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1.0  Executive Summary
This report presents the findings of the Three Lakes Diagnostic-Feasibility Study 
and Lake and Watershed Management Plan. Sample collection, data analysis, 
and report writing were conducted by Michael R. Martin, CLM of Cedar Eden 
Environmental, LLC. Lake sample analyses were conducted by the F. X. Browne, 
Inc.  water  quality  laboratory  in  Marshalls  Creek,  PA.  Plankton  analyses  were 
conducted by PhycoTech Inc in St. Joseph, MI.

A glossary of  lake and watershed terms is  provided in Appendix A. All  water 
quality data are presented in Appendix B. Dissolved oxygen and temperature 
profiles are presented in Appendix C.

1.1  Background

This  study  was  initiated  in  the  spring  of  2004,  following  an  examination  and 
preliminary  recommendations  developed  in  the  fall  of  2003.  The  study  was 
designed to evaluate lake and watershed conditions so that a management 
plan could be developed for the Three Lakes.

1.2  The Lakes

Lake Rippowam is  a 34 acre lake,  with  a maximum depth of 20 feet and a 
flushing rate of about 4 times per year. Lake Oscaleta is a 65 acre lake, with a 
maximum depth of 36 feet and a flushing rate of about 3 times per year. Lake 
Waccabuc is a 138 acre lake, with a maximum depth of 44 feet and a flushing 
rate of about 1.2 times per year.

1.3  The Watershed

The Three Lakes watershed is approximately 2,200 acres (890.3 ha) in size. It has 
steep  slopes along  the  northern  edge  of  the  watershed,  starting  along  the 
northern bay of Lake Waccabuc and continuing across the entire north shore of 
Lake Rippowam. Slopes in excess of 70 percent can be found in these areas. 
Most of  the  watershed soils  (85  %)  are very limited for  septic  systems due to 
slopes, low permeability, and/or depth to bedrock 

1.4  Water Quality

Lake  Rippowam  and  Lake  Oscaleta  were  borderline  eutrophic  and  Lake 
Waccabuc was eutrophic.  Lake Oscaleta had the best  water  quality  overall 
while  Lake  Waccabuc  had the  worst  overall  water  quality.  Lake  Rippowam 
experienced  a  severe  algae  bloom  in  September,  while  Lake  Waccabuc 
experienced algae blooms throughout the summer.
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1.5  Nonpoint Source Problem Areas

A number of nonpoint source problem areas and issues were identified during 
the  study.  Significant  categories  of  nonpoint  source  pollution  include 
streambank  erosion,  drainage  ditches,  roadside  erosion,  and  sediment 
transport.

1.6  Management Recommendations

The  following  are  a  list  of  management  recommendations  presented  in  this 
report.  These are organized by lake in Section10 of this report.

Research Needs

Lake Water Quality Monitoring
Stream Water Quality Monitoring
Stream Channel Geomorphic Study
Fisheries/Food Web Study

Shared Recommendations

Land Stewardship
Homeowner Best Management Practices

Increased Use of Buffers
Use of Non-phosphorus Fertilizers
Pet Waste Management

Construction Site Erosion and Sedimentation Pollution Control
Gully and Streambank Stabilization
Golf Course Management
Road and Culvert Maintenance
Riparian Corridor Maintenance
Invasive Species Control
Control of Purple Loosestrife
Public Education Program 
Find alternative for orthophosphorus in water supply (Rippowam, Oscaleta)
Replace old septic systems with alternative systems

In-Lake Management Recommendations

Lake Aeration – Lake Oscaleta, Lake Waccabuc
Alum Treatment – Lake Rippowam, possibly Lake Oscaleta
Aquatic Plant Control – mechanical/chemical

7
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2.0  Introduction
This  report  presents  the  findings  of  the  Diagnostic-Feasibility  Study  of  Lake 
Rippowam, Lake Oscaleta, and Lake Waccabuc. For the purposes of this report, 
the lakes will collectively be referred to as the “Three Lakes” and are individually 
referred  to  in  order  of  upstream  to  downstream  (Rippowam  –  Oscaleta  – 
Waccabuc). Sections of the report address the lakes somewhat collectively to 
avoid redundancy, such as the water quality section that contains explanations 
of  each water  quality  parameter,  followed by the particular  results  for  each 
lake. This report would quickly become unwieldy if it  was written as separate 
reports for each lake. In addition, the lakes are interrelated due to their shared 
watershed, and discussions of one lake often involve the effects  of the other 
lakes.

2.1  Project Objectives

The Three Lakes Diagnostic-Feasibility Study was initiated in the fall of 2002 by the 
Three Lakes Council, following an initial assessment of the lakes conducted by 
Cedar Eden Environmental, LLC in September 2002. The purpose of this project 
was to describe conditions and trends in the lakes and subwatersheds, identify 
potential nonpoint source problem areas, and  develop a long-term lake and 
watershed management plan for  the  Three Lakes Council.  The scope of  the 
project was developed based upon recommendations presented to the Three 
Lakes Council  in  the 2002 report1,  taking into  account available resources of 
time and budget. 

Water quality in the Three Lakes has been of concern for many years. Presently, 
perceived water quality issues from lake owners includes increasing difficulty in 
boating  through the  channels  (mostly  the  channel  between Rippowam and 
Oscaleta),  excessive weed growth,  algae blooms,  lack of  water  clarity,  and 
direct storm drain inputs into the lake.

2.2  Description of Lakes and Watershed

The Three Lakes watershed is located in  the town of Lewisboro, West Chester 
County,  NY  within  the  Lower  Hudson  drainage (Figure  2.1).  A  portion  of  the 
watershed is also located in Ridgefield, Fairfield County,  CT. The watershed is 
approximately 2,200 acres (890.3 ha) in size.

Lake Rippowam is approximately 20 feet deep. The lake experiences periodic 
algae blooms, although the duration, intensity, and phytoplankton composition 
of these blooms has not been studied. The observed macrophyte community 
consisted primarily of water lilies at the eastern end of the lake, with submergent 
1  “Lake & Watershed Management Recommendations  for  Lakes Oscaleta,  Rippowam, and 
Waccabuc”  by Michael R. Martin, CLM, Cedar Eden Environmental, LLC , December 2002
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vegetation mixed in at that location and present at scattered locations along 
the rest of the shoreline. 

Lake  Oscaleta  is  approximately  30  feet  deep.  Water  quality  is  described as 
being the best of the three lakes. A public beach is located at the north-western 
end of the lake. The macrophyte community is  dominated by  Potamogeton 
amplifolius (bassweed) and Myriophyllum spicatum (Eurasian milfoil – EWM). The 
bassweed is thick, particularly at the western end of the lake, where it appears 
to be displacing the EWM. NYS Fisheries reports that the state record white perch 
(3 lb. 1 oz.) was caught in Lake Oscaleta in 1991.

Lake  Waccabuc  has  three  main  inlets,  including  a  dug  channel  from  Lake 
Oscaleta plus two streams which drain the extreme northwest and southwest 
portions of the watershed. The outlet of Lake Waccabuc and the entire Three 
Lakes watershed is located along the southeastern shore.  Lake Waccabuc is 
approximately 45 feet deep and has been experiencing water quality problems 
for many years. There are more than ninety storm drains that flow into the lake. 
The macrophyte community was dominated by a narrow ring of EWM around 
most of the shore. In shallower bays, the EWM was more dense. It is estimated 
that EWM has been present in the lake since the 1960s. NYS Fisheries reports that 
the state record hybrid striped bass (11 lb. 2 oz.) was caught in Lake Waccabuc 
in 2000.

Topography

The  topography  of  the  Three  Lakes  watershed  consists  of  rolling  hills  to  the 
southwest and steeper slopes to the north and east. The steepest slopes occur 
along the northern edge of the watershed, starting along the northern bay of 
Lake  Waccabuc  and  continuing  across  the  entire  north  shore  of  Lake 
Rippowam. Slopes in excess of 70 percent can be found in these areas. A map 
of slopes is presented in Figure 2.2.

Soils

The  soils  of  the  NY  portion  of  the  watershed  are  primarily  of  the  Charlton, 
Chatfield,  Hollis,  Paxton,  and Woodbridge groups  (digital  soils  data  was  not 
available for the Connecticut portion of the watershed). These soils are noted 
for their limitations for use with subsurface wastewater disposal (septic) systems. 
Within  the  watershed,  the  Charlton  soils  are  primarily  very  limited  for  septic 
systems due to slope. The Chatfield soils are very limited for septic systems due to 
depth  to  bedrock,  slope and restricted permeability.  The  Hollis  soils  are very 
limited for septic systems due to depth to bedrock and slope. The Paxton and 
Woodbridge  soils  are  very  limited  for  septic  systems  due  to  restricted 
permeability, depth to saturated zone, and slope. Altogether, only about two 
percent of the watershed had no soil limitations for septic systems, 13 percent of 

9
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the watershed had slight limitations for septic systems, and 85% of the watershed 
was very limited for septic systems. A map of soil suitability for septic systems is 
presented in Figure 2.3.

10
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Figure 2.1 here – Location
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Figure 2.2 here – Slopes
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Figure 2.3 here – Soils
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Land Use

Current Land Use

2Watershed  land  use  appears  to  be  a  mix  of  moderate  density  residential 
development and undeveloped land consisting primarily of mixed forests and 
wetlands. Much of the moderate density development is located near the lakes, 
while areas away from the lakes tend to consist of low density residential, rural or 
undeveloped in nature. Newer development within the watershed appears in 
the aerial  photographs (taken between 1994 and 2000) but not in the USGS 
topographic maps which are based on 1941 aerial photographs and were last 
revised in 1958.  A 1990 edition DOT digital  quadrangle overlay of  roads and 
structures was also examined, which shows a level of development that closely 
matches the aerial photographs.

3Land use in the Three Lakes watershed was determined by GIS analysis of the 
National Land Cover Data (NLCD) for New York State (USGS & US EPA 2000). The 
base data set  for  this  project  was  leaves-off  Landsat  TM data,  nominal-1992 
acquisitions (August 1990 - Sept 1994). The spectral reflectance of the satellite 
imagery was converted into 21 land use classes based upon the NLCD Land 
Cover Classification System Key (Rev. July 20, 1999). The NYS land use data layer 
was obtained in USGS Grid file format. The Three Lakes watershed boundaries 
were reprojected to match the grid projection and used to clip out a landuse 
grid for the watershed areas. 

Based  upon  the  NLCD  data,  land  use  in  the  Three  Lakes  watershed  is 
predominantly forest (64 percent).  Open water  and wetlands account for 19 
percent of the watershed area. Approximately 6 percent of the watershed is 
residential  or  commercial,  and  12  percent  of  the  watershed  is  open  lands 
(grasslands,  etc.).  The  land  use  for  each  watershed  by  NLCD  category  is 
presented in Table 2.1, Table 2.2, and Table 2.3 in the following sections. Note 
that categories such as “row crops” and “pasture/hay” may indicate fields or 
orchards where no agricultural activities are present. Also note that downstream 
watersheds  include  the  land  area  from  upstream,  so  the  Lake  Waccabuc 
watershed includes the watershed of Lake Oscaleta and Lake Rippowam. Land 
use is shown graphically in Figure 2.4.

14
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Figure 2.4 here – land use
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Lake Rippowam 

Development around Lake Rippowam consists of the Twin Lakes Community on 
the southern shore of the lake, developed primarily during the 1950s and served 
by individual  on-site  septic  systems.  The  northern  shore of  the  lake is  steeply 
sloped, forested, and undeveloped. Extensive forested wetlands are located at 
the eastern inlet and western outlet ends of the lake. There is no defined inlet to 
the lake and the outlet consists of a channel dug between Lake Rippowam and 
Lake Oscaleta.

Table 2.1
Land use within the Lake Rippowam Watershed by NLCD Category

Land Use Category Percentage Approx. acreage
Open Water 6.7 67.9
Low Intensity Residential 1.4 14.0
High Intensity Residential 0.2 2.1
Commercial/Industrial/Transportation 0.0 0.0
Deciduous Forest 39.5 402.8
Evergreen Forest 10.5 106.5
Mixed Forest 31.5 320.9
Pasture/Hay 2.3 23.8
Row Crops 0.9 8.9
Urban/Recreational Grasses 0.1 1.3
Woody Wetlands 6.9 70.5
Emergent Herbaceous Wetlands 0.0 0.4
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Lake Oscaleta 

Development  around  Lake  Oscaleta  consists  primarily  of  The  Twin  Lakes 
Community developed in the 1950s along the northern shore and of a cluster of 
camps  developed  along  half  of  the  southern  shore  during  the  early  1900s. 
Homes in the Twin Lakes Community are served by individual on-site subsurface 
wastewater disposal systems (septic systems). The shoreline is well forested and 
the direct watershed is well defined by low ridges to the north and south of the 
lake. Extensive forested wetlands are located at the eastern inlet and western 
outlet ends of the lake. A direct channel from Lake Rippowam was created at 
some point in time to allow water to flow more directly from Lake Rippowam, 
bypassing the inlet wetland.

Table 2.2
Land use within the Lake Oscaleta Watershed by NLCD Category

Land Use Category Percentage Approx. acreage
Open Water 18.7 357.2
Low Intensity Residential 1.6 30.3
High Intensity Residential 0.2 3.9
Commercial/Industrial/Transportation 0.0 0.0
Deciduous Forest 39.8 759.4
Evergreen Forest 0.0 0.0
Mixed Forest 23.3 444.3
Pasture/Hay 4.7 88.7
Row Crops 0.9 17.9
Urban/Recreational Grasses 0.5 9.3
Woody Wetlands 10.2 164.5
Emergent Herbaceous Wetlands 0.0 0.8
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Lake Waccabuc 

Development around Lake Waccabuc is concentrated along the northeastern 
shore, where high density residential  development is  located in several  bays. 
There is also a small cluster of homes along the southeastern end of the lake. 
Most of the homes are served by individual on-site septic systems, except for the 
cluster of camps on the southeastern shore, which are served by holding tanks. 
Much of the northwest and southwestern shores are undeveloped, and includes 
some  land  along  the  southwest  shore  of  the  lake  that  is  owned  by  the  a 
Conservancy.  A steeply sloping ridge runs next to the lake along the central 
north shore.

Table 2.3
Land use within the Lake Waccabuc Watershed by NLCD Category

Land Use Category Percentage Approx. acreage
Open Water 14.6 315.6
Low Intensity Residential 4.7 102.0
High Intensity Residential 0.1 2.3
Commercial/Industrial/Transportation 0.9 18.5
Deciduous Forest 21.9 473.9
Evergreen Forest 11.8 256.3
Mixed Forest 30.1 651.4
Pasture/Hay 5.6 121.7
Row Crops 0.4 9.2
Urban/Recreational Grasses 5.7 123.1
Woody Wetlands 4.2 91.9
Emergent Herbaceous Wetlands 0.0 0.3
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Land Use Trends

Population and housing units within the Town of Lewisboro exhibited a period of 
accelerated  growth  beginning  in  about  1950.  Population  within  the  Town 
appears to have stabilized in the mid-1980s, while housing units  continued to 
increase to the present day, as can be seen in Table 2.4 and Figure 2.5. This 
period  of  accelerated  growth  beginning  in  the  middle  of  the  past  century 
coincides with reported growth patterns around the Three Lakes.

Table 2.4
Town of Lewisboro Population and Housing growth2

Year Housing Units Population Population Data Source
1920 1,069 Census
1930 1,427 Census
1940 966 1,929 Census
1950 1,240 2,352 Census
1960 1,729 4,165 Census
1970 2,198 6,610 Census
1980 3,006 8,871 Census
1984 3,499 10,228 Town Plan
1986 3,942 11,350 Increase based on building permits
1987 4,033 11,650 Increase based on building permits
1988 4,157 12,000 Increase based on building permits
1990 11,313 Census
2000 12,324 Census
2002 4,863
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Figure 2.5 Population growth and housing unit trends in Lewisboro (1920 – 2002)

2 Compiled by Paul Lewis, 2/17/2004; Sources: 1920 to 1980 – Town Master Plan of 1985, 1980 to 
1988 – Town Planning Department, 1990, 2000 & 2002 – Town Clerk; Note: Condos and accessory 
apartments included.
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Water & Wetlands

An  analysis  of  water  and  wetlands  within  the  Three  Lakes  watershed  was 
conducted using the US Fish & Wildlife Service National Wetlands Inventory data. 
The  water  and wetlands  of  the  watershed are  summarized in  Table 2.5  and 
presented in Figure 2.6. Excluding lakes, the watershed contains 123.7 acres of 
wetlands, of which 89 percent are forested wetlands, and the remaining are 
either unconsolidated bottom wetlands (7 percent) or scrub-shrub wetlands (4 
percent). Extensive forested wetlands are located on the inlet and outlet ends 
of Lake Rippowam and Lake Oscaleta. Much of the flow from the Connecticut 
portion of the watershed passes unchannelized through the wetland complex at 
the eastern ends of Lake Rippowam and Lake Oscaleta.

Table 2.5
Water and wetlands within the Three Lakes watershed

Wetland Class Acreage
Lakes 263.6
Emergent Wetlands 0.2
Forested Wetlands 110.5
Scrub-Shrub Wetlands 4.6
Unconsolidated Bottom Wetlands 8.4

Figure 2.6 here – Wetlands
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Past Management Activities and Data

A system of hypolimnetic aerators was installed in Lake Waccabuc around 1970 
and these are generally in operation from late spring until early fall. The aerators 
were updated in 2001 with the installation of new diffusers. 

The fisheries in the lakes have been manipulated by stocking over the years, 
although no data were available during this study. NYS Fisheries (DEC Region 3) 
now considers the lakes private and does not have any recent data, although 
“Watershed File” reports are available for all three lakes for 1936 and 1954. These 
reports were not made available for analysis.

It is reported that the Adirondack Lake Survey Corporation (ALSC) conducted 
studies of Lake Oscaleta and Lake Waccabuc in 1987, although that data does 
not appear in the readily available ALSC data sources and were therefore not 
available for  analysis.  Lake Waccabuc participated in  the NYS DEC’s  CSLAP 
from 1986 - 1996. The CSLAP data were provided by NYS DEC.
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3.0  Water Quality

3.1  Methodology

Water Chemistry

The Three Lakes were sampled once per month from May through September 
2003 at stations established near the deepest portion of each lake. On each 
sampling date, samples were collected within the epilimnion (1½ meters below 
the surface) and hypolimnion (approximately 1½ meters above the bottom) at 
each station. These samples were analyzed for total phosphorus, nitrate/nitrite 
nitrogen, pH, alkalinity, and specific conductivity. Additional composite samples 
of the upper two meters of the water column were collected for chlorophyll  a 
determinations.  Temperature  and  dissolved  oxygen  profiles  and  Secchi  disk 
transparencies  were  measured  in  the  field  at  each  station  using  an  air 
calibrated  YSI  Model  95  digital  dissolved  oxygen  meter  and  a  standard 
limnological Secchi disk.

Once collected, samples were placed in a cooler with ice packs. Once sample 
collection was completed, the samples were processed (chlorophyll  a samples 
were filtered, nutrient samples were preserved with concentrated sulfuric acid) 
and shipped via overnight carrier to the water quality laboratory for analysis. All 
analyses were completed using Standard Methods for the Examination of Water 
and Wastewater 19th Edition. All water quality data are provided in Appendix B.

Oxygen Depletion Rates

A study to determine the oxygen depletion rates of the lakes was conducted by 
Three Lakes Council volunteers. Dissolved oxygen and temperature profiles were 
measured at the three lake stations on a frequent basis from early spring after 
ice out until stratification was fairly well developed in May. The purpose of this 
study is to determine how quickly oxygen is depleted within the bottom waters 
of each lake as the lake becomes stratified. This information is used to determine 
sediment  oxygen  demand,  which  in  turn  is  used in  decisions  related  to  the 
restoration of oxygen in bottom waters.

Phytoplankton & Zooplankton

Samples for phytoplankton analyses were collected from the Three Lakes at the 
same stations  and times  as  the  water  chemistry  in  June,  July,   August,  and 
September. At each lake station, a composite sample was collected from the 
upper two meters, mixed proportionately within a large container, and a 250 mL 
bottle  subsample  was  collected  and  preserved  using  Lugol’s  Solution.  The 
preserved phytoplankton sample was placed in a cooler with ice packs for later 
shipment to the analytical laboratory.  Samples for zooplankton analyses were 
collected from the Three Lakes at the same stations  and times as the water 
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chemistry  in June, July,   and September.  At each lake station,  a 153 micron 
Wisconsin-bucket plankton net was lowered to the thermocline depth or lake 
bottom where a clear thermocline was not present. The net was retrieved to the 
surface using a steady  rate  and the  zooplankton sample was  concentrated 
within the Wisconsin bucket. The sample was placed in a glass jar and preserved 
with 70% ethanol and placed in a cooler with ice packs for later shipment to the 
analytical  laboratory.  The  preserved  plankton  samples  were  shipped  via 
overnight carrier to the water quality laboratory for analysis.

