained low throughout the entire study and never exceeded
the pre-freatment measure of 0.02 mg/L. These lower nitrogen concentrations may be attributed to the Biochar
that was installed during both years. The only elevated nitrate-N concentrations relative to the pre-treatment
monitoring event were measured in October of 2020 and 2021. These late season increases in nitrate-N can likely
be attributed to the seasonal senescence of the dense macrophyte growth in Ashley Cove and the subsequent
release of nutrients into the water column. Since PhosLock has no effect on nitrogen in the water column,
measured concentrations increase late in the season. However, since the Biochar was installed earlier in the
growing season, it is also possible that by October the Biochar's capacity to sequester nutrients was minimal.
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Ashley Cove: Surface NO3-N and NH3-N, Pre and Post

Treatment
0.14
=012
(@)}
£
5 0.1
5
€ 0.08
=
< 0.06 B NO3-N
<o
5 m NH3-N
© 004
o
N | I B
0 | ] || - - ||
6/5/2020 9/4/2020 10/9/2020 9/14/2021 9/24/2021 10/18/2021
Date

Figure 3.1: Pre- and post-treatment nitrate-N and ammonia-N concentrations in Ashley Cove.

TOTAL SUSPENDED SOLIDS

Surface samples for the analysis of total suspended solids (TSS) were collected pre- and post-treatment in Ashley
Cove (Figure 3.2). TSS concentrations were low during all six monitoring events and did not exceed 5 mg/L. The
pre-treatment and initial post-treatment monitoring events yielded TSS concentrations of 5 mg/L but never
exceeded 3 mg/L for the remainder of the study.

Ashley Cove: Surface Total Suspended Solids, Pre and Post
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Figure 3.2: Pre- and post-treatment total suspended solid concentrations in Ashley Cove.
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PHOSPHORUS (TOTAL PHOSPHORUS, SOLUBLE REACTIVE PHOSPHORUS, TOTAL DISSOLVED PHOSPHORUS)

Surface samples for the analysis of TP, SRP, and TDP were collected pre- and post-treatment in Ashley Cove
(Figure 3.3). During the 2020 season, surface TP concentrations increased to 0.04 mg/L during the 4 September
and 9 October monitoring events from a pre-tfreatment monitoring event concentration of 0.02 mg/L. However,
surface TP concentrations never exceeded 0.03 mg/L during the 2021 season.

Surface TDP concentrations during the 2020 season increased to 0.02 mg/L during the 4 September and 9
October monitoring events from a pre-treatment monitoring event concentration of 0.01 mg/L. However, the first
post-treatment monitoring event occurred over two months after the early season pre-treatment monitoring
eventin June and TP concentrations had increased lake wide by late August 2020. Surface TDP results were again
promising in 2021 and never exceeded 0.01 mg/L, even as phosphorus concentrations increased lake wide.
Similar to what we observed following the PhosLock application in Landing Channel, post-treatment SRP
concentrations remained extremely low, even as TP and TDP concentrations increased later in the 2020 season.
Surface SRP concenftrations remained below the lab detection limit of 0.002 mg/L throughout the entire 2021
season.

What was particularly promising for the PhosLock treatment program is that surface water TP concentrations
never exceeded 0.04 mg/L over the 2020 growing season or 0.03 mg/L over the 2021 season. This is substantially
lower than the TP concentrations of 0.07 mg/L, which were measured in Ashely Cove in July 2012. Thus, the
implementation of these in-lake management technique did appear to reduce phosphorus concentrations in
Ashely Cove relative to historical concentrations. Also particularly important is that SRP concentrations remained
essentially non-detectable throughout the study period, even as the dense macrophyte growth began fo
senesce in October of each year.

