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East Sidney Lake, New York

I he US Army Engineer District,
Baltimore, and the Environ-

mental Laboratory (EL.) of the US
Army Engineer Waterways Experi-
ment Station (WES) are jointly con-
ducting a water quality manage-
ment initiative at East Sidney Lake,
New York. Preliminary efforts in-
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Water Quality Management
Initiatives at East Sidney

cluded assessment of existing data
from Baltirnore District and other
sources, supplementary field inves-
tigations, data interpretation, and
application of simplified techniques
(Walker 1985) to quantify nutrient
loading and in-lake physicochemi-
cal processes. Detailed studies

were conducted and included as-
sessment of aerial photographs of
the project watershed to describe
land use patterns, intensive water
quality monitoring to quantify
nutrient loading and describe tem-
poral patterns in water quality, and
a survey of project users to identify
user perceptions of water quality.

Study findings indicated that ex-
cessive nutrient loads to the
project result in adverse conditions
during the summer recreation
season (Kennedy and others 1988
and Ashby and Kennedy 1990).
These adverse conditions include
nuisance algal “blooms,” hypolim-
netic anoxia, excessive nutrient
and metal concentrations, and
reduced water clarity. Inventories
of land uses in the watershed and
seasonal water quality studies sug-
gested that both external and inter-
nal sources provided excessive
loads of nutrients. While user
perceptions of water quality were
generally favorabie, water quality
enhancement was deemed-
desirable.

Evaluation of the efficacy of
various water quality enhancement
techniques led to the development
of a two-part management ap-
proach. Cooperative efforts with
state and local agencies were in-
itiated to foster control of nonpoint
source nutrient loading from the




watershed. Maintenance of
aerobic conditions in the lake via
mixing was recommended to
decrease internal nutrient loading.
This article describes study results,
management recommendations,
and the status of current water
quality management initiatives at
East Sidney Lake.

Site Location and
Description

East Sidney lLake, an impound-
ment of Quleout Creek in Delaware
County, New York (Figure 1),
provides fload control for portions
of southern New York and eastern
Pennsylvania. The watershed is
situated in a rural area where
forests and agriculture are
predominant land uses. A conser-
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vation pool is maintained for
storage of spring flood waters from
November to April. In April, the
pool elevation is increased for sum-
mer recreation. Recreational op-
portunities include fishing, swim-
ming, boating, hiking, picnicking,
and camping.

Study Synopsis

Aerial, color-infrared photog-
raphy, conducted in the spring of
1988, provided the means for es-
tablishing a land use inventory for
the 102-square mile East Sidney
Lake watershed. [.and uses, types
of vegetative cover, conditions of
fields and pastures, location of
animal operations, and hydrologic
drainages were identified and quan-
tified. This information, coupled
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Figure 1. Location of the East Sidney Lake Project

with soit characteristics, allowed for
identification of erosion potential
and estimation of runoff. A user
attas of various maps overlaying
topographic quadrangles was
prepared and data were placed on
computier diskette for additional
analyses.

Approximately one-half of the
watershed is primarily forested
cover. Nearly one-third of the
watershed, classified using land
uses associated with agricultural
practices, was primarily fair pas-
tures of uneven growth with mini-
mal maintenance. Nondairy and
dairy catile operations accounted
for 97 percent of the animal ac-
tivity. The remaining area of the
watershed included minor areas of
water bodies, urban development,
wetlands, and heavily overgrazed
pastures.

From May to September, lim-
nological surveys were conducted
routinely. Variables monitored in-
cluded temperature, dissolved
oxygen, specific conductance, light
transparency, total phosphorus,
nitrogen, iron, manganese, and
sodium. Sampling for chemical
variables was conducted biweekly
at inflow and outflow stations. In-
lake sampling consisted of vertical
profiles of in-situ variables at 1-
metre intervals and sample collec-
tion at 2-metre intervals for chemi-
cal analyses. Integrated samples
were also collected from the
mixed-layer for chiorophyll a
analysis and phytoplankton spe-
cies identification.

Nutrient loadings from external
and internal sources were calcu-
lated for the growing season during
thermal stratification (June through
mid-August 1988). Initially, exter-
nal loads and loading rates were
calculated using FLUX (Watker
1985) for Ouleout Creek and Hand-
some Brook. Since flow data for
these inflows were not available,
the total inflow was assumed to be
equal to the discharge from the



dam, as calculated by the Bal-
timore District. Then, based on the
area of the respective subwater-
shed, 75 percent of the inflow was
assigned to Ouleout Creek and

25 percent of the inflow was as-
signed to Handsome Brook.
Within the lake, concentrations
were weighted by strata, and
change in storage was calculated
for the period of stratification from
initial and final mass values.
Nutrient loss due to discharge was
also calculated with FLUX. Inter-
nal loading rates were then calcu-
lated for the hypolimnion using the
following equation:

[ = Xe =~ (Xi~ Xo)
- tx A

where
L = netinternal load rate, mil-
ligrams/square metre/day
Xc = change in storage, mil-
ligrams
Xi= external load, milligrams
Xo = loss due to discharge,
milligrams
t = period of stratification
based on in-situ profiles,
days
A = area of hypolimnion,
square metres

Results indicated that during
stratification, external sources
provided approximately 30 percent
of the phosphorus supply to the
take, while internal loading of
sedimentary phosphorus ac-
counted for approximately 70 per-
cent of the total phosphorus load
{Ashby and Kennedy 1990).

