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Executive Summary
In the Fall of 2019, Lake Chaffee requested the assistance of an Environmental
Engineering Senior Design team from the University of Connecticut to advise them in the
upkeep and health of their lake, specifically related to their recent algal bloom earlier in the year.
To assist the Lake Chaffee Improvement Association (LCIA), our team created a
comprehensive list of mitigation strategies, active solutions, and potential long-term technologies
that we think will help the Lake reduce its chances of have another bloom, while protecting it for
years to come.
Our two main focuses while designing this project were cost and ease of use. With only
one recorded experience of a major bloom to date, there is no reason the LCIA should be
spending savings on state-of-the-art technology or forcing residents to drastically alter their lives
if we can find solutions that would limit that.
Algal blooms are mainly caused by nutrients, primarily phosphorus, that enter the lake
and allow for algae to grow and flourish. The source of these nutrients should be found and
directly combatted to ensure Lake Chaffee’s long-term health is protected. Our recommendations
are as follows:
1. Residents should make simple lifestyle changes
a) Reduce pet waste, leaf mulch, and fertilizers that are on their property
b) Limit runoff moving from their property directly into the Lake
2. Barley straw should be applied to the lake to help inhibit the growth of algae in the future
a) Be reminded that barley straw is solely preventative in nature and cannot affect any
current blooms
3. In the event that an algal bloom does occur, algaecide should be applied to the lake
a) Algaecides are strong chemical compounds that kill current blooms
b) While effective, the use of algaecides is expensive and can damage the surrounding
ecosystem
These steps will be the starting point of the LCIA’s treatment of Lake Chaffee’s algal bloom
situation. Continued work must to be done to understand nutrient levels in the lake and if there
are any additional sources of nutrients that were missed. Should the problem get worse,
additional recommendations are listed in their report that will easily tackle any algal problem the
LCIA is faced with.
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1. Introduction
Algal blooms, caused by eutrophication, have been occurring around the world with
increasing frequency and severity since around the 1970s. Eutrophication is defined as excessive
plant and algal growth due to an increase in availability of one or more limiting factors of
photosynthesis. It is most common in small, shallow, unmoving pools of freshwater. In the
Northeastern United States, warmer months cause shallow water to get warm, and nutrients like
phosphorus and nitrogen become more concentrated as organisms decompose and water
evaporates. Like a recipe for a dish; none of the factors are particularly important or bad, but
together they create the conditions for algal blooms. The limiting factors of
photosynthesis/eutrophication are as follows:
Sunlight + Nutrients + Stable Conditions + Turbidity + Temperature = Algal Bloom

Two of these factors, sunlight and carbon dioxide, are typically in constant supply to
surface water. Nutrients, such as nitrogen and phosphorus, are naturally kept at levels that
promote homeostasis; a stable equilibrium maintained in nature. This has caused us to believe
the recent increase in algal bloom frequency around the world to be man-made, and therefore
manageable.
Lake Chaffee in Ashford, CT has become a newly affected entity of algal blooms, when a
bloom covered their lake early in the Spring 2019. The most typical causes for large-scale algal
blooms (agricultural runoff and industrial effluent) do not apply to Lake Chaffee’s size, purpose
or location. Due to the size and timing of the last event, and Lake Chaffee’s seclusion from any
major agricultural, commercial or industrial development, the concern of the community is about
the possibility of earlier blooms in the years to come. As a result, the Lake Chafee Improvement
Association (LCIA) requested an investigation to discover the causes of the event, as well as to
formulate a plan that will prevent recurrence in the future.
The goals of the project were as follows:
I. Test water at various points in the lake for ammonium, total phosphorus, and metals.
II. Test sediment at various shore locations of the lake for total nitrogen and total phosphorus.
III. Test stormwater runoff inputs from various catch basins around the lake for total nitrogen and
total phosphorus.
IV. Test groundwater in direct contact with the lake for total nitrogen and total phosphorus.
V. Develop a good understanding of the practices of lake residents and how their lifestyle may be
contributing to the algae issue.
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VI. Create a model of Lake Chaffee which illustrates catch basins and drainage areas around the
neighborhood.
VII. Study local lakes with similar situations, their response, and the resulting effectiveness.
The objective of our design project is as follows:
I. Provide review of potential design options that may limit nutrient build up in the lake

1.1 Geographic Lake Description
Lake Chaffee is 54 acres large, has an average depth 6 feet, and a maximum of 11 feet.
The Lake was formed sometime prior to 1934 by damming a small stream called Chaffee Brook.
Before the lake was built, there was a wetland in its place. Today, Lake Chaffee is surrounded by
a high-density area of houses which overlook the water. The lake has approximately 8,400 feet
of shoreline, not including the two small islands. The two small islands in the center of the lake
are not large enough for any residential or commercial development, and consist solely of rocks
and low vegetation.
Lake Chaffee community comprises about 700 of the surrounding lots with a majority of
the homes being built in the 1950’s. Every house in the surrounding area is a part of the LCIA.
Figure 1 below shows how the land surrounding the lake is broken into plots, all within close
proximity to each other.

Figure 1. Property distribution of Lake Chaffee and surrounding land

1.2 Watershed
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The watershed for the lake is composed of the approximate 284 acres surrounding the
water consisting of homes, roads and fields. The primary inflows to the lake are runoff and
stormwater input from a catch basin network. Many of these catch basins have been located and
included in a rudimentary map of the Lake and stormwater system in Figure 2. Each catch basin
on Lake View Drive, Old Town Road and a portion of Route 89 have a direct connection with
the lake, or are one degree separated as shown in Figure 3. The only outlet for the Lake is
Chaffee Brook, which flows into the Mount Hope River. It takes nearly six months for the lake's
water to be completely exchanged.

Figure 2. Design of catch basins, flow and direction, and drainage connections surrounding Lake
Chaffee (MicroStation). Shown side by side with satellite image of Lake Chaffee.
Lake Chaffee is a part of the Windham Water System, so the water eventually culminates
with other local drainage systems at Mansfield Hollow Reservoir. Lake waters are held back by a
300-foot dam, and exit through a ten-foot long concrete spillway to Chaffee Brook. Members of
the LCIA can choose to either raise or lower the height of the lake using a twelve-inch pipe that
passes beneath the dam into the brook. An underwater valve controls the flow of water through
this pipe.

1.3 The Lake Chaffee Improvement Association (LCIA)
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Each of the 270 homes in the association rely on well water and septic tanks for their
plumbing demands. The LCIA is a municipality, and a special taxing district created by the
Connecticut State Legislature in 1957. The LCIA owns the lake bottom, the islands, two beaches,
the boat launch area, and two lake-access corridors. Part of the LCIA bylaws states no gasolinepowered engines are permitted on, under, or above Lake Chaffee. Despite this, activities such as
canoeing, kayaking, swimming and fishing are popular among residents during the summer as
well as ice skating in the winter.

1.4 Algal Blooms and Climate Change
It is expected that algal blooms concentrations will increase in the coming years mainly
due to increase in surface water temperatures and nutrient levels due to climate impacts on
hydrology that change nutrient transport (Chapra et al, 2017). In the United States, the average
length of algal bloom occurrences is 7 days, and is expected to increase to 16-23 days in 2050 to
18-39 days in 2090. It is also expected that the Northeast will have the greatest increase of algal
blooms in our country, and a 25% increase in Springtime precipitation by 2040. With increases
expected, it is very smart that the LCIA is being preemptive in the actions to help protect their
lake from algae and its negative effects.

Figure 3. Observed Change in Daily, 20-year Return Level Precipitation in Inches (CSSR).
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2. Sources of Nutrients
The nutrients that cause eutrophication and support the growth of algal blooms are,
typically, nitrogen and phosphorus. In the Northeast, it is phosphorus that is chiefly the limiting
nutrient. An excess of phosphorus in any way will likely trigger algal blooms. (EPA 2020) The
lack of agricultural or industrial nutrient sources in the Lake Chaffee watershed means the
sources of nutrients into Lake Chaffee are more subtle than we had presumed, and instead
consists of many smaller inputs.

