4.3 Lake Characteristics
4.3.1 Physical Characteristics of Cayuga Lake
4.3.1.1 Bathymetry

Cayuga Lake is the second largest of New York’s Finger Lakes based on water volume and surface area. Itis
situated in a glacially carved valley at the northern edge of the Appalachian Uplands physiographic region of New
York State. Water surface elevation is 116.4 m (382 ft.) above mean sea level and maximum depth is 132 m (435
ft.); the lake bottom extends well below sea level. The great depth of Cayuga Lake, second only to Seneca among
the Finger Lakes, is attributed to rock scour from glaciation. The Cayuga Lake basin appears to have originated as a
preglacial stream valley that was overdeepened by glacial erosion. Based on seismic surveys, bedrock may lie as
much as 242 m (794 ft.) below sea level, and the rock basin has been infilled by as much as 226 m (741 ft.) of
glacial and postglacial sediment (Mullins 1998).
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Morphometric statistics for the Lake are summarized in Oglesby (1978). The Cayuga Lake basin is long and narrow,
extending approximately 60 km (38 miles) from Ithaca in the southern basin to the Seneca River outlet. Mean width
is 2.8 km (1.75 miles). At its widest point, Cayuga Lake is 5.6 km (3.5 miles) across. Volume is estimated at 9380
million cubic meters (331,080 million cubic ft.) at a lake elevation of 116 m. Surface area is 172.1 sq. km. (66.4 sq.
miles).
\(“f\— CAY LAK
T

CATHYMFTRY

WORIA SHELF

Ki - . -
£ e

// CAYUGA {AKE SOUTH .

WYORE POINT —
BATHYMETRY - ™~

CONTOUR IWTCRVAL = 20w km’

Figure 4.3.2 Bathymetric map of Cayuga Lake
Source: Edward Hinchey

Bathymetric data (depth and volume) for Cayuga Lake were first reported by Birge and Juday in 1912. These
investigators used a base map surveyed by Cornell University engineering students and measured water depth with a
steel sounding wire. Position of each depth measurement was controlled by transit instruments on shore and a
sextant in the boat. Results of this early survey are plotted in Figure 4.3.1, which displays the water volume
associated with each depth stratum. Note the large volume of deep water in Cayuga Lake. Median depth of the Lake
is 40 meters (131 ft.); mean depth is 54.5 meters (179 ft.).

Between 1986 and 1988, Henry Mullins

of Syracuse University and colleagues a
collected high-resolution seismic
reflection profiles of the major Finger
Lakes, including Cayuga Lake. The
seismic reflection profiles allowed the
researchers to quantify and map water
depth, total sediment thickness, and depth
to bedrock. They identified a sequence of
six depositional events associated with the

retreat of the Laurentide ice sheet that b
transported large volumes of fine-grained

sediments into the Finger Lakes basins.

The sediment deposits created the

relatively flat lake bottom in the V-shaped
basin.

Figure 4.3.3. Lake Bottom
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A bathymetric map of Cayuga Lake indicates that the lake is relatively shallow at its northern end, deepens towards
the south and has a relatively small, shallow shelf at its southern end (Figure 4.3.2). The deepest part of Cayuga
Lake is a trough extending north from Myers Point to Long Point.

A detailed bathymetric survey of southern Cayuga Lake was completed in 1996 to support design of the pipeline
route for the Lake Source Cooling (LSC) intake. This survey was completed using differential-corrected Global
Positioning System (GPS) technology coupled with side-scan sonar and hydroacoustics to map the lake bottom.
Results are displayed in Figure 4.3.3.

4.3.1.2 Hydraulic Retention Time

The hydraulic retention time (water residence time) of a lake is defined as the average time water remains in the
lake. In Cayuga Lake, various investigators have estimated hydraulic retention time between 5 — 12 years. This
range in estimation reflects natural variability in weather conditions as well as the methodology of the estimate.

Several methods are used to estimate water residence time of a lake. The most accurate approach is to measure all
the flows into and from a lake. Only in rare cases is this level of detail available. The most common method of
calculating residence time is to assign a unit runoff coefficient to the watershed and estimate the volume of water
entering the lake, then divide the volume of influent water by the lake volume. Recently, investigators from USGS
have used tritium levels to estimate retention time of the Finger Lakes.

The work of Likens (1974) remains the most direct approach to estimating the water residence time in Cayuga Lake.
He calculated the hydrologic budget for the period of August 1970 through July 1971 based on detailed
measurements of precipitation, streamflow, discharge, and change in water surface elevation. Likens calculated that
18% of the Lake’s volume flowed out to the Seneca River; which translated to an average hydraulic retention time
of 5.1 years (100% lake volume / 18% per year =5.1years). However, this calculation included the inflow and
outflow of the Seneca River, which enters Cayuga Lake close to the lake outlet. It is reasonable to assume that river
waters do not mix south throughout the long lake. If the contribution of the Seneca River were excluded, the
hydraulic retention time based on 1970 — 1971 data would be estimated at 7.4 years.

These values are about 50% smaller than hydraulic retention time estimates compiled by Wright (1969). The study
period in 1970 — 1971 was relatively wet, which affects the estimates. Likens emphasized the theoretical nature of
the flushing rate estimates, which are based on the total volume of the lake as if mixing were complete throughout
the year. These calculations do not account for seasonal differences in hydrologic input, nor do they consider
current patterns in the lake.

Oglesby (1978) estimated that the average hydraulic retention time of Cayuga Lake was

12.8 years, with a range of 8.1 to 24.1 years, based on 36 years of record of inflow and outflow data, excluding
contribution of the Seneca River. Another estimate of Cayuga Lake’s hydraulic retention time was prepared by
Schaffner and Oglesby (1978) using detailed hydrologic calculations from Owasco Lake and assuming that unit
runoff throughout the Finger Lakes was proportional to watershed size. This method yielded a retention time of 9.5
years. USGS estimated Cayuga Lake’s hydraulic retention time at 10 years based on statewide runoff data (Michel
and Kraemer 1995).

