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Section 1

EUTROPHICATION

EUTROPHIC CONDITIONS IN GOODYEAR LAKE

Eutrophication is the natural process of physical, chemical and biological changes, by which lakes are
enriched with nutrients, organic matter or silt that causes the water body to age. The extent to which this
progression has occurred is revealed in a lake’s trophic classification: oligotrophic (nutrient poor),
mesotrophic (moderately productive), and eutrophic (very productive and fertile). Transparency or water
clarity, chlorophyll o levels (the amount of algae present), phosphorus concentrations, volume of
macrophytes and quantity of dissolved oxygen in the hypolimnion are used to assess trophic state' (Table
1-1). Eutrophic bodies of water generally have high nutrients levels and support a large biomass. They
are typically either weedy or prone to frequent algal blooms, or both. A eutrophic lake will often support
large fish populations because of the abundant amount of energy available in the system, but are also
susceptible to oxygen depletion. Small, shallow, eutrophic lakes can be especially vulnerable to

winterkill which reduces the number and variety of fish present®.

Table 1-1. Criteria used to designate different trophic state classifications for New York State Lakes®

PARAMETER TROPHIC STATE
Oligotrophic | Mesotrophic | Eutrophic
Total phosphorus <10 pg/l 10-20 pg/l | >20 pg/l
Chlorophyll a <2 pg/l 2-8 ng/l >8 ng/l
Secchi disk transparency | >5 meters 2-5 meters | <2 meters

Goodyear Lake in Otsego County, New York is a dimictic lake. Trophic status parameters such as secchi
disk transparency, chlorophyll o (Table 1-2) and total phosphorus concentrations (Figure 1-1) indicate it
tends toward a more eutrophic state. This means it easily supports the growth of a wide variety of
organisms, both desirable and undesirable. Poor oxygen levels, 0-4 mg/1, in the hypolimnion during the
summer (Figure 1-2) also signify that it is a highly productive lake.

Table 1-2. Goodyear Lake Water Quality Data for Silliman Cove, Deepest Point & Collier’s Dam (Jun. 1999 - Feb. 2013)

PARAMETER MINIMUM | MAXIMUM | AVERAGE
Secchi disk transparency | 0.9 meters 4.5 meters 2.7 meters
Chlorophyll a - 9.45 g/l -

" Holdren, C., W. Jones, and J. Taggart. 2001. Managing Lakes and Reservoirs. N. Am. Lake Manage. Soc. And
Terrene Inst., in coop. with Off. Water Assess. Watershed Prot. Div. U.S. Environ. Prot. Agency, Madison, W1.

2 Klessig, L., C. Mechenich, and B. Shaw. 2004. “Understanding Lake Data.” Board of Regents of the University of
Wisconsin System, Madison, WI. http://www3.uwsp.edu/cnr-ap/weal/Documents/G3582.pdf.

*NYSFOLA. 2009. 2™ ed. Diet for a Small Lake: The Expanded Guide to New York State Lake and Watershed
Management. New York State Federation of Lake Associations in coop. with NYSDEC.
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Figure 1-1. Goodyear Lake Total Phosphorus at Deepest Point (summer 1999)
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Figure 1-2. Goodyear Lake Dissolved Oxygen at Deepest Point (summer 1999)
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SOURCES

While eutrophication is part of the natural aging process for lakes, human activities such as discharge of

sewage and stormwater, and nonpoint source pollution, can dramatically hasten the progression. This is

referred to as cultural eutrophication'. When considering cultural eutrophication it is useful to distinguish

between point and non-point sources of pollutants.
“Point sources include discharges from industry and domestic wastewater treatment plants as well
as agricultural point sources such as confined livestock units. Non-point or diffuse sources
include excess run-off from development, silviculture and agriculture. Point sources of pollution
are easier to identify and it is easier to design policies to reduce pollution from point sources than
from non-point sources. Non-point sources, by the very nature of the problem, are harder to
monitor and measure, as that involves dealing with a large number of agents”.”

Since the 362-square mile, Goodyear Lake watershed is primarily comprised of nonpoint pollution

sources they will be the focus of the watershed mitigation techniques to address eutrophication.

WATERSHED TECHNIQUES

The Goodyear Lake Association has the option of taking a “bottom-up” management approach to reduce
the external sources of excessive nutrient run-off and erosion in the watershed’. They could establish
long-term goals such as the implementation of best management practices (BMP's) in the watershed to
help address the problem of eutrophication in the Lake. BMP’s include techniques like controlling sprawl
through land use regulations, altering agricultural methods and creating nutrient retention ponds. While
the names of the practices may be different, they are all based on the ultimate goal of controlling runoff or

water movement, erosion and nutrient and contaminant loading (7able 1-3).

