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CHAPTERl
INTRODUCTION

AMBIENT MONITORING PROGRAM1.1

A. Overview

This report presents results of Onondaga CoWlty Department of Drainage and Sanitation's (OCDDS) 1999 water quality
monitoring program of Onondaga Lake, its tnoutary stre~, pennitted discharges to dte Lake, and segments of dte Three
Rivers system (dte Seneca, Oneida, and Oswego Rivers). Extensive data were collected in 1999 to evaluate physical,
chemical, and biological conditions of this surface water system Onondaga CoWlty is required to monitor water quality
and biological conditions as part of its New York State Pollution Discharge Elimination System (SPDES) permit to

discharge treated wastewater to Onondaga Lake.

Since 197O, OCDDS has conducted an annual monitoring program. Employees of the Department of Drainage and
Sanitation sample Onondaga Lake and its tributaries, analyze samples in the County's state-certified environmental
laboratory, calculate loading ofrnaterials to the lake, and produce annual reports. Data collected each year are added to
a database, which enables an examination of trends in water quality and loading over time and in response to pollution
abatement activities. The data are also compared with ambient water quality standards and guidance values.

In January 1998, Onondaga County signed an Amended Consent Judgement (ACJ), committing to a phased IS-year
program of upgrades and improvements to the County's wastewater collection and treatment system. The ACJ requires
Onondaga County to continue and expand its annual monitoring program, with a specific focus on the effectiveness of
alterations in the operation of METRO and the CSOs in reducing pollutant loads and improving water quality. As part
of the ACJ, the County is required to conduct an extensive monitoring program of physical, chemical, and biological
conditions in the surface water resources. Self-monitoring is a central element of the federal Clean Water Act.

The revised monitoring program, called the Ambient Monitoring Program (AMP) began on August 1, 1998. In most
cases, the AMP was designed to supplement, not replace, the historical program. This 1999 annual report reflects the first

full year of AMP activities.

B. Objectives

The objectives of the historical monitoring program (in place through July 31, 1998) were as follows:

1. Estimate the annual external loading of constituents (chemicals, sediment, and bacteria) to Onondaga Lake
through its tributary streams.

2. Assess compliance of lake and tributary waters with New York's ambient water quality standards and

guidance values.

3. Evaluate the Jake's trophic status as indicated by nutrient concentrations, chlorophyll a, algal density and
community structure, dissolved oxygen status, transparency, and zooplankton density and community structure.

4. Analyze trends in lake water quality in response to point and nonpoint sources of constituents and in
response to pollution abatement efforts.

As part of the ACJ requirements, die County's annual monitoring effort was redesigned to focus specifically on die water
quality and ecological improvements to the aquatic system brought about by the planned improve~ts to METRO and
die CSOs. The data collected ilirough die AMP will help New York State and die federal Environmental Protection
Agency determine whedIer further reductions in wastewater load are needed for die lake to meet ambient water quality

standards.
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Improvements to METRO and the CSOs are being in1Plemented in a phased program. with final completion dates in the
year 2012. Loading reductions of wastewater related pollutants (ammonia, phosphorus, solids, floatables and bacteria)
will be accomplished as discrete step improvements, not gradual reductions in loading. 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 ele~nts, designed to recur each year to evaluate compliance and establish trends, and special
elements, timed to follow these construction-related milestones.

The objectives of the AMP include additional detail, due to the program's specific focus on evaluating the effectiveness
of improvements to the wastewater collection and treatment system The program also includes a greatly expanded focus
on the biology of the system. Objectives of the AMP may be sununarized as follows:

1. Quantify extemalloading of phosphorus, nitrogen, suspended solids, indicator bacteria, and salts. Design
program to include stations upstream and downstream of potential sources in the watershed.

Utilize die software program FLUX to quantify external pollutant loading, calculate die standard error
of loading estimates, and continually refine die allocation of sampling resources to best estimate loads.

Shift monitoring efforts from a scheduled to ~ event-based program to minimize the standard error
of external load calculations (i.e. collect more samples during high flow conditions).

Conduct wet weather monitoring upstream and downstream of the CSO discharges in order to assess
the loading reductions achieved by COO improv~nts. Schedule these wet weather sampling events
around milestones in the 15-year program.

Design the monitoring program for total phosphonJS (TP) to enable a reliable partitioning of point and
non-point sources ofTP to Onondaga Lake for use in TMDL revisions.

Consider the requirements of tributary, lake, and river water quality models when detennining spatial
and temporal scales for load estimates.

2. Assess the tributaries' physical habitat and macroinvertebrate coIIm1Unity.
Measure attributes of the physical environment in the lake tributaries, including velocity and cross-
sectional area, to map erosional and depositional sections.

Conduct field sw:veys for the presence and character of sludge deposits in depositional areas from
above the CSO discharges to the tnoutary mouths.

Map dte physical characteristics of dte streambed that could affect spawning habitat from the tributary
mouths upstream until a barrier to fish passage is encountered.

Sample the streams' macro invertebrate conDnUnities and calculate the NYSDEC's biotic indices
throughout the tributaries' length.

3 Gadter data on an adequate temporal and spatial scale to assess compliance widt ambient water quality
standards.. Compare results widt applicable standards and guidance values.

Examine data for patterns and nends indicating additional sources.

4. Evaluate the lake's response to reductions in extemalloading achieved by the planned improvements to
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METRO and the CSOs.

Assess compliance with ambient water quality standards and guidance values on an annual basis.

. Assess the trophic status of the lake dtrOugh measuring indicator p~ters (phosphorus, chlorophyll0, and Secchi disk transparency). .

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

Assess the abWldance and species composition of communities of phytoplankton, zooplankton,
macrophytes, macrobenthos, and fish.

Evaluate the success of walleye, bass, and sunfish propagation in the lake.

Establish data sharing protocols with NYSDEC and NYSDOH to enable the County to track
contaminant burden in fish flesh.

. Acquire and track data by others regarding the nature of the littoral (shallow area) sediments in
Onondaga Lake.

6. 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.

, Defme ambient water quality conditions in the Seneca River between Cross Lake and Three Rivers.
. Evaluate the longitudinal variation of concentrations of Dissolved Oxygen, Ammonia, Nitrite, Total

Phosphorus, Soluble Reactive Phosphorus, Chlorophyll a and Turbidity

Design monitoring program to test temporal and spatial variability (for example, diurnal variations in
river water quality presence and extent of chemical stratification).

Assess compliance with NYS ambient water quality standards

8. Evaluate and quantify the assimilative capacity of the Seneca River and quantify effects of zebra mussels.
. Update the dissolved oxygen model of the river.

Concentrate river monitoring during critical conditions of wamt weather and low stream flows

Detennine the abundance/biomass and size frequency of zebra mussels at sites from Jack's Reef to
Three Rivers.

Because the AMP will continue over an extended time period, the parties designing and approving the program consider
flexibility to be an important consideration. Monitoring results are continually reviewed by engineers and scientists
associated with NYSDEC, Atlantic States Legal Foundation, and other interested parties. The County has convened a
Technical Advisory Committee (TAC) to provide expert advice and oversight Current members of the Onondaga Lake
TAC and their expertise are listed below.

Dr. Raymond Canale (water quality modeling, Seneca River)
Dr. Charles Driscoll (aquatic chemistry, mercury)
Dr. Edward Mills (phytoplankton and zooplankton)
Dr. Elizabedl Moran (limnology, monitoring program)

1-3



Dr. Lars Rudstam (fish ecology)
Dr. Ken Stewart (physical limnology)
Dr. William Walker, Jr. (statistics, loading estimates, mass balance)

.2 THE ONONDAGA LAKE WATERSHED

A. Physical Features. Onondaga Lake is located immediately northwest of the City of Syracuse in Onondaga
COWlty, New York, USA (430 6' 54" N, 760 14' 34" W). The outlet of Onondaga Lake flows into the Seneca River,
which joins with the Oswego River and flows north and east into Lake Ontario.

The Onondaga Lake drainage basin encompasses approximately 642 kIn2, and with the exception of 2 kIn2 in Cortland
County, lies almost entirely in Onondaga County (Figure 1-1). The drainage basin includes six natural subbasins: Nine
Mile Creek, Harbor Brook, Onondaga Creek, Ley Creek, Bloody Brook, and Saw Mill Creek.

The climate of the Onondaga Lake basin is continental humid and is strongly influenced by proximity to Lake Ontario
and the presence of the Appalachian upland in the southern part of the drainage basin. Lake Ontario moderates the
temperature extre~s. The wannest month is July with a mean daily maximum temperature of 81.9 of. January is the
coldest month; ~an daily minimum temperature is 14.9 of. Based on the 1951 - 1980 period the average frost-free
period is Apri129 through October 15. Lake effect contributes high amounts of cloudiness and snowfall. The summer
months are drier on average, but high year-to-year variation is typical. In 1999, the annual precipitation was
30.88 inches. This is well below the long-term average of 38.93 inches for the 30-year period of record.

Onondaga Lake is relatively small, widt 7.6 km maximum lengdt, 2 km maximum width, 11.7 km2 surface area, 131 x
106 m3 volwne, 10.9 m mean depdt, and 19.5 m maximum depth. A bathymetric map (Figure 1-2) shows two minor
depressions in a fairly unifonn profile. The Onondaga Lake shoreline is very regular, with few emba~nts. More than
75 percent of the shoreline is owned by Onondaga County and is maintained as part of a popular park and trail system.
The lakeside park is currently used for recreation (hiking, biking, jogging, roller-blading, etc.), fIShing, and cultural
entertainment. The lake is used for secondary water contact recreation such as boating and water skiing.

Fishing was prohtoited in the lake in 1972 due to mercury contamination. The prohibition was lifted in 1986 and
modified into a catch and release fishery, i.e. recreational fiShing was pennitted but possession of lake fishes was not.
In 1999 the New York State Department of Health revised its advisory regarding consumption of gamefish from
Onondaga Lake. The current recoJInnendation is to eat no walleye from Onondaga Lake, and restrict consumption of all
other species to no more than one meal per month. The fish advisory continues to be based on mercury levels in fish
flesh. As in all New York waters with health advisories, the Health Department advises that women of childbearing age,
infants, and children under the age of 15 eat no fish from these waters.

Onondaga Lake has a rapid flushing rate; the average rate for the 1971 to 1999 period was 3.7 flushes/year (Figure 1-3).
From 1995-1999, the lake residence time was 0.32 years. In 1999, the calculated flushing rate was approximately 2.3
water exchanges. Flushing rate is estimated by summing the water that flows into the lake and dividing inflow by lake
volume. This simple calculation assumes that the water colwnn of lake is consistently well mixed However, Onondaga
Lake is dimictic, with two periods of complete mixing separated by periods of thermal stratification. During stratified
periods, upper waters are replaced by trlDUtary and effluent inflows, while lower waters are not. The flushing rate of the
upper waters during summer stratification is rapid. Based on a detailed analysis of epilimnetic volume and trlDUtary
inflows over the three year period from 1987 - 1989, Effier and Whitehead (1996) concluded that the water in the

epilinmion is replaced about three times between May and September of an average hydrologic year.

At temperate latitudes, lakes and reservoirs with a maximwn depth greater than about 10 meters develop relatively
predictable annual patterns of water temperature with depth. In spring, lakes begin to gain heat and the upper waters
begin to WamL Heating causes water to expand; wamler less dense water floats on top of the cooler water. More work
is needed for winds to overco~ the developing demity gradient. Depending on solar radiation and wind, Onondaga Lake
alternates between isothem1al and weakly stratified conditions in April through early May.
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By late May of a typical year, Onondaga Lake waters stratify into the three layers associated with classic thernlal
stratification: warm upper waters (epilimnion), cool lower waters (hypolimnion) and a transition layer between the two
(metalinmion, which includes the theTnlOCline). The thennocline is defined as the plane in the metalinmion exhibiting
maxinwm rate of change in temperature with depd1. Density differences during stratification are strong enough to impede
wind-induced mixing between the epilinmion and hypolinmion; the hypolimnion remains isolated from the atmosphere.
The extent of mixing in the spring influences the temperature of the hypolimnion for the rest of the year. h1 some years,
the lake wanns quickly and lower waters are isolated relatively early, leading to colder temperature in the hypolimnion.
In years with cool, windy springs the lake stratifies later and temperature of the bottom waters is warmer.

By August, Onondaga Lake ceases to gain heat and the waters begin to cool. The cooling process is manifested in a
steady deepening of the epilimnion and gradual decrease in its temperature. As the epilimnion cools, the metalimnion
warms due to wind-induced mixing of wamler surface waters deeper into the lake. Heat loss continues through the fall.
Eventually, the temperature of the upper water cools to the temperature of the hypolimnion, and thermal stratification
breaks down. There is no density impediment to complete mixing of the lake by winds. There is variability in the timing
of fall mixing based on specific meteorological conditions; generally, Onondaga Lake is completely mixed by late
October.

Development of thennal stratification in winter is variable, depending on the extent and persistence of ice cover.
Onondaga County has maintained an ice diary each year since the winter of 1987 - 1988, noting dates of ice cover and
sketching surface area affected. Limited measurements of ice thickness, mostly in the southern basin, have been made.
Observations are sunm1arized in Table 1-1. Note the interannual variability in the extent of ice cover on the lake. Ice
cover in the north basin tends to develop in January and persist through mid March, although ice thickness varies greatly
as well. Limited winter sampling has been conducted through the ice. Temperature profiles indicate that weak inverse
stratification develops under the ice.

B. Tributaries. Five natural tributaries, three efiluent discharges, and the lake outlet were R¥>nitored in 1999. Figure
1-4 depicts the long-term average hydrologic contributions of tributaries to Onondaga Lake.

1. Nine Mile Creek. The Nine Mile Creek watershed drains approximately 298 km2 of land southwest of
Onondaga Lake. The creek originates at the outlet of Otisco Lake, flows north and enters Onondaga Lake at
Lakeland adjacent to the New York State Fairgrounds. Streamflow is gauged at the USGS station located at Route
48. This is also a water quality monitoring station. The main stem length is 55.2 km Nine Mile Creek receives
treated municipal wastewater from the Village of Marcellus, as well as overflow and infiltration from the
AlliedSignal waste beds in the lowest 3 km of the stream. Nine Mile Creek is the second largest natural tributary
to Onondaga Lake.

From 1996 - 1998, the U. S. Geological Swvey, in cooperation with d1e Town of Camillus, developed and verified

a precipitation-runoff model to simulate the impacts of urbanization on streamflow in a 108 km2 portion of the
watershed (Zarriello 1999). The model selected for the study was the EP A model HSPF (Hydrologic Simulation
Program FORTRAN) which factors land use, slope, infiltration rate, and water storage characteristics of the
watershed to sinwlate streamflow response to precipitation. The model projections indicate that peak discharge
and runoff volume of Nine Mile Creek are likely to increase as the watershed develops. Future development is
not projected to cause significant increases in flooding during large stomlS. Rather, the frequency and magnitude
of flows resulting from small storms are expected to increase. A slight decrease in streamflow during dry periods
is also projected.

2. Harbor Brook. The Harbor Brook watershed drains a long and narrow area of29.3 km2 southwest of the
lake and enters the lake approximately I km southwest of Onondaga Creek. The main stem length is 12.1 km.
Land use in the headwater segrmnt of the Harbor Brook watershed is a mixture of agriculture and residential. As
the Brook flows through the City of Syracuse, land use becomes increasingly urban; the lower reaches of the
watershed include areas of high density residential, co~rcial, and industrial land uses. Twenty combined sewer
overflows (CSOs) discharge to the lower reaches of Harbor Brook. On rare occasion, sanitary overflows from the
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Hillcrest and Brookside pwnp stations enter the Brook as well. Harbor Brook is monitored for streamflow and
water quality conditions at two sites, Velasko Rd. and Hiawatha Boulevard.

In 1999 Onondaga County completed a sampling and assessment program of the rnacroinvertebrate comnumity
tnoutaries to Onondaga Lake, including Harbor Brook. The results are discussed in Chapter 9.

3. Onondaga Creek. The Onondaga Creek watershed drains an area of282 km2. The Creek originates in the
Tully Valley, flows north and enters the lake as the Barge Canal along the southern shore. The main stem length
is 44.2 kIn. About one-third of the Creek is located in the City of Syracuse. The Creek receives urban runoff,
including approx.imately 50 CSOs. Various construction projects are underway to reduce the CSOs. Groundwater
contamination in the "Oil City" region of the lower watershed may impact Onondaga Creek's water quality.
Onondaga Creek represents the largest source of water to Onondaga Lake.

A unique feature of Onondaga Creek is the discharge of sediment-laden (turbid) groundwater frommudboils in
fue Tully Valley in the Creek's headwaters segment. The Tully Valley mudboils are volcano-like cones of fine
sand and silt that have been a landscape feature since the late 1890's (Kappel and McPherson 1998). According
to these USGS investigators, flow from a mudboil is driven by artesian pressure that forces water and sediment
upward from sand and gravel aquifers through a 6O-foot layer of dense silt and clay. The artesian pressure within
the aquifer can lift water 20-30 feet above land surface. The source of the water is surface water that infiltrates
to groundwater along fue valley walls.

USGS has implemented three remedial actions in the mudboil area to reduce loading of suspended solids to
Onondaga Creek and ultimately Onondaga Lake. The first is diverting surface water from the tributary feeding
the mudboil area to a nearby tributary. This diversion reduced the water flow to the mudboil area by about two-
thirds, which has resulted in a reduction in sediment loading to the creek from 30 to 15 tons per day (Kappel et
at. 1996).

The second remedial action is installation of aquifer depressurizing wells to reduce artesian pressure in the upper
aquifer and slow mudboil activity. Total groundwater discharge from the wells averages around 350 gallons per
minute (gpm). Chemical quality of the water discharged from these wells is variable. Wells south (upgradient)
of the mudboil area discharge generally fresh water while wells north (downgradient) discharge water that is
slightly brackish to salty (Kappel and McPherson 1998).

Finally, USGS constructed a temporary dam at the outlet of the mudboil area, creating an impoundment designed
to settle silts and sands before discharge to Onondaga Creek. The impoun~nt has reduced suspended sediment
loading nom 15 tons per day in 1992 to 1.5 tons per day in 1993 - 1994. As the impoW1dment has filled with silts

and sands reImval efficiency bas decreased. The dam was reconstructed in 1996 to raise the water level and
recover settljng efficiency. .

Macroinvertebmte ~ting was conducted at six sites along Onondaga Creek in 1999. These results are discussed
in Chapter 9.

Routine monitoring stations include Dorwin Avenue and Spencer/Kirkpatrick Street. As part of the stonn event
monitoring program Onondaga Creek is also monitored at Rt. 20 (upstream of all urban areas but downstream of
nmdboils) and downstream of Spencer St. (just prior to flowing into the Inner Harbor, close to die confluence with

Onondaga Lake).

4. Ley Creek. Water quality and streamflow of Ley Creek are monitored at Park Street, close to the
confluence with Onondaga Lake. The Ley Creek watershed extends eastward from the southern end of Onondaga
Lake and covers an area of approximately 77.4 km2. The headwaters drain mainly wetlands but the majority of
the drainage flows through residential and industrial sites. Two CSOs discharge to Ley Creek. Within the basin
are a number of large co~ial and industrial sites, dredge spoil disposal areas, and several closed landfills that
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received both sanitary and industrial waste. Macroinvertebrate sampling was completed along Ley Creek in 1999
as part of the AMP biological sampling efforts (see Chapter 9).

5. Tributary SA. Tributary 5A receives treated wastewater from Crucible Specialty Metals, a steel
manufacturing facility. The total flow into Onondaga Lake from this source is low. Historically, Tributary 5A
contributed significant amounts of iron, chromium and copper to the lake, but these loads decreased with
construction of an industrial wastewater reuse and treatment system in 1974. Since the loading of chemicals and
solids from this source is not significant, monitoring data are best used as an additional check on performance of
the industrial wastewater treatment facility. Beginning in August 1998, flow in Tributary 5A has been measured
using a Sigma flow meter during each sampling event.

6. METRO Effluent. Treated effluent from METRO enters the lake at the southeastern end. In 1999, the
METRO effluent represented the third largest source of water to Onondaga Lake. Most of the water treated at
METRO originates in Skaneateles Lake and Lake Ontario, which are situated outside of the Onondaga Lake
drainage basin. A small percent of the public water supply is drawn from Otisco Lake, which is within the Nine
Mile Creek and Onondaga Lake watersheds.

The METRO facility was designed to provide advanced secondary treatment for biochemical oxygen demanding-
material (BOD) and phosphorus removal for sewage flows of up to 120 mgd. Discharge to Onondaga Lake is
through a surface outfall (Outfall 001). Flows between 120 mgd and 220 mgd undergo primary treatment and
chlorination prior to discharge to Onondaga Lake via a separate outfall (Outfall 002). Additional information
describing current effluent loads and planned reduction based on implementation of the ACJ is presented in
Section 1.3.

7. East Flume. This tributary channels noncontact cooling water and site drainage from the former
AlliedSignal Chemical Corporation industrial complex to the lake. The East Flume flow is difficult to gauge
because there is no permanent fixed channel. In previous years, we coupled discharge reported on the biweekly
sampling date with the measured concentration to estimate load. Beginning in 1999, the field sampling team
measured stream discharge during each monitoring event.

c. Land Use

The Onondaga Lake watershed is highly urbanized, co~d with other lakes in the Seneca-Oswego river basin. Based
on the USGS I :250,000 (large scale) GIRAS land use and land cover files, approximately 27% of the basin is categorized
as urban, 34% as forest and 36% as agricultural.

The Syracuse Onondaga County Planning Agency (SOCPA) has mapped land use and other attnoutes of the Onondaga
Lake watershed with their GIS. Land use varies by subwatershed. Examples of the land use breakdown for the major
tnoutary str~ are provided in Table 1-2, which is based on a September 1994 Technical Memorandum on Watershed
Modeling prepared by Moffa & Associates for the Onondaga County Draft Municipal Compliance Plan/Draft
Environmental Impact Statement. Data sources for the Technical Memorandum include SOCPA and the Onondaga
County Natural Resources Conservation Service.

1.3 Point Source Discharges

A. Historical perspective Near the turn ofthecennuy, Onondaga Lake was the focus of a flourishing resort industry.
The lake became increasingly degraded as the population grew and industries developed, and its uses became
impaired. Completion of the Onondaga County METRO plant in the late 1960s and the banning of phosphorus
detergents in the early 1970s marked the beginning of significant efforts to bring about lake recovery.

Improved technology and more stringent regulations led to the reduction or elimination of so~ point sources of
pollution. The level of ~t provided for nwnicipal and industrial waste discharges bas increased over the past
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decades. The METRO treatment plant was upgraded to secondary treatment in 1978 and advanced secondary in
1981. In 1993, the METRO plant underwent structural modifications to its aeration tanks, clarifiers, and anaerobic
digesters to improve performance. The treatment plant is cUlTently being upgraded and expanded to provide year-
round nitrification and enhanced phosphorus removal.

Portions of the City of Syracuse have combined sewers, single pipes that convey both wastewater and stonn water
to the METRO facility. When pipe capacity is exceeded during rainstorms and snowmelt, a mixture of stonnwater
and untreated wastewater discharges to Harbor Brook or Onondaga Creek through overflow points in the sewer
system (called combined sewer overflows or CSOs). The frequency and volwne of discharge from the CSO network
was reduced in 1984 with implementation of a Best Management Practices (BMP) program. However, overflows
continue to occur multiple times each year, and have an adverse impact on water quality and aesthetics of the str~
and lake. Under typical rainfall conditions, CSOs are projected to occur over 50 times each year (Moffa &
Associates 1994). The engineering improve~nts now underway are designed to mitigate these overflows, and bring
the County's wastewater collection and treatment system into compliance with state and federal regulations.
Additional discussion of the improvements to METRO and the CSOs is included in Section 1.3 C.

Significant reductions in the mass of materials directed to the treatment plant from local industries have been
achieved with implementation and enforcement of a comprehensive industrial waste pretreatment program.

. In 1974, Crucible Specialty Metals completed construction of a wastewater recycle and treatment plant designed
to reduce iron and chromium releases. The Crucible wastewater treatment facility was upgraded in 1981 and

again in 1986.
. In 1986 the AlliedSignal chloralkali plant closed after 100 years of operation, thus reducing the biggest source

of sodium, calcium, and chloride to the lake.
. In 1988, the Linden Chemicals and Plastics (LCP) plant was closed. This facility, which bad previously been

owned and operated by AlliedSignal, discharged ~rcury to Onondaga Lake. Based on EP A estimates,
approximately 75,000 kg of~rcury were discharged from this facility between 1946 and 1975. An unknown
amount of mercury was released from the facility from 1976 until its closure in 1988. A remedial
investigation/feasibility study (RIfFS) of the AlliedSignal complex is underway. As of the date of this report,
the RI portion is close to completion.

. In 1997, the phamJaceutical co~y Bristol Myers Squibb began full-scale operation of a pretreatment facility
designed to nitrify their wastewater prior to discharge to the municipal collection system

. In 1999, Onondaga County reached a settle~t agree~nt on a lawsuit brought by EP A in 1991. The agree~t
focuses on the County's pretreatment program and requires the County to report to EP A and NYSDEC on a
quarterly basis, undertake a review of local limits, and conduct an industrial user survey. In addition, the County
has agreed to undertake a supplemental environmental project as an offset to monetary penalties. The project
selected by the County will address nonpoint source pollution from agricultural lands in the Onondaga Creek

watershed.

Significant Discharges to Onondaga Lake: As of 1999, remaining point source discharges to Onondaga Lake
include treated effluent and partially-treated bypass flows from METRO, treated wastewater from Crucible Specialty
metals, and noncontact cooling water from several industries at the AlliedSignal complex. The treatment plant
receives wastewater from industriaL coDmlerciai, and residential sources.

B.

Bristol Myers Squibb re1mins a significant industrial source of influent wastewater to the METRO facility. As noted
above, a pretreatment facility for the phammceutical industry has been constl1lcted. Ammonia removal (oxidation
to nitrate) at die pretrea~nt facility has been inconsistent. The ammonia load from die facility is plotted in Figure
1-5. The average ammonia load from this facility in 1999 was the lowest reported. However, the standard deviation
remained high indicating that ammonia conversion was highly variable in die facility during 1999. The 1999 data
reflect continued operational difficulties with the biological treatment system Some fluctuation in perfOmlance can
be attributed to the nature of this industry (large-scale cultivation ofmicroorga!1isms to harvest pharmaceuticals).
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Nonpoint sources of nutrients, sediment, and bacteria enter the lake through the tributaries and the CSOs. Industrial
residuals in the watersheds of individual tributaries, such as PCBs in the Ley Creek basin and the AlliedSignal waste
beds in the Nine Mile Creek basin, continue to flow to the lake through surface runoff and infiltrating groundwater.
Lake sediments contain elevated concentrations of mercury and organic chemicals.

c. Planned Improvements to the Onondaga County Wastewater CoUection and Treatment System. The
Amended Consent Judgment (ACJ), signed in January 1998, conmrits the County to implementing a phased IS-year
program of upgrades and improvements to METRO and the CSOs. The ACJ specifies a compliance schedule for
METRO to meet staged effluent limits for ammonia and phosphorus (Table 1-3). Note that the compliance date for
ammonia effluent limits of 1.2/2.4 mg/1 (swmner/winter limits) have been revised since the ACJ was signed in 1998.
Stage ill ammonia limits will now be met by May I, 2004 eight years ahead of the original schedule. These effluent
limits may be revised again once NYSDEC promulgates revised Total Maximwn Daily Loads (TMDLs) for
Onondaga Lake and the Seneca River.

In order to comply with the effluent limits, Onondaga County is required to design, test and construct modifications
and additions to the METRO facility that enable year-round nitrification of anunonia and filtration for phosphorus
re~val. The ACJ includes language that requires the County to nX>dify the METRO discharge so that compliance
with ambient water quality standards in the Lake is achieved, even if diversion of METRO effluent to the Seneca
River is necessary to achieve these standards. The decision whether additional measures are required to bring the
lake into compliance is scheduled for the year 2009. Engineering alternatives that fully comply with water quality
standards must be implemented by December I, 2012.

For the combined sewers, die ACJ requires the County to design, construct, maintain, and modify and/or supplement
as necessary, a CSO control and upgrade program. The program must meet requirements established in State and
federal policy and guidance. Specifically, the County's CSO control and upgrade program must achieve three
criteria:

(1) Elimination or capture for treatment of no less than 85% by volwne of the combined sewage collected on a
system-wide annual average basis,

(2) Elimination or minimi7.ation of floating substances in Onondaga Lake attributed to the County's CSOs, and
(3) Achievement of water quality standards for bacteria in all Class B portions of Onondaga Lake.

1.4 PRIORITY WATERBODIES WITHIN THE ONONDAGA LAKE WATERSHED

New York State DepartIrent ofEnviro~ntal Conservation (NYSDEC) is responsible for managing the State's surface
water resources. Lakes and streams are classified according to their designated best use (for example, water supply,
swimming, fish propagation, aesthetic enjoyment, and fISh survival). The State has an extensive program of monitoring
and reporting to assess the extent to which the designated uses are being met. Water bodies that may not consistently
meet their designated best use, or for which changes in land use may threaten water quality, are placed on a Priority
Waterbodies List (PWL) that is updated every two years. Other agencies such as the County Water Quality Coordinating
Committees provide input into the PWL.

The PWL ranks waterbodies on a scale of increasing severity:

Threatened: Water quality supports the waterbody's designated use and the ecosystem exhtoits no obvious signs
of stress. However, existing or changing land use may result in restricted use or ecosystem disruption. Or, water
quality monitoring reveals a declining trend which, if it continues, may result in restricted use or ecosystem
disruption.

Stressed. Waterbody use is not significantly limited or restricted, but occasional conditions discourage use.

Impaired. Occasional water quality conditions periodically prevent use.
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Precluded: Frequent, persistent water quality conditions prevent all aspects of the designated use.

A subset of the PWL list is the 303(d) list, named for the section of the federal Clean Water Act that requires states to
report to EP A those waterbodies requiring a watershed approach to water quality protection or restoration. A watershed
approach examines all point and nonpoint sources of nutrients and other contaminants and develops an integrated strategy
for improvements. The 303( d) list includes those waterbodies for which technology-based effluent limits will not achieve
desired water quality and ecosystem protection. Water quality based effluent limits are required and should be developed
within the TMDL (Total Maximum Daily Load) framework.

Various stream and lake segments in ilie Onondaga Lake watershed are included on the PWL and ilie 1998 303(d) list
(Table 1-4). No changes to listings for ilie Onondaga County waterbodies have been issued. The Lake remains one of
the State's top priorities for TMDL development and ultimate water quality restoration.

REPORT OVERVIEW1.5

Chapter 1 has presented a historical perspective of dte monitoring program. dte objectives of dte program. and a
description ofdte Onondaga Lake drainage basin. In Chapter 2, field methods, analytical medtods, strategies for quality
assurance and quality control, statistical medtods, and assessment of compliance procedures are outlined. Chapter 3
presents results ofdte quality assurance/quality control components ofdte program. In Chapter 4 we present results of
dte 1999 tributary monitoring program. including hydrological data. total loading and concentrations of chemical and
microbiological constituents, seasonal patterns of constituent concentrations and flow, and an evaluation of co~liance
widt New York State ambient water quality standards. Following d1e tributary chapter is a report on dte results of storDl
event monitoring completed on three streams in 1999. The stann event monitoring is presented as Chapter 5.

Chapter 6 presents results of the 1999 Onondaga Lake monitoring effort. Data for temperature, dissolved oxygen,
nitrogen, phosphorus, major ions, fecal colifonns, trophic status and compliance with standards are included. Chapter
7 focuses on trophic state assessment, the special topic of the 1999 annual report. Chapter 8 was prepared by Dr. Edward
Mills and his associates to present the results of the 1999 plankton monitoring program. Chapter 9 is a summary of the
EcoLogic report of macroinvertebrate monitoring conducted on the three tributaries and the lake's littoral zone. A
summary of the report prepared by Beak Consultants of the zebra mussel community in the Seneca River is presented
as Chapter 10. In Chapter 11, results of the 1999 Seneca River water quality monitoring program are presented and
interpreted by Dr. Ray Canale.

Dr. William Walker has prepared Chapter 12 to present his continued progress on mass balance modeling for the lake.
Chapter 13 is a summary of the water quality status of the lake with respect to its restoration goals. Each water quality
issue is presented as a hypothesis, and the monitoring programs are summarized as means to test the hypothesis and
assess progress towards meeting restoration goals. The final chapter, Chapter 14, is a summary of findings and
reco~ndations.

Appendix A includes copies of the 1999 Onondaga Lake historic data plots and vol~-weighted data for the 1999
Onondaga Lake Monitoring program that were provided by OCDDS. Also included are the electronic analytical data
files for the Onondaga Lake, Onondaga Lake Tnoutary, and River Monitoring Pro~. Because of the vol~ of data
generated by the AMP, hard copies of the data files are not issued with this report, and are available upon request.
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Ley Creek 8.11%

Harbor Brook 2.29%

METRO By-Pass 0.34%

0.13%Tributary SA

0.19%East Flume

II I I I I I I I I I

0 5,000 10,000 15,000 20~000 25,000 30,000 35,000 40,000 45,000 50,000

Volume (Millions of Gallons)

Flow records for METRO are from Jan. 1987 - Dec. 1999. METRO data from 11/92 to 9/93 are not used
due to construction-related bypasses during that period. Flow records for Onondaga Creek are from
Oct 1970 - Dec. 1999, records for Harbor Brook and Nine Mile Creek are from Jan 1971 - Dec. 1999, and
lrecords for Ley Creek are from Jan. 1973 - Dec. 1999. Tributary SA and East Flume flows are provided for
sampling dates by Crucible and Allied Signal, respectively; percentages for these tributaries are derived
from 1993 - 1999 records.

LONG-TERM YEARLY HYDROLOGIC CONTRIBUTIONS OF
TRIBUTARIES AND METRO TO ONONDAGA LAKE

FIGURE 1-4

2%CONTRI99.xls
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TABLE 1-1

ONONDAGA LAKE ICE COVER

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Approximate Days of Ice Cover,Winter Date Ice First

Reported

Approximate Days of Ice Cover,

North Basin Lakewide

(diary notes >90%)

12/31/87 70 days

75 days

90 days

54 days

59 days

76 days

78 days

20 days

9 days (4+S)

30 days (26 + 4)

6 days

19 days (14+5)

13 days
,'.~

18 days

i5 days C

87-88

12/14/8888-89

89-90 12/6/89

90-91 12/27/90

91-92 12119/91

92-93 12/14/92

93-94 12/23/93

94-95 12/12/94 53 days

12/13/95 32 days

47 days

95-96 11 days (9+2)

1/9/9796-97 19 days

12/31/9797-98 IS days

62 days

42 days

0 days

98-99 12/23/98

99-00 1/17/00

12 days (6+6)

28 days

'i:
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TABLE 1-2
ONONDAGA LAKE WATERSHED LAND USE FOR SELECTED TRIBUTARIES

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Tributary Percent Percent Percent

Agricultu rat Urban ."orest

Onondaga Creek 4.5 49.2 46.3

Nine Mile Creek 31.8 17.5 50.7

Otisco Lake 42.6 8.0 49.4

Ley Creek 0 70.6 29.4

Harbor Brook 9.7 50.5 39.8

Source: Sept. 1994. Technical Memorandum on Watershed Modeling prepared by

Moffa & Associates for the Onondaga County Draft Municipal

Compliance Plan/Draft Environmental Impact Statement.
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TABLE 1-3

PHASED EFFLUENT LIMITS SPECIFIED BY THE ACJ

Onondaga Lake 1999 Annual Report
Onondaga County, New York

PARAMETER PHASE EFFLUENT LIMIT REQUIRED

CO MPLIAN CE

PROJECTED

(Note seasonal limits for COMPLIANCE

ammonia) DATES DATE

Ammonia I 8,700 ppd (7/1 - 9/30) January 1998 MET

Nitrogen 13,100 ppd (10/1- 6/30)

II 2 mg/1 (6/1 - 10/31) May 1, 2004

4 fig/I (11/1 - 5/31)

Will proceed

directly to Phase

ill limits

m 1.2 mg/l (6/1 -10/31). December 1, 2012 May I, 2004
2.4 mg/l (11/1 - 5/31) .

Phosphorus I 400 Ppd

0.12 mg/1

0.02 mg/l .

January 1998 MET
II Aprill,2006 May 1, 2004

m December 1.2012 December I, 2012

ppd = pounds per day

* Final effluent limits for ammonia and phosphorus (effective December 1,2012) may be

modified based on revised TMDL for Onondaga Lake. NYSDEC anticipates
promulgating revised TMDLs for Onondaga Lake on or about January 2009, subject to
EPA approval as provided pursuant to section 303(d) of the Clean Water Act.
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TABLE 1-4

SUMMARY OF PRIORITY W A TERBODIES LIST SEGMENTS,
ONONDAGA LAKE WATERSHED

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Severity I SourceI Pollutant
, Bloody Brook I 0.5 mi ~ I~ I BadUn2 I Precluded

Furnace
Brook
--

I.Omi B Stressed SiltFish propagation Hydrologic
modification

, Geddes Brook I 0.5 mi In I Fish ~~~a~ationIPr~ , Metals I In~bial
Geddes Brook 2.5mi ~

I Harbor Brook ~ 1.0 mi ~ -~, Fish orooagation 'Threatened I Silt I Construction
~

Ley Creek &
Tnoutaries
Nine Mile
Creek

B Fishing Precluded Aesthetic cso

D Precluded Salts Industrial
--

Fish propagation

Onondaga
Creek

D Bathing Precluded Silt Other
1~d boils)

Onondaga
Lake &
Outlet

B Bathing Precluded Pathogens cso

, Otisco Lake

E
II.Omi

17.0mi

2944
Acres

400 A. -- AA , Bathing: I, Impaired I OtherSilt
1998 3D3 (d List 0 Waterbodies Des; nated as Prio' or TMDL
S~meDt Size Class Affected Use SeveritY I SourceI PoUutant

csoNutrients

csoNutrients

RunoffNutrients

CSO,
ap;riculture

Nutrients

Nutrients CSO,
municipal,
runoff

Oxygen
demand

Zebra mussels,
stratification
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CHAPTER 2

METHODS

TRIBUTARY SAMPLING AND FIELD MEASUREMENTS2.1

Tributaries to Onondaga Lake were sampled on 29 occasions between January 5 and December 21, 1999. These 29
events encompassed the routine biweekly program plus several high flow events to ensure that the flow record was
adequately sampled. Samples were collected at all stations on these occasions. In addition, three storm events were
monitored during 1999. Storm event samples were collected on Onondaga Creek (4 stations), Ley Creek (2 stations),
and Harbor Brook (2 stations) over a period of several days for each event. These data are presented and discussed in
Chapter 5. Sampling locations, parameters and schedules are detailed in Figure 2-1 and Table 2-1.

In-situ data (pH, dissolved oxygen, temperature, specific conductance, and oxidation-reduction potential) were collected
at each location using a Surveyor ill or IV manufactured by the Hydrolab Corporation of Austin, Texas. Instrument
calibration and post-calibration checks were recorded in a bound calibration log.

Water samples for chemical analysis were collected and analyzed according to EPA Require~ts for Water Planning
and Management (40 CFR 136, 1991) and EPA 600/4-82-029, 1982 as detailed in the EPA-approved Quality
Assurance/Quality Control (QA/QC) plan for this project. Sampling and analysis were also consistent with New York
State's Enviromrental Laboratory Approval Program, through which the County's environmental laboratory is certified
(ELAP#10191).

Tributary samples were collected as a composite of multiple samples across the entire cross section of the stream.
According to NYSDEC guidance, die composite samples are more representative of die water-suspended sediment ratio
of the stream itself (NYSDEC 1997 Program Plan for Rotating Intensive Basin Studies Water Quality Section, April
1997). Since many contaminants of concern are transported with the suspended sediment fraction, the overall loading
estimate is considered to be more accurate when based on the composite samples.

Most of the tributary streams in the Onondaga Lake watershed are now sampled using a depth-integrating sampler which
is designed to accWm1late a water-suspended sedinx:nt sample at a velocity comparable to the stream velocity. Depending
on the depth and velocity of the stream, a depth integrated sample is collected from a bridge using a sampling crane or
by wading the stream with a hand-held sampler. Multiple transects are sampled. There are a few exceptions to this
general approach, as summarized in Table 2-2. The East Flume is sampled as the flow goes over a v-notched weir, and
the sample bottles are filled directly from the cascade of water through the weir. Ley Creek, which has low water
velocity at the Park St. monitoring station, is sampled using a Kenunerer bottle, taking three samples over the cross
section of the stream. The bottle samples through the entire depth of the water column. Finally, the County continues
to sample the Onondaga Lake outlet using a Wildco beta sampler at 2- and 12-foot depths. This sampling technique is
used because of the bidirectional flow regime in the lake outlet

L.~
Prior to implementation of the AMP in August 1998, tributary samples were collected using a single mid-channel dip
with a stainless steel bucket (pail sampling method). To evaluate the potential implications of the change in sampling
medtods, paired samples have been collected on Onondaga Creek at Dorwin Ave. since August 1998 using both the pail
and depth integrated techniques. The paired samples have been analyz.ed for total phosphorus (TP) and total suspended
solids (TSS). Results of the paired ~ling effort are discussed in Chapter 3.

i.~ Daily ~ flow values as reported by USGS were coupled with the ~asured concentration data to estimate load. Stonn
event data were also included in the 1999 calculation of annua11oads. Flow-weighted average concentrations over each
24-bour period of die event were paired with daily average flows and added to ~ annual data set. Method 2 of die FLUX
program is used to calculate loads. The network of flow gauging stations in the Onondaga Lake watershed is partially
funded by OCDDS through a cooperative arrangement widi USGS. Daily provisional and finalized flow monitoring data
are provided by the USGS Water Resources Division office in Ithaca for use in calculating loading rates and mass
balances.
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LAKE SAMPLING AND FIELD MEASUREMENTS2.2

Onondaga Lake was sampled every two weeks between March 29 and December 14, 1999 (total 20 events) at the "South
Deep" station and four times at the "North Deep" station (Figure 2-1 and Table 2-3). During the fall mixing period of
late October 1999. the County field team completed additional sampling events for a limited number of paranleters in
order to track dissolved oxygen concentrations. Field sampling was conducted on eight dates between October 5 (when
cooling and mixing was evident) through October 25th when mixing was complete. Monitoring was intense during the
most critical period, with five field days between October 19th and 25th.

Sampling stations were located using GPS navigational equipment, with a differential to increase accuracy and precision.
The coordinates are: South Deep 43° 04' 67" N Latitude, 76° II' 88" W Longitude; North Deep 43° OS' 93" N Latitude,

76° 13' 73" W Longitude.

In-situ data for pH, DO, temperature, specific conductance, and oxidation-reduction potential (Redox) were collected
at half-meter intervals throughout the water column using a Hydrolab Surveyor III or IV. Calibration and calibration
checks were conducted before and after each sampling event Other field data collected include S"ecchi disk transparency
and underwater illumination. Light availability data were collected at 20-cm intervals to the secchi disk depth using a

Li-Cor photometer.

Samples were collected for laboratory analysis using a submersible pwnp or a WildCo Beta sampler, depending on die
parameter to be analyzed. Pwnping lines were purged of previous sample water prior to sample collection. Also, all
sample containers were rinsed with sample water prior to being filled. Composite samples, equal sample volumes
collected at discrete depths, were mixed in a churn. The depths of composites were determined in the field after the
thermal stratification regime was determined using the Hydrolab to measure temperature and other field parameters. For
example, epilimnetic composites were typically composed of equal volumes of water sampled at 0,3, 6, and 9 meters
depth. However, during July the epilimnion extended only to 6 m, so the composite sample included water collected at
0,3 and 6 meters. Typically, the hypolinmetic composite consisted of water collected at 12, 15, and 18-meter depths.
All sampling equipment used on Onondaga Lake is dedicated to this purpose only. Field blanks were incorporated into
each monitoring event to evaluate the effectiveness of equipment decontamination (rinsing) between sites.

Samples for phytoplankton and zooplankton were collected biweekly from April to September and DK)nthly in October
and November at the South Deep site. Three additional samples were taken from the North Deep site (April, June, and
September). Phytoplankton and chlorophyll a samples were collected using a tygon tube, inner diameter 2 Cm, lowered
through the epilimnion to the top of the thermocline. When dte lake was not stratified, the tube sampler was lowered
to a depth of9 m In addition to the depth-integrated sample, discrete samples were collected at depths of I and 3 m
This sampling program was implemented to enable comparisons between die discrete sampling method, used historically
on Onondaga Lake, and the integrated tube method. Results of the paired samples are discussed in Chapter 8.
Phytoplankton ~les (125 ml) were pre-preserved widi acid Lugol solution. Zooplankton samples were collected with
an 80-micron mesh net that was 86 cm long and 24 cm in diameter. The net was towed through the oxygenated portion
of die water column. Specinr;ns were preserved in 70 percent ethanol. Veligers samples were collected widi a 0.5 meter
net widt 53-micron mesh net through dte epilimnion. Samples were preserved with sugar fonnalin solution.

The 1999 AIIt1ient Monitoring Program incotporates d1e findings and recommendations detailed in Dr. William Walker's
report entitled "A Statistical Framework for the Onondaga Lake Ambient Monitoring Program Phase 1" dated January
15, 1999. As part of the report, d1e AMP designs for total phosphorus, total nitrogen, total kjeldahl nitrogen, ammonia
nitrogen, transparency, chlorophyll-a, and fecal colifonns were evaluated for expected precision of yearly and long-terDl
geo~tric ~ans, power for detecting trends, and adequacy to support lake mass-balance calculations.

Specific reconunendations include:
. The sampling frequencies for chlorophyll-a, transparency, and bacteria (fecal colifonns, enterococci) at the Lake

South deep station be increased from biweekly to weekly between May and September in provide improved basis
for detecting long-term trends in these variables.

. Duplicate chlorophyll-a and bacteria samples to be collected at the Lake South station on a nX>nd1ly basis between
May and September.

. Phytoplankton counts on both epilimnetic and photic zone composites at a biweekly frequency between May and
October.
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Weekly bacteria and transparency measurements at the near-shore stations in the northern portion of the lake
designated as Class B.

LABORATORY ANALYSIS2.3

Chain-of-custody procedures, equipment description and calibration, reagents and analytical procedures used by the
OCDDS Environmental Laboratory are those outlined by the ELAP of the New York State Department of Health and
modified for the DEC-approved Quality Assurance Project Plan for this monitoring program. A list of those methods
and their precision and accuracy as determined by the ELAP program is presented in Table 2-4.

Effective JWle 1, 1999, the OCDDS Environmental Laboratory began to measure metals in the water samples using an
ICP (Inductively Coupled Plasma) instead of the flame and furnace atomic absorption (AA) method that had been used
since d1e 1970s. The change in analytical technique will result in improved limits of detection for many of the inorganic
metals present in the lake and streams.

QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)2.4

Some of the QNQC methods for field and analytical procedures are required as part of the Environmental Laboratory
Analytical Protocol (ELAP) certification program. Other methods and criteria are adapted from guidance provided by
EPA and NYSDEC for use in their water programs. The EPA's standard criteria for precision, accuracy,
representativeness, completeness, and comparability provide a benchmark for the County's program. These standard
criteria are discussed in 40 CFR 30.503.

A. Precision. The agreement between the concentrations of analytes measured in two individual samples collected
from the same depth is considered "field precision". However, this evaluation includes both laboratory and field sources
of variability. For routine lake and tributary monitoring, a single lake depth (6 m) and tnoutary site (East Flume) were
sampled in duplicate and the complete set of parameters analyzed. The program goal is for 90010 of the field duplicates
to have a relative percent difference (RPD) less than 20 percent However, when concentrations are close to the limit
of analytical detection, this goal may not be feasible.

B. Accuracy. Accuracy, how close a measured value is to a "true" concentration, was assessed through a blind
laboratory audit, discussed in Chapter 3. As an ELAP-certified laboratory, the METRO environmental laboratory
participates in regular proficiency audits. Statistical screening of outliers is also conducted to identify suspect data
points.

C. Representativeness. In order to obtain representative data that reflect the conditions of the lake and tributaries,
samples were collected as described in Tables 2-1 and 2-2. Lake samples were collected during the ice-free period from
the surface to the bottom Conditions in d1e upper waters were analyzed and presented separately from those of the lower
waters to describe differences between the epilinmion and hypolimnion during the period of thermal stratification.~,

~
1.1

The composite tributary sampling methodology is considered by NYSD EC to provide improved estimates of the true
water quality in a stream's cross section. Samples of the lake outlet were taken at 2 and 12 feet to accommodate the
bidirectional flow and density stratification that occurs in the lake outlet, particularly during low flow.

D. Comparability. Documentation of procedures and results of die monitoring program have been maintained by
OCDDS since 1968. The data set collected in 1999 is comparable widi that of previous years, widi some exceptions
brought about by die AMP. The sampling station on Onondaga Creek was moved from Spencer St to Kirkpatrick St
in order to pick up die flow from one additional combined sewer overflow. To examine die impact of die change in
mediodology for the tributary sampling, paired sampling of die two sample collection mediods was conducted. These
samples were analyzed for total phosphorus and total suspended solids. Results of die paired analysis are discussed in
Chapter 3.