Investigators from USGS have used tritium, a radioactive isotope of hydrogen, to estimate hydraulic retention time
in the Finger Lakes (Michel and Kraemer 1995). The concentration of tritium in rainfall peaked in the mid-1960’s
during atmospheric weapons testing. Tritium concentration in surface waters has decreased since this time period
due to radioactive decay, mixing with older water masses, and dilution with rainfall with lower tritium
concentration. Michel and Kraemer used this method to estimate hydraulic retention time of Cayuga Lake as 10
years. These results confirm that groundwater inflow to the lake is minimal.

4.3.1.3 Heat Budget

The temperature of Cayuga Lake reflects the net result of heat inputs, losses, and exchange. The sun is the ultimate
natural source of heat to the lake, heating the water through shortwave solar radiation, longwave solar radiation and
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conduction of heat from the atmosphere to the water. Other heat inputs include municipal or industrial sources such
as noncontact cooling water. There have been several attempts to estimate an annual heat budget for Cayuga Lake.
An annual heat budget is an accounting of the total heat entering a lake between dates of its least and greatest heat
content. Cayuga Lake contains the least heat in March and the greatest in August.

Early in the 20" century, Birge and Juday estimated a heat budget for Cayuga Lake based on isolated temperature
data collected in winter and summer. Henson used this approach in the early 1950’s, with similar findings. Two
subsequent heat budgets were drawn using models of lakewide temperature and circulation. Both models were
developed to quantify the thermal impacts of a proposed industrial cooling water discharge to Cayuga Lake.
Sunderman et al (1968) developed a model of lake temperature as part of the environmental assessment of the Bell
Station, and J. E. Edinger Associates, Inc. (1997) applied their model CE-QUAL-W?2 to quantify potential lake-wide
thermal impacts of Cornell Lake Source Cooling. The four estimated heat budgets are summarized in Table 4.3-1.

Table 4.3.1. Heat Budgets developed for Cayuga Lake

Investigator Years Used as Basis of | Annual Heat Budget *
Calculation (Btu/ft)) (A/m?)
Birge and Juday 1910, 1911 144,000 1.6E+09
Henson 1950 -1953 137,000 1.6E+09
Sunderam et al. 1968 185,000 2.1E+09
John E. Edinger 1986 — 1995
Associates, Inc. Mean 123,000 1.4E+09
Minimum 115,000 1.3E+09
Maximum 130,000 1.5E+09

Source: Stearns & Wheler 1997

* The annual heat budget is defined as the gain in heat storage in Cayuga Lake from the time of minimum
heat storage (March) to the time of maximum heat storage (August).

Btu/ft? British thermal units per square ft.
J/im? joules per square meter

The annual heat budgets demonstrate periods during which the lake gains and loses heat. Monthly heat storage data
(summarized in Table 4.3-2) indicate that, in an average year, the lake gains heat from March through mid-August
and loses heat the remainder of the year. During the heating season, Cayuga Lake gains an average of 2.3 E+07
joules per square meter of lake surface per day (2,000 Btu per square foot per day). The net heat energy enters the
lake surface primarily from solar radiation and is distributed through the water column by currents, seiche
oscillations, and internal waves. On a long-term basis, the amount of heat gained by the lake each year is lost to the
atmosphere during the prolonged period of winter mixing. There may, however, be disequilibrium in any given 12-
month period.

With the exception of the Birge and Juday calculations, the heat budgets include the input from AES-Cayuga
(formerly known as Milliken Station). AES Cayuga is a 387-megawatt (MW) coal-fired power plant located on the
east shore of Cayuga Lake approximately 13 miles north of Ithaca. Cooling water is withdrawn at a depth of 14 m
(46 ft.) through an intake located 183 m (600 ft.) offshore. The plant is permitted to reject heat at a maximum rate of
1.3 E+09 Btu/hr (2.42 watts/m?-day) based on its permitted flow of 169,000 gallons/minute and an 8.3 °C (15 °F)
heat rise through the condensers. On a cumulative annual basis, AES Cayuga is permitted to reject heat at 1.1 E+13
Btu/yrz. AES Cayuga contributes approximately 15 Btu/ft’/day, which is less than 1% of the natural heat gain (2,000
Btu/ft“/day)
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Table 4.3.2 Monthly Heat Storage in Cayuga Lake per Unit Surface Area
Month Average Heat Content | Minimum Heat Maximum Heat
(joules/m?) Content Content
(joules/m?) (joules/m?)
January 6.69E+08 5.82E+08 8.01E+08
February 5.39E+08 4.74E+08 6.29E+08
March 5.33E+08 4.16E+08 6.12E+08
April 7.01E+08 5.28E+08 7.86E+08
May 1.08E+09 9.48E+08 1.18E+09
June 1.50E+09 1.37E+09 1.63E+09
July 1.81E+09 1.68E+09 1.88E+09
August 1.93E+09 1.81E+09 1.98E+09
September 1.90E+09 1.85E+09 1.94E+09
October 1.69E+09 1.64E+09 1.75E+09
November 1.37E+09 1.31E+09 1.48E+09
December 9.89E+08 8.82E+08 1.12E+09
Source: JEEAI, as presented in Stearns & Wheler 1997

The JEEAI heat budget also includes heat rejected from Cornell’s Lake Source Cooling project (LSC) which began
operation in summer 2000. The LSC project is a second source of noncontact cooling water to Cayuga Lake. Water
for LSC is drawn from a depth of 76 m (250 ft) through an intake located approximately 2 miles north of Stewart
Park and circulated through a shoreline heat exchange facility. Plate and frame heat exchangers in this facility
transfer chill from the lake water to a closed loop of water circulating from the Cornell University campus. Warmed
water is returned to southern Cayuga Lake through a submerged multiport diffuser located approximately 500 ft
offshore. Temperature of the return flow is relatively constant throughout the year as compared to the temperature of
the shallow southern basin where the flow is returned. Temperature of the return flow will be 8.9 °C in winter and
13.3 °C in summer. Volume of the LSC return flow fluctuates in response to demand for campus cooling. The plate
and frame heat exchanger is designed so that the circulating lake water system will never mix with the closed-loop
campus chilled water system.