Table 1-3. Best management practices used for various watershed land-use activities®

BEST MANAGEMENT

PRACTICE DESCRIPTION

AGRICULTURE

Animal Waste Management | Controls timing, amount and form of manure application to fields

. . Planting system that maintains at least 30% of soil surface covered by residue after
Conservation Tillage

planting
Contour Farming Conducting plowing, planting, cultivating and harvesting on the contours of the field
Contour Stripcropping Strips of grass or close-growing crops are alternated with those in cultivated crops

4 United Nations Environment Programme. 2013. “Planning and Management of Lakes and Reservoirs: An Integrated Approach
to Eutrophication.” http://www.unep.or.jp/letc/Publications/techpublications/TechPub-11/5-3-1.asp.

5 Baker, J.P., H. Olem, C.S. Creager, M.D. Marcus, and B.R. Parkhurst. 1993. Fish and Fisheries Management in Lakes and
Reservoirs. EPA 841-R-93-002. Terrene Institute and U.S. Environmental Protection Agency, Washington, DC.

6 Resource Conservation Glossary. 1982. 3™ ed. Soil and Water Conservation Society of America. Ankeny, IA.
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Crop Rotation

Alternating crops with nitrogen-fixing legumes such as alfalfa

Fertilizer Management

Controls timing, amount and type of fertilizer to crops

Integrated Pest Management

Reduces pesticide applications, improves effectiveness and uses more resistant
cultivars

Livestock Exclusion

Excludes livestock from highly erodible land and land near lakes and streams

Range and Pasture
Management

Maintains vegetative cover and reduces manure loading to streams

Terraces

Shortens flow paths and improves drainage

URBAN

Flood Storage

Reduces runoff and sediment by settling particles out of the water

Porous Pavement

Allows rainfall to soak through pavement into underlying soil

Street Cleaning

By removing pollutants from pavement they will not be washed into streams during
storms

FORESTRY

Ground Cover Management

Maintains cover over soil so it is not exposed to raindrops or runoff

Pesticide/Herbicide
Management

Controls timing, amount, form and location of application

Riparian Zone Management

Maintains vegetation and ground cover along stream banks

Road/Skid Trail Reduces length of runoff flow path and erosion
Management
CONSTRUCTION
Disturbed Area Limits Restricts area of construction site that is disturbed or has ground cover removal

Nonvegetative Soil
Stabilization

Use mats, mulch or similar ground cover over the soil to reduce rainfall erosion

Surface Roughening

Reduces length of runoff flow paths to slow the water creating pools or depressions
and reduces the energy of water to dislodge and transport soil off-site

MULTI-CATEGORY

Detention/
Sedimentation Basins

Retains runoff from flood peak and allows soil particles to settle in the basin

Grassed Waterways

Runoff flows over a grassy area that protects soil and traps nutrients as it moves
toward a stream

Interception or Diversion
Practices

Intercepts runoff before the flow path becomes too long or divests the runoff away
from the lake

Maintenance of Natural
Waterways

Natural stream banks, riparian zones and wetlands trap sediment and nutrients and
limit streamside erosion

Riprap

A layer of broken rock of sufficient size are put in place to resist the erosive forces of
flowing water

Streamside Management
Zones

Maintains vegetative and ground cover next to the streambank, typically strips are 30
to 100 feet wide

Streambank Stabilization

Protects and maintains the streambank so it does not erode or fall into the stream

Vegetative Stabilization

Maintains good vegetative cover at critical locations throughout the watershed

Zoning

Legally enforceable regulations for permissible businesses, land uses and
management needs to protect lakes and streams




IN-LAKE TECHNIQUES

Alternatively, the Goodyear Lake Association could elect to implement some in-lake management

techniques simultaneously to address the symptoms of eutrophication. Their short-term goals would

consist of the reduction of rooted aquatic vegetation, algae and sediment. Questions to keep in mind

when evaluating each in-lake management option include' (Tablel- 4):

=  How effective will it be?

= How quickly can results be achieved?

= How long will the results last?

=  What are the side effects?

=  How much will it cost over time?

=  Will intended lake uses be achieved?

