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NIAGARA MOHAWK POWER CORPORATION

| MOHAWK -NBAGARA

300 Erit BOULEVARD. WEST
SYRACUSC. N. Y.13202

.

December 21, 1976

Gerald M. Hansler, P. E.
Regional Administrator
Region II
U. S. Environmental Protection Agency
26 Federal Plaza
New York, New York 10007

Re: Oswego Steam Station - Units 1-4
NPDES Permit No. NY0002186

Dear Mr. Hansler:

On June 28, 1974, Niagara Mohawk Power Corporation
(Niagara Mohawk) requested, pursuant to Section 316 (a) of the
- Federal Water Pollution Control Act (the Act) , that the final
NPDES permit for Oswego Steam Station Units 1-4 should include
alternative thermal effluent limitations. The alternative,

limitations which Niagara Mohawk requests would allow discharge
of heat from the main condenser into Lake Ontario such that
the discharge temperature will not exceed 34.50C (940F), and
the discharge-intake temperature difference will not exceed
7.80C (140F)'during June-S'eptember, and 17.80C 0(32 F) during
October-May. No other temperature limitation should apply.
A demonstration in support of that request was submitted to
Region II on August 2, 1974. The major premises in support
of that position were:

1. The cases in which the lake criteria have
been observed to be exceeded are few,
and are in part the result of Oswego
-River temperatures being higher than
lake temperatures.

.

2. No' adverse-effects'have been observed.
Significant beneficial influences on
sewage effluents,. storm waters and. harbor
dredging can -be demonstrated.

.
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Gerald M. Hansler, P. E.
Page 2
December 21, 1976

3. There are considerable structural design
and construction problems associated with
integration of the circulating water
systems of the existing 30-year-old plant
with the new Oswego Unit 5.

On February 24, 1975, Region II issued NPDES Permit
NY0002186 for Units 1-4 which did not include the alternate
limitation requested by Niagara Mohawk. The permit imposes
after July 1, 1977, a limitation on the thermal component of

-

the discharge such that the water temperature at the surface
of the lake shall not be raised more than 3 Fahrenheit degrees
over the temperature that existed before the addition of heat
of artificial origin. Niagara Mohawk believes that the
imposition of this limitation which necessitates an expensive
modification to the cooling . water discharge facility is
ecologically unnecessary and economically burdensome.

Nia'gara Mohawk notes that neither the NPDES permit
issued for Units 1-4 nor EPA's regulations require the submittal
of Section 316(b) data at this time. However, in accordance

'
with the request of the Regional staff, we have addrested the
anticipated effect on Lake Ontario of impingement and entrain-
ment of aquatic biota that results ' from the operation of

Units 1-4 in a second document entitled, "IntakeConsigerations".
Niagara Mohawk believes that the attached Section

316 (a) demonstration and the intake considerations document,
together with other data already submitted, supports a decision
that the requested alternate thermal effluent limitation for
Units 1-4 will assure the protection and propagation of a
balanced Indigenous population of fish, shellfish and wildlife
in and on Lake Ontario.

We further believe that it is in the public interest-
to modify the' provisions of the NPDES permit for Units 1-4 as
requested herein.

,

Please be assured.that representatives of Niagara
Mohawk are ready to respond to 'any questions you may have on the
attached documents and would b'e pleased to meet with you and
your staff'as you deem necessary.

.

Very truly yours,

NIAGARA MOHAWK POWER CORPORATION

R. C. Clancy, Vice resident-
-

Research and Env' onmental AffairsEncl.

L .
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| SUMMARY OF REPORT
a. .
,

.

Station and Site Description
..

The Oswego Steam Station Units 1-4 is an oil-fired electrical generat-
4 - ing facility constructed during the period 1938-1959 with a combined

maximum capacity of 408 MWe, The plant is located on the southeastern,.
~

shore of Lake Ontario in the city of Oswego, New York. Cooling water
to dissipate waste heat in the condensers is withdrawn from Lake
Ontario at a depth of approximately 5.5 m (18 f t), and is discharged

[T to the surface waters at the extreme western eg/sec (763 cfs) at
d of the Oswego Turning

Basin (Figure S-1). A total volume of 21.52 m,

maximum plant operation is passed through the plant (travel time,

r- 9.8 min) and the maximum temperature increase to the cooling water *

is 6.9'c (12.4*F). Discharge velocity at the face of the discharge
'

structure is calculated to be 0.37 m/sec (1.2 f t/sec) .
..

During the past five year period, there have been only two plant
shutdowns of all units, totaling 92 minutes, occurring during the'

warm water period of July 1973. These shutdowns, which were of short
;E duration during a period when the plant was operating at a minimum
( level,'were not observed to result in any adverse impact on biological

organisms in the receiving water.
4

, The Oswego Harbor-Turning Basin complex which receives the thermal
'' discharge from 0swego Units 1-4 has a water surface area.of approxi-
'

mately 1.13 km2 (280 acres) with a channel maintained by dredging,

3 to a depth of 7.3 m (24 f t) . Dredged material consists of sand and

|L " muck" and is considered by the U.S.E.P.A. to be polluted and unaccept-
able for open lake disposal.,

!