The two noncontact cooling water systems are compared in Table 4.3-3. The LSC system will add a daily maximum
of 0.434 watts/m* to the lake surface during peak summer operating conditions and 0.07 watts/m? during winter
when demand for campus cooling will be very low. As a basis for comparison, the sun can deliver 400 watts/m® to
the lake surface during a clear summer day. The daily heat input from LSC is equivalent to heat from approximately
9 seconds of sunlight in summer (assuming 14 hours of sunlight) and 20 seconds during winter (assuming 9 hours of
sunlight). On an annual basis, the LSC system represents approximately 8 percent of the heat load (to Cayuga Lake)
from AES-Cayuga.

The effects of the LSC project on Cayuga Lake’s thermal regime were examined at two scales: nearfield (in the
region of the outfall) and lakewide. Near-field impacts were projected using the model CORMIX2, which simulates
mixing of the return flow from the heat exchangers with ambient lake water (Jirka et al. 1996). The model projects
dimensions of a “plume” of cooler or warmer water created in the region of the submerged outfall diffuser. The two-
dimensional hydrothermal model CE-QUAL-W?2 was used to simulate effects of LSC on Cayuga Lake’s seasonal
temperature structure. Site-specific data were used to define parameters, initialize the models, and (in the case of the
lakewide model) verify model performance by comparing predicted and observed temperature profiles.
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Table 4.3.3. Comparison of Heat Loads, Noncontact Cooling Water Discharges to Cayuga Lake

Permit Conditions Cornell LSC AES-Cayuga
(Formerly known as Milliken
Station)

Heat input to Lake (W/m’-day)

Summer 0.434 242

Winter 0.07

Btu/hr (peak summer) 0.24 x 10° 1.3x10°

Btu/yr (cumulative) 0.09 x 10” 1.1x10"%

Average Heat Rejection 29.4 387

(MW thermar)

Depth of Intake 76 m (250 ft) 13.7 m (45 ft)

Depth of Return Flow/Distance
Offshore of Outfall

2.7 m (9 ft)/150m (500 ft)

Surface/At Shoreline

Recirculated Volume (peak flow)

2 m*/sec (32,000 gpm)

10.6 m*/sec (169,000 gpm)

Temperature of return flow

Ambient plus 7 — 15 degrees F
(return flow temperature
relatively constant at 48 — 56
°F)

Ambient plus 15 degrees F
(return flow temperature is
variable due to fluctuating

temperature of intake water)

Recirculated volume

1.2 m%/sec (19,200 gpm)

10.6 m*/sec (169,000 gpm)

(annual average flow)

W/m*-day Watts per square meter per day
Btu/hr British thermalunits per hour
gpm Gallons per minute

Source: Cornell Utilities for LSC
NYSEG for Millken

The CORMIX2 model projections assume that the LSC facility operates at its maximum permit capacity, 24 hours
each day. In fact, flows through the system will vary in response to the demand for campus cooling. Actual flows
will always be less. Projections indicate that the LSC return flow will have minimal impact on water temperature in
southern Cayuga Lake (Stearns & Wheler 1997). Water temperatures are projected to return to within 2 °C of
background within a short distance of the outfall diffuser. During most months, temperature returns to within 0.5 °C
of ambient within several hundred meters of the outfall. The largest plume (a plume of cooler water) is projected to
occur in August when the gradient between the temperature of the return flow and background conditions is greatest.

The lakewide model was used to simulate temperature regime, which included stratification and ice cover, over the
ten-year period from 1986 — 1995. To apply CE-QUAL-W?2, bathymetry was mapped onto a grid dividing Cayuga
Lake into segments in two dimensions: with depth (vertical) and from south to north (longitudinal). The grid, with a
total of 1103 model cells, was designed to provide more spatial resolution in the southern end and in the epilimnion.
A continuous simulation of water temperature over the ten-year period was run using site-specific inputs of
meteorological conditions and streamflow.

Model projections for 1995, the final year of the continuous simulation, were compared with field measurements
recorded at 15-minute intervals by a series of thermistors suspended at 10-m intervals from the lake’s surface to 70-
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m depth. The string of thermistors was placed in the region of the proposed intake for LSC; predicted water
temperature in this model segment was used as the basis for comparison. The model performed well, reproducing
both the short-term variability associated with the lake’s prominent seiches as well as the longer-term development
of thermal structure. Root mean square (RMS) difference between predicted and observed temperature was always

less than 2.4 OC: 55% of RMS differences were less than 1 OC.

Once model performance was established, it was used to simulate 10 years of thermal behavior with the LSC system
online. This 10-year simulation period also provided an opportunity to examine whether there would be any thermal
impacts that might carry over from year to year. Results indicate that lakewide impacts of LSC will be negligible.

The maximum projected changes in water temperature are small (on the order of 0.08 °C) and well below natural
spatial and temporal variations. These subtle changes in water temperature are projected to occur in the region of the
LSC intake. The greatest temperature changes are projected for shallow waters, and effects will be greatest in the
winter. The project is projected to have no impact on the duration of stratification or ice cover.