3.2  Lake Ecology Primer

4The ecological  condition of  any lake is 
the summation of the physical, chemical, 
and  biological  processes  that  occur 
within  it.  Temperature  and  dissolved 
oxygen measurements are usually reliable 
means  of  evaluating  the  ecological 
condition of a lake. Life processes in the 
upper, well-lit waters  result  in the uptake 
of nutrients by algae and in the resultant 
production  of  oxygen  and  organic 
material. At the lake bottom, the absence 
of light results in an environment which is 
colder  than  the  surface  and  often 
reduced or  devoid of  dissolved oxygen. 
Photosynthetic  production  by  green 
plants  is  the predominant life process at 
the  surface  while  bacterial 
decomposition of organic matter is the predominant process at the bottom. The 
supply  of  dissolved  oxygen  at  the  bottom  may  be  depleted  by  bacterial 
decomposition  and  by  various  chemical  processes  associated  with  nutrient 
cycling. 

Dissolved oxygen is necessary to support most forms of aquatic life. A minimum 
dissolved oxygen concentration of 5.0 milligrams per liter is required to support 
most  fish.  Warm  water  fish,  such  as  bass  and  perch,  often  survive  at  lower 
oxygen  levels.  Oxygen  levels  in  a  lake  are  directly  related  to  the  physical, 
chemical and biological activities occurring in the lake water. Dissolved oxygen 
measurement is therefore an excellent indicator of the overall water quality of a 
lake. Additional information about a lake is gained by monitoring for nutrient 
levels, transparency, and the amount and types of algae present.

Although a lake may appear to be in equilibrium, two types of natural long-term 
successional changes occur: (1) the lake gradually fills in with sediment from the 
erosion  of  streams  and  surrounding  land  areas;  and  (2)  eroded  sediments 
deposited into the lake are usually rich in nutrients  which stimulate increased 
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plant  growth.  The  process  is  further  accelerated  by  the  increase of  organic 
nutrients  derived from dead plants  and animals  as  the number of  organisms 
increase within  the  lake.  This  process  of  succession,  called  eutrophication  in 
lakes, causes the lake to fill in and become shallower. As it continues, the types 
of animals and plants within the lake's ecosystem also begin to change. Game 
fish such as bass, pike, and pan fish may be replaced by rough species such as 
carp, suckers, and bullheads. Rough fish are better adapted to live in a lake 
which is relatively old on the time scale of succession. As the process of filling in 
continues, eventually the lake or pond becomes a herbaceous and shrub/scrub 
wetland. If conditions are right, a forested wetland takes over. Depending on 
environmental  conditions,  the  process  of  natural  eutrophication  may  take 
hundreds  or  even thousands  of  years.  The  actions  of  people,  however,  can 
considerably accelerate this aging process.

Lake water quality is a direct reflection of the water quality of the watershed. 
The term “watershed” is defined as all lands that eventually drain or flow into a 
lake (...“all waters that are shed to a lake”). Potential sources of water to lakes 
are streams (tributaries), surface runoff (overland flow from lakeside properties), 
drainage  systems  (stormwater  drains  piped  into  the  lake),  groundwater 
(interflow),  and  precipitation.  The  water  quality  of  these  water  sources  are 
greatly  influenced  by  watershed  characteristics  including  soils,  geology, 
vegetation,  topography,  climate,  and  land  use.  In  developed  watersheds, 
water  quality are greatly influenced by human actions, including wastewater 
disposal,  construction  activities,  and  the  use  of  fertilizers.  Typical  land  uses 
encountered  in  a  watershed  are  wetlands,  forests,  agriculture,  residential, 
commercial,  and industrial.  With  regards to water  quantity,  larger watersheds 
contribute larger volumes of water to lakes and vice versa.

The  water  quality  of  the  Three Lakes  is  the  result  of  chemical,  physical,  and 
biological interactions of  the aquatic system within each lake and within the 
surrounding watershed. Nutrients  such as nitrogen and phosphorus, as well  as 
suspended solids, are present in the stormwater runoff from the forested and 
developed land throughout the entire watershed. Eventually, the sediment and 
nutrient-laden stormwater enters the tributaries and is ultimately deposited in the 
lakes.  Nutrients  and  sediments  are  also  present  in  overland  flow,  which  is 
deposited directly from the lands adjacent to the lake.

3.3  Water Quality Results

Units of measure

Water quality results are often expressed as concentrations in milligrams per liter 
(mg/L) or its equivalent of parts per million (ppm) and micrograms per liter (μg/L) 
or  its  equivalent  of  parts  per  billion  (ppb).  The  various  units  of  measure  are 
related as follows:
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1 mg/L = 1 ppm; 1 μg/L = 1 ppb, 1 ppm = 1,000 ppb
for example: 0.020 mg/L (ppm) = 20 μg/L (ppb)

Summary of Results

5Results of the water quality monitoring of the Three Lakes are summarized in 
Table 1. The individual parameters are discussed in the sections that follow. All 
water quality data are presented in Appendix B.

Table 3.1
Summary of Water Quality Results (average values) for the Three Lakes

Station
Secchi

Transparency
(m)

Total 
Phosphorus 

(mg/L)

Nitrate/Nitrite
Nitrogen
(mg/L)

pH
(s.u.)

Alkalinity
(mg/L)

Chlorophyll 
a

(μg/m3)
Conductivity
(uMhos/cm)

Rippowam 
Epilimnion 2.81 (9.2 ft) 0.026 0.006 7.6 44.4 8.5 203.0

Rippowam 
Hypolimnion - - - - 0.072 - - - - - - - - - - - - - - - - - - - -

Oscaleta 
Epilimnion 3.36 (11.0 ft) 0.026 0.005 7.7 30.4 5.7 159.2

Oscaleta 
Hypolimnion - - - - 0.082 - - - - - - - - - - - - - - - - - - - -

Waccabuc 
Epilimnion 2.42 (7.9 ft) 0.040 0.005 8.4 44.8 13.3 191.8

Waccabuc 
Hypolimnion - - - - 0.129 - - - - - - - - - - - - - - - - - - - -

Dissolved Oxygen and Temperature

Vertical mixing within the water  column of a lake is a function of the water's 
temperature  dependent  density  gradient.  Cold  water  is  denser  than  warm 
water.  In the  spring and fall  lakes  generally  become isothermal  (entirely  the 
same temperature) and lake water circulates freely from top to bottom. As the 
surface water  heats  up in  late  spring/early  summer,  this  water  becomes less 
dense. When a lake is deep enough, and/or sheltered from the wind, the water 
at the bottom of the lake remains cold throughout the summer and does not 
mix with the warm, low density surface water. The lake is then essentially divided 
into  three  different  compartments.  The  cold  bottom  waters  make  up  the 
hypolimnion, and the warm surface water is called the epilimnion. The transition 
zone where temperatures change rapidly with depth is termed the metalimnion. 
The thermocline lies within the metalimnion and is the horizontal plane where the 
maximum change in temperature with depth occurs. 

The  amount  of  oxygen  dissolved  in  a  lake  plays  an  important  part  in  its 
ecosystem.  EPA  guidelines  for  dissolved  oxygen  concentrations  for  adult  life 
stages of fish are 5.0 mg/L for warmwater species and 6.5 mg/L for coldwater 
species  (US  EPA  1986).  EPA  also  established  minimum  dissolved  oxygen 
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concentrations  at different  levels  of  fish impairment.  The levels  of  production 
impairment for adult salmonids (cold-water fish) are: none at 8 mg/L, slight at 6 
mg/L, moderate at 5 mg/L, severe at 4 mg/L, and acute mortality at 3 mg/L. 

Lakes receive most of their oxygen from the atmosphere through gas exchange 
at the water's  surface. In deeper lakes that stratify,  the colder bottom water 
(hypolimnion) is isolated from the oxygen entering the upper water (epilimnion). 
If the lake sediments are rich in organic matter, bacterial decomposition uses up 
the oxygen in the bottom waters and the hypolimnion becomes hypoxic (less 
than 2.0 mg/L of oxygen) or anoxic (without oxygen). If this occurs, cold water 
fish habitat is lost, and phosphorus within the sediments may be released into the 
overlying water.

Profile Data

Dissolved  oxygen  and  temperature  isopleths  are  presented  in  Appendix  C. 
Isopleths plot data gathered from individual profiles over time, producing a time 
series  contour  plot  that  shows  changing  levels  of  dissolved  oxygen  and 
temperature over depth. 

Lake Rippowam

Lake Rippowam began to stratify in early May and developed a well-defined 
epilimnion by early July. A well-defined hypolimnion does not develop in Lake 
Rippowam due to its  shallowness, and a temperature gradient existed during 
the summer from the epilimnion to the lake bottom. Peak stratification occurred 
from late July to late August.  Despite the lack of a well-defined hypolimnion, 
dissolved  oxygen  depletion  did  occur  in  the  bottom  of  Lake  Rippowam, 
beginning in early April. By the beginning of May, the lake bottom had dissolved 
oxygen concentrations of less than 2 mg/L. Bottom dissolved oxygen levels were 
below 1 mg/L from mid-May through the end of the study in late September 
from the bottom at 6 meters up to a depth of about 4 meters.

Lake Oscaleta

Lake Oscaleta began to stratify in early May, with a well-defined epilimnion and 
hypolimnion forming by late May. Peak stratification occurred from late June to 
late August. Dissolved oxygen in the bottom waters began to decline in April, 
with  bottom dissolved oxygen concentrations  dropping below 2 mg/L in late 
May and below 1 mg/L in late June. Dissolved oxygen concentrations remained 
below 1 mg/l from the bottom at 11 meters up to a depth of 7 meters from June 
to beyond the end of the study in late September.

Lake Waccabuc

Lake Waccabuc began to stratify in early May and developed a well defined 
epilimnion and hypolimnion in mid-May. Peak stratification occurred from late 
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May  to  mid-September.  Thermal  stratification  was  somewhat  eroded  at  the 
bottom of the thermocline, with temperatures slowly rising within the hypolimnion 
over the course of  the study,  perhaps due to  the operation of  the  aerators. 
Dissolved oxygen in the bottom waters was low at the sediment interface from 
the start of the study in early April and began to decline within the hypolimnion 
by late April.  Dissolved oxygen was essentially 0 mg/L at the sediment-water 
interface  from  early  May  to  at  least  late  September.  Dissolved  oxygen 
concentrations were less than 1 mg/L from the bottom at about 14 meters up to 
as high as 5 meters.

Oxygen Depletion Rates

The  oxygen  depletion  rate  is  a  measure  of  the  sediment  oxygen  demand 
determined by calculating the rate at which oxygen is removed from a lake’s 
hypolimnion  as  thermal  stratification  develops  in  the  spring.  The  rate  is 
calculated as a mass of oxygen removed by bacterial and chemical oxygen 
demand in the lower waters  of the lake by taking frequent dissolved oxygen 
profile  measurements  in  the  spring  and  multiplying  the  dissolved  oxygen 
concentrations in the bottom water by the bottom water volume. Higher rates 
indicate that a lake will lose its oxygen quicker and to a greater degree. Higher 
rates  also  indicate  that  attempts  to  restore  bottom  water  oxygen  through 
aeration would require greater amounts of oxygen be pumped into the lake.

The  oxygen  depletion  rates  for  the  Three  Lakes  are  shown  in  Table  3.2.  For 
comparison, the minimum, maximum, mean and median rates are shown for 
each lake. For the purposes of lake management, the maximum rate is the most 
significant value. Lake Waccabuc had a minimum oxygen depletion rate that 
was 13 times greater than that in Lake Oscaleta. Lake Waccabuc had a mean, 
median and maximum oxygen depletion rate that was four times greater than 
that in Lake Oscaleta. The oxygen depletion rate in Lake Rippowam as around 
one half the rate of Lake Oscaleta.

Table 3.2
Oxygen Depletion Rates for the Three Lakes

02 Depletion 
(kg/day) Lake Rippowam Lake Oscaleta Lake Waccabuc

Minimum Rate 5.5 8.6 109.1
Maximum Rate 70.8 123.0 456.1
Mean Rate 30.8 63.1 256.4
Median Rate 25.3 66.0 239.0

 

pH & Alkalinity

The acidity of water (concentration of hydrogen ions) is measured as pH and 
reported  in  standard  units  on  a  logarithmic  scale  that  ranges  from  one  to 
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fourteen. On the pH scale, seven is neutral, lower numbers are more acidic, and 
higher numbers are more basic. In general, pH values between 6.0 and 8.0 are 
considered optimal for the maintenance of a healthy lake ecosystem. Many 
species  of  fish  and amphibians  have difficulty  with  growth  and reproduction 
when  pH  levels  fall  below  5.5  standard  units.  The  pH  of  the  Three  Lakes  is 
presented in Figure 3.1. The pH of Lake Waccabuc was significantly higher than 
the other lakes, likely due to increased algal productivity in Lake Waccabuc.

Alkalinity (or acid neutralizing capacity) is a measure of the buffering capacity 
of  water,  the  ability  of  a  lake  to  absorb  or  withstand  acidic  inputs.  In  the 
northeastern United States, many lakes have low alkalinities, which mean that 
they  are  sensitive  to  the  effects  of  acidic  precipitation.  This  is  a  particular 
concern during the spring when large amounts  of  low pH snowmelt  run into 
lakes  with  little  or  no contact  with  the soil's  natural  buffering agents.  Typical 
summer levels of alkalinity in northeastern lakes are around 10 milligrams per liter 
(mg/L). The alkalinity of the Three Lakes is presented in Figure 3.2. All three lakes 
were well buffered against acidification. Alkalinity was lower in Lake Oscaleta 
compared to the other two lakes, which may be an indication that the lake is 
less impacted by eutrophication.
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Figure 3. 1 pH values in the Three Lakes during 2003
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Figure 3. 2 Alkalinity values in the Three Lakes during 2003

Conductivity

Conductivity (or specific conductance) is a measure of the ability of water to 
conduct electric current, and is related to the amount of dissolved ions within 
the water. Higher conductivity values are indicative of pollution by road salt or 
septic systems and more eutrophic conditions in a lake. Conductivities may be 
naturally high in stained water  that drains from swamps and marshes.  Clean, 
clear-water  lakes  in  the  Adirondack  region  typically  have  conductivities  of 
around 20 to 30 micro-mhos per centimeter (μmhos/cm). The conductivity of the 
Three  Lakes  is  presented in  Figure 3.3.  Conductivity  was  significantly  lower  in 
Lake  Oscaleta,  indicating  that  this  lake  is  less  impacted  by  eutrophication. 
Elevated conductivity in Lake Rippowam might be associated with the adjacent 
wetlands, which are extensive.

Phosphorus

Phosphorus is the nutrient that most often controls algal productivity (growth) in 
lakes. Total phosphorus is a measure of all forms of phosphorus, both organic 
and  inorganic.  Total  phosphorus  concentrations  are  directly  related  to  the 
trophic  condition  of  a  lake.  Epilimnetic  (surface)  total  phosphorus 
concentrations less than 0.010 mg/L are associated with oligotrophic conditions 
and  concentrations  greater  than  0.025  mg/L  are  associated  with  eutrophic 
conditions  (DEC  &  FOLA  1990).  Total  phosphorus  concentrations  within  the 
epilimnia of the Three Lakes is presented in Figure 3.4.  Lake Waccabuc had the 
highest  epilimnetic  total  phosphorus  values  throughout  the  study period.  The 
increasing  concentrations  within  the  epilimnion  of  Lake  Waccabuc  as  the 

29



Cedar Eden Environmental, LLC

summer progressed suggests that there is mixing of internal phosphorus from the 
hypolimnion into the upper waters.

Total phosphorus within the hypolimnia of the Three Lakes is presented in Figure 
3.5.  All  three lakes started the year with approximately the same phosphorus 
concentration within the hypolimnion. As the lakes stratified and their hypolimnia 
became  anoxic,  phosphorus  was  released  from  the  sediments,  resulting  in 
increasing  concentrations  of  phosphorus  within  the  hypolimnion.  This  internal 
loading was greatest within Lake Rippowam and Lake Waccabuc. A significant 
drop in  hypolimnetic  total  phosphorus  in  August  within  Lake  Rippowam and 
Lake Waccabuc that coincided with an increase in the epilimnion suggests a 
mixing event, perhaps wind and/or rain, that mixed phosphorus into the upper 
waters.

Nitrate/Nitrite Nitrogen 

Nitrogen is one of the three main nutrients of life, along with phosphorus and 
carbon.  Nitrate  is  an inorganic  form of  nitrogen that  occurs  naturally.  It  is  a 
component of atmospheric pollution and elevated concentrations in lakes and 
ponds may be associated with acidification. Total nitrogen is a measure of all 
forms  of  nitrogen,  including both  organic  (ammonia)  and inorganic  (nitrate) 
forms.  Elevated  concentrations  of  nitrogen  may  also  be  indicative  of 
wastewater  pollution.  Excessive  nitrogen  is  often  associated  with  agricultural 
activities and wastewater influence. Nitrate nitrogen concentrations were at or 
below the detection limit throughout the study period and were therefore not 
graphed.

30



Cedar Eden Environmental, LLC

May  Jun  Jul  Aug  Sep  Oct  

C
on

du
ct

iv
ity

 (µ m
ho

s/
cm

)

140

150

160

170

180

190

200

210

220

Rippowam
Oscaleta
Waccabuc

Figure 3. 3 Conductivity in the Three Lakes during 2003
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Figure 3. 4 Total Phosphorus in the epilimnia of the Three Lakes during 2003
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Figure 3. 5 Total phosphorus within the hypolimnia of the Three Lakes during 2003

Chlorophyll a

Chlorophyll  a is  a  green  pigment  used  by  plants  in  photosynthesis.  The 
measurement  of  chlorophyll  a provides  an  indication  of  the  amount  of 
phytoplankton growing in a lake and therefore can be used to  classify  lake 
trophic state. Chlorophyll a concentrations less than 2 micrograms per liter (μg/L) 
are associated with oligotrophic conditions, while concentrations greater than 8 
μg/L are associated with eutrophic conditions (DEC & FOLA 1990). Chlorophyll  a 
concentrations for the Three Lakes is presented in Figure 3.6. In general, Lake 
Waccabuc had the highest chlorophyll  a levels, although a September algae 
bloom in Lake Rippowam resulted in chlorophyll  a values that exceeded the 
other  two lakes.  Lake Oscaleta had low chlorophyll  a values throughout the 
study period.

Transparency

Transparency is a measure of water clarity in lakes and ponds. It is determined 
by lowering a 20 cm black and white disk (Secchi disk) into a lake to the depth 
where  it  is  no  longer  visible  from  the  surface.  Since  algae  are  the  main 
determinant of water clarity in non-stained lakes that lack excessive amounts of 
inorganic turbidity (suspended silt), transparency is used as an indicator of lake 
trophic  state.  Transparencies  greater  than  4.6  meters  are  associated  with 
oligotrophic conditions, while transparencies less than 2 meters are associated 
with eutrophic conditions (DEC & FOLA 1990). Transparency for the Three Lakes is 
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presented  in  Figure  3.7.  In  general,  Lake  Waccabuc  had  the  lowest 
transparency, except for Lake Rippowam during the September algae bloom.
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Figure 3. 6 Chlorophyll a concentrations in the Three Lakes during 2003
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Figure 3. 7 Transparency in the Three Lakes during 2003
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Phytoplankton

Phytoplankton (suspended microscopic algae) are the primary producers of a 
lake ecosystem, located near the bottom of the food web (also at this level are 
the  photosynthetic  and  heterotrophic  bacteria),  converting  nutrients  and 
sunlight  into  energy and biomass.  Excessive amounts  of  nutrients,  particularly 
phosphorus,  will  cause an overabundance of  algae referred to  as  an algae 
bloom.  High  phosphorus  levels  will  often  cause  a  dominance  of  bluegreen 
bacteria  (considered algae) that  cause dense blooms,  unsightly  scums,  and 
may produce algal  toxins  that  can result  in  sickness  and death  in  pets  and 
humans. Total algal cells per milliliter greater than 15,000 is considered indicative 
of a productive lake system.