Deep phosphorus metrics followed similar trends as those observed in the surface water (Figure 3.4). During the
2020 season, deep TP concentrations increased from a pre-treatment monitoring concentration of 0.03 mg/L to
an initial post-treatment monitoring concentration of 0.05 mg/L. However, deep TP concenfrations during the
second post-freatment monitoring event of 2020 decreased to 0.02 mg/L, which was lower than the surface
concentration of 0.04 mg/L. During the 2021 season, deep TP concentrations reached a maximum of only 0.04
mg/L on 14 September and decreased during the two subsequent monitoring events. It should also be noted
that a PhosLock treatment was conducted between the 14 September and 24 September monitoring events,
and deep TP concentrations decreased over this time. Deep SRP concentrations remained low following the
freatments, never exceeding 0.003 mg/L over the 2020 season and remaining below the lab detection limit of
0.002 mg/L over the 2021 season.

Overall, the PhosLock application appeared to have a positive effect on phosphorus concentrations in Ashley
Cove. TP and TDP concentrations did increase slightly during the first post-treatment monitoring event in 2020,
although never exceeded 0.05 mg/L for TP or 0.02 mg/L for TDP. Additionally, phosphorus concentrations lake
wide had increased during the peak growing season months from July through September of 2020. Most
importantly, and as expected with the PhosLock application, SRP concentrations remained exiremely low
throughout the entire study period, even as TP concentrations increased. This is a positive sign, as SRP is the
dissolved inorganic portion of total phosphorus that is readily available for assimilation by all algal forms. Even as
SRP concentrations increased slightly during the October 2020 monitoring event, concentrations never exceeded
0.003 mg/L; SRP concentrations exceeding 0.005 mg/L are often associated with increases in nuisance algal
growth. Finally, 2020 TP concentrations in Ashely Cove were substantially lower relative to past (2012)
concentrations. The results during the 2021 season, in which PhosLock was applied to Ashley Cove five tfimes,
were even more promising, as TP concentrations remained lower than the second half of the 2020 season and
SRP concentrations remained essentially non-detectable.
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Ashley Cove: Surface Phosphorus, Pre and Post Treatment

6/5/2020 9/4/2020 10/9/2020 9/14/2021 9/24/2021 10/18/2021
Date

0.045
0.04
0.035
0.03

mg/L)

0.025
0.02
0.015

Phosphorus (

0.01
0.005

o

uTP
HSRP
uTDP

Figure 3.3: Pre- and post-treatment surface TP, TDP, and SRP concentrations in Ashley Cove.

Ashley Cove: Deep Phosphorus, Pre and Post Treatment
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Figure 3.4: Pre-and post-treatment deep TP, TDP, and SRP concentirations in Ashley Cove.
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CHLOROPHYLL A

Surface samples for the analysis of chlorophyll-a were collected pre- and post-freatment in Ashley Cove (Figure
3.5). Pre-treatment chlorophyll-a concentrations were low at 3.2 ug/L; however, this was early in the season
before algal densities generally increase in Lake Hopatcong. Chlorophyll-a concentrations increased to a
modest concentration of 13.0 ug/L during both post-tfreatment monitoring events during the 2020 season. This is
not unexpected, as surface TP concenfrations were 0.04 mg/L during this time. Surface chlorophyll-a
concentrations were variable in 2021, ranging from 6.3 pg/L on 18 October up to 23.0 ug/L on 24 September.
However, a review of the plankton community data from 24 September reveals that cyanobacteria densities
remained low at 2,156 cells/mL during this fime.

Ashley Cove: Surface Chlorophyll a, Pre and Post Treatment
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Figure 3.5: Pre-and post-treatment chlorophyll-a concentrations in Ashley Cove.