E. Completeness. Completeness refers to the number of samples successfully collected, analyzed. and validated as
compared to the proposed scope of effort. Data validation is a several-party effort, with data scrutinized first by
laboratory personnel for errors in sample coding or transcription, then by OCDDS staff for completeness as compared
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to die work plan, and by EcoLogic scientists for limnological reasonableness. As a [mal check, Dr. William Walker
statistically screens data for outliers prior to dieir inclusion in the long-term database.

F. Field Audit. Audits of the field sampling program on the lake and tributaries were completed in 1999. The
NYSDEC Region 7 sampling coordinator worked widt dte County's field team leaders to provide orientation and training
on the depth-integrated composite sampling methodologies for the tributaries.

CALCULATION OF VOLUME AVERAGES FOR THE EPILIMNION AND HYPOLIMNION2.5

The lake data were reduced into "volwne-weighted averages" for the epilimnion, or upper waters (0 to 9 ~ters) and the
hypolinmion, or lower waters (12, 15 and 18 meters). Concentration of analytes ~asured at each depth are multiplied
by a factor that represents the lake volwne at that depth; the products are then summed and divided by die sum of factors.
Thus, the volwne-weighted measure~nts take into account the differences in concentrations and volume in the different
layers of the lake. These volwne-weighted results are used to characterize the water quality of the upper and lower layers
of Onondaga Lake and track changes over time. Volume averaging factors are summarized in Table 2-5.
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TABLE 2-

SAMPLING PROGRAM FOR ONONDAGA LAKE TRIBUTARIES, 1999
Onondaga Lake 1999 Annual Report

Onondaga County, New York

Sampling site numbers correspond to the following sites:

1 Nine Mile Creek @ Lakeland (Rt. 48)
2a Harbor Brook @ Hiawatha Blvd.
2b Harbor Brook @ Velasko Rd.
3a Onondaga Creek @ Kirkpatrick St.*
3b Onondaga Creek @ Dorwin Ave.
4 Ley Creek @ Park St.
S Tributary SA @ State Fair Blvd.(I)
6 METRO Effluent\"'O}
7 Allied East Flume
8a Onondaga Lake Outlet @ Long Branch Rd.--2 ft.
8b Onondaga Lake Outlet @ Long Branch Rd.-l 2 ft.

Sampling Sites

3b 4 i 5 Frequency(3)1 2. 2b 3a 7 8a 8bParameter

Cd. Cr, Cu, Ni,
Ph, Zn, As, "g, K

Ca, Na, Mg,
Mn, Fe

CN
Phenols

6

K
x

x
x ~

XIX
x
x

x
x

x-x
x
x

x
x

x
x

x
x

Quarterly
Biweekly

x
x

X! X
x'.~I

x-x
x
x

x
x

x
x

x
x

x
x

x
x

Quarterly
Quarterly--~ o (4)B Ds, TS8 ,TD8,

ct, 8i02' 8°4,
TP, 8RP,

NO3, NO2, '1'0<.;,

TOC-F, TIC
TKN, NH3-N,

---~~ -- ---~--

x x x x x x x x x x x Biweekly

x-
x

x

x-
x
x

x
x
x

x-
x~
x

x x x
x~
x

x
x-
x

x-
!.--
X:

xl
Xl

I ~~wee~y
I Biweekly

I Biweekly

ALK-T L__x '- -~-

X i

~F. Coli, Enterococci x x
Salinity,

pH, Temperature,
Conductivity, DO
Redox Potential (1)

x xix x x x x x xl x Biweeklyx

i) Tributary JAflow wili also be monitored quarterly (during the Extended Tribulary sampling events. which includes the quarterly and

biweekly parameters).
2) METRO ejJluent sampled biweekly for all parameters. If any flow is bypassed on sampling date, this water is sampled for the same
parameters as the fully treated ejJluent.

3) A minilllum of J tributary sampling events will be conducted for predetermined high flow conditions.

4) in addition, samples were collected side-h)'-side at the Onondaga Creek (Darwin Ave.) and Nine Mile Creek sampling sites using the
depth integrated and grab sample techniques for the parameters 1SS and TP.
J) Sample was collected at the surface of the Lake Outlet.

6) Daily METRO data was obtainedfor BOD, 1SS. pH, temperature, TP, and NH3-N.
7) A Hydrolab profile (ofinsitu paraIneIers) was obtained at the Onqndaga Lake olltiet at Longbranch

ITRIB7PR_99.xJsTAB2-1
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TABLE 2-2

SUMMARY OF TRIBUTARY SAMPLING TECHNIQUES

Onondaga Lake 1999 Annual Report
Onondaga County, New York

TECHNIQUETRIBUTARY

Depth-integrating sampler, crane from bridgeOnondaga Creek at Kirkpatrick St.

Depth-integrating sampler, crane from bridgeOnondaga Creek at Dorwin Ave

Depth-integrating sampler, hand-held (wadeHarbor Brook at Velasko Rd

stream)

Harbor Brook at Hiawatha Blvd. Kemmerer sample, three points composited

Depth-integrating sampler, crane from bridgeNine Mile Creek at Rt. 48
-

Ley Creek at Park 8t Kemmerer sample, three points composited

Depth-integrating sampler, hand-held (wadeTributary SA

stream)

Sample bottles filled from sampling chum withEast Flume

water collected at weir with jar

Wildco (point) sampler at 2 ft. and 12 ft. depthsOnondaga Lake Outlet

Table 2-2.doc
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TABLE 2-3

SAMPLING SCHEDULE OF PHYSICAL, CHEMICAL, AND
BIOLOGICAL PARAMETERS IN ONONDAGA LAKE

Onondaga Lake 1999 Annual Report
Onondaga CoWlty, New York

METERS

0 3 6 9 12 15 18 FREQUENCYPARAMETER

EPILIMNION') HYPOLIMNIO~I)
Cd, Cr, Cu, Ni, Ph, Se, Zn, As, K

QuarterlyComposite Composite

Hg x x April, August,
October

CN QuarterlyComposite Composite

Phenols QuarterlyComposite Composite
Ca, Na, Mg, Mn, Fe

BiweeklyComposite

Composite

Composite

Compositect, 804 Biweekly

BiweeklyTS, TSS, YSS, TVS, illS, SiO2,
TOC, TOC-F, TIC

x x x x

BODs

Tp<2), SRP

x x x x x x x Biweekly

Biweekly

Biweekly

Biweekly

x x x x x x x
F-TKN, NO3, NO2 Composite Composite
TKN, NH3-N, Org-N x x x x x x x
ALK - T Biweekly

Biweekly

Composite Composite

Fecal Coliform, Enterococci(8) x
Cm.OR-A (3), PHAEO-A WeeklyComposite

Sulfide(4) x x x Biweekly

Measured every half-meter from 0- to 18-meter depth BiweeklypH, Temperature, Salinity,
Conductivity, Dissolved Oxygen,
Oxidation-Reduction Potential

Underwater lllumination profile,
Secchi J?epth(S)

BiweeklyRecorded at each site

Phytoplankton(3)
(3)x x

('7)Dreissenid Veligers Composite

Zooplankton(6) (6)xComposite

Table 2.3_99.doc
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TABLE 2-3 (continued)

SAMPLING SCHEDULE OF PHYSICAL, CHEMICAL, AND
BIOLOGICAL PARAMETERS IN ONONDAGA LAKE (August - December 1999)

Ambient Monitoring Program
Onondaga COlUlty, New York

J Please note that "Epilimnion" and "Hypolimnion" composite samples collected during the sampling events

are based on the thermocline depth determined through the Hydrolab field profile (Temperature, pH, D.O.,
Specific Conductivity). Composites were made by mixing equal volumes of samples from each depth.

Z A "Special" TP 500 ml sample was collected during the South Deep biweekly sampling events at 1m depth

between (June I - September 30).

3 Weekly Phytoplankton and Chlorophyll-a samples were collected as epilimnion and photic zone (2x Secchi

depth, but above the thermocline) composites. Duplicate Chlorophyll-a samples were collected monthly at the
Lake South Deep station (May - September).

Frequency of Phytoplankton samples were:
South Deep station: biweekly from April- November and monthly January, February, March, December.
North Deep: quarterly (during the Double lake sampling events).

4 Sampling of sulfides only if anoxic conditions were determined through the Hydrolab profile (completed prior

to sampling).

5 In addition. biweekly Secchi disk measurements at near shore stations (Figure 2.2) June - September and

weekly at the South Deep Station June - September.

6 Zooplankton was collected as a net tow through the epilimnion and as a J 2 meter vertical net haul.

Frequency of Zooplankton sampling was:
South Deep station: biweekly from April- November and monthly January & February (as weather permitted),
March, December.
North Deep: quarterly (during the Double lake sampling events).

7 Frequency ofVeligers samples was:

South Deep station: biweekly from April- November.
North Deep: quarterly (during the Double lake sampling events).

Duplicate bacteria samples collected on a monthly basis at the Lake South Deep station (May - September)

Table 2.3 99.doc
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TABLE 2-4

ANALYTICAL PROCEDURES FOR WATER QUALITY ANALYSES
1999 MONITORING PROGRAM

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Precision
(0; )~.

~

Metbods*c~ DeteCctioliPara~:e.ter

BODS
CBO05
ALK-T

TOC
TOC-F
TIC

TKN
NH3-N
ORG-N
N03
N02

TP
SRP (OP)

Si02
S04
S=

TS
TVS
TSS
VSS
illS

As
Cd
Ca
Cr
C1
CL2 RES
Cu
CN-CL2
CN-T
Fe
Pb-GFA

Mg
Mn

Hg
Se
Na
Ni
K

Ag
Zn

:Ac~~~~~.
( .L~

"It!

100.5
97

15.0
12.0

5.0101.0

99.0

102.0
101.0

.1.0

4.0
7.0

4.0
4.0

4.0
2.3

4.8
6.5

96.0
100

101.0
98.0

100.5
103

98.4

105.9
101.2
93.1
95.9
101.0

2.0

6.3

4.8

2.9

5.9

3.0

2.0

2.0

1.0

0.1

0.1

1.0

0.1

0.05

0.001

0.01

0.01

0.001

0.001

0.1

5.0

0.2

1.0

1.0

1.0

1.0

1.0

0.002

0.0015(0.0004)*

2.0

0.002(0.0005)*

1.0

0.1

0.0015(0.0004)*

0.002

0.002

0.02

0.002 (0.0005)*

0.25

0.002

0.0002

0.002

5.0

0.010(0.002)*

0.020

0.0015

0.002(0.0005)*

3.2100.8

2:(5110)
2:(52108)
1:(310.1)

1:(415.1)
1:(415.1)
01 ANAL 1989

3:(10-107-06-2-0)
3:(IO-I07-06-I-A)
3:(10-107-06-2-0)
3:(10-107-04-1-8)
3:(10-107-04-1-8)

3:(10-115-OI-I-E)
1:(365.2)

1:(370.1)
1:(375.4)
1:(376.1)

1:(160.3)
1:(160.4)
1:(160.2)
1:(160.4)
1:(160.1)

1:(206.3)
4:(200.7)
1:(215.1)
4:(200.7)
3:(10-117-07-1-8)
1:(330.4)
4:(200.7)
3:(10-204-00-I-A)
3:(10-20I-OO-I-A)
4:(200.7)
1:(239.2)
1:(242.1)
4:(200.7)
1:(245.2)
2:(31148)
1:(273.1)
4:(200.7)
1:(258.1)
4:(200.7)
4:(200.7)

101.0
105.3
103.6
97.8
100.7
99.5
103.2
98.7
100.6
99.1
100.8
104.5

6
3.8
5.1
2.9
3.6
2.9
3.1
2.2
3.3
3.2
4.2
3.1

Bio Oxy Demand 5-day
Carbon. Bio Oxy Demand 5-day
Total Alk as.CaCO3

Total Organic Carbon
Total Organic Carbon - Filtered

!Total Inorganic Carbon
I
Total Kjeldahl Nitrogen as N
Ammonia Nitrogen as N**
Organic Nitrogen as N
iNitrate as N
I

Nitrite as N

Total Phosphorus
Soluble Reactive Phosphorus

Silica
Sulfates
Total Sulfides

Total Solids
Total Volatile Solids
Total Suspended Solids
Total Volatile Suspended Solids
Total Dissolved Solids

Arsenic (VGA)
Total Cadmium
Total Calcium
Total Chromium
Chloride
Residual Chlorine
Total Copper
Chlorinated Cyanide
Total Cyanide
Total Iron
Total Lead - furnace

Total Magnesium
Total Manganese
Total Mercury (Cold Vapor)
Selenium (VGA)
Total Sodium
Total Nickel
Potassium
Total Silver
Total Zinc

Table2-4.xls
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TABLE 2-4 (CONTINUED)

Limit of..Detee-tlon
(mgrl)

~letb6ds:"-. Accur~y
(%)

Pr'sion:, ~.
(%)

CQdeIP~r.lhe(et..

COND
DO-Field
DO-Lab
DO-Winkler
pH
TEMP
PHENOL
PHEO-A
CHLOR-A

FCOLI-MF

2:(2510B)
1:(360.1)
1:(360.1)
1 :(360.2)
1:(150.1)
1:(170.1)

3:(10-210-00-I-B)
2:(10200 H.2)
2:(10200 H.2)

2:(9222 D)

-
0.1Dissolved Oxygen - Field

Dissolved Oxygen - Lab
Dissolved Oxygen - Winkler

pH
Temperature

jPhenol
iPhaeophytin a
IChIOrOPhYII a

Fecal Coliform

99.0 15.0

-
0.01

0.0002
0.0002

2.~(~11s/100 ml)-

Methods listed are applicable for all matrices of water, wastewater, and surface waters.
* Indicates method has a lower level of detection due to sample concentration

** Changed to 0.05 mg/1 on March 19, 1999.

I: Indicates USEP A Methods for Chemical Analysis of Water and Waste 1979

2: Indicates Standard Methods (18th Edition)
3: Indicates Lachat Instruments QuickChem Methods: Approved for use by USEPA- NYSDOH - ELAP

4: Indicates USEPA "Methods for the Determination of Metals in Environmental Samples" Supplement I, May 1994

Table2-4.xls
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TABLE 2-5

VOLUME AVERAGING F AcrORS, ONONDAGA LAKE
BATHYMETRIC CALCULATIONS

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Sample Depth
Om

3m

Volume-Averaejne Factor
1.6892

2.9252

6m 2.5490

2.27269m

12m 1.9383

15m 1.5005

0.828318m

Table2.5.doc
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CHAPTER 3

QUALITY ASSURANCE/QUALITY CONTROL

3.: OVERVIEW OF TECHNIQUES AND RESULTS

Several techniques were employed during 1999 to assess and document integrity of the sample collection
and analysis process. These techniques included field and laboratory audits and collection and analysis of
duplicate samples. Lake and tributary samples were routinely analyzed for major cations and anions so that
the electrochemical (charge) balance could be calculated. To assess the impact of switching to depth-
integrated sampling of tributaries, paired samples were collected on Onondaga Creek Dorwin Ave. and
Nine Mile Creek at Lakeland (Rt. 48) using old and new methods.

The 1999 data set was screened prior to its use in calculations or addition to the long-term database.
Screening criteria included limnological reasonableness (for example, distribution of chemicals as a
function of depth, thermal stratification, and season; charge balance; or the relationship between total and
dissolved fractions of a parameter), compliance with analytical protocols (holding time, preservation,
calibration check samples). Further, data were screened for outliers from the long-tenn database. Relative
percent difference between field duplicate samples was calculated. Rejected data were removed from the
database.

Overall, data quality was very high. The laboratory successfully completed more than 20,000 analyses of
water collected from Onondaga Lake, the lake tributaries, and the Seneca River.

A significant data quality issue was related to measurements of trace concentrations of heavy metals,
notably copper and zinc. Results of numerous heavy metal analyses were too close to the analytical limit of
detection or associated quality control (field blank) samples to distinguish from zero. The limits of
detection for associated samples were raised to correspond with concentrations measured in the blanks.
Results that are not different from laboratory control samples are considered non-detects. A total of 83
metals samples were flagged as non-detects during the quality control review; 47 of the affected metals
results were tributary samples and 36 were lake samples.

For die field duplicates, 91% of die lake samples and 86% of the tributary samples were within 20010
relative percent difference (RPD). There was a consistent pattern of increasing RPD with decreasing
concentration; variability between duplicates increased as concentrations approached the analytical limit of
detection. To assess die effect of sample concentration on relative percent difference between field
duplicates the data are also presented in histograms of absolute value of differences between replicate
samples. A reasonable control limit for these analyses is plus or minus twice the limit of detection.

Charge balance results indicated that 99% of the tributary samples were within 20% RPD of the summed
milliequivalents of anions and cations. The mean RPD for the charge balance on tributary samples was
5.2%, median 4.5%. For lake samples, 100% of the analyses balanced anions and cations within 20%. The
mean RPD for lake samples was 5.90/0, median 5.5%. River samples were not analyzed for all major anions
arid cations.

The 1999 field audit indicated that lake samples were collected and handled in accordance with die Field
Sampling Plan and Quality Assurance Project Plan. Minor revisions to sample collection techniques were
suggested, particularly for the biological samples of phytoplankton and zooplankton.

The 1999 laboratory audit was designed to evaluate the accuracy of the METRO laboratory and other
regional laboratories certified in the ELAP program in measuring ammonia, total P and nitrite plus nitrate
N in aqueous samples. The range of concentration included in the audit reflects the range of ambient
concentrations in Onondaga Lake, the lake tnoutaries, and the Seneca River. Four cornmerciallaboratories
(CES, Upstate Laboratory, Life Sciences Laboratory, and O'Brien & Gere Laboratory) plus the METRO
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laboratory were supplied with spiked samples prepared by Environmental Laboratory Services. The audit
also included a Matrix Spike/Matrix Spike Duplicate (MS/MSD) analysis using lake water collected from
the epilimnion; two of the samples were spiked with the same known amount of TP, ammonia N, and
nitrite plus nitrate N.

The results of the laboratory audit are summarized in Table 3-1 and Figures 3-1 and 3-2. With the
exception of METRO laboratory results, data are coded to disguise the identity of the participating
commercial laboratories. The findings indicate that accuracy tended to improve with increasing
concentration of ana1ytes, as reflected by the trend to decreasing coefficient of variation (relative standard
deviation) and decreasing bias.

Finally, 1999 field blanks were screened for background contamination levels. Contamination of the field
blanks with the heavy metals copper and zinc has been discussed. Analysis of the 1999 data also reveals
background concentrations of total P in the range of 0.012 mgil. The causes of and potential solutions to
this contamination of the field blanks is under active investigation.

3.2 TRIBUTARY RESULTS

A. Compliance with Analytical Protocols. Samples were collected according to the field sampling plan,
and preserved in the field. The field team checked adequacy of preservation with pH indicator strips
and immediately placed samples on ice. METRO laboratory consistently met holding times in 1999.

B. Duplicate analyses. In 1999, duplicate samples were collected at the East Flume. The majority of
duplicate analyses met the data quality objective of 20% relative percent difference (RPD). Swnmary
histograms of distribution of RPD for selected analytical parameters are plotted in Figure 3.3a. The
highest RPD between duplicate samples was detected for calcium, iron, manganese, and total Kjeldahl
nitrogen. Summary histograms for the absolute value of differences in concentration between selected
results are presented in Figure 3-3b.

c. Sampling methodology comparison. Paired samples were collected at two sites, Nine Mile Creek at
Lakeland and Onondaga Creek at Dorwin Ave, using both depth-integrated and pail sampling methods.
Results of the paired sampling effort are displayed in Figure 3-4.

The methodology was changed from pail sampling to depth-integrated sampling on several tributaries
with implementation of the AMP in August 1998. This paired sampling effort bas been included in the
County's monitoring program to evaluate whether a systematic difference exists between the two
sampling methods.

Results of the paired sampling effort for TSS and TP indicate that diere is no consistent difference
between the sampling methods. The slopes of the regression lines are close to one. Intercepts on die
regression are close to zero, with the exception of TSS measurements on Nine Mile Creek. For this
streaD), pail sample results tend to be lower by approximately 2.7 mg/i of suspended solids. As
discussed at the August 2000 Onondaga Lake Technical Advisory Committee, the analysis indicates
that comparable the two sampling techniques result in comparable concentrations of TP and TSS. This
change in sampling procedure does not introduce a systematic bias into trt'butary loading calculations
that would indicate a false trend.
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D. Charge Balance. Charge balance data indicate that data quality for these seven parameters (chloride,
calcium, sodium, total alkalinity, sulfate, magnesium, and potassium) is high.

E. Limnological Reasonableness. The tributary data set does not have obvious errors or outliers.
Ambient concentrations of several heavy metals in the tributaries approach analytical limits of
detection routinely achieved by METRO laboratory. As a consequence, results of the quality control
samples such as equipment blanks are frequently comparable to measured results in the tributaries.
Affected samples are sununarized in Table 3-2. Concentrations of copper and zinc were frequently
indistinguishable from background concentrations measured in the blanks.

F. Field Blanks. Field blanks were collected as part of each ttibutary sampling event. Laboratory water
was processed through the sampling devices (e.g. dunker, churn, pail) as if it was stream water. The
sample was submitted to the METRO laboratory for analysis. These results are summarized in Table
3-3. Note that the highest percentage of measurements with concentrations in the field blanks greater
than five times the limit of detection was the total phosphorus analyses. Persistent problems with some
parameters related to dissolved salts were also noted (refer to illS, alkalinity, potassium). For several
analytes the reported limit of detection as presented in Table 2-4 was not achieved. Actual limits of
detection for Ca, Cr, Mg, Ni, and organic N were different than reported (compare the LaD in Table 3-
3 with the target LaD in Table 2-4). These differences are attributable to changes in analytical
methodology and/or matrix interference in the samples.

G. Summary of Rejected Tributary Data. In 1999 only metals results were flagged (reported values
changed to non-detects) prior to inclusion in the database or used in calculations and plots.

3.3 LAKE RESULTS

A. Compliance with Analytical Protocols. Overall, samples were collected according to the field
sampling plan, and preserved adequately in the field. The METRO laboratory consistently met holding
times.

B. Duplicate analyses. A duplicate sample was consistently collected at the 6-m south deep station. The
epilimnetic composite was analyzed as a second field duplicate. Histograms of the distribution of the
RPD of each analyte are presented in Figure 3-5 a and b. Note that a significant fraction of the
duplicate analyses for iron. lead, manganese, nickel, zinc, filtered TKN, TSS, organic nitrogen,
phaeophytin, VSS, TVS and SRP do not meet the data quality objective of RPD within 20%.

C. Charge Balance. The charge balance data indicate that data quality for these seven parameters
(chloride, calcium, sodium, total alkalinity, sulfate, magnesium, and potassiwn) is high. 100% of the
lake analyses were within 20% RPD in the milliequivalent balance of anions and cations.

D. Limnological Reasonableness. Similar to the tributary results, there were metals results in the lake
data set that are close to the analytical limit of detection. In several cases, concentrations of heavy
metals in the analytical samples were comparable to levels measured in the quality control samples
such as the equipment blanks. These results are retained in the data set, but flagged as being non-
detects. Affected data points are summarized in Table 3-4.

E. Field Blanks. Field blanks were collected as part of each lake sampling event. Laboratory water was
processed through the sampling devices (e.g. dunker, chum, or pump) as if it were lake water. The
sample was submitted to the METRO laboratory for analysis. These results are summarized in Table
3-5. Note that the total P analyses exm"bited the highest percentage of measurements with

. concentrations in the field blanks greater than five times the limit of detection. The laboratory and
field teams are actively investigating the source of the background contamination. Note that the SRP
analyses are not subject to the background contamination issue. This observation has focused the
investigation on the digestion component of the phosphorus analytical process. Persistent problems
with some parameters related to dissolved salts were also noted (refer to TDS, alkalinity, potassium).
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For several analytes the reported limit of detection as presented in Table 2-4 was not achieved. Actual
limits of detection for Ca, Cr, Mg, Ni, and organic N were different than reported (compare the LO D in
Table 3-5 with the target LOD in Table 2-4). These differences are attnoutable to changes in analytical
methodology and/or matrix interference in the samples.

With the exception of the metals results all lake data wereF. Summary of Rejected Lakc Data.
acceptable.

3.4 SENECA RIVER RESULTS

A. Compliance with Analytical Protocols. The Seneca River samples were collected and analyzed in
accordance with the Field Sampling Plan and Quality Assurance Project Plan. Bottle types,
preservatives, and holding times were in compliance with analytical protocols.

B. Field Duplicates. Duplicate samples were collected at Buoy 316 and anal~d for the entire suite of
laboratory parameters. Relative percent difference between the field duplicates was generally less than
20% with exceptions as noted in Table 3-6.

C. Charge Balance. The Seneca River samples were not analyzed for the seven major cations and
anions. No charge balance calculations were performed.

D. Limnological Reasonableness. No flags were noted in the 1999 data set.

E. Summary of Rejected Data. All Seneca River data were acceptable.

3.5 RECOMMENDAllONS

(I) The laboratory data management system reports the analytical results with a variable number of
significant digits. Station codes are not consistently applied, which makes sorting and appending data
to the historical database difficult. For example, special samples such as the paired analyses for TP in
pail and depth-composited samples are not consistently referenced. This inconsistency in reporting
should be corrected

(2) The laboratory and field sampling crews should investigate the potential sources of contamination in
the metals analyses. The entire sampling and analytical process should be examined, including
preparation of field blanks, concentrations of metals in the nitric acid preservative, and background
concentrations in laboratory water. As of the date of this report, water samples are poured into pre-
cleaned disposable containers for metals analysis. This modification may reduce the background
concentrations in blanks.

(3) Consider reporting only concenttation. not annual load, of metals with a significant percentage of the
observations flagged with respect to limit of detection or contamination of the associated field blanks.

(4) Locations of the tncutary duplicate sample should be rotated.

(5) Based on the data set from August 1998 - December 1999 the flow-weighted composite sampling
devices provide comparable results for TP and TSS analyses. The pail sampling should be
discontinued in favor of the flow-weighted composite sampling. There will be no systematic bias
introduced into the tributary results.
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Total P Audit Results
0.2

0.18
0.16
0.14

=a. 0.12
E 0.1

~0.08
0.06
0.04
0.02

0

FIGURE 3-1. Results of Laboratory Audit and Round-Robin, December 1998.
Error bars depict one standard deviation. Participating laboratories include:
Metro, ELS, C&S, OB&G, Upstate and Life Sciences Lab.
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Metro Laboratory 1999 Audit
Performance: TP

0.150
Q).. ~

=::-
O)CUe> 0.100

~"C
0. e- ~
.! U) 0.050
0 cut- Q)

~
0.000

~

..-

0.05 0.1

Total P, mg/l: True Value

0.150

~

Metro Laboratory 1999 Audit
Performance: Ammonia N

NH3-N, mg/l: True Value

Figure 3-2. 1999 Laboratory results. Onondaga County Department of Drainage and
Sanitation, Environmental Laboratory at Metro.
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Figure 3-3a. Results of field Duplicates. Tributary Samples. 1999.
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Figure 3-3a (continued). Results of field Duplicates. Tributary Samples. 1999.
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Figure 3-4. Comparisons of depth-integrated sampling methods with pail sampling methods for
Total Phosphorus and Total Suspended Solids.

Onondaga Creek at Darwin Ave. and Nine Mile Creek at Lakeland
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Table 3-1
RESULTS OF LABORATORY AUDIT

Onondaga Lake 1999 Annual Report
Onondaga County. New York

AU-I 0.18 29.7 .

MS/MSD Results

~
.!:!!!.!.
J::!E.1..
~
~
LabS

it;
'S'i'D;;

~
!QQ
152

~
~
Lab 2

-~

y
~
2.6
0:0

, , ,..-~"",
206LabS

~
St Dev

2.4 :
1.5
1.3

126.4

53.7 -
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TABLE 3-2

TRIBUTARY SAMPLES AFFECTED BY REVISED TRIBUTARY DETECTION
LIMITS. REPORTED RESULTS SHOULD BE REPLACED WITH A DESIGNATION

OF "NON-DETECT"
Onondaga Lake 1999 Annual Report

Onondaga County, New York

Date S~leA .,.;;'1,lte
'~;Y"
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TABLE 3-3
Summary ofField Blank Analyses

1999 Onondaga Lake Tributary Samples

Blank Concentrations
Mean Median

Number of Measurements
> 2x LOD >5x LOD

Percent of Measurements
> 2x LOD >5x LODParameter LOD N

T-ALK
As

BOD
Ca
Cd

Chloride
Cyanide

Cr
Cu
Fe
K

Mercury
Mg
Mn
Na

NH3
Ni

Nitrite
Nitrate

Or~ic N
Lead

Phenol
SiO2
S04
SRP
ms
nc
TKN
TOC

TOC-F
TP
TSS
Zn

48
8
58
58
8
58
7
8
8
58
8
7
58
58
58
58
8
58
58
58
58
5
58
58
38
58
56
58
58
58
87
87
8

2
<0.002

<2
II

0.00058
<1.0

<0.0020
0.0005
0.0026
0.03
0.13

<0.0002
<0.25
0.004

<5
0.07

0.0280
<0.01
<0.01
0.14

0.0012
0.021
0.15
<5

0.0012
10
<1

0.17
<1
<1

0.011
1.1

0.011

2
<0.002

<2
10

0 . 0004
<1.0

<0.0020
0.0005
0.0015
0.04
0.12

<0.0002
<0.25
0.002

<5
0.05

0.0250
<0.01
<0.01
0.1

0.0010
0.018
0.10
<S

0.0010
7

<1
0.12
<1
<1

0.011
1.0

0.008

13
0
0
4
2
0
0
0
7
6
8
0
0
26
0
5
0
0
0
6
4
2
5
0
0
38
0
13
0
0
82
1
8

27

0

0

7

2S

0

0

0

88

10

100

0

0

4S

0

9

0

0

0

10

7

40

9

0

0

66

0

22

0

0

94

1

100

2

0

0

0

0

0

0

0

25

0

SO

0

0

2

0

0

0

0

0

3

2

0

3

0

0

60

0

3

0

0

85

I

25

0.002
2
10

o. 0004
I

0.002
0.005
0 . 0004
0.02
0.02

0.0002
0.25

0.002
5

0.05
0.025
0.01
0.01
0.1

0.0005
0.01
0.1
5

0.001
1

0
0
0
0
0
0
0
2
0
4
0
0

0
0
0
0
0
2

0

2

0

0

3.5

0

2

0

0

74

0.1
1

0.001
1

0.002 ~
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TABLE 3-4

LAKE SAMPLES AFFECfED BY REVISED LAKE DETECTION LIMITS.
REPORTED RESULTS SHOULD BE REPLACED WITH A DESIGNATION OF "NON-DETECT"

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Date Analvte I Sample m
1/30/99 Cr

e cpt ~ ---

4/6/99 Cu

7/13/99

tJ

11/30/99

4/6/99 Zn

6/29/99

9/21/99

11/30/99
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TABLE 3-5
Summary of Field Blank Analyses

1999 Onondaga Lake Samples

Blank ContentratioDs
Mean Median

-- --

Number or M~ureme.ts
> 21 LOD >51 LOD

- --
PerceDI of Measur_ts

> 21 LOD >51 LODLQD ~I Parameter

O.CXMM

1
0.002

2
10

0.0004
1

0.002
O.OOS

O.CXMM

0.02
0.02
025
0.002

5
0.05
0.025
0.01
0.01
0.1

O.(XX)!
0.01

0.002
0.1

S
21
S

20
20
S

21
4
5
5

20
S

20
20
20
11
S

21
21
20
,
5
.5

20
20
22
21
19
21
20
20
21
22
20
20
20
20
5

<O.CMX)4

3

<0.002

<2

lO.4

<O.CMX)4

I.l

<0.002

<0.005

0.002

0.047

0236
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0.0026

52
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0.l445

0.0008

<0.01
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0.403

<5

0.0017
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<I
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U12

11.2

<1

4.7
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2

~.002
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~.0004
1
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S
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~.02S
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0.1
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~.01

~.002

0.1
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2

<1
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<1

<1
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4
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2
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0.0099

0
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0

0

1

0

1

0

0

3

4

5

0

3

0

3

0

0

1

,

1

0

0

:.

0

,

1

0

8

8

0

0

10

19

0

7

0

4

0
2
0
0
0
0
0
0
0
3
2
5
0
0
0
0
0
0
0
0
0
0
0
3
0

0

90

0

0

S

0

S

0

0

60

20

100

0

IS

0

14

0

0

S

2S

20

0

0

20

0

23

33

0

38

40

0

0

91

9S

0

3S

0

80

0

10

0

0

0

0

0

0

0

60

10

100

0

0

0

0

0

0

0

0

0

0

0

1.5

0

.5

29

0

0

0

0

0

12

4.5

0

2j

0

40

Ag
T -ALK
As
BOD
Ca
C4
OIkIride

rFe

Ma
Mn
Na
NH3
Ni
Nittite
Nitrate
Organic N
Lad
'Pheool
Se
SiO2
SO4
SRP
TDS
~
TKN
TI:N-f"
TOC
TOC-F
TP
1'8
TSS
1VS
VSS
ZII

5
0.001

1
1

6
0
0
0
0
0
II
9
0
S
0

~

0
0

0.001
I

o-'-~

Table 3-5 lake blanks.xls
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TABLE 3-6

Summary ofField Duplicate Results
Seneca River Monitoring
July. August, Sept. 1999

Parameter with RPD Over
Criteria*

~ -

Average RPD of
observations>

20%

Ratio of average
concentration of all 1999
samples to limit of detection
(LOD) of the analytical
method

-
Number >20%

RPD
I Number of
observations

3/3
-

400/0
-

Chlorophyll a (tube composite) 11 (concentration 2.2 Jig/!;

I E!=:.O.23 D 0.2
4.6 (concentration 0.23 ~
LOD 0.05

I 12.8 (concentration 2.55 f1g,11;
I ~ -= 0.041 Dllll;D 0.2 40 (concenb'ation 0.041 mg/I;

- I LOD O.OOImg/l)

TSS (surface and bottom) I 4 (concenlration 4 mg/l;

. ~ -, " . I LOD 1 mg/l) ,

- -- -
Ammonia (surface and bottom) 4/6 700/0

2/3 46%
- -

Phaeophytin (tube composite)

1/6 34%
- -

SRP (surface and bottom)

-
47%2/6

. Parameters with RPD <200/0 are not listed.
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CHAPTER 4

TRIBUTARY RESULTS

HYDROLOGY4.1

1999 was a dry year. Only 30.88 inches of precipitation were measured at Syracuse's Hancock Airport, well below the
long-term annual average of 38.93 inches. The fall of 1998 was dry, and the 1999 calendar year began with a
precipitation deficit of approximately five i1¥:bes. Precipitation was slightly above normal in d1e winter of 1999 but was
very low from April through the end of the year (Figure 4-1). The proportional conh"loution of the h"loutaries and
METRO to the lake's hydrologic budget calculated in 1999 reflects the dry conditions (Figures 4-2 and 4-3).

Based on measured inflows from tributaries and METRO and the lake volume, Onondaga Lake's water was replaced
approximately 2.3 times in 1999, below the 1971 - 1999 average of 3.7 flushes per year. As discussed in Chapter I, the
flushing rate calculation ~s that the lake is completely mixed and does not consider thennal sttatification.
Hypolinmetic water is actually retained in die lake longer than epiliImetic water. Flushing rate and annual precipitation
are closely related, as most water inflow originates as precipitation within the watershed. The discharge of treated
wastewater from METRO, which contributes a significant fra,ction of die water flow to the lake, is relatively constant
from year to year.

The 1999 hydrographs reported by USGS for the four largest nabJral bibutaries (OnoOOaga Creek, Nine Mile Creek, Ley
Creek. and Harbor Brook) reflect these precipitation statistics. With the exception of a few isolated high flow events,
streamflow was below long-term average values. Low flows persisted through the end of the year (Figure 4-4).

Tributary sampling dates are depicted on Figure 4-4. The biweekly n¥>nitoring program adequately ~led the flow
regime during 1999 (Figure 4-5). Three storms were sampled in 1999 in addition to the routine monitoring program
(which is designed to capture at least five high flow events).

During 1999, the METRO plant provided advanced secondary treatment and phosphorus removal to 21.94 billion
gallons, discharged through outfall 00 I. An additional 612 million gallons was discharged through outfall 002 following
primary trea~ and chlorination. Flows dIrough outfall 002 occurred on 32 days in 1999 (Figure 4-6).

4.2 CONSTITUENT LOADS AND CONCENTRA nONS

Extemalloads of chemicals, solids, and microorganisms to Onondaga Lake were calculated using a customized version
of the software program FLUX (AUTOFLUX) developed by Dr. William Walker Jr. Method 2 of FLUX was used to
calculate the flow-weighted average concenttations and the annual loads, and to estimate the standard error and
coefficient of variation associated widl d1e loading estimates. This ~d1od evaluates d1e relationships between flow aM
concentration of constituents in each tributary, stratifies data into different flow regimes, and uses the relationship
between flow am concenttation to project die concenttation of comtituents over the ~led period of the hydrologic
record. For d1is reason, it is important that die mmitoring program ilK:lude representative low, nmerate, and high flows.
For so~ water quality p~ters concentration increases with flow and capturing high flow events in the annual
~nitoring program is a critical factor in ~roving d1e accuracy of annual load calculations.

The annual extemalload of materials to Onondaga Lake is sUDDnarized in Table 4-1. Loads estimated from the 1999
monitoring program are compared to die average load over the previous ten years (1989 - 1998). In general, loads of
all comtituents were low in 1999 reflecting the combination of the dry year and iD1)roved wastewater trea~nt at
METRO. Loads of aDDK>nia and Kjeldahl nitrogen were reduced by approximately 48% from the long.term average and
die loading of nitrate increased by I ~/o. Nitrite N load decreased by approximately 25%. This shift in nitrogen species
is a result of the nitrification of die MEfRO effiueot (biological oxidation of ~~ to nitrate in ~ trea~ process)
that was evident from June through mid-December. Reduction in the extemalloading of organic carbon col11>Onents
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(~d as biochemical oxygen demand and total organic carbon) was significantly reduced in 1999 in response to
improved treatment at METRO. The external load ofSRP decreased in 1999 as well.

The average concentrations (both flow-weighted and arithmetic averages) of constituents in the lake's tributaries,
METRO effluent, and the lake outlet are summarized in Tables 4-2 and 4-3. Note that average concentrations are
calculated using the laboratory limit of detection when observations are below that limit The frequency of observations
below the analytical limit of detection is swmnarized in Table 4-4.

The standard error of the estimated lMan presented in Table 4-3 is an indicator of the variability in concentrations of
the constituents measured in each bibutary. This result reflects natural variability, parameters such as fecal coliform
bacteria and suspended solids are present in the streams in higher concentrations following storm events. Analytical
variability is another factor; constituents typically present at concentrations close to the analytical limit of detection such
as zinc and nibite-N are measured with less accuracy.

Review of Tables 4-2 and 4-3 indicates die following:

1. Comparison of METRO b'eated effiuent (which receives advanced secondary b'eatment) and METRO
bypass flows (which receive primary b'eatment and chlorination) illustrates the removal efficiency of the facility's
biological trea~t plus chemical phosphorus ren¥>val. Note the lower conceottations of total suspended solids,
BOD, TOC, TP, and SRP in the fully-treated effiuent compared with die bypassed flows. Constituents present in
particulate fonn. such as the metals Cr, Cu, Fe, Pb, Mg, and Zn, are also significantly higher in the bypassed flow.
The fecal colifOml data indicate that chlorination of the bypassed flows was not always sufficient to kill indicator

organisms (and presumably pathogens).

2. Note d1e high concentration of chloride in Onondaga Creek in 1999. Until recently, it was unusual for d1e
average chloride concenttation in this nibutary to exceed that of Nine Mile Creek, which has residual Solvay
waste material (enriched in calcium and chloride) deposits in the lower reaches ofdle watershed. The two streams
have different ionic profiles; Nine Mile Creek is a calcium chloride dominated system, and Onondaga Creek is
a sodiwn chloride dominated system (Table 4-5). The baseflow chloride concentration in Onondaga Creek was
higher than in Nine Mile Creek in 1999, as evident from the different relative magnitude of flow-weighted vs.
arithmetic average concentrations (discussed below). In a dry year such as 1999 elevated chloride present in
baseflow are less diluted by precipitation and surface nmoff. Aquifer depressurizing wells in the Tully Valley
(Onondaga Creek headwaters) may be contnouting to the elevated chloride concenttations as well. The
concentration of chloride nx:asured at the Kirkpanick St. sampling site was consistently higher than the
concentration measured at Spencer St. Field reconnaissance has co~ the gradual increase in chloride
concentration in this stream reach which appears to result from upwelling saline groundwater.

3. The largest differences between flow-weighted and arithnx:tic ~ is exmoited for parameters wid! a
strong relationship between discharge and concentration. Note, for example, dlat d1e 1999 flow-weighted average
chloride concentration in Nine Mile Creek was 490 mg/1, while the conventional average was 684 mg/l. For
Onondaga Creek, the 1999 chloride relationship was 528 mg/l flow-weighted average and 977 mg/1 ari~tic
average concentration. The relationship between chloride concentration and stream flow of Onondaga Creek and
Nine Mile Creek is plotted in Figure 4.7.

The 1999 loading estimates for each b1DUfary are presented in Table 4-6. Standard errors of the loading estimates (as
calculated by AUTOFLUX) are included. METRO effluent loads are calculated using die more extensive database of
~ements required by the facility's SPDES pennit.

Average concentrations and loads of the major ions and nutrients are plotted in Figures 4-8 and 4-9. Percentage
contribution of each tnoutary to the total 1999 external load to Onondaga Lake is summarized in Table 4-7. Review of
these figures and tables indicates the following results:

Nine Mile Creek, with 31 % of the flow, contn"buted 44.7 % of the calcium to the lake. Chloride load to the lake
from this stream was proportional to its flow (31%).
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Flow dtrougb d1e largest tnootaJY, Onondaga Creek, represented 37.8 % of the hydrologic inflow to the lake
stream continued to be the largest source of suspended solids to the lake, with 55 % of the annual load.

This2

The METRO eftluent (fully treated plus bypass) dominated the extemalloading of constiblents found in wastewater
including organic carbon, nitrogen, phosphorus, and fecal coliform bacteria. Most notable is nitrogen; METRO
effluent (fully treated plus bypass) represented 83 % ofTKN and 90 % ofalmnOnia N loading in 1999. Phosphorus
loading from METRO was estimated at 55 % of die total external load in 1999.

4.3 METALS LOADING CALCULA nONS

Load estimates for the tributaries and METRO are calculated using near-continuous ~ts of flow coupled widt
occasional ~sure~nts of concentration. Tributary samples are grab samples while most samples of METRO effluent
are 24-hour co~osites. Each load estimate is presented widt its standard error indicating the magnitude of uncertainty
associated widt projecting concentration over the unsampled portion of the annual record. Standard error is reduced if
the number of samples is large or if concentrations tend to be highly consistent. For e~le, the stamard error of the
estimated phosphorus load from METRO, widt daily measurements of concentration, is 1.7%, dIe standard error of dIe
Nine Mile Creek estimate, widt biweekly measurements supplemented with high flow events, is 21.3%.

Load calculations for paralMters present in StreaIm at concentrations close to the analytical limit of detection have two
additional sources of uncertainty. First, analytical precision and accuracy are reduced as concentrations approach the
analytical limits of detection. Reported load estimates thus have an additional uncertainty that may not be adequately
reflected in the calculated standard error. Second, when substances are present in trace concentrations it can be difficult
to differentiate ambient concentrations from contamination of sampling equip~t or bottles, atmospheric deposition
in the field or laboratory, or impurities in laboratory reagents.

Concenttation and loading estimates for certain ~tals are subject to diese uncertainties. Based on an evaluation of
historical data collected throughout die United States, limit of detection and contamination probl~ limit the quality
of reported data for the ~tals cadmium, copper, lead, nickel, silver, zinc, and mercury (Windom et al. 1991). Analytical
mcd1ods for I1¥)nitoring ~tals in water and wastewater have been developed and published by EP A, but these ~d1ods
are inadequate for detennining ambient concenttations of so~ ~tals in so~ surface waters (EP A Office of Water.
October 1993).

To help overco~ dris limitation, EPA aM USGS have developed protocols for clean ~ling aM analytical techniques.
Accurate and precise measure~t of low ambient concentrations requires actions in several interrelated areas (EP A.
Office of Water, October 1993):

. Use of clean techniques during collecting, hAMling, s,torlng, preparing, and analyzing ~les to avoid
contamination

. Use of analytical methods with sufficiently low limits of detection. Avoiding interference in the quantification (ins~t analysis) step. Use ofbJanks to assess contamination

. Use of matrix spikes (sample spikes) and certified reference materials to assess interference and contamination

. Use of replicates to assess precision

. Use of certified standards

EP A recognizes the ~rtance of docWMDting dlOse ~ taken to ~ that ambient metals data are precise am
accurate. By doc~ting data quality, data users are better able to interpret the fmdings and assess whedler there are
any limitations to data usability. Onondaga County's field and laboratory teams have incorporated several EPA
recommendations into dleir sample collection and analysis program. Equip~t blanks are nm for each lake and
tn"butary ~ling event to assess backgrowxl contamination during ~le collection aIKi haMling. Replicate analyses
are perfo~d. The laboratory uses certified reference materials and standards in accordance with state ELAP
requirements. The METRO laboratory continues to work towards achieving lower analytical limits of detection.
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However, ~tals results are frequently at or below the analytical limit of detection cwrently achieved by the METRO
laboratory (recall discussion in Chapter 3). Copper and zinc results are most affected. Estimating annual load for these
constituents is problematic when the analytical results are consistently close to or less than the limit of detection. The
"tIUe" ambient concenttation is between zero and the limit of detection. Historically, the annual monitoring program
has calculated and reported loads using the limit of detection in the calculations. This assumption produced estimated
loads that are consistently biased high.

The cold vapor atomic absorption ~dtod routinely used by the METRO lab can measure ambient ~ury to 0.2 ~g/i
(200 ng/i). Using Medtod 1631 (cold vapor atomic spectroscopy) outside specialty laboratories can achieve a limit of
detection of approximately 0.1 ng/i. When results of these low-level analyses are compared widt ~~Tical data, it is clear
that annual external ~ of mercury calculated using die analytical1imit of detection (0.2 ~g/i~ve 'been significant1y
biased high. ~re"nt concentrations are orders of magnitude less than 0.2 1Jg/i when ~sured using die low detection
level methot1'. Annual loads of ~cury reported in previous annual reports should dterefore be disregarded. Beginning
widt die 1998 report, annual loads of ~rcury are not reported.

SEASONAL PATfERNS OF FLOW AND CONCENTRAllON4.4

Seasonal patterns ofs~eamflow and concentrations of selected constituents (ions, nutrients, and suspended solids) are
depicted for the major tributaries and METRO effluent in Figures 4-10 through 4-15. In general, dissolved salts
dermnstrate a strong inverse relationship between s~eam flow and concentration in the natural tnoutaries. Higher stream
flows in spring dilute the dissolved salts. During low flow periods, die concentratiom increase. Peaks in bacteria, solids,
and TP are associated with the higher flow conditions. METRO perfonnance is generally independent of flow.

Results of the 1999 water quality lOOnitOring of the lake outlet are plotted in Figure 4-16. Flow through the lake outlet
is not gauged. The flow reg~ is bi-directiona1; at times, water from die Seneca River flows into die lake. The specific
conductance of die Seneca River water is lower ilian Onondaga Lake water. The plot of specific conductance indicates
that a weak chemical stratification existed in the lake outlet on so~ ~ling dates. On d1ese dates, higher salinity lake
water was flowing out of the lake, while lower salinity river water was flowing in.

4.5 COMPLIANCE WITH NEW YORK ST ATE AMBIENT WATER QUAUTY STANDARDS

The IOOnitored segnx:nts of the Onondaga Lake tnoutaries are classified C (suitable for fish propagation and secondary
water contact recreation). Compliance with the ambient water quality standards is sunnnarized in Table 4-8. Overall,
the lake tributaries are in compliance with the following exceptions:

1. The East Flume occasionally violated ambient water quality standards for pH, DO, iron, copper, and
cyanide, and regularly violated standards for aImnonia and nitrite N.

None of the natural tributaries was consistently in co~liance with the iron standard.2.

Co~liance of METRO with its SPDES pemt limits is summarized in Table 4-9

TRIBUTARY TREND ANALYSIS4.6

The seasonal Kendall test (Hirsch and Slack 1984) fo~ the basis of the trend analysis software developed by Dr.
William W. Walker to analyze b'ends in the Onondaga Lake tributary database. The trend analysis is perfo~d on
subsets of tnoutary concentration data. Table 4-10 summarizes results of a ten-year trend analysis of the OnoOOaga Lake
tnoutary DK)nitoring sites, from 1990 dU'ough 1999. Additional discussion of ~ trends in tributary concentration and
loading is included in Chapter 12 of this report. Tributary trend analysis examin~ changes in both colM:entrations and
annual loads. Adjustments are made for flow, so that patterns such as wet years early in die record and dry years late in
the record will not introduce a spurious result.
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4.7 EFFLUENT TOXICITY TESTING

Acute effiuent toxicity testing is a requirenrnt of the SPDES permit for the METRO facility. Whole effluent toxicity
testing was perfomled twice in 1999 (January and April). Both tests were performed with two organisms to indicate
toxicity of the fully-treated plant effluent. The biological organisms were the freshwater invertebrate cladoceran
(Ceriodaphnia dubio) and d1e vertebrate fathead minnow (Pimephales promelas). AquaTOX Research,loc. of Syracuse
co~leted d1e tests in accordance with guidelines published by NYSDEC in the New York State Manual of Toxicity
Testing of Industrial and Municipal Effluents.