Phytoplankton abundance and dominance in the Three Lakes is presented in 
Table  3.3.   Phytoplankton  abundance is  presented  graphically  in  Figure  3.8. 
Phytoplankton abundance was lowest in Lake Rippowam during the early part 
of the study period. Lake Rippowam experienced an increase in phytoplankton 
abundance  over  the  season,  peaking  at  nearly  60,000  cells/mL  during  the 
September  bloom.  Lake  Oscaleta  maintained  relatively  low  phytoplankton 
abundance  throughout  the  study  period,  and  exhibited  a  decline  in 
phytoplankton abundance from late July to mid-September. Lake Waccabuc 
had  the  highest  phytoplankton  abundance  overall,  experiencing  bloom 
conditions  throughout  the  period  and  peaking  over  50,000  cells/mL  in 
September.

Based on these data, water quality was most degraded in Lake Waccabuc and 
least  degraded  in  Lake  Oscaleta.  The  presence  of  Anabaena and 
Aphanizomenon in high numbers in Lake Waccabuc of concern, since these 
bluegreens may produce toxins.

Table 3.3
Phytoplankton abundance and dominance in the Three Lakes

Sample
Date Lake

# 
cells/mL

dominant
group

group
dominance

dominant
genus

indicator
of poor 

WQ
6/17/2003 Rippowam 7,730 Golden 67% Dinobryon/Erkenia N
7/28/2003 Rippowam 10,751 Green 53% Sphaerocystis N
8/18/2003 Rippowam 16,296 Golden 44% Erkenia N
9/16/2003 Rippowam 59,870 Bluegreen 93% Anabaena Y
6/17/2003 Oscaleta 15,270 Bluegreen 55% Oscillatoria +/-
7/28/2003 Oscaleta 21,452 Bluegreen 58% Aphanocapsa N
8/18/2003 Oscaleta 10,225 Green 70% Sphaerocystis N
9/16/2003 Oscaleta 3,298 Golden 51% Erkenia/Dinobryon N
6/17/2003 Waccabuc 29,047 Bluegreen 77% Anabaena/Aphanizomenon Y
7/28/2003 Waccabuc 39,338 Bluegreen 70% Anabaena/Lyngbya Y
8/18/2003 Waccabuc 21,178 Bluegreen 60% Anabaena/Gomphosphaeria Y
9/16/2003 Waccabuc 51,903 Bluegreen 93% Oscillatoria/Anabaena +/-
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Figure 3. 8 Phytoplankton abundance in the Three Lakes during 2003
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Zooplankton

Zooplankton  are  the  intermediate  stage  in  the  lake  food  web,  feeding  on 
phytoplankton and in turn being fed upon by fish. Primary algae grazers are the 
cladocerans,  Daphnia in  particular.  Some  zooplankton  are  carnivorous, 
particularly the cyclopoid copepods and feed on other zooplankton. The type 
and number of  zooplankton within  a lake can have a significant  impact on 
water  quality.  If  the  zooplankton  that  feed  most  effectively  on  algae  are 
reduced by fish predation, then a lake can have an increased dominance of 
algae, particularly small green algae that these zooplankton prefer.

Zooplankton abundance by major group is  presented in Table 3.4.  The lakes 
typically had a large percentage of the zooplankton as cladocerans, potential 
algae grazers, but the cladoceran population was dominated by smaller, poor 
grazers such as Ceriodaphnia and Bosmina. Typically, the number of carnivorous 
zooplankton was low. Therefore, it appears that the zooplankton community is 
being  altered  away  from  large  phytoplankton  eaters  by  the  presence  of 
planktivorous fish, which could include bluegill, perch, and alewives. Alewives in 
particular are voracious planktivores and their presence in a lake will typically 
have a detrimental impact on water quality by reducing the number of large 
cladocerans and large copepods.

Table 3.4
Zooplankton summary for the Three Lakes

Sample
Date Lake

Percent
Copepod

Percent
Cladoceran

Percent
Rotifers

Dominant
Cladoceran

Good
Grazers
Present

Carnivorous
Copepod
Present

6/17/2003 Rippowam 5% 60% 3% Ceriodaphnia N N

7/28/2003 Rippowam 12% 76% 11% Ceriodaphnia/Daphnia +/- +/-

9/16/2003 Rippowam 7% 45% 48% Ceriodaphnia N +/-

6/17/2003 Oscaleta 5% 5% 90% Bosmina N N

7/28/2003 Oscaleta 23% 50% 2% Bosmina/Ceriodaphnia N Y

9/16/2003 Oscaleta 25% 24% 52% Bosmina N +/-

6/17/2003 Waccabuc 10% 20% 70% Bosmina N Y

7/28/2003 Waccabuc 16% 25% 59% Bosmina N +/-

9/16/2003 Waccabuc 13% 68% 20% Bosmina N Y
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Trophic State

Trophic state is a term used in limnology to describe the amount of algae and 
macrophytes  (aquatic  plants)  found  in  a  lake.  Oligotrophic  lakes  have  few 
algae and macrophytes  and appear clean and clear,  while eutrophic lakes 
show an overabundance of growth and often have a pronounced green color 
due to  algae.  Eutrophication is  a  natural  process  whereby  lakes  increase in 
trophic state over long periods of time. However, the process of eutrophication 
can  be  greatly  accelerated  by  human  activities  (such  as  watershed 
development  and  sewage  disposal)  which  introduce  additional  nutrients, 
organic matter and silt into the lake system. This cultural eutrophication can be 
reversed  by  controlling  human  inputs,  but  in  many  cases  additional  in-lake 
treatments are required in order to accelerate this rehabilitation process. 

The Carlson (1977) Trophic State Index (TSI) is an extremely valuable tool for the 
evaluation of lakes. This index can be calculated using summer averages for 
total phosphorus,  chlorophyll a, and/or transparency (Secchi depth) data. To 
calculate this index each seasonal average is logarithmically converted to a 
scale of relative trophic state ranging from 1 to 100. This index was constructed 
such that an increase in ten units represents a doubling in algal biomass. For 
example, a lake with a chlorophyll TSI of 40 has twice as much algae as a lake 
with  a  TSI  value  of  30.  Generally,  TSI  values  less  than  38  are  considered 
oligotrophic, while TSI values greater than 51 are considered eutrophic (DEC & 
FOLA 1990). 

The  Carlson’s  TSI  values  for  the  Three  Lakes  is  presented  in  Figure  3.9.  Lake 
Rippowam  was  at  the  eutrophic  threshold  for  both  total  phosphorus  and 
chlorophyll  a,  Lake  Oscaleta  was  at  the  eutrophic  threshold  for  total 
phosphorus, and Lake Waccabuc was in the eutrophic range for both  total 
phosphorus and chlorophyll a. All three lakes exhibited a lower transparency TSI, 
which  is  typical  when  the  phytoplankton  is  dominated  by  large  colonial 
bluegreens  which  can  bloom  in  high  numbers  without  a  linear  reduction  in 
transparency.
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Figure 3. 9 Carlson’s Trophic State Indices for the Three Lakes during 2003

3.4  Stream Water Quality

Monitoring of inlet streams was not part of the initial project. However, several 
samples were collected from the main inlet to Lake Waccabuc by Three Lakes 
volunteers over the course of the study and analyzed for total phosphorus. These 
data are summarized in Table 3.5.  Many of these values were quite elevated. 
The  April  2004  samples  before  and  after  a  high  rain  event  suggest  that 
stormwater runoff is a significant issue within the watershed.

Table 3.5
Total phosphorus (TP) in West Inlet

Date Location TP (mg/L) Flow Conditions
9/16/03 West Inlet, near lake 0.194 Not known
9/19/03 West Inlet, Tarry-A-Bit Road 0.180 Not known
9/28/03 West Inlet, Tarry-A-Bit Road 0.192 Not known
4/13/04 WCC at Post Office property Line 0.044 AM, low flow
4/13/04 WCC at Post Office property Line 0.154 PM, high flow
4/13/04 West Inlet, Tarry-A-Bit Road 0.048 AM, low flow
4/13/04 West Inlet, Tarry-A-Bit Road 0.133 PM, high flow
4/13/04 East Ridge Road and WCC 0.046 AM, low flow
4/13/04 East Ridge Road and WCC 0.130 PM, high flow
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4.0  Lake Bathymetry & Morphology

4.1  Methodology

Maps of lake bathymetry (water depth) were prepared from data provided by 
volunteers. Volunteers used a handheld GPS unit to mark locations and either a 
tape or a fathometer to measure depth in Lake Rippowam and Lake Oscaleta. 
These data were  transferred to  a GIS layer  and plotted to  scale as  labeled 
points.  Bathymetric  contours  were hand drawn on the plot and the resulting 
drawings  were  scanned  into  the  GIS  and  geo-referenced.  An  existing 
bathymetric map was provided for Lake Waccabuc3, although the lake outline 
differed  considerably  from  the  actual  lake  outline  prepared  from  aerial 
photographs.  The  existing  map  of  Lake  Waccabuc  was  scanned  and  geo-
referenced.  Bathymetry  GIS  layers  were  then  hand-digitized  over  the  geo-
referenced drawing. 6Information from the bathymetric mapping was fed into a 
computer  program  in  order  to  calculate  basic  morphometric  parameters 
(Martin  1994).  Volume  calculations  were  made  using  the  truncated  cone 
method, which sums up the volumes between each lake contour and assumes 
the lake sides approximate a cone. Surface area at each depth contour was 
derived from the digitized contours using GIS.

4.2  Results

Morphological  characteristics  of  each  lake  are  provided  in  Table  4.1. 
Bathymetric maps of each lake are provided in Figure 4.1, Figure 4.2 and Figure 
4.3.

Table 4.1
Selected Morphological Characteristics of the Three Lakes

Lake Characteristic Lake Rippowam Lake Oscaleta Lake Waccabuc

Surface Area 33.9 ac
13.7 ha

65.2 ac
26.4 ha

138.0 ac
55.9 ha

Maximum Depth 20 ft
6.1 m

36 ft
10.8 m

44 ft
13.4 m

Mean Depth 13.5 ft
4.1 m

19.4 ft
5.9 m

23.3 ft
7.1 m

Lake Volume 150 million gallons
566,536.1 m3

412 million gallons
1,557,959.9 m3

3696 million gallons
13,990,063.4 m3

Hypolimnion 
Volume

0.1 million gallons
456 m3

61 million gallons
230,898 m3

369 million gallons
1,398,107 m3

3 “prepared January 1967 by Jack Gullen, Waccabuc, New York”
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Figure 4.1 here – Rippowam Bathymetry
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Figure 4.2 here – Oscaleta Bathymetry
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Figure 4.3 here – Waccabuc Bathymetry
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5.0  Aquatic Plants

5.1  Methodology

7 The aquatic plant community of the Three Lakes was assessed and mapped in 
late July 2003 by Michael R. Martin, CLM. The lake surface was traversed by boat 
and  the  location  of  aquatic  plant  species  was  marked  on  field  maps. 
Specimens  of  plants  that  could  not  be  readily  identified  in  the  field  were 
collected and placed in a cooler for later study. Aquatic plants were keyed to 
species wherever possible, using standard reference keys, including Manual of 
Aquatic  Plants  Second  Edition  (Fassett  1957),  Manual  of  Vascular  Plants 
(Gleason and Cronquist 1963), and Aquatic and Wetland Plants of Northeastern 
North  America  (Crow  and  Hellquiest  2000).  No  voucher  specimens  were 
prepared.  The field drawings were scanned into the GIS and geo-referenced. 
Aquatic  plant  GIS  layers  were  then  hand-digitized  over  the  geo-referenced 
drawings to create a map of the distribution and general  abundance of the 
aquatic plant community in each of the three lakes. 8

5.2  Aquatic Plant Ecology

9Not all aquatic plants are bad. Aquatic plants are an important part of a lake 
ecosystem,  providing  food,  shelter,  and  breeding  sites  to  a  wide  variety  of 
aquatic and non-aquatic animals. Aquatic plants also help prevent erosion of 
banks and near-shore areas due to wind and wave action. When excessively 
abundant, aquatic plants not only detract from the recreational and aesthetic 
uses  of  a  waterbody,  but  may  actually  reduce  the  ecological  value  and 
negatively impact the fisheries of a lake.

Types of Aquatic Plants

10There are three general groups of aquatic plants: those that have erect stems 
and leaves  and emerge out  of  the  water,  those  whose leaves  are  primarily 
floating,  and  those  with  stems  and  leaves  that  are  primarily  submerged. 
Emergent plants are typically limited to wet areas and shallow waters along the 
shore. Cattails are typical emergent aquatic plants. Floating-leaf plants such as 
water lilies (Nuphar  & Nymphaea) and watershield (Brasenia) occur from near 
shore regions to waters that are 3 to 4.5 meters (10 or 15 feet) deep. Water lilies 
are typical  emergent  aquatic  plants.  Submerged plants  are variable in their 
habit.  Some submerged plants, such as elodea, grow along the lake bottom, 
and may only extended 15 centimeters (6 inches) or less above the sediments. 
Other  submerged  plants,  such  as  some  milfoils  (Myriophyllum),  may  grow in 
depths  of  4.5  meters  (15  feet)  or  more and extend to  the lake's  surface. Still 
others, such as the pondweeds (Potamogeton), have both submerged leaves 
and floating leaves.
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Factors that Control Aquatic Plant Distribution and Abundance

11The distribution and abundance of  aquatic  plants  are generally  limited,  in 
order of importance, by light (a function of water clarity and depth), availability 
of suitable substrate, and nutrients. Submerged aquatic plants are particularly 
limited by light, growing out into deeper water in clear lakes and restricted to 
near-shore regions in less  clear waters.  Therefore,  a long-term change in the 
mean  depth  or  transparency  of  a  lake  would  likely  lead  to  a  change  in 
submerged plant cover and biomass.  Aquatic plants  with floating leaves are 
capable of growing to much greater depths, and are generally not limited by 
water column light availability.

Excessive  external  nutrient  loading  is  not  a  direct  cause  of  aquatic  plant 
problems. In fact, higher external nutrient loading tends to reduce aquatic plant 
biomass  due  to  shading  associated  with  algal  blooms.  Sediment  nutrient 
concentrations are important, however. Problematic growth of aquatic plants 
can be expected in lakes or ponds having shallow warm water, sediments of 
rich, fine-textured, moderately organic soils, and transparency greater than or 
equal to 2 meters (6½ feet). Plants may also be locally more abundant in areas 
that naturally have a more organic bottom, such as near inlets, outlets and quiet 
bays  or  in  areas  that  receive runoff  from shoreline  development  and septic 
systems.

Impact of Invasive, Non-Native Species

12Invasive  non-native  species  tend  to  grow  in  dense  stands,  crowding  out 
members  of  the  native plant  community.  The  extreme densities  these  exotic 
species  can  reach  causes  several  other  negative  impacts  on  the  aquatic 
environment. In lake systems, the fish community can be negatively impacted 
through loss of spawning and foraging grounds. Also, the decomposition of this 
extra plant material can cause oxygen stressed conditions, which can result in a 
fish  kill.  Furthermore,  these  plants  release  nutrients  and  increase  the  rate  of 
sediment  accumulation,  thereby  accelerating  the  eutrophication  process. 
Finally,  by  impairing  boating  and swimming,  fishing success,  and reducing a 
lake's aesthetic appeal, the presence of these exotic plant species can cause 
economic  hardships  to  communities  which rely  heavily  on tourism dollars.  In 
wetland systems, this reduction in plant biodiversity is also accompanied by a 
reduction in wildlife food and shelter value, causing a near total disruption of the 
ecosystem.

5.3 Results

Aquatic Plants of Lake Rippowam

A list of species observed in Lake Rippowam is presented in Table 5.1. Aquatic 
plants  in Lake Rippowam were most abundant in the shallow east and west 
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ends. Steep shores prevented the establishment of abundant vegetation along 
the north shore. White water lilies (Nympheae sp.) were common at both ends 
of the lake, as well as within coves along the southern shoreline. Eurasian milfoil 
was present in several beds at the east and west ends of the lake, as well as 
interspersed among the water lilies there and in other locations. 

Aquatic plants were not a great hindrance to lake use, although several homes 
in the eastern end of the lake maintain open areas by clearing aquatic plants.

Table 5.1
Aquatic Plants of Lake Rippowam (July 2003)

Map Code Scientific Name Common Name
A Sagittaria spp. Arrowhead
b Scirpus sp. Bulrush
D Decodon spp. Three-way sedge
e Eleocharis sp. Spike-rush
I Iris spp Iris

M Myriophyllum spicatum. Eurasian watermilfoil
P Pontederia cordata Pickerelweed
W Nympheae sp. White water lily
Y Nuphar sp. Yellow water lily

Aquatic Plants of Lake Oscaleta

A list of species observed in Lake Oscaleta is presented in Table 5.2. Aquatic 
plants in Lake Oscaleta are present in large beds at the west and east ends, in a 
narrow band along the northern shore,  and in coves and some parts  of  the 
southern shore. The large bed of plants at the outlet (west) end is characterized 
by white and yellow water lilies (Nympheae and Nuphar) in the southwest cove 
and into  the edges  of  the  outlet  channel,  with  a dense stand of  bassweed 
(Potamogeton amplifolius) in front of the outlet, and a dense stand of Eurasian 
milfoil (Myriophyllum spicatum) on the lake side of the bassweed. The bassweed 
does not extend up to the surface in this lake as it does in most, but forms a 
dense low-growing mat that appears to prevent Eurasian milfoil from becoming 
established.  Residents  have  noted  that  the  bassweed  may  actually  be 
outcompeting the Eurasian milfoil and reclaiming some of the lake bottom. The 
large bed of plants at the inlet (east) end of the lake is characterized as a mix of 
white and yellow water lilies, coontail ( (Ceratophyllum), bassweed, and Robins 
pondweed  (Potamogeton  robensii).  The  northern  shore  of  the  lake  has  a 
relatively  narrow  band  of  white  water  lilies  and  Eurasian  milfoil,  with  the 
occasional  bulrush  (Scirpus)  and  pickerelweed  (Pontederia  cordata).  Purple 
loosestrife (Lythrum salicaria) is present along the shore in several places, as is 
the rather uncommon four-edge sedge (Eleochaaris quadrangulata).
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Aquatic plants interfere with lake access in the east and west end of the lake. 
The channel is likely kept clear by small boat traffic.

Table 5.2
Aquatic Plants of Lake Oscaleta (July 2003)

Map 
Code

Scientific Name Common Name

4 Eleochaaris quadrangulata Four-edge sedge
A Potamogeton amplifolius Bassweed
B Brasena schreberi Watershield
b Scirpus sp. Bulrush
C Ceratophyllum spp. Coontail
D Decodon spp. Three-way sedge
E Elodea canadensis Canadian waterweed
e Eleocharis sp. Spike-rush
I Iris spp Iris
L Lythrum salicaria Purple loosestrife
M Myriophyllum spicatum. Eurasian watermilfoil
O Sagittaria spp. Arrowhead
P Pontederia cordata Pickerelweed
R Potamogeton robensii Robin’s Pondweed
W Nympheae sp. White water lily
Y Nuphar sp. Yellow water lily

A number of species of plants inhabit the channel between Lake Oscaleta and 
Lake Waccabuc. These species include:

Nupha,  Nympheae,  Pontederia,  Brasenia,  Potamogeton  robensii,  P.  
amplifoilus,  Myriophyllum  spicatum,  Utricularia,  Ceratophyllum,  Decodon,  
and Cephalanthus occidentalis.

Aquatic Plants of Lake Waccabuc

A list  of  species  observed in  Lake  Waccabuc is  presented  in  Table  5.3.  The 
aquatic plant community of Lake Waccabuc is defined by the lake bathymetry, 
with dense growth of plants in shallow areas such as the inlet (east) end and 
coves, while the remainder of the shoreline is steep-sided and only supports a 
narrow band of plants. The large bed of plants at the inlet (east) end of the lake 
is characterized as a mixture of Eurasian milfoil, bassweed, coontail, and Robbins 
pondweed. Eurasian milfoil extends in an extensive bed from the inlet out along 
the south shore into the outlet cove. The remainder of the southern shoreline has 
sections with narrow bands of Eurasian milfoil, with white and yellow water lilies 
mixed in. Eurasian milfoil is well established along most of the lake shoreline, but 
is mainly a nuisance in the large northern bay, the inlet end of the lake, and 
extending along the south shore from the inlet into the outlet bay.
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Table 5.3
Aquatic Plants of Lake Waccabuc (July 2003)

Map 
Code

Scientific Name Common Name

4 Eleochaaris quadrangulata Four-edge sedge
A Potamogeton amplifolius Bassweed
B Brasena schreberi Watershield
b Scirpus sp. Bulrush
C Ceratophyllum spp. Coontail
D Decodon spp. Three-way sedge
E Elodea canadensis Canadian waterweed
e Eleocharis sp. Spike-rush
I Iris spp Iris
K Lemna sp. Duckweed
L Lythrum salicaria Purple loosestrife
M Myriophyllum spicatum. Eurasian watermilfoil
O Sagittaria spp. Arrowhead
P Pontederia cordata Pickerelweed
R Potamogeton robensii Robin’s Pondweed
W Nympheae sp. White water lily
Y Nuphar sp. Yellow water lily
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Figure 5.1 here – Rippowam plants
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Figure 5.2 here – Oscaleta Plants
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Figure 5.3 here – Waccabuc Plants
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6.0  Watershed NPS Investigation
13Watershed  investigations  were  conducted  to  identify  potential  sources  of 
pollutants to the Three Lakes.