CYANOBACTERIA (PHYCOCYANIN AND CELL COUNT)

Surface samples for the analysis of cyanobacteria cell count and phycocyanin concentrations were collected
during the pre- and post-treatment events in Ashley Cove (Figure 3.6). Cyanobacteria cell counts remained
relatively low and well under any NJDEP HAB alerts during the post-treatment sampling events, with a maximum
of 12,970 cells/mL during the September 2020 monitoring event. Cyanobacteria cell counts remained below
3,000 cells/mL during the remaining monitoring events. Phycocyanin concentrations also remained relatively low,
following a similar frend as cyanobacteria cell counts and a maximum concentration of 10 ug/L in September
2020. Overall, it appears as though the PhosLock freatment has had a positive effect relative to cyanobacteria
concentrations in Ashley Cove during the 2020 and 2021 seasons, as both metrics remained low throughout.

A few other points should be made. First, no microcystins were measured during the post-freatment monitoring
events in Ashley Cove. In contrast, microcystins were measured during the pre-treatment June 2020 sampling
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event; however, the measured concentration, 1 ug/L, was below the State’s threshold for recreational waters of
2 ug/L.

Second, while no cyanobacteria were identified in some of the post-treatment samples, there were sfill
phycocyanin concentrations between 3.0 — 4.0 ug/L. The measurable concentrations of phycocyanin at that
time was due to the presence of Crypfomonas, a member of the small unicellular cryptomonad group of algae
also known to produce phycocyanin. Indeed, in October 2020 the Cryptomonas cell density was 881 cells/mL.

Ashley Cove: Cyanobacteria, Phycocyanin, and Chl a, Pre
and Post Treatment
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Figure 3.6: Pre- and post-treatment cyanobacteria cell counts and phycocyanin concentrations in Ashley Cove.

WATER CLARITY

Water clarity was measured with a Secchi disk pre- and post-treatment in Ashley Cove (Figure 3.7). Water clarity
decreased slightly as the season progressed and chlorophyll-a concentrations increased. During the 2020 season,
clarity slightly decreased from a pre-tfreatment depth of 1.5 meters in early June to post-treatment depths of 1.3
meters and 1.2 meters in September and October, respectively. During the 2021 season, water clarity was to the
bottom of the cove at a depth of 1.3 meters during all monitoring events. Due to the dense macrophyte growth,
the sampling station moved to an area with slightly shallower depth relative to the 2020 season. Water clarity
never fell below 1.2 meters during the study period. Water clarity was exceptional during all three monitoring
events of the 2021 season.

It should be noted that during the pre-treatment June sampling event, there was a dense canopy of Eurasian
watermilfoil (Myriophyllum spicatum) and largeleaf pondweed (Potamogeton ampilifolius). In addition, there
were sporadic mats of filamentous algae. By September and October, the algal mats were gone but the sub-
canopy of plants, including tapegrass (Vallisneria americana) were identified in Ashely Cove. Such conditions
were expected, as water column phosphorus concentrations decline, there should be less algal growth (both
planktonic and mat algae) and less competition for space and light. Thus, higher amounts of submerged aquatic
vegetation are typically associated with a decline in algal growth, both planktonic and filamentous mat algae.
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Figure 3.7: Pre- and post-treatment water clarity in Ashley Cove.

SUMMARY

The overall results of the Biochar and low-dose PhosLock applications in Ashley Cove were exceedingly positive.
The mean surface TP concentration of all post-treatment monitoring events was 0.03 mg/L which correlates with
the established 0.03 mg/L threshold, as per the TMDL. More importantly, and as expected with the PhosLock
application, SRP concentrations remained extremely low throughout the entire study period, even as TP
concentrations increased. In fact, surface and deep SRP concentrations remained non-detectable throughout
the 2021 season, indicating that the PhosLock application was effective in reducing the release of dissolved
phosphorus from the sediment info the second year of the study. Most importantly, no CyanoHABs or
cyanobacteria cell counts that would have triggered even the minimum NJDEP WATCH level were measured
throughout the entire study period.

The overall results from this project were:

Surface and deep TP concentrations remained low throughout the study, with mean post-treatment
concentrations of 0.03 mg/L.

