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2005 AMP ANNUAL REPORT SUMMARY

Program Description

Onondaga County Department of Water Environment Protection (OCDWEP) conducts an annual
program to evaluate the water quality conditions of Onondaga Lake, the lake tributaries, and a
portion of the Seneca River. An Amended Consent Judgment signed in 1998 requires Onondaga
County to complete three major tasks: first, to upgrade the level of treatment at the Metropolitan
Syracuse Wastewater Treatment Plant (Metro); second, to mitigate the Combined Sewer
Overflows (CSOs); and third, to implement an Ambient Monitoring Program (AMP) that will
track the effectiveness of these improvements to the wastewater collection and treatment
infrastructure. The AMP builds on Onondaga County’s historical monitoring program, which
provides a basis for evaluating trends over time. Each year the County prepares an annual report
of its findings.

The AMP is designed to identify sources of materials (nutrients, sediment, microorganisms, and
chemicals) to the lake, evaluate in-lake water quality conditions, and examine the interactions
between Onondaga Lake and the Seneca River. In addition to the water quality-related program,
the AMP examines many levels of the biological community of the lake and its watershed. The
AMP includes an assessment of zebra mussels, benthic macroinvertebrates, aquatic plants,
phytoplankton, zooplankton, and fish.

A rigorous Quality Assurance/Quality Control program is in place. Results of internal and
external audits, blanks, and duplicates are presented in the Annual AMP report. Samples are
collected by trained technicians and analyzed in a state-certified laboratory. The annual AMP
workplan is subject to New York State Department of Environmental Conservation (NYSDEC)
review and approval. Technical experts (the Onondaga Lake Technical Advisory Committee)
review the program findings and interpretive reports each year.

Technological advances enable the County to monitor water quality on a near-real-time basis. A
water quality buoy with an array of probes that measure physical and chemical characteristics of
the lake water is deployed on the lake at its deepest point (referred to as the South Deep station).
Data from the buoy provide a window into how the lake quality changes in response to winds and
waves. Acoustic Doppler devices, installed at the lake’s outlet by the U.S. Geological Survey,
provide data needed to assess water exchange between the lake and the Seneca River.

As part of the annual AMP, OCDWEP tests over 20,000 water samples and examines several
thousand biological samples. The 2005 data have been appended to the custom long-term
database developed by Dr. William W. Walker Jr. The database, which merges the County’s
tributary and lake data from 1968 to the current year, has greatly improved data management and
reporting tasks.

Results

The 2005 results are consistent with the trend of improving conditions. Phosphorus and ammonia
concentrations have decreased to the lowest concentrations ever measured in the lake over the 36
years of Onondaga County monitoring. Concentrations of dissolved oxygen have increased and
algal blooms are diminishing. Improved water clarity has allowed the beds of aquatic plants to
expand; this has provided improved nesting and nursery habitat for the warmwater fish
community.
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Improvements in Wastewater Treatment

Improvements to the county’s wastewater collection and treatment system are primarily
responsible for the improved water quality conditions in the lake. Significant public investment in
wastewater treatment technology has achieved far lower discharges of wastewater-related
pollutants, particularly ammonia and phosphorus.

Onondaga Lake has exhibited elevated ammonia concentrations for decades. Monitoring results
from 1970 to 2002 documented that ammonia levels in the lake waters were above New York
State’s ambient water quality standards designed to protect aquatic life. Metro effluent was the
largest source of ammonia to the lake, averaging about 90% of the total annual input. Recent
improvements to Metro were designed to reduce ammonia levels in the treated effluent and bring
the lake’s water quality into compliance with state standards.

The final stage of the Metro improvements for ammonia treatment came on line in early 2004.
The Biological Aerated Filter (BAF) system has resulted in year-round nitrification (conversion
of ammonia to nitrate) in wastewater. Metro had reduced its annual discharge of ammonia from
an average of 1210 metric tons (MT) from 1990-1997, to an average of 521 MT from 1998 to
2003. In 2004, the annual Metro ammonia discharge was reduced to 152 MT as the BAF system
came on line. In 2005 the Metro contribution fell to 21 MT. As of 2005, Metro is no longer the
largest source of ammonia N to Onondaga Lake. Lake ammonia concentrations in 2005 were the
lowest ever measured, and remained at safe levels for even the most sensitive aquatic organisms.

Enhanced phosphorus removal from wastewater is another objective of the Metro improvements
currently underway. A High Rate Flocculated Settling (HRFS) physical-chemical treatment
system (known as ACTIFLO) was brought on-line in 2005 to reduce effluent total P
concentration. This stage of phosphorus treatment is designed to bring effluent TP levels to meet
a 12-month rolling average limit of 0.12 mg/l. Compliance with this limit will be assessed
beginning in April 2006. The TP concentration in Metro’s main outfall (Outfall 001) in 2005 was
reported at 0.195 mg/I. As a basis of comparison, the average Metro TP concentration from 2000
— 2004 was 0.351 mg/I.

In 2005, Metro contributed about 43% of the total external phosphorus load to Onondaga Lake
through the main outfall (38%) and the bypass (4.9%). The balance of the external loading comes
from nonpoint sources throughout the large watershed. The magnitude of the nonpoint sources
varies each year depending on the weather. The total loading from point and nonpoint sources
determines the in-lake concentrations. The 2005 lake phosphorus concentrations were the lowest
measured since Onondaga County began monitoring in 1969.

Water Quality Monitoring Results

Bacteria concentrations were monitored at a network of nearshore stations as well as at South
Deep, the primary water quality monitoring site. These data are used to track progress towards
water quality conditions that support recreational use. In 2005, bacteria concentrations at the
northern nearshore stations met standards for water contact recreation for the entire summer
recreational period. However, concentrations at the southern nearshore stations, near the major
tributaries and Metro discharge, were elevated following storms. This result highlights the need
for continued progress with CSOs, as well as the need for improved storm water management to
reduce nonpoint source pollution from urban areas.

Onondaga County
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Dissolved oxygen (DO) levels also showed improvement in 2005. The volume-days of anoxia®
have declined and DO concentrations in surface water during the fall mixing period, a critical
period in Onondaga Lake, were in compliance with regulatory standards (>5 mg/I during turnover
October 1 to December 1 (daily average); >4 mg/l (minimum)).

Phosphorus concentrations in the lake are declining. In 2005, the summer average total
phosphorus concentration was 34 g/l in the lake’s upper waters. Algal abundance has been
variable over this same time period. Chlorophyll-a concentration in the lake’s upper waters
averaged 11.8 mg/m® during the summer of 2005. In 2005 the maximum chlorophyll-a
concentration (24 mg/m®) occurred in May. Spring algal blooms are typical in Onondaga Lake.
However, the 2005 spring chlorophyll-a concentration remained below the level that EPA
suggests as an appropriate threshold for a nuisance bloom in their nutrient criteria guidance
document (this threshold is 30 mg/m®). Moderate and variable algal levels were measured
through much of the summer recreational period, occasionally exceeding 13 mg/m®; the level at
which recreational users of NY lakes report diminished suitability (impairment) for recreational
use. Overall, 63% of summertime measurements were below this perceived impairment threshold.
The average summer chlorophyll-a concentration was lower in 2005 compared to 2004.

Water clarity of the lake is variable both within and between years. A spring clear-water phase
was evident from the mid-1990’s through 2000. Water clarity from 2000 to 2005 was not as high
as the 1990’s, but exceeded the measurements from the mid-1980’s.

Biological Monitoring Results

Blue-green algae (cyanobacteria) are of concern to lake managers because blooms of these
organisms are associated with degraded water quality and aesthetics. Onondaga Lake water
quality has improved significantly with respect to the percentage of the algal community
comprised of blue-greens. The percent contribution of cyanobacteria to the total phytoplankton
community has been greatly reduced since the mid-1990’s. when they represented more than half
of the total biomass of algae in the lake. In 2005 this figure fell to less than 2%. Blue-green algal
blooms have been steadily diminishing, presumably in response to reductions in nutrient loads.

Zooplankton grazing is a significant factor affecting water clarity. The spring clearing event,
observed through water clarity measurements, was attributed to a seasonal peak in the abundance
of larger zooplankton. However, larger zooplankton are now essentially absent from the lake,
and the spring clearing events have disappeared as well. Larger zooplankton, which are efficient
grazers of phytoplankton, are the preferred food source of the alewife. The reduction in
population of these larger zooplankton taxa was evident in late summer 2002 when young-of-the-
year alewives first became abundant. The extirpation of larger zooplankton by alewives caused a
decline in total zooplankton biomass from 2003 to 2005. Alewives have become prolific in the
lake in recent years, and the effects of this species are seen throughout the food web.

Fish are one of the most visible components of the lake ecosystem. Results of the 2005 AMP fish
program indicate that the lake’s fish community continues to be dominated by warmwater species
tolerant of pollution. Largemouth and smallmouth bass are present, and are more common in the

! One measure of the lake’s dissolved oxygen status is “volume-days of anoxia”. This measurement has been used in
Long Island Sound and other aquatic systems where low concentrations of dissolved oxygen (anoxia) are a significant
water quality management issue. Both the volume of water affected by anoxia and the duration (days) of anoxia are
calculated in a single measurement that can be tracked from year to year.
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lake’s northern basin. This abundance pattern is consistent with other indices (including
macrophytes, macroinvertebrates, and substrate quality) showing that the southern basin provides
poorer habitat quality. Other gamefish, such as walleye and northern pike, are present but are far
less common than bass. Panfish, such as yellow perch, pumpkinseed, and bluegill, are abundant
in nearshore areas. Catch rates of pumpkinseed and bluegill have declined in the past few years;
it is not clear whether this reflects natural variability. The alewife and gizzard shad were highly
dominant in 2005, comprising more than 90% of the electrofishing catch. Alewife accounted for
65% of electrofishing catch, down from 90% in 2004. Alewife also dominated catches in fine-
mesh open water gill net. A hydroacoustical survey was conducted in the spring of 2005; using
this technique, biomass of alewives was estimated at 70 kg/ha.

Macrophytes (rooted aquatic plants and algae) have changed profoundly in recent years. The
number of species present (termed species richness) has increased from 5 in 1991 to 17 in 2005,
although the community is still dominated by a few species. Percent cover of macrophytes has
increased about two-fold throughout the lake since 2000. The range of percent cover in the lake is
now within an ideal range for largemouth bass reproduction.

Littoral macroinvertebrates were monitored in 2005. The combined influences of
eutrophication and habitat degradation appear to be major structuring elements of the benthic
community in Onondaga Lake. The macroinvertebrate community in Onondaga Lake’s littoral
zone ranged from moderately to severely impacted in 2005. Sites in the north end of the lake
appeared to be less affected than south end sites. Only small changes to the macroinvertebrate
community have occurred since the 2000 survey.

Seneca River Monitoring Results

Onondaga County completed a focused water quality monitoring effort at selected stations along
the Seneca-Oneida-Oswego River system in 2005. The river program is designed to assess water
quality conditions with respect to ambient water quality standards and support the Three Rivers
Water Quality Model. The dry summer of 2005 led to low streamflow in the Seneca River.
Oxygen depletion was evident during the warm weather low flow conditions; DO concentrations
were below 2 mg/l at some sites along the river. Ammonia concentrations in the river met the
NYSDEC ambient water quality standard. The river’s water quality conditions continue to be
strongly influenced by zebra mussels.

Mercury concentration in fish

The 2005 AMP report includes a special topic chapter on mercury concentration in fish. New
York State routinely collects fish from Onondaga Lake and other regional waterbodies and
analyzes the fish for contaminant burden. NYSDEC maintains a database of fish and wildlife
contaminants. The database incorporates results of 36 years (1970 — 2005) of contaminant testing
of fish caught in over 100 waterbodies throughout New York. The analysis presented in Chapter
4 indicates that fish collected in Onondaga Lake and the lake’s tributaries have higher mercury
concentrations than fish from other waterbodies in the state; and this has been the case since the
1970’s. There is considerable variability in the data, and mercury concentrations measured in
some fish collected from other NY waterbodies approach or exceed the concentrations measured
in Onondaga Lake fish.
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CHAPTER 1. OVERVIEW OF THE AMBIENT MONITORING PROGRAM
(AMP)
11 HISTORY OF THE ONONDAGA COUNTY AMP

The 2005 Onondaga County Department of Water Environment Protection’s
(OCDWEP) Ambient Monitoring Program (AMP) represents the 36" consecutive
year of Onondaga County’s lake monitoring effort. The program began in 1970 as a
baseline evaluation of the “state of the lake.” Over time, the program evolved into an
annual monitoring effort designed to track water quality conditions of the lake and its

watershed.