6.1  Methodology

14In an effort  to identify  the nonpoint source pollution problems in the Three 
Lakes  watershed,  Cedar  Eden Environmental,  LLC evaluated watershed land 
uses and conducted field surveys throughout the watershed. Field work involved 
identifying  eroding  stream  crossings,  eroding  stream  banks,  urban  and 
residential stormwater problem areas, and additional nonpoint source problem 
areas.  As  each  site  was  inspected,  the  location  of  the  problem  area  was 
marked on a map, GPS coordinates were recorded, a sketch of the problem 
area  was  prepared,  photographs  were  taken,  extensive  field  notes  were 
recorded, and the Best Management Practice (BMP) best suited to the problem 
area  was  considered.  BMPs  are  methods  for  correcting  nonpoint  source 
pollution  problems  that  are  specific  to  the  site  of  the  problem.  BMPs  were 
identified in the field or later while reviewing field notes and photographs based 
on treatment applicability, soil types, slopes, and other potential site constraints. 

Using information gathered in the field, the locations of the problem areas were 
added  to  the  GIS  for  the  Three  Lakes  watershed,  and  a  Problem  Area 
Identification Map was developed.

6.2  Results

 Identified nonpoint source problem areas are presented in Table 6.1 and Figure 
6.1.  Significant  categories  of  nonpoint  source  pollution  include  streambank 
erosion, drainage ditches, roadside erosion, and sediment transport.
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Table 6.1
Identified Nonpoint Source Problems in the Three Lakes Watershed

Map 
No.

Type Description Recommended Solution

1 Sand bar Sand bar formation at mouth of West Inlet Monitor  size  and  extent  of  sand  bar,  work  to  keep  sediments  from 
entering lake, spot dredging if desired

2 Streambank 
Erosion

Bank erosion, well managed by tree roots This spot is well-managed by existing tree roots. Preserve area. 

3 Streambank 
Erosion

Undercut banks at edge of field Cut back banks and install vegetative streambank stabilization controls

4 - 6 Roadside 
Erosion

Runoff  from  roadside  drainage  into  stream 
along Tarry-A-Bit Road

Stabilize road surface, Short ditch and concrete settling basin on north 
side of  road,  rock-lined ditches  in  woods  on north  side,  install  check 
dams in  south  side ditch,  stabilize  ditch into  stream on south  side of 
road, REGULAR MAINTENANCE

7 - 9 Roadside 
Erosion

Gulley erosion in drainage at end of Twin Lakes 
Road south side

Clean out ditch and culverts, install rock-lined channels

12 Drainage 
Ditch

Homemade swale in unstabilized soil at end of 
Orchard Drive into swamp

Correct drainage in this area, install either grassed swale or bioretention 
area

14 Roadside 
Erosion

Erosion along roadside into wetland area and 
then into NE Bay of Lake Waccabuc

Improve dirt road to prevent sediment transport; re-vegetate drainage 
channel 

16 Runoff 
Control

South Shore Road – drain to lake Retrofit drainage ditches such as this with energy dissipater pools. Install 
vegetative stabilization below

17 - 
21

Fertilizers Kimberly Court – well-manicured, well fertilized 
lawns  (by  NO  means  the  only  place  in 
watershed)

Use NO PHOSPHORUS fertilizers throughout watershed. Plant vegetated 
buffers between fertilized lawns and any drains, ditches, lakes or streams

22 Drainage 
Ditch

Drainage ravine on Round Lake Road showing 
bank erosion – ditch dry

Vegetate  ditch  banks  with  trees  and  shrubs  to  help  contain  banks 
during storm flows

23 Roadside 
Erosion

WCC dirt parking lot with drainage gulley Regrade parking lot and replace packed dirt with more porous bed of 
stone

24 - 
28

Drainage 
Ditch

Eroding drainage ditch draining WCC parking 
lot

Retrofit drainage ditches such as this with energy dissipater pools and 
sediment catchment basins. Install  rock-lined channel and vegetative 
stabilization along edges

29 Fertilizers Another area where lawns appear well-fertilized See Recommendations for 17-21

30 Sediment 
Transport

Sediment accumulation in storm drain Ensure that storm drain maintenance is frequent to prevent movement 
of sand and sediments into streams and lakes
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Table 6.1
Identified Nonpoint Source Problems in the Three Lakes Watershed

Map 
No.

Type Description Recommended Solution

31 Sediment 
Transport

Sand and gravel in stream on downstream side 
of  Mead Street

Stabilize upstream lands to prevent movement of sediment; use grass 
swales where possible

32 Roadside 
Erosion

Gulley erosion down into stream from drainage 
along road

Stabilize road shoulders

33 - 
34

Roadside 
Erosion

Eroding  road  drainage  into  West  Inlet  along 
Post Office Road

Construct  proper  drainage  collection  system;  incorporate  sediment 
catchments basins and grassed swales if possible

35 Sediment 
Transport

Narrow  drainage  channel  transporting  sand 
and gravel into storm drain

Construct  proper  drainage  collection  system;  incorporate  sediment 
catchments basins where possible

36 Sediment 
Transport

Sediment accumulation at drop inlet Construct  proper  drainage  collection  system;  incorporate  sediment 
catchments basins where possible

37 - 
39

Sediment 
Transport

Eroding drainage channel along road Construct  proper  drainage  collection  system;  incorporate  sediment 
catchments basins where possible
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Insert figure 6.1 here
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7.0  Storm Drain Investigations

7.1  Methodology

Storm  drain  locations  and  flow paths  were  created  by  Three  Lakes  Council 
volunteers using an initial base map of storm drain locations prepared by the 
Town.  Volunteers  used field  maps  and field  data  sheets  to  record  pertinent 
information about each storm drain and to try and assess the interconnection of 
the storm drains. These extensive field notes  were then used to create a simple 
GIS layer of storm drains.

7.2  Results

The location of major storm drainages within the Three Lakes watershed is shown 
in Figure 7.1.  The longest storm drain runs,  located along Mead Street at the 
western  edge  of  the  watershed,  drain  primarily  to  a  field  that  provides  a 
treatment buffer between stormwater flow and Lake Waccabuc and its western 
inlet. Many of the other drain runs outlet either into streams or wetlands. Many of 
the  individual  drains  and  short  runs  discharge  to  ditches  that  run  into  Lake 
Waccabuc. There is the potential  to improve water  quality from some of the 
larger drains along Mead Street and stormwater drains that discharge into open 
channels before reaching the lakes. Little can be done to improve the water 
quality of the smaller drains piped directly into the lake aside from using good 
homeowner practices that help keep the water clean in the first place.
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Insert Figure 7.1 here
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8.0  Pollutant Budgets

8.1  Hydrologic Budget

Introduction & Methodology

15The development of a hydrologic or water budget for a lake is important in 
understanding the flow of pollutants through a lake and in evaluating the lake's 
response to those nutrients and later to any restoration techniques that might be 
implemented. The water budget is a balanced equation of inputs and outputs 
over the course of a year, and can be defined as:

Inflow + Precipitation = Outflow + Evaporation + Change in Storage

Inflows can include tributaries (streams and ditches) that drain directly to the 
lake, point source discharges, shoreline runoff (overland flow), and groundwater 
(springs and seeps).  Outflows can include drainage through the lake's outlet, 
groundwater discharges, and water withdrawals for water supply or irrigation.

Ideally,  a  water  budget  is  determined  through  careful  and  frequent 
measurements of inflows and outflows over the course of one or more years. In 
the absence of this level of monitoring data, the water budget for a lake can be 
estimated in several ways. The simplest method is to obtain annual discharge 
(stream volume) values from USGS gaging stations  on nearby streams.  These 
values can be converted to an average discharge per square mile (cfs-m) by 
dividing annual discharge by the station drainage area. The cfs-m value can 
then  be  multiplied  by  the  study  watershed  area  in  square  miles  to  get  an 
estimated total discharge (water volume) for that watershed. There are 13 USGS 
stream gaging stations near the Three Lakes watershed that have a relatively 
long period of  record.  Six  of  these  stations  are  located  within  West  Chester 
County. An analysis of the period of record for all 13 stations yields an average 
and median discharge per square mile of 1.4 cfs-m (range: 0.8 – 2.3 cfs-m). An 
analysis of the six West Chester County stations yields an average and median 
discharge per square mile of 1.5 (range: 0.7 – 1.7 cfs-m).

Alternatively,  the total  water  inflow to a lake in a year can be estimated by 
adding together the annual expected runoff, precipitation and evaporation for 
the area (Dillon 1975). Typically, values for average annual runoff, precipitation 
and evaporation are estimated from the 1970 National Atlas of the United States 
of  America  (USGS  1970).  Sometimes  more  accurate  regional  estimates  are 
available. For instance, the values for average evapotranspiration, runoff and 
precipitation for the northeastern United States can be estimated from a map 
by Cohen and Randall (1998) based upon data from 1951 - 1980. This reference 
was used for the Three Lakes. The formula for converting these numbers into a 
water budget (total inflow volume to lake) is:
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Ad Χ r + A0 Χ(Pr - Ev),

where Ad = watershed area (m2, minus lake area), r = average annual runoff 
(m/yr),  A0 = lake surface area (m2),  Pr = average annual precipitation (m/yr), 
and Ev = average annual lake evaporation (m/yr).

Several  definitions  will  be useful  in interpreting the results.  Flushing rate is  the 
number  of  times  a  lake  flushes  (i.e.,  a  volume of  water  equal  to  the  lake’s 
volume passes through the lake) in one year.  Residence time is the inverse of 
flushing rate and is the length of time in years that it takes to completely replace 
all  of  the  lake’s  volume  with  incoming  water.  Areal  water  load is  the  total 
volume of water entering a lake in a year (m3/yr) divided by the lake surface 
area (m2).  Average annual water inflow is the estimated volume of water that 
enters a lake in a year.  Phosphorus retention coefficient is an estimation of the 
fraction of  inflowing phosphorus  that  is  not  lost to  outflow.  This  phosphorus  is 
added to the sediments each year.

Lake Rippowam Hydrologic Budget

Calculations

16The hydrologic budget for Lake Rippowam was calculated based upon Dillon 
(1975)  methodology  using  best  available  estimates  for  annual  runoff, 
precipitation  and  evaporation.  Using  the  sources  mentioned  above,  the 
following water estimates were derived: 

Average annual runoff: 0.66 m (26 in.)
Average annual precipitation: 1.22 m (48 in.)
Average annual evaporation: 1.02 m (40 in.)

These parameters were fed into a computer program (Martin 1994) along with 
the bathymetric information on the lake and used to calculate the hydrologic 
budget for Lake Rippowam. Based on these calculations, Lake Rippowam has:

Flushing rate: 4.7 times per year
Residence time: 0.2 years
Areal water load: 19.39 meters/year
Average annual water inflow: 2,661,458 m3

Phosphorus retention coefficient: 0.48

For comparison, the hydrologic budget was also calculated for Lake Rippowam 
using the cfs-m value from six West Chester USGS stations (1.5 cfs-m) and the 
area  of  the  Lake  Rippowam  watershed  (1.59  mi2  ).  The  result  is  an  annual 
discharge at  Lake Rippowam of  2.389 cfs  and therefore an average annual 
water inflow of 2,133,132 m3.  Based on these calculations, Lake Rippowam has:
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Flushing rate: 3.8 times per year
Residence time: 0.3 years
Areal water load: 15.54 meters/year
Average annual water inflow: 2,133,132 m3

Phosphorus retention coefficient: 0.50

Summary

The summary hydrologic budget for Lake Rippowam is presented below:

Flushing rate: 3.8 – 4.7 times per year
Residence time: 0.2 - 0.3 years
Areal water load: 15.54 – 19.39 meters/year
Average annual water inflow: 2,133,132 - 2,661,458 m3

Phosphorus retention coefficient: 0.48 - 0.50

Lake Oscaleta Hydrologic Budget 

Calculations

17The hydrologic budget for Lake Oscaleta was calculated based upon Dillon 
(1975)  methodology  using  best  available  estimates  for  annual  runoff, 
precipitation  and  evaporation.  Using  the  sources  mentioned  above,  the 
following water estimates were derived: 

Average annual runoff: 0.66 m (26 in.)
Average annual precipitation: 1.22 m (48 in.)
Average annual evaporation: 1.02 m (40 in.)

These parameters were fed into a computer program (Martin 1994) along with 
the bathymetric information on the lake and used to calculate the hydrologic 
budget for Lake Rippowam. Based on these calculations, Lake Oscaleta has:

Flushing rate: 3.2 times per year
Residence time: 0.3 years
Areal water load: 18.86 meters/year
Average annual water inflow: 4,973,659 m3

Phosphorus retention coefficient: 0.48

For comparison, the hydrologic budget was also calculated for Lake Oscaleta 
using the cfs-m value from six West Chester USGS stations (1.5 cfs-m) and the 
area  of  the  Lake  Oscaleta  watershed  (2.98  mi2  ).  The  result  is  an  annual 
discharge at Lake Oscaleta of 4.468 cfs and therefore an average annual water 
inflow of 3,990,069 m3.  Based on these calculations, Lake Oscaleta has:

Flushing rate: 2.6 times per year
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Residence time: 0.4 years
Areal water load: 15.13 meters/year
Average annual water inflow: 3,990,069 m3

Phosphorus retention coefficient: 0.50 

Summary

The summary hydrologic budget for Lake Oscaleta is presented below:

Flushing rate: 2.6 – 3.2 times per year
Residence time: 0.3 – 0.4 years
Areal water load: 15.13 – 18.86 meters/year
Average annual water inflow: 3,990,069 - 4,973,659 m3

Phosphorus retention coefficient: 0.48 - 0.50 

Lake Waccabuc Hydrologic Budget 

Calculations

18The hydrologic budget for Lake Waccabuc was calculated based upon Dillon 
(1975)  methodology  using  best  available  estimates  for  annual  runoff, 
precipitation  and  evaporation.  Using  the  sources  mentioned  above,  the 
following water estimates were derived: 

Average annual runoff: 0.66 m (26 in.)
Average annual precipitation: 1.22 m (48 in.)
Average annual evaporation: 1.02 m (40 in.)

These parameters were fed into a computer program (Martin 1994) along with 
the bathymetric information on the lake and used to calculate the hydrologic 
budget for Lake Rippowam. Based on these calculations, Lake Waccabuc has:

Flushing rate: 1.4 times per year
Residence time: 0.7 years
Areal water load: 9.91 meters/year
Average annual water inflow: 5,534,852 m3

Phosphorus retention coefficient: 0.55

For comparison, the hydrologic budget was also calculated for Lake Waccabuc 
using the cfs-m value from six West Chester USGS stations (1.5 cfs-m) and the 
area  of  the  Lake  Waccabuc  watershed  (2.98  mi2  ).  The  result  is  an  annual 
discharge at Lake Waccabuc of 5.077 cfs and therefore an average annual 
water inflow of 4,533,825 m3.  Based on these calculations, Lake Waccabuc has:

Flushing rate: 1.1 times per year
Residence time: 0.9 years
Areal water load: 8.12 meters/year
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Average annual water inflow: 4,533,825 m3

Phosphorus retention coefficient: 0.58 

Summary

The summary hydrologic budget for Lake Waccabuc is presented below:

Flushing rate: 1.1 – 1.4 times per year
Residence time: 0.7 – 0.9 years
Areal water load: 8.12 meters/year
Average annual water inflow: 4,533,825 - 5,534,852 m3

Phosphorus retention coefficient: 0.55 - 0.58 

Discussion

Lake Rippowam and Oscaleta are similar, in that they have high flushing rates 
and  relatively  low  phosphorus  retention  coefficients.  Lake  Waccabuc  is 
different, having a flushing rate that is slower and a phosphorus retention rate 
that is higher. Even though Lake Waccabuc receives the most inflowing water, it 
has  a  low  flushing  rate  and  a  high  P  retention  due  to  its  volume  and 
morphometry. This is further exacerbated by the fact that the outlet is close to 
the inlet, so that in all likelihood the overall flushing rate is lower than predicted 
and overall  P retention is  higher than predicted. These conditions mean that 
Lake  Waccabuc is  much more susceptible  to  pollutants  than  the  other  two 
lakes.

8.2  Pollutant Budgets

Introduction & Methodology

19The pollutant budgets for a lake are similar to the hydrologic budget in that 
they  are  calculated  by  balancing  inputs  and  outputs  to  the  waterbody.  A 
pollutant budget can be summarized as:

external  load  =  outflow  +  sedimentation  -  internal  load  +  change  in 
storage

Developing  a  pollutant  budget  based  on  such  a  mass  balance  equation 
requires  a considerable amount of  watershed monitoring and is  beyond the 
scope of this project. However, these budgets can also be estimated by using 
land use information for a given watershed and literature values of expected 
pollutant contributions for each of the various land uses. These values are called 
export coefficients  and describe the amount of a pollutant contributed for a 
given area of land use. The Three Lakes phosphorus budgets were calculated 
using this methodology. Land use categories were combined into more general 
groups and export coefficients were selected from Reckhow (1980) that might 
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best represent conditions found in Westchester County. Median values provided 
by Reckhow 1980 were selected, since these might be more appropriate in a 
developed area where much of the stormwater is discharged to surface waters 
untreated.

Additional Phosphorus Sources

Twin Lakes Water Supply

The Twin Lakes water district supplies water to residents of Lake Rippowam and 
Oscaleta at a rate of approximately 500,000 gallons per month. Phosphorus is 
added at a concentration of 2 ppm. This adds a potential additional load of 
45.6 kg P per year to the watershed, which, for the purposes of modeling, was 
split equally between Rippowam and Oscaleta.

Internal Loading

Each of the lakes exhibited a build-up of phosphorus within the hypolimnion, 
indicating internal loading. This is an additional source of phosphorus that needs 
to  be  taken  into  account.  The  amount  of  internal  phosphorus  loading  was 
calculated as the difference between the mean hypolimnetic concentration 
and  mean  epilimnetic  concentration.  This  value  was  then  multiplied  by  the 
hypolimnetic volume to yield loading as a mass.
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Lake Rippowam Phosphorus Budget

20Results  of  the  phosphorus  budget  calculations  for  Lake  Rippowam  are 
presented  in  Table  8.1.  Lake  Rippowam  receives  an  estimated  annual 
phosphorus load of 126.41 kg.

Table 8.1
Phosphorus Budget Calculations for Lake Rippowam Watershed

Land Use Area (ha)
Loading 

Coefficients 
(kg/ha/yr)

Annual Load
(kg/yr)

TP TP %

Water 27.65 - - - - - - - - - - - - - - -

Open Lands 13.74 1.100 15.11 12.0

High Dens. 
Residential 0.86 1.100 0.94 0.7

Forest 364.46 0.206 75.08 59.4

Low-Dens. 
Residential 5.67 1.100 6.23 4.9

Water Supply - - - - - - - - - - 22.8 18.0

Internal Loading - - - - - - - - - - 0.06 0.1

Precipitation 13.72 0.450 6.17 4.9

TOTAL NUTRIENT LOADS 126.41 100.0
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Lake Oscaleta Phosphorus Budget

21Results  of  the  phosphorus  budget  calculations  for  Lake  Oscaleta  are 
presented in Table 8.2. Lake Oscaleta receives an estimated annual phosphorus 
load of 246.96 kg.

Table 8.2
Phosphorus Budget Calculations for Lake Oscaleta Watershed

Land Use Area (ha)
Loading 

Coefficients 
(kg/ha/yr)

Annual Load
(kg/yr)

TP TP %

Water 144.83 - - - - - - - - - - - - - - -

Open Lands 46.92 1.100 51.61 20.9

High Dens. 
Residential

1.57 1.100 1.73 0.7

Forest 565.89 0.206 116.57 47.2

Low-Dens. 
Residential

12.28 1.100 13.51 5.5

Water Supply - - - - - - - - - - 22.80 9.2

Internal Loading - - - - - - - - - - 28.86 11.7

Precipitation 26.40 0.450 11.88 4.8

TOTAL NUTRIENT LOADS 246.96 100.0
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Lake Waccabuc Phosphorus Budget

22Results  of  the  phosphorus  budget  calculations  for  Lake  Waccabuc  are 
presented  in  Table  8.3.  Lake  Waccabuc  receives  an  estimated  annual 
phosphorus load of 550.78 kg.