2.1 Septic Systems
Typical septic systems consist of a septic tank and a drain field (e.g., soil absorption
field). The septic tank digests organic matter and separates floatable matter (e.g., oils and grease)
and solids from the wastewater. Soil-based systems discharge the liquid (known as effluent) from
the septic tank into a series of perforated pipes buried in a leach field, chambers, or other special
units designed to slowly release the effluent into the soil. (EPA 2020) Alternative systems use
pumps or gravity to help septic tank effluent trickle through sand, organic matter (e.g., peat and
sawdust), constructed wetlands, or other media to remove or neutralize pollutants like diseasecausing pathogens, nitrogen, phosphorus, and other contaminants. Older septic systems can be a
source of nitrogen and phosphorus if there is not enough retention time for it to be sufficiently
treated.
Due to the proximity of many properties in the LCIA to Lake Chaffee, septic systems
could be retaining nutrients until they are flushed out by large precipitation events. If any
systems are faulty unknowingly, this ‘flushing’ could be causing nutrients to flow directly into
the surface water.
Also due their proximity to the water table, it is extremely important for the residents to
regularly maintain their systems, and replace them when necessary. As residents refurbish their
homes, our survey suggests their septic is updated as well - but this is not customary to all
homes. Most septic systems have an optimal functional lifetime of 20 years, but according to the
survey there remain a number of the original septic tanks around Lake Chaffee. The original
systems are rudimentary, relying on the surrounding soil to filter out many of the toxins which
can cause humans harm. As time goes on the leaching of drain field sewage into groundwater
can have detrimental effects on natural water systems, and the risk of systems malfunctioning or
breaking increases.
New systems are made out of plastic or fiberglass and employ baffles to increase settling,
as well as anaerobic filters to increase digestion of nutrients and pathogens. For Lake Chaffee, an
E. coli test is performed by the Environmental Committee Chair of the LCIA, Ralph Sherman, to
ensure these pathogens are not an issue for their community.
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2.2 Leaf Degradation
While leaves themselves are not significant, the
buildup of leaves can create a source of Lake nutrients if
left unchecked (Leaves as a Source, 1976). As the leaves
fall in Autumn, they can collect in catch basins and on the
ground, where they freeze in the winter. As everything
starts to thaw in the Spring, leaves begin to biodegrade
and release nutrients like phosphorus into the watershed.
In the Northeast, the increase in precipitation we
experience during the Spring months provides an easy
mode of transportation for the phosphorus produced from
biodegradation into the Lake.
According to a USDA survey from 2004, the
forests of Tolland County consist 51% Oak and Hickory
Trees and 29% Northern Hardwood Trees (USDA 2004).
In order to estimate the impact of these leaves on Lake Chaffee, we used a study performed by
the Chemistry Department at the University of Wisconsin on a Lake in Madison. In this study,
two scientists estimated how much phosphorus (P) is released in the decomposition process of an
average Oak leaf. Their result was that 88-99 micrograms (10-6 g) of soluble phosphorus are
released per gram of leaf:
Soluble Phosphorus Produced =

88 µg P
1 g Leaves

This study also concluded that any physical damage to leaves increases their contribution
to runoff phosphorus loads. Exposure of vein surfaces by cutting the leaves was shown to result
in large amounts of leachable phosphorus compared to tests with intact leaves. Still, it was
shown that that even intact leaves may potentially fertilize many liters of runoff water above the
critical concentrations of phosphorus often cited as causing excessive growths of algae or aquatic
plants in natural waters.
The USDA concluded that there are, on average, more than 3,700 trees on an acre of a
Northeastern Oak-Hickory forest. Of these, more than 3,550 of the trees are seedlings and
saplings (more than 95%), roughly 167 are larger live trees, and 6.5 are standing dead trees
(USDA, 1991). In a modeling project by students of the University of Washington, they were
able to successfully model the total leaf count for many types of trees. Their estimate for a
mature oak tree was 227,721 leaves (Modeling Leaf Weight by Tree Growth Simulation,
University of Washington 2012); Let it be noted what while the most reliable sources found
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noted 200,000 to half a million leaves for a mature oak, these numbers are still speculative and at
most a highly educated estimate. Oak leaves weigh approximately 0.67 grams on average.
With these rough estimates, we were able to estimate the amount of dissolved Phosphorus
being produced by the trees surrounding Lake Chaffee; barring extraordinary circumstances and
assuming all trees were Oak;
167 larger living trees 227721 leaves 0.67 g
88 ug P
1g
gP
∗
∗
∗
∗ 6
= 2,242.8
1 acre
1 tree
1 leaves 1 g leaves 10 ug
acre
Note that when water passes through soil, it is cleaned physically, chemically and
biologically by nature processes. (USDA) In addition to soil's physical filtration capacity, soil
helps transform and decompose certain chemicals and other contaminants from soil, thus helping
filter them out of the water. Therefore, only a fraction of this soluble phosphorus is making it
into the water after all the filtration, dilution and friction reduces the nutrient concentration
making it eventually to the Lake. Still, in 1973 this is what prompted the USDA to send out a
statement shortly after;
“It is apparent from these results that municipalities should initiate
a program of rapid leaf pickup during the autumn leaf litter period
in order to minimize nutrient transport to lakes and streams from
[runoff.] Burning and storing of leaves in the gutter prior to pickup
should be prohibited. Property owners should store leaves and other
plant debris in such a way as to avoid contact with precipitation
which could ultimately result in runoff.”

From these studies, we determined the best leaf management practices for Lake Chaffee
residents to be as follows;
I. Rake and dispose of leaves in the Autumn months
II. Ensure catch basins around the lake remain clear and unclogged
III. Store leaves and other plant debris in such a way as to avoid contact with rain
IV. If possible, residents should avoid cutting or impairing the leaves in any way.

2.3 Sediment Release
During the warmer months, it is possible for the lake to become stratified. Stratification
occurs when the Lake becomes divided into three layers: Epilimnion, metalimnion, and
hypolimnion for top, middle and bottom layer, respectively. When this happens, the bottom layer
of the lake has very low dissolved oxygen levels, also known as “anoxic”. Anoxic conditions
along with higher pH levels cause the phosphorus in the soil to become soluble and release into
the water. Once the phosphorus is in this aqueous form, it is available for algae to consume.
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Sediment can be a significant source of nutrients for algal blooms when limited outside input
sources are present, and can build up over time.

2.4 Pet Waste
Nutrients stored in pet waste can encourage algal growth in surface water through its
decomposition. Additionally, as bacteria decays the waste, oxygen is consumed as part of the
reaction, lowering the quality of the water by reducing dissolved oxygen levels. (EPA 2002).
Based on our survey, roughly 36% (12/33) of respondents stated they have pets on their
property, with only one respondent having more than one animal. Twelve respondents are a
reasonable sample size based on total respondents, allowing us to make an assumption about all
residents surrounding Lake Chaffee. Expanded to the 220 individual lots, it is assumed that
approximately 80 homes have pets in their home. This, paired with ideal conditions like high
temperature and increased precipitation could contribute the necessary nutrients to trigger a
bloom.
To prevent this issue, residents should be advised to dispose of their pet’s waste in the
trash instead of letting it decompose. This is especially pertinent for the plots bordering the lake,
as their lawns drain directly into the Lake.

2.5 Fertilizers
Limiting the use of home and lawn products with phosphorus is a current ordinance under
the LCIA. No products with more than a trace amount of phosphorus may be used (LCIA 2001).
An infraction is accompanied with a fine of $60.00 for each occurrence. While this ordinance is
in place, the investigation and enforcement are unknown and will need to be researched.
Additionally, nitrogen is unregulated within the LCIA boundaries. Extending the current
ordinance to this nutrient could be possible but must be passed as an amendment by the
residents. While phosphorus is typically a greater contributor to algal blooms, any reduction in
nitrogen will assist in limiting algal growth.
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3. Sampling
Our course of action was to break up the separate potential sources of nutrients to find if
one source has a greater impact on the Lake than another. The first task was to understand
nitrogen and phosphorus within Lake Chaffee. Multiple samples of various substances have been
collected from in and around Lake Chaffee. Water samples and stormwater samples were the
main focuses of our sampling strategies. However, plans were made for additional sampling of
sediment within the lake, and groundwater surrounding the lake.
The current COVID-19 pandemic prevented further sampling during Spring 2020, when
we hoped to do the majority of our final sampling. With the warmer weather things would be
starting to decompose, more residents would be using their lake homes, fertilizers, if any, will be
applied, and stormwater flow into the lake would be at a seasonal high. Piezometers are devices
which allow groundwater to be sampled, the goal was to determine the influence septic tanks
were having on nutrient levels. However, we were advised not to use piezometers in the winter
since the ice can damage them. This limited our ability to test ground water, specifically how
septic may be impairing water quality.
In response, we shifted the focus of our project from a direct sample-and-treat approach
to the creation of a Lake Algal Management Plan. Our recommendations were created to best
advise the LCIA in the future of their algal bloom issues, using all samples already available.

3.1 Lake Water Samples - Ammonia Testing
Lake water samples were collected and tested first. We tested for ammonia, NH3, a
common molecule with nitrogen that contributes to overall total nitrogen in the lake. By using
ammonia reagents, the absorbance could be measured through a spectrometer, compared to our
initial curve, and converted to a concentration. All but one sample was a non-detect (ND).
Table 1. Water samples were pulled from Lake Chaffee on 10/25/19 at seven different locations.
ND = non-detect.
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3.2 Stormwater Samples - Ammonia Testing
The second set of sampling was conducted during a rain storm in February to attempt to
understand nutrients that enter the lake through runoff from the watershed. The surrounding
watershed is extremely rural, with the only human development being the residential properties
surrounding the lake. No industrial or agricultural inputs were uncovered during our research and
site analysis.
Table 2. Stormwater samples were pulled from Lake Chaffee on 2/6/20 at eight different
locations.
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Figure 4. Ammonia concentrations compared to natural levels.