In 1998, the County’s existing lake monitoring program was modified to comply with
the requirements of an Amended Consent Judgment (ACJ) between Onondaga
County, New York State, and the Atlantic States Legal Foundation. The ACJ settled a
suit between the parties regarding performance of the Onondaga County wastewater
collection and treatment system. By signing the ACJ, Onondaga County committed to

a 15-year program to design and implement three elements:

1) Improvements to the wastewater and stormwater collection systems to abate
Combined Sewer Overflows (CSOs).

2) Improvements to the Metropolitan Syracuse Wastewater Treatment Plant
(Metro) to reduce the concentration of ammonia N, phosphorus, BOD, solids,
and bacteria in treated effluent prior to discharge.

3) A comprehensive monitoring program of Onondaga Lake, the lake tributaries,
and the Seneca River to track their response to the pollution abatement

actions.

The ACJ included specific monitoring requirements for the lake, the tributaries, and
the river to track their response to the pollution abatement actions. To meet these
requirements, the existing lake monitoring program was modified and expanded. This

process of evaluation and modification was a collaborative effort of six entities:

Onondaga County
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Onondaga County

Onondaga Lake Technical Advisory Committee (OLTAC)

U.S. Geological Survey (USGS)

New York State Department of Environmental Conservation (NYSDEC)
Environmental Protection Agency (EPA)

Atlantic States Legal Foundation (ASLF).

The modifications to the existing lake monitoring program focused on a series of
hypotheses related to the effectiveness of the County’s improvements to the
wastewater collection and treatment system. The revised lake monitoring program,

now known as the Ambient Monitoring Program, was initiated in August 1998.

OBJECTIVES OF THE AMP

The AMP is designed to provide data and information to evaluate the effectiveness of
improvements to the County’s wastewater collection and treatment system. The
findings of the AMP, and the implications of these findings on water quality and
ecological status of the lake and watershed, are reviewed by engineers and scientists
affiliated with OLTAC, USGS, NYSDEC, EPA, ASLF, and the Onondaga Lake
Partnership. The overall objectives and structure of the AMP are summarized in
Table 1-1.

2005 PROGRAM ELEMENTS

Improvements to Metro and the CSOs are being implemented in phases, with final
completion dates in the year 2012. The ACJ includes specific milestone dates for
assessment of progress and evaluation of the need for additional treatment or controls.
The County’s AMP includes both annual and special elements. Annual elements are
designed to evaluate compliance and establish trends, and special elements are timed
to follow ACJ-related milestones. Consequently, each year the AMP is slightly
different. The structure of the 2005 monitoring program with respect to the ACJ-

required objectives is summarized in Table 1-2.

Onondaga County
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Table 1-1. Objectives and structure of the Ambient Monitoring Program.

AMP Program Objective

Monitoring and Assessment

Comments

Quantify external loading

Monitor streams and point sources for flow,
nutrients, solids, indicator bacteria, metals, and salts.
Calculate load.

Regular (biweekly) tributary
sampling supplemented with
storm and high flow event
monitoring.

Assess compliance and trends
in lake water quality

Physical characteristics: temperature, light
penetration, water clarity, turbidity

Chemical characteristics: nutrients, salts, dissolved
oxygen, ammonia, pH, metals.

Biological characteristics: chlorophyll-a and
phaeophytin, phytoplankton, zooplankton,
indicator bacteria. Additional biological
parameters are summarized below.

Trophic status: phosphorus, chlorophyll-a, Secchi
disk transparency, dissolved oxygen,
phytoplankton community

Profiles through water column,
supplemented by buoy with
sondes at fixed depths.

Water quality monitoring buoy
at deepest location (profile
sampling).

Biweekly monitoring (open
water season), monthly winter
sampling, as possible.

Water clarity and indicator
bacteria monitoring at
nearshore stations: suitability
for water contact recreation.

Determine tributary water
quality, biota, and habitat
conditions

Water quality: Annual program for flow, nutrients,
solids, bacteria, metals, salts, oxygen-
demanding material, and carbon fractions.

Habitat and biota: Every 2 years starting in 2000:
monitor stream macroinvertebrate community.

Stream mapping: based on the Natural Resources
Conservation Service Visual Assessment
Protocol (baseline assessment in 2000 and
2002, to be repeated in 2008 and 2012).
Additional evaluation of stream segments
possible following improvements and/or major
hydrologic events.

Stream mapping and habitat
assessment (including
macroinvertebrates) limited to
the three CSO-affected
tributaries. Water quality
monitoring occurs in all
tributaries and inflows.

Assess the biological
community in Onondaga Lake

Fish community: annual assessment of nests, larval
fishes, juveniles, adults using multiple sampling
gears and techniques.

Macrophytes: annual aerial photography for percent
cover of littoral zone (limited ground truthing).
Detailed field survey every 5 years starting in
2000.

Littoral macroinvertebrates: every 5 years,
community structure and abundance.

Zebra mussels: habitat mapping and sampling at
reference locations (lake and river)

Focus on metrics of
community structure, food web
dynamics.

Biological sampling of littoral
zone, sediment texture
analysis.

Onondaga County
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Table 1-2. Elements of the 2005 AMP in relation to ACJ-required monitoring objectives.

ACJ Statement of Required
Program Objective:

2005 Program Elements

Data Used To

Location in 2005 Report

Quantify external loading of
phosphorus, nitrogen,
suspended solids, indicator
bacteria, and salts. Assess the
reduction in loading achieved
by the CSO improvements.
Design program to evaluate
the relative contribution of
point and nonpoint sources of
pollution to the lake.

(Annual program)
Tributary monitoring:
biweekly, and high flows -
Includes locations upstream
and downstream of CSOs,
urban and rural segments of
subwatersheds.

Estimate annual
external loading to
Onondaga Lake

* Loading tables (Chapter
2)

e 2005 Progress Report
(separate document)

e Mass balance -
estimates of point and
nonpoint contribution
(Chapter 2 and
Appendix 7: Mass
Balances)

Assess the tributaries’
physical habitat and
macroinvertebrate
community.

(Every 6 years following

baseline evaluation)

« Stream mapping using
NRCS Visual Stream
Assessment Protocol in
CSO-subwatersheds:
Onondaga Creek, Ley Creek
and Harbor Brook

(Every 2 years)

* Macroinvertebrate surveys
of CSO-affected
subwatersheds

Quantify baseline
conditions and provide
basis to measure
change.

Quantify baseline
conditions and provide
basis to measure
change

Not completed in 2005;
most recent survey in 2002
report.

Scheduled for 2008 and
2012

Not completed in 2005;
most recent survey in 2004
report.

Gather data on an adequate
temporal and spatial scale to
assess compliance with
ambient water quality
standards.

(Annual program)

« Lake monitoring program:
South Deep Station, eight
nearshore stations

e Tributary monitoring
program

« Seneca River monitoring
program

Assess compliance
with numerical and
narrative standards

Compliance tables
(Chapter 3)

e 2005 Progress Report
(separate document)

Evaluate changes in the water
quality and trophic state of
Onondaga Lake in response to
reductions in external loading
achieved by the improvements
to Metro and the CSOs.

(Annual program)

« Lake monitoring

« Tributary monitoring
* River monitoring

Assess conditions in
relation to inputs and
trends

e Chapter 3: Progress
Towards Improvement

e Trend summary
(Chapter 3)

e 2005 Progress Report
(separate document)
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Table 1-2. Elements of the 2005 AMP in relation to ACJ-required monitoring objectives (continued).

ACJ Statement of Required
Program Objective:

2005 Program Elements

Data Used To

Location in 2005 Report

Expand the chemical monitoring
program to include other indices of
ecological integrity: biological data,
contaminant burden, and physical
habitat.

(Annual biological program
unless noted otherwise)

e Fish: nesting, larvae,
juveniles, and adult
communities

« Lower trophic levels:
phytoplankton and
zooplankton

* macrophytes: annual
aerial surveys plus
ground-truthing; full
surveys in 2000, 2005
and 2010

< littoral macro-
invertebrates: surveys in
2000, 2005 and 2010

(NYSDEC)
Contaminant data collected
by NYSDEC

Assess current trophic
state, abundance and
diversity of species,
importance of exotic
species, reproductive
success

* Chapter 2: Results of the
2005 AMP

* Chapter 3: Progress
Towards Improvement

* Chapter 4: Mercury in
Fish

* Appendix 2: Lower
Trophic Levels

e Appendix 5: Littoral
Macroinvertebrates

* Appendix 8: Fish
Monitoring

* Appendix 10:
Macrophytes

Through interaction with NYSDEC
and appropriate peer reviewers,
coordinate data collection and
analysis to provide data at an
adequate spatial and temporal scale
to use in existing or revised lake
models.

Continued monitoring of
lake water quality, model
workplan submitted for peer
review

Support development and
testing of lake model

Modeling tools report
8/2005;

Workshop at OLTAC 9/2005
Phase 1 Workplan 1/2006

peer review panel convened
6/2006

Define ambient water quality
conditions in the Seneca River
between Cross Lake and the Three
Rivers junction.

(Annual program)

Surveys at Seneca River
Buoy 316 (target low flow
conditions)

Assess current
conditions, data set for
model validation

. Chapter 2: Results of
the 2005 AMP

. Appendix 1: Seneca
River Monitoring

Evaluate and quantify the
assimilative capacity of the Seneca
River and quantify effects of zebra
mussels.

Note: The Three Rivers Water
Quality Model (TRWQM) was
completed by QEA, LLC for
Onondaga County to support this
assessment.

(Annual program)
Surveys during low flow
conditions (depends on
hydrologic conditions)

Assess current
conditions, data set for
model verification

e  Chapter 2: Results of the
2005 AMP

Appendix 1: Seneca
River Monitoring

e  TRWQM applications to
estimate assimilative
capacity will be reported
separately

Zebra mussel assessment
(surveys completed in spring
and summer 2005)

Assess current
conditions, compile data
for model verification

*  Appendix 1: Seneca
River Monitoring

e Appendix 6: Zebra
Mussel Survey
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DATA ANALYSIS AND INTERPRETATION PLAN

The AMP generates thousands of observations each year. It is challenging to organize
and communicate these data in a way that retains integrity of the scientific
information and makes it useful for all stakeholders. Also, program managers must be
certain that the ACJ requirements are met. A Data Analysis and Interpretation Plan
(DAIP) was prepared to guide program managers through the extensive AMP dataset.
The document was prepared at the request of NYSDEC and will be updated
periodically. The complete DAIP is included in this Annual Report as Appendix 9.
Key features of the DAIP are summarized in this chapter in order to provide a context
for interpreting the data summaries and discussion presented in subsequent report

chapters.

The AMP is the primary source of data to support engineering and regulatory
evaluations of water quality conditions. AMP data are used to:

e Evaluate whether the engineering improvements of the wastewater collection
and treatment system enable the County to meet effluent limits.

» Evaluate whether the controls on wastewater are sufficient to bring the lake,
streams and river into compliance with applicable standards.

e Determine if additional measures are required to bring the surface waters into
compliance with applicable regulations, standards, guidance values, and
criteria.

e Provide information on whether the lake and its watershed meet community
goals for a rehabilitated ecosystem. The OLP has initiated a project to gather

community input on a vision of the future of Onondaga Lake.

Figure 1-1 presents a flow chart of decision-makers and responsibilities.

Onondaga County
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Figure 1-1. Flow chart of decisions and responsibilities.
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The AMP will provide the data and information needed to support the following

decisions:

Can Ambient Water Quality Standards (AWQS) be met with continued Metro
discharge to Onondaga Lake?

Decision date: February 1, 2009
Must Metro effluent meet the Stage 111 phosphorus and ammonia limits for
discharge to Onondaga Lake or the Seneca River in order for the receiving
water to comply with ambient water quality standards?

Decision date: February 1, 2009
Are additional measures needed to ensure compliance with dissolved oxygen
standards during fall mixing?

Decision date: December 1, 2012

1.4.1 Overall approach: monitoring and modeling

Onondaga County and the other stakeholders rely on an integrated program of
monitoring and modeling to determine whether the planned improvements to the
Onondaga County wastewater collection and treatment infrastructure are effective in
bringing the surface water system into compliance with state and federal
requirements. Monitoring is used to measure conditions over the 15-year period of
phased improvements. Monitoring data can describe current conditions, but
mathematical water quality models are necessary to project future conditions under a
range of management scenarios and environmental conditions. The NYSDEC will
require mathematical models to complete their required Total Maximum Daily Load
(TMDL) allocation.

Modeling is used to describe the interrelationships between physical, chemical, and
biological characteristics of the lake and watershed. Models are valuable tools for
interpreting data and elucidating underlying mechanisms. Once verified, models can

be used to project future conditions.

Several types of water quality models of Onondaga Lake, the lake watershed, and the
Three Rivers system have been completed or initiated. Ultimately models of the

watershed, lake and Seneca River will be linked.