Table 8.3
Phosphorus Budget Calculations for Lake Waccabuc Watershed

Land Use Area (ha)
Loading 

Coefficients 
(kg/ha/yr)

Annual Load
(kg/yr)

TP TP %

Water 127.82 - - - - - - - - - - - - - - -

Open Lands 102.80 1.100 113.08 20.5

High Dens. 
Residential

0.94 1.100 1.03 0.2

Forest 596.31 0.206 122.84 22.3

Low-Dens. 
Residential

41.28 1.100 45.41 8.2

Internal Loading - - - - - - - - - - 243.27 44.2

Precipitation 55.90 0.450 25.15 4.6

TOTAL NUTRIENT LOADS 550.78 100.0
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9.0  Water Quality Modeling

9.1  Introduction

23A number of empirical water quality models have been developed to predict 
in-lake  phosphorus  concentrations  based  upon  lake  morphology  and 
watershed phosphorus loading. Sixteen of these models were used to check on 
how well the calculated phosphorus budget developed using the UAL method 
would predict measured in-lake phosphorus. The models gave divergent results. 
Not all of these models are appropriate to the Three  Lakes system (for example, 
may over- or under-estimate phosphorus in lakes with these lakes’ morphology 
or were designed specifically for large reservoirs). 

Empirical models generally assume a mixed condition, so the goal is to predict 
the weighted average total  phosphorus within a lake (sum of the epilimnetic 
and hypolimnetic phosphorus concentrations weighted for the percent size of 
the epilimnion and hypolimnion). Of those models deemed appropriate for the 
Three  Lakes,  the  Dillon  and  Kirchner  (1975)  model  was  selected  as  the 
representative model for Lake Rippowam,  and the Prairie (1989) model  was 
selected as the representative model for Lake Oscaleta and Lake Waccabuc. 
These models provided the best prediction of in-lake phosphorus.

The Dillon and Kirchner (1975) equation can be expressed as:

TP = L/(13.2+(Z/T))

where:

TP = mean in-lake total phosphorus concentration
L = areal phosphorus load
Z = mean depth
T = Residence Time

The Prairie (1989) equation can be expressed as:
TP = (0.75L)/(Qs+0.18Z)

where:

TP = mean in-lake total phosphorus concentration
L = areal phosphorus load
Qs = areal water load
Z = mean depth

A phosphorus model can also be used to predict the amount of phosphorus 
reductions needed to achieve a given in-lake phosphorus concentration. The 
model equation can be rearranged to predict a loading based upon a desired 
in-lake phosphorus concentration. The use of the model in these ways, to predict 
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in-lake phosphorus  concentrations  and to  predict the amount of  phosphorus 
loading  reduction  needed to  improve  water  quality,  is  referred  to  as  water 
quality response modeling.

9.2  Results

Lake Rippowam Water Quality Response

Based  on  the  input  parameters  specific  to  Lake  Rippowam,  the  Dillon  and 
Kirchner model predicts a mean phosphorus concentration of 0.028 mg/L, which 
compares  favorably  to  the  weighted  average  phosphorus  concentration  of 
0.028 mg/L calculated from the monitoring data. Sixteen other empirical models 
were  also  used  to  estimate  Lake  Rippowam  phosphorus  based  upon  the 
phosphorus budget, yielding phosphorus concentrations that ranged from 0.025 
mg/L to 0.093 mg/L, with a mean of 0.037 mg/L. 

A  26  percent  reduction  in  loading  would  be  required  in  order  to  reduce 
phosphorus  levels  to  0.020  mg/L  (weighted  P  of  0.021  mg/L),  a  generally 
accepted phosphorus target for water quality improvement.

Lake Oscaleta Water Quality Response 

Based on the input  parameters  specific  to  Lake Oscaleta,  the  Prairie  model 
predicts  a  mean  phosphorus  concentration  of  0.035  mg/L,  which  compares 
favorably to  the weighted average phosphorus  concentration of  0.034 mg/L 
calculated from the monitoring data. Sixteen other empirical models were also 
used  to  estimate  Lake  Oscaleta  phosphorus  based  upon  the  phosphorus 
budget,  yielding phosphorus  concentrations  that  ranged from 0.026 mg/L  to 
0.092 mg/L, with a mean of 0.037 mg/L. 

A  25  percent  reduction  in  loading  would  be  required  In  order  to  reduce 
phosphorus  levels  to  0.020  mg/L  (weighted  P  of  0.0265  mg/L),  a  generally 
accepted phosphorus target for water quality improvement.

Lake Waccabuc Water Quality Response

Based on the input parameters specific to Lake Waccabuc, the Prairie model 
predicts  a  mean  phosphorus  concentration  of  0.066  mg/L,  which  compares 
favorably to  the weighted average phosphorus  concentration of  0.071 mg/L 
calculated from the monitoring data. Sixteen other empirical models were also 
used  to  estimate  Lake  Waccabuc  phosphorus  based  upon  the  phosphorus 
budget,  yielding phosphorus  concentrations  that  ranged from 0.033 mg/L  to 
0.141 mg/L, with a mean of 0.062 mg/L. 

A  50  percent  reduction  in  loading  would  be  required  In  order  to  reduce 
phosphorus  levels  to  0.020  mg/L  (weighted  P  of  0.036  mg/L),  a  generally 
accepted phosphorus target for water quality improvement.
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10.0  Lake and Watershed Management Recommendations

10.1 Research Needs

Lake Water Quality Monitoring

An annual lake monitoring program should be established for the Three Lakes to 
track  water  quality  and  provide  information  for  further  lake  management 
decisions. At a minimum, the program should include monthly sampling of each 
lake at its deepest point from May through October to capture data during the 
entire period of stratification. Each month, dissolved oxygen and temperature 
profiles  should  be  gathered,  along  with  samples  for  chlorophyll  a, 
phytoplankton, and zooplankton. In addition, a sample should be collected in 
the epilimnion and hypolimnion of each lake and analyzed for total phosphorus 
(minimum  detection  limit  of  0.001  –  0.002  mg/L).  A  sample  should  also  be 
collected from the epilimnion each month and analyzed for pH, alkalinity and 
conductivity.

Stream Water Quality Monitoring

The majority of nonpoint source pollutants enter a lake during high flow events, 
such as during snow melt and significant rain storms. The limited sampling that 
was conducted during this study suggests that there is a significant amount of 
phosphorus in the inlet streams during rain events. A routine monitoring program 
needs  to  be  developed that  samples  the  major  inlet  streams  (West  Inlet  to 
Waccabuc, Main Inlet to Rippowam), collecting base flow conditions (stream 
flow  and  total  phosphorus  concentrations  during  low  flow)  and  high  flow 
conditions (stream flow and total phosphorus concentrations during high flow, 
such as storm events).

Stream Channel Geomorphic Assessment and Mapping Study

Destabilization of stream channels (e.g., excessive lateral or vertical migration) is 
a common and severe consequence of land development.  The Three Lakes 
Council should conduct a baseline geomorphic assessment and mapping study 
of the two main inlets,  Waccabuc West  Inlet and Rippowam Inlet.  This  study 
should assess the geomorphic characteristics of each stream and its valley as 
well as its current geomorphic condition.  This information can be used to assist 
managers in assessing the level of  vulnerability and impact to resources.  The 
geomorphic  study  should  establish  monumented  cross-sections  on  streams 
throughout the watershed.  Resurveying cross-sections on an annual basis will 
help  to  figure  which  streams  are  actively  downcutting  in  response  to 
development.  These data are absolutely  critical  for  targeting and refocusing 
growth management efforts.  Natural  measures for restoring damaged stream 
segments should be developed as part of this study.
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Fisheries/Food Web Study

The phytoplankton and zooplankton data suggest that there is an imbalance in 
the  food web within  the  Three  Lakes.  A  study  of  the  fisheries,  together  with 
additional monitoring of phytoplankton and zooplankton, would be valuable in 
determining a fisheries management plan that enhances fishing while perhaps 
improving water quality. This study should be conducted on each lake due to 
the interconnected nature of these water bodies.

10.2 Watershed Management Recommendations for All Lakes

The following recommended measures are important for residents of the entire 
watershed  for  protecting  water  quality  in  the  lakes  and  streams,  and  for 
protecting natural plant diversity.

Land Stewardship

Homeowner Best Management Practices

Increase Use of Buffers 

Vegetated  buffers  along  roadsides,  streams,  and  lake  fronts  can  filter  out 
significant amounts sediments and nutrients from overland stormwater runoff. A 
minimum buffer width of 5 - 10 feet is recommended. However, greater buffer 
widths provide both increased filtration and wildlife habitat benefit. In the Three 
Lakes watershed, vegetative buffers should be used along roadsides wherever 
unchannelized flow is  directed towards  the  lakes  or  streams,  and along any 
lawns and open areas adjacent to streams, ditches or lake fronts.

Use of Non-phosphorus Fertilizers

 A considerable amount of phosphorus, in addition to pesticides and herbicides, 
is  likely  applied  to  the  Three  Lakes  watershed.  Lawns  do  very  well  without 
phosphorus.  If  you  fertilize  your  own  lawn,  look  for  bags  that  contain  NO 
phosphorus. If you use a lawn service, request a NO phosphorus mix. If you live 
near the shore of any of the three lakes, there are plenty of nutrients in the lake 
water. Consider using a pump to water your lawn with lake water. In this way, 
you are fertilizing and watering your lawn, while adding NO additional nutrients 
to the watershed.

Pet Waste Management

Pet waste is a large source of nutrients  and pathogens within urbanized and 
heavily  developed  watersheds.  The  cumulative  impact  of  pet  waste  is 
considerable. Pick up after your pet and compost all solid waste in a manner 
that ensures no nutrients leach into the lake. The use of a commercial in-ground 
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waste pit works well, as does a simple shallow pit placed out of the way and 
away from stormwater runoff.

Construction Site Erosion and Sedimentation Pollution Control

Nonpoint source pollution from site development, including the construction of 
individual  new  homes,  may  be  very  significant  during  earthmoving  and 
construction activities. The potential  for soil  erosion is very high until  the site is 
stabilized with permanent vegetative cover, and is further heightened when soils 
are “highly erodible” and on steep slopes. Typically, large-scale development 
projects  receive  greater  attention  with  respect  to  the  installation  and 
maintenance of proper erosion and sedimentation pollution controls. However, 
smaller construction projects such as single family residential sites in many cases 
lack proper erosion and sedimentation pollution controls. In fact, at many small 
construction  sites,  no  erosion  and  sedimentation  pollution  controls  are 
implemented.

Erosion  and  sedimentation  pollution  control  plans  should  be  prepared  and 
implemented for  all  construction activities  in  the  Three Lakes  watershed.  Site 
development  or  any  earthmoving  activities  that  lack  or  have  inadequate 
erosion and sedimentation pollution controls should be immediately reported to 
the  Westchester  County  Soil  &  Water  Conservation  District  so  that  timely 
correction may ensue.

Gully and Streambank Stabilization

One  of  the  critical  management  practices  to  improve  the  Three  Lakes 
watershed is the stabilization of streambanks and eroded channels within the 
watershed.  Soil  erosion  along  streambanks  is  a  major  source  of  nonpoint 
pollution  in  watersheds.  Certain  nutrients  as  well  as  many  other  pollutants 
adhere to eroded soil particles and are introduced to the waterways. Lakes and 
reservoirs are particularly affected by nutrients associated with sediment loads. 
These large, still bodies of water serve as settling basins for the particulate matter 
that is transported by their contributory streams. 

Restoration of eroded streambanks is an effective way to reduce sediment and 
nutrient  loadings  to  the  Three  Lakes  for  a  reasonable  cost.  By  using 
bioengineering (vegetative) or a combination of bioengineering and structural 
engineering  streambank  stabilization  techniques,  the  erosion  problem  is 
corrected while the stabilized streambank serves as a vegetative buffer and in 
many cases, a restored riparian corridor. The buffer along the stream reduces 
the quantities of sediments and nutrients that enter the stream via stormwater 
runoff. It is recommended that lower cost, bioengineering approaches be used 
wherever practical to stabilize the eroded streambank areas and gullies in the 
Three Lakes watershed noted on the nonpoint source problem area map.
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Golf Course Management

Golf courses can be significant contributors to nonpoint source pollution in lakes 
and streams due to the excessive amounts of fertilizers that are sometimes used. 
However, with proper management, the amount of nutrients entering lakes and 
streams from golf  courses  can be kept to  a minimum. Minimizing the use of 
fertilizers  by  turf  monitoring  and  proper  timing,  watering  greens  only  when 
necessary as a means to reduce fertilizer usage, and the inclusion of stormwater 
management facilities such as constructed wetlands and bioretention strips can 
reduce fertilizer runoff into nearby water bodies. In addition, a minimum of a 
fifteen  foot  unmowed  buffer  strip  along  lake  shores  and  streambanks  is 
necessary  to  ensure  proper  erosion  control  and  to  filter  runoff.  Aesthetically 
pleasing vegetation such as irises and rushes can be planted in these areas. 

The Audubon Cooperative Sanctuary Program provides golf  course members 
and  superintendents  with  information  about  environmentally  conscious  golf 
course management. Program members become certified after developing a 
management  program  that  incorporates  fertilizer  management  practices, 
integrated  pest  management  plans,  vegetative  buffer  installation,  habitat 
enhancement,  stormwater  management,  and  other  techniques.  Becoming 
involved with the Audubon Cooperative Sanctuary Program is an excellent way 
for a golf course to prove its commitment to protecting the environment to the 
local community. 

Road and Culvert Maintenance

Sediment washing from roads is a significant source of nonpoint source pollution 
in the Three Lakes watershed. Traditional thinking in road maintenance has been 
to get water off of the roads and into streams by the quickest means possible. 
This results in excess sediments entering streams and depositing in larger water 
bodies.  Several  instances of roadside erosion and sediments entering streams 
via  damaged  or  inadequate  drainage  structures  were  evident  in  the  Three 
Lakes  watershed  during  the  watershed  investigations.  The  roads  in  the 
watershed  should  be  properly  maintained  so  that  sediment  does  not  enter 
waterways.  Roads  should  be  graded  and  the  road  edges  well  vegetated. 
Properly sized culverts at stream crossings and under driveways and cross streets 
are imperative, as well as adequate roadside drainage structures. Culverts that 
are in disrepair  should be fixed and outlets  stabilized and protected against 
scouring.

One of  the  reoccurring  problems  within  the  Three  Lakes  watershed is  poorly 
designed  and  maintained  dirt  and  gravel  roads.  Many  areas  experience 
excessive  movement  of  sand  and  gravel  from  roadways  into  ditches  and 
streams.  A  number  of  new  roadfill  materials  and  design  and  maintenance 
techniques have been developed. Useful guidance can be found through the 
PA Center for Dirt & Gravel Road Studies 
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(http://www.mri.psu.edu/centers/cdgrs/).

Riparian Corridor Maintenance

Adequately  vegetated  or  buffered  streambanks  remove  pollutants  from 
stormwater runoff. In addition to pollutant removal, stream buffers reduce water 
temperature,  maintain  stream flow during dry  seasons,  stabilize  streambanks, 
decrease erosion potential, provide valuable wildlife habitat, provide improved 
in-stream  aquatic  habitat,  provide  flood  control,  and  enhance  the  natural 
landscape by providing visually appealing “green belts.” Riparian buffers should 
be protected and enhanced wherever necessary in the Three Lakes watershed. 

Eroded areas of the streambanks should be stabilized, and a 50 to 75-foot buffer 
should be maintained along the stream channels  wherever possible.  A multi-
zone  buffer provides the best protection, including a zone of native trees next 
to the water's edge, a zone of shrubs and “disturbed forest” beyond that where 
recreational activities can occur, and a third zone composed of dense grasses, 
broad-leaved herbaceous plants, and wildflowers extending outward from the 
stream.  A  more  extensive  riparian  buffer  will  have  the  additional  benefit  of 
reducing nuisance waterfowl congregation. The buffer should be maintained by 
replacing  poor  growing  vegetation,  removing  invasive  plant  species,  and 
protecting it from game animals such as whitetail deer. 

Invasive Species Control

Control of Purple Loosestrife

24Purple loosestrife (Lythrum salicaria) needs to be eliminated from the shores of 
the Three Lakes and from within the watershed before it  infests  the valuable 
wetlands of the watershed. An invasive species task force should be established 
to patrol the watershed for a number of potential invasive plant threats. Purple 
loosestrife was only observed as individual plants and small clusters of several 
plants.  As  you read through the  control  program below,  you  will  see that  it 
becomes  increasingly  more  difficult  to  control  purple  loosestrife  once  it 
becomes well established.

8Since mechanical  and chemical  control  methods  have only limited success 
and smaller  infestations  are  more  likely  to  be  controllable,  early  diagnosis  is 
critical. Potential loosestrife habitat should be searched annually during late July 
and August for the plant. Early detection is the best approach! Mowing, burning, 
and  flooding  have  proven  largely  ineffective.  Mowing  and  flooding  can 
actually contribute to further spread of the species by disseminating seed and 
cut plant stems. Do not mow because cut parts may re-root. 

88Source:  Vegetation  Management  Guidelines,  Illinois  Nature  Preserves 
Commission
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Practices for areas with individual plants and clusters of up to 100 plants

Younger plants (1-2 years old) can be hand-pulled. Do not pull after flowering 
because this will  scatter the seeds. Older plants, especially those in fens or in 
deep organic soils, can be dug out. Roots of older plants can be "teased" loose 
with a hand cultivator. Bag and remove the plants from the site. Failure to place 
the removed plants in a bag could result in spreading the plant along your exit 
route  because fragments  may be dropped. Dispose of  the  plant  by burning 
(preferable) or in an approved landfill. Follow-up treatments are recommended 
for  three  years  after  the  plants  are  removed.  Clothing,  equipment  and 
personnel should be cleaned to insure no seeds are spread on them, if seeds 
were present on plants.

If  the  above  control  method  is  not  feasible  in  areas  with  relatively  small 
infestations,  spot  application  of  glyphosate  herbicides  can  be  used  as 
described below.

Practices for areas with clusters in excess of 100 plants (up to 4 acres in 
size)

Spot application of a glyphosate herbicide to individual purple loosestrife plants 
is the recommended treatment where hand pulling is not feasible. Glyphosate is 
available  under  the  trade  names  Roundup®  and  Rodeo®,  products 
manufactured by Monsanto. Only Rodeo is registered for use over open water. 
By law, herbicides may only be applied according to label directions.

Glyphosate  is  non-selective  so  care  should  be  taken  not  to  let  it  come  in 
contact with non-target species. Glyphosate application is most effective when 
plants have just begun flowering. Timing is crucial, because seed set can occur 
if plants are in mid-late flower. Where feasible, the flower heads should be cut, 
bagged, and removed from the site before application to prevent seed set. 
Roundup® should be applied by hand sprayer as a one and one-half% solution 
(2 oz. Roundup per gallon of clean water). Rodeo® should also be applied as a 
one  and  one-half%  solution  (2  oz.  Rodeo  per  gallon  clean  water)  with  the 
addition of a wetting agent, as specified on the Rodeo label.

Another option is to apply glyphosate twice during the growing season. Foliage 
should be sprayed as described above, once when flowering has just started 
and a second time 2-3 weeks later.  With  this procedure control  is likely more 
effective,  because  plants  are  not  allowed  to  set  seed  and  those  missed 
because they were not flowering the first time are treated the second time.

Excessive  application  of  herbicide  (causing  dripping from the  plant)  can  kill 
desirable  plants  under  the  loosestrife.  These  plants,  left  unharmed,  will  be 
important in recolonizing the site after the loosestrife has been controlled. If the 
desirable  plants  are  killed,  the  vigorously  resprouting  and  growing  purple 
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loosestrife  seeds  present  in  the  soil  will  fill  the  void.  Since purple loosestrife  is 
usually taller than the surrounding vegetation, application to the tops of plants 
alone can be very effective and limit exposure of non-target species. Complete 
coverage is not required to affect control.

The  herbicide should be applied while  backing away from treated areas  to 
avoid walking through the wet herbicide. Equipment,  clothing and personnel 
should be cleaned completely before entering other uninfested sensitive areas, 
if seeds were present in the treated area. It will be necessary to treat the same 
area again annually until  missed plants  and plants  originating from the seed 
bank  are  eliminated.  Relatively  young  populations  seem  to  be  almost 
eliminated in 2-3 years of consecutive treatment while older stands will require 
more treatment.