! I .. The turning basin and Oswego Harbor area are formed by a stone break-
, water which is open to the lake at the eastern (harbor) end, where
*

{- it also receives the flow of the Oswego Rive' . Several large shallowr
, (~ areas with extensive macrophyte growth are present along the southern 1

shore of the turning basin,

r
[ Physical and Chemical Information
u

!
Chemical analyses of the waters in the Oswego Harbor-Turning Basin l

I complex, augmented by measurements of Laka Ontario water prior to -
L discharge into.the turning basin and by NYSDEC findings from the Oswego,

River, indicate that the water quality is affected by the input of
domestic organic wastes. However, dilution and current patterns maintain -

'
the circulation patterns in the turning basin. providing suitable water

.

quality for aquatic organisms. Water temperature ranged from 0.0 to
23.5'C .(32.0-74.3*F) at the surface and 0.0 to 17.8'C (32.0-64.0*F) at

|

L.
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the bottom over the 12-month survey in 1975-1976. Differences be-

r' . tween surface and bottom temperatures reflect the thermal discharge
of Units 1-4 and the seasonal intrusion of the warmer Oswego River -4

water. The lowest dissolved oxygen level recorded was 6.7 mg/l and
the calculated percent oxygen saturation averaged 99% with a low

,

value oi' 96%. The impact of domestic and industrial pollutants as
well as urban runoff was evident in the comparatively high concentra-

- tions of such parameters as biochemical oxygen demand, chemical oxygen |
,

demand, and coliform bacteria, in addition to nutritive sources such !

as nitrogen and phosphorus which are essential to primary production.4

,. The addition of the thermal discharge to the turning basin improves i
the basin's water quality by introducing Lake Ontario water which !

'I promotes dilution and flushing.

I f~ Climatological information for the Oswego . vicinity points to the
} influence of Lake Ontario through increased humidity and precipita-

tion. The area generally.has short, mild summer periods alternating
( with long, cold and snowy winters. ' Winds in the area are highly

variable; prevailing wind direction is southwesterly.,

Plume Description
*

.

! The temperat 2rc dist:ributions and flow patterns within the Oswego
,

Harbor-Turning Basin complex, and the behavior of the harbor outficw
to Lake Ontario, are determined by the seasonally varying density

4 L relationships between the various water sources. The spring con-
dition is characterized by high flows from the Oswego River, which
experiences a more rapid seasonal increase in temperature than does
the lake. The power plant effluent may be either positively or
negatively buoyant relative to the river water during the spring

; warming period, depending on the lake intake ccuperature, plant
generation, and the operation of the tempering gate. River water
intrusion into the turning basin was highest during the spring of,

.

1975, due to the high river flows and low plant discharge flows,'

i

: . The early summer patterns indicate an intrusion of-cold lake water
into the harbor and turning basin, beneath the warm, buoyant river ,

flow. The discharge is again variable in its buoyancy relative to'

,
the turning basin waters, which have intruding river water in the

'

upper _ layer and intruding lake water in the lower layer. The late
summer structure is characterized by the; negatively buoyant river
flow, which is due to the high chloride content of the river. The

, buoyant plant discharge flows out of the turning basin on the surface,'

and mixes with the river flow as it proceeds to the harbor. mouth.
The harbor outflow is negatively buoyant and tends to flow out into
the' lake along the bottom.

. -
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The fall structure is dominated by increased river intrusion into
the turning basin and increased mixing of the discharge waters with
the river waters in the harbor. The harbor outflow remains nega-
tively buoyant and tends to spread along the lake bottom.

}

ISewage, and runoff from the west side of the city of Oswego are dis-
charged into the turning basin at two locations. Modeling comparisons

'

of the dissolved oxygen distributions in the turning basin with and
withouc the plant discharge into the western end of the basin indicate
that the plant discharge has the ' beneficial ef fect of providing ad-
vective transport of the waste out of the basin. Without the discharge -

induced transport, high BOD levels and low DO concentrations would
result in the basin. In addition, the planti-induced transport provides "

for the removal of the products of bacterial decay, thus preventing ,
.

the development of anaerobic sediment conditions,
i

Biological Studies and Community Composition
.?|

The biological community in the Oswego Harbor-Turning Basin complex j

was evaluated during the period April 1975 through March 1976 on !

the basis of monthly collections using several different sampling 1
'

Itechniques. The objective of the survey was to establish, on a spatial
and temporal basis, the various populations which make up the community
and to determine whether the thermal discharge altered the community y ,

structure.