3.3 Groundwater Sampling
Eight piezometers were purchased with the intention of sampling the groundwater in the
immediate vicinity of the Lake. Piezometers allow groundwater to enter the tube. The collected
sample can then be pumped out of the piezometer and tested for nutrients just as lake and
stormwater samples were (ammonia, ammonium, total P). Four locations (public boat launch,
public beach, dam/outfall, and sponsor’s property) were slated for sampling with the remaining
locations to be selected from resident volunteers with lakefront property. A basic diagram of a
piezometer can be found in Appendix B.
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Figure 5. Initial secured locations for piezometers to be installed surrounding the lake. The final
four were yet to be determined, but multiple residents expressed interest in lending their property
to us for these tests.

3.4 Sediment Sampling
Another potential source for nutrients is lake sediment. Nutrients can be stored in lake
sediment and be resuspended and made available to algae due to many different phenomena. To
test nutrient levels in lake sediment, sediment must be collected at various points around the edge
of the lake. Bottles can be used to grab sediment, but water must be drained out of the sample as
much as possible to ensure the future tests will only be measuring nutrient concentrations of
sediment and not of the water as well. Any time or season would work for grabbing sediment
samples, as long the sediment is accessible. There is potential for sediment nutrient
concentrations to be slightly higher (0.5-1 mg/L) due to settled nutrients that will become
available to algae whenever conditions are favorable.
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Figure 6. Potential sediment sample locations (1 - lake outfall, 2 - public beach, 3 - wetland
inflow, 4 - sponsor’s property).

3.5 Second Round of Lake Water Sampling
Finally, the last round of sampling we would conduct is a second set of lake water
samples. As Lake Chaffee experienced their one and only bloom during the spring season of
2019, we would like to test all nutrient levels (ammonia, ammonium, total P) again within the
lake during the Spring. Samples would be collected as close to the previous collection locations
from October 2019 to compare results (only one concentration to compare to). To test, samples
would go through reagent reactions for each separate nutrient we are testing for. With a potential
for more nutrient inputs due to increase in runoff during the spring season (higher precipitation,
snow melt), we may find elevated levels of nutrients in the lake (~1 mg/L).
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4. Survey
In order to cover all possible ways residents could be contributing to excess nutrients,
150 surveys were distributed between homes that borders the lake, a local convenience store
Smitty’s, and the LCIA during a meeting. The LCIA also received a digital copy for
redistribution. The survey in its entirety can be read in Appendix A.
Many of the questions on the survey ask about the age and condition of residents’ homes
and septic systems. Additionally, we inquired about use of sources of nutrients detailed in
Section 3, namely pet waste, fertilizers, and leaves as mulch. These questions may seem out of
line but they are important because residents of the LCIA could be leaching nutrients into the
Lake unintentionally.
As of this report, there have been 33 responses to the survey (about 15% of year-round
residents). This is not enough responses for statistical validity but the survey responses do shed
light on the conditions of some of the homes surrounding the lake. Survey results will be used in
various sections of this paper to support our design ideas.
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5. Analytical Approach
Around Connecticut there are many other lakes that have suffered with algal blooms in
the past, and many of the Lake Associations were founded with the sole intention of improving
their lake health. The actions they responded with, and the subsequent success or failures of
those actions, provided examples of the Lake treatment practices the LCIA could replicate while
making them aware of the pros and cons before decisions are made. The information about these
Lakes is distributed through many different sections, below are their introductions.

5.1 The Bolton Lakes; Lower Bolton Lake – Vernon, CT
The Bolton Lakes are a collection of three state-owned bodies of water located in Vernon
and Bolton. These Lakes are less than half an hour away from Lake Chaffee and have suffered
from algal blooms in the past in their most Southern Lake, known as Lower Bolton Lake.
Lower Bolton Lake has an area of 175
acres and an average depth of 11 feet. From 2012
to 2015 it had periodic issues with algae blooms,
including significant blooms that closed the lake
for extended periods of time.
In response, residents formed their Lake
Association, Friends of Bolton Lakes (FBL) as a
non-profit in 2013. Their mission is to protect and
enhance the ecological health of the Bolton Lakes,
their surrounding areas and watershed. FBL is
voluntary and their membership is not exclusive to
lake residents. The association board speaks with
one voice about the needs of their local lake
resources, and have the tools to provide assistance
in monitoring their lake water quality.
Figure 7. Lower Bolton Lake.
Recognition as a non-profit allows the FBL to accept grants and larger donations which
can fund projects for the clean-up of their lake and the continued water quality maintenance.
Equipment and water sample chemical data analysis are funded by the membership contributions
to FBL.
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5.1.1 Funding
The data FBL volunteers collect is shared with the Small-Town Economic Assistance
Program (STEAP) Grant funded team at Northeast Aquatic Research. However, FBL volunteers
will continue their lake monitoring responsibilities after the STEAP funds are depleted.
The STEAP Grant is one of four grants the FBL were able to secure for the remediation
of their lake. STEAP funds economic development, community conservation and quality of life
projects for localities that are ineligible to receive Urban Action bonds. Project costs can include;
the cost of land, Engineering, architectural planning, and contract services needed to complete
the project. Projects eligible for STEAP funds include,
“those [kinds of development projects] involving economic
and community development, transportation, environmental
protection, and public safety…”.
On top of their water testing and algaecide treatments, the FBL has been able to
successfully mitigate their algal blooms with a sewer project. By removing their septic tanks and
connecting to the Manchester sewer system, they successfully limited their human input into the
lake. More information will be in the Septic Renovation section under Recommendations, but the
FBL were able to get a $21.7 million dollar project mostly funded by the state and federal
government, and have not had an algal bloom since 2015.

5.2 Clary Lake – Whitefield, ME
The Clary Lake Association is a non-profit corporation dedicated to preserving, protecting, and
enhancing the quality of Clary Lake and its watershed. Founded in 2007, the Association’s
mission since 2010 has been to obtain ownership of the dam that drains their Lake from the
Maine Department of Environmental Protection (MDEP). In the past, when their Lake level was
controlled by the MDEP, the continual lowering of their water level resulted in the precursors of
eutrophic conditions, and therefore algal blooms. In response, their Lake Association began
monitoring their lake quality regularly, and in October 2018 became the owners of their dam.
5.2.1 Monitoring
In order to monitor their lake around the year, Lake Clary relies on a team of volunteers,
or ‘citizen scientists.’ Because of the size of Lake Clary (680 Acres), the Association also
receives support from Maine’s Volunteer Lake Monitoring Patrol (VLMP). The VLMP is an
independent non-profit organization that trains volunteers to monitor lakes for water quality. The
extra volunteers are only necessary because of the large size of Clary Lake (680 Acres), but
Connecticut has a similar program called the Connecticut Water Monitoring Program. CT has
their own VLMP, the type and locations of the monitoring they do during a given year is
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determined by a variety of factors. These include; participation in regional and national studies,
and support requests from groups within DEEP.
Two members of the Maine VLMP continue to monitor the water quality of Clary Lake
on a regular basis. Roughly every 2 weeks during the open-water season they go out and take
various measurements including Secchi disk readings, dissolved oxygen and total phosphorus
measurements. (Lake Clary Website) They have not yet had to undergo any extensive algae
treatments, but continually monitor their water quality to foresee negative trends. Some of the
executive duties of their Association Board include; creating Invasive Plant Patrol Workshops,
running Resident Invasive Plant/Algal Bloom Trainings, and writing seasonal newsletters which
discusses the quality of the lake, in detail to residents (and the public via. their website).
The VLMP members are not the only data resource Clary Lake uses for their monitoring.
Their ‘citizen scientists’ represent anyone who reports on the lake, even if it be through a
photograph or written statement. Through their website the Association can track invasive
species spotted, the beginnings of algal blooms, or any other potential threats to the Lake health.
DEEP outlines a similar format for ‘citizen science’ in Connecticut, it is a “Three Tiered
Approach for Citizen-Based Monitoring of Wadable Streams and Rivers” summarized in
Appendix A.