Mechanisms for internal loading
may be attributed to the combined
effects of thermal stratification,
which isolates bottom waters and
prevents reaeration, and high
oxygen demand from degradation
of organic matter. Seasonal
anoxia in the sediments and
hypolimnion is often a result of
these effects. During anoxia,
sclubilization and transport of
sedimentary metals and nutrients
are enhanced and hypolimnetic
concentrations increase (Mortimer
1941, 1942). Partial mixing, which
may be attributed to low thermal
stability in the lake and energy
input associated with passage of
weather fronts, redistributes
nutrient-rich bottom waters to sur-
face waters, increasing nutrient
availability for phytoplankton
production (Gaugush 1984).
Results of these processes are an

Tailwater region of East Sidney Dam

increase in algal production,
reduced water clarity, increased or-
ganic and nutrient cycling, and
overall diminished water quality.

Approximately 45 project users
were interviewed in mid-July to
identify user perceptions of water
quality. Most of the users were
local (within 40 kilometres) and fre-
quent visitors to the project.
Generally, users perceived water
quality to be good or “acceptable,”
but they were aware of late sum-
mer algal blooms and considered
them to be a nuisance. Improved
water clarity was the main desire of
theindividuals polled. When
asked about water quality manage-
ment techniques, most were sup-
portive of measures to improve
agricultural practices but were op-
posed to in-lake application of

.chemicals, such as algicides.

Management
Recommendations

Since excessive nutrient con-
centrations from both external and



internal sources were determined
to be a major factor in seasonal
nuisance algal blooms and
diminished water quality, a two-
part management approach was
developed. First, interactions with
watershed landowners, managers,
and agencies were recommended
as a means to address the
management of external nutrient
loading. Second, the Baltimore
District agreed to install and
operate a pneumatic mixing sys-
tem to prevent thermal stratifica-
tion. Artificial mixing increases the
area of the oxygenated region and
should decrease internal loading of
nutrients and metals which occurs
during anoxia. The study is dis-
cussed in more detail in Ashby and
Kennedy (19290).

Watershed
Management

The US Department of Agricul-
ture recently selected the East Sid-
ney Lake watershed as one of 37
hydralogic units in which various
watershed management programs
will be demonstrated. Emphasis
will be on nonpoint source manage-
ment and will include identifying
and managing both agricultural
and nonagricultural sources. A
work-plan for a cost-sharing
demonstration program was jointly
prepared by the New York Water
Resources Institute (located at Cor-
nell University and associated with
_the Cornell Coopérative Extension)
and the Soil Conservation Service.
The plan provides for research and
development, cost-sharing
demonstrations, and technology
transfer within the state.

One of the major thrusts of the
plan is to promote interagency
interactions throughout the study.
Toward this end, Baltimore District
and WES persennel participated at
a local organizational meeting to
discuss US Army Corps of En-
gineers (USACE) interests in water

quality and provide an overview of
ongoing studies at East Sidney
Lake. Following this meeting,
aerial photographs and data from
recent studies have been made
available to other agencies. In-
lake enhancement efforts at East
Sidney Lake were also described
in a recent publication of the local
extension agency (Bank 1989).
USACE involvement was well
received by local and professional
interests, and continued involve-
ment throughout the duration of the
study is likely.

In-lake Enhancement

A pneumatic mixing system was
installed at East Sidney Lake by
the Baltimore District and WES in
July 1989 and was fully operational
for the 1990 summer season. Ini-
tial operation consisted of cycles of
varied duration (from 23 hours on
and 1 hour off to 12 hours on and
12 hours off). The system was
operated to maintain a temperature
difference between the surface and
bottom of less than 2 degrees
Celsius.

System design, following the
guidance of Davis (1980), is based
on lake volume, temperature
stratification, and thermal stability
of the lake. Diffused air bubbles
are introduced near the bottom of
the reservoir to induce vertical and
{ateral circulation. The volume of
water circulated is based on depth
and the volume of air delivered fo
each diffuser port by the
COMpressor.