The efDuent toxicity test exposes test organisms to replicate serial dilutions of a 24 hour co~ite sample of treated
tertiary effluent from METRO (bodi A and B sides of the effluent stream are included in the composite sample). Serial
dilutions of treated eflluent are made using Onondaga Lake water. Five dilutions of METRO eflluent are tested (0%,
6.25%, 12.5%, 25%, 500/0 and 1000/0 effluent) at four replicates per treabnent The 0% eflluent selVes as the control.
A static renewal design is used; each sample is replaced all at once with a new ~le after 24 hours. Mortality of die
test organisms is obselVed after 24 and 48 hours. The 48-hour LCso (percent of eflluent that is toxic to 500/0 of the test
organisms after 48 hours) is reported.

For this system, the critical dilution is 500/0. which represents a I: I dilution between wastewater effluent and the receiving
water. This value is based on the relative flow of the METRO discharge compared with the total flow of the Lake's
natural tn"butaries during low flow conditions. In order to pass the effluent toxicity test, there can be no evidence of
toxicity in the test org~ relative to the controls at the critical dilution of 50010 etDuent.

Certain water quality para~ters of the effluent and the dilution water (lake epilimnetic water) are ~ured at the
beginning and end of the toxicity testing to identify factors which may be causing or contributing to any observed
lmrta1ity of the test organisms. Toxicity testing is conducted at a constant water te~lature of 25 °C. AmIOOnia and
pH are rJr;asured and unionized amoonia is calculated. Other water quality paranx:ters ~ed include dissolved
oxygen, conductivity, alkalinity, hardness, and total residual chlorine.

Results of the 1999 toxicity testing are summarized in Table 4-11. For all tests, the 48-hour LCso was greater d1an 1000/0
of effluent. There was no evidence of mortality relative to the controls at the critical effluent dilution of 500/0. Survival
of both test organis~ after 48 hours in 100% effluent was not different than swvival after 48 hours in 0% effluent
(Onondaga Lake water).

The total amrmnia concentration in METRO effiuent in April was approximately 14 mg/l. During die January toxicity
tests, total amrmnia in METRO eftluent was 4.5 mg/l. Other water quality ~teIS ~ relatively consistent between
the two sampling dates.
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SEASONAL CHANGES IN IONS, NUTRIENTS, FECAL COLIFORMS,
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TABLE 4-2

AVERAGE CONCENTRATION OF CONSTITUENTS, ONONDAGA LAKE TRIBUTARIES, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Nine Mile
Creek

Harbor
Brook

Onondaga
Creek

Ley
CreekUnits

.
std units

°c
~o/cm

mg/l
mg/l
mg/l

mg/l
mg/l
mg/l

mg/l
mg/l
mg/l
mg/l
mg/l
I.Lg/I
1.Lg/l

I.Lg/I
1.Lg/l

mg/l
mg/l
mg/l
mg/l
mg/l

mg/l
mg/l

I.Lg/l
I.Lg/I
1.Lg/1

mg/l

I.Lg/I

mg/l

I.Lg/I

1.Lg/l

mg/l

I.Lg/I

1.Lg/l
cells/100m!

cis
cfs

Trib. SA'Parameter

-ng--
10.12
2208
9.35
2.93
240

/:"6"g-
9.26
3699
10.50
2.45
214

10.22
2913
10.IS
2.04
193

ll.44
1576
8.83
2.48
203

16.99
1763
6.53
2.41
138

2.6
2.4
48.0

2.5
2.3
62.8

2.5
2.3
54.6

5.9
5.5
52.5

3.8
3.6
33.9

0.77
0.28
0.50
0.77
0.04
<2
<2

0.61
0.42
0.19
1.26
0.02

2
2

0.48
0.33
0.15
0.74

0.02C
2

<2

0.98
0.49
0.49
0.35
0.03

2"
8.5

0.60
0.40
0.20
1.6

0.04
2

<2

47
3

8S
18

S8
7

92
14

163
81

Temperature
Specific Conductance
Dissolved Oxygen (Field)

5-dayBOD
Total Alkalinity

Total Organic Carbon
TOC-filtered
Total Inorganic Carbon

Total Kjeldahl Nitrogen as N
Organic Nitrogen as N
ArnmoniaasN
Nitrate as N
Nitrite as N
Arsenic

jCyanide
Total Phosphorus
iSoluble Reactive Phosphorus

Silica
Calcium
Sodium
Sulfate
,Chloride

4.5
335
198
299
684

5.4
247
169
463
308

5.2
135
603
219
977

E
134
185
147
372

lIS
ISS
IS9
':71

2072
17.0

1440
31.7

2150
27.2

897
10.0

1096
9.1

0.4
0.8
6.9
0.79
1.8
39.0
10.1
5.3
8.5
6.6
22.3
390
99
111

0.4
1.4
6.9

0.81
7.2

42.4
28.5
6.4
2.8
17.9

.16.5
705

7
9

0.4 0.6

2.9

5.5

1.3

6.9

23.7

133.6

2.8

3.6

20.1

13.5

551

29

39

0.9

24.1

12.3

0.78

4.2

15.5

65.7

111.0

4.6

20.5

17.8

43

NO

3

6.7

1.13

6.0

28.8

39.8

3.3

3.9

8.7

16.5

1412

120
154

:.
&.

!Total Dissolved Solids
ITotal Suspended Solids

Cadmium
Chromium

ICopperJIron Lead

Magnesium
Manganese
Nickel
Potassiwn
Zinc
Phenol
Fecal Coliforms
Flow - Daily Record Mean
,Flow - Sample Date Mean

I) METRO BOOS; ~-N, TP, ~ based on observati~~ma&: daily,~ 1 TK:N basede<i"""On ~~ons ~
S times each 2 week period. Other values are based on data collected biweekly from January S to December 21.
2) Flows for Trib. SA and East Flume are estimated from available data.
NA = not monitored or analyzed in 1999. No- no data. METRO flow was by-passed on 68 days during 1999.

Calculations use the laboratory limit of detection when observations were below that limit

972.CQNC_99 .x1s/table 1999
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TABLE 4-2 (continued)

AVERAGE CONCENTRATION OF CONSTITUENTS, ONONDAGA LAKE TRIBUTARIES, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

METRO
Effluent (\)

METRO
By-Pass

Lake
Outlet-2ft

Lake
Outlet-12ft

East
Flume. Units

std units
°c

~o/cm
mg/1
mg/1
mg/I

mg/1
mg/1
mg/l

mg/l
mg/1
mg/l
mg/1
mg/I
J!g/I
J!g/1

J!g/l
J!g/l

mg/l
mg/I
mg/l
mg/l
mg/l

mg/l
mg/l

J!gil
J!g/l
J!g/I
mg/1
J!g/1
mg/I
J!g/I
J!g/1
mg/I
J!g/I
J!g/I

cells/lOOml
cfs
cfs

Parameter

'-sA
12.8
2331
7.2
4.0
164

NA
1655
NA
13.1
16S

NA

1744

NA

62

185

12.3
1780
9.9
2.7
144

11.8

2246

9.3

2.8

IS1

10.9
9.3
43

19.0
14.9
49

6.2
5.7
39

4.5
4.1
36

4.4
4.1
37

Temperature
Specific Conductance
Dissolved Oxygen (Field)
jj-day BOD
ITotal Alkalinity

Total Organic Carbon

ITOC-tiltcred:Total Inorganic Carbon
:
fotal Kjeldahl Nitrogen as N
Organic Nitrogen as N
Anunonia as N
Nitrate as N
Nitrite as N
Arsenic
Cyanide

8.4
2.2
6.2
5.1
0.4
<2
5.0

17.4
4.5
11.8
1.01
0.14
NA
NA

2.2
0.92
1.3
3.0
1.3
6.8
S.3

1.3
O.SI
0.8
1.0
0.1
2.0
<2

1.7
0.60
1.1
1.3

0.13
<2
<2

9S
45

369
104

..522
54

219
101

87
4()

Total Phosphorus
Soluble Reactive Phosphorus

Silica
Calcium
Sodium
Sulfate
,Chloride

s.o
118
219
181
342

6.1
83
311
132
481

13.1
113
331
344
431

2.4 2.2
140
250
ISO
498

18C
144
346

1094
8.1

1181
58.3

1402
12.3

931
2.9

1296
3.5

0.5
0.5
2.4

0.10
3.3

23.7
25.1
6.1
5.4
8.4
11.0
NA
ND
ND

0.3
1.2
7.2

0.79
2.9
17.6
49.0
12.8
11.8
25.5
17.3

14,028
85
99

NA
NA
NA
4.63
NA
15.6
62.4
NA
NA
NA
NA

70,000
9
11

0.4
1.6
4.2

0.47
4.3

24.0
15.6
6.4
14.6
19.5
17.8
647
ND
0.22

0.6
0.7
2.1
0.14
3.7

20.4
22.5
5.8
4.1
12.2
13.8
76
ND
ND

Total Dissolved Solids
Total Suspended Solids

Cadmium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Zinc
Phenol
Fecal Coliforms
Flow - Daily Record Mean
Flow - Samole Date Mean
I) METRO BODS, NH3-:r;;-:-fP~-TSs-based on observations-made daily, METRO TKN basedon observations ~
5 times each 2 week period. Other values are based on data collected biweekly from January S to December 21.
2) Flows for Trib. SA and East Flume are estimated from avaiiable data.
NA a not DX)ni~ or analyzed in 1999. ND= no data. METRO flow was by-passed on 68 days during 1999.

Calculations use the laboratory limit of detection when observations were beiow that limit

m-CONC_99.x1s/tablel999
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TABLE 4-3

FLOW-WEIGHTED AVERAGE LIMNOLOGICAL PARAMETERS IN ONONDAGA LAKE TRIBUTARIES
AND STANDARD ERROR OF ESTIMATE, USING AUTOFLUX

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Onondaga Creek @
Kirpatrick Street

Concentration +/- error
Ley Creek

Concentration

Harbor Brook
Concentration +/- error

Nine Mile Creek
Concenllation +/- ~rUnits +1--Parameter

3.0
175

6.3
5.9

44.8

0.93
0.55
0.41
0.44
0.03

2
8.6

93.2
19.1

5.S
97
161
119
253

52
829

19.8
6.3
3.8
0.7
6.1
2.1
19.4

141.6
3.1
13.8

~J~

1,0
217
2,8
2.5
56.7
0.64
0.50
0.17
1.32
0.02

2
2

99.2
19.2
5.0
210
152
377
258
35

1252
22.7
11.1
0.2
O..S
7.9
1.2

36.5
30.9
11.5
15.5

SS69t

2.4
181
3.0
2.8

47.6
0.60
0.51
0.15
0.90
0.04

2
2

91.7
10.7
5.5
104
369
143
528
47

1393
8.6
5.9
0.6
0.4
7.0
2.4
22.8
14.8
2.5
14.9

4,436

2.0
182
3.1
2.9
45.8
0.70
0.32
0.37
0.97
0.03

2
2

58.2
9.7
4.5
255
152
221
490
19

1514
5.4
8.3
0.9
0.5
6.2
0.9
31.6
60.9
9.9
27.8
303

IJ.~
6.S9/,

$-'"
6.~
6.~

8.m

12-J"
IJ-J"
II.~
9.296
D.~
0.096

15-J"
u.~
s.~
6.'~
15.096
6.296
IO.~

25.~
7.6"

20.6"
36.4"-
37.296
7.1"
9.1"
33.~
s.~
IS.~
#.096
20.~

47.3"

12.'"

6.5"

7J"
,.~
6:3"

II.~
13.'"
15.5"
10.496
29.~
o.~
o.~

20.~
2I.m

8.'"
6.5"
9.996
9.6"
9.7%

30.996
8.4%

16.m
9.~
12.1"
o.~
12.5"
35.~
5.~
16.m
o.~
J7.~

J9.~

&~
J.",

I.~
1.~
4.1"

9.~
1/.7%

9.~
11.D'6
II.~
O.~
O.~

1/.~
45.'"

6.~

6.".
15.~

6.'"
1.~

19.~

6.~

18.~
14.m

9.1"
6.~
11.6"
14.m
5.1"
6.~
JJ.~
19.~

J1.~

t iS-daY BOD
Total Alkalinity
Total Organic Carbon- ;TOC-filtered-

ITotal Inorganic Carbon
Total Kjeldahl Nitrogen as N
Organic Nitrogen as N
Ammonia as N

I Nitrate as N
Nitrite as N
:Arsenic

- Total Cyanide

ITotalPhOSPhOrusISoluble Reactive Phosphorus
!Silica

ICalcium
~Sodium
,Sulfate
!Chloride
Total Suspended Solids
Total Dissolved Solids
Zinc

- Copper
Chromium

.. Cadmium
: Lead
-= Iron

Magnesium
Manganese
Nickel

;:.Phenol

Fecal ColifomtS
CV ~ standard error of fue concentration estimate. .. METRO BODS, NH3-N, TP, TSS based on observations made daily,

METRO TKN based on observations made S times each 2 week period. Other values are based on data collected bi-weekly

from January S to December 21.
NA ~ not monitored or analyzed in 1999.. ~ were not evaluated using FLUX since most observations were below the limit of detection.

Calculations use dte laboratory limit of detection when observations were below dtat limit. See Table 4-4.
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TABLE 4-3 (CONTINUED)

FLOW-WEIGHTED AVERAGE LlMNOLOGICAL PARAMETERS IN ONONDAGA LAKE TRIBUTARIES
AND STANDARD ERROR OF ESTIMATE, USING AUTOFLUX

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Trlb. SA !METRO EmueDt **
I METRO By-Pass

Concentration +/- - Conccnb'ation +/- .rror Concentration +/- ."or
East }1ume

Concentration +/- erro,.UDits

mg/l
mg/l

mg/l
mg/l
mg/i

mg/I
mg/l
mg/I
mg/I
mg/i
ug/l
ug/l

ug/i
ug/l

mg/l
mg/l
mgil
mg/l
mg/l

mgil
mg/I

ug/l
ug/l
ug/I
ug/I
ug/l
mg/I
mg/1
ug/l
ug/I
ug/I

ceUs/lOOml

IParameter

2.4
138

3.9
3.6
33.9

0.S9
0.40
0.20
1.63
0.04

2
2

79.2
73.4

7.2
133
183
143
368

10
1087

21.S
12.6
25.6
0.9
4.4
0.8
IS.4
69.9
112.5
18.4

45

13.1
163

10.9
9.3

41.9

8.60
2.17
6.37
5.14
0.44

2
5.5

371.6
84.8

5.0
117
219
179
349

8
1088

25.5
7.8
1.2
0.4
3.0
0.8
17.5
48.9
12.9
17.7

2.536

49.6
189

14.1
11.6
52.5

12.86
3.73
7.77
2.13
0.11
2.5
10.4

1204.S
28.1

6.0
200
342
112
720

57
1640

61.6
44.7
26.9
2.0
20.0
4.5
19.5
75.3
25.3
10.0

~..

..~

I2.~
2.~ i

2.'"
2.~ I

14~

2/.'" I
9.m
II.~
Io.~
o.~

IO.~

9~
6.'" '

4.~
I'

2.~
4.6"
IJ.4" i
2.~ .

;
JJ.~
2.~

I'

41-3"

Jo.~:
44.1" IJ7-3" :

J9.~
il.'"

I2.'"

12./"

20.6" !
JJ~ :

I

JI.~

4.6
162
6.0
5.4
36.9
2.27
0.91
1.37
3.06
1.40
6.2
7.3

22S.3
111.S
12.1
106
362
298
481
14

141S
18.4
6.2
2.0
0.3
3.6
0.5
21.7
17.6
10.3
20.0

825

1~
4.'"

J.~
4.'"
5.196

J.~
7.~
4.196

IJ.'"
11.~
o.~
48.096

I.~
16.'"

1.3"

11.~
/1.'"
1.'"

/9.~

1.316

IO.~

14.1"
J5./"
/6.'"
6.'"
l'.JK
7.196
1.'"
,,~
/"'"
14.'"

JJ.'"

7'-
11.1"

11.~
10.1"
11.~

IO.1'E
1'.~
I6.S"
1S.~
16.'"
10.~
41.~

'-'"
61.~

4.-
lS-'"
1'-'"
'--"'
n.ME

6.-
10.'"

16.~
1/./"
48.'"
'-'"
0.'"
11.'"
I~
6.~
,.'"
0.'"

4~

9.a
4.1f6

4.S~
J.a
S.'"

8.1f6
10.'"
II.S~
8./~
8./~
14.~
J4.196

5.J~
9.~

5.496
4.196
I.~
7.196
8.1f6

11.Jf6

S.'"

J7.~

]8.'"
34.'"
7.~
1S.-
JS.'"
5.'"
IS:~
47.'"

10.196

29.~

:S-day BOD -

Total Alkalinity

[rota! Organic Carbon

~ OC-filtered Total Inorganic Carbon

0131 Kjeldahl Nitrogen as N

Organic Nitrogen as N

Ammonia as N

Nitrate as N

Nitrite as N

Arsenic

Total Cyanide

Total Phosphorus

Soluble Reactive Phosphorus

Silica

Calciwn

Sodiwn

Sulfate

Chloride
I .
IT ota! Suspended Solids

'Total Dissolved Solids

Zinc

Copper
Chromiwn

Cadmiwn

Lead

'iron

Magnesium

, Manganese

IINickel Phenol

Fecal Colif~

.~ staJwJard emir of the conccn~OII estimate. .. MmO BODS, NH3-N, TP , ~ based m obseIvarjons n.k daily.
METRO TKN based on observations made S times each 2 week period. Other values 8R based on data collected bi-wcekly from
JanUIIY S to December 21.
NA - not monitored or analyzed in 1999.. = we~ not evaluated usina FLUX since most observations were below the limit of detection.

Calculations use the laboratory limit of detection when observations were below that limit. See Table 4-4.
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TABLE 4-5

CONCENTRATIONS OF MAJOR IONS IN NINE MILE CREEK AND ONONDAGA
CREEK WATERS

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Ions Onondaga Creek Nine Mile Creek

Concentration Concen tration PercentPercent

(meq/l) Contribution (meq/l) Contribution

! Cations

rcaz+ I 6.1 19.8 14.7 57.2

Na 23 7.5 3 11.7

Mg

"KT

22.3 72.4 7.8 30.4

0.1 0.3 0.2 0.8

Anions

Ct-
-
4.1

-
20.512.9 5.5

HC~' 23.3 73.3 64.917.4

SO4~ 4.4
-
13.8 3.9 14.6

TABLE 4-S creek ions.doc
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TABLE 4-6

TOTAL ANNUAL TRIBUTARY LOADINGS TO ONONDAGA LAKE, 1999,
AND STANDARD ERROR OF ESTIMATE. USING AUTOFLUX

Onondaga Lake 1999 Annual Report
Onondaga County. New York

Ley CreekNine Mile Creek Harbor Brook Onondaga Creek

@Kirkpatrick Street
Load +/- error +/- enPr

--
/9.J%
7.4%

Units

Ibs.
Ibs.

Ibs.
Ibs.
Ibs.

Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.

Ibs.
Ibs.

Ibs.
Ibs.
Ibs.
Ibs.
Ibs.

Ibs.
Ibs.

Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.

109 cells

Load +/- error
-

0 7"/0
J 9"/0

Load

43.070

3.158,960

40,214

36,851

826,101

+1- ~r
--
JJ.~

6.5%

Load

166.583

9,875,839

356,393

334,626

2.527,645

I'arameter

5-day BOD
Total Alkalinity

Total Organic Carbon
TOC-filtered
Total Inorganic CaJi)on

Total Kjeldahl N

Organic Nitrogen-N
Ammonia-N
Nitrate-N
INitrite-N

IArSeniC
!Total Cyanide
I

Total Phosphorus-P
Soluble Reactive P
i
ISilica
!Calcium

jSodium
Sulfate
Chloride

Total Dissolved Solids
Total Suspended Solids

Cadmium
Chromium

Copper
Iron
Lead

Magnesium
Manganese
Nickel
Potassium
Zinc
Phenol
Fecal Coliforms

570,125

44,361,825

712,619

667,650

11,311,880

142,5SO

120,56\

35,39\

2\4,555

9,218

475

475

Ii,.
'-I"

392,860

35,450,344

4.~

4.~

7.'"

6.6%

6.1%

6.6%

7.m
1.4%
6.~

602,548

567,986

8,928.962

8.~

1,'"
1./"

s.~
JO.~
7.S"
Jl.~
9.m
O.~
J7.~

9.34S

1,238

2.S08

19.300

283

29

29

8.J"
/1.5"

/3.5"
/ /.3"

9.~

6.5"
o.~

IJ.~
1-'-'"
IS.'"
10.'"
19.'"
o.~
D.~

52,382
31.189

23.127
24.791

1.874
113
483

135,660

62,936

72,72.

189,220

6,534

390

390

9.2%

21.7%

9.1%

12.0%

II.J"

0.0%

0.0%

5,254

1.074

308.349

5.460;1S8

9.087.094

6.715.724

14,297.956

12.~
10.-",

11,351

I~

1I.JH
fJ.'"

1,445

279

/.s.~ :
I

/4.696 I
21.758

2.545

20,S"
2J,~

s.~ ' 1,294,336

6.S" . 24,772,634

6.~ ; 87,554,336
6.~ i 33,921,981

lO.~ [125.287,832

330,727,864

11,076,662

8.'"
6.5"
9.m

9.6%
9.m

8./"

5./"

/o.m

7.m

/0.7%

874.723

49,6'8,395

29,868.625

43,209.750

95,598,079

29'.284.820

3.691,351

6.'" 727,423
6.'" ; 6,059,087

Ij.~ 2,222,262

6.6" 5,493,515
7.~ 3,762,041

i
6.~ I 18,2S4.O43

/9.2" i SOS.220

46,724,775

2,943,564

42

216

354

116,721

346

1,093,657

7,984

176

119,313

1,118

3,s41

597,977

8.5"

SO.6"

8.4%
30.m

7.6"

25.'"

7./" I

j7.~

j6.~ i

jj.~

19.1"

5.~
15.~ i
44.'"
4.4"
20.6" '

20.4"
47.3%

95

136

1,398

S60,ss5
1.651

5.416,322

17,769
593

I.O26,H16

2,043
3,.541

4.776,237

0.'" !
12m i

9.~
5.~ i

125"

I5.3"
16.~
0.'"
12~
16.9% I
37.~ I
39.5" I

17.8"

19.3"

11.8"

j3.-",

31.~

7.1"

17.~

19~

Ij.~

8.~

37.3"

4j.3"

90.9
1n.9

1.618.5
174.258
1,219

6.161.225
11.872

1.923
1,110.805

1.060
5,431

268.499

6.3%
9./% '

/4.7% '

/4.4%
/7.6% :

5./%
I

6.9%

33.~

3/./"
/8.2% !
/9.m i

.'

37.~ i

6

3\
\62

\7,660
\\6

53\,465
450

167

38,824
33\

225

368,\15

error = standard error of the loading estimate. .. METRO BOD5, NH3-N, TP, TSS based on observations made

daily, METRO TKN based on observations made 5 times each 2 week period. Other values based on data collected
bi-weekly from January 5 to December 21. NA = not monitored or analyzed in 1999.

975LDCV99.xls
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TABLE 4-6 (continued)

TOTAL ANNUAL TRIBUTARY LOADINGS TO ONONDAGA LAKE, 1999,
AND STANDARD ERROR OF ESTIMATE, USING AUTOFLUX

Onondaga Lake 1999 AnnuaJ Report
Onondaga County, New York

Trib. SA METRO Emueat.. METRO By-Pass East l'1ume

I
Parameter

5-day BOD

Total Alkalinity

T oral Organic Carbon

TOC-filtered

TotAl Inorganic Carbon

Total Kjeldahl N

~ ic Nitrogen-N Anunonia-N

Nitrate-N

Nitrite-N

I ArseniC

Total Cyanide

Total Phosphorus-P

I Soluble Reactive P

Silica

Calcium

I Sodium Sulfate

Chloride

I TOtal Dissolved Solids

Total Suspended Solids

Cadmium

I Cbromium Copper

Iron

Lead

Magnesium

Manganese

Nickel

I POtassium

.7. itIl:

Units

Ibs.
Ibs.

Ibs.
Ibs.
Ibs.

Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.

Ibs.
Ibs.

Ibs.
Ibs.
~.
Ibs.
Ibs.

Ibs.
Ibs.

Ibs.
~.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
Ibs.

109 cells

Lo.I-
13.7S8

780,258

+1--
-

8.~
2.0%

LO8d

2,404,688

29,896,118

1,991,978

1,704,408

7,685,931

+1--
--

2m

4.SO/o

LAI8d--
2S3,253

963,913

72,244

59,191

268,250

65.707

19,349

39.693

9,038

582

12.9

53

+1--
--

7.3"
J J ./"

LO8d
~

2.159

16.312

2.835

2.511

11,440

+/.-
--

9.~

4.10/0

21,188

20,441

191,498

3,351

2,235

1,121.9

9,174

Da.2

11.27

11.27

910.3

414."

1.5"

1.""

1.~

J.~

4.'"

5.~

12.'"

10.1"

12.~

.,. '"

J.'"

5.~

14.~ I
21.- I
9.~ I

I
11.~ i

IO.~ I
o.~ I

I
O.~ .

1,576,358

396,963

1,166,543

941,441

81,045

366

1,011

J.~

7.6"

4.~
IJ.'"
12.~

o.~
48.~

I.~

16.'"

10.

11
16-

42

14.
10.
41.

1,074

429

64S

1.446

664

3.22

3.22

I.~

10./"

11,5"

1.1"

8.1"
14.~

J4.~

6.~

6.~
68.095

15.544

6,158
143

I.~

6J.~

106

52.3

$.1-
,.'"

407,615
750,303

1,034,401
~,999

2,076,923

924,925

21,409,882

40,052,881

32.121,182

63,893,351

199.J08.9S6

1,544.8S8

J.~
12.'"

1 J. '"

1.'"

19.~

30,892
1,022.434

1,749,723
S73.G70

3,680,210

8,381,600
292.7S4

4.~

1.'"

4.~

IJ.~
1.'"

4.~
1S-'"

II.'"
I.~

11.0'6

5,707

SO.o13

17,115

140,a.s2

227,203

j.~
4~
&.6"

7~

&.'"

1,034,401

58,032

4.829

144.1

71.6

4,592

24.9

87,090

428.9

635.0

ZS,687

1~.7

103.82

1,142

4.a

JJ. '"

lo.~
~

lO.~
6.~

668.783
6.469

0.00

0.80
3.2

2S4
1.6

10,257
8.0

4.8

6,649
8.9
7.2

1.167
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1 j.8" I
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1.8" .
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20.696 ,
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I
61.696 I
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31.8" !

79

223

\,42\

\44,2\4

556

3,839,391

8.967

2,369

2, 1 J6,2S8

4,677

3,247

2,107,116
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J'./" I

I
7.~ I

1I.~ I
4.~ I
6.~ ,

I/,,~ I
1I.~ I

I
24./" I

24. '" '
J

JJ. '" I

10

131

229

23.n5

102

99,641

385

130

NA

315

51

22,170,330
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7.~

31.'"
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J.5.~
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1.5.6"

47.-",

.5.'"

17.3"

ZO.~

29.'"

16.~
o.~
41.5"IFecal Coliforms

error = standard error ofd1e loading estimate. .. METRO BODS, NH3-N, TP, TSS based on observations made

daily, METRO TKN bued on observations made S times each 2 week perioo. Other values based on data collected
bi-week.ly from January S to December 21. NA = not monitored or analyzed in 1999.
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TABLE 4-7

TRIBUTARY LOADING, PERCENT OF TOTAL CONTRIBUTIqN TO ONONDAGA LAKE, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Nine Mile Creek
% of Annual Load

Harbor Brook
% of Annual Load

Onondaga Creek
% of Annual Load

Ley Creek
% of Annual LoadParameter

5-day BOD

Total A1kalini ty

14.8
35.6

4.3
7.9

10.2
28.5

1.1
2.5

15.9
13.6
28.1

1.1
1.2
2.6

18.8
21.8
35.6

9.4
0.6
8.0

6.
9.
S.,
13
6.
28
16

0.5
1.1
0.2
1.4
0.3
2.1
1.2

7.2
18.8
2.6
15.2
9.2
34.2
19.8

2.6
4.9
1.7
1.8
1.."

8.1
20.1

IOtal Organic Carbon
TOC- filtered
lotal Inorganic Carbon

Total Kjeldahl Nitrogen as N
Organic Nitrogen as N
Ammonia as N
Nitrate as N
Nitrite as N
Arsenic
lotal Cyanide

Total Phosphorus as P

Soluble Reactive Phosphorus

9.8

8.6

1.3
1.3

18.9
11.6

4.6
4.9

Silica
Calcium
Sodium
Sulfate
Chloride

19.1
44.7
17.2
34.9
31.0

15.9

S.5

1.3

4.4

1.2

28.3

22.3

50.4

27.4

40.6

6:7

6.7

6.5

5.4

4.6

Total Dissolved Solids
Total Suspended Solids

32.8
18.4

2.0
2.5

36.7
55.1

5.2
14.6

Cadmium

IChromium
I Copper
hon
Lead
Magnesium
Manganese
Nickel
Potassium
Zinc

28.6
19.2
30.8
17.1
30.3
35.7
25.0
32.8
25.7
12.7

2.0

3.4

3.1

1.7

~9

3.1

1;0

2.9

0.8

4.0

29.9

14.6

26.6

55.1

41.1

31.4,
37.4

10.1

22.3

24.4

13
23
6.
11
8.
6.
16
3.
3.
1..

IPheno}
IFecal Coliforms

33.6
0.9

1.4
1.2

21.9
15.8

21.9
2.0

Flow 31.0% 2.3% 9.0%37.8%

** METRO BOD5, NH3.N, TP, TSS based on observations made daily, METRO TKN based on

observations made 5 times each 2 week period. Other values based on data collected bi-weekly

from January 5 to December 21. Calculations use die laboratory limit of detection when

observations were below that limit
~ f """"",.L(
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TABLE 4- 7 (conU

TRmUTARY LOADING, PERCENT OF TOTAL cqNTRIBUTION TO ONONDAGA LAKE, 1999
Onondaga Lake 1999 AnnUal Report ..

Onondaga County, New York

East Flume
% of Annual Load

METRO EffiDent **

% of Annual Load

METRO By-Pass
0/0 of Annual Load

Trib. SA
% 0 f Annual LoadParameter

0.06

0.06
6.6
0.8

62.5
24.0

0.36

0.63

0.07
0.08
O.OS

1.9
1.9
0.8

0.57
0.67
0.60

52.4
55.7
24.2

0.05
0.07
0.05
0.10
0.66
0.23
0.13

3.3
3.0
3.0
0.6
0.6
0.9
2.2

79.4
61.9
86.9
66.8
80.7
26.4
42.1

0.17
0.35
0.08
0.65
0.24
0.81
0.47

!S-day BODI
Total A1kalinity

Total Organic Carbon
TOC- fll~
ITotal Inorganic Carbon

Total K,jeldahl Nitrogen as N
Organic Nitrogen as N
Ammonia as N
Nitmte as N
Nitrite as N
Arsenic
Total Cyanide

0.09
0.24

59.2

70.8

5.4
0.7

0.79
1.89

Total Phosphorus as P
Soluble Reactive Phosphorus

0.12
0.05
0.01
0.11
0.07

20.2
19.3
23.1
26.5
20.7

0.7
0.9
1.0
0.5
1.2

8.91

0.68

0.60

0.65

0.67

0.11

0.29

Silica
iCalcium,
i
[ SOdium Sulfate

Chloride

0.07
0.03

0.9
1.5

22.~

7.7

Total Dissolved Solids
Total Suspended Solids

0.00
0.09
0.06
0.02
0.04
0.06
0.02
0.08
0.i4
0.11

3.3

14.8

4.4

2:.3

2.6

0.6

0.8

2.2

NA

3.8.

24.8
24.0
27.0
14.2
13.9
22.3
18.9
40.4
46.5
56.0

1.52

15.51

1.36

0.45

0.62

0.51

0.90

10.82

0.56

1.44

Cadmium
Chromium

Copper
Iron
Lead
Magnesium
ManganeSe

lckel
Potassium

c

0.04
0.01

0.3
73.2

0.64
0.004

20.1
7.0

iPhenol
IFecal COlUorms

0.10/00.5%18.8%0.5%Flow

.. METRO BODS. NH3-N. TP. TSS based on observations made daily, METRO TKN based on

observations made S times each 2 week period. Other values based on data collected bi-weekly.
from January 5 to December 21. Calculations use the laboratory limit of detection when

observations were below ~ limit
.,

6LD.%TOT_99.xJs4-32
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TABLE ~8 (con~ued)

NM=Nine Mile Creek, OC=OnOndaga ~ LC-Ley Creek, ~Harbor Brook, SA-Trib SA, md EF-East Flume.

100%
1000/0
75%
100%
100%, 75%

Cyanide * (1)

(~)

NM:
DC:
LC:
lIB:
SA:
EF:

5.2 J1g/1 (Free CN)

96%
97%
} 00%
100%
97%
0%

100 }lg/1 (Warm water fishery) NM : 42.5
OC : 20.0
LC: 31.9
HB: 21.7
SA: 40.7
EF: 1,322

Nitrite-N
CJLg/l)

0.96 exp (0.8545 [In (ppmhardness)] -1.702)
. Standard Range ~g/l):

NM: 23.5-26.1
OC: 14.7-26.1
LC: 7.8-26.1
HB: 18.9-26.1 .

5A: 21.3-26.1
EF: 13.7-26.1

Copper *

(}1g/1)
100%

1 000/0

1000/0

100%

100%

1000/0

NM:
OC:
LC:
HB:
SA:
~:

1000/0

1000/0

1<;)00/0

800/0

1000/0

1 000/0

2 ~g/1 NM : 0.2
OC : 0.2
LC: 0.2
HB : 0.6
SA: 0.2
EF : 0.2

Mercury *
~g/l)

(1.46203 - [In (hardness) 0.145712]) exp (1.273 [In (hardness)] - 4.297)
Standard Range (J1g/1): '

Lead *

~
1000/0
1 000/0
1000/0
1000/0
1000/0
1000/0

NM:
OC:
LC:
HB:
SA:
EF:

NM: 12.3-14.3
OC: 6.1-14.3
LC: 2~4-14.3
HB: 8.8-14.3
SA: 10.6-14.3
EF:"S.S-14.3

7.coWPL Y _99.xJ.-r AB3..a
" -

4-34

: 2.0
: 2.0
: 8.5
: 2.0
: 2.0
: 5.3

6.9
6.7
5.5
6.9
12~3
4.2

7.8
6.0
6.9
7.2
4.2
2.9



TABLE 4-8 (continued)

NM=Nine MIle C~ OC=Onond. Creek, Lc-LeY Cicek, HB=Harbor.~rook. SA-Tno SA, and EF=East Flume.

.. .

~lz.tnc * (1)

~)

exp (0.85 (1n (ppm hardness)] + 0.50)

Standard Range ~):
NM: 216-240
OC: 135-240
LC: 72-240
lIB: 173-240
SA: 196-240
EF: 126-240

NM:
oc:
LC:
lIB:
SA:
EF:

100%
100%
100%
1000/0
100%
1000/0

Chromium *

1(}!g/1)

0.86 exp (0.819 [In (ppm hardness)] + 1.561)
. Staridard Range (}.Lg/l): .

NM: 450-497
OC: 285-497
LC: 157497
lIB: 363-497
5A: 409-497
EF:267-497

NM : 0.8
OC: 1.6
LC:2.2
HB: 1.1
SA: 11.1
EF : 3.0

100%
1000/0
100%
1000/0
100%
100%

.-lIron.. '

rJIgII)

300J.l.gIl NM:790
OC:1128
LCol348
HB : 815

5A:777
EF:466

00/0

28%
7%

35%
OO/e

690/0

7.C()NPL Y _99.x11fI' AB3-I C'
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20.1
17.9
20.5
25.5



TABLE 4-8 (continued)

NM=Nine Mile Creek. oc-onondaga~ Lc-Ley Creek. HB=Harbor Brook, SA=Tno SA, aDd BF-East Fl1m1e.
..

0.997 exp (0.846 [In (ppm hardness)] + 0.0584)
Standard Range ~g/1):

Nickel

(~)
100%
100%
100%
100%
75%
100%

NM: 37.9
OC: 18.8
LC: 15.4
HB : 35.4
SA : 6L5
.EF : 2L9

NM: 135-150
OC: 85-150
LC: 46-150
HB: 109-150
5A: 123-150
EF: 79;;.150

:1) : Standard value applies to dissolved fraction, though currently only acid soluble, total recoverable fraction is measured within the monitoring program.

Standard values for all other metals apply to acid soluble, total recoveraQle fraction.

(2) :Standard Values are derived n-om NYSDEC Ambient Water Quality Standards and Guidance Values. 1993. for Class Band C surface waters and

6NYCRR Part 703~ with Jan. 1994 updates ~or bacteria and zinc; and 1998 updates for metals.

S) :The bacteria data presented compare individual measurements to the standard of 200 cells/l00mL. Compliance is assessed as the geometric mean of a
minmmm of 5 samples a month. Therefore, the table represents the worst case. ComplianCe would always ~ greater than or equal to percentages rioted.

. Averages derived from observations made during quarterly sampling. AD other averages derived from observations made during the bi-weekly sampling
program. Calculations use the laboratory limit of detection when observations are below that limit (see Table 3-4).

~

Compliance calcu1ations are made using a maximum hardness value of350 p~ which is the niaximum value allowed by NYSDEC for these calculations.

1999 Average Hardness for tn"butaries (calculated from Ca and Mg concentrations) is as follows (units ppm).
NM-997 .

OC-456
LC-38S
HB-791
SA-399
EF-38 1

7-COMPL Y _99 .xIsffAB3-8
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TABLE 4-9

l\ImTRO SPDES PERMIT LIMIT EXCEEDANCES, 1999
Onondaga Lake 1999 Annual Report. Onon~ County - New York .

FLOW
BODS (30 Day) Concentration
BODS (30 Day) Loading
BODS (7 Day) Concentration
BODS (7 Day) Loading
BODS (0/0 Removal)
SUSPENDED SOLIDS (30 Day)
SUSPENDED SOLIDS (7 Day)
FECAL COLIFORM (30 Day)
'FECAL COLIFORM (7 Day)

pH
SETrLEABLE SOLIDS
T -PHOSPHORUS
CYANIDE
TOTAL RESIDUAL CIn.,ORINE
BYPASS SETTLEABLE SOLillS
CAD :MIUM
LEAD
ZINC
CBOD (S Day)

TOTAL

0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
1
4
0
0

8
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I~LE4-11

RESULTS OF WHOLE EFFLUENT TOXJClTY TESTING OF METRO EFFI..UENT
. JANUARY AND APRIL 1999 .

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Date 4anuary26-28 April 28- 30

--.

Test Organism Cerlodilphnia
dubia

Pimephales
Dromelas

Ceriodaphnia
dubia

Pimephales
Dromel~

.LCso > 100% effluent
--

> 100% effluent
~-

> 100% effiuent
---

> 1000/0 effiuent

Percent Mortality
in 50% Effluent
after 48 hrs-- --

0% 0% 0%5% (not
statistically
si~cant)

Percent Mortality
in 100% Effluent
after 48 brs

0% 0% 5%5% (not
statistically
sigIii:ficant)

Effluent total
ammonia, mWi

0.3 14.2
~

Effiuent unionized
a:!:r1~onia-

0-.01 0.54

; . 4 ':or.~-~.

A-~Q





CHAPTERS

1999 STORM EVENTS

Introduction: Scope of the Storm Event Monitoring Effort5.1

As part of dte Ambient Monitoring Program, Onondaga County is sampling selected tributaries to
Onondaga Lake during stOmlS. The storm event program is designed to collect multiple samples at short
time intervals during intense rainstomlS. The collected data will support efforts to quantify dte annual load
of pollutants delivered to Onondaga Lake and determine the contribution of stOrDlwater runoff and
Combined Sewer Overflows (CSOs) to annual loading.

Onondaga Creek, the largest hydrologic inflow to the lake, is the primary focus of the storm event program
Fifty-three CSOs discharge to the creek and the engineering controls to remediate these discharges are
underway. Implementation of all the control actions is phased over the IS-year program of improvements
to the wastewater collection and treatment system Since the CSO-related pollutants are delivered to
Onondaga Creek during wet weather, the storm event monitoring program can provide data to document
improvements in water quality brought about by the remedial actions.

A limited storm event monitoring program is also being conducted on Harbor Brook and Ley Creek. These
tributaries receive CSOs (19 on Harbor Brook and 2 on Ley Creek). The second largest tributary to
Onondaga Lake, Nine Mile Creek, does not receive CSOs. Limited storm event monitoring of Nine Mile
Creek will help partition phosphorus in stormwater runoff from urban and non-urban sources.

The storm event monitoring program includes sampling during the three-year period from 1999 - 2001 to
quantify baseline conditions. Another series of stonns will be monitored in 2005 following completion of
all interim measures and in 2008 following completion of the Midland Ave. regional treatment facility. A
[loal series of storm event monitoring is scheduled for 2012 following completion of the Clinton St.
regional treatment facility. The monitoring schedule may be modified based on any changes to the
construction schedule or milestone dates for completing construction.

Stream water quality during a storm event is highly variable. The intensity of rainfall, time since last
rainfall, antecedent snowpack, street sweeping practices, farming practices, and a host of other parameters
influence the quality of the first flush and the total loading of pollutants from a particular storm. In
tributaries with CSOs, water quality during storms is even more variable as it also depends on antecedent
condition in the collection system. Mathematical modeling verified by monitoring data is consequently an
important tool to predict the effectiveness of stormwater management facilities, particularly for CSOs.

A number of models to estimate stonn-related loading and lake response have been developed for this
system Models were used to estimate die effectiveness of die selected improvements to die wastewater
collection and treatment system. New York State Department of Environmental Conservation (NYSDEC)
plans to convene a technical committee to define additional modeling approaches for die tnoutaries. The
locations, sampling frequency, and parameter list currently in place for die tnoutary storm event program
may be modified once model selection is complete.

Sampling locations are selected to be upstream and downstream of major point and nonpoint sources. CSO
discharge points are bracketed. The goal is to initiate sampling within 2 hours of the beginning of a stonn
of sufficient intensity to trigger operation of the CSO network. Real-time streamflow measurements and
rain gauges are used to detennine when to initiate a storm event. Additional information is provided by the
weather forecasts. Samples are collected every two hours for the first day and at four hour intervals on
subsequent days.

5-



5.2 1999 Sampling Program

Three storm events were monitored during 1999 as the fust year of the baseline monitoring program The
relationship of the storm events to the 1999 rainfall and streamflow records from April through October is
displayed in Figure 5-1. Storm sampling was conducted April 11 - 14, June 29 - July 2, and October 10-

13.

Sampling locations are summarized in Table 5-1. Water samples were collected at four points along
Onondaga Creek and at two points on Harbor Brook and Ley Creek. Samples were collected from mid-
stream using a stainless steel bucket in a dip sampling technique. Sample bottles were ruled directly from
the bucket. Appropriate preservatives were added in the field. Samples were analyzed for total suspended
solids (TSS), total phosphorus (TP), total Kjeldahl nitrogen (TKN), and chloride. Water samples were
analyzed for the presence and density of three classes of indicator bacteria: fecal colifoID1, E. coli, and
Enterococcus.

5.3 1999 Results

Concentration and Loading Estimates, Onondaga Creel<

The average and flow-weighted average concentrations of water quality constituents are summarized in
Table 5-2. Data from all three stOrnl events are presented. For the two stations on Onondaga Creek with
flow monitoring (Dorwin Ave. and Spencer St.) constituent loading is tabulated as well.

Water quality was highly variable over the course of each storm, as illustrated in Figure 5-2. These plots of
total P and total suspended solids for the April and June events (two stations) represent a subset of the
extensive data set collected over the 1999 storm event program. From these plots it is evident that the
hydrographs for the upstream and downstream segments of the creek are quire different. The flow
measured at Spencer St., the downstream station, peaked early during each of the storms at a very high flow
value. This pattern is the result of the CSO discharges to the lower reaches of Onondaga Creek. A large
volume of water from the wastewater collection system can potentially be discharged to the creek within a
very short time. This flow regime presents a challenge to the monitoring program to capture the critically
important first flush when a slug of material is transported downstream.

Histograms of the distribution of sample concentrations monitored at the Onondaga Creek sites are plotted
in Figure 5-3. Concentrations of total P and suspended solids are highly correlated in the upstream stations
of this system (Figure 5-4). The relationship shifts at the Spencer St. station, downstream of the CSOs. The
shift may indicate the introduction of soluble fractions of phosphorus into the stream from the combined
sewer discharges. The Inner Harbor site is located where the stream gradient drops and velocity slows,
creating a depositional reach along lower Onondaga Creek. The TSS:TP regression in this stream reach is
altered as well.

Bacteria data were also variable over the course of the storms (Figure 5-5). Three classes of bacterial
indicators were monitored: fecal coliforms, Enterococcus, and E. coli. The mean, maximum and minimum
data measured over the 1999 stonn events are plotted in Figure 5-6. As expected, concentrations of bacteria
are elevated downstream of the CSO discharges.

Concentration and Loading Estimates, Ley Creek

Average and flow-weighted average data collected at dIe two Ley Creek stations are summarized in Table
5-3. Loads are estimated for dIe most downstream station, Park St., near dIe confluence of Onondaga Lake.
The flow gauge is located in a low-gradient segment of dIe stream subject to backwater influence from
Onondaga Lake and USGS rates flow estimates from this gauging site as fair.

Similar to the results on Onondaga Creek, water quality was variable over the course of the storm events.
Only two CSOs discharge to Ley Creek so the peak flows are not observed as rapidly following onset of the

5-2



stonn. Figure 5-7 plots the hydrograph and concenb"atioDS of TP and TSS. The histograms of
upstream/downstream measurements (Figure 5-8) demonsb"ate the impact of the urban corridor, including
CSOs. TP and TSS are correlated in the Ley Creek system as measured at both stations, indicating the
importance of particulate phosphorus to the total load. The TP:TSS regression plot of the Ley Creek data
set is included as Figure 5-9. Bacteria concenb"ations tend to be elevated downstream of the urban/CSO
corridor on this stream as well (Figure 5-10).

3 Concentration and Loading Estimates, Harbor Brook

Data from the 1999 stonn event effort on Harbor Brook are presented in the same sequence of tables and
graphs (Table 5-4, summary of loads and concentrations; Figure 5-11, plotted changes in water quality
over time and in relation to streamflow; Figure 5-12, histograms of TP and TSS concentration at the two
sampling sites; Figure 5-13, regression ofTP and TSS; and Figure 5-14, bacteria concentrations measured
during the April stonn event).

5.4 Discussion and Recommendations

1999 was the first year of a three-year program to characterize baseline water quality and estimate CSO
loads during wet weather. The baseline data will provide a benchmark against which the effectiveness of
improvements to the CSO collection and treatment system can be quantified. Since baseline monitoring
will continue through 2001, it is important to identify areas of improvement to the data collection and
analysis program These recommendations are provided as a basis for discussion and may be modified in
future drafts of the 1999 annual report.

(1) Begin sampling earlier in the storm.

~ling generally began after d1e rising limb of the hydrograph had passed. The ~ling reg~ for the
April stonn was the best ofdle three events but the early part of the stOfUl was not sampled. With so many
CSOs active on Onondaga Creek it is essential to sample the downstream sites as early as possible.

(2) Consider automatic sampling devices to capnlre the first flush

This reco~ndation follows as a means to overco~ the barriers that prevent the sampling team i"om
capturing the flfSt flush. The samples may not be able to be analyzed for coliforD1 bacteria due to holding
time constraints. However, the early portion of the stOrD1 record can be analyzed for TSS and TP, which
will provide better data for stoml-related transport of phosphorus and suspended sediment This is a key
issue related to partitioning of point and nonpoint source phosphorus.

Another option is to track an easily measured surrogate parameter that is directly correlated to the
p~ters of interest (TP, TSS, and bacteria). This is an active area of research in EPA's wet weather
program with a focus on remote measuring devices and telemetry. To date, EPA has not issued their
findings and reconunendatioDS.

(3) Measure field ~ters dwing events

The tributaries to Onondaga Lake have a fairly unique chloride and specific conductance profile.
Reconunendations that EP A develops for remote measurements of CSO and wet weather indicators may
not be optimal for this system To determine if field parameters are correlated with analytical parameters
measured during stofDl events on the tributaries to Onondaga Lake the field teams should ~asure DO, pH,
redox, and specific conductance during sample coUection. An option is to deploy in-situ sondes to
continuously recorded field data at 15-minute intervals at the downstream locations of the tributary.
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(4) Document CSO overflows during stonn events

The timing and duration of CSO discharges is very important in interpreting the data. Only discharges
from the treatment facilities have an estimated overflow rate and duration. In the absence of monitoring
data, consider having the field team visually document which overflows are active during the event.

(5) Document the criteria for defining a storm event

The decision to initiate stonn event monitoring conunits the AMP team and environmental laboratory to a
labor intensive and costly exerci"se. While predicting the course of a stonn will always be subject to
uncertainty, well defined criteria will help in the decision making process.