Onondaga County
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The USGS is completing a watershed model that estimates the export of water and
materials (such as nutrients and sediment) from the landscape to the tributary
subwatersheds. The USGS model uses the loads measured by the AMP to calibrate
the export coefficients (unit loss of materials) for representative land use and
vegetative cover conditions. Input from the USGS model will be used in the
Onondaga Lake model, which will be linked to the Three Rivers Water Quality
Model (TRWQM).

The TRWQM went through a rigorous peer review that was completed in April 2003.
The Onondaga Lake Water Quality Model (OLWQM), which began in mid-2005,
will also be peer-reviewed at critical stages during development and testing.

The interrelationship between the management questions, monitoring and modeling,

and the spatial and temporal designation of compliance is summarized in Table 1-3.

Onondaga County
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Table 1-3. Summary of management questions and decision analysis.

Management
Question

Decision Analysis
Components and
Regulatory References

Spatial and Temporal
Scale of Assessment

Tools for Assessment

Can ambient water quality
standards be achieved
with continued Metro
discharge to Onondaga
Lake?

Decision date:
February 1, 2009

Dissolved Oxygen:
6NYCRR Sec. 703.3
Ammonia:
6 NYCRR Sec. 703.5
Turbidity:
6 NYCRR Sec. 703.2
Floatables:
6 NYCRR Sec. 703.2
Phosphorus:
6 NYCRR Sec. 703.2
TOG 1.1.1 Water Quality
Standards & Guidelines
Nitrogen:
6 NYCRR Sec. 703.2
Bacteria:
6 NYCRR Sec. 703.4

Dissolved Oxygen:

Monitoring: AMP data

Upper waters, fall
mixing, South Deep
Ammonia and nitrite:
Upper waters; South
Deep, year-round
Bacteria: all Class B
portions of lake

Modeling CSOs: use
SWMM to confirm:
system-wide annual
average capture of
85% of combined
sewage.

Modeling: Onondaga Lake
model (development
began in 2005)

Must Metro effluent meet
the Stage 111 phosphorus
and ammonia limits for
discharge to Onondaga
Lake or the Seneca River
in order for the receiving
water to achieve
compliance with ambient
water quality standards?

Decision date:
February 1, 2009

Phosphorus:

6 NYCRR Sec. 703.2
(possibly modified
by site-specific
guidance value)

Trophic state indicators:
frequency, intensity
and duration of
algal blooms

Ammonia:
TOG 1.1.1 Water Quality
Standards & Guidelines
(latest revision to NYS
standards)
NYSDEC revised TMDL
for phosphorus and
ammonia: January 1, 2009

Phosphorus and other

For lake discharge:

trophic state parameters:
Summer average,
upper waters, South
Deep (per NYSDEC
guidance).

Dissolved Oxygen:
Upper waters, fall

mixing, South Deep

Ammonia:
Upper waters, South
Deep, year-round

e AMP data:

Ammonia: effects of
Stage Il limits, met
in 2004

TP: effects of Stage Il
limits

e Use lake model,
to project
compliance under
critical conditions

For River discharge:
TRWQM

Are additional measures
needed to ensure
compliance with dissolved
oxygen standards during
fall mixing?

Decision date:
December 1, 2012

Feasibility analysis of
hypolimnetic oxygenation
(ENSR 2004). Status: not to
be implemented, due to
improved conditions.

Focus of compliance for
dissolved oxygen: fall
mixing, upper waters

e  AMP data: profiles
and buoy

e  Mass-balance model

e Onondaga Lake
model

Onondaga County

Department of Water Environment Protection

1-10

EcoLogic, LLC



FINAL
October 2006

1.4.2 Hypotheses

The elements of the monitoring program were distilled into a series of testable
hypotheses. This work product was used as a basis for evaluating the AMP design,
allowing the project team, OLTAC, and the reviewers from NYSDEC and EPA to
determine whether the correct parameters were being measured. A summary of the

hypotheses for elements of the monitoring program is presented in Table 1-4.

Note that there are three types of hypotheses to be tested using data generated by the
AMP. The first relates to whether Onondaga County is in compliance with the
effluent limits required by the State Pollution Discharge Elimination System (SPDES)
permit. The second type examines whether ambient water quality standards in the
receiving water have been met. The third type of hypothesis, which is used for
assessing the biological programs as well as the water quality programs, is whether

there is a statistically significant trend in the monitoring data.

Onondaga County
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Table 1-4. Summary of hypotheses underlying the AMP.
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Type of Hypothesis
Data Used for
Monitoring Hypothesis . . Significant Assessment
Parameter Compliance C_ompllancez Trend or (for assessment tools,
with ) with AWQS Shift In see Tables 3-11 to 3-22)
SPDES or guidance A
; Monitoring
permit value Data
Ammonia-N Improvements at Metro enable the County Outfall 001 effluent concentrations,

to meet Stage 111 effluent limits (or as
modified by TMDL) for ammonia N

calculated for summer and winter (seasonal
limits apply)

Reduced ammonia load results in
compliance with ambient water quality
standards and federal criteria for ammonia
in Onondaga Lake

South Deep station

Biweekly monitoring, discrete samples
collected at 3-m intervals, plus temperature
and pH

Nitrite-N

Achievement of Stage I11 effluent limits for
ammonia results in compliance with the
NYS ambient water quality standard for
nitrite (warm water fish community)

UML, LWL? composite samples, biweekly
at South Deep

! SPDES = State Pollution Discharge Elimination System
2 AWQS = Ambient Water Quality Standards
¥ UML = Upper Mixed Layer (generally 0 to 6 meters); LWL = Lower Water Layer (generally 9 to 18 meters)

Onondaga County

Department of Water Environment Protection
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Table 1-4. Summary of hypotheses underlying the AMP (continued).

FINAL
October 2006

Type of Hypothesis
Data Used for
Monitoring Hypothesis . . Significant
Parameter Compliance C_ompllancez Trend or (for assessment tools,
with . with AWQS Shift In see Tables 3-11 to 3-22)
SPDES or guidance -
; Monitoring
permit value Data
Phosphorus Improvements at Metro will enable the Outfall 001 effluent concentrations

County to meet final effluent limits (as
modified by TMDL)

Reduced phosphorus load from Metro
reduces concentration of phosphorus in
Onondaga Lake

South Deep station
Biweekly monitoring TP, SRP and TDP,
discrete samples collected at 3-m intervals

Reduced phosphorus load from all sources
brings the lake into compliance with
guidance value (or site-specific guidance
value)

TP at South Deep, 1-m depth (biweekly
measurements, June —Sept)

Onondaga County
Department of Water Environment Protection 1-13
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Table 1-4. Summary of hypotheses underlying the AMP (continued).

FINAL
October 2006

Monitoring
Parameter

Hypothesis

Type of Hypothesis
Compliance | Compliance S_:_grr;::jcir;t
with with AWQS? ;

1 : Shift In

SPDES or guidance Monitori
: onitoring

permit value
Data

Data Used for
Assessment
(for assessment tools,
see Tables 3-11 to 3-22)

Dissolved Oxygen

Improvements at Metro enable the County
to meet Stage 111 effluent limits (or as
modified by TMDL) for BOD

Outfall 001 effluent concentrations

Improvements at Metro and related load
reductions bring the lake into compliance
with AWQS for DO during fall mixing.

Weekly or biweekly measurements through
water column and high-frequency
measurements at buoy at South Deep station

Improvements at Metro reduce the volume-
days of anoxia.

Weekly or biweekly measurements through
water column and high-frequency
measurements at buoy at South Deep station

Improvements at Metro reduce the areal
hypolimnetic oxygen depletion rate.

Weekly or biweekly measurements through
water column and high-frequency
measurements at buoy at South Deep station

Onondaga County
Department of Water Environment Protection 1-14
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Table 1-4. Summary of hypotheses underlying the AMP (continued).

FINAL
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Monitoring
Parameter

Type of Hypothesis
Compliance | Compliance S_lrgrr;lr::jcz?t
with with AWQS? ;

1 . Shift In

SPDES or guidance Monitori
; onitoring

permit value
Data

Data Used for
Assessment
(for assessment tools,
see Tables 3-11 to 3-22)

Indicator bacteria

CSO remedial measures reduce the loading
of fecal coliform bacteria entering the lake
through Onondaga Creek, Ley Creek, and

Harbor Brook during high flow conditions.

Storm event data: baseline and post-
improvement rating curves for fecal
coliform bacteria (load as a function of total
precipitation, and total storm flow)

Implementation of Stage 1 and 2
improvements to the wastewater collection
and treatment system (including CSO
projects) will reduce concentration of
indicator organisms in Onondaga Lake

Indicator bacteria abundance at nearshore
stations during summer and following
storms. Annual average concentration at
South Deep, Om depth

Chlorophyll-a Metro improvements and related nutrient Weekly or biweekly measurements at South
load reductions result in lower chlorophyll * Deep, photic zone and UML
concentrations in the lake.
Onondaga County

Department of Water Environment Protection
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Table 1-4. Summary of hypotheses underlying the AMP (continued).
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Monitoring
Parameter

Hypothesis

Type of Hypothesis
Compliance | Compliance S_lrgrr;lr::jcz?t
with with AWQS? ;

1 . Shift In

SPDES or guidance Monitori
; onitoring

permit value
Data

Data Used for
Assessment
(for assessment tools,
see Tables 3-11 to 3-22)

Secchi disk transparency

Metro improvements and related nutrient
load reductions result in improved water
clarity (as measured by Secchi disk
transparency) in Onondaga Lake

Weekly or biweekly measurements at South
Deep and nearshore stations

Phytoplankton community

Metro improvements and related nutrient
load reductions result in lower biomass of
phytoplankton in Onondaga Lake

Biweekly samples of UML phytoplankton
community, numbers, size and
identifications (PhycoTech)

Metro improvements and related nutrient
load reductions result in reduced
importance of cyanobacteria to the Lake’s
phytoplankton community (measured by
percent of total biomass)

Biweekly composite samples of UML
phytoplankton abundance, biomass, and ID
(PhycoTech)

Onondaga County

Department of Water Environment Protection
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Table 1-4. Summary of hypotheses underlying the AMP (continued).
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Monitoring
Parameter

Hypothesis

Type of Hypothesis
Compliance | Compliance S_:_grr;lrl:gc%?t
with with AWQS? ;

1 . Shift In

SPDES or guidance Monitori
; onitoring

permit value
Data

Data Used for

(for assessment tools,
see Tables 3-11 to 3-22)

Zooplankton community

Metro improvements and related nutrient
load reductions reduce the biomass of
zooplankton in Onondaga Lake

Biweekly composite samples of UML and
tow (0-15 m), zooplankton abundance, size,
biomass, 1D (Cornell Biological Field

Metro improvements and related nutrient
load reductions (and DO improvements)
increase the abundance of zooplankton
deeper in the water column

Biweekly composite samples of UML and
tow (0-12 m), zooplankton abundance, size,
biomass, 1D (Cornell Biological Field

Macroalgae Metro improvements and related nutrient Weekly surveys during recreational period
load reductions result in reduced areal . (June —Sept) at eight nearshore stations.
coverage of macroalgae in nearshore areas
of Onondaga Lake

Onondaga County
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Table 1-4. Summary of hypotheses underlying the AMP (continued).
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Type of Hypothesis
Data Used for

Monitoring Hypothesis c " c " Significant Assessment
Parameter omp Eince _orr]np 1ance | Trend or (for assessment tools,

S;VIDItIESl V;'rt lﬁXZchSe Shift In see Tables 3-11 to 3-22)

ermit %/alue Monitoring
P Data
Macrophytes Metro improvements and related nutrient Percent cover, biomass, and maximum

load reductions result in increased areal
coverage of macrophytes in littoral zone of
Onondaga Lake

depth of growth.
Surveys: 2000, 2005, 2010 plus annual
aerial photos (% cover)

Metro improvements and related load
reductions result in increased number of
macrophyte species in Onondaga Lake

Macrophyte species richness
Detailed surveys: 2000, 2005, 2010

Onondaga County
Department of Water Environment Protection 1-18

EcolLogic, LLC



Table 1-4. Summary of hypotheses underlying the AMP (continued).

FINAL

October 2006

Monitoring
Parameter

Hypothesis

Type of Hypothesis
Compliance | Compliance S_lrgrr;lr::jcz?t
with with AWQS? ;

1 . Shift In

SPDES or guidance Monitori
; onitoring

permit value
Data

Data Used for
Assessment
(for assessment tools,
see Tables 3-11 to 3-22)

Littoral macroinvertebrates

Note: effects may be
in strata 2,3 and 4
(see Appendix 8
Figure A8-1

for strata locations)

Implementation of load reductions at Metro
and CSO remediation will increase species
richness of littoral benthic
macroinvertebrates

Littoral macroinvertebrate species richness.
Detailed surveys: 2000, 2005, 2010

Implementation of load reductions at Metro
and CSO remediation will increase the
relative abundance of benthic
macroinvertebrates that are not chironomids
or oligochaetes

Littoral macroinvertebrate dominance,
percent oligochaetes. Detailed surveys:
2000, 2005, 2010

Implementation of load reductions at Metro
and CSO remediation will improve the
NYSDEC Biological Assessment Profile as
compared to baseline conditions.