Both the nearfield and lakewide models project that circulation of water and addition of heat by LSC will only
slightly affect temperature in a very limited region of the lake. These temperature changes are well within the natural
variability of the lake. Heat added to the lake will be lost to the atmosphere each winter during the prolonged period
of complete mixing typical from December through May. There is projected to be no discernible impact on the
spawning, nursery or migratory habitat for lake fishes and other aquatic life.

The potential impact of the Lake Source Cooling project on the phosphorus budget of southern Cayuga Lake has
been an issue of concern to the community. Additional discussion of this issue is included in Sections 4.2.4
(permitted discharges) and 4.3.2.2 (materials budget).

4.3.1.4 Stratification and Mixing

Deep lakes at temperate latitudes develop relatively predictable patterns of water temperature each year. Water
temperatures vary with depth in response to seasonal changes in atmospheric temperatures and radiant heating.
There are significant differences in the water temperature of Cayuga Lake during the stratified period (June through
November), in both horizontal and vertical dimensions. Differences in the vertical dimension are pronounced, due to
solar radiation to the lake surface, wind patterns, poor heat conductance of water, and depth and morphometry of the
lake basin. Differences in the horizontal dimension are present, although less evident, due to tributary inflows,
effluent discharges, return of noncontact cooling water, and localized microclimatic differences (Stearns & Wheler
1997).

Considering winter as the beginning of the annual cycle, Cayuga Lake water temperature and density are relatively
uniform throughout the water column. Water reaches its maximum density at 4 °C (39 °F). Without density
stratification, winds are able to mix the lake waters from top to bottom, north to south.

As the sun’s energy increases in spring, the lake gains heat and the upper waters begin to warm. Heating causes the
water to expand and warmer less dense water floats on top of the cooler water. More work is needed for winds to
overcome density stratification and mix warmer water throughout the water column. Depending on meteorological
conditions (in particular, solar radiation and wind) Cayuga Lake alternates between isothermal and weakly stratified
conditions.

By June of a typical year, Cayuga Lake waters stratify into the three layers associated with classic thermal
stratification: warm upper waters (epilimnion), cool lower waters (hypolimnion) and a transition layer between the
two (metalimnion, which includes the thermocline). The thermocline is defined as the plane in the metalimnion
exhibiting maximum rate of change in temperature with depth. Density differences during stratification are strong
enough to impede wind-induced mixing between the epilimnion and hypolimnion; 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. In some years, the lake warms 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 the temperature of the
bottom waters is warmer. The temperature of the hypolimnion varies between 4.1 °C and 5.5 °C (Oglesby, 1978).
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Detailed thermal measurements of the hypolimnion obtained between 1994 — 1996 were consistent with this

reported range (Table 4.3.4).

Table 4.3.4. Water Temperature in Hypolimnion, Cayuga Lake

1994 1995 1996
Depth 60 m 70m 70 m
Period of Measurement September - December | May - November | May - November
Mean Temp °C (°F) 4.55 (40.2) 5.0 (41) 4.3 (39.7)
Maximum Temp °C (°F) 5.97 (42.7) 5.9 (42.6) 5.5(41.9)
Standard Deviation 0.22 0.48 0.57
Source: Stearns & Wheler 1997

By August, Cayuga 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 warmer 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.
During most winters Cayuga Lake remains well mixed and essentially isothermal; stratification is rare and transient.

The annual thermal cycle of Cayuga Lake is illustrated in Figure 4.3.4. This is a plot of water temperature recorded
every 15 minutes at 10-m depth intervals in southern Cayuga Lake. Note that on May 1, 1995 there was very little
temperature difference between the depths; temperature varied from 4 — 7 °C. Warming of the upper waters is
evident as the summer progressed. Water temperature at the surface was above 26°C by July, while the temperature
below 50 — 60 meters remained relatively constant. Cooling was evident after August. In the late fall, distinctions
between the water layers broke down as cooler water mixed deeper into the lake (Stearns & Wheler 1997)

4.3.1.5 Hydrodynamic Motions (Currents, Seiches and Waves)

In Cayuga Lake, water moves primarily in
response to winds. The long fetch of the
lake and the steep-sided valley combine to
channel winds down the lake surface.
Wind action on the lake’s surface causes
circulation and mixing of the lake water.
Three types of hydrodynamic motions are
evident in response to the wind-induced
turbulence created at the water surface:
wind-induced drift current, internal seiche
oscillations, and internal waves (Stearns &
Wheler 1997).

Figure 434 Tine Series of Creerved 199 Tenperatures at Setions11

Temperature (C)
Temperature (F)

Wind-induced drift current is created by
wind blowing over the water surface,
moving surface water in the direction of
the wind at a rate two to three percent of VARY/E NNV ARV S AV Vo
the wind speed. A return current flows i@
beneath the water surface in the direction
opposite the wind. During unstratified
conditions, the return current may be
found at any depth in the water column.
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During stratified conditions, the return flow is relatively shallow, restricted to the upper waters and metalimnion.
The return flow moves at its highest velocity, half the velocity of the surface flow (one to one and one-half percent
of wind speed), at the depth of the thermocline (Sunderam et al. 1969).

As the wind-induced drift current moves water in the direction of the wind, a slight tilt in the water surface is
created. This tilt deepens the epilimnion and causes a slight depression in the metalimnion. In response, the
metalimnion at the opposite end of the lake tilts upward. The tilt remains stable as long as the wind maintains its
velocity and direction. When the wind stops or changes, the force maintaining the tilt is removed, causing the water
to rock (oscillate) in the lake basin. These oscillations are called seiches.