Public Education Program

The  U.S.  Environmental  Protection  Agency  (EPA)  actively  encourages  the 
development  of  environmental  education  programs  by  providing  helpful 
literature, suggestions and funding sources. The U.S. EPA has funded education 
programs  through  the  314  Clean  Lakes  Program,  the  319  Nonpoint  Source 
Program and the Environmental Education Program. 

An environmental education program should be developed for the Three Lakes 
watershed, and could include the following elements:

Develop and distribute a nonpoint source pollution awareness brochure,

Develop a watershed  management  program for  presentation  to  local 
schools,

Write a fact sheet on watershed management for distribution to residents 
and at local events, and

Conduct  homeowner  seminars  and  other  environmental  education 
programs to cover such topics as proper use of lawn and garden fertilizer, 
composting, leaf management, and the use of native vegetation in yards 
and gardens. 

10.3 Individual Lake Management Plans

Lake Rippowam Management Plan

Lake Rippowam experiences relatively frequent algal blooms due to high levels 
of phosphorus, including some internal loading. Water quality modeling suggests 
that a 26 percent reduction in phosphorus loading would provide for improved 
water quality in Lake Rippowam. The largest controllable sources of phosphorus 
within the Lake Rippowam watershed are the drinking water supply (18 %), open 
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lands -- which likely includes residential in this watershed (12 %), and residential 
land use (6 %).

Watershed Management Recommendations

Lake  Rippowam  watershed  residents  should  implement  the  following 
recommendations  in  order  to  reduce  phosphorus  loading  to  the  lake  and 
protect the environment. Land practices and septic management activities are 
extremely important, since Open Lands and Residential Lands (likely equivalent 
in this watershed) represent a large portion of the phosphorus load.

Find a replacement for Orthophosphorus within the drinking water system

The single largest source of phosphorus within the watershed would appear to 
be the orthophosphorus that is added to the drinking water supply to combat 
the corrosive nature of the drinking water supply. Orthophosphorus is a highly 
bio-available form of phosphorus,  meaning that  algae can quickly utilize this 
form for  growth and reproduction.  Adding this  amount of  phosphorus  to  the 
drinking  water  supply  means  that  all  domestic  water  for  cooking,  cleaning, 
flushing and watering contains a high amount of bio-available phosphorus and 
much of it will ultimately make it into the lake through the septic system.

Replace old septic systems with non-polluting alternatives

Generally,  the bulk of the phosphorus within septic waste is  contained in the 
toilet waste (although the added orthophosphorus in the drinking water supply 
makes grey water  more of  a concern than normal).  The soil  beneath septic 
system leach fields loses its ability to retain phosphorus over time. Some studies 
have detected plumes of phosphorus in the ground several hundred feet from 
the  septic  leach  fields.  This  means  that  virtually  all older  septic  systems  are 
contributing phosphorus to nearby lakes and streams. Replacing the toilets with 
incinerating or composting alternatives can remove much of the phosphorus 
from the septic system.

DO NOT fertilize lawns with phosphorus

See Section 10.2 for details.

Manage Pet Waste

See Section 10.2 for details.

Establish natural buffers along lake and stream frontages

See Section 10.2 for details.

Establish an invasive species task force
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Establish a task force to work  with  environmental  groups to locate and treat 
infestations of invasive plants within the watershed, including purple loosestrife 
and  others.  See  Section  10.2  for  more  information  on  purple  loosestrife 
management.

In-Lake Management Recommendations

Lake Aeration – Phosphorus and Algae Control - NOT RECOMMENDED

Lake  aeration  can  reduce  phosphorus  and  therefore  control  algae  by 
preventing the release of phosphorus from bottom sediments.  Although Lake 
Rippowam does  lose  oxygen in  its  bottom  waters,  with  an accumulation  of 
internal  phosphorus  that  can  mix  into  the  upper  waters  and  cause  algae 
blooms, the lake does not stratify well. Therefore, hypolimnetic aeration is not 
recommended.  Whole  lake  aeration  is  also  not  recommended,  as  this 
completely mixes the lake and provides an ideal growing condition for large 
quantities of phytoplankton when relatively high levels of nutrients are present, 
as they are in Lake Rippowam.

Alum Treatment – Phosphorus and Algae Control

Aluminum salts can be used to seal bottom sediments and prevent the release 
of phosphorus, thereby controlling algal growth. This treatment, while relatively 
expensive, can be long-lived, providing external sources of phosphorus are low. 
Concerns about using the treatment in Lake Rippowam including an uncertainty 
in the amount of external loading to the lake and lake access issues, since large 
application equipment needs to be launched within the lake for treatment. The 
cost for an alum treatment, assuming most of the lake area would have to be 
treated,  would be in the range of $20,000 – 34,000.

Aquatic Herbicides – Algal Control - NOT RECOMMENDED

Aquatic  herbicides,  particularly  copper  compounds,  can be used to  control 
algae blooms. These herbicides may also affect the zooplankton population, 
killing  off  the  herbivores  that  could  actually  help  control  algae.  Aquatic 
herbicides for algae control is not recommended as this treats the symptom and 
not the cause, high phosphorus levels.

Plant Control

Mechanical Control

Since  the  growth  of  aquatic  plants  is  more  controlled  by  the  availability  of 
substrate and light, phosphorus controls do not generally result in improvements 
where aquatic plants are interfering with recreational use. Therefore, selective 
removal  of  nuisance  aquatic  plants  is  recommended  so  long  as  sufficient 
natural areas are left. It is recommended that shorefront property owners utilize 
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mechanical  means  such  as  raking,  hand-pulling,  and  small  benthic  mats 
wherever possible, rather than resorting to the use of aquatic herbicides. Larger 
areas  can  be  treated  via  mechanical  means  using  suction  dredging  and 
hydroraking, although the cost is high and there are significant problems with 
the resuspension of phosphorus-rich sediments, as well as the dewatering and 
treatment of removed materials. The cost for suction dredging and hydroraking 
is between $5,000 - $10,000 per acre.

Aquatic Herbicides

There are a number of aquatic herbicides that can be used for aquatic plant 
control.  Where aquatic herbicides are to be used, it  should only be in areas 
where plants directly interfere with lake access and use. There are significant 
and valuable wetland and aquatic plant communities in Lake Rippowam that 
should be maintained. It is recommended that only fast-acting systemic contact 
herbicides  such  as  Diquat,  Endothall,  and  Glyphosate  be  used,  since  these 
would  provide  better  control  over  the  areas  that  are  treated.  The  cost  for 
herbicide treatment would be in the range of $500 - $1000 per acre.

Channel Management

Any significant alterations by dredging to the channel between Lake Rippowam 
and Lake Oscaleta is likely to have a deleterious effect on Lake Oscaleta water 
quality, both during channel dredging and long-term, while  not providing any 
significant  water  quality  benefit  to  Lake  Rippowam.  It  is  therefore 
recommended that the channel between the two lakes be left as is, with the 
exception of removing downed trees, until such time as a complete hydrologic 
study can be performed and/or the channel is studied as part of a watershed-
wide Stream Channel Geomorphic study.

Lake Oscaleta Management Plan

Lake Oscaleta experiences relatively infrequent algal blooms and had the best 
water  quality  of  the  three  lakes.  Water  quality  modeling  suggests  that  a  25 
percent  reduction  in  phosphorus  loading  would  provide  for  improved water 
quality in Lake Oscaleta. The largest controllable sources of phosphorus within 
the Lake Oscaleta watershed are open lands -- which likely includes residential 
in this watershed (21 %), internal loading (12%), the drinking water supply (9 %), 
and residential land use (6 %).

Although  the  lake  currently  experiences  better  water  quality  than  Lake 
Rippowam and Lake Waccabuc, there is room for improvement. Lake Oscaleta 
residents  should  be  aggressive  now  to  prevent  further  water  quality 
degradation, and enhance current water quality.
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Watershed Management Recommendations

Lake  Oscaleta  watershed  residents  should  implement  the  following 
recommendations  in  order  to  reduce  phosphorus  loading  to  the  lake  and 
protect the environment. Land practices and septic management activities are 
extremely important, since Open Lands and Residential Lands (likely equivalent 
in this  watershed)  represent  a large portion of  the  phosphorus  load.  Internal 
loading also represents a fairly large portion of the phosphorus load.

Replace old septic systems with non-polluting alternatives

Generally,  the bulk of the phosphorus within septic waste is  contained in the 
toilet waste (although the added orthophosphorus in the drinking water supply 
makes grey water  more of  a concern than normal).  The soil  beneath septic 
system leach fields loses its ability to retain phosphorus over time. Some studies 
have detected plumes of phosphorus in the ground several hundred feet from 
the  septic  leach  fields.  This  means  that  virtually  all older  septic  systems  are 
contributing phosphorus to nearby lakes and streams. Replacing the toilets with 
incinerating or composting alternatives can remove much of the phosphorus 
from the septic system.

Find a replacement for Orthophosphorus within the drinking water system

Orthophosphorus added to  the drinking water  supply to  combat its  corrosive 
nature  is  a  significant  source  of  phosphorus  within  the  watershed. 
Orthophosphorus  is  a  highly  bio-available  form of  phosphorus,  meaning that 
algae can  quickly  utilize  this  form for  growth  and reproduction.  Adding  this 
amount of  phosphorus  to  the drinking water  supply  means that  all  domestic 
water for cooking, cleaning, flushing and watering contains a high amount of 
bio-available phosphorus  and much of  it  will  ultimately make it  into  the lake 
through the septic system.

DO NOT fertilize lawns with phosphorus

See Section 10.2 for details.

Manage Pet Waste

See Section 10.2 for details.

Establish natural buffers along lake and stream frontages

See Section 10.2 for details.

Establish an invasive species task force

Establish a task force to work  with  environmental  groups to locate and treat 
infestations of invasive plants within the watershed, including purple loosestrife 
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and  others.  See  Section  10.2  for  more  information  on  purple  loosestrife 
management.

In-Lake Management Recommendations

Lake Aeration – Phosphorus and Algae Control

Lake  aeration  can  reduce  phosphorus  and  therefore  control  algae  by 
preventing  the  release  of  phosphorus  from  bottom  sediments.  Hypolimnetic 
aeration,  either  through  the  use  of  atmospheric  air  or  pure  oxygen,  is  an 
appropriate method for reducing internal loading in Lake Oscaleta, as is the use 
of  alum (see  below).   An estimated  cost  for  hypolimnetic  aeration  for  Lake 
Oscaleta is in the range of $34,000 – $101,000, with the lower end representing 
the use of a liquid oxygen system and the higher end representing compressor-
driven aerators. Annual operating costs are more difficult to obtain, but might 
be on the order of $20,000 to $40,000 for either electricity (compressor driven 
aeration) or liquid oxygen.

Alum Treatment – Phosphorus and Algae Control

Aluminum salts can be used to seal bottom sediments and prevent the release 
of phosphorus, thereby controlling algal growth. This treatment, while relatively 
expensive, can be long-lived, providing external sources of phosphorus are low. 
Concerns about using the treatment in Lake Oscaleta including an uncertainty 
in the amount of external loading to the lake and lake access issues, since large 
application equipment need to be launched within the lake for treatment. The 
cost for an alum treatment, assuming treatment of the hypolimnetic area only, 
would be in the range of $20,000 – 34,000.

Aquatic Herbicides – Algal Control - NOT RECOMMENDED

Aquatic  herbicides,  particularly  copper  compounds,  can be used to  control 
algae blooms. These herbicides may also affect the zooplankton population, 
killing  off  the  herbivores  that  could  actually  help  control  algae.  Aquatic 
herbicides for algae control is not recommended as this treats the symptom and 
not the cause, high phosphorus levels.

Plant Control

A Word of Caution

In Lake Oscaleta,  it appears that a growth form of bassweed,  Potamogeton 
amplifolius,  is actually outcompeting Eurasian watermilfoil  in the outlet end of 
the lake. NO attempts to remove aquatic plants from this area should be made 
at this time, since it might make matters worse by freeing up habitat for Eurasian 
watermilfoil.
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Mechanical Removal

Since  the  growth  of  aquatic  plants  is  more  controlled  by  the  availability  of 
substrate and light, phosphorus controls do not generally result in improvements 
where aquatic plants are interfering with recreational use. Therefore, selective 
removal  of  nuisance  aquatic  plants  is  recommended  so  long  as  sufficient 
natural areas are left. Much of the lake shore of Lake Oscaleta does not contain 
aquatic plants in sufficient densities to interfere with recreational use of the lake. 
It is  recommended that  shorefront property owners  utilize mechanical means 
such as raking, hand-pulling, and small benthic mats wherever possible, rather 
than resorting to the use of aquatic herbicides. Larger areas can be treated via 
mechanical means using suction dredging and hydroraking, although the cost is 
high and there are significant problems with the resuspension of phosphorus-rich 
sediments, as well as the dewatering and treatment of removed materials. The 
cost for suction dredging and hydroraking is between $5,000 - $10,000 per acre.

Aquatic Herbicides

There are a number of aquatic herbicides that can be used for aquatic plant 
control.  Where aquatic herbicides are to be used, it  should only be in areas 
where plants directly interfere with lake access and use. There are significant 
and valuable wetland and aquatic plant communities in Lake Rippowam that 
should be maintained. It is recommended that only fast-acting systemic contact 
herbicides  such  as  Diquat,  Endothall,  and  Glyphosate  be  used,  since  these 
would  provide  better  control  over  the  areas  that  are  treated.  The  cost  for 
herbicide treatment would be in the range of $500 - $1000 per acre.

Channel Management

Any significant alterations by dredging to the channel between Lake Rippowam 
and Lake Oscaleta is likely to have a deleterious effect on Lake Oscaleta water 
quality, both during channel dredging and long-term. In addition, any significant 
alterations to the outlet channel, between Lake Oscaleta and Lake Waccabuc, 
is not likely to result  in any water  quality improvement and may make water 
quality  worse  downstream  in  Lake  Waccabuc.  The  wetland  community 
surrounding this channel also has significant environmental value. It is therefore 
recommended that the channels into and out of Lake Oscaleta be left as is, 
with the exception of removing downed trees, until  such time as a complete 
hydrologic study can be performed and/or the channel is studies as part of a 
watershed-wide Stream Channel Geomorphic study.

Lake Waccabuc Management Plan

Lake  Waccabuc  experiences  summer-long  bluegreen  algae  blooms  due  to 
high levels of phosphorus. Water quality modeling suggests that a 50 percent 
reduction in phosphorus loading would provide for improved water  quality in 
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Lake Waccabuc. The largest controllable sources of phosphorus within the Lake 
Waccabuc watershed are internal  loading (44  %),  open lands --  which likely 
includes residential in this watershed (20.5 %), and residential land use (8 %).

Watershed Management Recommendations

Lake  Waccabuc  watershed  residents  should  implement  the  following 
recommendations  in  order  to  reduce  phosphorus  loading  to  the  lake  and 
protect the environment. Land practices and septic management activities are 
extremely important, since Open Lands and Residential Lands (likely equivalent 
in this  watershed)  represent  a large portion of  the  phosphorus  load.  Internal 
loading also represents a large portion of the phosphorus load.

Replace old septic systems with non-polluting alternatives

Generally,  the bulk of the phosphorus within septic waste is  contained in the 
toilet waste (although the added orthophosphorus in the drinking water supply 
makes grey water  more of  a concern than normal).  The soil  beneath septic 
system leach fields loses its ability to retain phosphorus over time. Some studies 
have detected plumes of phosphorus in the ground several hundred feet from 
the  septic  leach  fields.  This  means  that  virtually  all older  septic  systems  are 
contributing phosphorus to nearby lakes and streams. Replacing the toilets with 
incinerating or composting alternatives can remove much of the phosphorus 
from the septic system.

Golf Course Management

DO NOT fertilize lawns with phosphorus

See Section 10.2 for details.

Manage Pet Waste

See Section 10.2 for details.

Establish natural buffers along lake and stream frontages

See Section 10.2 for details.

Establish an invasive species task force

Establish a task force to work  with  environmental  groups to locate and treat 
infestations of invasive plants within the watershed, including purple loosestrife 
and  others.  See  Section  10.2  for  more  information  on  purple  loosestrife 
management
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In-Lake Management Recommendations

Lake Aeration – Phosphorus and Algae Control

Lake  aeration  can  reduce  phosphorus  and  therefore  control  algae  by 
preventing the release of phosphorus from bottom sediments. The hypolimnetic 
aerators  currently in use within Lake Waccabuc are not functioning properly, 
either because of design or sizing, and internal loading within Lake Waccabuc is 
severe.  The  current  system  needs  to  be  fully evaluated  against  current 
alternatives  and sizing recommendations.  An estimated cost  for hypolimnetic 
aeration for Lake Waccabuc is in the range of $40,000 – $120,000, with the lower 
end  representing  the  use  of  a  liquid  oxygen  system  and  the  higher  end 
representing  compressor-driven  aerators.  Annual  operating  costs  are  more 
difficult  to  obtain, but might be on the order of  $35,000 to $50,000 for either 
electricity (compressor driven aeration) or liquid oxygen.

Alum Treatment – Phosphorus and Algae Control

Aluminum salts can be used to seal bottom sediments and prevent the release 
of phosphorus, thereby controlling algal growth. This treatment, while relatively 
expensive, can be long-lived, providing external sources of phosphorus are low. 
Concerns  about  using  the  treatment  in  Lake  Waccabuc  including  an 
uncertainty in the amount of external loading to the lake. The cost for an alum 
treatment, assuming treatment of the hypolimnetic area only,  would be in the 
range of $24,000 – 40,000.

Aquatic Herbicides – Algal Control - NOT RECOMMENDED

Aquatic  herbicides,  particularly  copper  compounds,  can be used to  control 
algae blooms. These herbicides may also affect the zooplankton population, 
killing  off  the  herbivores  that  could  actually  help  control  algae.  Aquatic 
herbicides for algae control is not recommended as this treats the symptom and 
not the cause, high phosphorus levels.

Plant Control

A Word of Caution

In  Lake  Waccabuc,  as  in  Lake  Oscaleta,  it  appears  that  a  growth  form of 
bassweed,  Potamogeton  amplifolius,  is  actually  outcompeting  Eurasian 
watermilfoil in the inlet end of the lake. NO attempts to remove aquatic plants 
from this area should be made at this time, since it might make matters worse by 
freeing up habitat for Eurasian watermilfoil.

Mechanical Removal
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Since  the  growth  of  aquatic  plants  is  more  controlled  by  the  availability  of 
substrate and light, phosphorus controls do not generally result in improvements 
where aquatic plants are interfering with recreational use. Therefore, selective 
removal  of  nuisance  aquatic  plants  is  recommended  so  long  as  sufficient 
natural areas are left. Much of the lake shore of Lake Oscaleta does not contain 
aquatic plants in sufficient densities to interfere with recreational use of the lake. 
It is  recommended that  shorefront property owners  utilize mechanical means 
such as raking, hand-pulling, and small benthic mats wherever possible, rather 
than resorting to the use of aquatic herbicides. Larger areas can be treated via 
mechanical means using suction dredging and hydroraking, although the cost is 
high and there are significant problems with the resuspension of phosphorus-rich 
sediments, as well as the dewatering and treatment of removed materials. The 
cost for suction dredging and hydroraking is between $5,000 - $10,000 per acre. 
Lake access and sizes of areas to be treated makes this alternative more cost-
effective for Lake Waccabuc than Lake Rippowam or Lake Oscaleta.

Aquatic Herbicides

There are a number of aquatic herbicides that can be used for aquatic plant 
control.  Where aquatic herbicides are to be used, it  should only be in areas 
where plants directly interfere with lake access and use. There are significant 
and valuable wetland and aquatic plant communities in Lake Rippowam that 
should be maintained. It is recommended that only fast-acting systemic contact 
herbicides  such  as  Diquat,  Endothall,  and  Glyphosate  be  used,  since  these 
would  provide  better  control  over  the  areas  that  are  treated.  The  cost  for 
herbicide treatment would be in the range of $500 - $1000 per acre.

Channel Management

Any significant alterations to the inlet channel between Lake Oscaleta and Lake 
Waccabuc is  not  likely  to  result  in  any water  quality  improvement  and may 
make water quality worse in the short term. The wetland community surrounding 
this  channel  also  has  significant  environmental  value.  It  is  therefore 
recommended that  the channel  into  Lake Waccabuc be left  as  is,  with  the 
exception of removing downed trees, until such time as a complete hydrologic 
study can be performed and/or the channel is studies as part of a watershed-
wide Stream Channel Geomorphic study.