The phytoplankton sampling program yielded information on a diverse
assemblage of organisms dominated by members of the Chlorophyceae,
Bacillariophyceae, and Myxophyceae. Overall, species representation
and total plankton abundance reached a single peak during the late
summer months, and the lowest values were observed during the cold "'

'water months of winter. Numerical dominance was maintained by diatom,,

species, similar to the structure found in nearby Lake Ontario waters;
however, the greatest persistence in representation throughout the .

st.udy period was observed for blue-green algae, which characterize fthe high nutrient levels found in the turning basin. Algal species
designated as nuisance species were found to exist in bloom proportions
within the harbor-turning basin complex, but the most frequent blooms
were noted near the mouth of the Oswego River, reflecting its influence ..

on the aquatic community. Algal biomass (chlorophyll p exhibited a
longitudinal gradient with the lowest values near the thermal discharge
and the highest values near the mouth of the Oswego River. Lake Ontario - i

"

water, which constitutes the water of the thermal discharge, is normally
> low in algal abundance, explaining the lower biomass near the discharge.

The ratio of chlorophyll a to estimated productivity, a relationship f"which indicates the photosynthetic rate of the phytoplankton, point &d
to an.overall stimulation by the thermal discharge. The phytoplankton
community was found to be diverse with the individual populations ex - :. |
hibiting normal life cycle activity. J
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; ~. Aquatic invertebrates classified as microzooplankton, which are
important to the transfer of energy within the aquatic ecosystem,
were represented by 79 taxa, of which the rotifers were the dominant
group. Spatial distribution was observed to be influenced by hydro-,

| dynamic patterns resulting from the interactio's of currents generated
by density differences in Lake Ontario, the Owego River, and the
thermal discharge from Oswego Units 1-4. In addition, during periods
when large populations were observed in samples from the intake of'

Units 1-4, their viability after passage througe the plant influenced
the community, especially in the western end of the turning basin.

i Life cycle activity was observed to follow normal patterns for the
dominant organisms collected.>

,,

The macrozooplankton, represented by org2histas cl: . acteristic of slow-
, ,

moving, warm water, lentic environments was found a be dominated
by the amphipod Gasunarus fasciatus, while the predacaous cludocerani

Leptodora kindtii was the major species h rbg August and September.
Seasonal abundance patterns and life cycle activity were not altered'

by the discharge from Oswego Units 1-4, out followed reported cycles
'

. as observed in other study areas as well as nearby Lake Ontario.
! Spatial distribution was strongly influenced by the water current

.

;

patterns resulting from density gradients between the thermal dis- i,

charge of Oswego Units 1-4, the Oswego River, and Lake Ontario waters.<

;. .

. A diverse assemb1' age of benthic macroinvertebrates was observed in
| the Oswego Harbor and Turning Basin; seven phyla were represented,
^

of which 011gochaeta was the dominant taxon. Where information was
available on the life histories for the representative dominant1

'

populations, normal development patterns were observed. Seasonal
patterns of total abundance indicated peak abundance during March
and lowest abundance in September. The overall pattern, however,
was not consistent among sampling stations primarily as a result
of population differences especially at the Oswego Harbor station
which was directly influenced by lotic populations normally associa-
ted with the Oswego River. Comparison of the current benthological .

; data to the results of previous studies in the harbor-turning basin
indicate continuity of the major benthic populations on a seasonal,

basis. The overall community structure was found to be similar to
[. those observed in other large bays and harbors along the southern

shore of Lake' Ontario characterized by elevated nutrient levels.
! The thermal discharge from Oswego Units 1-4 was not observed to

have a detrimental effect on the benthic community structure.

, The most intensive sampling efforts were employed to evaluate the
role of the Oswego Harbor-Turning Basin on the dynamics of the Lake!

Ontario fishery. Sampling to evaluate fish egg and larval abundance- i

and distribution indicated a species representation and abundance |

| of dominant organisms similar to that found at other southeastern !
I '

| |
.
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Lake Ontario locations, except for the addition of greater numbers
of warm water centrarchid and cyprinid species. A total of seven a
species were represented in the egg collections and 16 species in

.the larval collections. The eggs and larvae of the alewife composed
the major fraction of the collections; however, the environmental
conditions, primarily the type of substrate in the turning im in,
are.not preferred conditions by the alewife, supporting the hypothesis
that pump entrainment of Lake Ontario populations accounts for much
of the alewife abundance. The large weedy areas found along the

_

isouthern sh' ore of the turning basin are the preferred type of spawning
and nursery areas for several fish species, primarily members of

"

the cyprinid and centrarchid families, which were collected in the
larval tows. The presence of species known to prefer this type of |

habitat in low numbers at channel stations and the subsequent observa-

. tion of young-of-the year specimens in seine collections strongly -

suggests that the area is used for spawning and as a nursery by several
'

warm water species. Larvae of game fish such as yellow perch, white
bass, and white perch were collected in the study area, pointing to .

the importance of the turning basin in the maintenance of a viable
Lake Ontario fishery. Normal life cycle development patterns were ,

observed for the major populations, and the spatial distribution
pattern was found to be dependent on species, stage of development,
and the longitudinal temperature gradients related to water masses
in the turning basin. -

~

The Oswego Harbor-Turning Basin was found to support a nekton. community
typical of warm water in contrast to the community structure typical
of colder waters found in adjacent Lake Ontario. Seining efforts
in the shallow weedy sections along the southern shore of the turning-
basin indicated several species, primarily forage fish, such as golden,
emerald, and spottail shiners, present over much of the year whereas
they were only found for a short period at lake locati .ms. Species |
such as the gizzard shad, yellow perch, and largemouth bass utilize j
the area as a nursery ground in contrast to lake population which
were found to be transitory, and in lower abundance. ,