Amplitude of the seiche oscillation in Cayuga Lake increases linearly towards the northern and southern ends of the
lake. The effect of seiche activity on the lake’s thermal structure is evident in Figure 4.3.4. Data measured at 10 and
20 meters show a pronounced periodicity in temperature. Note how the oscillations in temperature are dampened as
the lake water deepens; only rarely are the temperature fluctuations so prominent in the shallow water evident at
depths below 50 meters. Fluctuations in temperature of deeper water are more evident during fall when thermal
stratification is weakening.

The third type of water motion in Cayuga Lake is the progressive internal wave, where all water moves through the
same distance, differing only in phase. These waves are created by irregularities in the lake bottom profile or short-
term atmospheric disturbances. Sunderam et al. (1969) reported the presence of internal waves in Cayuga Lake with
a short period (5 minutes) during stratified conditions.

Two investigations of lake currents have been completed in recent years. As part of an environmental analysis of
relocating the outfall of the Ithaca Area Wastewater Treatment Plant from Cayuga Inlet to southern Cayuga Lake,
Dr. William Ahrnsbrak of Hobart William Smith Colleges installed a current meter near the proposed location. For
the period between May — September 1985 lake currents in this region were very slow. The mean scalar current
speed was 2.12 cm/sec. More than 50% of the observations had current speed less than 2 cm/sec and more than 80%
of the observations had current speed less than 5 cm/sec (Ahrnsbrak 1986).

The current meter deployed in southern Cayuga Lake recorded water temperature as well. There were significant
fluctuations in water temperature in southern Cayuga Lake that appear to be associated with movement of much
colder water from deeper in the lake. Ahrnsbrak (1986) concluded that these incursions of lake water probably
represent fairly complete flushing of the shallow southern lake basin. Based on the detailed temperature data
collected in 1995, seiche activity is the likely explanation for the periodic abrupt changes in water temperature.

The second effort to quantify currents in Cayuga Lake was made as part of the environmental impact assessment and
design phase of the LSC project. John E. Edinger Associates Inc. (JEEAI) applied the hydrodynamic model CE-
QUAL-W2 to Cayuga Lake to examine any potential changes in the lake’s temperature, mixing, or stratification.
The model is constructed by dividing Cayuga Lake into a series of grid cells and tracking the transfer of water and
heat between the cells. A ten-year simulation was run using site-specific streamflow and meteorological data from
1986 — 1995. Model performance was verified using the continuous 1995 temperature data measured in Cayuga
Lake. Model accuracy for Cayuga Lake was confirmed through statistical comparisons of predicted and observed
temperature data (Stearns & Wheler 1997).

Results of the hydrodynamic model can also be used to examine current velocity in each grid cell. LSC design
engineers were interested in current velocity near the lake bottom along the route of the intake pipeline, to calculate
the amount of anchoring required. Project scientists were interested in near-bottom currents in the region of the LSC
intake to estimate potential for scour and entrainment of aquatic organisms. Results of the model simulation indicate
that current velocity in the region of the LSC intake is on the order of 1.5 — 1.8 cm/sec. Higher velocities (in the
range of 6 — 7 cm/sec) are typically northward (towards the lake outlet). A histogram of current velocity near the
lake bottom at a depth of 75 m as predicted by the JEEAI model is included as Figure 4.3.5. Note that positive
values are towards the north and negative values are towards the south.
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Figure 4.3.5 Histogram of current velocity at LSC
intake depth and location
{ based on simulation using CE-QUAL-W2, JEEAI}
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4.3.1.6 Light Penetration

Light penetration through the water column is one of the most important physical factors affecting distribution and
abundance of phytoplankton and macrophytes (rooted aquatic plants and algae). Materials dissolved and suspended
in water act to absorb and scatter incident radiation. As reported in Ogleshy (1978) several investigators have

measured light penetration through the water column of Cayuga Lake and used the results to calculate an extinction

coefficient. Data on solar radiation and

by Peterson; a modified Table 17 from Month Light Extinction Coefficient
Oglesby (1978, pg. 46) is included as ]
Table 4.3.5. The higher values of light (N= number of observations)
extinction correspond to shallower light January 0.250 (N=1)
penetration through the water column.
Light extinction in water is described by | February 0.292 (N=1)
Beers Law, |, =1, *e "““where | ¢ is March 0.250 (N=1)
light intensity (irradiance) at the water '
surface, |, is irradiance at depth z, and ¢ | April 0.463 (N=2)
is the light extinction coefficient. May 0.301 (N=4)
Additional measurements of light June 0.370 (N=3)
extinction were made during the July 0.854 (N=4)
environmental investigations for the
LSC project. These data (summarized in | August 0.598 (N=10)
Table 4.3.6) indicate that the light September 0.403 (N=4)
extinction coefficient is higher in
shallower waters, where light is October 0.321 (N=2)
scattered by phytoplankton, than in November 0.286 (N=3)
deeper waters (Stearns & Wheler 1997).
December No observations
Upstate Freshwater Institute measured Source: Ogelsby 1978 (pg. 46)

wavelength-specific light extinction

coefficients in June 1996 as part of the LSC field program. An underwater spectroradiometer (irradiance meter) was
used to measure intensity of light of different wavelength through the water column.. Data are presented in two
depth categories: the surface layer 0.5 — 4.5 m depth) and a subsurface layer (to 23 m). Approximately 98% of the
surface illumination was attenuated within 4.5 m. Wavelengths between 500 and 600 nm had the lowest extinction
coefficient; this portion of the visible spectrum penetrates deepest into the lake water.