NYSDEC calculated index
Detailed surveys: 2000, 2005, 2010

Implementation of load reductions at Metro
and CSO remediation will improve the
littoral macroinvertebrate HBI as compared
to baseline conditions (indicating increased
importance of pollution-sensitive organisms
in the macroinvertebrate community)

Hilsenhoff Biotic Index (HBI)
Detailed surveys: 2000, 2005, 2010

Onondaga County

Department of Water Environment Protection

1-19

EcolLogic, LLC



Table 1-4. Summary of hypotheses underlying the AMP (continued).
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Monitoring
Parameter

Hypothesis

Type of Hypothesis
Compliance | Compliance S_lrgrr;lr::jcz?t
with with AWQS? ;

1 . Shift In

SPDES or guidance Monitori
; onitoring

permit value
Data

Data Used for
Assessment
(for assessment tools,
see Tables 3-11 to 3-22)

Fish community

Implementation of load reductions at Metro
and CSO remediation will increase the
number of fish species present in Onondaga
Lake

Annual monitoring program
Species richness,
electrofishing, gill nets,

Implementation of load reductions at Metro
and CSO remediation will increase the
number of fish species that are sensitive to
pollution present in Onondaga Lake

Annual monitoring program: Electrofishing
Pollution tolerance index (Whittier and
Hughes 1998)

Implementation of load reductions at Metro
and CSO remediation will increase the
number of fish species reproducing in
Onondaga Lake

Annual monitoring program
Nesting survey

Larval tows

Larval light traps

Littoral seines

Implementation of load reductions at Metro
and CSO remediation will improve the lake’s
Index of Biotic Integrity (I1BI).

Effects may be in strata 2,3, and 4 (see
Appendix 8 Figure A8-1 for strata locations)

Annual monitoring program
Electrofishing

Onondaga County
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Table 1-4. Summary of hypotheses underlying the AMP (continued).
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Monitoring
Parameter

Hypothesis

Type of Hypothesis
Compliance | Compliance S_lrgrr:rfldcz?t
with with AWQS? ;

1 . Shift In

SPDES or guidance Monitori
; onitoring

permit value
Data

Data Used for
Assessment
(for assessment tools,
see Tables 3-11 to 3-22)

Fish community
(continued)

Implementation of load reductions at Metro

and CSO remediation will increase the
habitat available for the coolwater fish

community

Fish space metrics: dissolved oxygen and
temperature profiles at South Deep station

Note: The potential impact of zebra mussels on the lake water quality will be assessed using the Onondaga Lake Water Quality Model under development by QEA, LLC
for Onondaga County. While zebra mussels are not part of the ACJ-required monitoring program for the lake, their proliferation has the potential to affect water clarity and

habitat for primary producers, as well as alter the cycling of energy and nutrients.

Onondaga County
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1.4.3 Metrics

A series of metrics have been developed to organize and report the extensive
AMP dataset. As defined by EPA, metrics are attributes of the physical, chemical
and/or biological ecosystem that respond to human disturbance. For the Onondaga
Lake watershed, metrics are designed to indicate progress towards compliance
with applicable standards and guidelines, and progress towards attaining a desired

use.

Selected metrics may relate directly to an impairment of the lake or watershed,;
relate to a resource of interest; or correspond to a published standard that, in turn,
reflects the requirements of public health or the aquatic biota. Candidate metrics
can be measured and interpreted with relative ease to answer basic questions such

as: “Is the lake getting better?” and “Is it safe for my family to swim here?”

Metrics selected to interpret and report on the AMP data are listed in Table 1-5.
Note that the metrics are grouped into categories that address human uses and
ecosystem function:

= water contact recreation;

e aesthetics;

e aquatic life protection; and

= sustainable recreational fishery

Metrics for water contact recreation are straightforward. New York State
Department of Health and EPA have standards and guidance values for indicator
bacteria and water clarity that are designed to be protective of human health and
safety. Selecting metrics for aesthetics is slightly more judgmental, as they relate
to perceived attributes such as water color and clarity, odors, and the visible
extent of weed and algal growth. Water quality conditions needed to support

aquatic life are fairly well defined in federal criteria and state standards.

Onondaga County
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Onondaga County AMP metrics are designed to track water quality and habitat

conditions during critical periods for reproduction and survival of young animals.

Table 1-5. Summary of Metrics: Measuring Progress towards Improvement in Onondaga

Lake

Desired Use

Metrics

Measured By

Water contact

Indicator bacteria

Fecal coliform bacteria at nearshore and South Deep station

recreation
Water clarity Secchi disk transparency at nearshore stations
Aesthetics Water clarity Secchi disk transparency at South Deep

Bloom frequency and Percent of chlorophyll-a measurements greater than 15 pg/I

magnitude (threshold for public perception as impaired for recreational
use)

Percent of chlorophyll-a measurements greater than 30 ug/I
(threshold for public perception of nuisance bloom).

Algal community structure Percent non-blue green taxa.

Macroalgae proliferation Percent cover of littoral zone, measured at nine nearshore
stations June 1 — August 31 annually

Aquatic Life Ammonia N Percent of measurements in compliance with standards.
Protection

Nitrite N Percent of measurements in compliance with standards.

Dissolved oxygen DO at fall mixing.

Duration of DO concentrations < 4 mg/l (scale of hours,
from high frequency buoy data)

Integrated metrics “Fish space” metrics, volume-days with suitable conditions
of DO and temperature for cold water and cool water fish
communities

(Note: this metric does not account for other requirements
such as habitat and forage base)

Species assemblage Percent intolerant or moderately intolerant of pollution

Onondaga County

Department of Water Environment Protection
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Table 1-5. Summary of Metrics: Measuring Progress towards Improvement in Onondaga
Lake

Desired Use Metrics Measured By
Fish Reproduction Number of species with Nesting surveys, larval sampling (Miller tows), young-of-
documented reproduction and year sampling (littoral and pelagic) adult survey
recruitment (electrofishing, gill netting), hydroacoustical survey.
Habitat quality Percent cover of macrophytes: scaled to optimal level for
largemouth bass (40 - 60% cover is target).

'Sampling captures young-of-the-year (YOY) fish in the lake. It is assumed that the majority of these small fish
originated in the lake, given their size and limited mobility of the early life stages. However, the presence of YOY
fish that originated in the Seneca River or tributaries to Onondaga Lake cannot be ruled out.

Onondaga County
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concentrations greater than 30 pug/L. The value of 13 pg/L is considered by EPA
to represent a threshold where people perceive an impairment to recreational use
of the lake. Between June 1 and September 30, 2005, chlorophyll-a
concentrations ranged from 4.8 to 19 ug/L. The peak concentration was measured
at 26 pg/L on May 16, 2005. Concentration above 13 pg/L occurred in mid-April,
mid- to late May, early June, mid-July, late August, and early September to mid-
October. None of the measurements obtained during the summer of 2005
exceeded the nuisance bloom criterion of 30 pg/L. However, 41% of the 2005
measurements exceeded 13 pg/L, the threshold criterion for perceived
impairment. Algal biomass gradually declined from mid-October through the
remainder of the monitoring period.
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Figure 2-18. Chlorophyll-a concentration at South Deep, upper mixed layer and
photic zone sampling, during 2005. Perceived impairment and nuisance bloom
guidance values based on surveys on the public by NYSDEC.

Although 2005 chlorophyll-a concentrations are elevated compared with some
other regional lakes, average concentrations and nuisance bloom frequencies
measured in 2004-2005 were lower than those observed since weekly

monitoring of chlorophyll-a was started in 1998 (Appendix 7, Figure 9). The

Onondaga County

Department of Water Environment Protection- 2-43 EcoLogic, LLC



FINAL
October 2006

frequency of chlorophyll-a measurements exceeding the nuisance bloom
threshold (30 ug/l) declined from 30% in 2003, to 7% in 2004 and 0% in 2005.
This is likely to be related to the corresponding decline in lake phosphorus

concentrations.

2.3.4 Water Clarity and Light Penetration
2.34.1 Secchi Depth at South Deep
The 2005 Secchi disk transparency results measured at the deepest point in
Onondaga Lake (South Deep station) are plotted in Figure 2-19. There was
correlation between Secchi disk transparency measurements and chlorophyll-a
concentration from late April through mid-November. The lowest Secchi disk
transparency measurement (1.1 m) was recorded on April 14, 2005 during the
spring algal bloom. Algal abundance was high again late in the season; the
second-lowest Secchi disk transparency (1.3 m) occurred on September 13, 2005.
With one exception, Secchi disk transparency measurements at the South Deep

station exceeded 1.2 m.

2005
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Figure 2-19. Secchi disk transparency in the upper mixed layer of Onondaga
Lake during 2005. South Deep Station Locations: "Lake Upper Mixed Layer
South™ and "Lake Om South".

An interesting feature of the long-term Secchi disk data is the development and

loss of the “clearing event,” a period in the late spring when water clarity

Onondaga County
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increased in response to zooplankton abundance. As displayed in Figure 2-20,
high water clarity during the spring period May 1 to June 15 was evident during
the 1990’s. Water clarity from 2000 to 2005 was not as high as the 1990’s, but

exceeded the measurements from the mid-1980’s.
2.3.4.2 LiCor Data Analysis

While Secchi disk transparency is a widely-used measure of lake water clarity,
light penetration through the water column can be measured directly using a
sensor. OCDWEP collects these data in Onondaga Lake using a LI-192SA
Underwater Quantum Sensor, manufactured by LiCor. This instrument measures
the intensity of Photosynthetically Active Radiation (PAR, 400-700 nm) by
lowering a light detector unit through the water column, and measuring
downwelling and upwelling radiation using two underwater sensors. Data are

analyzed using the Beer-Lambert law to calculate the light extinction coefficient

using the function: =1 e'kZ

where:
| = light intensity at depth, z
lo= light intensity at surface
k = extinction coefficient

Higher values of k are associated with more turbid conditions; these conditions
cause light to be scattered and/or absorbed by material in the water column and
thus to limit the depth of penetration.

The temporal plot of light extinction measured in 2005 (Figure 2-21) illustrates
the variability in this measurement. The concentration of chlorophyll-a in the
photic zone is also plotted to indicate the extent to which algal abundance is
correlated with the light extinction coefficients. The chlorophyll-a data are
presented paired by sample date with the LiCor data. Note that chlorophyll-a data
are measured weekly during the summer; the LiCor measurements are obtained

biweekly throughout the sampling season.
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Figure 2-20. Mean Secchi disk transparency from May 1 to June 15 each year. South Deep Station Locations: 1985-1992 "Lake
South™; 1992-1998 "Lake Epi South™; 1999-2003 "Lake Epi South” and "Lake Om South™; 2004-2005 "Lake Upper Mixed Layer

South™ and "Lake Om South." Lines at the ends of bars represent one standard deviation; numbers below bars indicate number of

observations.
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Figure 2-21. Temporal distribution of light extinction data (Ke) paired with
chlorophyll-a data (photic zone), Onondaga Lake South Deep 2005

Note: Ke is based on Licor data reading at the maximum depth for each sample date. Ke
(extinction coefficient) represents the slope of the line formed when the natural log of the ratio of
light penetration at the surface to light penetration at depth is plotted against depth. Licor data
not collected on 11/9/05 due to weather.

LiCor data from 1996 — 2005 have been compiled into a database and light
extinction coefficients were calculated for each sampling date over this ten-year
period. Summary statistics for the time period (Table 2-15) indicate that the
minimum light extinction (clearest water) conditions are measured either early in
the season (May and June) or in the late fall —winter period. This is consistent
with the dynamics of the phytoplankton community. It is also evident from the
data that there is no trend in the average value calculated for light extinction over
the period (Figure 2-22).