An "ideal" storm would be characterized by:

.. Antecedent dry conditions with a recent tributary monitoring event to quantify pre-storm conditions
Intense rainfall throughout the subwatershed
Overflows of the combined sewers with documented loads

The program should try to capture a storm during spring or early summer to maximize input from
agricultural nonpoint sources.

The SWMM model could be applied to rainfall events of different intensity to refine the definition of a
storm event.

(6) Simplify the analytical program by using only fecal colifonn bacteria as an indicator of the potentialpresence and abundance of pathogens in the stream samples. .

To date, the program has analyzed for three classes of indicator bacteria: fecal colifonn, Enterococcus and
E. coli. Abundance of these bacteria in the Onondaga Lake moutaries is well correlated as evident from
Figures 5-6, 5-10, and 5-14. New York State relies on fecal coliform bacteria in their ambient water quality
standards to indicate the potential presence and abundance of pathogens. The oilier classes of bacteria are in
used in federal criteria to indicate suitability of water for badling and other primary contact recreation. The
streams are not classified or used for primary contact recreation.

Analysis for these indicator organisms is expensive and time consuming. The laboratory has had difficulty
identifying a reliable supply of the necessary growth media for Enterococcus.

(7) The program is not designed to target every storm. Some large or intense storms may not be sampled
for various reasons. When storms of sufficient intensity to trigger the CSOs occur during the summer
recreational period (June - August), the County should consider implementing near-shore bacteria
monitoring even if the stOml events were not captured. This will provide an expanded data set for a
bacteria model, as the loads from the tributaries can be modeled.
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Mean Ecoli Onondaga Creek April 1999
* Error bars are max. and min.
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* Error bars are max. and min.
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Figure 5-6. Mean. maximum and mimimum of indicator bacteria measured in Onondaga Creek
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Histograms of TP, TKN and TSS measured at two stations along Ley Creek. April, June - July and October 1999Figure 5-8:
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Mean Ecoli Ley Creek April 1999
* Error bars are max. and min.
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Figure 5-10: Mean, maximum and minimum concentration of three classes of indicator bacteria, Ley Creek
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Mean Ecoli Harbor Brook April 1999
* Error bars are max. and min.
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Figure 5-14: Mean, maximum and minimum concentraitons of indicator bacteria,
Harbor Brook. 1999 storm events

'R

')n



TABLE 5-

Sampling Stations, Storm Event Program
Onondaga Lake 1999 Annual Report

Onondaga County, New York'

DescriptionSite designationStream

Downstream of mudboils, rural land
use

Rt.20Onondaga Creek

Low-moderate density residential land
use. uDstream of~_~Os. Gauged site

Dorwin Ave

Urban land use. Downstream of
CSOs. GaUged site

Spencer St

hmer Harbor Near confluence with Onondaga
Lake. Urban land use. Low-gradient
se~ent dredged for navigation. -
Urban area, upstream of CSO
dischar~es ---

Seventh North St.Ley Creek

Urban area, downstream of CSO
discharges. Gauged site.

Park St

Urban area, upstream of CSO
dis£har~es. Gau~ed site

Velasko RdHarbor Brook

Urban area, downstr~m of CSO
discharges. Gau~~~~e.

Hiawatha Blvd

~
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TABLE 5-2
Surmnary of 1999 Stonn Event Data, Onondaga Creek

Onondaga Lake 1999 Annual Report
Onondaga County. New York

STORM 1: APRIL 11-14, 1999
Spencer St Inner HarborDorwin AveRt20

0.039
0.062
26.7

0.071
n/a
n/a

0.017
0.015
8.3

0.013
n/a
n/a

Total Phosphorus

IAvg.concentration (mg/l)
Flow-weighted average (mg/I)

Icstimated load (kg/day) -

17.3
20.9
11771

9.1

n/a

n/a

5.3

n/a

n/a

11.6

10.6

1915

Total Suspended Solids

Avg.concentration (mg/I) i
Flow-weighted average (mg/l) I

E~timated load (kg/day) I

0.339
0.429
228

0.497
n/a
n/a

0.239
0.230
116

0.213
n/a
n/a

TKN

Avg.concentration (mg/I)
Flow-weighted average (mg/1)

I cstirnated load (kg/day)

174
185

114316

536

n/a

n/a

94
95

44878

149

n/a

n/a

Chloride

Avg.concentration (mg/1)
Flow-weighted average (mg/l)
iEstimated load (kg/day) ,

4709

nla

nla

20
16
10

3296
6543
2277

30

n/a

n/a

Fecal Conform
A vg.concentration (cells/l 00 ml)
Flow-weighted average (cells/l 00 ml)
Estimat~ load (10"10 cells/dav)

3331
6313
2306

7462

n/a

n/a

24
21
12

56

n/a

n/a

E. Coli
I Avg.concentration (celis/lOO mI) Flow-weighted average (celis/lOO mI)

~~ load (IOAIO cells/day)

Enterococci
Avg.concentration (cells/l 00 ml)
Flow-weighted average (cells/l 00 ml)
Estimated load (10"10 cells/day)

2959
6313
2045

5812
n/a
n/a

49
52
23

100

n/a

n/a

iJ-,
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TABLE 5-2 continued
Summary of 1999 Storm Event Data, Onondaga Creek

Onondaga Lake 1999 Annual Report
Onondaga County, New York

STORM 2: JUNE 29 - JULY 2, 1999
Soencer St Inner HarborRt20 Dorwin Ave

0.151
n/a
n/a

0.029
0.028

1.9

0.064
0.072
6.9

0.049

n/a

n/a

Total Phosphorus ~

I Avg.concentration (mg/1) I
IFlow-weighted average (mg/1) !
IEstimated load (kg/day) I

9.4

9.3

612

8.7

9.S

981

11.3
n/a
n/a

18.]

n/a

n/a

Total Suspended Solids

J\vg.concentration (mg/l)
Flow-weighted average (mg/l)
Estimated load (kg/day)

2.168
n/a
n/a

0.372
0.363

24

O.S70
O.6IS

62

0.469
n/a
n/a

TKN
1'. vg.concentration (mg/I)

Flow-weighted average (mg/l)
It:;stimated load (kg/day)

689
n/a
n/a

734

n/a

n/a

327
322

21232

666
660

70978

, Chloride

,Avg.concentration (mg/i)
IFlow-weighted average (mg/i) I

IEstimated load (kg/day) I

Fecal Colifonn
Avg.concentration (cells/I 00 ml)
Flow-weighted average (cells/l 00 ml)
Est~ed load (101\10 cells/dav)

77275

27077

2404

76825
n/a
n/a

961

n/a

n/a

320
148
9

11977
n/a
n/a

95

107

6

12815
17876
ISIS

E.CoU

Avg.concentration (cells/lOO mI)
Flow-weighted average (cells/I 00 mI)
Esti~ed I~ -( I 0"1 0 cells/day)

740

n/a

n/a

3562
n/a
n/a

370

n/a

n/a

70
85
5

4464
6315
532

i Enterococci
A vg.concentration (cellsll 00 ml)

Flow-weighted average (cells/IOO ml)
Estimated load (IQAIO cells/day)
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TABLE 5-2, CONTINUED
Summary of 1999 Stonn Event Data, Onondaga Creek

Onondaga Lake 1999 Annual Report
Onondaga County, New York

STORM 3: OCTOBER 10-13, 1999
Spencer St Inner HarborRt20 Dorwin Ave

0.077
0.028
5.1

0.128
0.109
62.7

0.099

n/a

n/a

0.065
n/a
n/a

Total Phosphorus

Avg.concentration (mg/l) i

Flow-weighted average (mg/l) j
Estimated load (kg/day).i

52.1

10.4

1811

88.2

68.3

45293

6.7

n/a

n/a

7.8
nla
nJa

: Total Suspended Solids

Avg.concentration (mg/l)
Flow-weighted average (mg/l)
Estimated load (k day)

0.517
0.288

24

0.732
0.660

62

0.754
n/a
n/a

0.499
n/a
n/a

TKN

Avg.concenb"ation (mg/l)
Flow-weighted average (mg/l)
Estimated load da

150

107

20697

227
217

110344

597

n/a

n/a

249
n/a
n/a

Chloride

Avg.concentration (mg/l)
Flow-weighted average (mg/l)
IEstimated load (kg/day)

14840
11027
8.E-04

51025
n/a
n/a

6529
n/a
n/a

2092

876

1.E-O5

Fecal Coliform

Avg.concentration (cells/I 00 ml)

Flow-weighted average (cells/l 00 ml)

Estimated load (lOA I 0 cells/day)

8180

6281

3 . E-O4

17410
n/a
n/a

5095
n/a
n/a

1572
592

9.E-06

E.Cofi

Avg.concentration (cells/IOO mI)
Flow-weighted average (cells/IOO mI)
!Estimated load (10"10 cells/day)

4934
1112

2,E-OS

10058
9415

5.E-04

10736

nla

nla

11017
n/a
n/a

Enterocoecl
Avg.concen~on (cells/l 00 ml)

Flow-weighted average (cells/lOO ml)
Estimated load (10" I 0 cells/day)
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TABLE 5-4
Surrunary of 1999 Stonn Event Data, Harbor Brook

Onondaga Lake 1999 Annual Report
Onondaga County, New York

STORM 1 STORM 1 STORM 3
April I J - J 4 June 19 - July 1 October J 0 - J 3

Velasko Rd Hiawatha Blvd. Velasko Rd. Hiawatha Blvd. Velasko Rd. Hiawatha Blvd

0.109
0.167
2.8

0.089
0.117

1.9

0.033
N/A
N/A

0.035
0.045

1.2

0.033
N/A
N/A

0.016
N/A
N/A

Total Phosphorus

Avg.concentration (mg/l)
Flow-weighted average (mgil)
Estimated load day)

29.3
51.1
651

6.2

N/A

N/A

10.4-

14-

259

10.9
13.9
368

1.4

N/A
N/A

3.6

N/A

N/A

Total Suspended Solids

A vg.concenttation (mg/I)

Flow-weighted average (mgil)
Estimated load (kg/day)

0.674
0.746
10.7

0.323
N/A
N/A

0.483
0.669
11.4

0.265
0.318

9

0.287
N/A
N/A

0.194
N/A
N/A

I TKN
Avg.concentration (mg/i)
Flow-weighted average (mg/l)
Estimated load da )

181

163

2931

242
232
2770

235

N/A

N/A

202

N/A

N/A

221

222
6334

280
N/A
N/A

Chloride

Avg.concentration (mg/l)
Flow-weighted average (mg/l)
Estimated load (kg/day)

14791
36103

5.27E-O5

2750
N/A
N/A

11206
11954
213

979
N/A
N/A

Fecal Coliform

Avg.concentration (cells/IOO mI)

Flow-weighted average (cells/IOO ml)
Estimated load (10"10 cells/day)

35
N/A
N/A

2991
7516

1.68E..o5

705
N/A
N/A

5445
14529

2.00E-O5

3036
7476

.70E-OS

1194

N/A

N/A

6826
6580
117

E. Coli
Avg.concentration (cells/tOO ml)
Flow-weighted average (cells/ I 00 ml)
Estimated load (10"10 cellsjday)

6S
N/A
N/A

3850
N/A
N/A

~2
13810
92E-OS

1164
2358

5.58E-06

2816
N/A
N/A

4125
3537
64

322
N/A
N/A

Enterococci

Avg.concentration (cells/IOO ml)
Flow-weighted average (cells/IOO ml)
Estimated load (10"10 cells/day)

},t' .~
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CHAPTER 6

LAKE RESULTS

INTRODUCTION6.1

Onondaga Lake was monitored biweekly between April and December 1999 for a comprehensive suite of water quality
parameters. No winter sampling event was conducted. due to the warm winter and unreliable ice cover. Physical attributes
of the lake, such as temperature and Secchi disk transparency, were monitored to document development of thermal
stratification and changes in water clarity. Chemical parameters indicating the lake's trophic status, compliance with
ambient water quality standards, ionic balance, nitrogen cycling, forms of organic and inorganic carbon, and content of
heavy ~tals were ~asured and assessed. Biological p~ters, including bacteria, phytoplankton, dreissenid veligers,
and zooplankton were monitored. Samples were collected at various depths and locations in the lake depending on

specific objectives.

The 1999 lake water quality results are sunnnarized in Tables 6-1 and 6-2. Volume-weighted means and medians are
presented for both the entire sampling period (early April through December, designated as die ice-free period) and die
summer recreational season (mid-May through mid-September, designated as the growing season). Epilimnetic and
hypolimnetic results are tabulated separately. In Tables 6-3 and 6-4, 1999 results are compared to annual results over
the past decade. Table 6-5 summarizes die number of measurements below the analytical limit of detection for selected
parameters. Results of the 1999 monitoring program are discussed in the following sections.

THERMAL CHARACTERISTICS AND MIXING6.2

Onondaga Lake waters were completely mixed in the spring of 1999, as evident in the isothermal conditions ~ured
through the end of April (Figure 6-1, top, and Figure 6-2). The upper waters began to wam1 rapidly in 1999, and by mid-
May the lake had stratified into its characteristic layers (epilinmion, rnetalimnion, and hypolimnion). The upper mixed
layer of Onondaga Lake reached its maximum temperature in late July. By early September the lake began to lose heat;
and the epilimnion began to deepen. Isothennal conditions were evident by late October. The temperature of the entire
water column continued to decrease through the end of the monitoring period in mid-December.

6.3 DISSOLVED OXYGEN

The concentration of dissolved oxygen (DO) measured at South Deep Station over the 1999 field sampling period is
plotted in Figure 6-1 (bottom). Note that the DO concentration throughout the water column was high (100 percent of
air saturation) when measured during the first sampling event of the spring. As the lake began to warm and thermally
stratify, DO in the lower waters decreased. Decomposition of organic material in the sediments depleted the DO
resources of the lower waters.

The slope of the decline in DO content of the lower waters was comparable to that of recent years (Figure 6-3).
Onondaga Lake did not completely mix in the spring of 1993 and 1994 and dissolved oxygen concentrations in the
hypolimnion were not replenished by exchange widt the atDX>sphere. With the failme of spring mixing it was not possible
to estin1ate the DO depletion rate for those years.

A quantitative ~e of the rate of decline in hypolimnetic DO is the areal hypolimnetic oxygen deficit (AHOD). This
metric is calculated as the product of the slope of the DO depletion plot (in units of g . mo3 0 dO') and the mean depth of

the hypolinmion during the calculation period (Wetzel and Likens 1991). This calculation is made using biweekly DO
profile data collected at 0.5 meter intervals at fue South Deep station. The depletion rate is calculated from profiles
collected when die lake is stratified but average DO in the lower waters remains above 2 mg/l. In recent years, data from
late May into June or early July ~t these criteria. V o~-averaged DO is calculated using measured DO concentrations
at depths of 9 m and below, multiplying the concentration at each depth stratum by its proportional contribution to lake
volume, and dividing the sum by the lake volume at 9 m and below.
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Effler calculated AHOD in Onondaga Lake betWeen 1989 - 1991 and reported a range of 1.1 - 1.87 g' m-2 .d-', mean
value 1.47 g. m-2 'd-1 (Effler 1994, pg. 352). The result for 1999 (1.249 g' m-2 'd-1 is within this historical range. Much
of the interannual variability in this parameter is due to meteorological conditions, which greatly affect the magnitude
of vertical mixing.

The depth of the upper mixed layer fluctuates in response to wind-driven seiches, as evident from comparing profiles
collected on June 29, July 13 and July 27. Low dissolved oxygen conditions extended from the lake sed~nts to a water
depdi approaching 5 or 6 meters from die surface during d1is period. This low oxygen zone is also associated widi warm
water and restricts die habitat available for fISh species. Because only the shallow water depths retain sufficient dissolved
oxygen throughout the summer to support aquatic life, the fish community is restricted to wanD water species.

A quantitative estimate of the annual time duration and volume of anoxia in Onondaga Lake can be used as a basis of
comparison of yearly oxygen resources. The volume of Onondaga Lake water and the time duration of DO at two
concentrations (0 mg/l and 2 mg/l) are plotted in Figure 6-4, which includes data from 1992 - i998 for coD1>arison. This

analysis suggests improving conditions in 1999. The number of days of anoxia (0 mg/l DO) and low DO (2 mg/l) are
approximate, since the time interval between the dissolved oxygen profiles on which the calculations can be as long as

14 days.

In Onondaga Lake, the DO status of the upper waters during fall mixing is another important indicator of overall water
quality. In 1999, the characteristic DO sag in the upper waters was evident as lake waters cooled and the upper mixed
layer deepened. Anoxic lower waters were entrained higher in the water column and DO content of the water column
was depleted to meet the chemical oxygen demand of the reduced species (such as hydrogen sulfide) that had
accumulated in the lower waters during stratification. However, the average DO concentration in the upper waters
remained above the state ambient water quality standard for Class Band C waters (5 mg/1 daily average, 4 mg/1
instantaneous concentration) based on the County's focused sampling program (Figure 6--5). The County obtained DO
profiles on 16 sampling days between October 5 and November 3, 1999 during this critical fall mixing period. The 1999
fall miXing DO conditions were improved in 1999 as compared with recent years (Figure 6-6). As in the AHOD
estimates, a great deal of interannual variability in fall DO is associated with meteorological conditions such as wind

speed and air temperature.

The DO concentration in Onondaga Lake water was measured eight times over a 24-hour cycle on two occasions in
SUnmler 1999, June 141h and August 41h. Phytoplankton abundance had reached bloom levels on both days; chlorophyll
a concentrations were 32 and 38 ~g/1. Fluctuations in DO and pH at depths of I and 3 meters in the upper mixed layer
are plotted in Figure 6-7. The magnitude of DO fluctuation ranged up to approximately 2 mg/l with highest
concentrations late in the afternoon and minimum levels at dawn. This fluctuation reflects addition of DO through
photosynthesis during daylight hours. Dissolved oxygen remained supersaturated throughout the 24-hour cycle during
both days of monitoring. The diurnal pH fluctuation in the upper waters of approximately 0.3 standard units reflects the
uptake of carbon dioxide during photosynthesis during daylight hours and the consequent shift in the calcium carbonate

equilibrium in the lake waters.

In April 2000, Onondaga County installed a buoy at the Soudi Deep station widi the capability of continually monitoring
water quality parameters at short (15 minute) intervals and relaying the data to a computer on shore through telemetry.
Upstate Freshwater Institute and a number of cooperating research and educational organizations have also deployed
equipment to monitor and report water quality conditions in the lake and river. These data will greatly enhance our
understanding of the magnitude and significance of short-term fluctuations in dissolved oxygen, temperature, pH and

other water quality p~ters.

6.4 MAJOR IONS

Concentrations of sodium, chloride, and calcium decreased in Onondaga Lake in response to the April 1986 closure of
the AlliedSignal chlor-alkali facility (Figure 6-8). The short hydraulic retention time (fast flushing rate) of Onondaga
Lake led to this rapid decline in ambient concentration in response to the sudden change in external loading. Variability
in concentrations in recent years reflects annual precipitation; concentrations tend to be higher during dry years such as
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1995, 1997, 1998 and 1999. An additional complication is introduced by ilie installation ofilie aquifer depressurizing
wells in ilie Tully Valley which discharge to Onondaga Creek. The depressurizing wells discharge an average total of
350 gallons per minute of brackish to salty water. While ilie flow from ilie depressurizing wells is low compared with
ilie natural tributaries and METRO (350 gpm is equivalent to 0.5 rngd or 0.74 cfs), the cWoride load to ilie lake from
this source may be detectable. There is some evidence that cWoride concentrations in the regional aquifer are increasing
due to mixing between groundwater strata induced by solution mining in the Tully Valley (W. Kappel, USGS personal
conununication January 2000). Groundwater discharge zones exist along ilie lower reaches of Onondaga Creek, and this
increased salt load will eventually make its way to the lake waters.

Prior to the closure of AlliedSignal, differences in ionic composition of the hypolinmion and epi1inmion were more
evident. Note that the concentrations of sodium and chloride and the specific conductance of the hypolinmion were
slightly higher than concentrations in the epilimnion during 1993 and 1994, two years when the lake did not completely
mix in the spring. The ionic balance of the lake waters has changed significantly since the closure of the AlliedSignal
facility (Figure 6-9). Both the total amount of dissolved salts and the percentage contribution of calcium to the cations
has decreased. The composition of Onondaga Lake water has become more comparable to other regional lakes with the

elimination of point source loading from the chlor-alkali facility (Table 6-6).

6.5 NITROGEN SPECIES

The 1999 volW1¥:-weighted concentrations of total Kjeldahl nitrogen (TKN) and ammonia-nitrogen (NH3-N) were below
the ten-year average, as shown in Tables 6-1 and 6-2. This decrease in annual average concentration largely reflects
lower concentrations during the sununer months, now that operations and equipment at the METRO facility have been
modified to support conversion of aIlUnonia into nitrate (in the biological process of nitrification) prior to discharging
wastewater to the lake. As discussed in Chapter 5, the annual period of nitrification of METRO effiuent continues to
expand and wastewater anunonia levels were low from early June through late November.

The existing New York State ambient water quality standard for Class B and C waters was exceeded from the beginning
of the monitoring period in late March through July (Figure 6-10). This standard is designed to protect the aquatic
community from chronic toxicity conditions. Ammonia concentrations in the upper waters have continued to decline
in response to the reduction in ammonia loading from METRO. The concentration in the lower waters is plotted as

Figure 6-11.

Histograms of the frequency and magnitude of exceedances of die state Class Band C standard in die lake's upper waters
from 1995 - 1999 are displayed in Figure 6-12. The histogram plots delta aIIlII1Onia N, defmed as die difference between
treasured ammonia concentrations and die ambient water quality standard applicable to treasured pH and temperature
conditions. Observations of zero or less indicate compliance, observations greater than zero indicate exceedances. A
shift towards compliance is evident in die data series.

In December 1999, EPA issued revised ambient water quality criteria for ammonia in fresh water. Criteria are defined
as die maxiImJm concentration of substances that will do no harm to die aquatic ecosystem (i.e. water quality conditions
will support die resource's designated best use). States may adopt criteria as standards or may adopt more stringent
standards. New York is currently examining die new federal criteria and evaluating die need to revise dieir standards.
The federal criteria are plotted in Figure 6-13 along with die current NYS standards and ~asured concentrations. The
federal criteria are consistently higher (less sb"ingent) than the state standard This revision is based on die latest research
quantifying die effect of ammonia on sensitive life stages of aquatic organistns. When die 1999 data are compared widi
die federal criteria. die compliance picture is very different. Widi die exception of early spring conditions at die lake
surface (O-meter sample), almnonia concentrations in 1999 met die federal criteria for protection of aquatic life.

6

Nitrite-nitrogen (NO2-N) concentrations in the upper waters were lower in 1999 than measured in any previous year,
continuing the trend reported in the 1998 annual report. This is a direct reflection of more complete nitrification of the
treated wastewater prior to discharge. Concentrations of exceeded dIe ambient water quality standard (0.1 mg/l),
promulgated to protect a warm water fISh comnulnity in dIe lake's upper waters (Figure 6-14) and lower waters (Figure
6-15). Consistent widt the concentration data, dIe margin and duration of the standard violation were less in 1999.
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Concentrations of nitrite in the upper and lower waters increased dramatically in the late fall, after stratification had
broken down. Cooler wastewater temperattn"es decreased the efficiency of nitrification at METRO by the end of the year.

As discussed in Chapter 3, METRO effluent is the major external source of the nitrogen species TKN, NH3-N, and
NO2-N. Effluent nitrification began in June 1999, once wastewater temperatures were high, and persisted through the
end of the year. The pattern of nitrogen species measured in Onondaga Lake reflects the effectiveness of ammonia
conversion at METRO (Figure 6-16).

PHOSPHORUS AND PRODUCTIVITY6.6

Phosphorus (P) is the limiting nutrient for phytoplankton in Onondaga Lake. However, ambient concentrations are
cunently elevated; temperature and light limit phytoplankton growth (COIUlOrs, Auer, and Effler 1996). The
concentrations of P measured in the upper and lower waters of this eutrophic, dirnictic lake during the 1999 monitoring
program are graphed in Figure 6-17. Note the decrease in concentrations in the upper waters after thermal stratification
developed, indicating that the rate of P uptake and subsequent .loss to the lower waters exceeded the rate at which P is
supplied from METRO and the tributaries. The P concentration in the lower waters increased rapidly once them1al
stratification developed; there is not sink of phosphorus from algal uptake below the photic zone. The increase in TP
concentration over time in the lower waters results from algal decomposition and release from the lake sediments.

Total P (TP) in the lake's upper waters (volwne average calculation. May 15 - Sept 15) averaged 61 JJ.g/l during 1999.
To assess compliance with the NYSDEC guidance value for TP in lakes, samples were collected at a depth of one meter
at biweekly intervals, June through September. The average TP concentration in tl1is data set was 55 JJ.g/l, which exceeds
the New York State guidance value for phosphorus in water of 20 JJ.g/l. This statewide guidance value is based on
perceived suitability of water for recreational use.

Chlorophyll a concentration in the upper waters averaged 23.5 flg/l between mid-May and mid-September, 1999. There
is a tremendous amount of seasonal variability in dris parameter. Weekly measurements were obtained in 1999 to better
capture the short-tenD variability. The summer of 1999 was characterized by high algal abundance late June through
August The 1999 chlorophyll data were within the range of historical data, particularly given the high standard error

of the mean (Figure 6-18).

The pattern of chlorophyll a concentration measured in recent years over the ice-free monitoring season is plotted in
Figure 6-19. Note the variability from year to year in the magnitude of spring phytoplankton blooms, the timing of
clearing events, and the timing and magnitude of summer phytoplankton blooms.

Secchi disk transparency measured during d1e sunmer 1999 is plotted in Figure 6-21. After mid-July, water transparency
was reduced as algal abundance increased. Compliance with the swinm1ing safety guidance value of 1.2 m (4 feet) was
achieved on only seven of 13 weekly sampling events at South Deep during the recreational season (June, July, and
August). Secchi disk transparency was also monitored at a network of nearshore stations in order to evaluate the lake's
suitability for water contact recreation in shoreline park areas. Data from Maple Bay, Onondaga Lake Park, and Willow
Bay are plotted in Figure 6-21. These results dem>nstrate more consistent co~1iance with dJe swimming safety guidance
at d1e nearshore stations. An interesting feature of the nearshore data set is the differences in transparency measured on
the same date. Particularly in July and August, this reflects the impact of the prevailing winds in concentrating algal
blooms along the eastern and more southern shorelines.

Phosphorus, chlorophyll a, and Secchi disk transparency are three common indicators of lake trophic status. Values of
the dJree ~ters ~asured over the previous twelve (12) years are plotted in Figme 6--22. Note the inverse scale for
Secchi disk transparency (higher ~urernents are associated widl clearer water and a lower abundance of algae). This
graph illustrates the high year-to-year variability in trophic status indicators in Onondaga Lake, as well as the lack of
strong correlation between the three parameters.
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INDICATOR BACTERIA6.7

NYSDEC has ambient water quality standards for rnaxinuun density of indicator bacteria in surface waters. For Class
B waters the standards are developed to protect contact recreational uses including swinuning. There are a wide variety
of disease-causing bacteria, viruses, parasites, and other microorganisms that can enter the water and be transmitted to
humans. So~ are indigenous to natural waters. Others are carried from wastewater sources including treated
wastewater, septic systems and runoff from animal and wildfowl areas. Infected swimmers themselves are also a source
of pathogens.

The ideal way to detemliDe potential health hazards is to test directly for disease-causing org~. Unfortunately,
detection of these organisw requires very complex procedures and equipment. In addition, there are hundreds of
different kinds of pathogens; to test for each one would be impractical. Most public health officials, therefore, simply
test for the presence of an indicator organism. The relative abundance of the indicator organism in a sample can serve
as a warning of the likely presence of other, more dangerous pathogens in the water. Public health officials usually
D¥>nitor for the presence of one or D¥>re indicator organisms as part of a regular sampling program

EPA is actively investigating the relationship between indicator organi~ and the potential for water-bo~ disease. The
EP A mission includes developing guidance on the maximum level of pollution acceptable for various uses of water. In
1986, EPA issued criteria for max.inwm levels of indicator organis~ present in waters used for full-body contact
recreation. Criteria reflect the best professional judgment of the scientific connnunity.

States have the option of adopting the federal criteria for sanitary quality ofbatbing beaches or Ilrili7cin~ other iOOicators.
The indicator organisms DX>st often used to indicate sanitary conditions at bathing beaches are fecal colifonn bacteria
and enterococcus bacteria. New York uses die concentration of fecal colifonn bacteria to indicate suitability for water
contact recreation. NYCRR Parts 701.19 and 701.20 stipulate as follows for fresh surface waters:

"The DK>nthly median coliform value for 100 ml of ~Ie shall not exceed 2400 from a minimuJ11 of five
examinations, and provided that not more than 20 percent of the samples shall exceed a coliform value of 5000
for 100 ml of sample aOO the ~nthly geo~tric ~ fecal coliform value for 100 ml of sample shall not exceed
200 from a mini~m of five examinations. The standard shall be ~t during all periods when disinfection is
practiced"

Colifonm belong to the enteric bacteria group, Enterobacteriaceae, which is comprised of various species found in the
enviro~nt and in the intesrinal tract ofwaml-blooded a.nimal~. Fecal colifomlS are the part of the coliform group dlat
is derived from the feces ofwann-blooded a.nima.l~. The fecal test differentiates between colifo~ of fecal origin and
d1ose from other sources. Enterococci are a subset of the fecal colifonn group. Like fecal colifo~, they iOOicate fecal
contamination by warm-blooded animals. They are useful because they are found only in certain animals. Examination
of the ratio of fecal coliform to enterococcus can, therefore, iOOicate whether die bacterial pollution is from hlJmans or
animals .

The concentration offecal colifonn bacteria ~ at Soudt Deep is plotted in Figure 6-25. Concentrations in the
upper waters were low during die period that the SPDES pennit for METRO requires chlorination of the facility's
effiuent (April I to October 15). Bacteriological quality at the South Deep station ~t the state's anmient water quality
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standards for water contact recreation (Class B waters). Concentrations of fecal colifonm were low throughout d1e
period of disinfection when the standard must be met.

The 1999 Clean Water Action Plan addressed the issue of water quality for primary contact recreation and strongly
encouraged the states and tribes to adopt the federal criteria for bacteria levels as ambient water quality standards.
Because of the iJx:reasing emphasis placed on alternative indicators of sanitary quality of waters used for swimming, the
County began in 1999 to ~asure three classes of bacteria in the nearshore waters of Onondaga Lake: fecal colifomlS,
E. coli and Enterococci. Sampling was conducted in conjunction with the three storm events (April, June-July, and
October). Additional samples were collected at an approximately weekly frequency at three potential bathing beach sites
(Maple Bay, Willow Bay, and Onondaga Lake Park). These data are plotted in Figure 6-24. Following sto~ ambient
criteria and standards were exceeded at stations near the mouths of tributaries with CSO discharges. It is interesting to
co~ the spatial differences in bacteria concentrations in the lake. The frequency of violations decreased widt distance
from the sources on the southern end. The highest compliance frequency with Class B Standards was calculated using
fecal COIifOlDl bacteria (Table 6-7). That is E. Coli and Enterococci data indicate the potential presence of pathogens
at concentrations adversely affecting hwnan health in samples where the F. Coli indicator would not.

COMPLIANCE WITH NEW YORK ST ATE AMBIENT WATER QUALITY STANDARDS AND
GUIDANCE VALUES

Co~liance of Onondaga Lake's upper and lower waters wid! applicable ambient water quality standards is summarized
in Table 6-8. The lake is Class B in die northern basin and Class C in d1e southern basin. Water quality in both classes
must be suitable for fish survival and propagation. Class B waters are be suitable for primary water contact recreation
(such as swimming). Class C waters are to be suitable for secondary water contact recreation (such as boating).

Similar to previous years, Onondaga Lake waters were not in compliance widt ambient water quality standards for
ammonia N, DO, dIe TP guidance value, nitrite N, and total dissolved solids. The findings of IIK>nitoring for indicator
bacteria are discussed above.

The annual lake IOOnitoring program bas consistently collected data at d1e deepest point of Onondaga Lake, located in
the southern lake basin. This single station is considered to be representative of conditions lakewide. In order to
evaluate the extent to which spatial heterogeneity might have developed, a second station is ~led four ~ each year
in conjunction with Soudi Deep Station to provide a basis for comparison. The second station, North Deep, is die
deepest point in the northern lake basin. The results of the 1999 paired ~1ing events are presented in Appendix A.
As in previous years, the differences between the stations is insignificant, and therefore, the South Deep Station is
considered to be representative of lake wide conditions.

CONCENTRATIONS OF MERCURY AND METHYLMERCURY

As part of the Ambient Monitoring program, the County DX>nitors concentrations of total ~cury in die lake's upper
and lower waters several tinx:s each year using Method 1631, detection limit of approximately 0.1 ng/l. Prior to 1998,
routine D¥>Ditoring of~rcwy in lake waters used the cold vapor atomic absorption ~d1od 245.2, with a detection limit
of 200 ng/l (0.2 J1g1l). Sampling for ~rcury was conducted on three occasions in 1999: April 20, August 10, and
October 15. These dates were selected to bracket die annual cycle of stratification and mixing and ~ ~rcury
levels during anoxic conditions in the lower waters.

Results are s\mm1arized in Figure 6-25 and Table 6-9. April sampling was completed during dte period of lake mixing
and concentrations of total ~rcury were consistent from top to bottom, north to south. Medtyl ~rcury concentrations
were virtually nondetectable (in d1e range of 0.1 - 0.2 ng/l) during dris ~ling event. Dissolved oxygen colM:entl'ations
were close to saturation throughout the water column. The August ~ling event was characterized by greater spatial
variability in total ~ concentration between d1e north and south stations. Dissolved oxygen concentration was 0
mg/l at 18 m, and ~thyl mercury concentrations were consistent at 8 - 9 ng/l. By the October 15 sampling date, d1e
lake bad begun to mix and ~dtyl ~ was detectable in the upper waters of bodt the north and soudt basins.
Concentrations were higher in the anoxic lower waters.
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6.10 TREND ANALYSIS

The seasonal Kendall test (Hirsch and Slack 1984) fonm the technical basis of the ~end analysis software developed
by Dr. William W. Walker to analyz.e long-teml trends in water quality. Table 6-10 swmnarizes ilie trend analysis results
for d1e Onondaga Lake epilimnion and hypolinmion at the South and North Deep monitoring stations. Because the North
Deep is sampled only four times each year, the results of the South Deep ~end analysis are more robust indicators of
changes in lakewide water quality.

The trend analysis considers the number of samples over the time period, median concentration of each ~ter,
percent change in d1e ~ value per year, serial correlation coefficient (trend and seasonal variations removed), and
statistical significance of any change in value over time, Statistical evaluation calculates the probability that the trends
are due to chance. Generally, a five to ten percent probability that calculated trends are due to chance is considered
acceptable. Results of trend analysis over d1e 1990 to 1999 period reflect changes in the water quality characteristics
over this 100year "window,"

With implerrentation of the AMP, data analysis will increasingly focus on statistical testing for changes in water quality.
Dr. William Walker co~leted "A Statistical F~work. for the Onondaga Lake Adient Monitoring Program Phase
I and Phase II" to evaluate the sampling frequertcy and number of replicates. The AMP is designed to enable a
statistically valid evaluation of the effectiveness ofd1e inlprove~ to d1e CoWlty's wastewater treatn-=nt and collection

system.

As swnmarized in Table 6-10, epilimnetic concentrations of sodium and chloride are increasing at die South Deep
station. This finding, first noted in dle 1998 trend analysis, is a distinct change from previous years. Prior to 1998, the
closure of AlliedSignal in 1986 and die resulting precipitous decline in chloride loading dominated die trend analysis.
The pattern of wet years early in die 10-year record and dry years late in the record, discussed in Chapter 3, may be a
contributing factor to the observed trend. Fecal colifonn bacteria levels at Soudi Deep show a decreasing trend. The
concentration of sulfate is increasing in d1e upper waters. There is an increasing trend in d1e concentration of total solids,
which includes these dissolved salts. Finally, Secchi disk tramparency is increasing at Soudt Deep, indicating improved
water clarity.

In the hypolimnion at South Deep, dissolved oxygen concentrations continue to demonstrate a statistically significant
improve~. This 1Ieod is an indicator of improved water quality conditions. The increase in nitrite N may be an
indicator of an improved oxygen status in the lake's lower waters or may reflect inhibition of the nitrification process
that would fully oxidize aDDnonia to nitrate. In the lower waters, concentrations of calcium, total suspended solids,
filtered and unfiltered total organic carbon. and total Kjeldahl nitrogen are decreasing. Overall, the decrease in these
water quality parameters may reflect a decline in dle level of algal production in the lake.

Trends at the North Deep station are based on fewer samples and are therefore less representative of lakewide water
quality conditions. It is interesting that the Nol'th Deep results suggest a decrease in phosphorus concentrations of the
upper and lower waters and an increasing trend in pH.
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FIGURE 6-24 (cont): Results of monitoring at near-shore stations for indicator bacteria, 1999
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VOLUME-WEIGHTED MEANS OF THE UPPER (0-9 M) WATERS OF
ONONDAGA LAKE, 1999, DURING THE ICE-FREE AND GROWING SEASONS

Onondaga Lake 1999 Annual Report
Onondaga County, New York.
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0.002
5.42
4.4
10

11:9
0.7
0.6
0.4
5.0

0.085
24.1
0.010
5.42
4.4
10

8.9
0.9
0.6
0.4
4.5

0.087
23.9
0.020
5.37
8.7
11

8.3
1.3
0.6
0.4
4.8

0.064
24.2
0.012
5.45
5.2
10

~

I Zinc

Copper

Chromium
Cadmium
Lead
Iron
Magnesium
Manganese
Potassium
Nickel
Phenol

mg/m3 22.3 19.215.0Chlorophyll a 21.5

9 58 5:Fecal Colifonns cells/lOOml

Ice-free season calculations are based on measurements taken from March 29 to December 14. Growing
season calculations include data from May 18 to Sep~ember 15.
Calculations use the laboratory limit of detection when observations are below that limit (see Table 6-5).

6A VG-UML99.XLS
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TABLE 6-2

VOLUME-WEIGHTED MEANS OF THE LOWER (12-18 M)WATERS OF
ONONDAGA LAKE, 1999, DURING THE ICE-FREE AND GROWING SEASONS

Onondaga Lake 1999 Annual Report
Onondaga County, New York

2avg-lmlx1s
)j~.~.~ -:-
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TABLE 6-2 (continued)

VOLUME-WEIGHTED MEANS OF THE LOWER (12-18 M) WATERS OF
ONONDAGA LAKE, 1999, DURING THE ICE-FREE AND GROWING SEASONS

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Mean" ~e4ian:, 'Units Mean'..", - -- ,...,

$:Z~~:~~:t:-~~~ -
;Se.~son

_~~_diaD
ci';:--:,,".

fa_r~~et.~¥
6.4
0.5
0.5
0.4
4.1

0.103
23.1
0.272
4.69
3.8
10

7.4
0.4
0.5
0.4

~ 3..5

0.096
23.0
0.324
4.74
4.2
10

!ig71
J.1g/l
J.1g/l
~g/1
J.1g/l
mg/l
mg/l
mg/l
mg/l
J.1g/1
J.1g/1

6.7
1.0
0.7
0.4
4.1

0.096
23.3
0.220
4.91
7.S
10

7.4
0.7
0.5
0.4
3.5

0.099
23.1
0.156
4.78
4.2
10

Zinc
Copper
Chromium
Cadmium
!Lead
!Iron
Magnesium
Manganese
Potassium
Nickel
Phenol

Ice-free season calculations are based on measurements taken from March 29 to December 14. Growing
season calculations include data from May 18 to September 15.
Calculations use the laboratory limit of detection when observations are below that limit (see Table 6-5).

2avg-lml.x.1s
, ,":'. ...: .
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TABLE 6-3

VOLUME-WEIGHTED ANNUAL MEANS OF CONSnTUENTS IN
THE UPPER (0-9 M) WATERS OF ONONDAGA LAKE, 1988-1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

1988 1989Parameter

Sccchi disk depth
"'..

Temperature
~-Specific Conductance" Dissolved Oxygen

"' 5-day BOD

Total Alkalinity

Total Organic Carbon
~':TOC-filtered
",Total Inorganic Carbon

. Total Kjeldahl N
t:'Organic N

Ammonia-N
c: Nitrate-N
, cNitrite-N

Arsenic, Total Cyanide

c Total Phosphorus

Total Inorganic P
Soluble Reactive P

, Silica

Calcium
Sodium

..~Sulfate

':hloride

Total Suspended Solids

Zinc
pe~;,_op r

:: .Chromium

~admium
: Lead"

[con
.' ." Magnesium

Mangan"ese. Nickel

Vhenol

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999Units

m
°c

J1mbos/cm

mg/1

mg/1

mg/i

mg/1

mg/l

mg/l

mg/l

mg/i

mg/i

mg/l

mg/1
J.l.g/1

J.l.g/I

J.I.g/1

~

~

5.2
4.8
39.9

2.9
1.2
1.9
1.5

0.18
*
*

6.0
5.2

42.3

3.1
0.81
2.3

0.89
0.11
2.0
2.3

128
91.9
73.0

2.6
146
227
152-
453

6.5

37.5
7.2
2.6
1.0
2.4

0.14
23.4
0.042
0.022
0.006

4.3

3.9

43.7

3.4

0.82

2..6

1.3

0.24

2.0

2.3

141

98.3

8S.7

2.4

164

280

166

508

2.9

16.6

8..0

0.93

0.63

1.4

0.084

24.3

0.042

0.024

0.011

3.4

1.3

2.1

0.95

0.10

2.0

3.0

100

60.0

40.0

1.8

144

198

168

437

NA
152
82.0

NA
104
74.0

1.5
159
200
152
458

6.8

24.0
20.0
3.0
3.0
7.0
.
.
.
.
.

110
74.0
41.0

1.9
155
180
156
432

5.9

11.7
10.1
2.0
1.3
1.8
.
.
.
.
.

99.0
44.0
30.0

1.4
154
204
166
460

6.0

9.5
8.0
1.3

0.50
0.80

.

.

.

.

.

112
ND
63.0

1.7
139
221
176
462

95
ND
49.0

1.7
143
2SS
189
488

4.0

mg/I
mg/I
mg/I
mg/l
mg/I

mg/1

J1g/l
~g/I
~g/I
~g/I
~g/I
mg/I
mg/1
mg/1
mg/l
mg/l

1.4
189
265
111
590

7.7 4.2

9.0
6.8
1.7

0.60
0.90
0.087
23.0

0.035
0.031
0.006

4.0

7.0
6.0

2.00
0.70
0.60
0.087
24.5
0.031
0.026
0.020

3.0
9.0
11.0
7.0
3.0
21.0

.

.

.

.

.

11.2
If.7
1.58
2.15
2.75
0.093
22.6
0.033
0.032
0.010

8.9
0.9
0.60
0.40
4.50
0.087
23.9
0.020
0.009
0.011

NA = not analyzed that year. * = data not available.

Means were calculated using data collected during the bi-weekly sampling program in the ice-free season.
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TABLE 6-4

VOLUME-WEIGHTED ANNUAL ~ANS OF CONSnTUENTS IN
THE LOWER (12-18 M) WATERS OF ONONDAGA LAKE, 1988-1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

1997 1998 19991993 1994 19951991 1992Unit 1988 1989Parameter
1906

9.3
4.2
3.4
191

4.6
4.3
SO.8

3.:7
0.72
3.0

0.66
0.07
2.0
2.0

351
310
290

2.6
140
214
146
418

4.1

16.4
6.9

0.88
0.90
0.7
0.14
22.S
0.22
0.02
0.01

NA

240

1927
10.7
4.3
4.5
206

5.8
~.3
52.9

2.9
0.6
2.2
0.82
0.07

*
*

251
301
199

NA
158
200
145
450

3.5

15.6

7.8

1.3

O.SO

0.70
.
.
.
.
.

NA
459
363

2.1
204
214
161
616

6.0

55.0
12.0
5.0
3.0

24.0
.
.
.
.
.

NA
339
296

1.5
172
218
IS2
~
S.l

33.0
2S.0
3.0
3.0
7.0
.
.
.
.
.

319
281
243

2.5
155
172
144
414

4.8

8.9
10.4
1.9
1.4
1.5
.
.
.
.
.

12.0

32

14.0

3S

10.0

99

14.0

S6

NA = not analyzed that year or data not available.
Means were calculated using data collected during the bi-weekly sampling program in the ice-free season.
Calculations use the laboratory limit of detection when observations are below that limit (see Table 6-5).
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Table 6-5

FREQUENCY OF LAKE OBSERVATIONS (SO~ DEEP STATION)
BELOW THE LABORATORY LllvfiT OF DETECnON, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Nitrite-N
Nitrate-N

0.01
0.01.

0:21
0:21

1:20
2:20

Arsenic
Cyanide

0.002
0.002

5:5
5: 5

5: 5
5: 5

Soluble Reactive P 0.001 2: 22 0:22

To~ Suspended Solids
Volatile Suspended Solids

1.0
t.O

0:20
2:20

0:20
2:20

Chromium
Cadmium
Sulfides
Lead

0.0005
0.0004

0.2
0.0005

1:5
5:5
NA
0:5

3:5

4:5

0:26
0:4

Chlorophyll a (1)
Phaeophytin (1)

0:64
10:64

0.2
0.2

NA
NA

Phenol
Fecal Coliform

4:5
18:32

5 :5
.0: 7

0.01
2.0/100m!

Notes:
(1) Units for Chlorophyll a and Phaeophytin are mgim3,
NA: not analyzed or monitored in 1999.