More mature fish collected in the channel area by trawls and gill nets
exhibited a distinct seasonal pattern in abundance as well as a spatial
distribution within the study area. Gizzard shad was the dominant species

I during the winter months, and peak concentrations were observed in the -

thermal discharge of Oswego Units 1-4. White perch were present through-;

out the study period, apparently preferring the bottom water layers, and
moving to the warmer discharge area during the winter. Alewife, the ;

deminant spring and summer species, was collected in greatest numbers in
the harbor area and fewest near the plant's . discharge. During the fall,

|,

f .J

,
,
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water temperature gradually cooled and the alewife migrated from |,

the Oswego Harbor, although it remained longest in the area of the '

thermal discharge. The abundance of gizzard shad exhibited a marked;

;
,

increase during the fall, when the fish was numerically dominant in
j the harbor area. The diversity of the fish community was 'found to

be more stable than at nearby lake sampling locations in par: because
of the moderating influences of the Oswego River and the Oswego Units
1-4 thermal discharge. Life history data point to normal life cycle !

patterns for the dominant species collected, and comparison of the
data from the current study te previous studies suggests a viable

,

communitp- structure that is not detrimentally affected by the thermal
,

discharge of Oswego Units 1-4.>

,

$ '

Potential Thermal Discharge Impacts |

Thermal discharges can affect aquatic populations directly by in--
t

creasing or decreasing the ambient water temperature in excess of
the tolerance' levels of the species or at a rate faster than the-

physiological adjusbaents of the organism. In addition, indirect
effects relating to alteration of the trophic structure or the habitatt

could have severe consequences to populations in the area that are,.

subject to the influence of the thermal discharge.

! Of the dominant fish species collected in the Oswego Harbor-Turning ,

Basin complex, only the rainbow smelt has an upper temperature toler- ,

ance level that would be exceeded by temperatures recorded in the !s.

study area. Summer temperatures would probably preclude the presence
of cold water species such as salmonids found in Lake Ontario; however,!

these fish are infrequent members of the littoral zone at this time
; of year. Organisms associated with the turning basin are normally

,

associated with warm water habitats, and it is doubtful that the' '

! thermal discharge would have a negative Lapact on their life cycle
activities.

,

Impact of the Thermal Discharge

Field sampling efforts and subsequent laboratory analyses indicate'

the presence in the Oswego Harbor-Turning Basin' of an indigenous
! aquatic community characteristic of temperate, warm, outrophic embay-

ments. Seasonal variability and spatial distribution were found '

i- to be influenced by water currents induced by density gradients among
the various water masses that enter the harbor-turning. basin. complex. - i

The thermal discharge introduces Lake Ontario water.of good quality
to the western end of the basin, where it dilutes the water emanating

; from vaste discharges and the Oswego River, and assists in flushing
i the basin; this helps. co maintain a suitable habitat for aquatic

organisms. At each trophic level evaluated, a diversity.of popula-
tions was found exhibiting life cycle' activity that is, characteris-

. tic. of the population when present in the -littoral zone of a lake,,

r
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Comparison of the assemblage of benthic and nektonic organisms in -

the present study to previous studies points to a persistent community
structure. Overall, it was determined that an indigenous community -

is present in the turning basin and functions as an integral unit,
and that there is no observable detrimental impact from the thermal
discharge of Oswego Units 1-4.
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I I. INTRODUCTION i

! ;

-

- A. BACKGROUND

On 22 May 1974, the staff for Region II of the U.S. Environmental
Protection Agency (EPA) issued a draft National Pollutant Discharge. ,-

' ' Elimination System (NPDES) permit for the Oswego Steam Station Units
I l-4 (OSS 1-4) (NY 0002186) in accordance with the provisions of the

i Federal Water Pollution Control Act (FWPCA). On 28 June 1974,
[^ Niagara Mohawk Power Corporation.(NMPC) requested that the Regional
1 Administrator impose alternative thermal effluent limitations to

those described in the draft permit pursuant to Section 316(a) of
the FWPCA. Niagara' Mohawk provided documentary evidence in support
of its request of 2 August 1974. On 24 February 1975, NMPC was
issued the final NPDES Permit for OSS 1-4. The final permit did not

. include the requested alternative thermal effluent limitations.

I The Final Effluent Guidelines and Standards (40 CFR 423) do not
require closed-cycle cooling for OSS 1-4. The final NPDES permit

'

I (condition 10(c) on page 9 of 24) cites the New York Criteria.

Governing Thermal Discharges as the limiting regulation with
; respect to the thermal discharge of OSS 1-4. This document will.

demonstrate that the subject permit condition is more stringent than
(' necessary to assure the protection and propagation of the balanced

indigenous population in and on the receiving water body, the Oswego
Harbor and Turning Basin of Lake Ontario. This document further
supports the position of NMPC that the existing mode of discharge
assures the necessary protection and propagation.-

f In a memorandum transmitted with the final permit, and in discussions
L with NMPC, the technical staff of Region II indicated that the in-

formation submitted previously (2 August 1974) in support of the
request for alternative thermal effluent limitations was insufficient.