Secchi disk transparency
(SDT) is another measure

Table 4.3.6 Light Extinction Coefficients by Depth* Measured in 1996

of light penetration in Date Sampled 0-10 m 11-20 m 21-30 m Greater than
water. SDT is easily 30m
measured and is used by 6/12/96 0.464 0.408 0.380 Not measured
lake managers as a rapid
index of water clarity that is | 6/20/96 0.721 0.386 0.340 0.236
easily compared over time
and among lakes. Historical 7124196 0.667 0.583 Not measured Not measured
SDT data for Cayuga Lake | (near LSC Intake)
including 1910 7/24/96 ) 0.584 0.447 0.397 Not measured
measurements of Birge and | (T Myers Point)
Juday were compiled by 8/21/96 0.388 0.397 0.384 Not measured
. . (1400 hours)
\rgvg;gh::rgzn?”ﬁsz?;‘;%y';h 8/21/96 0.489 0.424 0.356 0.326
su S : (1640 hours)

1968. No statistically

significant trend in SDT
was detected when data
were stratified into two-

*Each reported extinction coefficient is the average of data obtained at 1 m depth

intervals.

Unless specified, measurements were obtained in mid-basin, Southern Cayuga Lake

near Station S-11.

Source. Stearns & Wheler 1997. Appendix C-2 (Volume 2)
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week time periods by location. However, when comparable data were available, SDT values measured after 1950
tended to be lower than values measured from 1910 — 1927 (Oglesby 1978).

SDT measurements in southern Cayuga Lake were obtained in 1994 — 1996 as part of the LSC field program. These
data (summarized in Table 4.3.7) indicate that the lake water is more turbid closer to shore, as a result of tributary
inflows and resuspension of bottom sediments. The recent invasion of Cayuga Lake by the zebra mussel (Dreissena
polymorpha) is likely to affect water clarity. These benthic organisms filter water and remove particles, thus
increasing water clarity.

Table 4.3.7 Recent Secchi Disk Transparency Data

Southern Basin, Southern Basin Northern basin Northern basin
Class A Class A Class B(T) Class A(T)
(nearshore) (mid-basin) (nearshore) (mid-basin)
Years of 1994 - 1996, 1998 1994 - 1996, 1998 1991 - 1998 1991 - 1998
measurement
Summer 18m 23m 2.7m 34m
average SDT (site P2) (site S11/P4) (site 1) (sites 5 and 6)
(meters)
Standard 0.52 0.82 0.90 1.3
deviation
Number of 24 24 60 95
observations
N
Percent of 0% 0% 48% 6%
observations at
lake bottom
Program and Lake Source Cooling Makarewicz et al. 1999 Seneca County
reference Stearns & Wheler 1997 Aquatic Vegetation Control Program
Cornell Utilities 1999

The Seneca County Soil and Water Conservation District has routinely monitored SDT in a network of six shallow
sites in the northern basin since 1991. These data also demonstrate an improvement in water clarity after 1993
(Figures 4.3.6 and 4.3.7). The number of sites with light penetration to the lake bottom (sediment surface) has
increased from less than 10% in 1991 — 1993 to greater than 50% after 1995.

4.3.1.7 Sedimentation rate and sediment texture

Cayuga Lake sediments are mixtures of fluvial silts,
sand, clay, gravel, shale fragments, and detrital organic
material. Sediment composition at any given site
reflects the nature and proximity of tributary inflows
coupled with the lake’s hydrodynamic regime. Coarser
texture sediments (larger particle size) tend to be
present closer to the shoreline and near the mouths of
tributaries. Preliminary analysis of sediment cores
obtained in 1994 suggests that coarser sediments are
being trapped in the shallow water complex of inlets
and shelf (Karig et al. 1996).

Sediment deposition in the lake is variable along the
north-south axis, with higher rates in the southern
basin reflecting the large hydrologic input from
tributaries and the mixture of land use in the

cn

SDT,

Figure 4.3.6
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Figure 4.3.7. Histogram of Secchi disk transparency data, northern Cayuga Lake.

Source: Seneca County Soil and Water Conservation District
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subwatersheds. The estimated sedimentation rate ranges from 0.2 — 1.6 cm/yr (Yaeger 1999).

There have been several investigations of sediment quality in southern Cayuga Lake. The Environmental
Measurements Laboratory of the U.S. Dept. of Energy and the Center for Climatic Research investigated the
distribution of polycyclic aromatic hydrocarbons in lake sediment cores to assess changes in atmospheric transport
and deposition in relation to fossil fuel combustion (Heit et al. 1986). The sediment cores were dated and peaks of
polycyclic aromatic hydrocarbons were linked to forest clearing and coal combustion.

As part of the environmental impact assessment of the proposed Bell Station, New York State Electric and Gas
collected sediment cores along the southeastern shoreline, in the region of Milliken Station (NUS 1973). In 1973, Al
Vogel collected 33 samples of surficial sediments in the lake’s littoral zone and analyzed them for texture (particle
size distribution), pH, percent organic matter and major nutrients. He determined that littoral zone sediments are
composed of 10 — 20% clay, 45 — 80% silt, and up to 80% sand (Vogel 1973).

Ludlam (1964) collected samples of Cayuga Lake sediments and determined that distinct banded pairs (varves) were
present in core samples. The pairs of bands were approximately 2 cm thick in the top 1.5 m of lake sediment, and
were considered to represent an annual deposition cycle.

A cooperative sediment coring effort was carried out in 1994. Researchers from USGS, Cornell University, Hobart
William Smith Colleges, Tompkins County Water Quality Coordinating Committee, Syracuse University, and the
U.S. Dept. of Energy participated in this effort. Cores were obtained throughout the lake and analyzed for
geochemical composition, sediment texture, presence of microfossils, and sedimentation rate (dating). Results were
presented at a symposium in October 1999.