5.3 Lake Waramaug – Litchfield County, CT
Lake Waramaug is located in northwestern
Connecticut. The lake has suffered from algal
blooms due to nutrient enrichment in the past,
and underwent a study in 1992 by DEEP and US
Geological Survey. They worked in cooperation
with the Lake Waramaug Task Force, a nonprofit scientific and educational organization,
which was created by the Northwestern
Connecticut Regional Planning Committee. The
mission of the Task Force is, “to work with
leading lake scientists to research and design the
best possible water quality management
solutions; to operate an extensive in-lake
restoration system which restores the natural
balance of the Lake’s ecosystem by removing or
isolating harmful nutrients; to improve the Lake
habitat for cold water fish and beneficial
zooplankton; to control the spread of invasive
aquatic species.”
Figure 8. Lake Waramaug.
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The lake is mainly used for boating, swimming, and fishing, and they faced many of the
same concerns as the Lake Chaffee community is struggling with currently. Waramaug has a
larger size and watershed, with a mean depth of 22 feet and surface area of 656 acres, but is
comparable in many ways to Lake Chaffee. They did extensive sampling over a year-long
period, including sampling for nitrogen and phosphorus through surface water inflow sampling,
atmospheric deposition sampling, groundwater sampling, lake bottom sampling, and lake water
sampling.
The findings pointed to high nutrient influx during precipitation events, a substantial
contribution from atmospheric deposition, and from lake sediments when under anaerobic
conditions specifically. There was also evidence of high levels of lake stratification as
temperature increases, which exacerbated the anaerobic conditions, and therefore the nitrogen
and phosphorus levels at the lake bottom.
5.3.1 Treatment
The Task Force implemented a comprehensive set of solutions to address the several
points of input. They installed a Layer Aeration system designed by Dr. Robert Kortmann to destratify the lake, and provide more cold-water habitat for the wildlife, as well as for zooplankton
which prey on algae. This also distributed dissolved oxygen throughout the lake’s layers, and
prevented the release of phosphorus that occurs under anaerobic conditions. They also installed
biofilters at several locations along the lakes shore, to filter runoff before it reached the lake.
Several regulatory actions were taken, including restricting zoning, and encouraging the
voluntary limitation of impervious cover in the watershed. Finally, they did research and put out
several advisories regarding invasive plants that were found to make the issue worse as well.
The Task Force was entirely funded through private grants and donations. Most recently,
they have received grants through the Environmental Professionals Organization of Connecticut
and the Connecticut Community Foundation. Below is a schematic of Dr. Kortmann’s design:

Figure 9. Diagram of Layer Aeration system.
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5.4 Owasco Lake – Finger Lakes, NY
Each of the Finger Lakes have their own association and monitoring systems, and have
an established Hazardous Algal Bloom Surveillance program. In 2017, HABs were identified in
all eleven Finger Lakes for the first time. As a result, the lakes now have The Suspicious Algal
Bloom Report Form on their website. This allows residents to report invasive species sightings,
and track their progress, as they have been a key issue in the formation of their algal blooms over
the years.
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6. Recommendations
The following sections will be broken up into three subsections: Preventative Strategies,
Reactive Strategies, Preventative Solutions, and Long-Term Investments. Preventative Strategies
are no to low cost actions that can be taken by the LCIA and Lake Chaffee residents to help limit
potential algal blooms and/or gain a better understanding of when a bloom may occur.
Preventative Strategies may not completely extinguish the possibility for an algal bloom.
Reactive Strategies are actions that will be responsive to when a bloom occurs, only requiring
action at this time. Reactive Strategies will immediately eliminate an algal bloom, but have no
long-lasting effects. Preventative Solutions have a much higher chance to reduce or negate any
algal growth in the Lake. When compared to Preventative Strategies, Preventative Solutions will
begin to cost much more. Finally, Long-Term Investments are the most effective at limiting algal
growth. With the longest lifetimes and the best chance at stopping blooms, these investments can
sound very enticing. However, they are the most expensive route that can be taken and may be
unnecessary for the limited amount of nutrients and small chance for eutrophication in Lake
Chaffee.

6.1 Preventative Strategies
Mitigation or ‘preventative’ strategies are those which people can implement before an algal bloom, in
order to eliminate any potential sources before they become an issue.

6.1.1 Lifestyle
Lifestyle changes could be a great help to reducing nutrients entering the lake from the
surrounding watershed. All lake residents and lake users should educate themselves and follow
the best lake management practices mentioned below. Fortunately, many of these lifestyle
changes are a net zero cost for residents. A number of important steps include:
1.
2.
3.
4.
5.
6.
7.
8.

Maintaining septic systems
Monitoring invasive weed growth
Controlling run off and soil erosion around the perimeter of the lake
Reducing or eliminating fertilizer use; reducing or eliminating pesticides
Managing the waterfowl population around and on the lake
Adhering to beneficial landscaping practices
Properly disposing of pet waste
Washing vehicles away from the lake
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6.1.2 Association Committees
The Lake Chaffee Improvement Association leadership is a Board of Directors composed
of;
4 Officers: elected to one-year terms,
6 Directors: elected to three-year overlapping terms,
3 alternates: each elected to a one-year term
This project’s sponsor, Ralph Sherman, is himself the Chair of the Environmental
Committee. His is the only committee in the LCIA Board that directly focuses on water quality.
Unlike many other Lake Associations, the LCIA was formed as a corporation under a special act
of the Connecticut legislature. Because all of the Associations in the Case Studies (section 4.1)
were founded with the sole purpose of conservation, their boards are centered around a
Science/Lake Monitoring Committee.
The members of these committees are not always scientists, they are residents who
volunteer to perform sampling for the Lake. They collect data on an interval, and are able to
provide diagnostic reports about the water quality year-round. The data they collect can then be
used when applying for State and Federal grants, permitting for DEEP, or when working with
environmental consulting firms.
Looking into the next decade, the climate is projected to keep warming. Algal blooms are
projected to get more frequent and severe (Chapra et. al, 2017). The LCIA should consider
creating a Science Committee, or enhancing their Environmental Committee to include more
regular lake monitoring. Training a few members about algal blooms processes and how to test
water would be an effort getting started, but very little maintenance after time.
6.1.3 Barley Straw
While the mechanism of barley straw is not fully understood, when barley straw is
exposed to sunlight and oxygen, it produces a chemical that inhibits algae growth. It is important
to note that barley straw cannot kill existing algae, so it must be applied during the spring to gain
the best preventative potential (PSU Extension 2013). It is suggested that 2 to 3 bales are applied
per surface acre of water. The cost of one application is calculated below.
54 𝑎𝑐𝑟𝑒𝑠 ∗ 2

𝑏𝑎𝑙𝑒𝑠
$20
∗
= $540
𝑎𝑐𝑟𝑒 4 𝑏𝑎𝑙𝑒𝑠

The barley straw will be placed directly into the lake. Application recommendations
range from placing the full bale into the water to loosely spreading the bales over the surface,
both methods have proven to be effective. For ease of use, we suggest simply placing bales into
the water and allowing them to naturally break down and thus, limiting future algae from
26

growing. As 108 bales are the suggested amount for Lake Chaffee’s surface area, these bales
must be spread out evenly across the pond's surface to ensure proper coverage. To prevent the
potential for drifting due to surface currents, bales can be attached to simple anchors that inhibit
their movement.
6.1.4 Floating Fountains
Aeration is an effective way to introduce dissolved oxygen into the lake waters, and
disturbs the stagnation and stratification that supports algal blooms. If installed before
eutrophication begins, they can prevent or reduce the severity of algal blooms. This is achieved
via several mechanisms. Fountains agitate the surface of the water, which makes it unideal for
algae growth. Algae thrive in warm, calm waters, and the falling water from fountains pushes
any growing algae under the surface, where it is unable to absorb as much sunlight. By aerating
Lake Chaffee, which is relatively shallow, it will also aid in avoiding anoxic conditions at the
lake bottom, thereby preventing sediment release of additional phosphorus.
Lake fountains are aesthetically pleasing, and would not cause issues to the lakefront
residents’ view of the water. There is a wide range of costs that would depend on how large of a
surface area in the lake the LCIA would be willing to treat. Fountains for larger lakes can range
from $5000-$9000 each, but multiple may be needed to be most effective. Most commercial
fountains that were researched were durable for many years and had extensive warranties, so
upkeep and maintenance costs would mainly be for seasonal removal and cleaning. There would
also be a small cost for power that would depend on the level of horsepower required for the
fountain.
6.1.5 Continued Data Collection
The tests these volunteer residents do require minimal training, but help in monitoring
lake quality year-round. The severity and frequency of Lake Chaffee’s algal blooms is still
unknown, so having information available would be helpful if the situation continues to worsen
over the years. The Chair of these Science Committees is usually the person to collect samples a
few times a year, and to record the results on their website.
A good example of this is Clary Lake. The Lake Clary Association’s creation was due
largely to their issues with Lake drawdowns in the past. Until 2018 the dam that drains their
Lake was maintained by the State of Maine. The residents were upset that the majority of the
area drained in the Fall was home of high-value significant wildlife and plant habitats, and that
the overly drained Lake left the ideal conditions for eutrophication.
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While Clary Lake to this day, has never had a serious algal
bloom, their residents noticed a continual negative change in
water quality around 2015. This prompted their Association to
take measures in monitoring their Lake Quality to mitigating
future blooms.
Their results found that when the water was drained in the
Fall, the Lake (now relatively shallow and stagnant) was more
turbid in the winter. In the Spring, as the conditions for algal
blooms are met (nutrient influxes from increased precipitation,
warmer weather increasing the water temperature, more intense
sunlight etc.) their Lake is too shallow to absorb the impact and
eutrophic conditions are arising (cloudy water, increased algae,
lowered dissolved oxygen etc.) even though there is no algal
bloom yet present. They also found, through increased time spent
around the lake, a rapid increase in invasive species.
Figure 10. Lake Clary
6.1.5.1 Transparency
Algae blooms limit light penetration, so a low measurement could
indicate sediment-rich, stagnant water or start of a bloom. Secchi disks
are round disks about 8’ in diameter divided into 4 alternating black and
white sections. To make a Secchi disk reading, you lower the disk into
the water on a tape measure, the depth where you lose sight of the disk
is the Secchi disk reading. The deeper you can see the Secchi disk, the
more transparent the water is. Therefore, Secchi disk readings are a
direct measurement of water clarity. Disks range from $20-50.
Figure 11.Secchi disk
6.1.5.2 Dissolved Oxygen
Dissolved oxygen is a vital parameter in the environmental
monitoring of water quality. It is a great indicator of the general
health of the ecosystem. As more organisms die, and eventually
decay, it causes a bacterial growth spike. This spike results in an
increase in DO use, and a decrease in the overall DO levels. During
eutrophication, high rates of photosynthesis can deplete dissolved
inorganic carbon. Low Dissolved Oxygen Content (3.0 mg/or lower)
can be a precursor for Harmful Algal Blooms (HABs) - situations
where algae are toxic for human and animal use, so monitoring is
very useful. Additionally, the lack of dissolved oxygen in the water
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Figure 12. DO meter