In response, Niagara Mohawk has prepared this document supplementing"

its original Section 316(a) submittal in areas identified by the
Re,gion II staff.

;

The content of this document. generally follows the procedures pre--

sented in the draf t document entitled "316(a) Technical Guidance-
F Thermal Discharges" (the guidance manual), published 30 September
[. 1974 by the Water Planning Division of the EPA, and the guidance

provided by the Region II staff in their memorandum and during the,

technical meetings. The information contained herein includes some
of the previously ' submitted data as well as new information.

'

Niagara Mohawk believes that its' original conclusions are verified
, ' and reinforced by this supplemental submission.

L !
'
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B. DEMONSTRATION APPROACH AND RATIONA M

-

The Oswego Steam Station Units 1-4 was constructed during the
period 1938-1959. The thermal effluent discharges into the wes-
tern end of the Oswego Turning Basin. The biotic community in .

the Oswego Turning Basin-Harbor complex was investigated on a ~]
limited scale during 1970 and on a more extensive basis between ;)
April 1975 and March 1976. The biological data gathered by these
surveys provides the basis for assessing plant-induced harm. -

As stated in the guidance manual, the rationale and approach for
demonstration of no prior appreciable harm do not require demon- ..)
stration "that every species which would occur under . optimal con-

-|ditions is present, as long as it demonstrates that the community
as a whole, and all major components thereof 'are intset" (page 26).
The guidance manual (page 23) cites seven specific points to be
considered in evaluating " appreciable harm." These are:

1. Substantial increase in abundance or distribution of a

|- any nuisance species or heat-tolerant community not
"

representative of the. highest community development
i achievable in receiving waters. of comparable quality.

2. Substantial decrease of formerly indigenous species,.
'

other than nuisance species,
i
'

3. Changes in community structure to resemble a' simpler
successional stage than is natural for the locality

| and season in question. ]
4. Unsesthetic appearance, odor, -or taste o,f the waters.

5. Elimination of an established or potential economic
or recreational use of the waters. -

6. Reduction of the successful completion of life cycles
of indigenous species, including those of migratory ' _

s pecies .
i

7. Substantial reduction of community heterogeneity or_
.

trophic structure.
~

i
Each of these points is ' addressed in this demonstration. |

J.
i

! .The ultimate question raised by the guidance manual is whether
- or not' there has been prior appreciable harm to the balanced in-

| digenous community in the- vicinity of the thermal discharge of - c

I-2 .
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: Oswego Steam Station Units 1-4 as a result of that discharge. To |
L the contrary, it is'shown in this submission that over the period '

-
of plant operation the thermal discharge has acted as a moderating
input to the Oswego Turning Basin, bringing in water of good quality -
and flushing out impurities discharged to the receiving water from
other sources. Plant operation has helped to establish a balanced
community with no prior appreciable harm evident.

C. FORMAT OF THE DOCUMENTATION
|

'

[ This document provides the specific information required for a |

1 Type I Demonstration.

'Chapter I presents the demonstation approach and rationale and
the basis for using Demonstration Type I as defined in the guid-
ance man.ual,

t

{ Chapter II presents a description of the Oswego Steam Station
Units 1-4 and its associated operating parameters. Included in L

this chapter are water quality information from the plant and,
'

Oswego Turning Basin, and geological and climatological data for
I the Oswego vicinity.

t

j' Chapter III details studies' conducted in the Oswego Turning Basin
l. to characterize the thermal plume and structure of the receiving ,

'

water body on a seasonal basis. A predictive model of dissolved
oxygen and biochemical oxygen demand within the turning basin in
conjunction with the plant discharge is also described in this
chapter.

| Chapter IV presents a description, based on site specific investi-
i gations, of the biological communities by trophic level found in

the vicinity of the Oswego Steam Station Units 1-4 . discharge. The
! results of biological surveys at other locations and of previous
{ surveys in the Oswego Turning Basin are used to develop the* community

. structure and to evaluate the dynamics.

[' The potential impact of a thermal discharge on biota in receiving
water is discussed in Chapter V and the overall evaluation of the
impact of the thermal discharge is discussed in Chapter VI.

.
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The surface level opening of the discharge, which has a horizontal
axis of 90* to the shoreline of the turning basin (Figure II-1),
measures 13.6 m x 6.9 m (44.5 x 22.5 f t) and is ' divided into four
sections, each with a controlling gate. Depth at the discharge is
maintained by dredging and has a mean of 5.0 m (16.5 ft) and an
extreme of 5.8 m (19 ft).

Station net thermal efficiency is reported to be 31g, Btu /hr.
which corres-

ponds to a station heat rejection rate of 4.43 x 10 The
9

heat loss of 2.114 x 10 Btu /hr to the cooling water corresponds to
47% of the station heat rejection rate; the remaining 22% being lost

,

in plant and through the stacks.