This finding is consistent with the trend analysis for Secchi disk transparency at
South Deep. Secchi disk transparency can be considered a “low tech” estimator of
light penetration which correlates reasonably well with the LiCor data (Figure 2-
23); high Secchi disk transparency and low extinction coefficients indicate clear
waters, while low Secchi depth and high extinction coefficients indicate turbid
water. There is a lot of scatter at the extremes of the graph. Light penetration data
between 1996 and 2005 are summarized in Table 2-15.
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Table 2-15. Summary of light extinction data, Onondaga Lake South
Deep, 1996-2005.
Extinction Coefficient (m™)
Minimum Maximum
Year N K. On Ke On Average
Date Date

1996 17 0.74 05/29/96 3.6 07/10/96 1.7

1997 12 0.74 06/30/97 1.9 04/10/97 13

1998 14 0.39 11/17/98 1.7 09/08/98 1.0

1999 17 0.39 06/29/99 2.6 07/27/99 11

2000 19 0.64 06/27/00 2.3 05/16/00 11

2001 17 0.32 11/27/01 24 09/18/01 0.94

2002 22 0.47 01/23/02 14 09/04/02 0.87

2003 16 0.36 01/07/03 1.9 10/14/03 11

2004 18 0.71 12/07/04 1.6 08/31/04 0.92

2005 23 0.64 08/30/05 1.2 04/14/05 0.84
Notes:

Extinction Coefficient (K.) represents the penetration of incoming solar radiation into
the water column. K, represents the slope of the line formed when the natural log of the
ratio of light penetration at the surface to light penetration at depth is plotted against
depth. The greater the number, the steeper the slope of the line, therefore the more
rapidly light is extinguished with depth, indicating greater turbidity in the water

column.
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Figure 2-22. Maximum, minimum, and average of light extinction (K¢) data,
Onondaga Lake South Deep, 1996-2005.

Notes: The Extinction coefficient represents the slope of the line formed when the natural log
of the ratio of light penetration at the surface to light penetration at depth is plotted against
depth. The greater the number, the steeper the slope of the line, therefore the more rapidly light
is extinguished with depth, indicating greater turbidity in the water column. Annual statistics
for Extinction Coefficient are based on the maximum depth of light extinction measured for
each sample date.
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Figure 2-23. Correlation of light extinction (K.) data with Secchi depth,
Onondaga Lake South Deep 1996-2005.

Note: The extinction coefficient (Ke) represents the slope of the line formed when the natural
log of the ratio of light penetration at the surface to light penetration at depth is plotted against
depth. The greater the number, the steeper the slope of the line, therefore the more rapidly light
is extinguished with depth, indicating greater turbidity in the water column. Based on the Licor
data reading at maximum depth for each sample date.
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2.3.4.3 Nearshore Secchi Depth

As part of the AMP’s focus on indicators of recreational use attainment in
Onondaga Lake, Secchi disk transparency measurements are also obtained during
weekly sampling at eight nearshore lake stations from May 5 — September 27. The
nearshore areas occasionally exhibited reduced water clarity during the 2005
monitoring period (Figure 2-24). This was more pronounced in the lake’s
southern basin which is more affected by inflows of the larger tributaries.
Reduced water clarity in the nearshore areas may be caused by phytoplankton,
sediments entrained in the water (either from plumes entering through the

tributary streams or resuspended bottom material), and the presence of algal mats.

@ Willow Bay, 100%

(v

Maple Bay, 85% @ Onondaga Lake Park, 100%

@ Bloody Brook, 69%

Ninemile, 100%@

Ley Creek, 38%

d

Mid-south,

0
Harbor Brook, 38% Q 69%

Figure 2-24. Nearshore water clarity conditions in 2005. Percent shown in figure
indicates compliance with swimming safety guidance value (1.2 m). Shaded area
of pie charts indicates percent of samples where Secchi depth was below
guidance value.
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2.3.5 Dissolved Oxygen Concentrations

The DO content of the lake’s upper and lower waters during 2005 is plotted in
Figure 2-25. Note the rapid decline of DO in the lower waters at the onset of
thermal stratification in mid-May. The upper waters remained well-oxygenated
until mid-October when the lake waters had cooled sufficiently to break down
thermal gradients. Winds mixed the upper waters progressively deeper into the
water column and complete mixing occurred around October 15, 2005. Dissolved
oxygen concentrations in the upper waters (2-meter depth) remained above the
minimum 4 mg/l standard developed to protect aquatic life during the fall mixing
period; the lowest hourly average concentration was 4.37 mg/L. The lowest
instantaneous reading at the 2-meter depth during fall turnover was 4.18 mg/L
(occurred at 10/17/2005 at 9:33 PM). Concentrations of DO increased as the
waters continued to mix and gain oxygen from the atmosphere.
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Figure 2-25. Temporal pattern of DO at 2 and 12 meter depths in Onondaga
Lake, South Deep Station high frequency monitoring buoy, during 2005. Note:
Data are presented as a moving average, over a 48-hour period, of hourly
average DO readings. Lines at 5 mg/L and 4 mg/L designate NYSDEC
standards.
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2.3.6  Ammonia Nitrogen

The water quality benefits of improved ammonia treatment at Metro were evident
in the lake in 2005. As displayed in Figure 2-26, ammonia N concentrations met
the current NY'S ambient water quality standard in the lake’s upper waters (where
oxygen levels are adequate for fish). NYSDEC is in the process of revising the
state’s ambient water quality standard for ammonia N to be consistent with the
federal criteria. Onondaga Lake was also in full compliance with the federal

criteria for ammonia N throughout the 2005 sampling period.
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Figure 2-26. Ammonia concentrations at 3-meter depth, Onondaga Lake South
Deep Station in 2005, compared with NYS standards and federal criteria.

Concentrations of ammonia N in the lake waters and compliance with NYS
standards and the federal criteria are variable from year to year depending on
factors such as weather and algal abundance. The single most important factor
governing ammonia N in the lake is Metro performance; recall that Metro Outfalls
001 and 002 have historically contributed more than 90% of the external ammonia
N load to the lake. In 2005, the Metro contribution was reduced to 32%. The
reduction in external loading achieved with the BAF has improved water quality
conditions in Onondaga Lake (Figure 2-27).
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Figure 2-27. Water year (October to September) external ammonia load and
average annual (January to December, ice-free period) concentrations of
ammonia in Onondaga Lake. For example, loading for the period 10/2004 to
09/2005 is paired with concentration for 2005. Lake concentrations are the
annual average of sample date averages of discrete samples collected at meter
depths 0, 3, and 6. External ammonia loading obtained from historic_loads.xIs.

The decrease in loading produced a parallel decrease in the measured
concentrations in the lake’s UML over time. During 2005, 23% of the
measurements in the UML were at or below the analytical method minimum
reporting limit of 0.05 mg/L. At these low levels, it was more difficult to discern
seasonal fluctuations in ammonia concentrations in the UML. OCDWEP
laboratory is in the process of adapting their analytical procedures to detect

ammonia at lower concentrations.

The concentration of ammonia in the LWL increased during the summer (Figure
2-4) as in previous years, generally responding independently of the changes in
loading and reflecting the effects of other mechanisms: decay of settled organic
matter (e.g., phytoplankton) into ammonia; the lack of nitrification due to lack of
oxygen; and release of ammonia from the sediments. These other mechanisms
serve to increase the concentration of ammonia in the LWL during the summer

period of thermal stratification.
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At fall turnover, the ammonia that had accumulated in the LWL mixed throughout
the water column, coming into contact with oxygen present in the upper waters
(Figure 2-4). Ammonia concentrations decreased in the LWL, corresponding to a
slight increase in ammonia in the UML in October. Some of this material was

probably nitrified prior to exiting the lake.
2.3.7 Nitrite Nitrogen

The summertime average nitrite concentrations in the LWL increased again in
2005 (Figure 2-4), although not to the same levels as observed in 2004. In
contrast to 2004, nitrite levels in the LWL did not exceed the ambient standard for
warm water fish community during the summer. However, there was a brief
spike in nitrite concentrations in the LWL late in October, which exceeded the
ambient standard.

The cause of the increase in nitrite concentration in the lower waters once the lake
is thermally stratified is not clear but is likely related to changes in DO status and
the pool of reduced ammonia species. The October spike may be due to
oxygenated upper waters mixing with lower waters, providing conditions for
nitrification of the ammonia in the lower waters. The water quality model of
Onondaga Lake, initiated in 2005, will provide a tool for identifying and testing
mechanistic hypotheses regarding changes in nitrogen cycles with shifts in
external loading.

The UML concentration of nitrite increased gradually throughout the monitoring
period. By mid-October when stratification began to break down, the nitrite
concentration measured in the upper waters spiked to just over twice the ambient
water quality standard of 0.1 mg/l (Figure 2-28), corresponding to the spike
observed in the lower waters. This is likely due to the mixing of oxygenated upper
waters with bottom waters rich in ammonia, providing conditions suitable for

nitrification. During late October, as nitrite concentrations spiked in both the
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upper and lower waters, ammonia concentrations increased slightly in the UML
and decreased substantially in the LWL (Figure 2-4).
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Figure 2-28. UML depth-composite samples nitrite-N concentrations during
2005, Onondaga Lake South Deep.

2.3.8 Nitrate Nitrogen

Summer average concentrations of nitrate-N in the UML have exhibited
considerable variability since the 1990’s (Figure 2-3). Until the recent
improvements in ammonia removal at Metro, nitrate concentrations in the UML
did not track external loads (see Appendix 7, Figure A7-4). Since 2002, nitrate
concentrations in the UML have increased, parallel to the increase in external
nitrate loading to the lake.

LWL nitrate concentrations were variable through the 1990’s but have exhibited
an overall increasing trend since 2000 (Figure 2-3). The cause of this increase
may be related to the increase in external nitrate loading. It could also be related

to the lower algal biomass and nitrogen uptake.

The 2005 data are plotted in Figure 2-4. Concentrations in the UML were highest
in the first half of the year, declining gradually over the summer as the nutrient
became incorporated into algal biomass. The effect of fall mixing is evident in the

October and November data as nitrate levels increased.
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The LWL concentration of nitrate decreased throughout the summer growing
season in 2005. The decline occurred as oxygen was depleted in the lower waters,
resulting in conditions under which nitrification is minimal and denitrification is
favored. During and following fall turnover, nitrate concentrations increased in
the LWL due to mixing, nitrification and dispersion of the continuing Metro load
through the water column.

Bacteria

Fecal coliform bacteria levels are measured at ten sites in Onondaga Lake (eight
near-shore, one North Deep and one South Deep) to assess whether the water is
safe for contact recreation. Fecal coliform bacteria are used as indicators of the
potential presence of pathogenic (disease-causing) microorganisms. This class of
bacteria is currently used by NYSDEC as an indicator of microbiological purity.
However, EPA is strongly encouraging states to change their ambient water
quality standards to base their assessment of recreational suitability of freshwater
on the presence and abundance of a second indicator organism, E. coli. Studies
have shown that E. coli levels are more closely associated with human health
impacts of contact recreation, particularly incidence of gastrointestinal illness
(EPA 2002). Onondaga County is currently monitoring and reporting both classes
of indicator organisms in Onondaga Lake.

The 2005 data show that indicator bacteria levels in the lake’s southern basin,
near the CSOs and major streams, are occasionally elevated in response to storms
of sufficient intensity and duration to cause the combined sewer system to
overflow. This finding highlights the need for continued progress with the CSO
abatement projects. However, water quality improves in the northern basin. Water
quality in Willow Bay, Maple Bay, and Onondaga Lake Park showed no
violations of bacteria standards for safe swimming during 2005 (Figures 2-29 and
2-30).
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Figure 2-29. Nearshore F coli violations in 2005. Percent shown
in figure indicates compliance. Shaded area of pie charts indicates
percent of samples that exceeded 200 cells per 100 ml.
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Figure 2-30. Nearshore E coli violations in 2005. Percent shown
in figure indicates compliance. Shaded area of pie charts indicates
percent of samples that exceeded 126 cells per 100 ml.
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2.3.10 Mercury Concentrations

Low-level mercury analyses were performed by Brooks Rand, LLC, using EPA
Method 1631.E (total mercury) and draft EPA Method 1630 (monomethyl
mercury). Method detection limits (MDL) and practical quantitation limits (PQL)

for these two methods were:

MDL (ng/L) PQL (ng/L)
Total Mercury* 0.100 0.250

Monomethyl Mercury 0.020 0.050

* Sample-specific detection limits were adjusted to account
for sample aliquot size for this sample: 8/17/05, South
Deep 18m Duplicate, MDL = 0.200 ng/L; PQL = 0.490
ng/L.

Results of the 2005 low-level mercury sampling program are summarized in
Table 2-16. The first set of samples was collected on April 26, 2005 prior to
development of thermal stratification. During the April 2005 sampling event,
concentrations of total mercury were similar at the two stations and two sampling
depths. This result was expected as the water column was fully mixed. Total
mercury concentrations were in the range of 1.5 — 2.0 ng/l. Methyl mercury

concentrations were less than 10% of the total concentrations (0.07 — 0.13 ng/l).

A second set of samples was obtained on August 17, 2005 when Onondaga Lake
was thermally stratified. In August, total mercury concentrations in the lower
waters at both stations increased to an average of 11 ng/l. Methyl mercury
concentrations were also at their seasonal peak at the 18 m depth during this
event, with concentrations averaging 9.1 ng/l. Methyl mercury concentrations at
18 m accounted for 81%-97% of the total concentrations. This pattern of peak
mercury levels in late summer and early fall is typical of data collected since
1999, and is consistent with the conceptual model of mercury cycling in
productive lakes (see, for example, Driscoll et al. 1995). The methyl mercury
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concentrations at 3 m were very similar to the April 2005 results, accounting for

less than 25% of the total concentration.