Surface and deep SRP concentrations remained extremely low throughout the study, with mean post-
tfreatment concentrations of 0.001 mg/L.

Mean post-treatment deep TDP concentrations remained slightly below the mean post-treatment surface
TDP concentrations, indicating that the PhosLock applications were effective in precluding the release of
phosphorus from the sediments.

Cyanobacteria and phycocyanin concentrations remained low and no cyanobacteria cell counts
above 13,000 cells/mL were measured throughout the study. No cyanobacteria were observed in a few
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of the samples and the positive phycocyanin concentrations were more than likely due to the presence
of Cryptomonas that were observed in the samples.

Water clarity was exceptional throughout the study with Secchi depths often reaching the bottom of the
cove.

Macrophyte growth was dense throughout the 2021 season. However, such conditions were expected,
as water column phosphorus concentrations decline, there should be less algal growth (both planktonic
and mat algae) and less competition for space and light. Thus, higher amounts of submerged aquatic
vegetation are typically associated with a decline in algal growth, both planktonic and filamentous mat
algae.
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4.0 OBJECTIVE 2: EVALUATION OF BIOCHAR IN TWO STORMWATER AQUA-
FILTER UNITS AT HOPATCONG BEACH CLUB

PROJECT SUMMARY

As part of a past 319(h) grant application (SFY2005), two large stormwater basins and Aqua-Filters were installed
in the parking lot of the Crescent Cove Beach Club, Borough of Hopatcong, Sussex County, NJ. Based on both
the stormwater and in-lake water quality data, these basins were initially very effective at reducing total
phosphorus (TP) and total suspended solids (TSS); however, following the elimination of LHC funding the basins
were not maintained. Now with the concern over HABs, the Commission and Borough are committed to
maintaining these structures; however, they are seeking a more cost effective and environmentally friendly
media fo remove phosphorus.

Objective Two involved the inspection of both Agua-Filter units by a contractor with confined space enfry
capability in order to determine the condition of the units and the extent of the required cleanout. The Borough
of Hopatcong assisted in the removal of collected sediments from the system with its Vac-All truck. The old filter-
material was also removed from the units during these inspections.

Following the cleanouts, Biochar was installed in both units to determine the cost effectiveness of the material in
removing dissolved phosphorus from the incoming stormwater. This product is lower in cost than the original
media that was placed into the Aqua-Filters. Additionally, once used, the Biochar can be reused as landscaping
mulch. Post-installation monitoring was conducted immediately upgradient and down gradient of the structures
to determine if there is a significant difference in the phosphorus species immediately up and down gradient of
the material.

SCHEDULE OF EVENTS

The inspection, cleaning, and removal of old filter-media from the Agua-Filter units was conducted on 20 May
2021. Biochar was installed in the two units on 20 May, 21 May, and 24 May 2021. Five (5) post-installation
stormwater monitoring events were conducted, immediately upgradient and down gradient of the structures,
on 4 June, 1 July, 23 August, 2 September, and 26 October. A full breakdown of the installation and monitoring
of Biochar in the Aqua-Filter units is provided in Table 4.1 below.

Table 4.1: Schedule of Aqua-Filter activities

Aqua-Filter Biochar: Installation and Monitoring
Date Activity
5/17/2021-5/24/2021 Inspection, removal of existing media, and installation of Biochar

6/4/2021 1°* monitoring event
7/1/2021 2" monitoring event
8/23/2021 3" monitoring event
9/2/2021 4™ monitoring event
10/26/2021 5" monitoring event
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Picture 4.1, 4.2, and 4.3: Inside view of the Aqua-Filter filtration chamber; Biochar being placed in the
filtration chamber; Biochar secured in the filtration chamber.