near the bottom sediments can cause phosphorus to become aqueous and release into the
water (Hickey, 2009). Once the phosphorus is in this form, it is available for algae to consume.
Hanna Instruments sells a portable dissolved oxygen meter for $440. Portable meters
provide the flexibility of being able to easily test in multiple locations.
6.1.5.3 pH
Eutrophication also causes pH to rise to extreme levels
during the day. Using pH probes to monitor lake levels is simple,
inexpensive, important to track how acidic or basic your water is.
Low pH (<6.5) in lakes can result in HABs if eutrophication
occurs, so it is useful to keep a record. For Lake Chaffee, a pH
probe would be a good investment for the Association as a way to
begin monthly water testing.

Figure 13. pH meter
6.1.5.4 Phosphorus
In the Northeast, the limiting nutrient for the creation of algal blooms is phosphorus in an
overwhelming majority of cases. While it’s possible to do at-home phosphorus tests, they tend to
be difficult to do correctly. The Lake Clary association tried to implement do-it-yourself
phosphorus tests around 5 years ago, from Forestry Supplier. The results weren't repeatable to
an acceptable accuracy, so they pay $25 a test at the State of Maine’s Health Engineering Lab 3
times a year. Phoenix Environmental Laboratories in Manchester, CT has competitive prices for
total nitrogen and phosphorus for their clients. Once you get the materials, testing would be as
easy as getting the samples to the laboratory, but would cost a yearly fee.
6.1.5.5 Invasive Species
Invasive Species themselves are never going to be the sole cause of an algal bloom. However,
the ability of that species to use nutrients, absorb sun, and exist without predators makes it
difficult for the native plants to grow. The overpopulation of invasive species leads to a decrease
in the biodiversity of an ecosystem, making it more vulnerable to radical situations like algal
blooms. From the survey results, many of Lake Chaffee’s residents are concerned about invasive
species. Keeping a record of invasive plants that are spotted around Lake Chaffee would provide
more accurate information about the types, and severity of invasive species you are struggling
with. This, alongside the phosphorus, dissolved oxygen, and lake clarity levels would show the
pattern between seasons, invasive species and algal blooms and help to predict what their levels
might be in the future.
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The Bolton Lakes; like Lake Chaffee, have ongoing issues with invasive plant species.
Specifically, both lakes have an issue with the control of naiad plants; or plants in the najas
genus. In Lake Chaffee, najas flexilis was recorded near the shore of almost the entire lake. For
the Bolton Lakes, an analysis by Dr. Donald H. Les, a Professor in the Dept. of Ecology &
Evolutionary Biology at the University of Connecticut, was;
“Najas guadalupensis is a native plant which….in the presence of enough available
nitrogen, can become an aggressive nuisance...By early August [2012] a large portion of
the surface of Lower Lake Bolton was covered with naiad [najas guadalipensis] mats.
Close inspection of these mats (kayak observations) revealed the entrapment of
waterfowl feathers and feces and occasional dead fish. From a distance these mats could
be identified by a lack of surface wave or ripple action, these mats formed nutrient rich,
sun warmed, relatively stagnant water volumes, undoubtedly supplemented by nutrients
in runoff from the surrounding watershed, and ideally suited for algae growth.”

Figure 14. Najas Guadelepenis “Southern Naiad” on the left and Najas Flexilis “Slender Naiad”
on the right. Photos courtesy of Michigan State University.
The “Southern Naiad” is an ongoing nuisance for the people of the Bolton Lakes, the
mats that collect and concentrate nutrients and use oxygen that would normally go to other
plants. A similar plant, the “Slender Naiad” was reported in Lake Chaffee in 2009. Its nearly
identical structure and to the Southern Naiad could make it a nuisance if unchecked.
As a result of their algal blooms, the Bolton Lakes have increased their monitoring of
invasive plants and, like Lake Chaffee, decided against stocking Grass Carp to battle them. Their
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method for tracking them is very similar to Clary Lake Association, and Owasco Watershed
Lake Association where they employ an ‘invasive species report form,’ as well as having
‘invasive species training’ on their website, and regularly engaging residents in the discussion of
environmental quality and preservation.
6.1.6 Lake Drawdown
Lake Chaffee currently draws down their lake during the winter season to assist with algal and
weed growth control. By draining a portion of the lake, the entire lake depth and the sediment is
exposed to prolonged freezing. The low levels will expose the plants (and algae) to desiccation,
causing the algae to lose nutrient transport and function. The cost of drawdown is extremely
minimal but success will vary from year to year.
The drawdowns serve the objectives of:
1. Protecting the shoreline properties from winter ice damage
2. Allowing capacity for winter and spring storm runoff
3. Maintaining the watershed’s natural water flow to prevent stagnation and the buildup
of excessive nutrients that support the outbreak of algae and aquatic plant growth.
4. Controlling invasive aquatic plant growth, including milfoil

6.2 Reactive Solutions
Measures to be taken after the bloom has occurred to increase water quality.

6.2.1 Algaecides
Algaecides are meant to be short-term solutions applied after the bloom has already
begun. Each algaecide application itself is relatively low cost, but if the problem persists for
more than a few years the long-term expenditure ends up being more. Lake Chaffee’s relatively
short exposure to algal blooms in recent years makes it difficult to identify the severity of their
situation. More information can be found on the EPA website by searching ‘Pesticide Fact
Sheets.’
6.2.1.1 Cutrine Plus
Cutrine Plus is a commercially made double-chelated copper compound, which is very
commonly used in eutrophic lakes that are used for fishing, recreation, and boating. The
chemical composition of Cutrine Plus stays suspended in the water column longer than most
other algaecides, so that it can have a more complete effect, and as a result the water usually
clears in 1-2 days after application. It takes 7.2 gallons algaecide per surface acre, which is
applied via a spray. For a 54-acre surface area, 374.4 gallons are needed for early season
application and the total cost would be $11,228.25. Unfortunately, if a bloom reoccurs later in
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the season, the cost would rise for increased nutrient levels according to the product label. This is
the most recommended option for algaecides, because it has lower levels of copper, and
demonstrates lower toxicity to fish and wildlife than other options.
6.2.1.2 Copper Sulfate
One of the most commonly used types of algaecides is copper sulfate. This is an inorganic
compound that combines sulfur with copper, and has been used to kill algae in freshwater since
the early 1900’s. The Friends of Lake Bolton have used copper sulfate in the past to temporarily
improve their water clarity; Hillary Garovoy of Northeast Aquatic Research provided
information from their experience using copper sulfate to treat clarity (algae) issues:
“Clarity increased dramatically following the copper treatment in September
2015, jumping from <1m (August 31st) to 1.3m on (September 2nd) the day
of treatment. By September 9th, one week later, the clarity was at 2.7m... the
increase in clarity was short lived and within a month of the treatment the
clarity was back to < 1m... algae populations shifted in type and rebounded
given remaining high nutrient availability”
In their case, the decrease in clarity (increase in algae) prior to the copper treatment was
caused by increasing cyanobacteria populations. Their treatment of copper sulfate was very
effective at killing the problematic algae and improving their wake quality quickly. Their issue,
and a common argument against copper sulfate, is within a week Green Algae populations took
over just as quickly. The decrease made by the copper treatment was undone in a week by
increasing green algae populations.
Treatment with copper sulfate would only cost a couple of hundred dollars, but the
longtime environmental impacts could affect Lake Chaffee for decades if not carefully used.
Copper remains in the water after treatment, does not biodegrade, and can be toxic to fish and
other organisms. Too much Copper sulfate results in copper build up in pond sediments and
creates a sterile bottom in the pond. Besides many other organisms, it also kills beneficial
bacteria.
6.2.1.3 Fluoridone
Fluoridone is an organic compound sold to control invasive plants in lakes, reservoirs,
and other freshwater sources. It is a colorless solid and has low toxicity to animals with no
restrictions on swimming or drinking in treated water bodies. However, Fluoridone works by
inhibiting photosynthesis in plants, so Lake residents are advised not to use lake water on lawns
or gardens as it very likely will affect that plant life as well. Typically, it is sold as a solution for
approximately $350/gallon. It is sold under the names Sonar, Avast! and Whitecap in the U.S.
Fluoridone is a slow release solid because the herbicide level must be maintained for several
weeks. Fluoridone breaks down in the environment over days or weeks with the major
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degradation product being N-methyl formamide. Fluoridone, in the form of Sonar, has been used
by the FBL in the past.
Bolton’s history with algicides has been well-documented and dynamic. Figure 17 shows
the clarity of Lower Lake Bolton during the period they struggled with algal blooms, the
corresponding algaecide treatments in Table 3 are represented by green boxes.
Table 3. Timeline of Bolton Lake Treatment Plan (2013-2018).
Date