Table 2-16. Low-level mercury sampling, Onondaga Lake.

Sampling Event Location and Depth Total Hg  Methyl Hg
(ng/l) (ng/l)
April 26, 2005 South Deep 3 m 1.94 0.129
Lake fully mixed South Deep 18 m 1.46 0.066
North Deep 3 m 1.95 0.128
North Deep 18 m 1.93 0.087
August 17, 2005 South Deep 3 m 1.73 0.259
Stratified South Deep 18 m * 8.05 7.27
North Deep 3 m 1.45 0.309
North Deep 18 m 13.5 11.0
October 27, 2005 South Deep 3 m 5.47 1.6
Lake fully mixed South Deep 18 m * 6.85 34
North Deep 3 m 5.08 2.3
North Deep 18 m 16.3 11.0

Note: * Data represented as the average of sample and field duplicate results.
Duplicate RPDs: 8/17/05 Hg = 23% MHg = 10%; 10/27/05 Hg = 7%, MHg = 5%. The target

for field duplicate RPDs is not to exceed 20%.

Mercury concentrations were again essentially uniform through the water column,

except in the North Basin at 18 m, during the fall sampling event completed on

October 27, 2005. Consistent with results of previous years, concentrations of

methyl mercury were at their highest concentrations in the upper waters following

fall mixing. Mercury concentrations in the October samples were higher than

concentrations measured in April, ranging from a factor of about two at the 3 m

depth up to a factor of eight at the 18 m depth in the north basin. Through the

water column, methyl mercury concentrations ranged from 30% to 67% of the

total concentrations (1.6 — 11 ng/l).
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AQUATIC MACROPHYTE AND MACROALGAE COMMUNITY
Macrophytes

A complete report detailing the methodologies and results of the 2005 macrophyte
monitoring program is presented in Appendix 10 of this report. The macrophyte
community has changed profoundly in recent years. Species richness has
increased from 5 species in 1991 to 10 species in 2000 and 17 species in 2005.
(Table 2-17). Two of the species documented for the first time in 2005 (southern
naiad and straight-leaf pondweed) are included on the state’s list of endangered
species. The presence of these plants in Onondaga Lake has been reported to
NYSDEC Natural Heritage Program. Despite the increase in species richness the
community continues to be dominated by only a few species. Common

waterweed is by far the most abundant species in all areas of the lake.

The percent cover and biomass of macrophytes was, on average, slightly more
than three times greater in 2005 compared to 2000. Average percent cover
increased from 8% in 2000 to 26% in 2005 while average biomass increased from
16 g/m? dry weight to 51 g/m? dry weight. All areas of the lake showed at least a
two-fold increase in percent cover since 2000. The range of percent cover in the
lake is now within an ideal range for largemouth bass production. The percent of

subplots with plants also increased about two-fold.

The depth to which plants are growing in the lake has also increased significantly
since 2000. In 2005, plants were documented growing to a water depth of 6.75
meters, which is about three meters deeper than in 2000. Although the maximum
depth that plants are growing has increased, most plants continue to be found in
two meters of water or less, as was the case in 2000.
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Table 2-17. Species list of aquatic macrophytes observed in Onondaga Lake in 2005, in past
studies and documented historical observation.

Species 2005° 2000° 1995° 1993% 1992%  1991"  Historical

Ceratophyllum demersum X X!
Potamogeton crispus X X?
Stuckenia pectinata X X123
X
X

Zosterella dubia X 1234

Myriophyllum spicatum
Elodea canadensis

XXX XXX
XXX XXX
XXX XXX

Potamogeton pusillus
Sagittaria latifolia
Vallisneria americana

XXX XXX XXX

Lemna minor
Lemna trisulca
Najas flexilis

Najas quadalupensis*
Potamogeton strictifolius*
Spirodela polyrhiza

Trapa natans
Ruppia maritima
Ranunculus sp.

XX XXX XXX XXX XXX XXX

X
X
X, !

Zannichellia palustris
Potamogeton diversilfolius* - -- -- X8 - - -
Sparganium sp. -- -- -- X8 -- - -

Chara sp. - - - - - - X3
Najas flexilis - - - - - - X124
Najas marina* - - - - - - w124

Nitella sp. -- -- -- -- - - X7
Polygonum amphibium - - - - - - X3

Total Number 17 10 6 10 6 5 10

* Listed species as endangered or threatened.

Notes:

Paine 1865

Bye and Oettinger 1969

NYS Museum voucher specimen (Madsen et al. 1996a)

Goodrich 1912

Found during qualitative survey, not during transect or biomass sampling.

Only a few plants found behind experimental wave breaks (Madsen et al. 1996b)
Dean and Eggleston 1984

NoapwdE

Sources:

a) OCDWEP 2006 Macrophyte Survey
b) OCDWEP 2001

¢) Arrigo 1995

d) Madsen et al. 1996b

e) Exponent 1998

f)  Madsen et al. 1991
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GIS mapping analysis of digitized aerial photographs were consistent with the
characteristics of the in-lake data. A dramatic increase in macrophyte cover was
noted in all areas of the lake between 2000 and 2005. Because the aerial
photographs are taken annually it is apparent that the increase has occurred
gradually. The documented increase is therefore not likely a function of annual
variability or related to annual weather conditions. A more likely explanation is
that the large increase in zebra mussels in the lake since 2000 has increased the
amount of carbon and other nutrients reaching the lake’s benthic community and
also stabilized the otherwise unstable sediments, thus creating conditions that are

more suitable for macrophyte colonization and expansion.

Macroalgae

Filamentous algae are a major issue affecting recreational use of Onondaga Lake.
Mats of algae accumulate on macrophytes during the summer months.
Distribution of filamentous algae is highly variable, both spatially and temporally.
The presence and density of algal mats is controlled by water quality (light,
nutrients, and temperature) in addition to wind direction and speed. Wind can
cause floating algae to accumulate in certain areas of the lake but, depending on

duration and intensity, can also cause the mats to break up and wash ashore.

In 2004, the scope of the AMP was expanded to include measurement of the
extent of nearshore macroalgae. A semi-quantitative method was employed using
visual observation and measurements at eight permanent locations along the lake
shoreline. The field team measured the distance from shoreline to where algal
mats were visible, and estimated percent cover. Beginning in 2005, observations
at the eight stations were made in triplicate to estimate variability and enable
trend analysis. In addition, macroalgae cover was also included in the 2005

macrophyte survey (See Appendix 10).

The 2005 and 2004 nearshore data are plotted in Figure 2-31. The units are in

square meters of coverage, based on a 1-m wide transect at a measured distance
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from shoreline and the estimated percent cover. The temporal distribution of
macroalgae was more uniform in 2005. In 2004, macroalgae was detected for a
longer period of time, from mid-June through early September, but was more
variable and less prominent than in 2005. The comparatively low macroalgae
coverage in 2004 was presumably due to the rainy weather and high streamflow
of that year preventing development of stagnant conditions. The hot dry
conditions of 2005 provided favorable conditions for growth.

Areal Coverage on
Transects (m2)

May Jun Jul Aug Sep Oct
Date

Figure 2-31. Temporal pattern of macroalgae abundance at nearshore sample
locations in Onondaga Lake in 2004 and 2005. Error bars are standard error.

Macroalgae varies spatially in the lake with highest values documented along the
northeastern shore in 2005 (Figure 2-32).

2.5 PHYTOPLANKTON AND ZOOPLANKTON COMMUNITY

Onondaga Lake remains a productive aquatic system as evidenced by its high
levels of algal biomass. The duration of the cyanobacterial blooms in Onondaga
Lake declined from 1996-2000 (Figure 2-33). For example, cyanobacterial
blooms (typically dominated by Aphanizomenon flos-aquae) that historically
occurred July through October (1996) decreased in duration (middle to late July
through August) from 1997 to 2000. In 2001, there was no significant
cyanobacterial bloom documented. The 2002 sampling season saw a reversal of
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Figure 2-32. Spatial variability of macroalgae at nearshore sampling locations. Graphs depict mean aeral coverage
(m2) along a line transect that extends from the offshore edge of macroalgae to shore, 2004 and 2005. Error bars are

standard deviation.
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Figure 2-33. Temporal Cyanophyta biomass (ug/L) distribution from samples
collected in the UML of Onondaga Lake at the south deep station from 1998 to
2005.
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this declining trend however, with cyanobacterial blooms of greater magnitude,
lasting from late June through mid-September. A similar resurgence of
cyanobacteria was again seen in 2003, but the onset of the bloom did not occur
until mid-August, but remained in significant quantity through the end of October.
During the 2004 sampling season only one minor peak was seen in early August
(1,741 pg/L) with no lengthy period of late season dominance like that seen in
either 2002 or 2003. In 2005, no significant cyanobacterial bloom was seen, with
biomass reaching a peak of only 170 pg/L in mid-September. The resurgence of
cyanobacteria seen in 2002 and 2003 may still reflect changes in the food web
that favors blooms of cyanobacteria, but the limited cyanobacterial productivity
observed in 2004, combined with lack of any significant bloom in 2005, could

signal an overall improvement of water quality.

Average total zooplankton biomass in nearby Oneida Lake (Cornell Biological
Field Station unpublished data) was 288 pg/L between April - November 2005,
while it averaged 205 pg/L in Onondaga Lake for the same time period. Thisis a
striking finding, considering the much higher levels of nutrients and primary
production in Onondaga Lake. During 1996, 2004, and 2005, small zooplankton
dominated the community in Onondaga Lake while larger species, especially
Daphnia pulicaria, led to high average total zooplankton biomass in Oneida Lake.
In 2005, Onondaga Lake zooplankton biomass peaked at a higher value (859.3
pg/L) than Oneida Lake biomass (700.7 pg/L), but Onondaga Lake biomass was
more variable, declining to 16.3 pg/L in mid-August before a smaller second peak
in mid-September. In contrast, Oneida Lake zooplankton biomass was more
consistent, remaining above 120 pg/L on all sampling dates between May and

November.

Temporal patterns in average zooplankton size showed little similarity between
the two lakes (Figure 2-34). The consistently small average size of the total
zooplankton community in Onondaga Lake throughout the seasons in 2005 (0.33

mm year-round) is similar to values observed in 2004 (0.35 mm). In contrast,
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during 2002 average size showed more variation, declining from a high of 0.92
mm during the winter (January — March) to a low of 0.27 mm in fall (October —
December). Associated with this change in size structure is the dominance of the
small cladoceran Bosmina longirostris, but also a much-reduced Daphnia
population and near lack of calanoid copepods throughout the 2004 and 2005
seasons. These findings suggest intense planktivory by plankton-eating fish in
2005. Populations of Daphnia have a tremendous capability to exert strong
influence on the phytoplankton community (Mills et al. 1987). The low number
of Daphnia individuals in Onondaga Lake in 2005 was likely linked to heavy
predation by planktivorous fish, namely alewife (Alosa pseudoharengus).
Cercopagis pengoi again appeared in the lake in the 2005 season. Interestingly,
the periods of Cercopagis detection in the lake also represent periods of decreased
dominance by Bosmina longirostris (Figure 2-35) suggesting possible impacts of

predation by Cercopagis on the zooplankton community.
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Figure 2-34. Adjusted average zooplankton (excluding nauplii) lengths (mm) in
both Oneida (February - November 2005) and Onondaga Lake (January -
December 2005). Averages represent a composite of all samples for each date.
Trend lines reflect averages between two adjacent data points.
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Figure 2-35. Relative biomass of major zooplankton species in Onondaga Lake in

2005.

2.6 LITTORAL MACROINVERTEBRATES

Macroinvertebrate sampling of the lake’s littoral zone is among the requirements

of the Amended Consent Judgment. This component of the AMP is completed
every five years (2000, 2005 and 2010).

Protocols for data collection, analysis, and interpretation are consistent with the
NYSDEC Division of Water’s Quality Assurance Work Plan for Biological
Stream Monitoring in New York State (Bode 2002). Detailed methodologies of

the sampling, sorting, identification and analyses are provided in Appendix 5 of

this report.

2.6.1 Significant Findings

The combined influences of eutrophication and habitat degradation appear to be

major structuring elements of the benthic community in Onondaga Lake. The
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macroinvertebrate community in Onondaga Lake’s littoral zone ranged from

moderately to severely impacted in 2005 depending upon the location in the lake.

Sites in the northern region of the lake appeared to be less affected than southern

sites (Table 2-18). Only minor changes in the macroinvertebrate community have

occurred since the 2000 survey, with the exception of percent oligochaetes, which

decreased significantly at each site between 2000 and 2005.