LOD_99.doc
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TABLE 6-6

CONCENTRAnONS OF MAJOR IONS IN EPillMNEnC WATERS OF
ONONDAGA LAKE - 1981 AND 1999

COMPARED TO CONCENfRAnONS IN onsco LAKE

1Ca2+
Na2+

Mg2+ .4 2 9.9% 0.9 26.1

~ ~~~~~~' ~~
IHCO3-Cl-
S042- 4.1 7.5 3.9 18.g% 0.35 10.3-- o-~~~~~~:~~ .:~i~~~ ~~~~~

6ioDS99.x1s
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TABLE 6-8
REGULATORY COMPLIANCE IN ONONDAGA LAKE WATERS, 1999

Onondaga Lake 1999 Annual Report. .
Onondaga County, New York

~';ci:'
~~~

'f~;~*"", {~;;~~,

UW:
LW:

7.9
7.6

1000/0

100%

Shall not be less than 6.5
nor more than 8.5

'pH
I (standard units)

1Dissolved Oxygen
I (mg;l)

9.3
5.2

MinimlUIl daily average
5.0 mg/!, at no time shall DO
be < 4.0 mg/1

uw
LW

100% >4.0; 1000/0 >5.C
52% >4.0; 42% >5.0

IDissolved Solids

(mg/l)

uw
LW

1333
1336

00/0

00/0

Shall be kept as low as practicable
to maintain the best usage of waters
but in no case shall it exceed
500 mg/!.

IFecal Colifonn(3)
i ( cells/ 1 00 ml)

8 900/0Percent individual observations> 200 cells
See footnote

uw

!Ammonia-N

ICmg/l)
Om
3m
6m
9m
12m
15m
18m

1.08
1.01
1.10
1.44
1.98
2.23
2.76

62%
52%
48%

52%
33%

33%
24%

Varies with pH and temperature

I AneniC * (1)

~g/l)

190 J1g/l UW:
LW:

2.0
2.0

1000/0

100%

ICyauide *

(J1g/1)

5.2 ~g/1 (Free ~ 100%
100%

uw
LW

2.0
2.0

II Nitrlte-N

(J.1g11)

100 Jigl1 (Waml water fishery) uw
LW

129
90

500/0

84%

5-COMPLY_99.xJsrrAB6-7
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T ABLS 6-8 (continued)

REGULATORY COMPLIANCE IN ONONDAGA LAKE WATERS, 1999
Onondaga ~e 1999 Annual Report

Onondaga County, New York

5-COMPLY_99.xlstrAB6-7
0:1
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TABLE 6-8 (continued)

REGULATORY COMPLIANCE IN ONONDAGA LAKE WATERS, 1999
Onondaga Lake 1999 Annual Report

Onondaga County, New York

;;,wt
~h¥!!

~ ,~i; ".,; ~

"Co."'" '0(;;',,7" "

Patameter:. ' ",'i"~' "
)\ lirtltS

;,~~~~'~:~:~
~ft!; .~ ;,~

Total Phosphorus
I
I (J.Lgll)

uw 66 00/0None in. amounts that will result in
growths of algae, weeds, .and slimes
that will impair the waters for their
best usages. Guidance value of 20 ~g/1,
upper waters summer average.

I Seccbi Disk
Transparency

(m)

uw 2.0 71%NYSDOH guidance for bathing
beaches: 1.2 m during recreational
season (Junet July, August)

- -uw - upper waters, L W = lower waters.
(I) : Standard value applies to dissolved fraction, though cunently only acid soluble, total recoverable fraction is measured within d1e

DX>nitoring program. Standard values for all other metals apply to acid soluble, total recoverable fraction.
(2) :Standard values are derived from NYSDEC Ambient Water Quality Standards and Guidance Values, 1993, and 6NYCRR Part 703,

with Jan. 1994 updates for bacteria and zinc; and 1998 updates for IMtals.
(3) :Bacteria co~liance reported by co~aring individual IMasur~ to the standard of 200 cel1sl 1 00mL. Sioce the standard is a

geometric mean of at least 5 samples, compliance Yfill always be equal or greater than the percent listed.

Co~liance calculations were made using a hardness value of350 ppm, which is the maximun value allowed by NYSDEC for these
calculations. Average hardness of Onondaga Lake waters ~ 488 ppm in 1999.

. Averages derived &om observations made during quarterly ~~. All other averages derived from observations made during the bi-

weekly sampling program from March 27 to December 15. Calculations use the laboratory liDJit of detection when observations are below
that limit (see Table 6-5).

S -CO MP L Y _99.x1srr AB6- 7
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TABLE 6-9

LOW -LEVEL MERCURY SAMPLING

Onondaga Lake 1999 Annual report
Onondaga County, New York

April 20, 1999 Sampling Event
DO at Saturation

October 15, 1999 Sampling Event
DO 0 mg/1 at 18 m

Ratio Total/MethylMethyl Hg (og/l)Location and Depth Total Hg (ng/l)

2.92
2.10
1.86
1.40

~
12

ill
14.1

I South Deep 3 m 7.37
25.2
6.19
19.8

I South Deep 18 m
I North Deco 3 m
I North Deep 18 m

TABLE 6-7 Hg results.doc
~; -',-'
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TABLE 6-10

SUMMARY OF TEN YEAR TRENDS rn CONCENTRATION. 1990 - 1999

ONONDAGA LAKE NORm AND SOUTH DEEP STATIONS

Onondaga Lake 1999 Annual Report
Onondaga County, New York

North Deep Sta~Q~South Deep StationParameter
Epilimnion
(0- 9 m)

Hypolimnion
(12 - 18 m)

Hypolimnion
(12 -18 m)

Epilimnion
(O-9m)

I].Dissolved Oxygen

T ~raturc

pH

Secchi DiSk

I I
=

I

DTotal S~ Solids

Total Solids I

DDTotal P

fj DSoluble Reactive P

OrganicN
!

~ i

Nitrite N.
Nitrate N !"

AmmoniaN

Total Kjcldabl N

Fecal COlifOrDl bacteria

Sodium
"" -"

Calcium

~II

D

D
T 1-I

5

Chloride

Sulfate

Total Al~Almity

BOD

Total organic C

I-I
b

fi
0-
DFiltered total organic C

Total inorganic C

Silicate

Chlorophyll a

D

1

Decreasing trend based on ten years of data. ProbabilityP2 that trend is due to chance is less than
0.10
Increasing trend based on ten years of data. Probability P2 that trend is due to chance is less than
0.10

Table6-10.doc
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CHAPTER 7

TROPHIC STATE

7.1 Objectives and Scope

Each year the Annual Report includes an expanded discussion of one issue related to the lake and its
watershed. The 1999 topic is trophic state. Trophic state is defined as the level of productivity of a
waterbody and is assessed by measuring various attributes of the system These attributes may be causal
factors (nutrients) that support primary production or response variables (e.g. algal abundance, water
clarity, fish production, dissolved oxygen depletion rate) that reflect the level of productivity. Limnologists
and lake managers classify lakes on a continuum of trophic state from oligotrophic (low level of nutrients
and productivity) to eutrophic (high levels of nutrients and productivity). Mesotrophic conditions are
intermediate. Wetzel (1966) added the term hypereutrophic to describe conditions of extreme eutrophy.

The Annual Reports summarize nutrient data, algal abundance, water clarity, and dissolved oxygen
concentrations measured in the lake each year, and compare recent data with historical trends. In this
chapter the approach is more integrative, with a focus on the structure and function of the lake as an
ecosystem Several trophic state indicators are presented to describe current conditions and changes in
Onondaga Lake over the past decade or so. Findings of a paleolimnological investigation are sununarized
to provide a historical perspective ofilie lake's trophic status over the past two centuries.

7.2 Historical Conditions: Paleolimnology

Paleolimnology is a field of investigation that infers past water quality and watershed conditions from the
historical record preserved in lake sediments. The silicon-rich frustules of diatoms are often well preserved
in sediment cores and limnologists have identified assemblages of diatoms associated with levels of
productivity and tolerance to other water quality conditions such as salinity.

Dr. H. Chandler Rowell obtained Onondaga Lake sediment cores and investigated paleolimnology of the
system as part of his doctoral dissertation work at State University of New York, College of Environmental
Sciences and Forestry (Rowell 1992). 'He concluded that prior to 1800 Onondaga Lake was a moderately
productive alkaline lake with sediment characteristics typical of a north temperate setting. The lake
became more productive following European settlement during the early to mid 1800s and was highly
polluted by the mid 1900s. The lake's salt content also increased following European settlement of the
watershed. A further increase occurred around 1900 in conjunction with increased industrial activity in the
watershed and an increase in calcium carbonate content of the sediment.

Pollution was most intense from the late 1940's to around 1970, as evident from a sediment interval with
high concentrations of total organic carbon (TOC), total phosphorus and trace metals. This sediment
interval extends to a depth of approximately 40 cm. A slight improvement in lake water quality is
suggested by the levels of these chemicals detected in the uppermost sediments that have been most
recently deposited.

A long-tern1 sediment accumulation rate in Onondaga Lake of 0.08 cm/yr. (determined from '4C dates) is
similar to rates reported from a number of nearby lakes. Sediment accumulation rates since 1964 are
estimated at 0.88 cm/yr. for the southern basin and 0.82 cm/yr. for the northern basin. According to Dr.
RowelL this rate of deposition is comparable to other productive lakes with very high sedimentation rates.

Abundance and species composition of diatoms preserved in the lake sediments were examined. A total of
216 taxa were identified. Of these, 140 have been reported as preferentially occurring under different
trophic and salinity regimes and are fuerefore useful in an assess~t of historical trophic state conditions
in fue lake. All diatoms found in the sediment cores are present in alkaline conditions.

., I



1.5 Dissolved Oxygen and the Fish Community

The rate of at which the concentration of dissolved oxygen in the hypolimnion declines once themJal
stratification develops is one measure of the level of a lake's productivity. This metric has been calculated
over the years of the monitoring program. Chapter 4 (Lake Results) and Chapter 12 (Mass Balance
Modeling) present additional discussion of the data sets and calculation procedures used for this metric.
Overall, the HOD rate in Onondaga Lake is high and characteristic of eutrophic lakes.

Ogelsby (1987) examined the relationships between trophic status and fish communities and indexed
hypolinmetic oxygen resources to the TSI scale. From this anaysis, he drew conclusions regarding the fish
communities associated with summer TP concentrations and the Carlson TSI scale. General categories
were defmed as outlined in Table 7-6. Using this integrated scale, Onondaga Lake is eutrophic based on TP
in the 50 - 60 JJ.gll range and TSI of 60 - 80.

The lake's fish conununity is dominated by centrarchids (bass and sunIlSh) with percids (yellow perch and
walleye) present as well. The AMP includes extensive monitoring of the fish conununity beginning in 2000
and continuing through 2012. Trends in conununity structure and reproductive success of individual
species will be tracked over time.

7.6 Conclusions and recommendations

Paleolimnological evidence suggests that Onondaga Lake was a moderately productive alkaline lake
with sediment characteristics typical of its north temperate setting. The lake became more productive
following European settlement during the early to mid 1800s and was highly polluted by the mid
1900s. Ecological associations found in the lake sediments suggested that mesotrophic to meso-
eutrophic lake conditions prevailed prior to the early 1800s. The most prevalent diatom taxa in
sediments below 80 cm (deposited prior to 1822) were classified as oligotrophic and mesotrophic.
However, eutrophic taxa were well represented.

Trophic state indices calculated using both causal factors and response variables are consistent with a
classification of Onondaga Lake as eutrophic (highly productive). Total phosphorus, chlorophyll a and
Secchi disk transparency remain in the eutrophic range. There is no trend in TSI from 1987 - 1999.
The lake's fish com_l!1unity is largely dominated by centrarchids (bass and sunfish); percids are well
represented.

Since 1970, the annual monitoring program has included collection, identification, and enumeration of
phytoplankton and zooplankton. Recent data (1996 and later) are reported in temJS of biomass and
abundance. These data can be used to calculate various biological criteria and provide important
insights into changes in CODmlunity structure over time.
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FIGURE 7 -lTSI for secchi disk, chlorophyll, and total phosphorus in Onondaga lake from
1987 to 1999.
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Seasonal Phytopl8nktGn !-_~ 1.158_I Phytoplankton S~sslon. 1978
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Seasonal Phytoplankton SuecessIon, 1114

.
FIGURE 7-3b.(cont) Seasonal phytoplankton succession, abundance, 1984 - 1991
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Figure 7-5. Average biomass (ug/l) of cladoceran and copepod
zooplankton during various time periods of 1997 - 1999. .
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TABLE 7-1
Trophic status classification based on water quality variables (after Vollenweider and Carekes, 1980)

Variable Oli2otroohic Mesotroohic EutroD~ic
Total Phosphorus

mean
ran e n)

Total nitrogen
mean

ranen
Chlorophyll a

mean
range (n)

8
3-18 (21)

27
1-96 (19)

84
16-390 (71)

660
310-1600 (11)

750
360-1400 (8)

1,900
390-6100 (37)

1.7
0.3-4.5 (22)

4.7
1-11 (16)

14
2.7-78 (70)

Peak chlorophyll a
mean

range (n)
4.2

)~Jl§)
16

5-50 (12)
43

l~~~)

4.2
1.5::8.1 (20)-

2.4
0.8-7.0 (70)

Secchi depth (m) ,

mean! 9.9
r';;;~e-(n) I 5.4-28 (13)

Note: units are ~g/L (or mg/m3), except Seccbi depd1: means are geometric means (log 10), except peak
chlorophyll Q. ---

Table 7-1 TSI.doc
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TABLE 7-2

Potential Phytoplankton Meb'ics
1999 Annual Report

Onondaga County D~t ofDraioage and Sanitation

Somce: USEP A. 1998. Lake and Reservoir Bioassessment and Biocriteria. Technical Guidance Doc~nt.
EPAf 841-B-98-OO7

; ,v'.~"r-
. Table 7-2 phyto ~trics.doc
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TABLE 7-4

Potential Zooplankton Metrics

1999 Annual Report
Onondaga County De~t of Drainage and Sanitation

Source: USEPA. 1998. Lake and Reservoir Bioassessment and Biocriteria. Technical Guidance Doc~nt
EPA/ 841-8-98-007

;., ~._' -
Table 7-4 zoo ~trics.doc
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TABLE 7-5

Average zooplankton size, 1996 - 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

---

A ~~~iDc~~~riodYear
March and April;

October and November
May-Sept Ice-free Monitoring

Period
~ 996 1997

1998

1999

0.56
0.64
0.48
0.56

0.57-
0.66
0.47
9~~-

0.59
o:n
~
0.48

Table 7-5 zoop size.doc
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TABLE 7-6
Trophic State Criteria based on Fish Community

1999 AIU1ual Monitoring Report
Onondaga County Department of Drainage and Sanitation

TSI Range Summer TP Range (J!g/l) Dominant Fish Communit)'

TSI <40- 50 <24 SaImonids

TSI 50 -60 24 - 48 Percids
TSI 60 - 80 48 ~ 192 Centrarchids

CyprinidsTSI > 70- 80 >192

Source: Ogelsby et al. 1987

-
Table 7-6 fish TSI.doc
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CHAPTER 8

ASSESSING COMMUNITY STRUCTURE OF LOWER TROPHIC LEVELS
IN ONONDAGA LAKE, NEW YORK IN 1999

By: Dr. Edward L. Mills, Carrie C. Wafer, and Michael J. LaVoie

8. Introduction

Onondaga Lake is a well-studied urban lake in which detailed limnological investigations have doc~ted
water quality changes over the past several decades (Murphy 1978; Eroer 1996; Steams and Wheler 1996,
Steams and Wheler 1997). The lake (20.5 m maxiImJIn depth) is a highly eub"ophic water body situated at
the northern edge of the city of Syracuse in centraf New YoIk State. The lake has relatively steep sides with
two basins, a northern one 18 m deep and a southern one 19 m deep separated by a slightly shallower
"saddle" 17 m deep. Since the 1960s, summer blooms of planktonic algae have been associated with the
highly eUb"ophic conditions of the lake. Recent studies have shown that overall phytoplankton abundance
has been low co~ared to the period before 1988, and there ha:s been a change in the composition of the
algal cornrnunity (Stearns and Wheler 1996). Flagellated green algae have been common during the
growing season, while non-flagellated green algae and diatoms have become less important in blooms from
1986 through 1990 (Effler 1996. Mills and Keats 1998). Cyanobacteria. connlX)nly known as blue green
algae, contributions to the phytop1ankton conununity decreased in the mid-1970's, associated with a state-
wide ban of phosphates in detergents (Effier 1996). The blue green algae Aphanizomenon flos-aquae was
undetected from 1974 through 1986 and did not become common until 1990 (Effler 1996). Cyanobacteria
blooms. typically dominated by A. flos-aquae. were also connlX)n from 1996 through 1998, although the
duration of the blooms declined each year over this period (Mills and Keats 1998).

The composition of the zooplankton c~ty bas been d~ted since the late 1960s (Waterman
1971; Auer et al. 1990; Siegfried et al. 1994; Makarewicz et al. 1995; Hairston et aI1999). Daphnia was
present in 1969, very rare in 1978, absent 1979-1981 and present again 1986-1989. The exotic Daphnia
exilis, invaded the lake in the 19205 and 19305 and persisted until the late 19705. Daphnia exiJis bas not
been observed in Onondaga Lake since the early 19805 (Hairston eL at 1999). The introduction of this
species, its successful colonization, and subsequent disappearance corresponded with distinct events in the
history of industrial activity in Onondaga Lake. The return of Daphnia pulicaria and Daphnia galeata
mendotae in the late 1980s in large numbers bas been credited with substantial increases in water clarity
(Auer et at. 1990) in accordance with the "trophic cascade" hypothesis (e.g. Carpenter and Kitchell 1988;
Gulati et at. 1990). Other ~ral patterns in Onondaga Lake zooplankton have been the continued
presence of the cladocerans Ceriodaphnia quadrangula and Bosmina longirostris, the copepod Diacyclops
thomasi and a variety of rotifers. A few zooplankton species have only appeared recently: Diaphanosoma
leuchtenbergianum, Chydorus sphaericus and Diaptomus siciloides (now Leptodiaptomus siciloides)
(Siegfried et all994).

The objective of this report is to present data on phytoplankton comnumity structure, biomass, and
abundance in Onondaga Lake in 1999 and to make comparisons with the data nom 1998. We also present
1999 data on species composition, biomass, and size structure of the crustacean zooplankton comlmmity as
wen as d1e presence/absence of dreissenid veliger Jarvae.

8.2 Methods

Phytoplankton ~les were collected from the surface, 3 m depd1, and from integrated epilimnetic samples
and preserved in Lugol's solution. Phytoplankton samples were processed by Ann St. Amand at
PhycoTech, Inc. (620 Broad St., Ste. 100, St. Joseph, MI49085). Raw water samples were run through
filtration towers and the filters from these towers were then made into slides. The ~thod used in counting
the phytoplankton depended on the relative importance of soft algae and diatom1 in the ~les as well as
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alga size. Phytoplankton were identified to species when possible and density and biovolwne estimates
were made. In 1999, phytoplankton samples were collected from two depths (0 m and 3 m) and from an
integration of the epilinmion (March through November). Integrated epilimnetic samples were collected
using 2 cm i.d. tygon tubing stretched from the surface to the top of the thermocline.

Individual phytoplankton species were converted to biomass based on estimates of biovolume and density.
In this study, we report biomass in ~g/L. PhycoTech reported biomass as biovolume in JJm3/mL. We
converted total biovolume (JJm3/mL) to total biomass (~g/L) by multiplying total biovolume by 1 x 10.3.
For 1998 samples, biomass concentrations were incorrectly reported To correct phytoplankton biomass
concentrations for 1998, we multiplied aU biovolume values by 10-6. The 1998 data are presented in this
report for comparison with tIle 1999 data.

Calculations of zooplankton density, species composition, size structure, and biomass were based on a
single vertical haul using a 0.50 m diameter 80 micron mesh nylon net. The zebra mussel veliger densities
were based on a single vertical haul using a 53 micron mesh 0.50 m diameter nylon net. Veliger samples
were preserved in sugar-formalin (Haney and Hall 1973). Flow-meter readings to determine the volume of
water strained in each plankton haul were taken on 60% of the samples collected. Since 40% of the
zooplankton samples did not have flow measurements, we chose to estimate density and biomass based on
sample depth. Zooplankton samples were preserved in 70% ethyl alcohol. Zooplankton samples were
collected at a southern site throughout the year and at northern sites on several dates. Vertical tows were
taken from the epilimnion and 0-12m of the water column. Additionally, on August 17, three zooplankton
samples were collected from the Seneca River, which receives outflow water from Onondaga Lake.

Zooplankton were identified to species when possible and a dry weight conversion was used to estimate
biomass. For each site, one to three l-mL subsamples were withdrawn with a Henson-Stemple pipette from
a known volume of sample, until at least 100 individual zooplankton were counted. Using a microprojector
at 20X magnification, images from these subsamples were projected onto a digitizer interfaced with a
computer that made it possible to measure zooplankton length.

Veliger larvae were concentrated by allowing a portion of each sample to settle through a column of sugar
solution, a method attributed to Shaner (1991). One 10-mL subsample was allowed to settle for 20 miD,
after which the veligers were decanted, ~asured. and counted using a compound microscope at 40X
magnification.

8.3 Results and Discussion

Phvtonlankton

Community Structure. The raw phytoplankton data from the analyses done by PhycoTech, Inc. for 1999 are
presented in Appendix A. The phytoplankton connnunity of Onondaga Lake is comprised of Cyanophyta,
Cryptophyta, Pyrrophyta, Euglenophyta, Bacillariophyceae, Chrysophyta, Chlorophyta and "odter
microflagellates". The dominant cyanobacteria in 1999 were dominated by Oscillatoria limnetica
(biomass) and Microsystis aeruginosa (density). Unlike 1999, Aphanizomenon flos-aquae was the
dominant cyanobacteria in 1998. However, Aphanizomenon flos-aquae was a prominent cyanophyte in
Onondaga Lake in 1999, along widt Synechococcus elongatus and Microcystis aeruginosa. The most
frequently occurring algal species of other taxonomic groups (determined by dte highest abundance and
biomass) were Cyclotella radiosa, and Stephanodiscus hantzschii 22 I.11n and 8 - 11 I.11n

(Bacillarlophyceae), Erkenia subaequiciliata. Uroglena sp., and cysts of a chrysophyte (Chrysophyta),
Euglena (Euglenophyta), Rhodomonas minuta v. nannoplanctica, Cryptomonas rostratiformis and
Cryptomonas erosa (Cryptophyta), Gymnodinium sp. and Ceratium hirundinella (Pyrrophyta), and
Ankistrodesmus falcatus, Kirchneriella subsolitaria, Oocystis parva, Pandorina morum, Scenedesmus sp.
2, Sphaerocystis schroeteri, and Lagerheimia quadriseta (Chlorophyta).
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Abundance and biomass. The abundance and biomass of phytoplankton in Onondaga Lake for 1999 are
sUnmJarlzed in Appendix B. Algal abundance was highest in the spring during the diatom bloom and in
mid-sununer and early fall when cyanophytes dominated the phytoplankton connnunity (Figures 8.1, 8.2).
This pattern was consistent in both 1998 and 1999. However, the increased abundance of micro flagellates
throughout 1999 lead to higher overall algal abundances compared to 1998. However, despite higher algal
densities in 1999, algal biomass in 1999 tended to be lower compared to 1998. The seasonal pattern of
algal biomass in Onondaga Lake was similar in both 1998 and 1999, with peaks in spring, mid-June to early
July (primarily Pyrrophyta, 1998 and 1999), and late August (Cyanophyta, 1998 and 1999) (Figures 8.3,

8.4).

The biomass of each taxonomic group exhibited distinct temponl patterns (Figure 8.5). Early spring
blooms (March - April) were dominated by diatoms (Bacillariophyceae) (Figure SF) and cryptomonads
(Figure 8.5D) in both 1998 and 1999. Euglenoids (Figure 8.5G) additionally contributed to the 1999 spring
bloom, although they were not detected in 1998. Pyrrophyta (Figure 8.5B) and Chlorophyta (greens)
(Figure 8.5C) peaked in biomass in early s~ (June - early July) of 1999. One of two cyanophyte
(blue-green) blooms (Figure 8.5A), which occurred in early June, also contnouted to early summer biomass
in 1999. The timing of the chloropbyte bloom was similar in both 1998 and 1999 (Figure 8.5C).
Interestingly, in 1998 the pyrrophyte bloom (Figure 8.5B) occurred Dnlch later (late August to early
October) and the blue-greens dominatffl from mid-July to mid-August, aldlough the magnitude of the blue-
green bloom was markedly lower d1an in 1999 (Figure 8.5A). A second peak in blue-green biomass
occurred in late August 1999 (Figure 8.5A), following another cryptomonad peak in July (Figure 8.5D).
Elevated chrysopbyte biomass was ~ from late July to late September, peaking in mid-August 1999
(Figure 8.5E). Suprisingly, the 1998 chrysopbyte peak occurred in April (Figure 8.5E), albeit a IDlCb
smaller peak dJan 1999. The 1999 cbrysophyte bloom was followed by a peak of Bacillariophyceae in late
September (Figure 8.5F). Microflagellates were quite abundant throughout 1998 and 1999, but they
contributed very little to the total biomass ofdle phytoplankton coDDmity (Figures 8.1, 8.2).

We subdivided phytoplankton into netplankton (> 50 J1Dl) and nannoplankton «50 J1Dl) based on ceU or
colony size and examined seasonal changes in dtese two functional groups. For example, dte cyanophyte
Aphanizomenon flos-aquae (size range in 1999: 55 - 193 ~) was considered net plankton. while the
chlorophyte Oocystis parva (size range in 1999: 4.4 - 33 ~) was placed in the nannoplankton category.
Patterns ofoanno- and netplankton biomass in 1999 differed gready from 1998. In 1998, nannoplankton
biomass dominated March through May after which the algal coDm1UDity shifted to netplankton (Figme
8.6). In 1999, biomass concentrations for nanno- and netplankton were similar from early April to early
June (Figure 8.7). Netplank:ton biomass dominated from mid-June to mid-July, as a result of a bloom of the
pyrrophyte Ceratium hirundine/la. Nannoplankton biomass was dominant only in August of 1999, during
the cyanophyte bloom However, nannoplankton was generally more abundant than netplankton throughout
1998 and 1999 (Figures 8.6, 8.7). The only exceptions were algal blooms in mid-July 1998 and mid-June
1999 that were associated with high densities of netplankton.

8.4 Zooplankton

CoMMunity structure. A summary of the zooplankton community in Onondaga Lake from March 29 to
December 14, 1999 is presented in Appendix C. A total of eleven species as well as nauplii and
copepodites were identified in Onondaga Lake in 1999. The dominant cladocerans were Daphnia ga/eata
and Bosmina /ongirostris. Other cladocerans included Eubosmina coregoni, Ceriodaphnia quadrangu/a.
Diaphanosoma /euchtenbergianum. H%pedium gibberum, and Chydorus sphaericus. The dominant
copepods during the year were Diacyc/ops thomasi. Leptodiaptomus ski/is. Leptodiaptomus ski/oides,
Mesocyc/ops edax, and nauplii and copepodites. A total of ten species as well as nauplii and copepodites
were identified in the Seneca River on August 18, 1999. The Seneca River zooplankton comnwnity
differed from that of Onondaga Lake due to the presence of Leptadora kindtii and Chydorus sphaericus in
late August.
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Overall zooplankton density and biomass was found to be considerably lower in the Seneca River when
compared to Onondaga Lake for this time period.

Abundllnce Ilnd BiomtlSs. A swmnary of seasonal changes in the biomass and abundance of the total
zoop1ankton conununity, cladocerans, copepods, and individual species is presented in Table 8.1. Total
zooplankton abundance was higher in spring than both summer and fall (Table 8.1). Zooplankton densities
were lowest in late March and were highest in mid June (Figure 8.8A). Total zooplankton biomass was also
low in late March, increasing in May and ranged between approximately 1200 and 1600 Jlg/L in June
(Figure 8.8B). Additionally, in the late fall both total zooplankton density and biomass increased slightly
after low levels persisted throughout the late sununer and early fall (Figure 8.8A, 8.8B).

We analyzed the zooplankton conunwlity by assessing the relative proportion in density and biomass by
taxa and by species. By taxa, copepod abundance was higher than cladoceran abundance in the
zooplankton conunwlity from late March to early August. and cladoceran abundance was higher than
copepod abundance for the remainder of the sampling period (Figure 8.9B). The proportion of zooplankton
biomass occupied by cladocerans and copepods fluctuated throughout the year. The cladoceran
zooplankton connnunity was dominated by Daphnia galeata from spring to mid summer, and Bosmina
longirostris from mid swnmer to late fall (Figure 8. lOA). Eubosmina coregoni and Diaphanasoma
leuchtenbergianum did not represent a major component of the cladoceran community at any time period.
The importance of Daphnia galeata and Bosmina longirostris was consistent with our observations in 1997
and 1998, but unlike previous years Daphnia galeata disappeared from the community in the fall of 1999.
Nauplii and copepodites possessed the largest proportion of copepod community biomass in April and
August through early September in 1999. For the remainder of the sampling period, copepod connnunity
dominance fluctuated between Diacyclops thomasi. Mesocyclops edax. and diaptomids (Figure 8.IOB).
Cyc1opoid copepods, Daphnia galeata. Bosmina, and calanoid copepods each exhibited periods of
dominance on different dates throughout the year (Figure 8.11).

ZGoplankton Community Size Structure. A summary of mean size of the crustacean zooplankton
conununity is shown in Table 8.1. The mean size of the crustacean community was 0.61 mID in the spring,
0.47 mm in the summer, and 0.37 in the fall. The mean size of all Onondaga Lake zooplankton from late
March through December in 1999 was 0.49 rom. The highest mean size of zooplankton (0.98) was
observed on June 29, while body lengths ranged from 0.23 to 0.82 mID for the rest of 1999 (Table 8.1 and
Figure 8.12). These small mean sizes are due to the preponderance of nauplii present in every sample.
Zooplankton samples in Onondaga Lake were collected with a 80 micron mesh net which is nearly one-half
the mesh size (153 micron) Mills and Schiavone (1982) used in their studies. Consequently, the average
size of Onondaga Lake zooplankton would be expected to be lower compared to a 153 micron net because
of the likelihood of retaining higher numbers of small zooplankters like nauplii. If we exclude all nauplii, in
order to approximate zooplankton catches in a 153 micron mesh net, mean zooplankton size becomes 0.63
for the entire sampling period. A distinct temporal shift in average zooplankton size to small bodied forms
occurred in late August. Average zooplankton size excluding nauplii was 0.84 mID from late March to late
August and reflected the dominance of Daphnia galeata. For d1e period from late August through
December, the zooplankton community shifted to smaller-bodied Bosmina and a mean size of 0.36 rom.
These data suggest that zooplanktivory was relatively low through late August and subsequently intensified
to high levels for the remainder of the year. For comparison, in Lake Ontario mean zooplankton lengths in
the range of 0.30 to 0.40 nun are common due to heavy zooplanktivory by alewife (Alosa pseudoharengus)
(0 'Gorman et al. 1991).

We compared mean zooplankton size in Onondaga Lake during 1999 with Oneida Lake. For this
comparison, we adjusted zooplankton size for both lakes based on an 153 micron ~sh net. Our results
indicated that temporal patterns in zooplankton size were remarkably similar between the two lakes (Figure
8.12). Average zooplankton size was largest for Oneida Lake in early spring (1.01 mm), largest for
Onondaga Lake in late spring (1.06 mm), and smallest for both lakes in early fall (Oneida Lake ~ = 0.37
mm, Onondaga Lake ~ = 0.29 mm) (Figure 8.12).
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Dreissenid Veliger Larvae. Samples were collected for larvae of Dreissena from late March to December
1999. Veligers were absent from the plankton community at all stations for aU dates. The absence of
veligers from Onondaga Lake is consistent with our fmdings in 1997 and 1998.

8.5 Overview

Onondaga Lake remains productive as evidenced by its high algal biomass and periodic late sununer
blooms of cyanobacteria including Aphanizomenon jlos-aquae. Since 1996 the duration of the
cyanobacteria blooms has become markedly shorter. For example, A. jlos-aquae dominated the algal
conmwnity July through August in 1997 and 1998, whereas similar bloo~ occurred July through October
in 1996. In 1999, however, the dominant cyanophyte bloom occurred from late July through August, but
the predominant cyanobacteria were Osci/latoria /imnetica and Microcystis aeruginosa. Limited
cyanophyte blooms during the past three years could signal improved water quality conditions or merely
year to year variability. If improved water quality conditions are occurring in Onondaga Lake, we should
continue to observe cyanobacteria blooms of shorter duration in the future. Average total zooplankton
biomass in nearby Oneida Lake (Cornell Biological Field Station unpublished data) was 197 ~g/L for the
March through October tin1e period of 1999, while it averaged 417 ~g/L in Onondaga Lake for the same
tin1e period. This fmding would be expected given the high productivity of Onondaga Lake. Temporal
patterns in mean zooplankton size were remarkably similar between Oneida and Onondaga Lakes in 1999.
Both lakes exhtoited average zooplankton size peaks in early spring and early summer, and depressions in
mid spring and early fall. We hypothesize that predation pressure on zooplankton was most intense from
late August through December in Onondaga Lake as evidenced by the shift in zooplankton composition
from large-bodied Daphnia to smaller bodied Bosmina. In Oneida Lake, the dominance of small-bodied
zooplankton in late sununer and fall was associated with predation by large numbers of young emerald
shiners.
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Onondaga Lake~ April-August 1999.
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Table 8.1. Density (animals/L), average size (mrn), and biomass (J.1g1L) of the total
zooplankton community, cladocerans, copepods, and individual taxa collected from
Onondaga Lake, NY, 3/29/99-12/14/99. Data are grouped by season into Spring
(n=7), and Summer (n=7), and Fall (n=6). An asterix ("*") indicates that the sample
is an average of "North" and "South" sites collections. All averages are generated
from epi and 12m tows. Data are mean and standard errors (SE).

Statistic Summer
(6/29,7/13*,7/27,8/10,

8/24,9/7 ,9/21*)
n=7

iaxa or Species Spring
(3/29,4/6*,4/20,5/4,
5/18,6/1,6/14)

n=7

Density (animals/L)
Ave. Size (mm)
Biomass (~g/L)

Total Community

12.73
135.02

Cladocerans Density (animals/L:
Biomass (J1g/L)

32.74
328.99

10.51
142.95

26.78
160.04

84.74
277 .23

19.88
61.71

51.64
201.04

22.12
98.33

Copepods Density (animals/L)
Biomass (~g/L)

Density (animalslL)
Ave. Size (mm)
Biomass (~g/L)

5.24
0.29
4.97

1.59
0.01
1.52

12.10
0.27
8.23

6.16
0.02
4.19

Bosmina longirostris

Density (animals/L)
Ave. Size (mm)
Biomass (J.1g/L)

26.11
1.11

322.38

11.05
0.08

143.42

25.13
0.94

264.88

22.75
0.08

234.39

Daphnia gaJeata

Density (animals/L'
Ave. Size (mm)
Biomass (~g/L)

19.46
0.83
73.08

7.96
0.04
28.33

3.72
0.83
14.58

1.79
0.04
7.75

Diacyclops thomasi

3.82
1.08

54.46

1.73
0.07
30.23

Mesocyclops edax Density (animals/L)
Ave. Size (1IUtl)
Biomass (J1g/L)

2.12
1.22

27.09

0.84
0.06
9.16

Nauplii and Copepodites Density (animals/L)
Ave. Size (mrn)
Biomass ~g/L)

45.45
0.23
80.92

11.84
0.01
21.45

26.84
0.25
51.90

IS.07
0.01
2S.36

Diaptomidae Density (animals/L) 18.31 10.91 18.35 8.50
Ave. Size (mm) 0.98 0.04 0.86 0.06
Biomass (ug/L) 103.89 37.67 95.66 S6.17
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CHAPTER 9

MACROINVERTEBRATESAMPLING

This chapter is an executive summary of the report "1999 ONONDAGA LAKE AND TRIBUTARY
MACRO/NVERTEBRATE COMMUNITY ASSESSMENT AND RECOMMENDATIONS FOR YEAR 2000
PROGRAM "dated April 2000 and preparedfor Onondaga County Department of Drainage and Sanitation
by Ecologic. LLC. The complete report is available at the Department offices.

Objectives

Macroinvertebrate sampling is among the requirements of the Amended Consent Judgment signed in
January 1998. Onondaga County is required to assess the rnacroinvertebrate communities of selected
tnoutaries and the littoral zone of the Lake. Sampling in the bibutaries will be conducted every two years
and sampling in the lake's littoral zone will be conducted every five years through the Ambient Monitoring
Program (AMP). The objectives of monitoring this element of the aquatic ecosystem are to characterize the
existence and severity of use impairment, and evaluate the effectiveness of improvements to wastewater
collection and treatment.

The formal macroinvertebrate program began in 2000. Presampling was completed in 1999 to finalize
design of the program with respect to sites, equipment and methodology for collecting representative
samples. Many replicate samples were analyzed to characterize variability of community composition;
these results were used to detem1ine adequate sample size for detecting changes in the community as
improvements to the system are implemented. The extensive data set generated by the 1999 program was
also used to characterize baseline conditions in the lake and tributaries.

Methods

Tributary sampling. 14 sites were sampled in the tributary system of Onondaga Lake, six sites on
Onondaga Creek, four sites on Ley Creek; and four sites on Harbor Brook (Figure 9-1). Multiplate
samplers were used as the primary sampling device at each site. Five replicates were processed at each
location. Kick sampling was employed where conditions were appropriate; the number of replicates was
two o~three depending on substrate availability.

Littoral Zone Sampling. Five sampling locations were selected in die lake's littoral zone (Figure 9-2).
Sampling was conducted at three depths of overlying water (0.5 m, 1.0 m and 1.5 m) at each location.
These sites were selected to reflect major sediment characteristics and proximity to point source discharges.
Six replicate samples were collected at each of die three water depths using a petite ponar dredge for a total
of 180 lake samples. An array of five multiplate samplers was also deployed near die waste beds at 1.5m
water depth.

i:oi

Sorting. Tributary kick samples were washed through a sieve to remove fine sediments. The remaining
material was stained and transferred to a metal pan where contents were examined under magnification.
Organisms were sorted into major groups, placed in labeled vials containing 90010 ethyl alcohol, and
counted. Sorting continued until 100 organisms had been removed. Labeled vials were sent to Aquatic
Resources Center (ARC) of College Grove Tennessee for identification.

l...
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Identification All organisms were sent to ARC for identification except for chironomids collected in the
lake, which were sent to Dr. Leonard Ferrington at the University of Kansas. All organisms were identified
to the lowest possible taxonomic level. Generally, chironomids and oligochaetes needed to be cleared,
slide mounted and viewed through a compound microscope for proper identification. Most other organisms
could be identified using a dissecting stereo microscope. Identified organisms were returned to Onondaga
County for an archived reference collection.

Calculations Biological monitoring programs using benthic macroinvertebrates to assess water quality
rely on several different indices of community composition to evaluate ecological status and infer water
quality conditions. Each index should contribute different information to the assessment to avoid
redundancy and minimize conflicting results. A number of indices were calculated as part of this
assessment. The purpose was to determine the level of impairment in the tributaries under existing
conditions as well as to conclude which indices would be best for detennining the impacts of control
actions over time. Analysis of variance (ANOV A) was performed on log (x+l) transformed data to help
discriminate changes in values across sites.

Results of multiplates and kick samples in tributaries were compared with NYSDEC riffle habitat criteria
and lake samples were compared to NYSDEC ponar criteria. Tnoutary criteria were calculated using a
combined index incorporating species richness, EPT richness, Hilseohoff Biotic Index (RBI), and Percent
Model Affinity (PMA) (kick samples only) and diversity (multiplates only). Lake criteria were calculated
by using another combined index incorporating species richness, diversity, RBI, dominance-3, and PMA.
For both tributary and lake samples, an overall assessment for each site was calculated by averaging results
of the individual metrics, accomplished through a scaled ranking of the index values. The values were
converted to a common scale of water quality ranging from 0-10. The score resulted in a designation of the
sampling site into one of four categories: non-impacted, slightly impacted, moderately impacted, or

severely impacted.

Results

Onondaga Creek's macro invertebrate community was slightly to moderately impacted at all sampling sites
according to NYSDEC criteria. Site 1 (the most upstream site), just downstream ofmudboils, was dee~
slightly impacted. The macroinvertebrate community at Sites 2 and 3 reflected moderate impacts to water
quality, indicating that some type of degradation OCCUlTed between sites 1 and 2 even though no CSO enter
between these sites. The stream improved to a designation of slightly impacted at sites 4 and 5, which are in
the City of Syracuse downstream of CSO discharges. These values were comparable to upstream Site 1,
which is well above CSO discharges. Site 6 showed a marked decrease in water quality to a moderate -
severe level of impact .

The macro invertebrate conununity in Ley Creek was consistent widt moderately impacted water quality and
habitat conditions at all monitoring points based on NYSDEC criteria. Moderate impaimlent was evident
upstream and downstream of CSO discharge points. Tolerant chironomids, gastropods and oligochaetes
dominated dte community at all sites. Evidence of CSO impacts was apparent as the macroinvertebrate
fauna shifted from a community dominated by chironomids and gastropods to a connnunity dominated by
oligochaetes and chironomids downstream of CSO discharges. No sensitive species of dte EPT group
(Ephemeroptera, Plecoptera, and Trichoptera) were collected at Sites 1 through 3. Two moderately tolerant
ephemeropterans (Caenis spp.) were collected at Site 4. The absence of these important indicator
organisms was consistent with poor water quality and/or habitat quality throughout the stream's length.

Hilsenhoff Biotic Index (HBI) tests for evidence of organic pollution. HBI results rose steadily from Site I
to Site 4, indicative of steadily increasing impacts to the macro invertebrate community from organic and
nutrient enrichment CSO discharges do not enter into the stream until Site 3 however, suggesting that
nonpoint sources such as urban or industrial runoff are affecting the macro invertebrate community.

The macro invertebrate COtmDunity of Harbor Brook was slightly to severely impacted. Sites I (most
upstream site and above CSOs) and 4 (most downstream site and below CSOs) were both moderately
impacted. Site 2, which is in close proximity to Site 1, was considered slightly impacted. Site 3 was
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deemed severely impacted based on NYSDEC criteria. This site exhibited low scores for species richness,
EPT richness, diversity, and HBI. This may be a result of poor habitat at this site; the stream bottom is silt
covered concrete. There was evidence of impacts from organic enrichment well upstream of CSO
discharges as well as below and toxic impacts at the two most downstream sites. Community composition
varied by site, but was dominated by combinations of tolerant chironomids, gastropods, isopods and
oligochaetes. HBI values indicated generally moderate to severe impacts from organic enrichment, with
highest values downstream of CSO discharges.

The macroinvertebrate conununity in Onondaga Lake is characterized as slightly to severely impacted and
varied with location in the lake. Although 63 distinct taxa of macroinvertebrates were collected in the lake,
the combined relative abundance of oligochaetes and chironomids accounted for 81 to 98 % of the taxa
present. Most of the oligochaete and chironomid species abundant in the lake tolerate wide ranges of both
eutrophication and salinity. Two taxa of oligochaete worms abundant in Onondaga Lake, Tubifex spp. and
Limnodrilus hoffmeisteri, typically dominate in systems that receive high volumes of organic waste

Site I at the south end of the lake was the most adversely impacted area receiving a severely impacted
rating based on NYSDEC criteria. This site may be influenced by toxic effects of sediments. Site 4 on the
northeast shore was least impacted of the lake sites. The combined influence of eutrophication, habitat
degradation and sediment toxicity are likely the major structuring elements of the benthic community in
Onondaga Lake. A substantial number of chironomid larvae exhibited mouthpart deformities, a
characteristic often found in systems with a history of industrial pollution.

Conclusions and Recommendations

Number of Replicate Samples, Sample Methods, and Number of Stations. The existing sampling
program design for lake and tributary benthic invertebrates is adequate to resolve spatial variations and
provide a level of precision that achieves the AMP objective, except for abundance measurements using
tributary multiplates. The latter is within the range of that achieved for the other biological parameters.

The fmal Phase II Statistical Framework was submitted to NYSDEC in early 2000. Based on the 1999
investigation and subsequent reviews of the fmdings, we recommend using kick samples in Onondaga
Creek and Harbor Brook and jab samplers on Ley Creek where no suitable habitat is available. Fewer
stations will be sampled with four replicates per station. This design meets the statistical design criteria to
detect changes in the macroinvertebrate connnunity over time as discussed in the work of Dr. William
Walker.

Indices for Tracking Improvements over Time The long-term objective of monitoring this component of
the biological community is to assess the "recovery" of the invertebrate communities as wastewater
collection and treatment are improved. We recommend tracking the community using NYSDEC standard
indices in combination with two specific metrics selected to be diagnostic of the water quality issues
associated with this system. The metrics HBI and percent oligochaetes were selected because they are
most likely to be directly impacted by changes in organic loading.

Statistical Analysis. Analysis of covariance (ANCOV A) should be used to compare slopes of curves
plotting changes in each of the selected ~trics over time. The slope of the curve of an impacted site (for
example, downstream ofCSOs) can be compared to the slope of the curve of a reference site. Data analysis
would first plot the measured value of this index for each sampling point (year) in the monitoring program.

Comparing the slope of the curve at a reference site versus impacted sites forms the basis for detecting
change in community composition. The ANCOV A compares the slopes of these two curves. Data for each
metric will likely need to be transformed to conform to the assumptions of the ANCOV A - normality and
homogeneity of residuals. One would expect the reference site to stay the same and the impacted site to
improve, if the County's remedial program for sewage collection and treatment were working (the slopes
would be statistically different). It is only appropriate to test for main effects if the slopes are the s~
(e.g., the impact site does not improve). Then one can test whether the metric (in this case, percent
oligochaetes) differs between the two sites (intercepts differ).
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CHAPTER 10

1999 Seneca River Dreissenid Mussel Assessment Program

Distribution of Zebra Mussels Along a Selected Reach of the Seneca River

In August 1999, the County of Onondaga Department of Drainage and Sanitation (County) retained Beak
Consultants Incorporated (Beak) to conduct an assessment of the dreissenid mussel population on the Seneca River
system as a part of the County's Ambient Monitoring Program (AMP). The objective of the study was to determine
the distribution and abundance of zebra mussels (Dreissena spp) along an approximately 30 mile reach of the Seneca
and Oneida Rivers from just east of Cross Lake eastward to near Schroeppel Island about four miles east of the
coItfluence of the Seneca, Oswego and Oneida Rivers. The initial task of the study was to map the habitat of the
river as it related to potential colonization by zebra mussels (i.e., habitat assessment). Based on the results of that
task, reaches of the river that contained comparable contiguous habitat were mapped. These zones were referred to
as zebra mussel habitat zones. Within each habitat zone, standardized techniques using SCUBA were employed to
collect samples of the substrate and zebra mussels present. Subsequently, analyses were perfomled to determine the
density, size distribution and biomass of the zebra mussel populations that were present in each habitat zone as well
as in each substrate type. The results of this investigation will be used in conjunction with two laboratory
investigations also perfomled by Beak to develop information on aspects of the Seneca River mussel physiology
(e.g., oxygen uptake, ammonia excretion, phosphorus and nitrogen mobilization). These results will be used to
update the kinetic framework of the County's Seneca River model.

Two principal methodologies were used to perform the habitat assessment; (1) a sonar survey to profile the bottom
contour and general substrate type (i.e., hard or soft); and, (2) a semiquantitative assessment of substrate composition
and zebra mussel presence/abundance along transects set at regular intervals throughout the study reach using a petit
ponar dredge. Water quality sampling for selected parameters was perforn¥:d in conjunction with the ponar
sampling.

Following the determination of available habitat in the study reach, Beak scientists met with County personnel and
Dr. Ray Canale (developer of existing Seneca River model) to review the results of the assessment and come to a
consensus on sampling locations and level of effort for the quantitative measurements of the dreissenid population in
the study reach.

SCUBA techniques were employed to sample dreissenid densities along transects set within each habitat zone
(Figure 10-1). Within each habitat zone, a minimum of three transects were sampled. In habitat zones that had a
more complex substrate mix or were much longer than average, five transects were sampled. At each transect, three
samples were collected; one about mid-channel and one about midway between each marker buoy and the
corresponding shore.

At each sampling location, the diver carefully placed a 100inch diameter (0.051 m1 open center ring on a random
location on the bottom All substrate, including zebra mussels within the ring, was carefully removed from the ring
and placed into a rnacroinvertebrate wash bucket fitted with a 583-micron mesh bottom which was attached to a line
and buoy. All zebra mussels were placed into labeled plastic bags. The plastic bags were carefully placed into
coolers with ice and transported to Beak's Lancaster, New York, Biological Laboratory for further processing.

The sonar recorded large differences in bottom depth, bottom regularity and substrate type. It was found that the
petit ponar sampling provided a much better measure of habitat so the sonar data was used only to verify habitat
breaks (i.e.: where significant changes in habitat occurred).

A total of 19 habitat zones was present in the 31.67 mile study area. The habitat zones ranged in length from 0.48
miles to 4.5 miles and occupied a ~an area of between 0.018 and 0.220 square miles. A total of 189 samples was
collected within the project area to assess the population characteristics of the dreissenids in the portions of the
Seneca and Oneida Rivers of concern to the County. Dreissenids were present in 93 (49.2 percent) of the samples
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analyzed. All of the dreissenids collected were zebra mussels (Dreissena polymorpha); no quagga mussels (D.
bugensis) were present

The overall mean density of mussels present in the project area was 1,945 individuals/m2 in Zone III. The mean
density of zebra mussels ranged from 9 musselslm2 in Zone I to 12,977 musselslm2 in Zone III. The highest density
of mussels in any individual sample was 43,937/m2 which occurred in Zone III that includes the State D~tch Cut

The overall mean weight of zebra mussels per unit area in the project area was 1,356 grarns/m2. The mean weight of
mussels ranged from 0.7 gramsim2 in Zone I to 3,511 gramsim2 in Zone V. The greatest weight of zebra mussels in
any sample was 23,957 grams/m2 (approximately 52.8Ib) in a sample collected in Zone V.

There were three different community structures evident from an examination of the length frequency data. One
community type was dominated by zebra mussels that were 10 mm or less in total length. The second community
type was a community dominated by large individuals (i.e., 20 mm and greater). The third community type had a
more balanced size structure which included a mix ofrnussels of different sizes.

The striking differences in the length frequency distributions of the zebra mussel populations present among habitat
zones in this relatively short river reach were unexpected. The most interesting distributions were found in Zones I,
II and ill, where the population was almost exclusively made up of individuals less than 10 mm long. Individuals
less than 10 IIUn generally are young-of-year mussels, which for this study were mussels that settled during 1999.

The lack of live mussels that would have settled prior to 1999 in Zones L II and III suggests that so~ catastrophic
event occurred in this reach which killed or displaced the existing population of mussels. Since the majority of
successful zebra mussel settlement events in temperate fresh water occur between June and October of each year, the
unimodal distribution of young -of-year mussels indicates that the event occurred after the 1998 year class had settled
(i.e., fall 1998), but had ended some time prior to the occurrence of appreciable settlement in 1999. The existence of
multiple year classes of mussels in Zone IV located just downstream of the Cut, indicated that whatever contributed
to the die off in the State Ditch Cut did not impact the population of mussels in Zone IV. A similar die off was
reported to have occurred in the Cut in 1994. The presence of large numbers ofbyssusses from adult mussels found
in the Cut and the rafts of adult shells downstream indicates that the catastrophic die offs in the Cut are not annual
events.

A similar event also likely occurred in the Outlet to Onondaga Lake (Zone XIV). Over 87 percent of the nwssels in
Zone XIV were less than 10 nun and only 7.6 percent were larger than 20 Dml. A notable observation made by dIe
field personnel was that the cobbles and other hard substrate examined in the Outlet lacked the carpet of byssusses
from detached adults. This would suggest that dIere is an annual low survivorship of adults in the Outlet.

The results of this study strongly suggests that there are appreciable changes in the population of nmssels in portions
of the study area that could greatly impact the population's influence on water quality since many impacts on water
quality caused by a zebra nmssel population (e.g., oxygen depletion, ammonia excretion) are dependent on both the
numbers of mussels and their size. This would suggest that periodic evaluation of the status of the zebra mussel
populations in the Seneca River may be warranted to determine their impact to the water quality model.
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CHAPTER 11

THREE RIVERS WATER QUALITY RES UL TS
(By Dr. Raymond Canale)

11.1 INTRODUCnON

Onondaga County has sampled the water quality of the Seneca, Oneida and Oswego Rivers at key locations since 1994.
Water quality conditions in these Rivers are of interest to Onondaga County because alternatives for upgrading treatn¥:nt
at METRO and possible relocation ofdtis outfall are currently under discussion with NYSDEC. In addition, Onondaga
County operates three other wastewater treatn¥:nt plants -- Baldwinsville, Wetzel Road, and Oak Orchard - which also
currently discharge into the Seneca and Oneida River system.

The potential capability of the Seneca River to accommodate waste load discharges from METRO and other point
sources was estimated by Canale et al., 1995 using a mass balance model based on extensive data collected in 1991.
So~time after this effort, Zebra nmssels invaded the River. This has created a new oxygen sink in the system and has
dramatically impacted overall water quality conditions (Effler and Siegfried 1994). As a result, many of the biochemical
~hanisrm and coefficients in the 1995 water quality model are no longer valid. Thus, the current n¥>del cannot be used
to reliably evaluate the assimilative capacity of the River. However, some aspects of the model, such as the hydraulic
structure, remain fundamentally sound. The County has engaged QEA to conduct a comprehensive review of the Canale
model and make recommendations to upgrade the model mechanisms and improve its predictive capabilities.

The main purpose of the Onondaga County river monitoring program is to define ambient water quality conditions in
the Seneca River between Cross Lake and the Three Rivers junction. This data collection effort can also be used to
identify the impacts of the Baldwinsville and Wetzel Road WWTPs and the Onondaga Lake outlet on the Seneca River.
The program also seeks to define existing water quality conditions in the Oneida and Oswego Rivers near and
downstream from the Oak Orchard WWTP. One of fue overall long-term goals of the program bas been to use the data
to support the current efforts to improve the reliability of dte model to calculate the assimilative capacity of the Rivers
and identify appropriate discharge limits for the WWTPs.

Measur~nts were made at 17 stations on 3 separate dates during 1999. Diurnal sampling of Hydro lab parameters were
also made in 1999 at several key locations. The chemical and field p~ters included in the 1999 study are listed with
justification for their incorporation in Table 11-1. Most of the analytical parameters were measured at 1 meter below
the water surface and 1 meter above the channel bottom in order to evaluate possible density stratification effects on
water quality. Chlorophyll and BOD5 rIY:iasure~ts were water column composite samples. Vertical profiles of several
Hydrolab field parameters were measured to define possible chemical and temperature stratification in more detail.
M~ts of various field parameters were taken at I-meter intervals from surface to bottom The station locations
for the 1999 surveys are shown on the attached DRp (Figure 11-1) and are listed with distance from the Cross Lake outlet
in Table 11-2.

11.2 RESULTS

A. River Flow Rates. Figures 11-2 and 11-3 show 1998 and 1999 flow rates in the Seneca River ~ured by the
USGS at Baldswinsville. The 1998 and the 1999 surveys are indicated in die Figures and are listed in Table 11-3. Note
that the lowest survey flow in 1999 was 148 cfs less than die lowest survey flow in 1998. It is seen that the River flow
during mid-August 1999 was about 23% higher than the 10 year 7 day low flow rate of 427 cfs.

B. Dissolved Oxygen. Figures 11-4A and II-4B show the measured longitudinal variations of sw-face and bottom
dissolved oxygen concentrations for 1998 and 1999. The vertical bar and point at each location represent the measured
average, minimum and maximum concentrations for the sampled dates. The measured data demonstrate a generally
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consistent pattern, and have similar concenb"ations in each year. Water entering the surface of the River from Cross
Lake has a relatively high average concenb"ation of dissolved oxygen as a result of algal activities in the lake (between
approximately 8 and 10 mg/l). The oxygen concenb"ation is depleted in both the surface and bottom waters to an average
of about 4 to 6 mg/l just above the Baldwinsville dam. The cause of the depletion is likely related to Zebra nmssel
respiration and reduced algal photosynthesis. One goal of Beak 2000a,b studies and the current QEA nx)deling program
is to provide a quantitative understanding of the ~cbanisms that result in the observed dissolved oxygen concentration
decreases. The variations at each station are the consequence of changes in River flow rate and temperature and swilight
conditions. Figure 11-4C shows ~asured diurnal variations at each sampling date at Station 294. The magnitude of
die diurnal variations at this and other stations is generally around 1 to 3 mg/l. This range is somewhat higher dIaD the
1998 nr;asure~nts. Low bottom water dissolved oxygen colK:enb"ations downstream of the Onondaga Lake outlet are
likely associated with the oxygen demand of Lake water and sb"atified conditions in die River. Many of the dissolved
oxygen measurements in bodi 1998 and 1999 violate eidier the Instantaneous or Daily Average NYSDEC Minimwn
Standard. Zebra nmssel respiration, reduced algal photosynthesis, oxidation of organic carbon and amDX>nia, sediment
oxygen demand. and algal respiration likely cause these violations. The significance of these factors and their impact
on the assimilative capacity of the River are being evaluated by the current QEA modeling project.

C. Anuoonia. Figures II-SA and 11.5B show ~ured longitudinal patterns of surface and bottom anuoonia
concentrations in 1998 and 1999. The vertical bar and point at each location represent d1e measured average, minimum
and maxinmm concentrations for die ~Ied dates. The survey results for bodi years suggest dlat Zebra IIUlSseI activity
in the CUT approximately double anuoonia levels in die River. Also, die Onondaga Lake outlet introduces significant
8DX)unts of anuoonia into the River. Density stratification results in large vertical differences between surface and
bottom concentrations. The concentrations of these paranx:ters change as the River flows downstream as a result of
complex mixing patterns and biological nitrification. AmrJK)nia concentrations observed in 1999 were somewhat lower
than diose ~ured in 1998. One goal of Beak 2000a.b studies and the current QEA modeling program is to provide
a quantitative understanding of dte ~hanisms dlat result in high anuoonia concentrations.

D. Nitrite. Figures 11-6A and 11-6B show ~sured longitudinal patterns of surface and bottom nitrite
concentrations in 1998 and 1999. The vertical bar and point at each location represent the ~d average, IninimDn
and rnaxiDUJID concentrations for the sampled dates. The data indicate dlat some nitrification may occur between Cross
Lake and Baldwinsville because increases in nitrite and nitrate concentrations are observed. The Onondaga Lake outlet
also inb"oduces significant amounts of nitrite into the River. Density stratification results in significant vertical
differences between surface and bottom concentrations. The concentrations of nitrite change as the River flows
downstream as a result of complex mixing patterns and biological nitrification. The nitrite water quality standard of 0.1
mg/l was violated on several occasions during 1999. Violations were likely a result of water from Onondaga Lake aM
nitrification following Zebra mlssel activities ~ d1e arr aM other locatioos. Nitrite concentrations n:M:asUred in 1999
were similar to those observed in 1998. Nitrite will be included as a dependent D¥>del variable in the current QEA

modeling program.

E. Total Phosphorus. Figures 11-7 A and 11- 7B shows ~d longinldinal patterns of surface and bottom total
phosp~ concentrations in 1998 and 1999. The vertical bar and point at each location represent the nasured average,
mininuun and maxinwm concentrations for die ~Ied dates. The total phosphorus concentrations in the Seneca River
between Cross Lake and Three Rivers generally range from about 0.06 mg/l to 0.10 mg/l. Co~ntratiOQS in dJe Oneida
River ale generally 0.01 to 0.02 mg/llower d1an the Seneca River. Total phosphorus coocentratiom ~wed in 1999
were consistent with those observed in 1998. Note the unexpected high scatter in the data. This suggests that it is
appropriate to screen the entire database for "outliers" and other inconsistencies prior to modeling or statistical tread
analysis. It is reco~ that procedures developed by Walker for Onondaga Lake also be used for the River
database.

F. Soluble Reactive Pbosphorus. Figures 11-8A and 11-8B show ~ longitudinal patterns of surface and
bottom soluble reactive phosphorus (SRP) concentrations in 1998 aDd 1999. The vertical bar and point at each location
represent the ~ured average, rninim11D and maximun concentrations for dle sampled dates. The surface and bottom
SRP concentrations increase significantly to about 0.04 mg/l between Cross Lake and the Baldwinsville Dam. This

suggests that Zebra lIUlSSel activities are important factors that accelerate the rate of recycle of biologically available
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phosphorus in the River. One goal of Beak 2000a,b studies and the current QEA modeling program is to provide a
quantitative understanding of the mechanisms that result in the observed increases in SRP in this section of the River.
Soluble phosphorus concentrations measured in 1999 were similar to those observed in 1998.

G. Chlorophyll 4. Figure 11-9A shows composite measurements of chlorophyll a in 1999. Figure 11-9B shows
separate measured longitudinal patterns of surface and bottom chlorophyll a concentrations in 1998 and 1999. The
vertical bar and point at each location represent the measured average, minimum and maximum concentrations for the
sampled dates. The 1999 data show that the chlorophyll a concentrations leaving Cross Lake drop from about 0.03 mg/l
to less than 0.005 mg/1 near the Baldwinsville dam These low chlorophyll a concentrations are well below the potential
of the system to support algal populations given the high levels of biologically available nutrients and light. This drop
is likely the result of Zebra fiUlSsel feeding activities. Note that chlorophyll a levels also increase somewhat downstream
near the Onondaga Lake outlet. One goal of Beak 2000a,b studies and the current QEA modeling program is to provide
a quantitative understanding of the mechanisms that result in the observed decreases in chlorophyll a in the River.
Chlorophyll a concentrations and patterns measured in 1999 were similar to those observed in 1998 suggesting that the
composite sampling strategy is appropriate.

H. Turbidity. Figures II-lOA and II-lOB show measured longitudinal patterns of surface and bottom turbidity in
1998 and 1999. The vertical bar and point at each location represent the measured average, minimum and maximum
concentrations for the sampled dates. The 1999 and 1998 turbidity levels drop significantly from about 10 to 20 NTU
at the outlet of Cross Lake to less than 5 NTU at the Three Rivers junction and the Oneida River. This drop is likely
related to Zebra mussel feeding on suspended algal cells and is consistent with decreases in measured chlorophyll
concentrations.

I. Conductivity. Figures ll-IIA and II-lIB show measured longitudinal patterns of surface and bottom
conductivity in 1998 and 1999. The vertical bar and point at each location represent the measured average, minimum
and maximum concentrations for the sampled dates. The 1999 and 1998 conductivity levels are relatively constant
between Cross Lake and Baldwinsville. The Onondaga Lake outflow increases the bottom water conductivity by about
a factor of 3. The high conductivity Lake water sometimes moves upstream in the bottom waters of the Seneca River.
The low conductivity surface waters and the high conductivity bottom waters gradually merge as a result of vertical
dispersion as the flow approaches the Three Rivers junction. The low conductivity waters of the Oneida River and the
Seneca River combine to form the Oswego River. The conductivity of the Oswego River near Three Rivers is somewhat
higher than the conductivity of the Seneca River near Cross Lake due to the overall impact of the Onondaga Lake outlet
and the Oneida River. These measured mixing and dilution patterns nwst be carefully analyzed and modeled prior to
the development of a water quality model for the system. Such efforts are currently underway by QEA.

J. Chloride. Figure 11-12 shows the ~ured longitudinal pattern of chloride measured in 1999. The vertical bar
and point at each location represent the nx:asmed average, minimum and maximum concentIations for the sampled dates.
The 1999 chloride levels are relatively constant between Cross Lake and Baldwinsville. The Onondaga Lake outflow
increases the bottom water chloride by about a factor of 5. Chloride patterns are similar to those measured for
conductivity shown in Figures 11-11 A and B. The measured mixing and dilution patterns of chloride must be carefully
analyzed and modeled prior to the develop~nt of a water quality model and provide an important complement to the
current effort by QEA to model the hydrodynamic and mixing processes in the system.

11.3 ANALYSIS OF LONGITUDINAL VARIATIONS

The purpose of d1is section is to identify differences in water quality for some important upstream and downstream
sections of the Rivers.

Table 11-4 shows average, maximum, and minimwn concentrations of several parameters measured in 1999 between
Stations 412 (upstream of the CUT) and 334 (downstream of the CUT). Note that the concentrations of chlorophyll a,
dissolved oxygen, pH, phaeophytin-a, total suspended solids, and turbidity are higher upstream of the CUT compared
to downstream. On the other hand, the concentrations of ammonia, nitrite, nitrate, soluble reactive phosphorus, and total
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dissolved phosphorus are lower upstream of the CUT compared to doWDSb"eam. All dlese changes suggest that Zebra
nwssels are reD¥>ving phytoplankton and releasing dissolved nutrients. As a consequence dissolved oxygen levels and
turbidity decrease.

Table 11-5 shows average, maximum, and minimwn concentrations of several ~ters ~ured in 1999 between
Stations 316 (upstream of the Baldwinsville WWTP and the Onondaga Lake outlet) and 269 (downstream of the
Baldwinsville WWTP and the Onondaga Lake outlet). Note that the concentrations of chlorophyll a, conductivity,
anunonia, nitrite, nitrate, organic nitrogen. total phosphorus, TKN, total suspended solids, and turbidity are higher
downstream of die Baldwinsville WWTP and the Lake outlet co~ed to concentrations ~d at the Baldwinsville
Dam.

Table 11-6 shows average, maxiIIn1Dl, and minimum concenb"ations of several ~ers measured in 1999 between
Stations 178 (upstream of die Oak Orchard WWTP) and 197 (downstream of die Oak Orchard WWTP). Note dJat the
concenb"ations of nib"ate, soluble reactive phosphorus, total phosphorus, and total dissolved phosphorus are similar
downstream of the Oak Orchard WWTP co~ed to d1e upstream ~ur~nts at Station 178. This suggests that dJe
Oak Orchard WWTP has relatively little ~t OD ~ River although nX>re comprehensive analysis must be performed
by QEA.

Table 11-7 shows average, maxiIImm, and mininwm concenb'ations of several ~ters measured in 1999 between
Stations 260 (upstream of the Wetzel Road WWrP) and 255 (downstream of the Wetzel Road WWTP). Note that
measured changes in DX>st parameters are n¥>stly small or inconsistent. This suggests that the Wetzel Road WWrP has
relatively little impact on the River although more comprehensive analysis must be perfonned by QEA.

The bar graphs in Figure 11-13 show changes in various p~ters ~asured at the Baldwinsville dam between 1990
and 1999. The County data collected since 1994 show a consistent pattern of change compared to 1990 and 1991. The
River was transfomled from one with high chlorophyll and turbidity and low dissolved nutrients to one with low
chlorophyll and turbidity and high dissolved nutrients. It has been generally assumed dJat these changes are the result
of the observed zebra nwssel invasion dJat occurred between 1991 and 1993. The main goal of Beak 2000a.b studies
and the current QEA nX>deling program is to provide a quantitative understanding ofdle ~hanisIm and consequences
of these dramatic transfonnations.

11.4 ANALYSIS OF ASSIMll.ATIVE CAPACm

The assimilative capacity ofdte Seneca River in 1991 (before the Zebra mussel invasion) was calculated using a water
quality omel published by Canale et al., 1995. The nX)de1 is based on mass balance equations for dissolved oxygen that
can be expressed in the fonn:

OxysCD AccUmllation = Reaeration + Photos~is - Respiration - CBOD Oxidation - NBOD
Oxidation - Se~t Oxygen Demand + Oxygen Inputs + Oxygen

Transport

Equation 1

The validity of Equation 1 and the accuracy of the 11k>de1 inputs and coefficients were evaluated using data collected in
1991 before the Zebra IJDlSsel invasion. The following discussion examines Equation I for the purpose of estimating
possible changes caused by the Zebra IJDlSsel invasion and describe the changes and improvements in d1e impl~tion
of Equation 1 by the current DX>de1ing effort by QEA. The discussion ass~ that temperature, sunlight, flow rates,
and reaeration are unchanged from the 1991 analysis.

A. Upstream Boundary. Equation I requires ~ input of upstream bouOOaIy concentrations before it can be solved
for the spatial and temporal variations of dissolved oxygen in the River. The Canale et at, 1995 m>del uses data from
Station 316 near dIe Baldwinsville Dam to establish values for dIe upstream boundary coocentrations. The new model
being developed by QEA expands ~ range of die D¥)(jel will ~ data collected at station 412 near die Cross Lake outlet
for die upstream boundary.
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B. Algal Photosynthesis and Respiration. The model term for algal photosynthesis and respiration in Equation
I can be expressed in the form:

Equation 2SRP.
SRP + Kp

- R} x CHL
Pad {P~ x -L x

I+K,

Where P De( is the net chlorophyll specific photosynthesis rate (mgO2/~gChl/day), P u.x is the maximum net chlorophyll
specific photosyndiesis rate (0.60 mgO2/~gChl/day), I is the average light intensity over the water column (~E/m2/s), Kt
is the light saturation coefficient (180 ~E/m2/s), SRP is the concentration of soluble reactive phosphorus (~g/l), Kp is the
phosphorus saturation coefficient (0. 7 ~g/l), R is die chlorophyll specific algal respiration rate (0.04 mgO/~gOll/day),
and Clll.. is the concentration of chlorophyll a (~g/l). The above coefficient values were estimated by Canale et al., 1995.

Preliminary analysis has shown that the Zebra mussels may decrease the assimilative capacity of the River by reducing
algal production of oxygen in the surface waters. However, Zebra mussels also lower bottom water algal respiration.
which increases the assimilative capacity of the River. The balance of these two factors is related to River geometry and
mixing processes and is being determined by QEA by implementing full-scale model calculations. It is also important
to note that the QEA modeling effort will treat chlorophyll and SRP as dependent nx>del variables. This is a significant
improvement in the model structure that was made possible by the County River monitoring program conducted since

1994.

C. CBOD Oxidation Rate. The model tenn for CBOD oxidation is given by - ~ (CBOD), where ~ is the CBOD
decay rate coefficient (l/day). The 1994 through 1999 monitoring data show that CBOD concentrations may have
increased in the system following the Zebra mussel invasion. Furthe£m:)re, it is likely that ~ has also increased because
dissolved nutrient concentrations have increased and perhaps because the refractory nature of the organic carbon has
decreased. However, light penetration has also increased in the River following the Zebra mussel invasion, which may
lower~. At this time, the County is conducting laboratory studies to measure ~ directly using Seneca River water.

D. NBOD Oxidation Rate. The model tenD for NBOD oxidation is given by - k" (NBOD), where k" is the NBOD
decay rate coefficient (l/day). The 1994 through 1999 monitoring data show that NBOD concentrations may have
increased in the system following the Zebra nwssel invasion. Furthennore, it is likely that k" has also increased because
dissolved nutrient concentrations have increased, and perhaps because the refractory nature of the organic nitrogen has
decreased. However, light penetration has also increased in the River following the Zebra nwssel invasion, which may
lower k". At this time, the County is conducting laboratory studies to measure k" directly using Seneca River water.

E. Sediment Oxygen Demand. Canale et al., 1995 reported SOD values between 1.0 and 3.0 mg/m2/day for the
River before the Zebra mussel invasion. Zebra mussel feeding activities produce an organic pseudofeces iliat may
increase the SOD and therefore decrease die assimilative capacity of the River. Beak is currently conducting studies to
measure SOD in the River. These studies should provide data iliat will be used in die model being developed by QEA

F. Zebra Mussel Respiration. Efller et al., 1995 have determined that Zebra mussel respiration rates (ZOO) are
a function of individual size, age distributions, as well as the population density. Estimated Zebra nmssel populations
in the Seneca River CUT resulted in a ZOO of approx.imately 34 mg/m2/day. This value is significantly higher than
measured the SOD of organic ~nts. Thus, Zebra nmssels have the potential to dramatically reduce the assimilative
capacity of the River. The distnoution of Zebra nmssels both inside and outside the CUT has been measured by Beak
in 1999. In addition laboratory studies are being conducted by Beak to ~asure the respiration, filtering and anunonia
release rates as a function of temperature and size-class. This infonnation will be used in the new model.
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11.5 CONCLUSIONS AND RECOMMENDA nONS

The monitoring data and analyses presented in this section of tile report suggest the following conclusions and
reconunendations:

Water quality conditions and the assimilative capacity of the Three Rivers system remain significantly
affected by Zebra mussel activities, the Onondaga Lake outlet, and to a lesser extent, the WWTP facilities
at Baldwinsville, Wetzel Road, and Oak Orchard.

2. The D¥>nitoring data show dJat wJder cuuent point som-ce loading conditions, d1e Seneca River may violate
dissolved oxygen, anunonia, and nitrite NYS water quality standards.

3, The existing water quality model for the River, as developed by Canale et at. 1995, is being updated and
validated by QEA using water quality data collected since 1994. The new model is expected to be able
to reliably calculate the assin1ilative capacity of the Rivers and predict changes in water quality that might
result from a diversion of METRO or changes in the NPDES permits for the Baldwinsville and Oak
Orchard WWfPs. This is because the eutrophication and other kinetic ~banisms in dle ~l are being
developed and calibrated for periods both before and after the Zebra nwssel invasion of dIe system The
basic hydrodynamic and mixing components of dIe existing River model are being improved and
quantified. Also the inflows and water quality of Onondaga Lake affect dIe assimilative capacity of the
River. If the location or quality ofdle METRO effiuent is changed, water quality coOOitions in OnolKiaga
Lake will change. The new QEA model is expected to link directly water quality models for Onondaga
Lake and the River.

4 The County has conducted a comprehemive monitoring program that is well suited to suwort these new
modeling efforts. New information has been collected by Beak to defme the Zebra nmssel population
demity, size-distribution, feeding activity, and respiration rates. A survey has conducted to characterize
the organic content and d1e SOD of ~nts in the River system The County is conducting laboratory
studies to improve estimates of organic oxidation in the system It is reco~ded that the County
continue to work with the QEA modeling team to support the model development effort.

s Statistical analyses should be perfonned to screen and ren¥>ve aberrant data from d1e Three Rivers
database.
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AVERAGE AND RANGE OF TOTAL PHOSPHORUS OBSERVED
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FIGURE 11-12 AVERAGE AND RANGE OF CHLORIDE OBSERVED DURING THE 1999
MONITORING OF THE SENECA AND ONEIDA RNERS.
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TABLE 11-1

WATER QUALITY PARAMETERS MONITORED IN THE
SENECA, ONEIDA, AND OSWEGO RIVERS STUDY, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

5-day BOD

Chloride
2.0 mg/l
1.0 mg/l

!Chlorophyll a 0.2 mg/m3

Ammonia Nitrogen as N
Nitrite as N
Nitrate as N
Total Kjeldahl Nitrogen

0.1 mg/1
0.01 mg/l
0.01 mg/l
0.1 mg/1

I Indicator of oxygen-demanding matenal
ITo evaluate mixing and dilution patterns in the Rivers
I
I
I

[Indicator of trophic status/algal productivity

I Compare to NYS ambient standard

Compare to NYS ambient standard

I Indicator of nitrogen cycling
Indicator of nitrogen cycling

Soluble Reactive P
Total Phosphorus as P
Total Dissolved P

0.001 mg/l
0.00 I mg/l
0.00 1 mg/l

ncicator of trophic status/algal productivity

LDdicator of trophic status/algal productivity

Indicator of trophic status/algal productivity

0.1 mg/l
0.1 mg/l

Indicator of oxygen demanding material

Indicator of oxygen demanding material

Total Organic Carbon
Total Organic Carbon-Filtered
I

Total Suspended Solids
Turbidity

1.0 mg/l
1.0 mg/i

Indicator of water clarity
Indicator of water clarity

To standardize measurement depdts in water profile

10 calculate NH3 standards and DO (%8at)

mdicator of CO2 production/decomposition

mdicator of salinity/stratification

mdicator of stratification

mdicator of suitability for aquatic biota/Zebra mussel activity

mdicator of suitability for aquatic biota/Zebra mussel activity
, mdicator of oxidation status of water

Depdt

Temperature

pH

Specific Conductance

Salinity

Dissolved Oxygen

Dissolved Oxygen (% Sat)

Redox

A 1-PARAM_99 ~f.
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TABLE 11-2

SENECA, ONEIDA AND OSWEGO RIVER MONITORING SITES AND
INDICA TOR OF LOCATION

Onondaga Lake 1999 Annual Report
Onondaga County, New York

Site on the
Seneca River

DownstreamDistance (River Miles)
from Cross Lake Outlet

:412 (Cross Lake Outlet)
409
I
397
362
334
iBaldwinsville Dam
316
Baldwinsville WWTP
294
Onondaga Lake Outlet
269
260
Wetzel Road WWTP
")55
240
222
Three Rivers Junction

o.
O.
2.
5.
8.
8.
9.
10
11
12
13
14
14
IS

17.6
18.0

*))~~
.".cC:O"" ! """"" D.. m: ' . ) ",,- ,~; ~? '. Downstream Istance \.~ver~es !,-\'c

.~~ '.c , /v""c..", .. -~~",., ~ ",

"~:;1:

10 1.4

~

A2-8UOYS_99

11-.30'

0

5

7

6

3

5

8

.4

.6

.9

.6

.2

.6

.2



TABLE 11-3

SENECA RIVER FLOWS RECORDED ON SAMPLING DATES
Onondaga Lake 1999 Annual Report

Onondaga County. New York

River Sampling Date

or Interval

Average Flow Rate *

(cfs)

Sampling Type
(R~ular Hi-weekly or Diurnal)

May 9, 1995
May 23, 1995
June 6, 1995
June 20, 1995
July 5, 1995
July 18, 1995

August I, 1995
August 22, 1995

Hi-weekly
Hi-weekly
Hi-weekly
Hi-weekly
Hi-weekly
Hi-weekly
Hi-weekly
Diurnal

e688

432

842

e350

e570

e400

e640

e1600

July 16-17, 1996
August 13-14, 1996
September 10, 1996

Diurnal
Diurnal
Diurnal.

2020
2720
631

June 1O, 1997
June 17, 1997
July 8, 1997
July 22, 1997

August 5, 1997
August 19, 1997

September 2, 1997
September 9, 1997
September 29, 199.7

Bi-weekly
Bi-weekly
Bi-weekly
Bi-weekly
Bi-weekly
Bi-weekly
Bi-weekly
Bi-weekly
Bi-weekly

3760

2080

e1200

1220

600

544

431

881

796

't'-' July 20, 1998
August 10, 1998
August 17, 1998

September 1, 1998

Monthly/Diumal
Monthly/Diumal
Monthly/Diurnal
Monthly/Diumal

1630
720
714
674

July 22, 1999
August 17, 1999

_September 13, 1999

Monthly/Diurnal
Monthly/DiurnaJ
Monthly/Diumal

611
526
664

. Finalized Seneca River flow rates recorded at Baldwinsville, NY

e = Estimated

Source: USGS, Ithaca

A3.fLOWS- 991tab1e3



TABLE 11-4

VARIOUS WATER QUALITY PARAMETERS IN THE SENECA RIVER,
UP-RIVER AND DOWN-RIVER THE CUT, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

SENECA~R
Buoy 409

Up-River of the CUT

SENECA RIVER
Buoy 334

,Down-R:!v~!" of_the CUT
iP.rameter ccU.~ -~;~~
-- - - -
CBOOS ffig/l C I

Average
~

Max.
4

Min.
<2

."-

<LOD* : Total#**<LOD* :TotaJ t**

1 : 3
Avenge

<2
MAx.;
~

Mia.
~

CHLOR-A mg/m" c 22 45 8 0:3 ,. l2 3 0: J

COND ~os/cm S
B
S
B
S
B
S
B
S
B
S
B
S
B
S
B
C

787

795

8.86

4.59

0.11

0.06

0.01

<0.01

<0.01

<0.01

0.002

0.005

0.5

0.7

8.34

7.74

6.78

817

826

9.45

6.65

0.17

0.06

0.01

<0.01

<0.01

<0.01

0.003

0.01

0.7

0.8

8.45

7.93

9.56

754
763
8.06
2.19

<0.05
0.05

<0.01
<0.01
<0.01
<0.01
0.002
0.002
0.4
0.5
8.23
7.58
3.58

0:3
0:3
0:3
0:3
I : 3
0:3
2:3
3:3
3:3
3 : 3

0:3
0:3
0:3
0:3

0:3
0 : 3
0:3

794

795

5.46

4.44

0.16

0.15

0.02

0.02

0.027

0.027

0.030

0.030

0.5

0.4

7.61

7.50

3.03

825
827

5.88
5.53

0.2
0.21
0.02
0.02
0.04
0.04

0.046
0.047

0.5
0.5

7.69
7.56
4.27

0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0: 3
0:3
0:3
0:3
0:3
0:3

DO-Field mg;

INH3-N fig/I

INO2 mg/1

!NO3 fig/I

SRP mg/l

Org-N mg/i

~H-field std. units

I Phaeophytin-a ffigim3

iTEMP "C S
B
S
B
S
B
S
B
S
B
S
B
S
B
S
B

24.62
23.82
0.065
0.099
0.024
0.025
0.6
0.7
3.62
3.86
3.44
3.38

8
28

6.51
22.77

27.38
26.01
0.079
0.136
0.026
0.032
0.8
0.9
4.00
4.18
3.80
3.74
11
47

8.60
37.00

23.04
22.68
0.055
0.074
0.022
0.022
0.5
0.5
3.10
3.50
3.00
2.9
6
18

4.16
14.50

0:3
0:3
0: 3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3

24.53
24.39
0.086
0.078
0.047
0.048
0.6
0.6
4.06
3.97
3.90
3.61

8
8

7.34
8.39

26.91
26.62
0.125
0.104
0.053
0.071

0.7
0.6

4.50
4.10
4.30
3.90

10
II

9.17

11..10

22.84
22.78
0.061
0.059
0.040
0.026

0.6
0.5

3.80
3.72

3.60
3.42

5
3

3.89
3.98

0:3
0 :3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0 :3

'TP mg/l

rep mg/I

TKN mg/1

TOC mg/l

I TOC-F mgil

ITSS mg/l

Turbidity Nru

-
See Figure II.A-I for buoy locatio!1 .LOD: the laboratory limit of detection (2.0 for BODS; 0.20 for Cm.OR-A; 0.1 for NH3-N; 0.01 for NO2; 0.001 for SRP; 0.001 for mp). Statistics

are calculated using die limit of detection when observations are below iliat limit
B: Data collected at 1 meter above die bottom.
S: Data collected at 1 meter below the surface.
C: Sample collected as a composite throughout die water colUDUl.
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756

756

4.74

3.32

0.12

0.12

0.01

0.02

0.01

0.01

0.016

0.016

0.4

0.4

7.57

7.41

1.55



TABLE 11-5

VARIOUS WATER QUALITY PARAMETERS IN THE SENECA RIVER, UP-RIVER AND
DOWN-RIVER OF THE BALDWINSVILLE WASTEWATER TREATMENT PLANT

AND THE ONONDAGA LAKE OUTLET, 1999
Onondaga Lake 1999 Annual Report

Onondaga County, New York

SENECA RIVER 2
, puoy269 ;

Do!o-River of ODondaga'LakeOutl~t

SENECA RIvER)
Buoy 316"-

Up.,River of OrioodagaLake Outlet