Table 1-4. Management options for control of algae, rooted aquatic plants and sedimentation’

TECHNIQUE

DESCRIPTION

ADVANTAGES

| DISADVANTAGES

PHYSICAL CONTROLS

Aeration or
Oxygen Addition

Mechanically adds air or
oxygen at varying depths to
relieve anoxic conditions

Oxygenated conditions
promote binding of
phosphorus and improves
aquatic organism habitat

May disrupt stratification and
supersaturate the water, both
disruptive to fish

Benthic Barriers

Mat of variable
composition laid around
swimming area or dock

Prevents plant growth and
reduces turbidity from soft
sediment

Gas buildup may cause barrier
to float, anoxic conditions
could exist and decrease fish
spawning and feeding

Circulation

Mechanically uses water or
air to keep water in motion

Reduces surface algal scum
and disrupts growth

May spread local impacts and
increase oxygen demand at
greater depths

Dilution and

Add better or similar

Dilutes nutrients and flushes

May wash zooplankton from
lake and have downstream

Flushin uality water algal builduy .
g quality g P impacts
. Reduces available nutrients, .
Lowering water level . Impacts on contiguous
. affects algal biomass and . .
Drawdown allows for sediment . wetlands and impairment of
P . allows for shoreline cleanup .
oxidation and compaction . well production
and repair
Physically remove . .
. . Temporarily removes benthic
sediment through dry or Removes algae, aquatic plants | . -
. . . invertebrates, creates turbidity
Dredging wet excavation for and pollutants and increases . .
e . and may be issues with

deposition and dewatering | water depth L

. . dredged material disposal

in a containment area

. L . May not control peripheral

Water-soluble dye mixed Limits light penetration to
Dyes and Surface . . rooted plants, also may create

with lake water or opaque inhibit algal and plant growth . .
Covers . . . 1 anoxia at sediment-water

sheets added without increasing turbidity .

interface
. Highly flexible control, ma May spread undesirable
. Collection of algal scums gty o1, may Y SP .

Mechanical or plants with harvesters remove other debris and create | species by fragmentation,
Removal P ’ a balance between habitat and | increase turbidity and is labor

hand pulling or cutting

recreational needs

intensive
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Creation of in-lake areas
like, forebays and wetlands,

Reduction in nutrient levels,

Habitat value of new detention

Pollutant Capture . . . areas and removal of sediment
to capture incoming algae and multiple pollutants
from those areas
pollutants
. Creates poor water qualit
Discharge bottom water . p d Y
. ) Efficiently removes targeted downstream and can be an
Selective that may contain low S . .
. . water and initial phase of algal | unintended drawdown if
Withdrawal oxygen and excessive

nutrients

bloom in deeper water

inflow does not match
withdrawal

CHEMICAL CONTROLS

Algaecides and

Add a liquid or pelletized
substance that is toxic to

Quickly removes algae from
water column with increased

Toxicity to non-target species,
restrictions on water use after
treatment and may increase

Herbicides algae and specific plants clarity and kills submersed and .
oxygen demand from decaying
usually once a year emergent plants .
material
Bin hosph in T . .
. . . ds to phosp orus wate May cause fluctuations in pH
Aluminum, iron or calcium | column and settles it, : .
Phosphorus L L during treatment, and if those
. salts are added in liquid or | minimizes release of >, . .
Inactivation . conditions exist may be toxic
powder form phosphorus from sediment and to fish
increases clarity
. Add oxidants, binders and Binds to phqsphorus and Affects benthic organisms and
Sediment . L reduces nutrient supply to .
L pH adjusters to oxidize . longevity of effects are not
Oxidation . algae and decreases sediment
sediment well known
oxygen demand
. . an change composition of Through uncertain biological
. Nutrient ratio altered c ge comp : e &
Selective o algal communities by altering | response algal abundance may
. .. through addition of selected . . . .
Nutrient Addition the nitrogen to phosphorus increase and it may require

nutrients

ratio and reduce algal levels

frequent applications

BIOLOGICAL CONTROLS

Barley Straw

Input of barley straw may
cause chemical reactions
that inhibit algal growth

An inexpensive technique
where algae decline is more
gradual and therefore demands
less oxygen

Success linked to
uncontrollable water chemistry
characteristics and some forms
of algae may be resistant

Biomanipulation

Stock piscivorous fish to
remove planktivorous fish
to increase herbivorous
zooplankton or add
herbivorous insects to feed
on selected plants

Decreases algae and plants,
increases harvestable fish and
potentially provides continued
control with one treatment
without negative effect on
non-target plant species

Highly variable response, may
involve non-native species
introductions and incomplete
control may be likely

From a long-term perspective the condition of the Lake is primarily determined by the quality and

quantity of water entering it. Although biological interactions, sediment release of nutrients and

morphometry may affect the Lake, it is evident that attempts to manage eutrophication will be

overwhelmed by continued loading of nutrients, organic matter and silt from the watershed. Still,

watershed management is not the only solution, once rooted aquatic vegetation takes over and internal

nutrient cycles continue to support algal blooms, no amount of watershed management will help.

Therefore, when it comes to addressing the problem of eutrophication in Goodyear Lake it is necessary to

have watershed management and in-lake management techniques that complement each other, not replace

1
one another .
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