MONITORING RESULTS AND DATA ANALYSIS

The following section will discuss and objectively assess the results of the stormwater sampling data collected
immediately upgradient and down gradient of the structures to determine if there is a significant difference in
the phosphorus species immediately up and down gradient of the material. All discrete data collected as part
of the Biochar monitoring can be found in fullin Appendix IV. The upgradient sampling was conducted in surface
streams just before they enter subsurface pipes while the downgradient sampling was conducted through
manholes with extended sampling devices.

It is important to note that the stormwater sampling of the Aqua-Filters was difficult for a number of reasons that
likely influenced the downstream phosphorus concentrations. First, the mixing of groundwater with the filtered
stormwater is possible, as groundwater has the potential fo seep into the system at the pipe joints since the water
table is so high in close proximity to the Iake. The maijority of the neighborhoods in the Lake Hopatcong watershed
are on septic systems which may influence phosphorus concentrations in the downgradient samples. All
upgradient sampling was conducted from surface streams before they flow into subsurface pipes where mixing
with groundwater may occur. Something else to consider is the fact that these Aqua-Filters are considered off-
line due to the heavy flow that occurs during storm events. Thus, during heavy flow events, like most of the
stormwater sampling events during this study, additional stormwater bypasses the Aqua-Filters completely and is
not filtered by the Biochar. Finally, during these heavy flow events, even the water that flows through the Aqua-
Filters is flowing at a fast rate which results in a very short contact time. The Biochar is also lined up along the
bottom of the Aqua-Filter and during heavy flow events, a portion of the flow that passes through the units does
not even come in contact with the Biochar.

TOTAL PHOSPHORUS

Stormwater samples for the analysis of TP were collected immediately upstream and downstream of both Aqua-
Filter units (Figure 4.1). The removal rates throughout the season were extremely variable and the downstream
samples sometimes had higher concentrations; however, this may be due fo interference from additional
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stormwater that was not filtered by the Biochar during heavy storm events. The highest TP removal rate was 33%
at the South Aqua-Filter during the first monitoring event in June. However, a 10% increase in TP concentrations
in the downstream sample was measured on 23 August at the South Aqua-Filter. In total, three samples had
positive removal rates, five samples had no TP removal, and two samples had TP concentrations that increased
downstream of the Aqua-Filter.

Crescent Cove Aqua-Filter: Total Phosphorus
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Figure 4.1: Stormwater total phosphorus concenirations upstream and downstream of the two Aqua-Filter units
with Biochar.

SOLUBLE REACTIVE PHOSPHORUS

Stormwater samples for the analysis of SRP were collected immediately upstream and downstream of both Aqua-
Filter units (Figure 4.2). Similar to TP, the removal rates throughout the season were extremely variable and the
downstream samples sometimes had higher concentrations. The highest SRP removal rate was 46% at the South
Aquao-Filter during the first monitoring event in June. However, a 31% increase in SRP concentrations in the
downstream sample was measured on 2 September at the North Aqua Filter. In total, five samples had positive
removal rates and five samples had SRP concentrations that increased downstream of the Aqua-Filters.
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Crescent Cove Agua-Filter: Soluble Reactive Phosphorus
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Figure 4.2: Stormwater soluble reactive phosphorus concentrations upstream and downstream of the two Aqua-
Filter units with Biochar.

TOTAL DISSOLVED PHOSPHORUS

Stormwater samples for the analysis of TDP were collected immediately upstream and downstream of both Aqua-
Filter units (Figure 4.3). Similar to the other phosphorus constituents, the removal rates throughout the season were
extremely variable and the downstream samples sometimes had higher concentrations. The highest TDP removal
rate was 25% at the North Aqua-Filter during the 23 August sampling event. However, a 25% increase in TDP
concentrations in the downstream sample was measured on 1 July at the South Aqua-Filter. In total, three samples
had positive removal rates, four samples had no TDP removal, and three samples had TDP concentrations that
increased downstream of the Aqua-Filter.
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Crescent Cove Aqua-Filter: Total Dissolved Phosphorus
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Figure 4.3: Stormwater soluble reactive p