Table 2-18. Mean index value and corresponding NYSDEC water quality value from petite
ponar samples with zebra mussels included in the sample for sites in Onondaga Lake in 2005.

Site 1 Site 2 Site 3 Site 4 Hii'vtveafha
Maple Bay Wastebeds Metro Ley Creek Point
Index NYS NYS NYS NYS NYS
Index [J\I/EC Index B\IIEC Index [J\I/EC Index B\IIEC Index [J\I/EC
Mean Q Mean Q Mean Q Mean Q Mean Q
Scale Scale Scale Scale Scale
Mean Mean Mean Mean Mean
Richness 9.8 2.4 12 35 7.6 1.4 8.4 15 13 41
Diversity 2.3 3.9 2.5 45 1.4 0.84 2.2 3.4 2.7 6.1
Dominance-3 | 0.79 4.6 0.73 5.3 0.9 2.3 0.80 4.7 0.69 6.0
PMA 52 4.4 50 4.1 27 0.29 45 3.0 50 3.9
HBI 8.6 3.6 8.0 5.1 9.9 0.36 8.6 3.5 8.3 4.3
Density/m2 14,317 11,734 16,578 12,700 15,062
NYSDEC
Mean Water 3.8 45 1.0 3.2 4.9
Quality
Value
Ll @ Moderate Moderate Severe Moderate Moderate
Impact

2.6.2 NYSDEC Biological Assessment Profiles (BAP)

The NYSDEC BAP for sites in Onondaga Lake changed little since the 2000
assessment (Figure 2-36a). With the exception of Site 5 (Hiawatha Point) the

2005 impact categorizations were the same as the 2000 survey. At Site 5 the

categorization changed from the extreme low end of the “slightly impacted” range

Onondaga County

Department of Water Environment Protection-

2-69

EcoLogic, LLC




2.6.3

2.6.4

FINAL

October 2006

in 2000 to the high end of the “moderately impacted” range in 2005. Although
the categorization for Site 5 based on the BAP score changed, it was not
statistically significant (P> 0.05). Site 2 (Wastebeds), on the other hand, showed
a statistically significant increase in NYSDEC BAP score, although the NYSDEC
BAP categorization did not change, remaining “moderately impacted”.

Hilsenhoff Biotic Index (HBI) Scores

To facilitate comparison between metrics, the HBI is reported as the scaled BAP
score (see Appendix 5- Methods).

Sites 1 (Maple Bay), 2 (Wastebeds), 4 (Ley Creek), and 5 (Hiawatha Point)
showed improvements in HBI scores since 2000 (Figure 2-36b). Of these, three
showed statistically significant (P <0.05) improvement indicating a likelihood that
oxygen resources in the shallow water sediments at these locations have
improved. Two of the four sites that showed improved HBI scores also improved
with regard to their impact categorization. Site 2 (Wastebeds) improved from
“moderately impacted” to “slightly impacted”, while Site 4 (Ley Creek) improved
from “severely impacted” to “moderately impacted”.

Unlike the other sites, Site 1 (Maple Bay) showed a statistically significant
decline in HBI score with a deterioration of the BAP categorization from “slightly
impacted” to “moderately impacted”. These results are indicative of greater

impact from organic enrichment at this location.

Relative Abundance

The 2005 macroinvertebrate communities resembled the 2000 communities at all
five sample sites (Figure 2-36¢). Oligochaetes were common in both years, but
were not as important a part of the community in 2005 as they were in 2000.

Amphipods were more abundant at four of the five sites in 2005. The increase in
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Figure 2-36. 2005 Onondaga Lake macroinvertebrate community results compared to 2000 baseline results. Error bars are standard

error.
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relative abundance of amphipods could be related to increased macrophyte
coverage in the lake since 2000. Similar to the 2000 results, zebra mussels were
common throughout the littoral zone, with the exception of Site 3.

Percent Oligochaetes

The percent of oligochaetes in samples has declined significantly (P< 0.05) at all
sites compared to 2000 (Figure 2-36d). Site 4 (Ley Creek) exhibited the most
dramatic decline, falling from 95% oligochaetes to 47%. Site 3 (Metro) had the
smallest decline, decreasing from 99% to 91%. These declines are generally
consistent with the observed decrease in HBI score at most sites, as oligochaetes

tend to be tolerant of low dissolved oxygen and thus have low HBI scores.

The exception was at Site 1 (Maple Bay) where the percent oligochaetes declined
significantly but HBI score also decreased significantly. A closer examination of
the data showed that oligochaetes in the 2005 sample, although less numerous,
had higher tolerance values than did the oligochaetes in the 2000 samples. The
tolerant oligochaetes that dominated in 2000 were replaced by a combination of
moderately tolerant oligochaetes, and amphipods.

FISH COMMUNITY

The Onondaga Lake fish monitoring program evaluates the structure and function
of the fish community by targeted sampling of various life stages and habitats.
The number and locations of fish nests are surveyed; larval fishes are collected in
the open waters (pelagic zone). Juvenile fish are collected in the littoral zone.
Adult fish are captured by electrofishing along the shoreline, by gill nets set
offshore and by anglers; some anglers provide data to OCDWEP in a diary
program. In May 2005, Dr. Lars Rudstam of the Cornell Biological Field Station
conducted a hydroacoustical survey to estimate density of the alewife population.
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Significant findings of the 2005 results are presented in this section. Methods,
data summaries and trends are included in Appendix 8. For additional
information, a baseline analysis of the fish community completed in the 2002
Annual AMP Report is available on the Onondaga County web site
(http://www.ongov.net/WEP/wepdf/wel5e.pdf).

Species Richness

A total of 29 species were collected as part of the 2005 monitoring effort. Two
species not previously documented by the AMP were collected in 2005; greater
redhorse (Moxostoma valenciennesi) and rudd (Scardinius erythrophthalmus).
The greater redhorse is the first documented occurrence in Onondaga Lake, rudd
have been captured in the lake during fish surveys by SUNY ESF. The AMP
spring electrofishing captured two individual brown trout (Salmo trutta). The total
number of species captured in Onondaga Lake since 2000 is now 40.

Dominance of Clupeids

Clupeids (alewife and gizzard shad) are the dominant adult fish in Onondaga
Lake, comprising about 90% of the electrofishing catch. There are year to year
shifts in dominance between the two species. The alewife dominated in 2003 and
2004; in 2005 alewife represented about 65% of the electrofishing catch. Gizzard
shad were dominant in 2000, declined 2001 — 2004, and appears to be resurging in
2005.

The alewife population was surveyed in October 2004 and May 2005 using small-
mesh pelagic gill nets and hydroacoustics (70kHz split beam) by Dr. Lars
Rudstam from the Cornell Biological Field Station. The population was
dominated by the 2002 year class. Bubble production in anoxic water in October
2004 precluded the use of acoustic data for estimating abundance. Density in May
2005 was estimated to between 1990 and 2240 fish/ha, which corresponds to a
biomass of 67 to 76 kg/ha. Alewife distribution in May 2005 was patchy, with
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high concentrations closer to shore and in the northern half of the lake (Figure 2-
37). Alewife also dominated catches in fine mesh open water gill nets and alewife
biomass was estimated to approximately 70 kg/h using hydroacoustics. Although
density of alewife in Onondaga Lake was similar to other New York lakes with
alewife, the biomass was higher because most fish were age 2 and older. A
biomass of over 60kg/ha is high for alewife in New York State. Length at age of
alewives in Onondaga Lake indicated fast initial growth as YOY followed by
slow growth as age 2 and 3. This is related to the decline in large zooplankton

and subsequent stunting of the alewife population.

Figure 2-37. Bubble plot of alewife density in Onondaga Lake from May 2005.
Density is calculated from areal back scattering using the average target strength
of alewife found during the survey. The largest bubble represents densities of
13,500 fish/ha, the smallest less than 1 fish/ha. Each bubble represents data from
2 m to the bottom in 100 m sections.
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Another notable result in 2005 was the continued decline in catch rates of adult

pumpkinseed (Lepomis gibbosus) and bluegill (Lepomis macrochirus) (Figure 2-

38a, b). The reduction in the catch of these species in 2004 and 2005 corresponds

with declining catches of young-of-the-year Lepomis sp. in the previous year

(Figure 2-38c). In fact the CPUE of YOY Lepomis sp. is an excellent predictor of

the next years combined adult pumpkinseed and bluegill CPUE (Figure 2-38d).
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Figure 2-38. Trends in CPUE (catch per hour) of bluegill and pumpkinseed adults
from the electrofishing catch (A and B), YOY Lepomis sp. from seines(C), and the
relationship between Adult Lepomis (Bluegill and Pumpkinseed) and YOY Lepomis

from the previous year (D).

The decline in YOY Lepomis could also be due to predation by adult alewife.

Dense adult alewife populations are known to eliminate reproduction of both

walleye and yellow perch in New York lakes through predation on open water

larvae (Brooking et al. 1998, Mason and Brandt 1996). The species with poor
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recruitment since 2003 include species with pelagic larvae (Lepomis, white perch,

yellow perch)

2.7.4 Shifts in Relative Weight of Major Species

Changes in the relative weight (Wr,) of largemouth bass, smallmouth bass, white

perch, and gizzard shad that were first noted in 2004 were again prominent in

2005 (Figure 2-39). Relative weight is the ratio of the actual weight of a fish to

what a rapidly growing healthy fish of the same length should weigh (called

standard weight). Fish with high relative weights (>100) are fatter than the

standard weight of a fish of the same length, while those with low relative weights

(<100) are thinner. Largemouth bass and smallmouth bass Wr were generally
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Figure 2-39. Relative weights trends of select species from 2000-2005.

consistent with one another from 2000 through 2003 and diverged in 2004 and

2005. Largemouth bass increased to well over 100 and smallmouth bass

decreasing to below 100. White perch Wr declined considerably in 2004 and
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remained at this lower level in 2005. Gizzard shad have shown a steady increase
in Wr since 2001. The underlying causes of these shifts are not known at this
time, but since Wr is directly related to how well fish are eating one may surmise
that foraging opportunities have increased for largemouth bass and gizzard shad

and decreased for smallmouth bass and white perch.

Reproduction

Of the 29 species captured in the lake in 2005, 15 (52%) showed some evidence
of successful reproduction either through the catch of larvae, young-of-the-year or
were assumed to have reproduced because those species are small as adults and
difficult to differentiate from YOY (in 2005 this included two species) (Table 2-
19). Of the 14 species that did not show signs of reproduction in 2005, four
(white sucker, shorthead redhorse, freshwater drum, and channel catfish) have
shown some evidence of reproduction in the lake in previous AMP years, one
(brown trout) would not be expected to be present in a lake during early life
history stages, and one (tiger muskellunge) is a sterile hybrid. The other eight
species likely either do not successfully reproduce in the lake, or the number of

young produced are too few to be routinely captured.

Lepomis spp., probably a combination of pumpkinseed and bluegill, continued to
dominate the YOY community in 2005 representing 60% percent of the catch
(Figure 2-40). Largemouth bass (31%) and smallmouth bass (7%) were also
significant contributors in 2005. Largemouth bass catch rates in 2005 were 2.5
times higher than in any of the previous five years (Figure 2-41). Smallmouth
bass and brown bullhead catch rates were also the highest recorded during the
AMP. The 2005 catch of Lepomis spp. was about twice as high as 2004 but much
lower than 2001 and 2002. The catch of gizzard shad and yellow perch YOY
remained low in 2005. White perch were not collected as either larvae or YOY
indicating a possible year class failure for this species.
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Table 2-19. Presence/Absence of Early Life History
Stages and Adults in 2005.

Species Life Stages Present
Bluegill L/YIA
Pumpkinseed L/YIA
Carp L/YIA
Yellow perch L/YIA
Alewife L/A
Banded killifish* Y/A
Brown bullhead Y/A
Gizzard shad Y/A
Golden shiner* Y/A
Largemouth bass Y/IA
Smallmouth bass Y/A
Tessellated darter* Y/A
Rock bass Y/IA
Bluntnose minnow* A
Bowfin A
Brown trout A
Channel catfish A
Freshwater drum A
Greater Redhorse A
Logperch* A
Longnose gar A
Northern pike A
Rudd A
Shorthead redhorse A
Tiger muskellunge A
Walleye A
White perch A
White sucker A
Yellow bullhead A

Note: A= Adult stage present, L= Larvae present (captured during larvae
sampling), Y= YQY present (captured during YOY seining). * Indicates
species whose adult sizes are small and difficult to differentiate from YOY;
presence of adults of these species likely indicates a reproducing population.
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Figure 2-40. 2005 YOY Relative abundance from Seine Catch
2.7.6 Angler Diaries and Creel Survey

Smallmouth and largemouth bass continued to be the most frequently targeted
species in the lake and river system, based on angler diaries. The diaries suggest
that angling success for smallmouth and largemouth bass in 2005 remained
comparable to other years (Table 2-20). Smallmouth bass catch rates were
comparable in all four segments but highest in the section of the Seneca River
downstream of the lake. Largemouth bass catch rates were highest in the Oneida
River and lowest in Onondaga Lake, but comparable to the Seneca River. Over
the course of the diary program, catch rates of largemouth bass have generally
been lower than catch rates of smallmouth bass in all segments and this continued
to be the case in 2005. Largemouth bass were caught at a rate of 0.23 per hour in
the lake compared to 0.58 per hour for smallmouth bass.