~~~~
UDJtI

mg/l
Averaae _'-Max. MIll:: 1 <wo.i TOtal'.. ~

3
MaL

4
MiD; 1 <LOO* : Total #** ;

c <1 ~ <2 j 3 2 2:2

ICHLOR-A mg/mJ c
s

PZC
S
B
S
B
S
B
S
B
S
B
S
B
S
B
S
B
c

~cl
s
B
S
B
S
B
S
B I
S i
B
S
B
S
B
S
B

u 4.8 j 0 3 9.1
5.3

46.5
898
1542
6.85
3.74
0.1
0.5

0.05

0.13
0.18
1.28

0.021
0.016

0.4
0.5

7.73
7.43
4.1
1.8
1.8

24.63
22.58
0.088
0.115
0.044
0.065

0.5
1.0

4.18

3.84
3.93
3.57

4

8
2.74
7.01

9.1
5.3

46.5
984
2270
9.62
6.10
0.2
0.8
0.07
0.17
0.24
1.45

0.034
0.028
0.5
0.7
8.08
7.64
4.1
1.8
1.8

26.89
23.36
0.123
0.200
0.064
0.117
0.6
1.2

4.30
4.00
4.00
3.72

6
10

3.14
9.22

9.1
5.3

46.5
842
215
5.23
1.35
0.1
0.1
0.03
0.10
0.14
1.02

0.004
0.009
0.4
0.4
7.5S
7.20
4.1
1.8
1.8

23.07
21.97
0.067
0.062
0.032
0.027
0.5
0.8

4.00
3.73
3.80
3.50

2
5

2.39
4.74

0: 1
0: 1
0 1
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:1
0:1
0: 1
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
0:3
-<1 :3

COND J1InHos/cm 796
799
5.24
3.46
0.3

0.2
0.04
0.04
0.07
0.07

0.036
0.050

0.3
0.3
7.59
7.44
2.0

827

832

5.72

5.17

0.5

0.3

0.06

0.07

0.08

0.08

0.052

0.090

0.4

0.4

7.74

7.49

3.0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
3
3
3
3
3
'3
3
3
.1
3
3
~
).
3
3
3

DO - Field mg/1

NH3-N mg/1

INO2 mg/l

!NO3 mg/l

SRP mg/1

Org-N mg/l

pH-field std. units

I Phaeophytin-a mg/m3

°cTEMP 24.62
24.14
0.073
0.084
0.052
0.073

0.6
0.6

4.16
4.02
3.70
3.71

3

4
4.15
4.67

27.03
26.09
0.101
0.133
0.064
0.124
0.6
0.6
4.70
4.50
3.80
4.00

6
6

5.38
6.40

22.84
22.75
0.056
0.055
0.034
0.035
0.5
0.5
3.87
3.70
3.59
3.53

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
)
3
3
3
.1
3
3
3
3
3
3
3
3
3
3

TP mg/l

mp mg/l

TKN mg/l

ITOC mg/I

TOC-F mg/1

TSS mg/l

Turbidity NTU 2.57
2.58

I : See Figure II.A-l for buoy locations.

2: *LOD: the laboratory limit of detection (2.0 for BODS; 0.20 for CHLOR-A; 0.1 for NH3-N; 0.01 for NO2; 0.001 for SRP; 0.001 for
TDP). Statistics are calculated using die limit of detection when observations are below that limit
B: Data collected at 1 meter above die bottom.
S: Data collected at 1 meter below die surface.
C: Water column composite sample. .
PZC: Photic zone composite sample.
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-33

758

759

4.50

1.61

0.2

0.2

0.02

0.02

0.05

0.05

0.023

0.024

0.1

0.3

7.51

7.38

0.8



TABLE 11-6

VARIOUS WATER QUALITY PARAMETERS IN THE ONEIDA RIVER, UP-RIVER AND
DOWN-RIVER OF OAK ORCHARD W ASTEW A TER TREATMENT PLANT, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

ONEillARIVER

Buoy 178

Up;;Riverof Oak Orchard

ONEffiARIVER

Buoy 197
.

Down:.Riverof Oak Orchard

"~eter
BODS
CHLOR-A
COND

Units ,Avera-.
2

I 11.9

338

420

10.39

5.37
0.1

0.2

0.02

0.05

0.06

0.16

0.013

0.048
0.7

0.4

8.72

7.95

1.4

24.60

23.54

0.101
0.098

0.029

0.058

0.8
0.6

4.17

4.31

3.92

3.88
8
6

4.10

5.09

Max.
3

16.6
357
568

11.91
8.44
0.1
0.3

0.03
0.09
0.10
0.25
0.017
0.095

1.2
0.6
8.98
8.62
1.9

26.68
25.18
0.113
0.118
0.035
0.099

1.2
0.7
5.10
5.10
4.90
4.70
17
11

1.81
8.30

Min. I <LOD* : Total #** ~
2.0
8.2
328
331
9.03
7.25
0.1
0.1
0.01
0.02
0.01
0.03
0.008
0.010
0.5
0.4
8.60
8.26
1.9

i 24.15
23.49
0.063
0.061
0.025
0.031
0.6
0.5
432
3.84
3.80
3.65

8
10

4.14
5.77

i~
~
10.7
347
348

10.43
8.20
0.1
0.1
0.01
0.05
0.02
0.04

0.012
0.018
0.6
0.4
8.90
8.52
2.4

25.84
25.18
0.079
0.069
0.034
0.037
0.7
0.5
535
4.53
4.50
4.25
12
16

7.89
1030

Min. I <LOD* : Total fI**
mg/l C

mg/mJ C
nunHos/cm S

B
mg/l S

B
mg/l S

B
mg/l S

B
mg/l S

B
mg/l S

B
mg/l S

B
std. units S

B
mg/m3 C

°c S
B

mg/l S
B

mg/l S
B

mg/l S
B

mg/l S
B

mg/l S
B

mg/l S
B

NTU S
B

<2
8.0
323
326
9.11
2.50

<0.05
0.1

0.02
0.03
0.02
0.10
0.010
0.019
0.4
0.3
8.46
7.34
0.6

22.80
22.56
0.086
0.079
0.025
0.030
0.5
0.6
2.90
3.00
2.60
2.80

4
3

1.82
3.21

-J

3
3
3
.1
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
.1
3
3
3
3
3
3
3
3
3
3
3
3

~q-

3.2
313
315
7.46
6.26

<0.05
<0.05
<0.01
<0.01
<0.01
<0.01
0.004
0.004
0.4
0.3
8.20
7.86
1.7

22.79
22.44
0.052
0.055
0.019
0.023
0.5
0.4
2.90
3.00
2.60
2.70

5
7

2.04
2.86

3-::-3
0:3
0: 3

0 :3

0:3

0:3

1 :3

1:3

2 : 3

1:3
2 :3

I : 3

0:3

0:3

0:3

0:3
0:3

0:3

0:3

0:3

0:3
0:3

0:3

0:3

0:3

0:3
0:3

0: 3

0:3

0:3

0:3
0:3

0:3

0:3

0:3

0
0
0
0
0

100 - Field

~NH3-NI

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

INO2

1003

SRP

Org-N

pH-field

I PbaeoPhytin-a
TEMP

ITPI

WP

TKN

TOC

TOC-F

TSS

I Turbidity

I : See Figure 11.A-l for buoy locations.

2: .LOD: the laboratory limit of detection (2.0 for BODS; 0.20 for CHLOR-A; 0.1 for NH3-N; 0.01 for NO2; 0.001 for SRP; 0.001 for
TDP). Statistics are calculated using the limit of detection when observations are below that limit
B: Data collected at 1 meter above the bottom.
S: Data collected at 1 meter below the surface.
C: Water column composite sample.
PZC: Photic zone composite sample.
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TABLE 11-7

VARIOUS WATER QUAUTY PARAMETERS IN THE SENECA RIVER. UP-RIVER AND
DOWN-RIVER OF WETZEL ROAD W ASTEW ATER TREATMENT PLANT, 1999

Onondaga Lake 1999 Annual Report
Onondaga County, New York

- mg/I C ~ 5 3: O:3~~
Jmg/m PZC 98.3 98.3 98.3 0 : 1

B 3.3 6.1 0.2 I : 3
C 5.1 6.9 3.2 0 : 1

~os/cm S 93S 1071 856 0 ': 3
B I 1193 2140 1131 I 0 : 3

-~- mg/I S 1.64 11.26 5.64 I 0 : 3
B 2.26 4.77 1.00 2 : 3

mg/I S 0.2 0.3 0.2 I 0: 3

B 1.3 2.2 0.3 0 : 3
mg/l S O.OS 0.06 0.03 0 : 3

B 0.05 0.10 0.02 i 0 : 3
mg/l S 0.19 0.21 0.14 0 : 3

B 0.29 0.82 0.01 1 : 3
mg/I S! 0.018 0.026 0.003: 0 : 3

B 0.394 0.821 0.003 0 : 3'
mg/I S 0.5 1.0 0.2 0 : 3

B; 0.1 1.1 0.2 I 0 : 3
J std. units S 1.85 8.39 1.58 0 : 3

B 1.28 1.50 1.15 0 : 3
-~ -..=-~-- .1 mg/m3 PZC : 3.0 3.0 3.0' 0 : 1

B 4.9 1.3 3.2 0 : 3
C 2.4 2.8 2.0 0 : 2

°c S I 24.61 26.77 23.10 I 0 : 3
B 21.84 23.69 20.61 I 0 : 3

mg/l S 0.095 0.IS9 0.058 0 : 3
B 0.668 0.981 0.058 0 : 3

rng/I S 0.041 0.OS1 0.040 0 : 3
B 0.511 0.813 0.026 0 : 3

rng/I S I 0.1 1.2 0.5 I 0 : 3
B 2.0 2.S 1.0 0 : 3

- - mg/I S 4.35 4.40 4.25 0 : 3
B 4.36 4.80 3.60 0 : 3

mg/l S 3.12 4.10 3.50 0 : 3
B 4.0S 4.50 3.30 0 : 3

mg/l S I s 12 I I 0 : 3
I B 4 5 2 0:3
Turbidity Nru S 3.48 4.13 2.60 0 : 3

B - 4.61 5.62 3.04. 0 : 3 . I

I : See Figure 11.A-I for buoy locations.

z: .LOD: the laboratory limit of detection (2.0 for BODS; 0.20 for CIn..oR-A; 0.1 for NH3-N; 0.01 for NO2; 0.001 Cor SRP; 0.001 for
mp). Statistics are calculated using the limit of detection when observations are below that limit.
B: Data collected at 1 meter above the bottom.
S: Data collected at 1 meter below the surface.
C: Water colunm composite sample. .
PZC: Photic zone composite sample.

3

47.0
9.9

4.3

972

1640

8.69

3.96
0.1

0.3
0.05
0.13

0.28

1.03
0.020

0.022

0.6

0.6

7.92
7.41

35
3.4

2.1

25.02

23.15
0.079

0.085

0.046
0.062

0.7

0.8
4.23
4.14

3.98
3.95

5
4

2.95
3.90

6

47.0

9.9
4.8

1108

2050

14.63

4.58

0.3
0.4

0.06
0.21

0.35

1.27

0.032
0.034

0.9

0.7

8.66

7.50

3.5
3.4

3.0
27.76

24.28
0.108

0.089

0.064

0.085

1.0
1.1

4.50

4.30
4.20

4.06
7

5

3.61
4.70

2
0
0
0:
0 :
0
0
0
I
0 :
0 :
0
0
0
0
0 :
0 :
0
0
0
0
0 :
0:
0
0
0
0
o.
0 :
0
0
0
0
0
0 :
0
0
0
Q

CHLOR-A

CONn

100 - Field

NH3-N

NO2

INO3

SRP

Org-N

pH-field

[TEMP

[TP

'IDP

ITKN

ITOC

TOC-F

ITSS

A-7.240_99.x1s/Buo'J' #240
,,-~c

2
47.0
9.9
3.7
903
1065
5.S6
2.91
0.1
0.1
0.04
0.08
0.22
0.62

0.001
0.014

0.4
0.4
7.55
7.29
3.5
3.4
1.1

23.21
22.58
0.063
0.080
0.021
0.042
0.4
0.7
4.10
3.90
3.80
3.80

2
4

2.61
3.00

:J
: I

: I

:2

: 3

: 3

: 3

: 3

: 3

: 3

: 3

:3

: 3

:3

: 3

: 3

:3

:3

: 3

:3

: I

: I

:2

: 3

:3

: 3

: 3

: 3

:3

: 3

: 3

: 3

: 3

: 3

:3

: 3

: 3

:3
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CHAPTER 12

MASS-BALANCE MODELING

(By Dr. William Walker, Jr;

12.1 INTRODUCTION

The development and structure of a mass-balance modeling framework for Onondaga Lake is described in
the 1998 lake monitoring report (Ecologic. et at. 1999). Interactive software facilitates computation and
analysis of mass balances for nutrients and other water-quality components using hydrologic and water
quality data collected in the lake and its tributaries (Figure 12-1). Predictive models for annual outflow
and summer lake total phosphorus and total nitrogen concentrations use simple first-ord~r rate expressions
to represent nutrient retention within the Lake.

This chapter updates the mass-balance framework. to include 1986-1999 data. Total phosphorus and total
nitrogen models are refined and recahorated. The phosphorus balance is linked to a network of empirical
models for predicting trophic state indicators including chlorophyll-a., transparency, and hypolinmetic
oxygen depletion rate (Figure 12-2). These models provide a basis for predicting seasonally averaged lake
responses to reductions in external phosphorus loads resulting from future implementation of point-source
and nonpoint-source control measures.

12.2 DATABASE UPDATES

Mass-balance tables have been updated to include 1999 data using methods and assumptions described in
the 1998 annual report. Ten-year trends in concentration and load for each source and water quality
component are summarized in Tables 12-1 and12-2, respectively. Five-year-average mass-balances for
chloride, total phosphorus, and total nitrogen are listed in Tables 12-3,4, & 5, respectively. Accuracies of
the water balance and load compUtation framework are supported by the fact that chloride inputs and output
differ by -1 % over the 1995-1999 period

In the previous report, total phosphorus loads for the 1985-1989 period (when TP was not measured) were
estimated by applying TPfTIP ratios to the measured TIP loads for each tn'butary. The ratios were
calibrated to data from subsequent years when both TP and TIP were measured. These estimates have been
refined by developing a TP vs. TIP regression model for each tn'butary and die lake epilimnion. The model
includes both a slope and an intercept, whereas the previous procedure assumed an intercept of zero. In
addition, each model has been calI'brated to paired TP and TIP measurements (vs. annual loads).

Figure 12-3 shows yearly variations in total precipitation, lake inflow volumes and loads of total
phosphorus and total nitrogen over the 1986-1999 period Inflow volumes and nutrient .toads were
relatively low in 1999, primarily because of low precipitation (31 inches vs. average of 37 inches for 1986-
1998). Total phosphorus loads generally declined over the 1986-1999 period. Trend analysis results for
1990-1999 (Tables 12-1 & 12-2) indicate significant decreasing trends in phosphorus load and
concentration for Onondaga Creek and Metro. When adjusted for variations in flow, however, only the
Metro trend (-5% per year) is significant. For this particular time period, the adjus~nt procedure may
ov~r-compensate for flow effects because the time series starts with a wet year (1990) and ends in a dry
year ': 1999). When this occurs, it is difficult to distinguish effects of flow from a long-term trend. For this
reason, the declining trend in Onondaga Creek may in fact be significant, even though the regression
indicates otherwise. Total nitrogen loads decreased steadily over the 1996-1999 period. This is attributed
primarily to reductions in ammonia nitrogen load resulting from increased nitrification at Metro.
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Yearly phosphorus and nitrogen balances are listed in Tables 12-6 and 12-7, respectively. Other data used
for calibration and testing of me eutrophication model network are summarized in Table 12-8. These data
have been derived from me mass-balance framework and historical lake water quality files.

12.3 TOTAL PHOSPHORUS MODEL

The strucnlre of the phosphorus balance model is identical to that described in the 1998 annual report
(Figure 12-2, Table 12-9). Flows and phosphorus loads used for model calibration and testing are listed in
Table 12-6. The annual flow-weighted-mean outflow concentration is predicted nom outflow volume and
inflow load using a first-order settling velocity to predict net sedimentation within the Lake (Vollenweider,
1969; Chapra. 1975). Because the mass-balance is used to predict both annual outflow concentration and
summer epilimnetic P concentration, it is formulated on a water-year basis (October thru September). A
calendar-year basis would be less appropriate because loads between October and December could not
influence lake conditions in summer of the same calendar year.

The settling v~locity (22.9 mlyr) is calibrated to data from the last 5 water years (1995-1999). Hindcasts ~f
1986-1994 data provide a basis for model testing. Observed and predicted outflow P concentrations are
plotted in Figure 12-4. Within the calibration period, the model explains 73 % of the variance in the
observed outflow concentration widt a residual standard error of 11 %. There is a tendency for the model
to over-predict outflow concentrations in earlier years (1986, 1989, 1991, 1992). This may reflect:

2

positive correlation between net settling rate and concentration or load, as embodied in other
empirical phosphorus models developed from lake or reservoir data sets (Canfield & Bachman
1981; Walker, 1985; Sas,1989);
non-steady-state conditions in the Lake owing to feedback. of sediment phosphorus during this
period of declining external phosphorus loads; and/or
anomalies in sampling of the lake outlet owing to backflows from the Seneca River.

Develop~nt of a dynamic P baJAnce model that accounts for sediment P storage and recycling may help to
determine whether the second mechanism is important Because the reasons cannot be specifically
identified and because predictions of summer epilimnetic P concentrations do not show the same pattern
(see below), modification of the model to simulate outflow concentrations in these early years does not
seem appropriate. Funne mass-balance results will determine whether the apparent pattern of a declining
net settlmg rate computed from lake outflow concentrations continues.

Summer epilimnetic total phosphorus concenn-ations at the Lake South station drive predictions of other
trophic state indicators (Figure 12-5). For reasons described below, sununer epilimnetic concentrations
are computed from samples collected between July and September at the Lake South station at depths
ranging from 0 to 3 ~ters. Summer P values are predicted by applying a constant ratio to the annual flow.
weighted-mean outflow concenn-ation predicted by the mass-balance model (Sas, 1989). This ratio (0.55,
calibrated to 1995-1999 data) accounts for seasonal and, to a lesser extent, spatial variations. Within the
calJ"bratioD period. the model explains 29% of the variance in the observed lake P concenn-ation with a
residual standard error of 90/0. The low r value reflects low variability in the observed concentration
during this period; the validity of the model is supported by the low residual standard error, well below d1e
-200/0 level typical ofe~irical phosphorus balance model! (Walker, 1985,1996). Model performance
statistics for the entire 1986-1999 period are C c 88% and CV =13%.

Summer cpilimnetic P concentrations respond quickly to year-to-year variations in external load (Figure
12-5). This suggests that feedback of sediment phosphorus deposited historically is not significantly
delaying the recovery of the lake during this period of declining phosphorus loads, at least within the
concenttation ranges achiev~ to date. Long-term trends in average inflow and outflow concentrations and
load.5 (Figure 12-6) are also consistent with a rapid lake response to reductions in external load.