3. Cooling Water System - Plant Operational Profiles

The plant generally does not operate at peak generating capacity,
even during peak demand periods. Under normal summer operational
conditions, because of the increased dsmand and warmer ambient
temperature of the cooling water, all eight circulating water pumps
are used. Decreased demand and lower ambient temperature of cooling
water during the winter months necessitates only one pump each for
Units 1-3 and both pumps for Unit .4 (Unit 4 has a divided water box,
requiring both pumps).

During periods when the temperature of Lake Ontario falls below the.

opcimum temperature for peak condenser cooling efficiency, a portion
' of the heated discharge is recirculated as tempering water, which is'

added to the intake ahead of the trash racks (Figure II-2). The,

tempering flow is not measured, but its effect is to decrease the
amount of' water withdrawn from the lake. The periods during which
tempering flow has occurred at Units 1-4 since 1 January 1973 are
presented below:i

DURATION OF TEMPERING AT OSWEGO STEAM STATION UNITS 1-4-

FROM TO

1 JAN 73 9 APR 73
18 DEC 73 16 APR 74
5 JAN 75 6 MAY 75

24 DEC 75 20 APR 76

Tempering flow is regulated by means of a gate (Figure II-2) be-c
tween the discharge and intake; the mean tempering flow has been
calculated to be 20% of the total plant flow during the cold water
periods.

(- II-3 |
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4. Time Temperature Profile
'

In. order to evaluate the possible range of temperature exposures
' ,\ that an organism passing through the cooling water system of the

;' plant might experience, estimates of the time-temperature history of ~1

I the cooling water flow nave been made. The travel times inside the |,

;> , cooling water system are given in Table II-1 for a typical unit.
The initial temperature rise occurs at the condensers and no cooling
is assumed until the turning basin discharge.

,After discharge to the turning basin, the time-temperature regime ,

that an organism would experience is dependent on the flow patterns / J
existing in the turning basin-harbor complex. The various seasonal ;

>

flow patterns are discussed in Chapter III of the report.,
-

.

#3. Discharge Permit Information

Ni8dara Mohawk Power Corporation applied to the U.S. Environmental -

Protection Agency for a National Pollutant Discharge Elimination
Sy' stem (NPDES) permit for the Oswego Steam Station Units 1-4. On 22
May 1974 a draft permit was issued. Sdbsequently, a final permit .

numbered NY0002186 (NPDES 75-163) was issued effective 31 March 1975
with an expiration date of 30 March 1980. The permit includes the .

discharges from three outfalls at Units 1-4.

]
>

DISCHARGE NUMBER DESCRIPTION
,

0-001 Surface discharge containing condenser |and auxiliary cooling water with small,

amounts (24,400 gpd) of boiler blowdown
# Iand water treatment wastes. Maximum

flow 476 MGD. I

0-01A Intake screen backwash which discharges
into discharge number 0-001. Maximum ,

flow 0.26 MGD.'

, / 0-003 Fly ash pond overflow containing sluiced
fly ash, yard drainage, and boiler chemical

; cleaning (one boiler is cleaned every 3
~

years and there are 4 boilers associated
with Units 1-4) . Maximum flow 0.24 MGD. s

| All discharges enter the turning basin extension of the Oswego
Harbor at points located east of the Oswego Harbor breakfront and'! .

west of Liberty Street.
1

f ,

| .J
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TABLE II-l
.

TRAVEL TIME THROUGH TYPICAL UNIT UNDER FULL FLOW CONDITIONS

OSWEGO STEAM STATION UNITS 1-4
i

!
,

k

TRAVEL CUMULATIVE
LOCATION TIME TRAVEL TIME*

FROM TO (SEC) (SEC);

LAKE INTAKE INTAKE FOREBAY 124 124,

INTAKE FOREBAY CONDENSER INLET 273 397

CONDENSER INLET OUTLET 4.3 401.7
',

CONDENSER.0UTLET DISCHARGE 187 588.7 (9.8 min),

|
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Limitations on the main discharge 0-001 are listed in the final i
permit as presented below: {

.

a. Discharge temperature shall not exceed 34.5'C (94*F).

b. Discharge-intake temperature difference shall not exceed:
(1) 7.8'C (14*F) during June-September, and
(2) 17.8'C (32*F) during October-May. }

}

The net rate of addition og heat to the receivjng waterc.

shall not exceed 0.54 x 10 Kcal/hr (2.13 x 10 Btu /hr) . '

d. Chemical algicides shall not be added to the cooling
water system. - ,

e. The pH shall not be less than 6.0 nor greater than 9.0
at any tLae.

3

Required limitations beginning on 1 July 1977 and ~ lasting until !

the expiration of the permit pertaining to the thermal discharge
at Units 1-4 state:

The water temperature at the curface of a lake shall not
be raised more than 3 Fahrenheit degrees over the tempera- 3
ture that existed before the addition of heat of artificial ;

origin. '

.