Task

1

20-May-2013

Initial Fluoridone Herbicide (Sonar-Genesis - liquid)

2

27-June-2013

Booster Fluoridone (Sonar Genesis - liquid)

3

27-June-2013

Algaecide - Planktonic Cyanobacteria (Copper)

4

5-Sep-2013

5

2014

6

Fluoridone treatment of small cove fanwort (Sonar Q - granular)
No treatment necessary

2-Sep-2015

Algaecide - planktonic cyanobacteria (Copper), Herbicide curly-leaf pondweed
(Diquat)

7

21-Jun-2016

Herbicide curly-leaf pondweed only** (Diquat), no copper sulfate used

8

26-Jun-2017

Herbicide curly-leaf pondweed only** (Diquat), no copper sulfate used

9

2018

No treatment conducted

Figure 15. Clarity of Lower Lake Bolton (2012-2015).
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Treatments marked with an asterisk were used for treatment of invasive species, not to
solve a lake clarity issue. One can see the spike of eutrophic conditions in August 2012 prompting their concern. The FLB’s history of corresponding algaecide treatments are
documented in the table below. The Bolton Lakes were successful in their use of Fluoridone May
2013 to control their naiad plants. In a 2016 status update prepared by Northeast Aquatic
Research the invasive plant was removed from their ‘threat list’; “Southern Naiad [najas
guadalupensis] removed from the Threat List in 2016 based on all consecutive survey data
showing continued lack of presence since application of the herbicide; Fluoridone in 2013.”
6.2.1.4 Algaecide Permitting
In order to be able to apply algaecides, the LCIA would need to complete a “Permit
Application for Use of Pesticides in State Waters”, which takes up to 6 weeks to process. This is
a required permit through DEEP for the use of algaecides or herbicides. As the Lake has public
access, there would also need to be signage informing users of the time and type of algaecide
application.

6.3 Preventative Solutions
Looking into the future and planning for the long-term, these are suggestions that are
more cost intensive, but would have long-lasting results.
6.3.1 Septic Renovation
If the information from the surveys is expanded over the whole association, we can
assume 47% of the properties Lake Chaffee are over 30 years old and most likely are due for
replacement.

Figure 16. Age of septic systems at Lake Chaffee (Ashford Land Use Office).
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Septic installation history was researched through the distributed surveys, as well as
through records at the town clerk’s land use office. Out of 28 properties, it was found that almost
half of the systems were over 30 years old which is the age at which the EPA recommends
replacement. These results are represented in Figure 18.
Moving forward, homeowners should consider repair, renovation, or total replacement of
their septic system if they are over 20 years old. This would be an ongoing process, but would
provide long term results to reduce nutrient output into the Lake. Original septic systems have
around 20-30% phosphorus removal. Renovated septic systems with advanced baffling, longer
HRT, and biofilms can achieve up to 91% phosphorus removal. The downside to this solution is
that it is a very high out of pocket expense for individuals.
The cost to maintain/repair an existing system is usually around $1000, and they need to
be professionally maintained and inspected every 3 years. A new septic tank system costs $3,918
to install on average, with prices ranging from $1,500 to upward of $5,000. Most homeowners
spend between $3,280 and $5,040 for a 1,250-gallon system that supports 3 or 4 bedrooms.
Septic system installation with two alternating pumps costs $9,571 on average and can go up to
$15,000. Most of the shoreside residences would require the higher end of this estimate due to
the nature of the installation and proximity to the lake.
Newer septic systems use baffles to increase the retention times of wastewater in the
system, and to encourage the formation of biofilms. Biofilms help remove nutrients from the
water by increasing microbial activity, helping with sorption to the soil, and distributing effluent
throughout the leach field. It has been found that different enhanced systems that have biofilms
present, and increased HRT (hydraulic retention time) there is up to 91% removal rate of
phosphorus18. There is essentially no removal of phosphorus via older style septic tanks or
cesspools, and these older systems rely on the sorption as the water flows through the soil as a
treatment method. This is not reliable in locations such as Lake Chaffee where there is very
small lengths of soil before the effluent reaches surface waters.
There are other standards for new septic tanks that the lakefront homes may have
difficulty fulfilling due to space constraints. The standards are as follows:
1. The state of Connecticut Department of Public Health recommends that septic
leach fields be placed no less than 50 feet from open water
2. At least 18 inches above the maximum groundwater level
The research done at the Land Use Office in Ashford has shown that some properties have
treatment systems that were installed with permits that allowed for exceptions to these
specifications, with the expectation that yearly testing/maintenance would be done. Whether they
are actually maintained as needed is currently unknown.
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6.3.1.1 The Bolton Lake’s Septic Initiative
The Lake Bolton Community connected to the Manchester Sewer system with the ‘Bolton Lakes
Sewer Project.’ Over the past decade, the FBL applied for Federal grants and developed a
financial strategy to cover most of the cost of the septic system overhaul. The Bolton Lakes
Regional Water Pollution Control Authority (BLRWPCA) and the Towns of Bolton and Vernon
lined up significant grant and loan funding assistance for their sewer project. Funding for this
project came from 7 different sources:
1. The Connecticut Department of
Environmental Protection Clean Water
Fund - which will be providing grants and
long term (20 year) loans
2. The United States Department of
Agriculture Rural Development Program
- which will be providing grants and
short-term loans
3. The Federal Environmental Protection
Agency – which will be providing a grant
from the State and Tribal Grant (STAG)
Program
4. The Small-Town Economic Assistance
Program – which will be providing grants
to the Town of Bolton for use in
constructing the sewer project
5. The users of the system through sewer benefit assessments
6. The Town of Bolton will provide some funding via taxes
7. The Town of Vernon will provide some funding via taxes

Figure 17. Source Breakdown

Private residents paid no more than $10,000 for the $21.7 million dollar project. The
funding distribution is represented below.
6.3.3 Floating Island
Floating Treatment Wetlands (FTW) consist of emergent wetland plants that grow on
floating mats on a lake’s surface. These plants can utilize their roots to filter and trap nutrients as
well as provide an environment for biofilms that are able to reduce cyanobacteria levels. The
microbes in the FTW will break down the nutrients and other water-borne pollutants. To ensure
nutrients do not reenter the water body, periodic plant harvesting must be conducted. FTWs
would only have access to nutrients in the water column and would be unable to assist in the
removal of sediment nutrients. Aside from FTWs, riparian vegetation can be used as buffer zones
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between the Lake and point/nonpoint sources of pollution. These vegetated zones can intercept
nutrients and other pollutants, not allowing them to enter the water. However, the feasibility and
effectiveness are largely dependent on the surrounding land mass.
For example, a company called Floating Wetland Solutions makes a product called the
Mini BioHaven, advertised to assist in the removal of total nitrogen, total phosphorus, ammonia,
total suspended solids, and heavy metals. This setup allows for 250 square feet of concentrated
wetlands to be equivalent to an acre’s worth of wetland surface area. While the company is
unable to specifically state how much lake surface area
each floating island can, other organizations and lake
communities can be looked at for guidance. The square
Mini BioHaven ranges from 3’ by 3’ to 5’ by 5’, with
costs of $328 and $910 (Aquaculture Direct).
We expect the cost of this apparatus could be
reduced if the FTW was constructed rather than purchased.
For ideal nutrient removal, it is recommended that 20% of
the water’s surface area be FTWs. However, it would be
recommended to start with a smaller setup to familiarize
those maintaining the FTWs and residents on the lake,
then move forward if more removal is needed. For a lake
of this size, 54 acres, we suggest starting with four FTWs,
consisting of a system of 9 individual 5’ x 5’ Mini
BioHavens. This would result in an initial cost of $32,760. Figure 18. Suggested locations.