The system was designed and
constructed at the WES and
transported to the site for installa-
tion. The diffuser consists of eight,
30.5-metre (100-foot) sections of
3.8-centimetre {1.5-inch) polyvinyl
chioride (PVC) pipe joined to form
a linear diffuser with 0.8-millimetre
holes drilled every 0.3 metre (1
foot). To facilitate operation of the
system, each section is controfled

by a valve from a manifold on the
main air supply line from the com-
pressor. The main supply line con-
sists of 121.9 meires (400 feet) of
5.0-centimetre (2-inch) pipe and
304.8 metres (1,000 feet) of 4.0-
centimetre {1.5-inch) flexible rub-
ber hose. The 15-horsepower com-
pressor, located on top of the dam,
is designed to deliver 64 cubic feet
of air per minute at a pressure of
50 pounds per square inch.

Comparisons of temperature
and dissolved oxygen data col-
lected during summer seasons
without mixing (1988) and with
mixing (1990) indicate that water
quality may be enhanced with
seasonal mixing (Figure 2).
Temperature isopleths indicate
near-isothermal conditions were
maintained with system operation.
Consequently, aerobic conditions
were present throughout the lake
during the summer season.

Concentrations of total iron and
phosphorus were lower in 1990
than in 1988 (Figure 3), suggesting
improved chemical conditions with
mixing. Lower iron and phos-
phorus concentrations may be the
result of decreased release from
desp-water sediments due to the
maintenance of aerobic conditions.
Internal loading of phosphorus
during the 1988 summer growing
season was 70 percent of the total
load, while during a similar time
period in 1990 internal phosphorus
loading was 30 percent of the total
load. Additionally, water quality of
the discharge was improved as in-
dicated by decreased nutrient and
metal concentrations (Figure 4).

Additional evaluation of impacts
of management initiatives on water
quality at East Sidney Lake is
necessary. Responses in tempera-
ture and dissolved oxygen profiles
to varied mixing durations were dis-
cernible suggesting system opera-
tion could be optimized. Additional-
ly, a considerable blue-green algal
bloom occurred in mid- to late
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Figure 2. Temperature (left) and dissolved oxygen (right) for 1988 and no mixing (top) and 1990 with mixing (bottom);
solid line denotes duration of mixing system operation
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Figure 3. Total iron (left) and total phosphorus (right) for 1988 and no mixing (top) and 1990 with mixing (bottom);
solid line denotes duration of mixing system operation



August, reducing water clarity and
significantly impacting recreational
activities at the lake. Heavy
precipitation and subsequent runoff & j
during mid-August preceded the
algal bloom and may have even
precipitated the observed adverse
conditions. Hence, impacts of
seasonal external loading events
on in-lake water quality need fur-
ther evaluation.
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Summary

200 ] ] Development of a water quality
management strategy for East Sid-
ney Lake provides a demonstration
of the resource management :
decision-making process. Strategy
development followed a logical '
path from problem diagnosis to the
identification of potential solutions.
While specific for East Sidney
l.ake, lessons learned here will cer-
tainly be applicable at other
projects. The insight gained from
working with those agencies in-
MAY JUN JuL AJG SEP ocT volved in nonpoint source manage-
MONTH ment at East Sidney Lake willbe in- s
Figure 4. Total iron and phosphorus concentrations in the discharge from valuable, since such interactions
East Sidney Lake, with {1998) and without (1988) in-lake mixing will be required if the USACE is to
continue to provide sound manage-
ment of its water resources.
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The Baltimore District and the US Army En-
gineer Waterways Experiment Station are
jointly conducting a water quality manage-
ment initiative at East Sidney Lake, New
York. This issue describes the site location,
presents study results, and gives manage-
ment recommendations.
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WATER QUALITY
RESEARCH PROGRAM

This bulletin is published in accordance with AR 25-30. it has been
prepared and distributed as one of the information dissemination
funclions of the Walerways Experiment Station. It is principally in-
tended to be a forum whereby information pertaining to and resuiting
from WQRP can be rapidly and widely disseminated to Corps District
and Division offices as well as other Federal agencies, state agencies,
universities, research institutes, corporations, and individuals. Con-
tributions of any type are selicited from all sources and will be con-
sidered for publication as long as they are relevant to the objectives of
WQRP, i.e., to provide new or improved technology to solve selected
enviranmental quality problems associated with Civil Works activities
of the Corps of Engineers in a manner compatible with authorized
project purposes. This bulletin will be issued on an irregutar basis as
dictated by the quantity and importance of information to be dissemi-
nated. Communications are welcomed and should be addressed to
the Environmental Laboratory, ATTN: J.L. Decell, US Army Engineer
Waterways Experiment Station, 3909 Halls Ferry Road, Vicksburg, MS
39180-6199, or call AC 601/634-3494.

LARRY B.ZULTON

Colonel, Corps of Engineers
Commander and Director
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