In lakes subject to stratification as defined in Part 652*,
thermal discharges that will raise the temperature of the- .

receiving raters shall be confined to the epilinnion.
.

In lakes subject to stratification as defined in Part 652*,
,

thermal discharges which will lower the temperature of
the receiving waters shall be discharged to the hypolim- ,

nion, and shall meet the water quality standards con-
tained in Parts 70l* and 702* in all respects. '

'In order to assure the protection and propagation of a
balanced indigenous population of shellfish, fish and 1

wildlife, thermal limitations based upon load alloca-
tions and other factors may be imposed and/or appropri-

already done so) in accordance with the procedural
.jate mixing zone dimensions may be defined (if not

requirements of Condition 2.

*These " Parts" are in Title 6, Of ficial Compilation of
Codes, Rules, and Regulations of New York State.

.
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II. STATION AND SITE DESCRIPTION

l

lA. INTRODUCTION

This section of the demonstration is presented to familiarize the
reader with design features of the Oswego Steam Station Units 1-4
and the station's operating history. The text includes informa-
tion on the physical and chemical characteristics of the water
bodies in the vicinity of the electrical generating facility and,

related climatological data.

B. GEOGRAPHIC LOCATION
.

The Oswego Steam Station is located on the southeastern shore of
Lake Ontario in the city and county of Oswego, New York, at 76* 31'
we st longitude and 42' 28' north latitude. In 1970 the population

i of the city of Oswego was estimated at 24,000; it is approximately
210 km (130 mi) from the Niagara River and 75 km (45 mi) from the
St. Lawrence River. The plant site, shown in Figure II-1, is at
the western end of the Oswego Harbor-Turning Basin complex approxi-
mately 1650 m (5415 f t) west of the confluence of the Oswego River
with the lake. ,

.

C. PLANT OPERATION

; The Oswego Steam Station consisted originally of four . generating
^

units (Units 1-4) with a combined maximum capacity of 407 MWe,
and an average 1973 unit load factor of 53.8. Units 1-4 were
constructed during the period 1938-1959, and operated on coal

{ until 1971 when they were converted to burn fuel oil.

During September 1975, a fifth oil-fired electrical generating
unit with a maximum _ capacity of 890 MWe commenced commercial oper-;

ation. A sixth unit, whose rated capacity is also 890 MWe, is
currently under con.struction and scheduled to begin operation in
1979. The twc newer units, Units 5-6, are not under ' consideration
in this demonstration as they each have separate intake 1 and dis-
charge structures.I

1. Cooling Water System: Intake ,
,

The system for circulating cooling water to dissipate waste heat
from the condensers is of the once-through type. The flow is

'

regulated by eight pumps 3 six pumps, two each for Units 1-3, with
a rated capacity of 2.63 m /sec (41,750 gPR)i *nd tw Pumps for Unit

3

o4, each with a rated capag/ity ~ of 2.52 m /sec (40,000 ' gpm) .Total
condenser flow is 20.82 m sec (330,500 gpm) at maximum capacity

- and the combined ' four-unit temperature rise (AT) is 6.8'C .(12.4*F) .

--
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In addition to gooling water flow, service water for the four unit
system is 0.7 m /sec (11,100 gpm), with an estimated temperature"

rise of 2.8'C (5'F). Total four-unit plant flow is therefore
3

| 21.52 m /sec (491.9 MGD), and, when the plant is operating at the
| maximum rating, the temperature rise is 6.9'C (12.4*F) .

Cooling water is withdrawn from Lake Ontario through a submerged4

intake structure located in 5.5 m (18 ft) of water approximately
,

76 m (550 ft) north of the northwestern tip of the Oswego Turningi

Basin breakwall. Th r, submerged int'ake is, octagonal, and . its alter-
nating intake openings measure 1.4 x 4.4 m (4.6 x 14.5 f t) and 1.6

i x 3.7 m (5.3 x 12.0 f t), respectively. Ihe openings permit waterg

withdrawal from 360 degrees around the intake structure; a cap-con-
structed of wood planks restricts intake of water in the vertical
direction. Circulating water velocity at the intake openings is

i calculated t be 0.45 'm/see (1.46 fps) under maximum plant operation.
3

of21.53m/sec(7gl.09cfs) through the available intake area of
48.42 m (521.2 ft ). A tunnel with a mean velocity of 1.7 m/sec.

(5.5 fps) conducts the cooling water under the western end of the
turning basin to the screen house (Figure II-2).

As the schematic diagram of the screen house and intake forebay indi-
cates (Figure 11-2), the cooling water flows first through trash
racks, which are constructed of metal bars with 7.6 em (3 in)

spacings. The trash racks are cleaned on a petiodic schedule'and
prevent coarse material from reaching the travelling screens. Four

'

travelling screens with a mesh size of 9.5 mm (0.375 in) remove

smaller material from the circulating water upstream of the pumps,

; and condenser tubes. Travelling screens are scheduled to wash for 3
minutes every hour; however, within the scheduled wash cycle, screen
wash is done on a manual basis When pressure differentials develop,

i across the screens due to clogging. Large enounts of material,
i primarily the alga Cladophora, necessitate the operation of the

travelling screens on a continuous schedule during the spring of the
.j year. Screen wash from all four travelling screens empties into a

'

common channel and is removed from the plant site. Impingement,

samples are collected from the common ~ discharge channel downstream
of the last screen by means of a specially designed basket.