4.3.2 Chemical Characteristics of Cayuga Lake
4.3.2.1 lonic composition, pH, alkalinity

Cayuga Lake waters are moderately hard and well buffered, consistent with the predominance of calcareous parent
material and soil in the watershed. Bicarbonate alkalinity is approximately 100 — 110 mg/l as CaCOs; Major anions
include chloride and bicarbonate, with relatively low amounts of sulfate; major cations include calcium and sodium,
with relatively low concentrations of potassium and magnesium (Figure 4.3.8). Specific conductance, which is an
indicator of total dissolved salts, is consistently in the range of 380 — 480 pmhos/cm in the lake’s open waters, away
from the influence of tributary and wastewater inflows (Stearns & Wheler 1994). Measurements in 1969 indicated
significant seasonal and spatial variability in specific conductance, attributed to tributary and groundwater inflows
(Ogleshy 1978). Specific conductance of the
epilimnion increased from 475 pmhos/cm in
July to nearly 600 pmhos/cm in October.
Increases with depth were also noted. 45

Chloride concentrations in surface waters ) _ - Sulate
reflect underlying geology, proximity to 35 Magnesin

oceans, extent of road salting practices in the
watershed, and any industrial or municipal
discharge. Chloride concentrations in Seneca
and Cayuga Lakes are elevated compared
with the other Finger Lakes, and also
compared with chloride concentrations in
tributaries to these lakes. Likens (1974)
reported a significant chloride imbalance in 1
Cayuga Lake; export of chloride from the
lake was 95% higher than the sum of the
influents. The data indicate a significant 0

Potassium

Sodium Chloride
25

Milliequivalents

15

icarbonate

Calcium
0.5

1998 Cations 1998 Anions

Figure 4.3.8. Charge Balance, Cayuga Lake (1998 Data)
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source, or sources, of chloride within the lake basin.

Several hypotheses have been advanced to explain the elevated chloride levels. Berg (1966) considered that saline
groundwater might enter Cayuga and Seneca Lakes, based on the depth of the lake bottoms. Wing et al. (1995)
measured elevated sodium chloride (NaCl) concentrations in sediment pore water (concentrations as high as 30%
NaCl) and concluded that the NaCl in interstitial water was due to intrusion of saline groundwater from underlying

Silurian evaporites.

However, the concentration of chlorides in
Cayuga Lake have been decreasing since
1970 (Figure 4.3.9) which corresponds to the
virtual elimination of an industrial discharge
of chlorides from the salt mining operation at
Portland Point. Effler et al. (1989) modeled
Cayuga Lake chloride concentrations and
concluded that concentrations would continue
to decline to steady-state (approximately 32
mg/1 by the year 2000) as lake water is
gradually replaced by precipitation and
runoff. Chloride levels in 1987 averaged 46

Chloride, r
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Figure 4.3.9 Chloride Concentrations, Cayuga Lake

Years

mg/l (Effler et al. 1989); in 1994 chloride

averaged 41 mg/l (Stearns & Wheler 1997).
Southern Cayuga Lake Intermunicipal Water
Commission reported average chloride

1965-85: Effler, et. al. 1989, 1994: Sterns & Wheler. 1997, 1999 Southern
Cayuga Lake Intermunicipal Water Commission

concentration of 44 mg/l between January and
July 1999. Elimination of the point source of chlorides reduced ambient lake water concentrations since 1970.
However, groundwater intrusion does appear to be a continuing source.

Measurements of pH vary both diurnally and seasonally, but are consistently in the alkaline range. The highest pH
values (in the range of 8.5 — 8.85) are measured in the upper waters during summer periods of algal activity as CO,
is incorporated into biomass during photosynthesis. In the lower waters, where organic material is decomposed and
CO, released, values between 7.2 and 7.9 have been reported (Stearns & Wheler 1997).

4.3.2.2 Major nutrients

Phosphorus. In the vast majority of lakes in the Northeast, phosphorus is the most important nutrient limiting the
growth of algae suspended in the water column. Given favorable light and temperature conditions, algal growth
continues until the supply of phosphorus is depleted. Phosphorus has been established as the limiting nutrient for
algal growth in Cayuga Lake (Peterson, Barlow and Savage, 1974). The supply of phosphorus to Cayuga Lake
depends on natural processes and human activities within the watershed such as erosion, fertilization, and discharge
of wastewater. Sources of wastewater are discussed in Chapter 3.

Scientists and lake managers classify lakes according to their level of productivity (abundance of algae, plants, and
other aquatic life forms) on a scale of “trophic state”. Oligotrophic lakes are nutrient-poor and low in productivity.
Eutrophic lakes are well supplied with nutrients and support an abundance of algae and plants. Excessive algae will
make a lake appear turbid or green, and diminish its attractiveness for recreational use. Decay of algae and aquatic
plants reduces the concentration of dissolved oxygen in a lake’s lower waters. Mesotrophic lakes are intermediate
in nutrient supply and algal abundance.