6.4 Long-Term Investments
6.4.4 Ultrasonic Algae Control
Ultrasonic waves can disrupt algae’s gas vesicles that regulate their depth and buoyancy.
Ultrasound waves create a “sound layer” in the top layer of water, sinking the cells to the anoxic
layer of the water column, ending their regrowth and killing the cells.
Ultrasound is an environmentally friendly process that does not harm any other plants or
fish. The disadvantages require the full surface area of the lake to be covered and the treatment
must be operated for a minimum duration to ensure efficiency. The commercially available
devices have a lifetime of 5 to 10 years, requiring replacement at this point but are mostly selfsustaining during this time. Initial cost for devices must be gained by inquiring with different
companies.
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For example, LG Sonic, a Dutch engineering
company, has created a product called the MPC-Buoy, a
solar powered ultrasonic algae device that controls and
monitors algae. Each device has a treatment range of 1600
feet in diameter, requiring a maximum of two devices in
Lake Chaffee, the lake is less than 1600 feet across in all
directions. A map, Figure 18, shows the ideal location of
two ultrasonic devices that could control algae growth in
the entire lake. The cost of the MPC-Buoy is $45,000,
while the MPC-Buoy Lite costs $32,500, a system with
similar ultrasonic capabilities but without water quality
monitoring capabilities (Corona Environmental
Consulting). It would be recommended to purchase one
MPC-Buoy for its monitoring abilities, and one MPC-Buoy
Lite for the ultrasonic abilities as two monitoring stations
are not needed.
Figure 19. Suggested locations.
6.4.5 Physical Mixing
Mixing apparatus can achieve destratification in the Lake. By mixing different layers of
the Lake, conditions for algal growth will be reduced. With nutrients more evenly mixed
throughout the lake, algae will have less propensity to grow in concentrated areas.
Artificial circulation has less environmental damage than chemicals. However, mixing
has proven to mostly work at the surface levels near destratifiers and has potential to resuspend
nutrients in the sediment and cause adverse algal growth.
For example, Medora Corporation has created an epilimnetic circulator (mixing top layer
of a lake), the SolarBee. Fortunately, as Lake Chaffee is a shallow lake, averaging a depth of 6
feet, no hypolimnetic circulators (mixing lower layers of a lake) would be needed. One SolarBee
apparatus can treat a radial area of 700 feet. Due to the nature of this equipment, more individual
units will be required to treat Lake Chaffee as the small land masses will break up the flow and
limit the destratification of the lake. Because of this, it would be required that three SolarBee’s
would be purchased, at a cost of $197,000 a piece (Corona Environmental Consulting). A
diagram can be viewed in Appendix B.
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6.5 Cost Summary
Table 4. Aforementioned recommendations summarized with cost, lifetime, and pros and cons.

Process

P/R

Cost ($)

Lifetime
(months)

P

0

N/A

-No cost
-Gives residents ability to
help
- No drastic changes

- Requires effort from
all residents to be
effective
- No drastic changes

R

500-1000/year
for period of
treatment

<1

- Low cost
- Easy to apply
- Can treat blooms quickly

-High long-term cost if
reapplications needed
-Potentially toxic to
wildlife

P

540

12

-Low cost solution
-No danger to other plants
and animals

-Cannot treat current
blooms
-Requires annual
application

P/R

$50009,000/fountain

120

- Aesthetically pleasing
- High cost for multiple
- Improves health of overall fountains is needed
ecosystem
- Constant power input

P

0

12

-Currently employed
strategy
-No cost

-Can negatively affect
plants and animals
living in the lake

P

1000-15,000
per system

360

-Limit nutrient input from
source
-Prevent blooms from even
starting

-High cost to individual
homeowners
-Difficult to
regulate/require

P/R

77,500

60-120

-Effective at treating
current and future blooms
-No danger to other species
-Uses solar energy

-High cost
-Potential for
maintenance costs

P

32,760

N/A

-Natural and aesthetically
pleasing solution
-Nice for animals

-Medium cost
-Requires annual
upkeep/harvesting

P/R

591,000

Lifestyle
Changes

Algaecide

Barley
Straw

Surface
Fountain
Lake
Drawdown

Septic
Renovation

Ultrasonics

Floating
Islands

Physical
Mixing

Pros

$197,000 -Uses solar energy
-Little upkeep required
-Effective at treating
current and future blooms
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Cons

-Highest cost
-Can be disruptive
-Not visually pleasing
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7. Resources
Below is a compiled list of resources that we think the LCIA may find useful in the future
as they seek funding algal bloom prevention and treatment.
1. Small Town Economic Assistance Program (STEAP)
As mentioned in the case studies, STEAP has been extremely useful to other lake
communities in funding their efforts to mitigate eutrophication.
2. EPA State and Tribal Assistance Grants (STAG)
The lake would need to appeal to the State to apply on their behalf for a grant, but it is a
possibility for substantial funding.
3. The Connecticut Department of Environmental Protection Clean Water Fund
The Clean Water Fund has a Phosphorus Project Grant for removal of P from surface
waters, and Lake Chaffee might be eligible if they can be considered a municipality. This
can help fund preventative strategies, but most likely would not apply to algaecide
expenses.
4. The Connecticut Department of Economic and Community Development (CRT)
The CRT provides low-interest loans to private citizens for the repair, replacement, or
enlargement of septic systems.
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8. Modeling Nutrient Transport
In order to determine which method of prevention or rehabilitation would best suit Lake
Chaffee, we explored the BATHTUB Simplified Technics for Eutrophication Assessment and
Prediction by William W. Walker Jr. Ph.D. This model examines how the nutrient levels
throughout the lake given certain scenarios (i.e. increased precipitation) are affected. The
BATHTUB Model takes multiple nutrient sources and environmental chemical processes into
account when developing a profile of the lake. The Lake profile includes morphology
characteristics like the shape and volume of a lake, chemical makeup, and climate, as well as
characteristics like run-off from local impervious surfaces, nutrient loading, and annual average
precipitation. The profile develops 3 sections of the Lake to evaluate them as different pools or
‘bathtubs,’ for upper, middle (we called “Dam”) and lower.
Along with allowing us to better understand such scenarios, the model was also able to
provide visual representations of the data that was easier to understand than raw data collected.
Overall, it simplified the process of predicting the effects on the lake from preventative measures
and from increased precipitation. BATHTUB showed that increased precipitation does increase
nutrient loading in the lake and how effective changes around the community really are.

8.1 Methodology
The BATHTUB model was provided with environmental data collected from various
established resources such as the NOAA’s Atlas 14 Point Precipitation Frequency Estimates
(EPA, 1999). This tool collects the average precipitation for large or small areas around the
country, and was later key in the illustration of precipitation’s effects on nutrient loading around
the Lake. The precipitation and evapotranspiration rates can be found in the figure below.

Figure 20. Global Variables used in the baseline model for Lake Chaffee in BATHTUB.
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The Lake Chaffee Improvement Association provided data for their morphological
features like average depth (6ft) and surface area (54 acres). Since the BATHTUB model uses
metric units, these were converted to about 2-3 meters of average depth depending on the
location within the lake and an average of 0.06
square kilometers for each of the lake’s three
segments.
The model requires the lake to be broken up
into segments to work most effectively. Lake
Chaffee’s size required three segments; The upper
portion of the lake, a lower portion of the lake, and a
segment near the dam. The water flow was designed
to mimic that of a real lake, so there is an inflow in
the upper lake that causes the water to either flow to
the dam, or the lower lake. The water which ends up
in the lower portion always eventually flows through
the dam away from the lake. This can be seen in the
figure below for clarification. These characteristics
were important to help carry out nutrient
transportation method calculations in the model.

Figure 21. Diagram of pools.