12-2



12.4 TOTAL NITROGEN MODEL

The structure of the nitrogen balance model is identical to that described in dle 1998 annual report (Table
) 2-9, Figure 12-2). The annual flow-weighted-mean outflow concentration is predicted from inflow
vC'lume and load using a first-order settling velocity to predict net sedimentation within the Lake. Flows
a~d nitrogen loads used for model calibration and testing are listed in Table 12-7. As for phosphorus, the
nitrogen model is calibrated to water-year time series.

The nitrogen settling velocity (24 miyr ) is calibrated to data from the last 5 water years (1995-1999).
Hindcasts of 1986-1994 data are used for model testing. Observed and predicted outflow N concentrations
are plotted in Figure 12-7. Within the calibration period, the model explains 75% of the variance in the
observed outflow concentration with a residual standard error of 8 %. Corresponding values for the entire
1986-1999 period are 61% and 7%, respectively.

Summer epilimnetic total nitrogen concentrations at the Lake South station (Figure 12-8) are predicted by
applying a constant ratio to the annual flow-weighted-mean oUtflow concentration predicted by the mass- -
balance model. This ratio (1.15, cahorated to 1995-1999 data) accounts for seasonal and, to a lesser
extent, spatial variations. Apparently because of the importance of point-source nitrogen loadings,
summer nitrogen levels in the lake epilimnion are 15% greater than annual. flow-weighted-~an outflow
concentrations. Within the calibration period, the model explains 71 % of the variance in the observed lake
total N concentration with a residual standard error of 10010. Corresponding statistics for the entire 1986-
1999 period are 53% and 11%, respectively.

12.5 TROPHIC RESPONSE MODELS

A netWork of empirical models has been assembled from the literature to provide a basis for predicting
variations in the following trophic state indicators from summer epilinmetic Total P concentrations:

Mean Chlorophyll-a
Algal Bioom Frequencies (percent of time Chl-a exceeds 1O, 20, 30, and 40 ppb)
Mean Secchi Depth
S~chi Frequencies (percent of time Secchi is iess than 1.2 meters [4 feet bathing standard] and 2
meters)
Hypolimnetic Oxygen Depietion Rate & Duration of Anoxic Conditions

The linkage of variables in the model network is shown in Figure 12-2
12-8. Model equations and calibration results are listed in Table 12-9.

Calibration data are listed in Table

Generally, these models were originally developed and calibrated to data from phosphorus-limited lakes
(lakes in which algal productivity is limited by phosphorus concentrations). Historically, phosphorus
concentrations in Onondaga Lake have been well in excess of groWth-limiring levels. It is likely that
factors such as light and zooplankton grazing have been conttolling. Figure 12-9 shows total and ortho
(-soluble reactive) phosphorus concenttations in the epilimnion (July-September means, 0-6 m, Lake
South) between 1986-1999. Excess Ortho P is present in the Lake when Total P concentrations exceed
-50-60 ppb. The plots show that the Lake has approached a phosphorus-limited condition in recent years
as the concentration of total phosphorus has reached 50-60 ppb. Given the increasingly P-limited
conditions, it is likely that ttopbic state indicators (chlorophyll-a, transparency) will respond to futUre P
reductions more dramatically than they have to historical P..teductions.

As borne out by the data presented below, phosphorus-based models would be expected to over-predict
historical concentrations of chlorophyll-a and other trophic state indicators. As phosphorus concentrations
have declined and approached growth-limiting levels in recent years, observations and model predictions
have converged. Attempting to adapt the models to simulate historical conditions may be futile and is not
necessary to forecast responses to future reductions in phosphorus load. Accordingly, the calibration
strategy is to focus in recent years (1995-1999). High R2 values are not expected within this period, given
the limited number of years and range of data. In some situations, the models are adopted without re-
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calibration because observed concentrations are not significantly different from model predictions. If
necessary. the models can be recalibrated to match observed responses as phosphorus levels decrease future
years. The key assumption in using the models in a forecast mode is that phosphorus will remain limiting
and that the Lake will respond tp reductions in phosphorus in a manner that is reflected in the cross-
sectional data sets derived from other phosphorus-limited lakes.

For each year, ttophic state indicators are computed from samples collected between July and September at
the Lake South station at depths ranging from 0 to 3 meters. Figure 12-10 shows average seasonal
variations in total phosphorus, chlorophyll-a, and transparency based upon 0-3 meter samples at the Lake
South station. Chlorophyll-a concentrations tend to be significantly lower in June and transparencies,
significantly higher, as compared with the rest of the summer. This probably reflects cleMing events
driven by zooplankton activity. The precise timing of these events varies from year to year and introduces
considerable variability in the summer means co~uted from June-September or June-August data.
Summarizing the data on a July-September basis excludes the highly variable conditions in June and
provides greater precision in the modeled response variables. These months represent "worst-case"
conditions for chlorophyll-a and transparency.

12.5.1 Cblorophyll-a

Summer mean chlorophyll-a concentrations are modeled as a log-linear function of summer phosphorus
concenttation (Figure 12-11). The regression model developed by Jones & Bachman (1976) has been
calibrated to 1996-1999 data by adjusting the interCept from 0.081 to 0.076. The model is similar to others
developed from other lake data sets (Dillon & Rigler, 1994; Carlson, 1977; Walker, 1979).

Figure 12-11 shows 800/0 prediction intervals (lOch, 50$, and 901b percentiles) in relation to observed mean
chlorophyll-a concentrations betWeen 1986 aOO 1999. Prediction intervals are computed from the residual
standard enor for the 1996-1999 period (CY = 24%). A variety of chlorophyll-a sampling methods were
used over the 1986-1999 (discrete depths, epilimnetic composite, photic zone composite). These results
have been pooled and averaged by date before computing summer means. Figure 12-11 shows observed
mean values plus or minus one standard enor. Standard enors are computed from the number of sampling
dates and the standard deviation of the mean concenttation across dates. The residual CV in 1996-1999
(24%) is similar to the standard enor of the observed mean values (averaging 23%). This suggests that
~mpling variability alone could account for a significant fraction of the difference betWeen observed and
predicted concentrations.

As expected, the model significantly over-predicts chlorophyll-a concentrations in the years prior to 1995
when phosphorus was not limiting. Predictions and observations converge as phosphorus concentration
decrease in later years.

12.5.2 Algal Bloom Frequencies

Su~ algal bloom frequencies (percent of the time that chlorophyll-a exceeds bloom criteria of 10,20,
30, or 40 ppb) are predicted as a function of ~ chlorophytl-a concentrations by modeling temporal
variation in chlorophytl-a with a lognormal distribution (Walker, 1984). The temporal coefficient of
variation (CV = 0.60) has been calibrated to 1986-1999 data. Chlorophytl-a leveb of 10, 20, and 30 ppb
correspond to "visible", "nuisance", and "severe nuisance" algal bloolm, according to results ofuser
surveys reported by Walmsley (1984). Figure 12-12 plots observed and predicted bloom frequencies
against observed ~an chlorophytl-a levels. These relationships typically show a dlreshold response that
is useful for setting goals (Heiskary & Walker, 1988).

In a forecast mode, bloom frequencies would be estimated from predicted mean chlorophyll-a levels, in
turn predicted from phosphorus levels. Observed and predicted algal bloom frequencies are plotted against
predicted lake total phosphorus in Figure 12-13 and against year in Figure 12-14. Prediction intervals are
compUted directly from the prediction intervals (or mean chlorophyll-a. As expected, the models tend to
over-estimate bloom frequencies in earlier years when phosphorus concentrations were not limiting.
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Results suggest that the apparent reductions in severe bloom frequencies (30 or 40 ppb) in recent years can
be at least partially attributed to reductions in phosphorus levels.

12.5.3 Secchi Depth

Secchi depths are predicted with a model that partitions light extinction into two components: an algal
component (assumed to be proportional to chlorophyll-a concentration) and a non-algal component
tattributed to color, inorganic particles, and non-algal organic particles) (Walker, 1985; 1996; Effler, 1994).
The light extinction coefficient is assumed to be inversely proportional to the Secchi depth. Model
coefficients are calibrated to Secchi and chlorophyll-a concentrations observed between 1990 and 1999
(F igure 12-15). There is a strong indication that non-algal turbidity was higher in years prior to 1990
(range 0.4-1.3 m-1 vs. average 0.3 mol in 1990-1999). This may reflect reductions in calcium, suspended
solids, or other substances contributing to light extinction but independent of chlorophyll-a concentration.
If further reductions in non-algal turbidity occur following implementation of additional source controls, it
will be necessary to recalibrate the model by adjusting the non-algal turbidity term.

In a forecast mode, Secchi depths would be estimated from predicted mean chlorophyll-a levels, in turn -

predicted from phosphorus loads. Figure 12-16 plots observed mean Secchi depths against predicted lake
phosphorus concentration and year. Prediction intervals are computed from the residual standard error
over the 1995-1999 period (CY = 19%). As expected, transparency is under-predicted in earlier years
when phosphorus concentrations were not limiting algal growth. Because of potential future reductions in
non-algal turbidity unrelated to phosphorus controls, response of transparency to reductions in phosphorus
load may be more dramatic than those predicted by the model as it is currently calibrated.

12.5.4. Secchi Frequencies

To recreational users. the average water transparency over a summer may have little meaning because of
high variability experienced within the summer. The frequency of transparencies less than 1.2 meters ( 4-
foot bathing standard) is of interest from a management perspective. Secchi interval frequencies (percent
of time < 1.2 meters and < 2 meters) are predicted using a model analogous to that descn'bed above for
algal bloom frequencies. Temporal variations in transparency are simulated with a lognormal distribution
and ':V=O.32, calibrated to 1986-1999 data. Figure 12-17 plots observed and predicted Secchi interval
frequencies against observed mean Secchi depths.

In a forecast mode, bloom frequencies would be estimated from predicted mean transparency, in turn
predicted from chlorophyll-a and phosphorus loads. Observed and predicted Secchi frequencies are plotted
against predicted total lake phosphorus and year in Figure 12-18 «1.2 meters) and Figure 12-19 « 2
meters). Prediction intervals are computed from the prediction intervals for mean transparency. Again,
the models tend to over-predict frequencies in earlier years when phosphorus concentrations were not
limiting. One exception is 1986, when non-algal turbidity levels in the Lake were apparently much higher
than those present in subsequent years.

12.5.5 Hypolimnetic Oxygen Depletion Rate

The rate of oxygen depletion below the themtocline in the spring and early summer has been promoted as a
useful index of trophic state (Mortimer, 1941). This rate reflects the combined effects of respiration and
decomposition processes ultimately fueled by external and internal sources of nutrients and organic matter.
This rate also has ~ strong influence on summer hypolimnetic oxygen levels that, in turn, can limit fish
habitat and control nutrient cycling.

The HOD rate is typically expressed on an aerial basis (mg/m2-day} and computed from temperature and
dissolved oxygen profiles collected on dates when the water column is thennally stratified and before
oxygen is depleted. The calculation assumes that HOD values are independent of dissolved oxygen
concentration when the above conditions are met. In Onondaga and other productive lakes, depletion
occurs rapidly and closely- spaced profiles (-weekly) are needed for accurate computation of HOD rates.
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Table 12-8 lists computed HOD rates for Onondaga Lake based upon data collected at the Lake South
station betWeen 1986 and 1999. Computations are based upon temperature and dissolved oxygen
measurements collected at 3-meter increments betWeen 6 and 18 meters. Measurements collected at finer
depth increments with HYDROLAB units may provide an improved basis for HOD calculations in recent
years The 3-meter data have been used because they were reported consistently over the 1986 to 1999
period. Results indicate that the accuracy of HOD calculations is more likely to be controlled by temporal
sampling frequency (biweekly) than by vertical spacing of the observations. While thermocline depths
may vary somewhat from year to year, HOD rates are computed for each year based upon the change in
volume-weighted-mean oxygen concentrations below 6 meters, a typical spring thermocline level for the
Lake. The areal HOD rate is computed as the product of the volumetric depletion rate (mg/m3 -day) and
the mean depth below the thennocline (8.3 meters for a thermocline depth of 6 meters).

As indicated in Table 12-8, computed HOD rates in 7 out of 14 years under-estimate actual values because
of incomplete spring turnover and/or depletion of oxygen in a least part of the hypolimnion between the
fIrSt and second stratified dates. HOD rates are positively correlated with hypolimnetic mean dissolved
oxygen concentration at the end of the calculation period in years when that concentration is less than - 4mgiliter. In other years wid1 reasonably reliable HOD estimates, rates ranged from 1500 to 2400 mg/m2_- .

day, as compared with a range of 1100 to 1900 mg/m2-day reported by Effler (1994). These values are well
within the "eutrophic'~ range proposed by Mortimer (1941) (>550 mgim2-day).

Walker (1979) developed relationships betWeen HOD rates and other trophic state indices (phosphorus,
chlorophyll-a, transparency) in northern temperate lakes. When apparent morphometric effects
(represented by mean depth) were also considered, the model explained 91 % of the variance in reported
HOD values for 30 lakes with a residual standard error of23%. For a lake with a fixed mean depth (in
this case, 10.9 meters), the model equations can be condensed to a log-linear function of swnmer
epilimnetic P concentration (Table 12-9, HOD = 42.3 pO.94).

Observed and predicted HOD rates are plotted against predicted total phosphorus and year in Figure 12-20.
Prediction intervals are computed from the residual standard error for the 1995-1999 period (CV = 21%).
This standard error is similar to that computed from the model development data set (CV = 23%,

Walker, 1979). .A,.s for other trophic state indicators, the model tends to over-predict HOD rates in earlier
years when phosphorus concentrations exceeded -100 ppb ano were not limiting algal growth.

As indicated in Table 12-9, HOD rates can be translated into other useful measures of oxygen status. The
"Days of Oxygen Supply" (Too, Walker, 1979) is computed from the HOD rate, oxygen concentration at
me onset of stratification (typically 12 ppm) and the mean hypolimnetic depm (in this case, 8.3 meters for a
6-meter themlOcline depth). The Too value represents the theoretical number of days between the onseJ of
stratification and depletion of all oxygen stored in the hypolimnion. Oxygen levels at the bottom of the
hypolimnion are usually depleted before this occurs. The duration of the anoxic period (T ANOXIC) is
estimated by me difference be~een TOO and the duration of the stratified period (T STRAT - 183 days, April
15 - October 15).

12.6 MODEL IMPLEMENTAllON

The model network has been programmed on an ExcelTM worksheet (Table 12-10). Variable categories
include parameter values (constant across simulated cases), input values, and output values. Trophic state
predictions are driven by lake outflow volume and inflow total phosphorus load, each referenced to a
specified hydrologic period of record. Nitrogen models could added to the worksheet, but are not included
in this version because they do not influence predictions of chlorophyll-a and related trophic state
indicators.

The predicted response of each trophic state indicator to variations in phosphorus load are shown in Figure
12-21. Results are for average 1995-1999 hydrologic conditions (outflow volume = 399 hm3/yr). The 80%

prediction interval (10111,50111,90111 percentiles) is shown for each response variable. These intervals reflect
the combined influences of sampling variations (uncertainty in loads and measured responses) and model
error.
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The folloWing table lists projected lake phosphorus concentrations for various management scenarios
involving combinations of Metro effiuent P levels & nonpoint source load reductions:

Total P Concentrations (RRb)

Assumed Inflow Concs. Predicted Lake Conc.
Scenario ~ NonPoint ~ ~ ~
Existing (1995-1999) 470 83
April 2006 120 83
April 2006 + 20010 NPS 120 66

Dec 2012 20 83
Dec 2012 + 20010 NPS 20 66

Metro Diversion 0 83
Diversion + 20% NPS 0 66

57
30
26

23

18
24
20

49

26

23

20

16
21
17

65
35
30
26
21
28
23

Lake P levels approach the 20 ppb criterion for management scenarios involving control of Metro load
(either by diversion or by achieving the 2012 effluent P level of20 ppb) and -20% reduction in nonpoint
load. The accuracy of these forecasts should improve with further refmement of the model framework, in
particular, calibration to additional years under phosphorus-limited conditions.

12.7 CONCLUSIONS & RECOMMENDA nONS

1 Lake phosphorus concentrations have responded quickly to historical reductions in external
phosphorus load. This suggests that lake P levels are controlled more by current loads and
hydrologic regimes than by recycling of historical loads from lake bottom sediments. The latter
may become more important with further reductions in external load, however.

2. Despite the observed phosphorus reductions, the trophic response of the lake to has been minimal
because algal growth has been limited by factors other than phosphorus. As a consequence of
cumulative reductions in phosphorus load, phosphorus limitation has become increasingly
important as a factor controlling algal growth. Supporting evidence includes: (a) epilirnnetic
soluble reactive phosphorus concentrations were nearly depleted approached depletion during the
summers of 1996-1999 and (b) chlorophyll-a, transparency, & hypolimnetic oxygen depletion
rates approached levels that are consistent with predictions of empirical models calibrated to data
from other phosphorus-limited lakes. With increased P limitation, it is expected that trophic state
indicators will be more responsive to funIre reductions in lake P concentrations.

3. The empirical model network developed above can be used to forecast responses to future load
reductions, assuming that relationships among lake phosphorus concentration, chlorophyll-a, and
other trophic state indicators are similar to those characteristic of other phosphorus-limited lakes.
Depending upon the magnitude of lake water quality improvements, periodic recalibration of the
U¥>del may be nece,ssary to track responses.

4. Model residual errors are similar to or below those expected based upon statistical analysis of
other lake and reservoir datasets.

Recommendations for future enhancement of the model include:

An error analysis to partition lake time series and model residuals into measurement error, model
error, and background year-to-year variability.

2 Extension of the model scope to include organic nutrient species (phosphorus, nitrogen, carbon),
which have been shown to be correlated with phosphorus and chlorophyll-a concentrations in
phosphorus-limited lakes and reservoirs (Walker, 1985;1996).
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.1 Extension of the model scope to include near-shore transparencies based upon observed
correlations with Secchi depths at dIe Lake South station. This would enable direct evaluation of
conditions at recreational areas relative to New York's 4-foot transparency criterion for bathing
beaches.

4 Investigation of the potential effects of differences in the forms and timing ofP inputs from the
various sources on model performance. A kilogram of particulate phosphorus discharged from a
tributary during the winter has the same impact on predicted summer chlorophyll-a levels as a
kilogram of dissolved phosphorus discharged to the epilimnion during the summer. Because of
phosphorus storage, transformations, and recycling within the lake, the actual responses would not
necessarily be significantly different. Differences in P forms and timing may be important to
forecasting the effects of reductions in Metro P load. These effects can be investigated
statistically (by examining model residuals) and experimentally (by performing laboratory studies
ofbioavailability / Algal Growth Potential on representative samples from major phosphorus
sources). Periodic recalibration of the model network as reductions in external loads are
accomplished will improve forecast accuracy and provide a basis for identifying differential
responses to the forms and timing of phosphorus inputs.

Integration of data from other regional lakes. This would provide additional information for
model calibration and a local frame of reference for interpreting current and projected lake
conditions.

5.

Coupling of the phosphorus balance model with a simplified watershed model that allows
prediction of lake phosphorus loads as a function of land use and non-point source control
measures.

6.

Development of software to facilitate evaluation of management scenarios involving
implementation of alternative point-source and non-point-source control measures under a range
of hydrologic conditions.

Modification of the mass-balance framework to allow generation of daily flow & load data setS.
This information would be useful for diagnostic purposes and for supporting the development and
application of a mechanistic lake model. The latter would provide alternative projections of lake
responses to reductions in phosphorus loads and potentially address a broader range of

management questions.

8.
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Figure 12-2

Eutrophication Model Network for Onondaga Lake
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Figure 12-3
Lake Inflow Time Series
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Figure 12-4
Observed & Predicted Annual Outflow P Concentrations
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Figure 12-5
Observed & Predicted Summer Epilimnetic P Concentrations
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Figure 12-6
Long-Term Trends in Phosphorus Concentration & Load
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Figure 12-7
Observed & Predicted Annual Outflow N Concentrations
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Figure 12-8
Observed & Predicted Summer Total N Concentrations



Figure 12-9
Ortho P vs. Total P Concentrations

July-September Means, 0-3 meters, Lake South Station
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Figure 12-11
Observed & Predicted Mean Chlorophyll-a
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Figure 12-15
Calibration of Secchi Depth Model
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Figure 12-16
Observed & Predicted Secchi Depth
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Figure 12-20
Observed & Predicted Hypolimnetic Oxygen Depletion Rates
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Table 12-8
Model Calibration Data

Phosphorus Balance
July-Sept

G-3m
P Conc

Q2Q
146.0
118.2
120.5
80.9
95.5
64.7
61.7

109.0
79.1
65.0
80.9
52.8
50.9
53.9

Qutfk>w
PConc

~
134.4
198.1
207.8
108.0
154.8
92.8
92.4

171.7
98.3

133.9
120.2
99.3
79.2
89.3

Innow P
PConc

ggQ
361.9
331.0
339.4
283.3
232.2
193.0
181.1
276.8
169.5
237.4
188.9
138.7
151.6
164.4

Total
Load

M
174968
145808
116002
120874
139838
103589
86216

156070
81034
70431
89570
61725
70668
51366

Outftow
Load

Jsg
64961
87270
71035
46070
93253
49826
43974
96799
47006
39743
56980
44172
36933
27909

Net

Inflow

~
483.5
440.5

341.8
426.7

602.3
536.7

476.1

563.7
478.2

296.7

474.2
444.9

466.2

312.5

SE

mil
11.3
6.2

1~.7
11.8
23.0

6.5
15.4
13.1
12.6
9.0
3.8
5.9
4.2
7.8

SE
~
6.7

20.7
17.2
9.5

19..
9.0
8.3

10.0
10.0
19.8
10.3
10.2
7.3
8.3

SE
~

11.2

12.8
11..
16.0
13.4
18.1
10.4
13..
14.3
18.4
10.3
..3

11.2
1.5

SE
~

3216
9112
5864
4035

11692
4808
3947
5640
4778
5889
486;9
4517
3387
2608

SE

m
8339
5619
3906
6817
8048
9702
4939
7536
6850
5456
4898
1922
5204
2339

Water
Yasr
-:=

1986
19~1

~938
1989

'?90
:'}91.

1%2
19~3
1~
1995
1~
1991
1998
1999

July - September, lake South Station, 0 to 3 meters
ChlorophylJ-a

SE Freq > 10 Freq > 20 Freq> 30 Freq > 40 Freq> 60
QgQ .: .: .:. .: .:
10.7 0.667 0.333 0.187 0.167 0.167
2.2 0.500 0.000 0.000 0.000 0.000
3.1 0.833 0.500 0.000 0.000 0.000
2.6 0.333 0.000 0.000 0.000 0.000

12.0 1.000 1.000 0.500 0.500 0.187
7.5 0.923 0.692 0.538 0.462 0.154
2.6 0.857 0.429 0.143 0.000 0.000
6.7 0.857 0.429 0.143 0.143 0.000

14.9 0.429 0.429 0.429 0.429 0.143
1.6 0.571 0.000 0.000 0.000 0.000
9.1 1.000 1.000 0.687 0.187 0.167
5.2 0.667 0.167 0.167 0.167 0.000
2.9 0.900 0.400 0.200 O.(X)O 0.(0)
4.3 1.000 0.500 0.357 0.143 0.011

Mean
~

20.5
9.7

18.0
7.3

47.2
39.4
19.3
21.0
31.1

8.0
40.1
16.5
19.1
27.5

Std Oev
~
26.2
5.3
7.5
6.4

29.4
27.0
9.6

17.8
~.3
..4

22.4
12.7
9.2

16.2

Wa'.et
~
1986
1987
1988
1989
1?90
~991
1:i92
1993
';}94
:')95
-:996
1997
1m
1999

Sample
Qi!C§

6
6
6
6
6

13
14
7
7
7
6
6

10
14

Hypol. Oxygen Depletion Rate
below 6 metel's

HOD
ma/m2-dav

1111 .
1425 .
1623.
1927
1687
1889
1974.
1278.
904.

2358
1714
1116.
1519
2077

July. September. Lake Souttl StationSecchi Depth

SE Freq < 1.2 Freq < 2.0
m ..: ..:

0.061 1.000 1.000
0.299 0.000 0.667"
0.093 0.500 1.000
0.089 0.167 1.000
0.209 0.500 1.000
0.129 0.800 1.000
0.059 0.000 1.000
0.324 0.143 0.714
0.367 0.286 0.286
0.105 0.000 0.667
0.119 0.500 1.000
0.123 0.000 0.667
0.260 0.286 0.571
0.147 0.385 0.923

Sample
~

6
6
6
6
6
5
7
7

. 7
6
6
6
7

13

Mean

m
0.667
1.833
1.100
1.350
1.317
1.040
1.514
1.814
2.243
1.767
1.083
1.767
1.793
1.300

Std Dev
m

0.151
0.731
0.228
0.217
0.512
0.288
0.157
0.857
0.971
0.258
0.293
0.301
0.688
0.S29

\"Jater

~
1986

1987

1308
"~89

1990
1~1
1';i92

1~93
1 ~194

1';;95
~~'96
,}97
1~8
1999

SE = Standaro Error of Mean. Lower limit of actual HOD because of i'Icompiete spring bJrnover or loss of oxygen during caicJlation interval

~.



Table 12-9 - Model Equations
Predicted Trophic Response Variables:

Po = Water Year Flow-Wtd-Mean Outflow Total P (ppb)

P = July-Sept Surface ( 0-3 m ) Mean Total P (ppb)

No = Water Year Flow-Wtd-Mean Outflow Total N (ppb)

N = July-Sept Surface ( 0-3 m ) Mean Total N (ppb)

B = June-Sept Epilimnetic Mean Chlorophyil-a (ppb)

S = June-Sept Mean Secchi Depth (m)

HOD = Hypolimnetic Oxygen Depletion Rate (mg/m2-day)

Lake Outflow Total P:
Reference: Vollenweider (1969) . Chapra (1975), Sas (1989)
Po = Wp I ( 00 + Up A )

W p = Inflow P Load (kg/yr)
00 = Outflow = Extemallnflow + Precip - ET (hms/yr)

A = Lake Surface Area = 11.7 km2
Up = P Settling Rate = 22.9 m/yr

Calibrated to 1995-1999
Period 95-99 86-99
Residual CV 0.11 0.28
R2 0.73 0.25

Lake South Epilimnetic Total P:

Reference: Walker (1978), Sas (1989)
P = Fp Po

Fp = 0.55 Calibrated to 1995-1999

Period 95-99 86-99

Residual CV 0.09 0.13

R2 0.29 0.88

lake Outflow Total N:
No = WN I ( 00 + UN A )
WN = Inflow N Load (kg/yr)

UN = N Settling Rate =

Calibrated to 1995-1999
Period 95-99

Residual CV 0.07

R2 0.61

24.0 m/yr

86-99

0.08

0.75

Calibrated to 1995-1999

95-99 86-99
0.10 0.11
0.71 0.53

Lake South Epilimnetic Total N:N = FN No .

FN = 1.15

Period

Residual CV

R2

12- 41



Table 12-9: l\tlodel Equations (ct.)

lake South Chlorophyll-a:
Reference: Jones & Bachman (1916)
B = k P 1.46

k = 0.016 calibrated to 1996-1999 Data
DataSet J& B 96-99
Residual CV . - 0.24

R2 0.90 0.66

Algal Bloom Frequencies:

Reference: Walker (1984)
F _X = 1 - Normal [ ( In(X) -In(8) - 0.5 Se2 ) I S8]
56 = [In ( 1 + Ce 2 ) ] 1/2

X = Bloom Criterion (10.20.30or40ppb)

F _X = Frequency of Chi-a> X

Normal Cumulative Normal Frequency Distribution
Se = Standard Deviation of In (Chi-a)

Ce = Within-Year Temporal CV = 0.600

Calibrated to 1986-1999 Data

Lake South Secchi Depth:
Reference: Walker (1985,1996)
S = exp ( SS2) I ( a + b B)

Calibrated to Sample Dates, 1996-1999
a = 0.381 11m
b = 0.016 m2/mg

From Predicted Chi a
Period 96-99 86-99
Residual CV 0.19 0.40
R2 0.39 0.00

1 Z.. 42
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Table 12-9: Model Equations (ct.)
Secchi Interval Frequencies:

Reference: Walker (1984)
F_Y = Normal [ (In(Y)-ln(S)-0.5Ss2)/Ss]
Ss = [In (1 + Cs2)] 1/2 = 0.31

Cs = 0.32 Calibrated to 1986-1999 Data

Y = Secchi Criterion (1.2 or 2 m )
F _Y = Frequency of Secchi < Y
Ss = Standard Deviation of In ( Secchi ) =
Cs = Within-Year Temporal CVof Secchi Depth

Hypolimnetic Oxygen Depletion Rate:
Reference: Walker (1979)
Log HOD = -0.58 + 0.0204 I + 4.55 log 2 -2.04 (Log 2)2
I = Phosphorus Trophic Index = -15.6 + 46.1 log P

Z = Mean Depth = 10.90 m
HOD = 42.3 P 0.94 not recalibrated

DataSet Walker(1979) 96-99
Residual CV 0.23 0.21
R2 0.91 0.00

Days of Oxygen Supply in Hypolimnion:
Reference: Walker (1979)
Too = 1000 DOs ZH I HOD

T ANOXIC = T STAAT - T DO

Too = Oxygen Supply at Spring Turnover (days)
T ANOXIC = Duration of Anoxic Period (days)
DOs = Oxygen at Spring Turnover = 12 ppm

ZH = Mean Hypolimnetic Depth = 8.34 meters

for 6-meter Thermocline Depth
T STAAT = Duration of Stratified Period =

April 15 - October 15

183 days
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Table 12-10
Model Inputs & Outputs

~
km2
m/yr

.
-

11m
m2/mg

~
11.7

22.873
0.550
0.112
0.089
1.460
0.076
0.241
0.600
0.381
0.016
0.193
0.320

42.400
0.940
0.230

12.000
8.340

183.000

ppm
m

days

Model Parameters
lake Area
P Settling Rate
Epil P I Outflow P
Outflow P Error CV
lake P Error CV
Chla/P Slope
ChIa/P Intercept
Chl-a Error CV
Chla Temporal CV
Non-Algal Turbidity
Secchi/Chla Slope
Secchi Error CV
Secchi Temporal CV
HOD Intercept
HOD Slope
HOD Error CV
Spring DO Conc
Hypof. Depth
Stratified Period

Scenario
Outflow Volume
Inflow Load

hm3/yr
kg/yr

399
68752

1995-1999 Average
1995-1999 Average

Predicted Reoonses
Outflow P Conc
lake P Conc

Y!!!!!
ppb
ppb

M.!.!!l
103
57

~
87
49

HIgh
123
65

28 19 40ppbMean Chl-a
Algal Bloom Frequencies

>
>
>
>

10
20
30
40

0.94
0.62
0.33
0.17

0.99
0.83
0.59
0.39

0.81
0.36
0.14
0.05

Mean Secchi Depth
Secchi Interval Frequencies

<
<

1.34 1.61 1.08m

1.2
2

0.42
0.92

0.22
0.80

0.69
0.98

Oxygen Depletion Rate
Days of 02 Supply
Anoxic Period

mg/m2-day
days
days

1887
53

130

1326
75

108

2686
37

146
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CHAPTER 13

PROGRESS TOWARDS REMEDIAL GOALS

One of the primary objectives of the Ambient Monitoring Program is to characterize changes in water
quality and ecological conditions of Onondaga Lake over time. Existing conditions form a baseline against
which future improvements can be measured. Many aspects of the Onondaga Lake system have been well
characterized. Data are available from multiple sources:

.

.
Onondaga County's annual monitoring program.
Research and monitoring perfonned by the Upstate Freshwater Institute,
Monitoring and analysis in support of the remedial investigations and feasibility studies conducted for

AlliedSignal (now Honeywell),
Investigations completed for the Onondaga Lake Management Conference,
Routine and special monitoring by NYSDEC,
Miscellaneous projects completed by research scientists associated with area colleges and universities.

Comprehensive sununaries of much of the existing data have been prepared, notably the 1996 book edited
by S. W. Effler of the Upstate Freshwater Institute: "Limnological and Engineering Analysis of a Polluted
Urban Lake: Prelude to Environmental Management of Onondaga Lake, New York" published by
Springer-Verlag, New York. The data and analysis presented in this book serve as a comprehensive
assessment of baseline conditions through 1992.

This chapter is a summary of the water quality status of the lake with respect to its restoration goals. Each
water quality issue is presented as a hypothesis, and the monitoring programs are sununarized as means to
test the hypothesis and assess progress towards meeting restoration goals. The following summary pages
reflect programs and water quality conditions through 1999. This presentation of the monitoring program
as it relates to restoration goats may also serve to identify gaps in the monitoring efforts and the need for
additional toots.

The summary tables in this chapter are updated each year and included in the Annual Report as a means to
track progress towards lake restoration. Much of the information is also discussed in other chapters. The
tables focus on issues related to the discharges of METRO and the CSOs. Water quality issues include
ammonia nitrogen, phosphorus, dissolved oxygen, pathogens, chlorophyll a and Seccbi disk transparency.
Ecological issues include phytoplankton, zooplankton, macrophytes, macro invertebrates and the fish

community.
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MANAGEMENT ISSUE: WATER QUALITY IMPROVEMENTS

A. Ammonia Nitrl?J!~n (Water l)~alitv Standard)- -
Restoration Goal

Compliance with the applicable ambient water quality standard in the upper waters and/or re~val of
ammonia toxicity as an impairntent to designated best use for survival and propagation of a warrnwater fish
coDUl1uoity .

Baseline Conditions
f Major sOmces I_METRO em~~ Mean conbi~~n: 90.9 % (S.~O )- - '-

Annual mean 1988-1999: 0.84 mg/I (S.D. 0.53

No trend throu~h 1999

-- .-
1999: 1.2 mg/1Epilimnetic concentration

Compliance with
Quality Standard

-
Water

-- --
Days of violation (1992-1999 ~ 188 days S.D 53)
1999: 112 days sampling period approx. 280 days
Margin of violation (1992-1999 ~ 0.78 mg/l S.D.0.52)
1999: 0.43 mWI calculated for excee4a!lCes on/v

Ambient

-.- -
Factors Affecting Compliance

- - ..-
Hydrology, METRO perfOrD)8DCe, pH and te~ture of
_receivin~ water

PI_aDDed Load R~_1:I_ctions (1998 -=-~~12)- -
METRO SPDES Permit Requirement

NOTE: The County is currentl)'
projected to meet the Stage 3 limits by
May 1, 2004, 8 years ahead of
schedule.

--- - . -
Stage I Limit: Cap on Loading (effective Jan. 1998)
. July I - Sept. 30: 8700 Ppd (as NH)
. Oct. I - June 30: 13,100 ppd (as NH)
Stage 2 (effective May 1.2004):
. June I - Oct. 31: 2.0 mg/l (as NHJ. Nov. I - May 31: 4.0 mg/l (as NHJ
Stage 3: (effective Dec. 2012)
. June 1- Oct. 31: 1.2 mg/l (as NHJ. Nov. I-May31: 2.4 mg/l (as NHJ
Or as required by a _~vised TMDL (anticioated in 2009)

Monitorincr and Assessment ProP,ram
Hypothesis to be tested (Ho)

- .-
ID1)I~ntation of load reductions will have no impact on the
concentration of ammonia N in Onondaga Lake nor on
como~ with the ambient water oualitv standard.--

Loading estimates Annual County monitoring program
. Biweekly tributary monitoring, supplemented with samples

collected during high flow conditions. Daily ~~nts of~Qemuent

Lake Monitoring Annual County monitoring program
. Biweekly profiles in Lake, April-Nov
. Winter samplin~ as w~tber al~ows

-- --
Related Biological Monitoring Biennial ass~t of fish community, begins in 2000

Annual zoo.,lankton monitorinf'
..

l00ls for Decision Manne:
Models . UFI Nitrogen Imdel dated 4/1/93

NYSDEC to verify the ability of this model to simulate lake
conditions following implementation of Phase 2 limits at
METRO .-
NYSDEC Phase IlMDL 8/27/97
Phase II lMDL by January 2009

TMDL Allocations

Ambient Water Quality Criteria and
Standards

NYSDEC to review and revise its aD1DX)oia standards in the near
future. Current standards are more stringent than the federal
criteria.
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B. Total Phosphorus (Guidance Value)
Restoration Goal

Reduction in phosphorus sufficient to reduce the frequency and duration of nuisance algal blooms.
Eliminate turbidity as an impairment to use of the lake for secondary water contact recreation (Class C
segment) and primary water contact recreation (Class B segment). Compliance with site-specific guidance
value ao1?rQo~t~ for this urban lake consideringaJI ~atershed sources ofohosohorus.

Baseline Conditions
METRO effiuent: 1988-1999 average contribution: 66% (S.D.I0 )
1999: 65%
Nonuoint sources

Major Sources

Epilimnetic concentration
--

Summer average (1986 - 1999 data) 0.085 mg/1 (S.D 0.036)
1994 - 1299: sununer average 0.062 (S.DO.Ol:?,,~ 1999: 0.061 me;/1

Compliance with Ambient
Water Quality Standard and
Guidance Value

Narrative standard for phosphorus not met
Guidance value (0.020 mg/l summer average upper waters) not met

Hydrology, METRO performance, land use in watershed, CSO
performance-

Factors Affecting Compliance

Planned Load Reducti!;)~s(1998 - 2012)
METRO SPDES Pennit
Requirement

NOTE: The Count)' is
currently projected to meet or
exceed the Stage 1 limits by
May 1,1004,1 years ahead of
schedule.

Stage 1 Limit: Cap on Loading (effective Jan. 1998)
. 400 pounds TP per day (Ppd) 12 month rolling average
Stage 2 (effective ApriI2006):. METRO effluent TP 0.12 mg/l
Stage 3: (effective Dec. 2012). METRO effluent TP at 0.020 mg/1
. Watershed nonpoint source reduction of approximately 50%

(includes CSO) - ---
Monitori~2 ~~d Assessment Prol!ram
Implementation of load reductions at METRO, watershed efforts to
reduce nonpoint sources of P, and improvements to the wastewater
collection system (CSO remediation) will have no impact on
concentra_~.Q~ ~f phosphorus in the uDDer waters of Onon~~ Lake.

~---

Hypothesis to be tested (Ho)

Loading estimates Annual County monitoring program
. Biweekly tributary monitoring, supplemented with samples collected

during high flow conditions
. Daily measurements of METRO effluent
. -- ~~orm event monitoring in trtoutaries

Lake Monitoring Annual County monitoring program. Biweekly TP, TSP, SRP profiles in Lake, April- Nov
. Chlorophyll a and Secchi disk transparency (weekly in swmner)

LiCor measurements. Wi!l~ampling as weather allows
Related Biological Monitoring Annual phytoplankton and zooplankton monitoring

Macrophyte smvey every fly~years (begin in 2000)
Tools for Decision Makin!

Models . UFI phosphorus model dated 4/1/93
NYSDEC to verify the ability of this model to simulate lake conditions
following implementation of Phase 2 limits at METRO. Model
improvements should address watershed nonpoint sources ofTP. Mass balance model of Dr. William Walker
. Empirical relationship between TP, chlorophyll, Secchi. Eutrophication model by HydroQual for PTI (AlliedSignal RI/FS)
. Issue: Need for watershed TP model
NYSDEC Phase I TMDL 8/27/97
Phase II TMDL by 1~ ~~

TMDL Allocations
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Criteria and Standards I
C. Dissolved OXY2en DO (Water Quality Standard)

Restoration Goals. Reduce volume-days of anoxia to one-half baseline conditions (from 6000 to 3000 10' m3 -days )
. Reduce volume-days of dissolved oxygen (DO) less than 2 mg/i to one-half baseline conditions (from

6800 to 3400 106 m3-days)
. Maintain daily average DO equal to or greater than 5 mg/i throughout the water column during fall

mixing.
. Maintain at least 3 mg/l DO at water depths of 9 m and above at all times to provide suitable habitat

for cool water fish such as walleye and tiger musky.
Baseline Conditions

Major Sources I Oxygen depletion in the hypolimnion is primarily due to deco~ing
algal biomass (excess algae is caused by phosphorus load). Other sources
include ultimate oxygen demand from organic material and reduced
nitrogen species (primarily auunonia from METRO) --
Average miniDD1ID concentration (1988 - 1999 data) 3.2 mg/l (S.D. I.- .

- j I 999 minimum: 5. 5 5 mg/l
No trend

. --- Anona: Average 1992 - 1999: 57831 m -days (S.D. 931)
Less than 2 mg/1: Average 1992 -1999 6649 10'm3-days
S.D. 1361 1999 conditions: 4257 anoxia' 5343 < 2

Factors A Co Meteorolo , at abu~~ related to )Old
Planned Load Reductions 1998 - 2012)METRO SPDES Pennit See staged effiuent limits for TP -

Require~ - BOD limit through 2001: 21 mg/l(30 ~VK) -
- Monitoriol and Assessment Pror;ram

~le~ntation of improve~ts at METRO, including reduction in load
of phosphorus and ultimate oxygen demand, will have no impact on the
concentration of dissolved oxygen in Onondaga Lake nor on compliance
with the aIli>ient water quality standard for DO during fall mixing.
Annual County D¥)nitoring program
. Biweekly tributary D¥)nitoring, supplemented with samples collected

dming high flow conditions to estimate TP, N and BOD iuputs. Daily meas~nts of METRO effiuent
Storm event D¥)nitoring in tnoutaries

Annual County monitoring program. Biweekly DO profiles in Lake, April- Nov. Intensive ~Iing during fall, including tnoutary D¥)uths
. Monitoring buoy installed at South Deep for near-continuous

measure~nts and transmittal of water quality data including DO
. Winter sampling as weather allows

Annual phytoplankton D¥>nitoring
Annual zooplankton D¥)nitoring
Limited tracking of fish D¥)V~t during fall mixing -
Fish tagging program
Status of this element of the Amended Consent Judgment is uDder
review and discussion

~Epilimnetic
durin~ fall mixinl

concentration

Vo~-davs of anoxia

J

Hypothesis to be tested (Ho)

:.oading estimates

I Lake Monitoring

Related Biological Monitoring .
...

Hypolinmetic Oxygenation.
~enX>nstratiOD ~ject

~

I Models

TMDL Allocations

-
Tools for Decision Makina

UFI oxygen model dated 4/1/93
HydroQual preliminary eutrophication nM>de1 for PTl/Allied Signal
Dr. William Walker l18SS-balaDCe Dxldel aIMi link to ~iricaJ

NYSD e or p osp oms
Phase n TMDL for 2009

I ~ benefit aM b - ~V1 lDma<:ts (~udiD2 effects CX1 HI Hypoliometic oxvaeDation
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D. Pathogens and Indicator Bacteria (Water Quality Standard)

Major Sources

Restoration Goal
Compliance with die standards for water contact recreation in the Class B segment and for secondary water
contact recr~tion in Class C segment of Onondaga Lake -

-- Baseline Conditions
Combined sewers
Urban nmoff (stonnwater)
METRO (effluent chlorination period April 1- Oct 15.)

. Odler sources (wildlife, birds, etf-,)-
Epilimnetic concentration

-
Fecal coliforDl: 1988 - 1999 average: 99 cells/tOO ml (S.D. 47)
(Measured in surface waters, South Deep)
1999 average: 74 cells/1OO ml; 96% compliance with 200 cells/1OOml
No trend--- --
Approximately 80~~ of samples collected year-round meet Class B
standard 200 cells/IOO ml; 96% compliance during recreational season

Compliance with Ambient
Water Quality Standard and
Guidance Value

1999 results: 100% compliance during summer; 96% ~~~liance overall
METRO disinfection and CSO performance
Meteorological conditions (rainfall, temperature, sunlight, winds)
Lake water quality (turbidity)
Abundance of waterfowl
Planned Load Reductions 1998 - 2012

METRO SPDES Permit Seasonal disinfection (4/1 - 10/15) of METRO effiuent required through
Requirement 200 1 CSO phased plan to capture combined sewage and stormwater:

. Stage 1 captures 62% of volume through best management practices
Staged CSO remediation . Stage 2 eliminates and/or captures 85% of volume and provides

equivalent of primary treatment.
Monitori02 and Assessment Program
Implementation of Stage I and 2 improvements to th-;- w-as-tewater
collection system (CSO remediation) will have no impact on concentration
of indicator or2anisms in Ononda2a Lake and tributaries.

Loading estimates Annual County monitonng program
. Biweekly tributary monitoring supplemented with samples collected

during high flow conditions. (Fecal coliforDl, E. coli and
Enterococcus)

. Daily measurements of METRO effluent and METRO bypass as
necessary (Fecal coliform)

. Stoml event monitoring in tnoutaries, (Fecal coliforDl, E. coli and
Enterococcus)

Annual County monitoring program (Fecd coliform, E. coli and

Enterococcus)
. Weekly routine monitoring at South Deep, Class C segment
. Ei2ht_nearshore stations baseline conditions and followin2 stonns

Lake Monitoring

Models
Tools for Decision Makin

. UFIlCanaie bacteria model (input loads, n¥>del routes bacteria using
hydrodynamic routine, simulates bacteria dieoff based on light and
temperature, predicts bacteria concentration in lake cells).

. Storm Water Management Model (simulates bacteria loads in
tn"butaries from collection svstem given rainfall conditions)

TMDL Allocations Based on presumptive approach: percent capture of combined stOrDl and
wastewater. Must account for ~an storDlwater,
NYS indicator bacteria standards include total and fecal coliform. EP A
crite~ now use E. coli and Enterococcus as indicators. EP A ur2in2 states

QualityAmbient Water
Criteria and Standards
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to revise standards for water contact recreation.

E. Chlorophyll a (Narrative Standard, Assessment Measure)

Restoration Goal
Reduction in average and peak algal biomass and frequency and duration of bloom conditions.
Mean chlorophyll a 10 ~g/l
Less than 10% chlorophyll a measurements exceed 30 ~g/l (threshold for nuisance blooms) and
Less than 25~ chlorophyll a measuremen~~ceed

Baseline Conditions
Internal algal production based on nutrients (P is limiting), light,
temperature

Major Sources

43 % observations >15 ~g/11992 - 1999 20 % observations >30 ~g/I;
Mean 19.31 ~g/l (S.D. 10.3)
Peak 11 0 ~g/l (August 1994)
No trend

Epilinmetic concentration
Summer average (mid-May
through mid-September)
1992 -1998 data

Compliance with Ambient
Water Quality Standard and
Guidance Value

: 1999: 38 % observations >30 Jigll; 67 % observations >15 Jigll
mean 24.8 JiWl; peak 72.1 (July 1999)
No standards or guidance values for chlorophyll a.
Narrative P standard references algal abundance at nuisance levels

I Factors Affecting Co~~_nc~__1 Nutrients, Ii ressure
Planned ~a uctions - 2)__~

See planned reduction in TP from METRO
Staged reductions in CSO

METRO SPDES Pemrit
Requirement

Monitor!1!2 and Assessment Pro2ram
Implementation of load reductions at METRO and improvements to the
wastewater collection system (CSO remediation) will have no impact on
thec_~ncentration of chlorophyll a !:!lQnondaga Lake. -

Hypothesis to be tested (80)

~eeklv measurements at S. ~~,_Apri1- November, Lake Monitorin~ .~
I.
I.

Phytoplankton connnunity measurements biweekly April-November
l-oonlankton connnunitv m~ements biweekly Anril-Nove!!1her

Related Biological Monitoring

Tools for D~ision Makine
Models HydroQual eutrophication model for AlliedSignai, not complete

UPI lake models (phytoplankton is not modeled, chlorophyll is based
on measured conditions in 1989, increased or decreased
proportionally based on TP concentrations).
Dr. William Walker's mass balance TP framework and linked
eD1J?.k!~~ eutrophication models

.

I See discussion ofF~TMDL Allocations-- ---
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F. Secchi Disk Transparency (Guidance Value)

-
Restoration Goal

Summer average Secchi disk transparency 1.5 m or greater. At no time shall Secchi disk transparency be
less than 1.2 m (bathing beach swimming safety guidance value). ,

--- Baseline Conditions -~ - - I
Mean 1.98 m (1990 - 1999, N=119) standard deviation-Wffi

Incre~_~_~end -
South Deep Station

i (June I - Sept 30 average)
I Compliance with Ambient

Water Quality Standard and

Guidance Value

80 % of observations in this ten-year period met or exceeded guidance
value of 1.2 m
65 % of observations greater than or equal to 1.5 m

1999 conditions 1.7 m June - Sept. average (S.D..
74 %?: 1.2 m
58~~

1m)

Factors Affecting Compliance
-

Algal abundance (depends on light, temperature, nutrients and
grazing pressure)
External loading of suspended solids
Resuspension of bottom sediments
Precipitation of calcite ~.

.

.

.
Planned Load Reductions (!!9~~ 2012)

Staged reduction in TP load from METRO
Stap,ed ~le~ntation of CSO projects

METRO SPDES Pennit
Requirement

Monitorin~ and Assessmen~~~~e;ram
---

Implementation of load reductions at METRO and improvements to the
wastewater collection system (CSO remediation) will have no impact on
the water clarity of Onondaga Lake as measured by Secchi disk
transparency.