Concentrations of phosphorus have been measured in Cayuga Lake and its tributaries at irregular intervals since the
1960s. Several fractions of phosphorus (P) have been measured: total phosphorus (TP), total soluble phosphorus
(TSP) and soluble reactive phosphorus (SRP, equivalent to molybdate reactive phosphorus or MRP) are most
common. These fractions of phosphorus are operationally defined by sample handling and analytical
methodologies. TP is all the P in an unfiltered sample that reacts with the chemical reagent molybdate after the
sample has been digested. It includes P incorporated into algal biomass or adsorbed to soil particles. TSP is all the P
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in a filtered (or centrifuged) sample that reacts with molybdate after digestion. SRP (or MRP) is all the P in a filtered

sample that reacts with molybdate, without digestion. SRP includes dissolved inorganic P, some P associated with
TABLE 4.3.8

Historical Measurements of Summer and Winter Phosphorus Concentrations
Cayuga Watershed Characterization Report

Year | Investigator | Station Summer (June — September) Winter
Average TP N Std Error Average TP N Std Error
pg/l (0-10 m) of mean (Water Column) of mean
1968 | Peterson Myers Pt. 20.2 19 Not reported Not measured - -
1969 | Peterson Myers Pt. 15.3 22 Not reported Not measured - -
1970 | Peterson Myers Pt. 14.0 32 Not reported Not measured - -
1972 | EPA Myers Pt. 18.8 22 0.87 20.7 5 24
1973 | P. Godfrey Myers Pt. 145 88 0.71 22.2 3 Not
reported
1994 | LSC mid-southern lake basin | 22.4 12 8.4 Not measured - -
1995 | LSC mid-southern lake basin | 16.3 12 1.0 15.7 15 1.6
1996 | LSC mid-southern lake basin | 13.2 12 1.3 21.7 16 0.97
1998 | LSC mid-southern lake basin | 17 7 1.9 Data not - -
available
1991 | Makarewicz Northern basin 155 6 2.0 Not measured - -
1992 | Makarewicz Northern basin 9.1 9 1.1 Not measured - -
1993 | Makarewicz Northern basin 16.6 7 16 Not measured - -
1994 | Makarewicz Northern basin 9.1 8 25 Not measured - -
1995 | Makarewicz Northern basin 74 9 1.0 Not measured - -
1996 | Makarewicz Northern basin 131 9 14 Not measured - -
1997 | Makarewicz Northern basin 10.4 8 0.7 Not measured - -
1998 | Makarewicz Northern basin 115 8 35 Not measured - -
References:

Peterson, Bruce. 1971. The role of zooplankton in the phosphorus cycle of Cayuga Lake. Ph.D. thesis, Cornell University. Ithaca, NY
Godfrey, Paul. 1977. Spatial and temporal variation in the phytoplankton in Cayuga Lake. Ph.D. thesis, Cornell University. Ithaca, NY

EPA. 1974. Report on Cayuga Lake: Cayuga, Seneca, and Tompkins Counties, New York. USEPA Region 2. Working paper 153. EPA National
Eutrophication Survey.

Makarewicz, J. M. et al. Water quality of Cayuga Lake, 1991 — 1998. Prepared for Seneca County Soil and Water Conservation District.

ug/l micrograms per liter
TP total phosphorus

small particles, and some organic P which reacts with molybdate. Most investigators consider SRP to represent
biologically available P, that is, readily taken up by algal cells.

Results of P monitoring conducted through the 1970’s are presented in Oglesby (1978). Additional data have been
collected as part of graduate theses, special research programs, the Aquatic Vegetation Control Program, and in
support of the environmental impact assessment of Cornell’s LSC initiative. In May 1996, NYSDEC began a long-
term monitoring program of 11 Finger Lakes for limnological parameters, including measurements of TP, TSP and
SRP through the water column at the lakes’ deepest point. Data from the NYSDEC monitoring program will be
available in mid-2000.

4-38



Direct comparisons of historical and recent data are complex, even when equivalent fractions of P have been
measured. The objectives and design of each monitoring program differ. Samples have been collected at various
depths, stations, and time intervals. Three measures of P in Cayuga Lake are relevant to this analysis of trophic
status and use impairment. First, summer average TP in the upper waters is used to assess compliance with
NYSDEC guidance value for phosphorus in lakes, based on aesthetics. Second, TP concentration in the winter
indicates the supply of TP throughout the water column and appears to be correlated to algal abundance the
following summer (Dillon and Rigler 1974). Third, SRP profiles with depth indicate the uptake of phosphorus from
the upper waters during algal growth, and any accumulation of SRP in the lower waters as algal cells are
decomposed.

Summer average TP measured at a mid-lake station at one-meter depth is used as an index of a lake’s trophic state
and suitability for use in water supply and recreation. NYSDEC has adopted a guidance value for TP in lakes of 20
Mg/l summer average (defined as the four months of June — September). This guidance value was derived from
opinion survey data relating measured TP to perceived water quality for recreational use. Table 4.3.8 summarizes
historical and recent TP data in the upper waters. Note that phosphorus concentrations are higher in the northern
and southern basins as compared to the mid-lake station.

Winter or early spring TP data are also summarized in Table 4.3.8. The range of concentrations indicates that
Cayuga Lake is mesotrophic, exhibiting moderate levels of primary productivity. The third index, phosphorus

concentrations measured at discrete depths through the water column (profiles), is also typical of a mesotrophic lake.

As summarized in Table 4.3.9 SRP concentrations are variable with depth. Concentration at any time is a dynamic
balance between many biological and physical processes. Overall, the concentration of SRP in the upper waters
tends to decrease as the lake warms each year, thermal stratification develops, and phytoplankton grow in the upper
waters. The concentration of SRP in the lower waters tends to increase as algae settle through the water column and
are decomposed.

As discussed below in the section on dissolved oxygen, Cayuga Lake remains well-oxygenated throughout the
stratified period. Dissolved oxygen levels remain above 70% of saturation even in the deepest waters throughout the
year. In contrast with other mesotrophic lakes, regeneration of P from bottom sediments is not an additional
(internal) source of P. The well-oxygenated hypolimnion and iron-rich sediments prevent diffusive flux of SRP to
the hypolimnion.

Table 4.3.9 Soluble Reactive Phosphorus (SRP), pg/l, Profiles Measured in Cayuga Lake, 1968 — 1969

Depth 1968 1969
(m) July August Sept. Oct Nov Jan Feb
1-2 | 15-16 | 1-2 19-20 19-20 16-17 29-30 | 11-14 26 21 17