AMP technicians completed a creel survey during the August 6, 2005, “Fishing
for Dollars” derby on Onondaga Lake. This event awards prizes for catching
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Figure 2-41. YOY CPUE (#/haul) trends for select species from 2000 - 2005.
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Table 2-20(a-b). 2005 Angler Diary Summary.

a) Number of hours fished by section in 2005.

Zone Location Total hours
1 Onondaga Lake 676.8

2 Seneca River Upstream 94.2

3 Seneca River Downstream 208.1

4 Oneida River 64.0
Total 979.1

b) Catch-per hour (CPH) of fish species by zone in 2005.

Zone  Species Total CPH
1 Channel Catfish 5 0.007
1 Largemouth Bass 153 0.226
1 Other 65 0.096
1 Pumpkinseed/Bluegill 24 0.035
1 Smallmouth Bass 395 0.584
1 Yellow Perch 18 0.027
1 All 660 0.975
2 Largemouth Bass 29 0.308
2 Other 23 0.244
2 Pumpkinseed/Bluegill 10 0.106
2 Smallmouth Bass 38 0.404
2 All 100 1.062
3 Largemouth Bass 63 0.303
3 Other 15 0.072
3 Pumpkinseed/Bluegill 6 0.029
3 Smallmouth Bass 155 0.745
3 Yellow Perch 2 0.010
3 All 241 1.158
4 Largemouth Bass 72 1.125
4 Other 11 0.172
4 Pumpkinseed/Bluegill 3 0.047
4 Smallmouth Bass 22 0.344
4 Walleye 2 0.031
4 Yellow Perch 2 0.031
4 All 112 1.75
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tagged fish (primarily largemouth and smallmouth bass). Other gamefish are
caught by the participating anglers. A total of 51 anglers were interviewed as part
of the creel survey, representing approximately 6.5% of the total ticket sales. The
51 anglers caught 102 fish. The most frequently caught fish from the shoreline
were white perch, which represented 41% of the catch, or 0.20 fish per hour.
Fewer Dbluegill and pumpkinseeds were reported, representing 34% of the
shoreline catch, or 0.16 fish per hour. Largemouth and smallmouth bass were the
third most frequently caught fish representing 16% of the shoreline catch, or 0.07
fish per hour.

Anglers fishing from boats were surveyed as well; reporting 39 fish. The most
frequently-caught fish were largemouth and smallmouth bass, which represented
39% of the catch, or 0.13 fish per hour. Yellow perch represented 36% of the
catch, or 0.12 fish per hour. Anglers reported catching far fewer panfish (0.06 per
hour) and channel catfish (0.03 per hour).

SENECA RIVER CONDITIONS

In 2005, OCDWEP completed three water quality surveys of the Seneca River.
The analyses were designed to assess current water quality status with respect to
ambient water quality standards and support the river modeling effort being
carried out by Quantitative Environmental Analysis, LLC (QEA). The AMP calls
for annual water quality monitoring at Buoy 316; this sampling and analysis has
been incorporated into the full river surveys. The study area for these water
quality surveys spans the Seneca River from Cross Lake to Three Rivers junction,
as well as portions of the Oneida and Oswego Rivers. A map of the study area is
included in Appendix 1.

River sampling occurred on July 14th, August 4th, and September 15th, 2005.
During each survey, grab samples of bottom and top waters (1m above the bottom
and 1m below the surface) were collected and analyzed for a large number of

water quality parameters. Grab samples of mid-depth waters (center location
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between the top and bottom of the water column) were also collected and
analyzed at Buoy 269 (for all 3 events), as well as Buoys 260 and 255 (for the
July event only) to help characterize the extent of stratification of the water
column and examine variations in water quality with depth. A depth profile of
field parameters (DO, salinity, redox, pH, and temperature) was collected at each
station. In addition, YSI data sondes were deployed between June and October
2005 at three locations within the system: Cross Lake (Buoy 409), Baldwinsville
(Buoy 316), and the Onondaga Lake outlet. The purpose of these sondes was to
evaluate changes in water quality conditions over the course of a day, as
suggested by the river modeling peer review panel (QEA 2005, Appendix M). In-
situ parameters measured by the sondes (temperature, DO, salinity, and
chlorophyll at select locations) were recorded every 15 minutes for top and

bottom depths at each location.

The year 2005 was characterized by a wet spring (April to mid-May), with
alternating periods of low-flow and relatively higher flows throughout the
summer (Figure 2-42). The flow rates in the Seneca River on the three dates of
the full water quality surveys were 1,382, 1,020 and 705 cfs, respectively. The
2005 average flow rates from July to September were 1,085 cfs in the Seneca
River and 947 cfs in the Oneida River. These average flow rates are generally
lower than those of the long-term summer averages in these systems (1,673 cfs in
the Seneca River 1950-2004; 1,024 cfs in the Oneida River 1950-2004). The flow
rates in the Seneca River dropped below the 7Q10 value of 350 cfs (QEA, 2000)
on several occasions in August 2005 (ranging from 99 to 321 cfs), although flow
rates in the neighboring days precluded a seven-day average from falling below
the 7Q10 value.

As in past years, the quality of Seneca River water in 2005 can be understood in
light of several major factors: the loading of algal biomass from Cross Lake, flow
rates, time of year, phytoplankton and zebra mussel activity, effects of inflow
from the more saline and eutrophic Onondaga Lake, and the presence of an
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Figure 2-42. USGS flow rate and OCDWEP AMP sampling dates for year 2005.
Note: Points represent OCDWEP water quality sampling dates.
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anomalous region of the Seneca River downstream of the lake outlet called the
“deep hole”, which may be influenced by groundwater discharge.

As an example of 2005 water quality conditions in the Seneca River, six selected
parameters: DO, SRP, chlorophyll-a, NH3, NO2, and NO3, collected on the
August 4th sampling event are shown in Figure 2-43. Spatial profiles of the entire
suite of water quality constituents (i.e., dissolved oxygen, organic and inorganic
forms of nitrogen, phosphorus, and carbon, as well as solids, chlorophyll-a,
salinity, and temperature), for all three surveys can be found in Appendix 1. In
general, the water quality conditions during the August survey were consistent
with the July and September surveys. Temporal profiles of the in-situ data sonde

measurements from Buoys 409 and 316 are also provided in Figure 2-44.

During the August sampling event, DO concentrations were slightly stratified just
downstream of Cross Lake, and low DO concentration (below 2 mg/L) was
measured in the bottom layers of the Seneca River at the upstream end of the
study area, just downstream of the State Ditch Cut. This is illustrated in Figure 2-
43 by the “DO-Field” panel. These bottom waters became well-mixed with the
upper waters between the State Ditch cut and the Baldwinsville dam, thereby
increasing the DO concentrations in the bottom and decreasing the concentrations
in the top layers. Zebra mussel respiration and sediment oxygen demand
gradually reduced DO concentrations as the water moved downstream to
Baldwinsville.

The influence of photosynthesis and respiration of phytoplankton and
macrophytes can be observed in the diurnal DO variations recorded by the data
sondes deployed at Buoys 409 and 316 (Figure 2-44). DO is produced via
photosynthesis during day time and gradually reaches its peak concentration
around late afternoon. DO is consumed at night, and reaches its minimum
concentration before sunrise. The magnitude of the diurnal DO fluctuations in
2005 was around 2 to 4 mg/L at Buoy 316 during July to September (Figure 2-
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44), which is comparable with diurnal observations of DO in previous years.
During the same period of time, the magnitude of the diurnal DO fluctuations at
Buoy 409 was around 2 to 10 mg/L (Figure 2-44), which is reflective of the
greater concentration of phytoplankton entering from Cross Lake, as chlorophyll-
a concentrations were almost 10 times higher at Buoy 409 than at Buoy 316 in
2005 (see Figure A-10 in Appendix 1).

As a result of the zebra mussel invasion, Seneca River water quality has shifted
from a system in which nutrients such as phosphorus and nitrogen were largely
tied up in phytoplankton standing crops to one in which dissolved forms are more
prevalent (Figure 2-45). In 2005, the average ammonia concentration in the river
upstream of the lake (0.15 mg/L) was less than the concentration in the lake’s
LWL (ranging from 0.3 to 0.6 mg/L), and was similar to the concentration in the
UML. Thus, similar to previous years, the ammonia concentration in the UML
was less likely in 2005 to be influenced by the river water during flow reversals in

the lake outlet.
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Figure 2-44. Temporal profiles of dissolved oxygen concentrations and variations from YSI data sonde at Buoys 409 and 316 in 2005.

Note: Results are only shown for days that at least half of the 15-minute instantaneous data were available.
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Figure 2-45. Water quality parameters measured near Baldwinsville before

(1990-91) and after the zebra mussel invasion of the Seneca River.

Note: 1990-91 & 93 data from Effler et al. (1996); 1994-05 data from County AMP; results are
from 1 m below water surface at Buoy-316;plotted values represent yearly arithmetic mean +/- 2

standard errors of the mean.
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In 2005, as in previous years, SRP levels generally increased in the Seneca River
from upstream to downstream (Figure 2-43). SRP concentrations increased from
approximately 5 pg/L in the vicinity of Cross Lake to approximately 60 pg/L near
the lake outlet on the August 4th survey. These downstream increases are
primarily caused by filtration and nutrient release by the zebra mussels. SRP
concentrations in the river remained relatively constant going further downstream,
probably due to balancing of algal growth with filtration of the remaining algae
by zebra mussels. The SRP concentration in the Seneca River just upstream of
the lake outlet (about 60 pg/L during the August survey) was between the
concentration of the lake UML (less than 10 pg/L) and the LWL (ranged from 20
to 100 pg/L). Thus, in mid-summer, the river may contribute some SRP to the
lake’s upper waters during periods of river inflow. These patterns are consistent

with previous years.

Zebra mussel filtration led to a decrease in chlorophyll-a in the river, with levels
around 25 pg/L at Cross Lake, to levels below 5 pg/L at Baldwinsville (Figure 2-
43). The concomitant nutrient release during filtration of phytoplankton by zebra
mussels led to the increases in NH3-N and SRP concentrations observed in the

river.

Nitrogen concentrations in the Seneca River in 2005 exhibited spatial patterns
similar to those observed in previous years (Figure 2-43). The predominant
signatures include the increase in NH3 associated with zebra mussel activity
between Cross Lake and Baldwinsville, and changes between the Onondaga Lake
outlet and Three Rivers associated with inputs from the lake. However, due to the
improved nitrification at Metro, the patterns in river nitrogen species downstream
of the lake in 2005 exhibited a relatively small response to ammonia, and a larger
increase in nitrate. Chemical stratification of the nitrogen species in this area is

associated with the plunging nature of the lake’s denser inflow.
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Similar to previous years, elevated salinity and lower temperature were observed
in the river downstream of the lake outlet. On the August 4th sampling event, the
bottom waters of the river in this area exhibited a higher salinity and lower
temperature than data collected in the bottom waters of the lake outlet. This
suggested that waters in the “deep hole” (downstream of the lake outlet) region
was not solely affected by waters leaving Onondaga Lake; in-river process and/or
groundwater recharging were likely to be contributing factors (see Appendix G of
QEA 2005). This same interpretation can explain the extremely low DO
concentration (0.2 mg/L) measured in Buoys 269 and 260, which were much
lower than DO concentrations measured at the lake outlet (over 5 mg/L). The
river’s stratification in this area during the August 2005 event weakened

approaching the Three Rivers Junction due to vertical mixing processes.

Samples collected during the low flow river surveys were not in compliance with
applicable ambient water quality standards for DO and nitrite at several locations
and dates during the 2005 program (see plots in Appendix 1). Because the
samples collected during the AMP river surveys represent a single sampling of
each location, the appropriate comparison for DO is the NYSDEC instantaneous
standard of 4 mg/L; this value was not met at multiple sites and sampling dates, as

discussed further in Chapter 3 (refer to Table 3-4 for a summary).

In summary, water quality in the Seneca River during 2005 was comparable to
data collected from previous surveys (i.e., 1993 to 2004), with year-to-year
differences being largely explained by differences in hydrologic conditions and
inputs from Onondaga Lake. The introduction of zebra mussels in the early
1990’s resulted in dramatic changes in water quality in the river; since then, the
dominant patterns and mechanisms do not appear to have changed significantly.
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