~ - - --- - Hypothesis to be tested (80)

Lake Monitoring Biweekly measurements of Secchi disk at South Deep (increased to
weekly between 6/1 and 9/30)
Nearshore Secchi disk measurements: baseline and following storm
events

.

j Related Biololrical Monitoring I Phvt-O:O ~~ zooplankton abundance and community comDOsition
Tools for Decision Makin2

Models Empirical relationship between TP and Secchi disk transparency, in
UFI TP management model
Dr. William Walker's mass balance TP framework and linked
e~~~I_e~J:r~J?hication models.
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Category 2: Ecological Issues

A. PHYTOPLANKTON (Assessment Measure)

Restoration Goal
Abundance and composition of the algal conununity typical of a eutrophic lake in the same geologic and
climatic setting. Decreased importance of cyanobacteria (blue-green algae).

Baseline Conditions-
1968 - 1996 data set (Phil Sze) Abundance of major groups
Qualitative discussion of trends in annual lake reports, also in Effier (cd)
1996

Biomass and
Community composition

I Forcin2 functions

Lake Monitoring Biweekly sampling events:
. Phytoplankton abundance (number per liter). Biomass (/.1g/l). Composition of the algal conununity (7 major groups)
. Cell size divisions (nannoplankton and netplankton)
Metrics to track over time:
. Percent of major taxa
. Blue-green algae dynamics and shits in N:P ratio of lake water
. Number of taxa (1995 and later)
. Diversity (1995 and later). Percent dominance (1995 and later) -- - -

Tools for Decision Makin2---

I. None develo~-I Models

B. ZOOPLANKTON (Assessment Measure)

Restoration Goal
Abundance and composition of the zooplankton community are comparable to reference eutrophic lake in
same geologic and climatic setting.

Baseline Conditions
Density (numbers per ml for major types) documented since late 1960's
Qualitative discussion in annual reports ,also in Effler (ed) 1996

Since 1995, biomass ofor~an~~

Biomass and
Conununity composition

--

I Food supply (algal abundance) grazing pressure (fish community
structure water uali ammonia, chlorides, extent of aerobic habitat
Monitorinl: and Assessment Pr02ram

Forcing functions

Lake Monitoring . Biweekly monitoring for density (plankters per ml) and biomass
(~g/1), March - November/December

Metrics to track over time. Averag~ size in spring (June 1 - 15) and fall (Sept. 1 - 15). Relative biomass of major caldoceran types. Relative biomass of major copepod types
~~~er of crustacean taxa (1995 on)

Tools for ~~!~nMakin2
I Models ~ None developed
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C. MACROPHYTES (Assessment Measure)

Restoration Goal
Expansion of the areal coverage and increase in diversity of macrophyte community. Number of species
and biomass of macrophytes in the littoral zone comparable to other regional lakes

Baseline Conditions
1991 survey (John Madsen. Army Corps of Engineers) reported number
of transects with macrophytes present, no biomass or percent littoral zone
coverage noted. - - -- -

Biomass

Five species present in 1991 survey. In comparison, NY lakes average 18,
Oneida bas approx 16 species. Cross Lake bas 5. No emergent or
floating ~f species were oresent in Onondaga in 1~~

Community composition

Forcing functions Sediment texture (oncolites are nutrient-poor and unstable, shifting
with wind-driven waves in nearshore area)

LightpenetratioD
Salinity levels
Harvesting by waterfowl - ---

Monitorin2_~nd Assessment Pro2ram
Lake Monitoring . Survey species composition and biomass every 5 years, beginning in

2000.
. Annual aerial photographs of littoral zone to estimate percent cover
Metrics to track over time
. Number of species. Percent cover
. Biomass

Tools for Decision Makine
Qualitative and quantitative
assessment

---

Compare to baseline survey in 2000
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D. MACROINVERTEBRA TES (Assessment Measure)

E. FISH COMMUNITY Assessment Measure -
Restoration Goal

Expand habitat for fish community and promote water quality conditions that support diverse Wamlwater
fish conumtnity. Reduction in dominance of plank:tivorous fishes and restoration of a ba~~ community.

Baseline Conditions~--
GroWth rates, age distnoution and D¥)rtality rate co~ble to other
systems. Biomass relatively high with minimal fishing pressure (catch

~release) - - ~ ~

Bioumss

Conmmnity composition
- -

Warmwater fish community dominated by gizzard shad and white perch

(planktivores). Insectivorous sunfIShes in littoral zone. So~ sport fish
present (channel catfish, smallmouth bass, largemouth bass, walleye). 48
species from 20 families collected in lake (1989 - 1992). 16 reproduce in
lake. Diversity comparable to other regional Jakes. Open connection with
~_~er imoortant to community structure.

Forcing functions Ammonia toxicity
Extent of aerobic habitat
Abundance of preferred food sources
Habitat for_~oawnin~ and iuv~-
Mf)..ito~ and ~rne..t PrO2;ram..- -
Every two years, beginning in 2000:
. Pelagic/inshore larvae
. Juvenile fISh
. Community structure
. ~lercensus

-
Lake Monitoring

-

Tools for Decision Makin~
--~

Quantitative and qualitative
analysis

--- -- ---
Data collection techniques and data analysis conprable to standard

procedures used throu~out New York.
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CHAPTER 14

CONCLUSIONS AND RECOMMENDATIONS

14.1 CONCLUSIONS

In January 1998, Onondaga County signed an Amended Consent Judgement (ACJ) conunitting the County to
designing, testing, and constructing improvements to the wastewater collection and treatment system. The ACJ
includes a revised and expanded program of monitoring Onondaga Lake, the lake tributaries, and the Seneca River
for which Onondaga County Department of Drainage and Sanitation is responsible. The new monitoring program,
called the Ambient Monitoring Program (AMP) officially began on August 1, 1998. The 1999 Annual Report
reflects the changes and additions to the monitoring program required by the ACJ.

A.

1999 precipitation was well below normal in the Syracuse area. The effects of the dry year are evident in the
measurements of tributary loading and lake water quality. Treated effluent from the Syracuse Metropolitan
Wastewater Treatment Plant (METRO) represented approximately 18 % of the hydrologic inflow, making it the
third largest tributary to the lake. The 1999 estimated hydraulic retention time of the lake was 5 months; water was
replaced 2.3 ~s. This flushing rate was below the long-term average of 3.8 flushes per year (hydraulic retention

time 3.2 months).

B.

The 1999 proportional contribution of each tributary to the total load of suspended solids, nutrients, and salts was
generally consistent with long-teml trends, with one notable exception. Nine Mile Creek has historically been the
largest source of calcium and chloride to Onondaga Lake. In 1999, Onondaga Creek was the largest source of
chloride. As noted in the 1998 Annual Report, chloride concentrations in this stream have increased. The monitoring
site was relocated downstream from Spencer St. to Kirkpatrick St. Chloride concentrations increase in this stream
reach, apparently due to groundwater inflow.

c.

Effluent from METRO continued to dominate loads of anunonia, nitrite, and Kjeldahl nitrogen. In 1999, METRO
effluent contributed approximately 65 % of the total phosphorus load to Onondaga Lake (fully-treated plus bypass
flows). The relative contribution of METRO phosphorus to the annual external load to the lake varies each year
in response to hydrologic (precipitation and streamflow) conditions and treatment level at the plant.

D. Complete mixing of the lake's water column occurred in both the spring and fall of 1999. Thermal stratification
developed by early June and persisted through late October. The lake's lower waters were rapidly depleted of
dissolved oxygen following the onset of thermal stratification. The rate ofhypolimnetic oxygen depletion calculated
from the 1999 DO data (1.249 g . m-2 'd-1 is within the historical range of 1.1 - 1.87 g' m-2 'd-1 reported by Effler

(1994). Volume-days of anoxia and dissolved oxygen less than 2 mg/1 were slightly reduced in 1999. Dissolved
oxygen levels remained above the state's minimum standard during fall mixing.

Onondaga Lake continued to exhibit water quality characteristic of a eutrophic system The volume-averaged TP
concentration in the lake's upper waters between mid May and mid September was 61 JlgI1. Chlorophyll a
concentration measured over the same period was 23.5 JlgI1, and Secchi disk transparency averaged 1.8 ~ters
(median value 2 ~ters). Compliance with the New York State swimming safety guidance value of 1.2 meters was
achieved on seven of 13 weekly sampling dates during the recreational season (June, July, and August). New York
has adopted a TP guidance value for phosphorus in lakes of 20 J1g/l. Compliance is assessed by averaging biweekly
TP measurements collected at one-meter depth at a mid-lake station between June and September. The 1999 TP
concentration in Onondaga Lake measured at this depth and averaging period was 55 JlgI1.

E.

Based on a paleolimnological investigation of Dr. Chandler Rowell, the diatom assemblage in the lake sediments
indicates d1at prior to 1800, Onondaga Lake was a nmerately productive alkaline lake with sedim:nt characteristics
typical for a north temperate setting. The lake be~ rmre productive following European settlement during the
early to mid 1800s and was highly polluted by the mid 1900s.
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The 1999 average concentrations of total Kjeldahl nitrogen (TKN) and ammonia nitrogen (NH3-N) in the lake's
upper waters have continued to decline. This reduction in nitrogen is the direct result of improved annnonia removal
at METRO. Measured concentrations of aDUl1onia in the lake water exceeded the state's ambient water quality
standard The margin and duration of contravention of the standard were the lowest recorded to date. In late 1999,
EP A issued revised water quality criteria for aImnonia. With minor exceptions, the 1999 measured anunonia levels
met the federal criteria. NYSDEC is evaluating the federal criteria to determine whether to revise the state standards

to be consistent.

F.

Exceedances of the New York State ambient water quality standard for nitrite (1 00 ~g/l, designed to be protective
of the wann water fish comIWnity) were recorded in dte lake's upper waters in 1999. Results measured from March
through early November were at or close to dte standard. In mid November (after fall mixing was complete) nitrite
concentrations peaked at levels close to 600 ~g/1. This spike in nitrite concentration appears to be related to internal
lake processes, not external loading. There was no shift in the nitrogen species in METRO effluent during this
period; the phenomenon appeared to be incomplete transfonnation of ammonia in the lake's lower waters.

G.

Onondaga Lake waters were monitored for trace concentrations of mercury on three occasions in 1999 (April,
August and October). Samples were analyzed for total and methyl mercury by Frontier Geosciences, a NY state-
certified specialty laboratory proficient in analyses of metals present at very low concentrations. Results indicate
that ambient concentrations of total mercury were in the range of2 - 25 ng/l. These concentrations are below the
limit of detection of the method used historically to measure mercury in surface waters (cold vapor atomic
absorption, Method 245.1, detection limit 200 ng/l). Methyl mercury concentrations ranged from 0.1 - 14 ng/l.
Temporal and spatial differences in mercury concentration and the fraction of methyl mercury were evident.

H.

Dr. Edward Mills and his colleagues at the Cornell Biological Field Station completed the annual analysis of
connnunity structure of lower trophic levels in Onondaga Lake. Data collected in 1999 were compared with
historical information. In 1999, algal abundance and biomass were highest in the spring during the spring diatom
bloom and in mid-sununer and early fall when cyanophyta (blue-green algae) dominated the phytoplankton
community. This pattern of phytoplankton abundance was consistent with conditions observed in 1998. However,
algal abundance and chlorophyll a concentrations were higher in 1999 due to increased abundance of
microflagellates. There was a shift in the dominant species of blue-green algae from Aphanizomenon flos-aquae
to Oscillatoria limnetica. The colonial form Microcystis aeruginosa was also predominant in the phytoplankton

conununity.

The zooplankton connnunity also exhibited distinct seasonal changes in species composition and abundance.
COpepod abundance was higher than cladoceran abundance in d1e zooplankton community from late March through
early August. Cladoceran abundance was higher for the remainder of the sampling period. The cladoceran
zooplankton community was dominated by Daphnia galeata from spring to mid-s~r. In contrast to conditions
~ured in other years, the dominant cladoceran zooplankton shifted to Bosmina longirostris from mid sunmJer

to late fall.

The mean size of the crustacean zooplankton coIIUDUnity was 0.61 nun in the spring, 0.47 nun in fue summer and
0.37 nun in fue fall. The mean size for the entire sampling period was 0.49 rom. This small size reflects the large
number ofnaupilii present in every sample. Ifnauplii are excluded, the mean size increases to 0.63 nun over the
sampling period. These data suggest that zooplanktivory is generally high but not intense.

Dreissenid veliger larvae were absent from the plankton coImnUnity at all stations for all dates. This result was
consistent with annual measurements since 1996.

Violations of the State's ambient water quality standards for dissolved oxygen, anunonia, and nitrite have been
measured in the Seneca River. Low flow conditions represent the worst case for river water quality. In 1999 the
lowest flows in the Seneca River remained above critical MA,cD1O conditions, defined as minimum 7 -day average
with a return period of once in ten years (MA,colO), which is used by NYSDEC as the critical low flow condition
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for permitting point source discharges. Even at the higher river flows, ambient water quality standards for dissolved
oxygen in the lower waters were violated at several monitoring points along the river.

Water quality is affected by zebra nwssel activities, the Onondaga Lake outlet, and to a lesser extent, dle wastewater
treatment facilities at Baldwinsville, Wetzel Road, and Oak Orchard. Density stratification downriver of the
Onondaga Lake outlet appears to be a contributing factor to dle water quality standard violations.

Currently, efforts are underway by QEA, LLC to evaluate and modify the water quality model of the Seneca -
Oneida - Oswego River (the Three Rivers model). A water quality model of the system was developed by Canale
et al. in 1995 based on extensive data collection in 1991. Zebra mussels invaded the River system after 1991 and
altered the cycling and transformation of nutrients and energy. The revised Three Rivers model will accOnm¥>date
effects of the zebra mussel. Beak Consultants is collecting field and laboratory data to define mussel population
density, size distribution, feeding activity, and respiration rates. Field surveys have been conducted to characterize
the organic content and oxygen demand of sediments in the River system. These data will be used to support the

model development effort.

Dr. William Walker bas expanded die mass-balance ~work for Onondaga Lake d1at integrates tributary loading
widilake water quality response. The mass balance framework uses lake and tributary water quality and hydrologic
data to computes mass balances for water quality par~ters. The phosphorus balance is now linked to a network
of empirical models for predicting trophic state indicators including chlorophyll-a, transparency, and hypolimnetic

oxygen depletion rate.

K.

14.2 RECOMMENDATIONS

Implementation of the Ambient Monitoring Program in August 1998 represents an important transition for the
Onondaga Lake monitoring program. The long-term data set on the lake and its tributaries, which included mostly
chemical indicators of water quality, will be expanded to incorporate additional biological indicators. Some
sampling techniques and locations have been altered, although an effort was made to maximize utility of the
historical database. Additional storm event and high flow sampling of the lake tnoutaries has begun to provide more

accurate estimates of external loading.

A.

NYSDEC and EP A have designated Onondaga County as d1e primary agency responsible for monitoring Onondaga
Lake, the lake trloutaries, and the Seneca River. The monitoring data will be used (along with other analyses) to
update d1e TMDL analysis for Onondaga Lake and dius evaluate the effectiveness of the improve~nts to METRO
and the CSOs. Continued data screening and documentation of sampling and analytical procedures is critically
important. All monitoring data should be incorporated into an integrated database.

As improve~nts to METRO and die CSOs are phased in, a combination of monitoring and modeling will be used
to evaluate dieir effectiveness and define die need for additional controls. A model would enable lake managers to
evaluate die relative importance of factors, such as weather and abate~nt activities, in affecting lake and bibutary
water quality. The mass-balance ~work developed by Dr. Walker and presented in Olapter 9 of this document
is an example of a relatively simple, interactive modeling approach to integrate dte loading and lake concentration
data. This mass-balance m:»del can be a useful tool for the County and NYSDEC to refine the monitoring program
and examine trends in response to abatement actions.

B.

The Upstate Freshwater Institute developed mathematical models of Onondaga Lake's phosphorus, nitrogen,
and dissolved oxygen under contract to NYSDEC and the Onondaga Lake Management Conference. Hydroqual
developed a eutrophication model of the Lake on behalf of PTI and AlliedSignal as part of the remedial
investigation of the lake. Dr. William Walker has developed a mass-balance modeling framework for Onondaga
Lake that computes mass balances for water quality parameters using hydrologic and water quality data. The
phosphorus balance is linked to a network of empirical models for predicting trophic state indicators including
chlorophyll-a, transparency, and hypoliimtetic oxygen depletion rate. An update and revision to the Three
Rivers model is underway by Quantitative Environmental Analysis (QEA), LLC.
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As part of the Amended Consent Judg~nt, the NYSDEC will convene an expert panel to review the existing
models and reconunend a modeling framework for use in revised Total Maximum Daily Load allocations for
phosphorus and anunonia. We support this effort, and reconunend that the County and its Technical Advisory
Committee fully participate in selection and implementation of the modeling effort.

c. Stonn event monitoring is an important el~nt of tracking me effectiveness of improve~nts to dte wastewater
collection system and elimination of combined sewer overflows. Three stonn events were completed in 1999 as part
of me initial three-year effort to characterize baseline conditions. Specific reconunendations to improve the stonn
event D¥)nitoring effort are discussed in Olapter 5.

D. Consider adding equip~nt for continual monitoring of chlorophyll a, fluorescence, and/or turbidity to d1e water
quality buoy moored at the South Deep station. These data would enable lake managers to assess short-ternt
variations in algal biomass.

R Remedial goals for Onondaga Lake include reduction in phosphorus loading to realize a reduction in the Jake'sproductivity (i.e. a change in ttophic state). . Additional data are needed to assay the biological availability of

phosphorus from the various external sources. The parameter total dissolved phosphorus has been added to the
DX>nitoring program. An assessment of algal growth potential (a bioassay) would provide managers with additional
infomJation needed to define priority areas for reductions in external loading.
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A.3
Analytical Limits of Detection, 1985 to 1999



Limits of Detection - Onondaga Lake Data 1985-1999

. Indicates Method has a lower level of detection due to sample concentration.



A.4
Volume-Averaged Database



~0(I)~0~~~r--<~~-
.;=..

.; 
..

-~-!~0,"
o.a

~
t';

0,-
-. .
.. -
.a~
~

 :
'2~
M

-
- -
.. ..
~

 =
--~

 ~
~

~
-~~

..
...=

-t:

.-
~

 ~
 

..
0":
eM

..
- . 

W
-=

=
-O

,w
-

e
..

m
 

..

a - -
a 

w
 

..
-<

 
a 

e
i

.!~
 

~
 

.

'0,

i.il- 
- 

-
~

-..

:.~
5

-aoJ.
',~

 
e

0 
w

, 
~

c--
0

_0<
:>

>
.

't:..1:..~
.

0- >
-

~..t:.=0'""
~t.~0

!1
0;

1
,:

~
r-

,

'.,!zi ~-:'1

~
j ~

1
'-

1
'-

l
o- 

.'-0"-

"'..."':0

l"t 
: 

c~

W
t- 

.:..

l,

" 
~

, 
I

I

91~
~

:
-1- 

-I

I

!

~
~

I,J
0 

-"'1

,i

;8}I~
1

i"..~~
I

- 
-,

,

... 
~

.

~
j

"'"'

co;

I

I'-~

t:J; 1
~

!
-0 --'

-I 
C

'f 
'":

1
-0

~

!13"I
;,;,
0:!i.

.~I;'{-~ .~
;z8~ !!~;I

j

;f]~ 
I

J,;,

~
:*2. ~

o; 
i

... 
~

3:
' 

C
,-,,-o

.. - 
rt 

g 
'".. 

:1 
0

. 
~

 
' 

~
,...,.

... 
- ~

 - - ,.. ... ,.. N

~
~

 
~

~
I; ~

 
:! ~

1R
1~

:: ~~
_0'" 

...:1~
~

__~
r-I..

2~
 

'0;
"0'0 

-

I
~

 ~
~

 
~

 ~
 v.lm

:: 
~

 .. :
0 

"'-~
:I:!~

~
r-I

21Q
; 

V
)

I 
di 

I

!!~
 

~
~

~
!~

~
~

~

,..co) 
...

...~
 

....

~
O

:$ 
..~

V
)~

m
lO

~
;:

.~
-.l 

- 
."'~

~
r-I- 

.
...0- 

O
-~

I-_"'-

~
~

~
 

"\~
;8~

1O
;~

~
00. 

-0-0-"""-

~
~

~
~

('800:S
t~

aa~
:~

~
""00- 

"""-O
-V

)...r-Ir

~
~

~
 

~
$;~

3~
~

~
8;

, 
"'-"'-"""('8'

it! ~i:"~-~~
.

0zm~ ~

C
') 

~
NN
1'

~
I..,

;= ~
-o

N
~

.-)

'"~~

I
-J

'"~

§ ~!

"0"'

~

§ !

;;.1
;;i

~
. I~G

\
cI

II

. 
'

~
NC

!

~~

~

: .....;

~0ci

~

W
\

...

..r,,:.

I;;

~.."".
'"I

1-$~

n;':
ai~i ~

I(ii
,

.I
J

I 
~

:;; :i ~
I ~

~

0~~ ,.,""!I~
I

I~
I c"to)

E

'"~

~
c!

I:

!!'

~"~
.

:';t
""
=

-"
-,-.

~

~N..,~
;~
".

1,'1'
-~5

I
';":

"

!:'I'

..~
,--I

I
I 

'I

I~
~

if
":.'0-

S
g! 

~
..:..::"!

r--
~...

~

w
.~

..

-i-
r 

-

i---~
-

r~-~
-

...
..w

 N
~

 
~

 
I!~

8~
-o~

"
'~

 
.. 0 -

~
~

iijN
~

'"
""'0- 

-

...
L

I~
 

~
!~

;; 
_IX

..~~

"..-
I~,, 1,,&

1
~

I ~i~
'

~
~ ...~Iffid~

"~
'J,

, 
, 

-,

-1

.;;,
~~':,:
c~

10 
il

1- 
ro

I- 
"I

~I~&
:

~~
!~
;,.,,~

'E
'

i

0-~N~...~ ...~

~

H I; :1~



...;
Q~

~

~

~~

;o3:"'~
~

~
~

o
. 

."1 
. 

.0..-
-00""'0-

'.

I~~
.....~~~



0-~iS
i$~~~t:!...

a.i~!£,It'

Ii!~

~
...

!oj...

~
IN

'M
I~

I~
I~

I~
I~

:

i!IN
I~

I~
I~

lel~
I~

IN
I~

I~
:

,~
1~

151~
1~

IN
IE

I~
ldl:1

i!I~
I~

lal~
~

1~
1~

1~
1~

1~
1~

lsl~
I~

I~
I~

~

0 
I~

"!~
-S

01 
0

III

~I..~
~

 
w

'

i~
I~

I~
I~

I~
I~

...1
0- 

... 
.

..;~
~

'"-,~~-~.'Li~ZjI;~

;. :lsl~
I~

1

:(~
J5I~

~

1~
1~

'~
I~

I~
IN

I~
I:I;I~

I~
I~

I~
I~

I~
I:151~

1!1§1~
1~

1~
1~

1

W
"!1-j~l.

... -loJ...

~
j

j' ~

to,..:

of

~ IN
I~

I~
I~

I!

I

I
.., 

'"

..""
.., 

.

-:!;
~

131~
1:1:lsl~

I~
I.I~

I~

I~
""\:i\';i~



~~~C
/J

~~z-~~~-<C
/J

~~-<~~~~Q=50C
/J

~0~C
/J

-<=~-<Q~-

!..
s 

>
.~

~

i~.~,1-=
~

.s

"I"si>
 

"
. 

=

~
~

.g~>
-

.

:is
'3"

~
 

! 
~

2 
W

J~

t:'c"
~

.- 
-

--=

11
1

~
 

g
~

.=
 

=
o.~

z.

:§~
1

~
.se

=
'5 

~

j~
;

p=
-

o<
~

>
.

~..~~~0'>
.

~..t:~=0

>
.

~..~.=0'>
-.

"t:...

~
I

O
'J ~i~Iii-"'
I~I!:=!(!0-

;

~
I

~
I

!~
I

I~.'S...~t"...'
~

'
~

1
~

i'
I

,;"~
[

~I~
!

=
 -,

~~; ~
i

~':,'.
,;0'

1~

,.~~.~i:~
;

c,1

'O
J

rilI~
i

~
~

:

~I:~
I

,"~
I

~Z
'

0,-~~~~ I~
I

~-,~...!~I§;
UI!I",i)

-0...;I~
I

~
I-jI::;!

-~~,c ,.!I~
I

~
1"'\N

I!ldl!IN

f i""I":
'"

iiI;;:!:,
:;1
~~3

rc'i

~
:~0.!. I~

I I
-D

I
:"1

~
I~

I~
I 

m
l

~0:'-j...1

:m
1n..-"'1 
'" 

. 
0)

1
...0..-

... 
~

 
~

I

1~
lcil~

~
iN

 
:!.I

N
 ~

I-~

...!
d:'iI"if'i

~-0...,

~...,

!~
!

1"'
1

I~ rJ,I~l-:l
...,
...onl

; :~
I

a:I~
I

01~
I

...r::
...
-~...
!~

i-
;~..~

~,
...!

~
'...

l 
I

l~l",1 
"'1;1i

gl~
~

~
I I~

~

l:o! 
...

,..;

~
Ii

o-fo:

i1'~
 

-00

I~

1~
I~

i~
I~

I~
I~

I~
I~

~

~

l'ilA
I

-~

too;
...C

'i
...I~

i ;~
~

I 
N

 
.-1 

00' 
00-N~

~

~
~

~
I

=~
~

 ~
 ~

I
00 

'0
""

on~
0"-
0 

O
J

88

1
0":

18; ~
I

~
.:i

t
.~

~
 

N
O

O8~00~2 to.
C

!
~ I~

I

I~
.

~
I ~yo It)~~I.:a;

IF

'rn
1:i

~
~

1 
~

.., 
"'-0

~
 

.- - "'I 
.. 

_
I

001)'-00 
...

.0';

I;;~dd

,, [!:ol

dl1Iii I~
I

"i I~'"I~ ~:~,NI
.,),

~
!I~

~
~

~
~

~
~

11j

,! Is!

~,..Mon,..:
I..,..,,..:

:J..,,..:

~I"-

-0"!II"-

I~
I

1;1

I~
I

:~
I

:1~...

~I...:,

I~
i

;~
I

-ji:...::
-I! ~

~
:'l

~ -I~
!

I~

1;:11

-;::1
,.',

1-;:;1

...0-
;.-'~

! :1~
~

~
'~

~
1

I
a:.!

"i!"'
I~

I~
I

"'
I

"!
I

N
I

""
I

'" 
"! 

,"!O
~

~
r-:

N
-_~

"'--- I~
I

pi_!~E
~

}.

I!!~
1;t~

1

Ii

~

:
I

~
I

.1$ 
..;1

~
'jji ~

j~
1 -~~'l

o- 
C

I

~
I

... !~11-

I~
I

!I-!o;::

...~I~1*1
, 

'
1-:
0.'

'~'0,.,

~...'"'

~::::

-'.'I~
Ic'"''"'V
\

......

I

~1:1~
!

Iii):

I~
I

-'iN
I

0I'";I~E
,

-

...W
i

~
:

., -~:1

~.oS~:8--2i~

I
J

; 
8-DJ'0~§I~IM

 
-

_2 .!
. 8' 

-
] 

! 
-~

 ~
~

oS
~

~
.ti~

!8.§a

-Ii i~
e- 

! ..
E

8i
i.g.~

§
-i 

1 
61

1.i8-
e ~

 :g~
~

~
i~

o
. i 

-0 ! Ii
'; 

.a 
>

!!o 
-

0 
M

 
~

 
...

>
 -- 

oS

f~
.a~

a
'...~

.
a>

 
>

.!Q
-- 

~
~

.
Q

~
 

-

N'0

~..~0-t:c

I!I!!!0-...~~

N~
:

::II

~1
0-1 
-, 
,""

...

~'I"-~I"-

M""

~

~on.:>



5~C
/)

=C
-'

~oJD
o

~C
/)

~jD
o

W~=~1&
0

0WC
/)

-<~-<~-<=t~

!~~ tI~

I~Ii...
.1

~
r 

-
I,i~ .12i~{;~ I 

I

{

I

,~
~

~J
,'~

,~

.'(

fil ,'ifi

I,N
I.I~

I:I~
IN

lal~
I~

I~
I~

I:I~
I~

1!1:1~
IN

I~
ldldl!I!I~

lal~
l~

I!I~
I~

'

~
!I~

liIN
I~

ldl~
I~

I~
151~

1~

~

I!
I~

I~
I~

I~
I~

I~
I~

...O
Q

 
~

~

r...= ~,,'.~
r 

"

I IW

~
~

"', 
':i

i4 
...

it" 
'I

l'i 
'..Ii

I!:, 
..

I~
~

~

I~:iIlI

~

1~
1~

1!1~
1~

15151~
1~

121~

:1~
lal~

ls

1~
1~

18
1

f;:.
1

~

"ri-; 
,--;

1~
1~

21~

1;1~
121~

I~
I~

I~
I~

I~
I~

I~
I!I~

I;I~
I~

I~
IN

I~
IN

1~
1!1§1~

lil~
I~

I~
I~

I;I~
I~

I~
IN

j~

I~
I~

I~
I~

I~
I~

I~
I~

I~
I~

I~
I~

I!
..-~

2"""""""""'ri-

1~
~

~
~

~
it1~

~

It
[? ~

I

.....i%



I}.~J=,~j~~<~~<~~;.1
~~.:~0'z;&

0
.:>~rI)<.=<!o-
<Q0-0-~

oS.~
oS

 ..
~

.JD
o..

0.-

t!;:
.-m

 
=

~
.-
':'a 

..

"'5u.t 
~

.. 
.

Z
~

e 
..

.!~:~or!
- 

...

.. 
.

~
m

~

t~
i

-'.sa
M

o'!.-
-

e
..

. 
..

..;a_.
.5 

. 
.

!..
i

_. 
. 

D
o

';
-..~"~

M

i.!f

.J.~
:"" 

..
.~

'aQ.z.

0_-

~
~

;..

0-~~a;;
0-~~r::;~~

,
'C

I
41
~

I.'.,

0' ~
.

~&
I

1:.=0 >
.

~..1:;0->
-

~..1:..0' ,)I~
 

u ..'-j~.IE
""

-~~

.;

j]: 
'" 

-
~

 
~

.1!.'t
rR~~"i= r;; ~
6;: i
~

_I
~...~~~ I a~~ti

&..?""..

~-,~;1

~~

!~
I

!'N
IN

I~
I~

I;I~
IN

I§I~
I:I

8f.:I;I~
J"'I~

a.t~
I~

~

~
';};~

~
'j!

N
I~

I~
I~

I~

~
ldl~

I~
1

~
I~

I~

~
'tIi "J:I

I~
I.',

I~

~~

~
151~

1~
1~

1~
1~

1~
1~

1~

~
1~

1~
lal~

I~
I:I~

I~
I~

1'if~
~

~
~

~
~

~
'iI~

i

I~- ...~
0 

.
do!

~
1~

121~
1:lsl!I;I~

I~
19Is

~
~ lo

I
N

I~
I~

I~
I~

I~
I~

I~
j~

.. ..- 
"-..,- 

- '" .. -1_1

~
!

.§~ t,~
ilj

1~
lsl~

lgl~
I~

I!I~
I!I:I~

I~
I~

~
.

i~
l!:i I;I~

I~
I~

I~
I:I~

I~
I!I~

I~
I~

I~

'iI'it'il'il}fit'ii'ili

II!
~

 ~
~

I~1:lsl!l§

1!1!1~
1...1~

1...I;;;i

I~
I§I~

I...I~

If'f...~ f

:1I..~

...~

]~~:8,:IcQ'=~~.gQc.~
c

,2i"0'-Q]"f;e~..
oSII=g 

.,;

1
'=

 
,!! 

~

r
0

G
 

',!!
- 

g.g
'=

 
~

~
 i. 

O
!

II!~
~

'6tc
. 

e 
1 

j 
.g 

.~
 ~

~
 

]
t

oa

1,-=
- 

~
i

0- 
0

; 
. c

. .
Z

 ~
 i B

E
-

I
~

.=
. 

~
 

e
I; 

~
 

,:I 
!. 

~

2! 
~

 
~

 
" 

'"'

..~
~

~
,i..>

-:!Q
;1:, -.

..~.ij



~;:If/)~cz-~~~-<f/)~-<~~~~Q=t0zro~f/)~-<E
.:;.

Q0-~-

$1§;~0.~
I~
'

~~...~
.

'C..1:.D0

..,
~

,..'

i.0. >
c

'C..~.=0>
-.

t~.=0 fJ 
j

~~[t~
N

.; 
E

 
.!j:~

~
~

N
.~

.~
:"1~

~
~

~
J- 

- 
., 

'd 
.,. 

-.- 
..I.~;.;I2I

0.'" 
g: 

~
-.;~

..V
'\

- 
_0 

=
 

,

~..~
,

~
ii}.J
G

i
~if!~

"

t~~ ..'i~g;~
I

~
!1.

'0I~
-c

I

~
~

"'i

~

'I1- ~
IN

I~
I~

I~
I~

IN
I§I~

I~
I~

I~
I!I~

I~
I~

I~
I~

I~
I~

ii1-i 1~
IN

IN
I~

I~
I~

IN
'~

'!Ii

~

~
ldliIN

I~
I~

ldl~
\~

I~
I~

I!lil~
I:I~

I~
I~

N
ju;1-,to,II I

I
,... f

'

~
O

I)

I~
.:II°1":

~

..-'d

i II!~
I~1 I~I~I~
N

O~
'i f

1 It

I t
!

'!~dc1 1;; 1
;1'

,0 
.

",0 f
I 

I I; 
...'

0'" 1~
1~

12

1~
1~

1~
IN

I~
I~

I§I;I;I!I~
I~

I~
I!I~

I~
IN

I~
IN

~

~
I~1

,...

~

~
IE

t~
I~

I~
I~

I~
I~

I:I~
I~

I~
IN

I~
IN

I:

I~'5J'a
~

E

N
I~

I!I~
I~

I~
I~

V
\I~

I
V

\
I

"'
I

~
I

'" 
~

~
:~

...~

~~r:] I~

11 ,91:1:1~
1~

1~
1~

1~
1~

,~NN!

1

~

51:\3

2
1

g
l~

 
. 

.~~

~ ~I~I~ IN
I~

IN
I~

I" d - 
N

 
..

i 1+ If![~'j.~ i If' Ii!~
t"!

~ It -01
..-'

I~ ~~~0:8...§~~x'8ac~~c.2i00...0's
1=~S~.1oSx=g .
.- ~
Ii I g~
~

 
~

 
.=

 .
, . &

- E
~

!tO
O

 
x~

'i I ~
.;

§::s}8
. e 

I 
.,

j 
.g .! 1

~
 1 i'=

1.:l8~
B

~
.g"i

~
 ~

~
b'i

Ii 
J 

H
 I~

>
.~

 
tig

t! 
~

 
~

 .. .. i-
=

"~
1!!.!tS

~
Q

~
~

~
~

=

'0."~i:1:



A.5
Comparison of North and South Basin Data





COMPARISON OF NORTH AND SOUTHD.A T A

April 6. 1999

~ecchi Disc Depth m 1.1 1.70 NA NA
oH Std. Units 8.05 8.13 7.9 8.06
temperature C 5.52 5.90 3.93 4.79,
i~pecific conductance umholcm 2018 2027 21.42 2106
IDissolvedOxygen rng/1 12.94 1.3.87 1.1.35 1.2.1.4
;,-day BOD mg/l 2 2 2 2
Total Alkalinity rng/1 181 178 1.81. 178

Total Organic Carbon mg/I 4.2 4.42 4.1.8 4.38
TOC-Filtered mg/l 3.84 4.13 ..02 4.1.
Total Inorganic Carbon mg/l 40.0 47.0 47.5 45.7

Total Kjeldhal Nitrogen mg/l 2.04 1.99 2.1.9 2.17
TKN-Fil.tered mg/\ 2.47 1..81. 1.92 1..77
TKN-Particulate mg/l -0.43 0.1.8 0.27 0.4
Organic Nitrogen mg/l 0.62 0.61 0.55 0.64:
Amrnonia-N mg/l 1..43 1.38 1..65 1..53
Nitrite-N mg/l 0.06 0.06 0.07 0.06
rIIin-ate-N mg/l 1.33 1.30 134 1.31
Arsenic rng/1 2 2 2 2
Cyanide Ug/1 2 2 2 2

lotalPhosphorus mg/l 0.081 0.081 0.101 0.092
Soluble Reactive Phosphorus rng/l 0.032 0.023 0.065 0.05 1

Silica rng/1 3.59 3.35 3.84 3.49
~alcium mg/\ 1.43 1.36 140 135
~odium mg/1 234 229 246 236
Sulfate mg/1 172 143 168 146
Sulfides mg/1 NA NA NA NA
Chloride mg/1 450 451. 469 457

,Total Solids mg/1 1.251 \.297 1.357 1321
ITotal Volatile Solids mg/l 187 242 21.4 218
Total Suspended Solids mg/l 2 3 1 3
Volatile Suspended Solids mg/l 2 3 I 2
:Total Dissolved Sol.ids mg/l 1220 1.237 1.284 1.260

Zinc mg/l 0.0075 0.0059 0.0066 0.005
Copper mg/1 0.0013 0.0026 0.001.4 0.00\.2
Chrorninum mg/l 0.0006 0.001 0.001. 0.0005
Cadmium mg/l 0.0005 0.0005 0.0005 0.0005
Mercury mg/1 NA NA NA NA;
Lead mg/1 0.0037 0.0034 0.0032 0.0037:
Iron mg/l 0.11.2 0.1.92 0.1.1.9 0.095
Magnesium mg/1 21..7 21..6 21..3 21.9
Manganese mg/l 0.0\.2 0.009 0.025 0.02
Nickel. mgI\ 0.0225 0.0318 0.021.8 0.0228 '

IPhenol. ug/1 14 10 1.0 10!
. ~I~'" rng/m3 0.37 0.43 NA NA

.' mg/m3 0.80 1..92 NA NA

rng/m3 15 23 NA NA

rng/m3 \.2 NA NA NA
eel\.s.ll.OOml 5 5 "NA NA

Phaeophytm-a (I)

Phaeophytin-a (2)

I'ChlorophYll-a (I)

Chlorophyll-a (2)

Ii"ecal Coliforrns

DIIa - ~~-_iPted nee ~
CakaIatioas - the IaboraIIXy imit of defecIj,.. wbea - obIerv.- is beW.. limit.
NA: Not AuIyzed
(I) vahIe..-ats. caaposite -..k ~
rn sample takeII ~ die photic mae.

DRAFTN~_99.xls/4699



COMPARISON OF NORTH AND SOUTH DA fA

July 13, 1999

11~:Jil ,~r-
~ecchi Disc Depth m 1.2 1.8 NA NA
DH Std. Units 8.01 7.98 7.35 7.29
lemperature C 21.53 21.04 10.61 10.24
~pecific conductance umho/cm 2270 2257 2202 2198
;Dissolved Oxygen mg/l 6.96 6.87 0.00 0.00
i:>-day BOD mgil 2 2 2 2
ITOtal Alkalinity mg/1 146 144 199 197

Total Organic Carbon mg/1 4.3 4.8 4.1 4.1
TOC-Filtered mg/1 3.85 4.50 3.62 3.82
Total morganic Carbon mg/l 33.7 37.6 48.2 51.1

Total Kjeldhal Nitrogen mg/1 1.87 1.85 3.05 2.99
TKN-Filtered mg/l 1.56 1.67 2.88 2.82
TKN-Particu1ate mg/l 0.31 0.18 0.17 0.17
Organic Nitrogen mg/1 0.59 0.49 0.10 0.11
hmmonia-N mg/l 1.27 1.36 2.99 2.88

INitrite-N mg/1 0.14 0.13 0.03 0.02
Nitrate-N mg/l 1.77 1.60 0.08 0..14
Arsenic mg/l 2 2 2 2
Cyanide ug/1 2 2 2 2

Total Phosphorus mg/1 0.086 0.082 0.447 0.414
Soluble Reactive Phosphorus mg/l 0.035 0.038 0.367 0.353

Silica mg/l 1.34 1.51 4.15 3.67
Calcium rng/l 150 151 151 1~1
~odium mg/l 252 247 248 1St
Sulfate rng/l 193 196 186 172
I~ulfides mg/l NA NA NA 1.1
Chloride mg/l 488 507 482 483

Total Solids rng/l 1487 1541 1478 1461
Total Volatile Solids mgil 292 292 302 285
Total Suspended Solids mg/l 6 4 3 2
Volatile Suspended Solids rng/1 5 3 2 2
lotalDissolvedSolids mg/l 1398 1398 1346 1394

Zinc mg/t 0.0083 0.0069 0.0074 0.0057
Copper mg/t 0.0010 0.0011 0.0007 0.0007
Chrominum mg/1 0.0005 0.0005 0.0005 0.0005
Cadmium rng/1 0.0004 0.0004 0.0004 0.0004
IMercury mg/1 ND NO ND ND
Lead rng/l 0.0052 0.0054 0.0054 0.0050
Iron mgil 0.085 0.063 0.072 0.030
Magnesium mg/t 23.8 23.7 22.5 22.8
Manganese rng/1 0.051 0.002 0.409 0.318
Nickel rng/l 0.0052 0.0052 0.0042 0.0043
Phenol ug/l 10 10 10 10

,- -' rng/m3 1.23 1.23 NA NA

rng/m3 0.20 NA NA NA

rng/m3 32.0 20.8 NA NA

rng/m3 33.1
ceUslIOOml 35 5 NA NA

Phaeophytm-u (1)

,Phaeophytin-a (2)

IChlorophYll-a (1)

Chiorophyll-a (2)

Fecal Colifonns

DaIa Me voI8me-wei,h1ed wbea appropriate.
Calcul8liOllS use $e laboratory imit of cIeIectiOII wbea - obIav-.. is below .. Wi.

NA: Not A8aIy7zd
(I) va8clCIXae8ISa itel8lDPle~

(2) -.Ie takea tom ~ pI.oIic _.

DRAFTNs-nparison - 99 .xII/71399



COMPARISON OF NORTH AND SOUTH DATA

September 21, 1999

p' y)A~~ETER~y~ -

EPlli~ION--C
SOUTH) NORTH.".'

HYPoUiM:NION
,,'

SOUTH" NORTH:

.. ;:\}~;;!..';~::&;J:rJNtts ...

.~,:

m
Std, Units

C
umholcm

mgil
mg/I
mgil

mgil
mgil
mgil

mg/l
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mgil
ugil

mgil
mg/I

mgil
mg/I
mgil
mg/I
mg/I
mgil

mg/I
mgil
mg/I
mg/I
mg/l

mg/l
mgil
mgil
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
ugil

mgimJ

mgimJ

mgimJ

mg/mJ
ceIIs/IOOml

1.8

7.86

19.26

2229

8.04

2

106

4.88

4.45

22.4

0.98

0.68

0.30

0.69

0.29

0.09

1.52

2

2

0.037

0.001

1.17

131

270

182

NA

526

1423

209

2

2

1388

0.0100

0.0014

0.0005

O. 0004

NA

0.0032

0.038

24.2

0.015

0.0069

10

1.8
7.96
19.62
2265
8.82

2
106

4.99
4.72
21.8

0.94
0.68
0.26
0.69
0.25
0.09
1.43
2
2

0.034
0.001

1.06
122
270
205
NA
532

1481
285
3
3

1429

0.0042
0.0007
0.0005
0 . 0004

NA
0.0034
0.057
24.0
0.012

0.0061
10

NA

7.27

tl.42

2329

0.07

6

213

4.88

4.45

32

4.30

3.98

0.32

0.43

3.87

0.02

0.01

2

2

0.500

0.414

5.54

138

277

172

6.4

545

1469

208

2

2

1409

0.0027

0 . 0004

0.0005

0 . 0004

NA

0.0034

0.120

24.0

0.409

0.0047

10

NA

7.65

13.04

2407

0.00
5 .

199

5.08

4.66

38.6

4.06

3.73

0.33

0.61

3.45

0.02

0.01

NA

2

0.372

0.342

4.74

136

294

174

4.5

564

1510

218

2

2

1417

0 . 0022

0 . 0004

0 . 0006

0 . 0004

NA

0.0034

0.125

24.0

0.369

0.0058

10

Secchi Disc Depth

pH
T ernperature

Specific conductance
Dissolved Oxygen

5-day BOD

Total Alkalinity

Total Organic Carbon

TOC-Filtered
Total Inorganic Carbon

Total Kjeldhal Nitrogen
TKN-Filtercd
TKN-Particulate

Organic Nitrogen

IAmmonia-N
IN " "

NI Itnte-

iNitrate-N
IA "
i r5enIC

!Cyanide

Total Phosphorus

Soluble Reactive Phosphorus

Silica
Calcium

Sodium
Sulfate
Sulfides
Chloride

Total Solids

Total Volatile Solids
Total Suspended Solids
Volatile Suspended Solids
Total Dissolved Solids

Lmc

Copper
Chrominum
Cadmium

Men:ury
Lead
Iron

Magnesium
Manganese
Nickel
Phenol

Phaeophytin-a (I)

Phaeophytin-a (2)

Chlorophyll-a (I)

Chlorophyll-a (2)

£~-~!i!onns

2.24

2.67

16.0

15.0
95

2.24

NA

26.2

NA
SS

NA
NA
NA
NA
N~

NA
NA
NA
NA
NA

DMa Me w~weiah~ QeD appropriaIe.
CabIIIioas - the laboratory IiIIIi1 of ~ w* ID obsavatioo is below u limit.

NA: Not AaaIyzed
(I) -- r.-ts a ~ sample obscrV8IioD.
(Z) -..Ie Iakca ~ the pkolic 7AM1e.

DRAFT~'SCCio.~ - __89 .xIsI92189



COMPARISON OF NORTH AND SOUTH DATA

November 30, 1999

~

~~EPIL~N
~UTHk~ORTH

~~

~~...'.'~~.':~
Secchi Disc Depth

pH
Temperature
Specific conductance

Dissolved Oxygen
5-day BOD

Total Alkalinity

Total Organic Carbon

TOC-Filtered
Totallnorganic Carbon

Total Kjeldhal Nitrogen(l)
TKN-Filtered (I)

TKN-Filtered (2)

TKN-Particulate(l)

Organic Nitrogen
Ammonia-N
Nitrite-N

Nitrate-N
Arsenic

Cyanide

Total Phosphorus
Soluble Reactive Phosphorus

Silica
Calcium
Sodium
Sulfate
Sulfides
Chloride

Total Solids
Total Volatile Solids
Total Suspended Solids
Volatile Suspended Solids

Total Dissolved Solids

NA

1.11
1.8

2303

9.46

6
141

4.15

4.05
40.1

NA

7.77
7.73

2327

931
7

145

4.90

4.51
17.4

1.8

7.68
7.81

2298

9.48
6

142

4.88

4.47

39.9

1.9

7.77

7.78

2333
9.44

7

145

4.87
4.56

38.8

m
Std. Units

C
umholcm

mg/l
mg/I
mg/I

mg/l
mg/I
mg/\

...52

".35

1.38 .

0.17

0.58

0.94

0.47

1.18

2

2

0.163

0.126

2.56

140

277

208

NA

551

1430

153

3

I

1336

0 . 0046

0.0014

0.0005

0 . 0004

NA

0.0039

0.060

25.0

0.040

0.0042

10

1.48

1.4

,1.46
0.08

0.47
1.00

0.47

I.IS
2

2

0.162
0.121

2.63
140
1S1
209
NA
SS2

1420

IS7
3
1

1342

0.0034
0.0017
O.OOOS
0 .0004

NA

0.0033
0.063
25.S

0.043

0.0042
10

1.50

1.46

1.62

0.04
0.53
0.97
0.56
1.11
2
2

0.159
0.123

2.56
139
268
202
NA
546

1389
148
3
1

1349

0.0077
0.0019
0.001
0.0004

NA
0.0052
0.107
25.0
0.078
0 . 0040

10

mgIl

mgIl

mg/l

mg/l
mgil
mgIl
mg/l
mg/l
mg/l
ug/l

mg/l
mgIl

mg/l
mg/l
mg/l
mgil
mg/l
mg/l

mg/l
mg/l
mgIl

.mg/l
mg/l

mg/l
mg/l
mg/l
mgIl
mgIl
mg/l
mgIl

mg/l
mg/l

mg/l
ug/l

mg/m3

mgim3

mg/m3

mg/m3
cells/lOOml

1.55

1.46

1.59

0.09
0.60

0.95
0.48

1.24
2

2

0.159
0.122

2.63
135
274
196

NA
S46

1403
169

2
1

1334

0.0034

0.0017
0.0007
0 . 0004

NA

0.0057
0.094
25.0
0.044

0.0051
10

Llnc
Copper
Cbrorninum
Cadmium
M~cury
Lead
Iron

Magnesium
Manganese
Nickel
Phenol

Pbaeopbytin-a (I)

Phacophytin-a (2)

Cblorophyll-a (1)

Cblorophyll-a (2)

I Fecal Coliforms

NA
NA
NA
NA
NA

2.46

NA

8.01

NA
44

NA
NA
NA
NA
NA

1.82

1.92

8.5

10.1
72

D8Ia are wm---iPted wIleD appropriate.
CakuIalicMOS .. ~ ~ ilDit of deIecIiC8 wkea - obIav8Iio8 is ~ dial imit.

NA: Not AaaIyzed
(I) vahle ~ a eOqIOSite le obIcrv8Ii.-.
(1) -..Ie taka .-. ~ ~ ~

DRAFTNs-IIP8iIa1_99.x1s/11~