83



Cedar Eden Environmental, LLC

10.4 Lake Restoration Techniques Primer

Phosphorus Inactivation with Alum

The use of aluminum salts as a lake BMP began in early 1980s and has since 
evolved  to  become  a  more  effective  and  efficient  method  of  phosphorus 
inactivation.  Aluminum  sulfate  (alum)  and  sodium  aluminate  are  the  most 
prevalent compound used in sediment phosphorus inactivation treatments. The 
aluminum combines with the phosphorus in the lake water, settles to the bottom 
of  the  lake,  and  “seals”  the  bottom  sediments.  Once  the  sediments  are 
“sealed,” phosphorus cannot be released and resuspended during anoxic lake 
conditions. The objective is to reduce the amount of phosphorus available in the 
lake for algal growth. Alum treatment systems consistently provide the highest 
removal efficiencies of any stormwater retrofit alternative and typically require 
no land acquisition (Herr and Harper, 1997).

A number of salts have been used for lake phosphorus inactivation, including 
aluminum, calcium and iron. The application of aluminum salts  has been the 
most effective method, in terms of long-term effectiveness. Alum controls the 
release  of  phosphorus  from  sediments  through  the  formation  of  aluminum 
hydroxide (Al(OH)3) floc. Aluminum hydroxide forms complexes, chelates and 
insoluble  precipitates  with  phosphorus.  These  aluminum  complexes  and 
polymers are inert to redox changes in the sediments and effectively trap and 
remove inorganic and particulate phosphorus from the water column. In lakes 
with a well-buffered pH, alum is used alone. The addition of sodium aluminate is 
used to buffer waters that have a low pH and/or buffering capacity. In either 
case, the treatment is often referred to by the generic term “Alum Treatment.”

Two basic methods of alum treatment are available and commonly practiced 
where  warranted:  batch  alum treatment  and continuous  alum treatment.  A 
detailed  feasibility  study  should  be  performed  to  adequately  evaluate  the 
viability and cost effectiveness of each alum treatment alternative for a given 
lake or  pond.  Water  quality  monitoring should be conducted as  part  of  the 
feasibility  study,  including  bench-scale  laboratory  jar  tests  to  determine  the 
application  rate  of  the  alum,  and  in-lake  testing  of  pH  and  alkalinity.  Flow 
monitoring  should  also  be  conducted  at  the  lake  before  initiation  of  alum 
treatment in order to document the flushing rate and determine the necessary 
frequency of alum application.

Batch Alum Treatment 

Batch alum treatment involves adding a large batch of alum at a given time to 
bind phosphorus in a lake. The alum is either  added to the water  column to 
precipitate  suspended phosphorus,  or directly to  the hypolimnion to  seal  the 
sediments, or both. This method typically helps to improve water quality in the 
lake immediately and over a long time period as long as additional phosphorus 
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inputs to the lake are minimized prior to treatment. Studies show that the effects 
can last 15 years or more in stratified lakes and around 10 years for unstratified 
lakes (Welch and Cooke, 1999). 

Applicability

Batch alum treatment is generally used in lakes that exhibit long retention times, 
with little flushing. It us usually applied to shallow or otherwise unstratified lakes. 
The  advantage  to  batch  alum  treatment  is  that  dissolved  and  particulate 
phosphorus  (including  algal  cells)  are  removed  via  settling  from  the  lake, 
resulting  in  an  immediate  and  dramatic  improvement  in  lake  trophic 
parameters.  This  method should only be used when phosphorus loads to the 
lake  via  stormwater  or  other  point  or  nonpoint  sources  are  addressed  and 
minimized.  Alum  can  be  applied  to  lakes  with  one  or  more  inlet  streams; 
however, settling basins may need to be installed at the inlets in order to allow 
for adequate settling time.

Smaller doses of alum are sufficient to precipitate phosphorus that is suspended 
in the water  column. The disadvantage to small  dose alum treatment is  that 
much of the phosphorus-binding capacity of the aluminum may be used up 
prior to its reaching the sediments. Redistribution of the aluminum floc by wind 
and water currents may occur prior to settling, resulting in incomplete bottom 
coverage. Long-term control of sediment release is best accomplished using a 
larger dose of alum applied directly to the lake hypolimnion. However, if large 
doses of alum are applied, the potential for elevated aluminum levels and low 
pH exists. Aluminum can be toxic to aquatic organisms, and low pH can disrupt 
the aquatic ecosystem. Low pH impacts can be mitigated by the combined use 
of  sodium aluminate  and aluminum sulfate.  In addition,  the  increase in  lake 
transparency  resulting  from the  elimination  of  suspended solids  in  the  water 
column can increase the amount of aquatic vegetation in a lake. 

Poorly buffered lakes, such as mountain lakes that are more seriously affected 
by  acid  rain,  are  not  good  candidates  for  alum treatment.  This  is  because 
aluminum is more toxic to fish and other aquatic life at low pH. However, in well-
buffered lakes, most of the aluminum quickly drops out of the water column and 
remains in the sediment, rendered harmless to aquatic life.

Design Considerations

Batch alum is  applied directly  to  the lake surface by boat,  and suspended, 
dissolved and particulate matter is precipitated from the water column. Other 
methods  of  application  include  modified  harvesting  equipment,  outfitted 
pontoon boats, and specially designed barges. The precipitated matter sinks to 
the lake bottom over a period of a few hours to a few days, where it remains 
inactive, bound to the alum. 
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Jar  tests  are  necessary  prior  to  alum  treatment  to  determine  appropriate 
dosage and maintain pH levels, and to determine if buffering is necessary. A 2:1 
ratio  of  aluminum  sulfate  to  sodium  aluminate  should  provide  adequate 
buffering to maintain ambient pH, unless the pH is abnormally high because of 
excessive algal photosynthesis (Jones, et. al., 2001). Sodium hydroxide can also 
be used for buffering.

Permits are required from the NYS DEC whenever any chemical addition to a 
body of water is planned. Different permits may be necessary depending on the 
nature and extent of the project. Contact your regional DEC office to determine 
which  permits  are  required.  Since  the  ecological  implications  of  alum 
application to a lake are complex, it is best accomplished under the direction of 
a lake professional.

Cost Considerations

The initial costs of batch alum treatment are relatively high, ranging from $500 to 
$1,000 per acre. The cost range for a hypothetical 100-acre target area over a 
hypothetical 20-year period is estimated at $50,000 to $200,000 (Jones, et. al., 
2001).  However,  the  positive  results  of  the  treatment  are  long-lasting  and 
maintenance costs are fairly nonexistent. Therefore, if it is effective, the overall 
lake treatment costs may be reduced over the course of several years. Alum 
treatment is more cost-effective and less ecologically risky over time than other 
in-lake  management  strategies  such  as  dredging  or  frequent  algicide 
application. 

Continuous Alum Treatment 

The continuous alum method (also known as alum injection) involves a flow-
weighted alum dosing system designed to fit inside a storm sewer manhole. This 
method is  a  relatively new in-lake BMP to  reduce phosphorus  inputs,  having 
been in use for about 15 years. Alum treatment of stormwater runoff with this 
method has consistently achieved a 90 percent reduction in total phosphorus, 
50-70  percent  reduction  in  total  nitrogen,  50-90  percent  reduction  in  heavy 
metals, and greater than 99 percent reduction in fecal coliform (Harper et al. 
1998). With proper design and operation, continuous alum treatment produces 
little or no impact on benthic organisms or other aquatic life. 

Applicability

Continuous  alum  treatment  is  typically  used  in  unstratified  lakes  with  shorter 
retention times to remove nutrients and sediments from the incoming waters at 
or near the lake inlets. Alum injection systems are only applicable to lakes where 
the locations of all the major stormwater inputs to the lake (for example, storm 
drains)  are  known.  Because  of  high  installation  and  operation  costs,  alum 
injection is best applied to situations where a large volume of water is stored in 
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one area, as in the case of combined sewer overflow (CSO) storage areas at 
wastewater treatment plants. Alum treatment can also be implemented as a 
pretreatment step to further reduce turbidity and total suspended solids (TSS). 
Conventional  alum  injection  treatment  systems  use  continuous  dosing  to 
remove nutrients and sediments during both baseflow and stormflow conditions. 
However, to increase the efficiency and cost effectiveness, alum dosing may be 
designed to occur only during stormflow conditions when nutrient and sediment 
concentrations  are elevated to  problematic levels.  Alum dosing may not  be 
necessary  or  may be significantly  reduced during baseflow conditions  when 
nutrient and sediment inputs are generally low. 

Continuous alum systems can be extremely cost-effective in areas where land 
availability  around a lake for  more traditional  stormwater  BMPs is  minimal,  or 
where the land is prohibitively expensive. Both installation and operation and 
maintenance costs  for alum systems are lower than for traditional stormwater 
facilities  such  as  retention  basins.  Nutrient  removal  efficiencies  are  similar  to 
removal  efficiencies  obtained  using  a  dry  retention  or  wet  detention  basin 
facility (Harper et al. 1998).

Design Considerations

In a typical continuous alum system, alum is added to the stormwater outfalls on 
a flow-proportioned basis. Dosage rates, which range from 5 to 10 mg of Al per 
liter, are determined on a flow-weighted basis during storm events. A variable 
speed chemical metering pump (injection pump) is typically attached to each 
incoming stormwater line. Each injection pump is regulated by a flow meter. A 
separate  metering  system  and  storage  tank  controls  the  application  of  a 
buffering  agent  if  required  to  maintain  desired  pH  levels.  Data  from  each 
stormwater  flow  meter  is  transformed  into  a  4-20  mA  electronic  signal  that 
instructs each metering pump to inject alum according to the measured flow 
through each individual line. Mixing of the alum and stormwater occurs as a 
result  of  turbulence in  the  inflow line.  If  sufficient  turbulence is  not  available 
within the line, artificial turbulence can be generated using aeration or physical 
modifications. Injection points in the pipes should be 100 feet upstream of the 
discharge points. The design should incorporate sufficient chemical storage in 
tanks to minimize the frequency with which they need to be refilled. 

Conventional  continuous  alum  treatment  allows  the  alum  and  the 
nutrient/sediment precipitate, or floc, to flow into the lake and be deposited to 
the lake bottom. Some recent designs include the use of a floc settling facility to 
prevent the floc from entering the lake. Certain facilities even exhibit the use of 
automated sump pumping units to maintain the settling facility by transporting 
the floc into sanitary sewer systems for ultimate disposal. Permits are required to 
pump floc to the sanitary sewer. The quantity of sludge produced at a site can 
be as much as 0.5 percent of the volume of water treated (US EPA, 2002). 
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Maintenance Recommendations

Operation and maintenance for alum treatment is critical. Some typical items 
include routine inspection and repair  of  equipment,  including the doser  and 
pump-out  facility.  A  trained  operator  should  be  available  to  regulate  the 
dosage of alum and other chemicals, as well as the flows through the basin. If 
floc is stored on-site in drying beds, it will need to be disposed of on a regular 
basis.  In addition, any settling basins will  need to  be dredged periodically to 
dispose of accumulated floc. Regulatory agencies require continued monitoring 
of water quality for alum systems, which increases maintenance costs.

Cost Considerations

Estimated construction costs for alum stormwater treatment facilities range from 
$75,000 to $400,000, depending on the type of system and the number of inlets 
or  outfalls  to  be  treated.  Typical  operation  and  maintenance  costs  for 
chemicals, power, equipment replacement, and routine inspections range from 
approximately  $5,500  to  $27,000  per  year  (Harper  et.  al.,  1998).  If  power 
transmission lines exist in close proximity to the lake, the costs  to install  power 
lines to the system are minimal; however, if there are no power lines nearby, line 
extension needs to be factored into the cost.

Lake Aeration

Description of Alternatives 

Hypolimnetic aeration is the introduction of oxygen into the hypolimnion of a 
stratified water body in order to prevent anoxic conditions from developing and, 
typically, while maintaining thermal stratification.  As a result, the redox potential 
at the sediment-water interface can be maintained at a level that prevents the 
mobilization  of  phosphorus,  metals  and other  molecules  from the  sediments. 
Simply put, these restoration techniques increase the oxygen concentration in a 
lake’s cool bottom waters without mixing the lake in the process. Oxygen in the 
bottom waters of lake prevents phosphorus from migrating out of the sediments 
and into a lake’s upper waters, where it may cause algae blooms. Also, cold 
water fish require well-oxygenated water to survive.

The earliest record of hypolimnetic aeration is reported to be Lake Bret in the 
1940s  (Mercier  and  Perret  1949),  when  “water  was  pumped  to  the  shore, 
sprayed in the air, collected and returned to the hypolimnion” (Dunst et al. 1974 
via pers. comm. G. Nurnberg 2001). Since that time, a number of technologies 
have  been  developed  to  deliver  oxygen  within  the  hypolimnion  of  a  lake 
without disturbing stratification.

There are two main technologies that can be used to aerate the hypolimnion. 
The first is the use of lift aerators. Lift aerators, either partial or full-lift, function by 
injecting air into a chamber within the hypolimnion. Rotary screw compressors 
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are typically used to move compressed air into the system. Hypolimnetic water is 
pulled into the chamber by the rising air bubbles, where atmospheric oxygen 
dissolves  into  the  water.  After  the  removal  of  bubbles,  aerated  water  is 
discharged back into the hypolimnion, thus preventing any destratification. Most 
air  compressors are oil  lubricated and release a small  quantity of  oil  into the 
compressed air. All oil should be removed before it reaches the aerator as oil 
contamination of air bubbles inhibits oxygen transfer at the air-water interface 
and reduces overall transfer efficiency (Lorenzen & Fast 1997).

An alternative to lift aerators is the use of pure oxygen within mixing chambers or 
distributed via diffusers. Aeration with pure oxygen is more efficient than using 
atmospheric  oxygen  since  the  atmosphere  contains  only  about  21  percent 
oxygen.  Oxygenation  results  in  higher  hypolimnetic  dissolved  oxygen  levels, 
lower  levels  of  induced oxygen  demand,  and  maintenance  of  more  stable 
thermal stratification (Beutel  & Horne 1999). Pure oxygen can be obtained in 
two ways: the use of liquid oxygen delivered in tanks, or by using on-site oxygen 
generators  (Pressure  Swing  Adsorption  or  PSA  Units)  to  pull  O2  from  the 
atmosphere.  A  hybrid  technology is  to  use  enhanced air,  where  an oxygen 
generator is used to boost O2 concentrations to about 40 percent. Pure oxygen 
can  also  be  delivered  to  the  lake  in  two  ways:  first,  through  the  use  of 
conventional compartment aerators (lift aerators), and second, through the use 
of micro-bubble diffusers. Micro-bubble diffusers generate tiny gas bubbles near 
the lake bottom.  The  gas  bubbles  are allowed to  travel  to  the lake surface 
unencumbered by enclosures.  Oxygen transfer  is  efficient  where  the  bubble 
diameter is small and depths are greater than 10 meters (Babin, et al. 1999).

Pure oxygen systems have been refined in recent years and many of the issues 
associated with  their  use have been resolved (Horne  pers.  comm).  Some of 
those  issues  include  cost  (typically  equivalent  to  lift  aerators),  biofouling  of 
aerator  ports  (not  any  more  likely  than  with  compressed  air  systems),  and 
potential destratification (in most cases, microbubbles would be fully dissolved 
prior to disruption of thermal stratification).

Layer  aeration  is  a  patented  process  developed by  Dr.  Bob  Kortmann.  The 
process  is  similar  to  standard  lift  aeration,  but  the  aerators  are  designed to 
create  aerobic,  cool,  isothermal  layers  bounded  by  several  functional 
thermoclines. Unlike standard hypolimnetic aeration, this process avoids nitrogen 
supersaturation and increased eddy diffusion across thermocline. Layer aeration 
redistributes available dissolved oxygen and supplements it with outside air to 
meet metabolic needs of the layer. The system can be designed to target a 
“habitat” layer just below thermocline rather than trying to restore oxygen to the 
entire hypolimnion. This system can be designed to use either compressed air or 
liquid oxygen.

OXYGEN DEPLETION RATES/OXYGEN DEMAND 
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Sizing of an aeration system is critical and should take into account the increase 
in  oxygen demand that  often  occurs  after  aeration  has  been implemented 
(Lorenzen  &  Fast  1977,  Holland  and  Tate  1984).  This  increased  oxygen 
consumption rate is caused by an increase in the volume of the hypolimnion, 
increased oxidation of  organic  material  in  the  sediments  and water  column 
(Ashley 1983),  increased inorganic oxygen demand (Soltero  et  al  1994),  and 
increased bacterial respiration in response to aeration (ibid).

Development  of  accurate  oxygen depletion  rates  and oxygen demand are 
important  for  the  successful  design  of  an  oxygen  restoration  technology. 
Oxygen depletion rates are determined by calculating the loss of oxygen mass 
within  the  hypolimnion  over  time.  Dissolved  oxygen  profiles  throughout  the 
growing season are used together with lake volume estimates to determine the 
amount, or mass, of oxygen in the hypolimnion on each sample date. The loss of 
oxygen mass between sample dates is plotted and regressed against time to 
develop the rate. The oxygen demand is then calculated as the depletion rate 
times hypolimnetic volume. In order to complete this calculation for Ball Lake, 
dissolved oxygen and temperature profiles would need to be conducted on at 
least  a weekly  basis  from the  spring,  prior  to  onset  of  stratification,  until  late 
summer  when  the  lake’s  hypolimnion  well  after  the  lake  hypolimnion  had 
become essentially anoxic. 

Project Benefits 

Restoring dissolved oxygen to the hypolimnion (cold bottom water) of a lake 
would provide two lake benefits. The primary benefit is that phosphorus release 
from the sediments would be curtailed, resulting in a considerable reduction in 
the amount of phosphorus available within the lake for the growth of algae. 
Presently,  phosphorus  released  from  the  sediments  accumulates  in  the 
hypolimnion during the summer months, some of which is likely to migrate up 
into the warm surface waters where it provides nutrients for the growth of algae.

The second benefit to restoring dissolved oxygen in the hypolimnion is that cold-
water  habitat  would  also  be  restored.  Presently,  the  lack  of  oxygen  in  the 
bottom waters during the summer months limits the available habitat in Ball Lake 
for fish that require cold, well-oxygenated water.

Once an aeration system is installed, benefits begin immediately. Many of these 
systems have been in operation for decades.

Potential Environmental Impacts 

The various types of aeration have been used in numerous lakes. Researchers 
typically  investigate  the  physical  and chemical  effects  of  aeration,  but  few 
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studies have been conducted on the biological effects. Those that have studied 
biological effects have generally found no detrimental changes.

Amisk  Lake  is  one  case  study  where  a  considerable  amount  of  study  was 
conducted  on  the  biological  effects  of  hypolimnetic  aeration.  In  this  lake, 
hypolimnetic  oxygenation  (liquid  oxygen)  was  used  to  maintain  a  dissolved 
oxygen  level  greater  than  or  equal  to  1  mg/L.  Macroinvertebrate  diversity 
decreased as  oxygenation progressed.  Chironomus abundance increased in 
the  profundal  region,  possibly  due  to  increased  food potential  (Dinsmore  & 
Prepas  1997a;  ibid.  1997b).  Field  and  Prepas  (1997)  found  no  apparent 
treatment effects on biomass, abundance or distribution of zooplankton in the 
epilimnion. Daphnia abundance increased in hypolimnion, other  cladocerons 
found  at  deeper  depths,  and  diurnal  vertical  migration  of  zooplankton 
occurred.

Doke et al. (1995) found that in a mesotrophic lake receiving alum treatment 
followed by hypolimnetic oxygenation,  merobenthic chaoborids  experienced 
90  percent  decline  following  oxygenation.  This  decline  was  attributed  to 
increased  predation.  Benthic  chironomids  and  oligochaetes  benefitted  from 
increased dissolved oxygen and reached maximum density after oxygenation 
began.

Several  researchers  have  studied  changes  in  phytoplankton  communities 
resulting from hypolimnetic aeration. Steinberg & Arzet (1984) found that internal 
fertilization of the epilimnion due to increased eddy diffusion of nutrients across 
the  thermocline resulted in increased biomass  of  filamentous  cyanobacteria. 
Webb  et  al.  (1997)  found  that,  in  Amisk  Lake,  year-round  oxygenation 
lengthened the spring diatom bloom, and delayed and reduced the severity of 
cyanobacteria blooms.

Additional Considerations 

Siting  of  on-shore  and  in-lake  components  of  a  hypolimnetic  oxygenation 
system brings up several considerations beyond environmental impacts. Those 
systems  that  require  compressors  or  oxygen generation  equipment  generally 
need three phase power. Compressors would need to operate 24 hours a day, 
and although they can be outfitted with sound shields and housed in a sound-
proofed  building,  there  will  be  some  noise  associated  with  their  operation. 
Compressors equipped with sound enclosures generally produce a sound level 
of about 75 dba. This noise level would be further reduced by a sound-insulated 
storage  building.  A  building  would  need  to  be  constructed  to  house 
compressors or oxygen generators. In a pure air (LOX) system, a concrete slab 
would have to be poured to support a LOX tank and a tanker truck would have 
to come on a regular basis to refill the onshore tank.
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In-lake considerations are primarily associated with air vents that may protrude 
to  the surface of  the lake,  causing a hazard to  boating.  Most systems have 
submersed vents to avoid this problem. Air/oxygen supply lines must be routed 
from the shore facility to the in-lake unit(s),  which necessitates some burial on 
shore  and  anchoring  in  the  lake.  The  supply  lines  are  buoyant  during  unit 
operation  and  are  therefore  typically  weighted  down.  These  can  be 
accidentally snagged by boat anchors.