8.2 Precipitation
Precipitation events can lead nutrients to Lake Chaffee through water pathways. In this
model, a tributary was established in the upper pool as mentioned above. This can help
demonstrate the effects of high precipitation season. Typically, in New England, high
precipitation happens in spring or fall. Since Lake Chaffee has been afflicted by algal blooms in
the spring, that is what the model is set up to show. This can be done by altering the flow rate
and nutrient concentration of the tributary coming into the upper lake. (Since the precipitation
values mentioned above are only used to get the actual levels of concentration, the tributary
option under Edit in the model must be utilized for this illustration.)
To start, the amount of water coming into the system cannot just be increased. This will
have the model give a result that says the nutrient levels went down because the model assumes
any newly introduced water is clean of any contaminants. To properly demonstrate the effects of
increased precipitation over an area like Lake Chaffee, the concentration of nutrients and the
amount of water will need to be increased together. This is because as more water precipitates,
more nutrients will be swept up by flowing water, and the more water flowing, the higher
amounts of nutrients can be held in the water pathway. The following image is the output from
the BATHTUB model running the baseline values for Lake Chaffee during a regular spring.
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Table 5. Output from BATHTUB model for various spring rainfall scenarios for Lake Chaffee.
Condition

Total Nitrogen (ppb)

Total Phosphorus (ppb)

Baseline

64

40

2x seasonal precipitation

66

42

3x seasonal precipitation

76
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The measurements used in the Tributary section of the BATHTUB model was 10 parts
per billion for nitrogen and phosphorus. As for flow rate, it is measured in million meters cubed
per year per average period so the values put into this box need to be examined carefully and
double checked to make sure they are not just flow rates for the year. To alter the concentrations
of the nutrients coming in, the value of the box previously mentioned should be multiplied by the
concentrations of each nutrient. Once this is done, a high seasonal rainfall nutrient load can be
predicted for the lake.
The amount of phosphorus and nitrogen only increase slightly during the scenario with
twice the average seasonal rainfall, but it is a significant finding, as high rainfall seasons do
increase nutrient load over the entire season. If the season is especially rainy and has 3 times the
average rainfall for the season, the effects become more apparent.
Even without the model, the effects of high rainfall seasons can be seen around the lake
with more stagnant water and high nutrient water being flushed towards the water. These added
sources of nutrients can easily tip the lake’s ecosystem towards eutrophication.

8.3 Results
The model can show insight on how changing either the environment or how locals treat
it by taking changed nitrogen and phosphorus levels and plotting it for cross examination with
other scenarios. So first, the standard nitrogen and phosphorus levels will be shown for a
baseline on nutrient levels. The model inputs for the baseline for Lake Chaffee will be provided
in Appendix B.
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Figure 22. Baseline nutrient levels predicted from BATHTUB model.
This can be compared with other plots for Lake Chaffee to determine how the methods
described in this document would affect nutrient levels by comparing the values of predicted
nutrients levels (the red bars) with other plots. The predicted values are the computed nutrient
levels from the model based on input data. The graphs have a log-based y-axis to keep the y-axis
range the same in all diagrams. The first scenario to investigate is floating islands. The island
will be set up in the upper pool so the upper pool will have more nitrogen and phosphorus uptake
than normal. Floating islands cannot capture much nutrients, so the phosphorus and nitrogen
levels only will decrease a small amount.
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Figure 23. Nutrient levels predicted from BATHTUB using floating islands in the upper pool.
It is hard to notice, but the upper pool’s nitrogen and phosphorus levels have been
decreased from the baseline. Also, the other segments have a slight decrease in nutrient
concentration because of the lake dispersing nutrients through slow currents. This would be good
at preventing eutrophication over time, but not during a nutrient surge. Since it takes time for the
floating islands to absorb nutrients from the lake, this method would be suitable for a
preventative measure. If multiple of these floating islands are used in conjunction, nutrient levels
would continue to drop with each unit installed.
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Lifestyle changes could have the most impact on nutrient levels. Depending on the
cooperation from the community, large amounts of nutrients can be prevented from entering the
lake. The model can help illustrate this by altering the nutrient loading from each segment of the
lake. If residents can cut down on 25% of nitrogen and phosphorus emissions into the lake, the
plot for this scenario would look like this:

Figure 24. Nutrient levels predicted from the BATHTUB model with integrated lifestyle
changes.
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Now, looking back at the baseline plot, these nutrient values are considerably lower. This
could be the difference between a eutrophic lake one year or not. The only way to make these
levels of nutrients occur is through cooperation and community learning. These are also larger
drops than from floating islands. The floating island approach is more passive, so it takes longer
for nutrient levels to change. Community cooperation is stopping nutrients at the source though,
which is typically more effective than trying to remove the nutrients once they are already in the
lake. The plot also demonstrates how the active approach is more effective at decreasing nutrient
levels.
The model’s data leads to the conclusion that community lifestyle changes would be the
most effective at decreasing nutrient levels in the lake. The conclusion is nutrient loads being
decreased as the source is more effective than trying to remove the nutrients that are already in
the lake. If a large storm rushes a large amount of nutrients into the lake, the floating islands may
not be able to withstand the surge and a large buildup of nitrogen and phosphorus may occur in
the lake, leading to eutrophication. With lifestyle changes, the decreased nutrient load from
residents will act like a buffer for nutrient surges. Nutrient levels will go up, but not to alarming
concentrations.
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9. Conclusion
Each treatment strategy can be used to directly or indirectly treat and/or solve algal
blooms for Lake Chaffee, to varying degrees. Our final recommendation is to couple lifestyle
changes and barley straw application to assist in prevention of future blooms, occasional use of
algaecide as needed to directly eliminate any blooms that may still occur, and continue lake
drawdown procedures to knock back algae before the winter season.
While algal blooms have only recently become an issue for Lake Chaffee, there is still a
need to prevent any future blooms from occurring, as waiting until a bloom is present will force
more expensive and potentially damaging steps to be taken with algaecide. At this point, from
our sampling and expected future sampling results, the nutrient levels around and in the lake are
low. Maintaining this through reduction of nutrient input by changing fertilizers, limiting runoff
from properties that use leaf mulch or have pets, and ensuring detergents don’t enter the lake will
be sufficient in the LCIA’s initiative of reducing algal blooms. Further steps must then be taken
through lake drawdown and the application of barley straw to assist in the prevention of algae
growth. Finally, algaecide should be on reserve in case an aggressive bloom starts growing and
cannot be managed through current practices.
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Appendix A: Additional Text

Lake Chaffee Resident Survey
Hello, our names are Reg, Lauren, Alex, and Julia and we are all seniors studying environmental
engineering at the University of Connecticut. After requests from lake residents, we were hired to work
with the Lake Chaffee Improvement Association to create a watershed management plan to help reduce
the chances of algal blooms occurring in the lake. Algal blooms are the rapid growth of algae on the
surface of water, and often create green colored scum that can affect water quality. There are many
possible contributors to these blooms, so we need to survey a wide variety of factors in order to fully
assess the issue. In this survey, you will be asked a series of questions about your perceptions about the
lake quality, your living habits, and other pertinent topics.
If you feel comfortable, please provide your name and contact information. This information will
be held confidential and will only be used if further questions or interviews will be conducted. Thank you,
we are excited to get started!

Name: ______________ Contact Information (cell): _______________ Date: ___________________
Contact Information (home): _____________
Address: _____________________________________________________________________
Email: _____________________________________________________________________

Please answer each question as you best see fit.
1. How long have you been a resident of the Lake Chaffee community? ________________
2. What is your main concern regarding the Lake? _________________________________
3. Rate your level of concern regarding algal blooms:
No concern 1 2 3 4 5 6 7 8 9 10 Highly Concerned
4.
Have you ever, or do you currently use fertilizers on your property? Yes/No
If yes:
a. How frequently do/did you use fertilizer? ______________________________
b. Which kind of fertilizer do/did you use? (ex. compost, leaf mulch, commercial brand)
___________________________________________________________
c. Where do you apply fertilizer? (lawn, flowers, vegetables) ________________
5.
Do you currently own any pets that generate waste on your property? Yes/No
If yes, how many? ___________
6.
a.

What year was your house built? ___________
Has your septic tank been replaced since then? Yes/No/Unsure
1. If yes, when? ___________
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b.

Do you recall the last time your septic tank was emptied/maintained? Yes/No
1. If yes, when? ___________
Does your house/property ever experience flooding? Yes/No
1. If yes, how many times per year? ___________
Do you plan on doing major renovations to your property soon? Yes/No
Have you had your well water recently tested? Yes/No
Any other questions, comments, or concerns?
________________________________________________________________

c.
d.
e.
7.

Please return your completed survey by:
1. Emailing it to julia.lineweber@uconn.edu.
2. Mailing it via the prepaid envelope to 3 Discovery Drive, Storrs CT, 06268.
3. Dropping it off at Smitty’s Convenience Store for our collection.
Thank you for your help and participation in our research! If you’d like to contact us about our
project, please reach out to the email above!

Table A.1 DEEP’s 3-Tiered Approach to Citizen-Based Monitoring of Wadable Streams and
Rivers.
Monitoring

Training

Cost

Tier I

Observational data; photographs, *
written statements to monitor Lake
health

Little/None

Little/None

Tier II

Water quality measurements; DO, pH, Some, no prior
clarity etc.
experience
expected

Tier III

Watershed or waterbody-specific
intensive monitoring plans; bacteria
track-down studies, nutrient loading
assessments

Equipment, potential
website upgrade for
tracking

Advanced scientific Without scientific
training and
training; paid staff
expertise
members

*Part of The Clary Lake Association’s Tier I Plan was the creation of an Invasive Plant Patrol
(IPP) where residents and the public can report invasive species and algal blooms to their
Executive Board through their website.
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Appendix B: Additional Figures

Figure B.1 Basic diagram of a piezometer used to sample groundwater.

Figure B.2 Depiction of SolarBee process to destratify a lake.
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