Implementation Costs 

The  cost  for  hypolimnetic  oxygenation  are  two-fold:  capital  costs  for  the 
purchase and installation of the equipment, and operating costs for the annual 
expense of electricity and liquid oxygen. These costs are specific to each lake 
application, since the sizing of the equipment is dependent upon the oxygen 
depletion rate and treatment volume specific to each lake. However, a general 
estimate of capital  costs  can be made from per  acre costs  associated with 
projects throughout the United States. 

10.5 Sources of Funding

Although  in-lake  restoration  activities  and  watershed  activities  that  directly 
benefit  homeowners  will  likely  need  to  be  funded  privately,  some  of  the 
watershed studies might be funded either by local and regional environmental 
groups, or perhaps the NYC DEP.
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Appendix A

Glossary of Lake & Watershed Terms
adapted from: The Lake and Reservoir Restoration Guidance Manual (US EPA 1990)

Acid neutralizing capacity (ANC): the 
equivalentcapacity of a solution to 
neutralize strong acids. The components 
of ANC include weak bases (carbonate 
species, dissociated organic acids, 
alumino-hydroxides, borates, and 
silicates) and strong bases (primarily, 
OH-). In the National Surface Water 
Survey, as well as in most other recent 
studies of acid-base chemistry of surface 
waters, ANC was measured by the Gran 
titration procedure.

Acidic deposition: transfer of acids and 
acidifying compounds from the 
atmosphere to terrestrial and aquatic 
environments via rain, snow, sleet, hail, 
cloud droplets, particles, and gas 
exchange.

Adsorption: The adhesion of one substance to 
the surface of another: clays, for 
example, can adsorb phosphorus and 
organic molecule.

Aerobic: Describes life or processes that 
require the presence of molecular 
oxygen.

Algae: Small aquatic plants that occur as single 
cells, colonies, or filaments. Planktonic 
algae float freely in the open water. 
Filamentous algae form long threads and 
are often seen as mats on the surface in 
shallow areas of the lake.

Alkalinity: (see acid neutralizing capacity).

Allochthonous: Materials (e.g., organic matter 
and sediment) that enter a lake from 
atmosphere or drainage basin (see 
autochthonous).

Anaerobic: Describes processes that occur in 
the absence of molecular oxygen.

Anoxia: A condition of no oxygen in the water. 
Often occurs near the bottom of fertile 
stratified lakes in the summer and under 
ice in late winter.

Anoxic: "Without oxygen." (see anoxia).

Autochthonous: Materials produced within a 
lake e.g., autochthonous organic matter 
from plankton versus allochthonous 
organic matter from terrestrial 
vegetation.

Bathymetric map: A map showing the bottom 
contours and depth of a lake; can be 
used to calculate lake volume.

Benthic: Macroscopic (seen without aid of a 
microscope) organisms living in and on 
the bottom sediments of lakes and 
streams. Originally, the term meant the 
lake bottom, but it is now applied almost 
uniformly to the animals associated with 
the substrate. Also referred to as 
benthos.
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Biochemical oxygen demand (BOD): The rate 
of oxygen consumption by organisms 
during the decomposition (respiration) 
of organic matter, expressed as grams 
oxygen per cubic meter of water per 
hour.

Biomass: The weight of biological matter. 
Standing crop is the amount of biomass 
(e.g., fish or algae) in a body of water at 
a given time. Often measured in terms of 
grams per square meter of surface.

Biota: All plant and animal species occurring in 
a specified area.

Chemical oxygen demand (COD): Non-
biological uptake of molecular oxygen 
by organic and inorganic compounds in 
water.

Chlorophyll: A green pigment in algae and 
other green plants that is essential for the 
conversion of sunlight, carbon dioxide 
and water to sugar (photosynthesis). 
Sugar is then converted to starch, 
proteins, fats and other organic 
molecules.

Chlorophyll a: A type of chlorophyll present in 
all types of algae, sometimes in direct 
proportion to the biomass of algae.

Cluster development: Placement of housing 
and other buildings of a development in 
groups to provide larger areas of open 
space.

Consumers: Animals that cannot produce their 
own food through photosynthesis and 
must consume plants or animals for 
energy (see producers).

Decomposition: The transformation of organic 
molecules (e.g., sugar) to inorganic 
molecules (e.g., carbon dioxide and 
water) through biological and non-
biological processes.

Delphi: A technique that solicits potential 
solutions to a problem situation from a 
group of experts and then asks the 
experts to rank the full list of 
alternatives.

Density flows: A flow of water of one density 
(determined by temperature or salinity) 
over or under water of another density 
(e.g. flow of cold river water under 
warm reservoir surface water).

Detritus: Non-living dissolved and particulate 
organic material from the metabolic 
activities and deaths of terrestrial and 
aquatic organisms.

Drainage basin: Land area from which water 
flows into a stream or lake (see 
watershed).

Drainage lakes: Lakes having a defined surface 
inlet and outlet.

Ecology: Scientific study of relationships 
between organisms and their 
environment: also defined as the study 
of the structure and function of nature.

Ecosystem: A system of interrelated organisms 
and their physical-chemical 
environment. In limnology, the 
ecosystem is usually considered to 
include the lake and its watershed.

Effluent: Liquid wastes from sewage treatment, 
septic systems or industrial sources that 
are released to a surface water.

Environment: Collectively, the surrounding 
conditions, influences and living and 
inert matter that affect a particular 
organism or biological community.

Epilimnion: Uppermost, warmest, well-mixed 
layer of a lake during summertime 
thermal stratification. The epilimnion 
extends from the surface to the 
thermocline.
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Erosion: Breakdown and movement of land 
surface which is often intensified by 
human disturbances.

Eutrophic: From Greek for well-nourished; 
describes a lake of high photosynthetic 
activity and low transparency.

Eutrophication: The process of physical, 
chemical, and biological changes 
associate.

Fall overturn: The autumn mixing, top to 
bottom, of lake water caused by cooling 
and wind-derived energy.

Fecal coliform test: Most common test for the 
presence of fecal material from warm-
blooded animals. Fecal coliforms are 
measured because of convenience; they 
are not necessarily harmful but indicate 
the potential presence of other disease-
causing organisms.

Floodplain: Land adjacent to lakes or rivers 
that is covered as water levels rise and 
overflow the normal water channels.

Flushing rate: The rate at which water enters 
and leaves a lake relative to lake 
volume, usually expressed as time 
needed to replace the lake volume with 
inflowing water. 

Flux: The rate at which a measurable amount of 
a material flows past a designated point 
in a given amount of time.

Food chain: The general progression of feeding 
levels from primary producers, to 
herbivores, to planktivores, to the larger 
predators. 

Food web: The complex of feeding interactions 
existing among the lake's organisms.

Forage fish: Fish, including a variety of panfish 
and minnows, that are prey for game 
fish.

Groundwater: Water found beneath the soil 
surface; saturates the stratum at which it 
is located; often connected to lakes.

Hard water: Water with relatively high levels 
of dissolved minerals such as calcium, 
iron, and magnesium.

Hydrographic map: A map showing the 
location of areas or objects within a 
lake.

Hydrologic cycle: The circular flow or cycling 
of water from the atmosphere to the 
earth (precipitation) and back to the 
atmosphere (evaporation and plant 
transpiration). Runoff, surface water, 
groundwater, and water infiltrated in 
soils are all part of the hydrologic cycle.

Hypolimnion: Lower, cooler layer of a lake 
during summertime thermal 
stratification.

Hypoxia: A condition of low oxygen in the 
water (< 2.0 mg/L). Often occurs near 
the bottom of fertile stratified lakes in 
the summer and under ice in late winter.

Influent: A tributary stream.

Internal nutrient cycling: Transformation of 
nutrients such as nitrogen or phosphorus 
from biological to inorganic forms 
through decomposition, occurring within 
the lake itself. Also refers to the release 
of sediment-bound nutrients into the 
overlying water that typically occurs 
within the anoxic hypolimnion of 
stratified, mesotrophic and eutrophic 
lakes.

Isothermal: The same temperature throughout 
the water column of a lake.

Lake: A considerable inland body of standing 
water, either naturally formed or 
manmade.
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Lake district: A special purpose unit of 
government with authority to manage a 
lake(s) and with financial powers to 
raise funds through mill levy, user 
charge, special assessment, bonding, and 
borrowing. May or may not have police 
power to inspect septic systems, regulate 
surface water use, or zone land.

Lake management: The practice of keeping 
lake quality in a state such that 
attainable uses can be achieved and 
maintained.

Lake protection: The act of preventing 
degradation or deterioration of attainable 
lake uses.

Lake restoration: The act of bringing a lake 
back to its attainable uses.

Lentic: Relating to standing water (versus lotic, 
running water).

Limnologist: One who studies limnology.

Limnology: Scientific study of fresh water, 
especially the history, geology, biology, 
physics, and chemistry of lakes. Also 
termed freshwater ecology.

Littoral zone: That portion of a waterbody 
extending from the shoreline lakeward 
to the greatest depth occupied by rooted 
plants.

Loading: The total amount of material 
(sediment, nutrients, oxygen-demanding 
material) brought into the lake by 
inflowing streams, runoff, direct 
discharge through pipes, groundwater, 
the air, and other sources over a specific 
period of time (often annually).

Macroinvertebrates: Aquatic insects, worms, 
clams, snails, and other animals visible 
without the aid of a microscope, that 
may be associated with or live on 
substrates such as sediments and 

macrophytes. They supply a major 
portion of fish diets and consume 
detritus and algae.

Macrophytes: Rooted and floating aquatic 
plants, commonly referred to as 
waterweeds. These plants may flower 
and bear seed. Some forms, such as 
duckweed and coontail (Ceratophyllum), 
are free-floating forms without roots in 
the sediment.

Mandatory property owners association: 
Organization of property owners in a 
subdivision or development with 
membership and annual fee required by 
covenants on the property deed. The 
association will often enforce deed 
restrictions on members' property and 
may have common facilities such as 
bathhouse, clubhouse, golf course, etc.

Marginal zone: Area where land and water 
meet at the perimeter of a lake. Includes 
plant species, insects and animals that 
thrive in this narrow, specialized 
ecological system.

Mesotrophic: Describes a lake of moderate 
plant productivity and transparency; a 
trophic state between oligotrophic and 
eutrophic.

Metalimnion: Layer of rapid temperature and 
density change in a thermally stratified 
lake. Resistance to mixing is high in this 
region.

Morphometry: Relating to a lake's physical 
structure (e.g., depth, shoreline length).

Nekton: Large aquatic organisms whose 
mobility is not determined by water 
movement - - for example, fish and 
amphibians.
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Nominal group process: A process of 
soliciting concerns/issues/ideas from 
members of a group and ranking the 
resulting list to ascertain group 
priorities. Designed to neutralize 
dominant personalities.

Nutrient: An element or chemical essential to 
life, such as carbon, oxygen, nitrogen, 
and phosphorus.

Nutrient budget: Quantitative assessment of 
nutrients (e.g., nitrogen or phosphorus) 
moving into, being retained in, and 
moving out of an ecosystem; commonly 
constructed for phosphorus because of 
its tendency to control lake trophic state.

Nutrient cycling: The flow of nutrients from 
one component of an ecosystem to 
another, as when macrophytes die and 
release nutrients that become available 
to algae (organic to inorganic phase and 
return).

Oligotrophic: "Poorly nourished," from the 
Greek. Describes a lake of low plant 
productivity and high transparency.

Ooze: Lake bottom accumulation of inorganic 
sediments and the partially decomposed 
remains of algae, weeds, fish, and 
aquatic insects. Sometimes called muck 
(see sediment).

Ordinary high water mark: Physical 
demarcation line, indicating the highest 
point that water level reaches and 
maintains for some time. Line is visible 
on rocks, or shoreline, and by the 
location of certain types of vegetation.

Organic matter: Molecules manufactured by 
plants and animals and containing linked 
carbon atoms and elements such as 
hydrogen, oxygen, nitrogen, sulfur, and 
phosphorus.

Paleolimnology: The study of the fossil record 
within lake sediments.

Pathogen: A microorganism capable of 
producing disease. They are of great 
concern to human health relative to 
drinking water and swimming beaches.

Pelagic zone: This is the open area of a lake, 
from the edge of the littoral zone to the 
center of the lake.

Perched: A condition where the lake water is 
isolated from the groundwater table by 
impermeable material such as clay.

pH: A measure of the concentration of 
hydrogen ions of a substance, which 
ranges from very acid (pH = 1) to very 
alkaline (pH = 14). pH 7 is neutral and 
most lake waters range between 6 and 9. 
pH values less than 6 are considered 
acidic, and most life forms can not 
survive at pH of 4.0 or lower.

Photic zone: The lighted region of a lake where 
photosynthesis takes place. Extends 
down to a depth where plant growth and 
respiration are balanced by the amount 
of light available.

Phytoplankton: Microscopic algae and 
microbes that float freely in open water 
of lakes and oceans.

Plankton: Microscopic plants, microbes and 
animals floating or swimmng freely 
about in lakes and oceans.

Primary productivity: The rate at which algae 
and macrophytes fix or convert light, 
water and carbon dioxide to sugar in 
plant cells (through photosynthesis). 
Commonly measured as milligrams of 
carbon per square meter per hour.

Primary producers: Green plants that 
manufacture their own food through 
photosynthesis.
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Profundal zone: Area of lake water and 
sediment occurring on the lake bottom 
below the depth of light penetration.

Reservoir: A manmade lake where water is 
collected and kept in quantity for a 
variety of uses, including flood control, 
water supply, recreation and 
hydroelectric power.

Residence time: Commonly called the 
hydraulic residence time -- the amount 
of time required to completely replace 
the lake's current volume of water with 
an equal volume of new water.

Respiration: Process by which organic matter 
is oxidized by organisms, including 
plants, animals, and bacteria. The 
process releases energy, carbon dioxide, 
and water.

Secchi depth: A measure of transparency of 
water obtained by lowering a black and 
white, or all white, disk (Secchi disk, 20 
cm in diameter) into water until it is no 
longer visible. Measured in units of 
meters or feet.

Sediment: Bottom material in a lake that has 
been deposited after the formation of a 
lake basin. It originates from remains of 
aquatic organisms, chemical 
precipitation of dissolved minerals, and 
erosion of surrounding lands (see ooze 
and detritus).

Seepage lakes: Lakes having either an inlet or 
outlet (but not both) and generally 
obtaining their water from groundwater 
and rain or snow.

Soil retention capacity: The ability of a given 
soil type to adsorb substances such as 
phosphorus, thus retarding their 
movement to the water.

Stratification: Layering of water caused by 
differences in water density. Thermal 

stratification is typical of most deep 
lakes during summer. Chemical 
stratification can also occur.

Swimmers itch: A rash caused by penetration 
into the skin of the immature stage 
(cercaria) of a flatworm (not easily 
controlled due to complex life cycle). A 
shower or alcohol rubdown should 
minimize penetration.

Thermal stratification: Lake stratification 
caused by temperature-created 
differences in water density.

Thermocline: A horizontal plane across a lake 
at the depth of the most rapid vertical 
change in temperature and density in a 
stratified lake (see metalimnion.)

Topographic map: A map showing the 
elevation of the landscape at specified 
contour intervals (typically 10 or 20 foot 
intervals, may be expressed in feet or 
meters). Can be used to delineate the 
watershed.

Trophic state: The degree of eutrophication of 
a lake. Transparency, chlorophyll a 
levels, phosphorus concentrations, 
amount of macrophytes, and quantity of 
dissolved oxygen in the hypolimnion 
can be used to assess state.

Voluntary lake property owners association: 
Organization of property owners in an 
area around a lake that members join at 
their option.

Water column: Water in the lake between the 
interface with the atmosphere at the 
surface and the interface with the 
sediment layer at the bottom. Idea 
derives from vertical series of 
measurements (oxygen, temperature, 
phosphorus) used to characterize lake 
water.
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Water table: The upper surface of 
groundwater; below this point, the soil is 
saturated with water.

Watershed: A drainage area or basin in which 
all land and water areas drain or flow 
toward a central collector such as a 

stream, river, or lake at a lower 
elevation.

Zooplankton: Microscopic animals that float or 
swim freely in lake water, graze on 
detritus particles, bacteria, and algae, 
and may be consumed by fish. 
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Appendix B

Water Quality Data
THREE LAKES COUNCIL

LAKE Layer DATE SECCHI SECCHI TOTAL P PH ALK    COND    CHL A NO3
 (m) (ft) (mg/l)         (s.u.) (mg/L) (µMhos/cm)   (µg/L) (mg/L)

Rippowam epi 5/19/2003      3.00    9.84  0.031 7.6 42.0     205.0       5.2 0.005
Rippowam epi 6/17/2003      3.10  10.17  0.026 7.5 42.0     195.0       5.8 0.010

7/28/2003      3.35  10.99  0.020 7.6 44.0     203.0       2.4 0.005
8/18/2003      2.90    9.51  0.024 7.4 52.0     210.0       7.2 0.005
9/16/2003      1.70    5.58  0.031 7.9 42.0     202.0     22.0 0.005
MEAN      2.81    9.22  0.026 7.4 44.4     203.0       8.5 0.006

Rippowam hypo 5/19/2003  0.058
Rippowam hypo 6/17/2003  0.040

7/28/2003  0.166
8/18/2003  0.036
9/16/2003  0.111
MEAN  0.082

TSI values
SD TP CHL SD TP CHL

summer 3.12 0.02 5.13 43.6 49.6 46.616
study 2.81 0.03 8.52 45.1 51.4 51.587
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THREE LAKES COUNCIL

LAKE Layer DATE SECCHI SECCHI TOTAL P PH ALK    COND CHL A NO3
 (m) (ft) (mg/l)         (s.u.) (mg/l)(µMhos/cm)(µg/L) (mg/L)

 Oscaleta epi 5/19/2003      2.90    9.51  0.025 7.7  32.0      163.0     4.9 0.005
 Oscaleta epi 6/17/2003      3.10  10.17  0.021 7.6  34.0      158.0     5.7 0.005

7/28/2003      3.25  10.66  0.020 7.6  36.0      164.0     5.1 0.005
8/18/2003      3.30  10.83  0.037 7.4  16.0      150.0     5.3 0.005
9/16/2003      4.25  13.94  0.026 8.0  34.0      161.0     7.7 0.005
MEAN      3.36  11.02  0.026 7.7  30.4      159.2     5.7  0.005

 Oscaleta hypo 5/19/2003  0.057
 Oscaleta hypo 6/17/2003  0.050

7/28/2003  0.086
8/18/2003  0.088
9/16/2003  0.078
MEAN  0.072

TSI values
SD TP CHL SD TP CHL

summer 3.22 0.03 5.37 43.1 51.2 47.052
study 3.36 0.03 5.74 42.5 51.0 47.712
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THREE LAKES COUNCIL

LAKE Layer DATE SECCHI SECCHI TOTAL P PH   ALK    COND   CHL A NO3
 (m) (ft) (mg/l) (s.u.) (mg/l)(µMhos/cm)  (µg/L) (mg/L)

 Waccabuc epi 5/19/2003      2.60    8.53  0.038  8.3   44.0     197.0       8.4 0.005
 Waccabuc epi 6/17/2003      2.40    7.87  0.038  8.4   46.0     190.0       9.9 0.005

7/28/2003      1.80    5.91  0.043  8.8   46.0     195.0     20.0 0.005
8/18/2003      2.60    8.53  0.047  8.3   46.0     189.0     14.0 0.005
9/16/2003      2.70    8.86  0.032  8.2   42.0     188.0     14.0 0.005
MEAN      2.42    7.94  0.040  8.4   44.0     191.8     13.3 0.005

 Waccabuc hypo 5/19/2003  0.046
 Waccabuc hypo 6/17/2003  0.079

7/28/2003  0.176
8/18/2003  0.137
9/16/2003  0.206
MEAN  0.129

TSI values
SD TP CHL SD TP CHL

summer 2.27 0.03 5.37 43.1 51.2 47.052
study 2.42 0.03 5.74 42.5 51.0 47.712
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Appendix C

Dissolved Oxygen & Temperature Profiles
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