2. Cooling Water System: Discharge
'

Af ter passage through the condensers, the cooling water is trans-
t ported through a surface level canal approximately 160 m (525 ft)

in length to the western end of the turning basin. Average velocity
,

in the discharge canal is 1.2 m/sec (3.8 fps), reducing to 0.37 |
! m/sec (1.2 fps) at the face of the discharge, l

.
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SCHEMATIC DIAGRAM OF OSWEGO STEAM STATION UNITS |-4
~
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|~ Thermal Discharges

All thermal discharges to the waters of the State shall
- assure the protection and propagation of a balanced,

indigenous population of shellfish, fish and wildlife
in and on the body of water.

.

At the present time, effluent limitations pertaining to the thermal
discharge are under suspension pending the outcome of an adjudica-
tory hearing.

r

; - In addition, the discharges relating primarily to chemicals shall be
limited at 'all times so as to be in full compliance with all the
applicable requirements of Sections 701 and 702 of Title 6, Official,

Compilation of Codes, Rules and Regulations - Classifications and
' Standards Governing Quality and Purity of Waters of New York State.

To meet the water quality standards and the required limitations of,

the permit, discharge 0-003 has been diverted to a treatment facility
maintained on the plant site by Niagara Mohawk Power Corporation.1

6. Effluent Water Quality Data''

Commencing in July 1975 as a result of NPDES permit requirements
for the Oswego Steam Station Units 1-4 discharges, a monitoring
program for certain physical and chemical parameters was initiated.
Minimum, maximum, and average values for the parameters monitored at
the thermal discharge are reported to the Regional Administrator for

,,

| Region II of the Federal E.P. A. on a monthly schedule. ' Table II-2
L - presents the -parameters evaluated and. their monthly average values.

In addition, recent monthly discharge reporting submissions have
I included results from the required chemical analyses. During the
( period from July 1975 to April 1976, the average monthly values for

discharge temperature, difference in temperature between intake and
{

discharge, net heat addition, and pH have all been below the afflu-
.( eat limitations with only the maximum difference between intake and

' discharge exceeding the 7.8'C summer ILait during September 1975.
:

;- 7. Records of Plant Shutdowns during the Last Five Years '

,

The EPA Technical Guidance Manual for. the preparation of a 316(a)
i demonstration requests information on all plant shutdowns which

'l resulted in the complete stoppage of heated affluent flow during
the'past five years. An assessment of the effects of ~each shutdown

,o.n the' aquatic biota is also requested.

Since 1 January 1970, Units 1-4 at the Oswego Steam Station have
experienced no complete shutdowns which resulted in the disruption
of heated effluent- flow except on a single date, ll' July 1973. On

,

'
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r this date, Units 1, 2, and 3 were all off line; Unit 4, which was
i on lina, experienced a disruption in service between 0152 and

0220 hrs and finally dropped off line at 1129 hrs. Unit 3 came on
. line at 1233 hrs.

The durations of the outages were 28 minutes and 64 minutes. These
brief plant shutdowns were not monitored to evaluate environmental
impact; however, it must be noted that biological stress was neither
obsetved by plant personnel nor recorded by local residents following
the outages. The thermal plume in the turning basin could not dissi-
pate in such short periods, hence no biological stress would be ex-'

[ pected.
.

D. MORPHOLOGY AND GEOLOGY

1. Lake Ontario

| A description of the topography and geology of the lake bottom in
the vicinity of the Oswego Steam Station was compiled from borings,i

f athometric surveys, direct observation by divers, and existing charts
(Figure II-3). The bedrock immediately underlying the Oswego area' ~'

is the Oswego Sandstone of Upper Ordovican age (Rickard and Fisher,
1970). Shales and limestones as well as sandstones are found to
the south. To the west of the station the lake shore is in a near,

| natural condition and the lake bottom shelves gradually to a depth' of about 12.1 m (40 f t) at a distance of 610 m (2,000 f t) from shore.
East of the plant the breakwater cuts off the natural shoreline,

f and although the breakwater is, for the most part, simply a rough
pile of large rocks, its face is precipitous and the depth at the'

foot of the breakwater is between 5.5 and 7.6 m (18-25 f t) .

Direct diver observations indicated that the lake bottom west of the
Oswego Steam Station is fairly consistent in character, being gen-

; erally composed of flat rock and completely free of sediment. Many
rtiomboidal slabs of broken-off bedrmk, measurin;; roughly 1.2 by,

' 1.5 m (4 f t by 5 f t), are located in the near-shore area to a depth
of 3 m (10 f t) . Most of the area, however, is composed of dense
glacial till which forms a series of steps extending progressively
out into the lake, each bed or step of different depth ranging from
a few inches to more than a foot. The bottom is strongly fractured
or jointed with some erosion occurring in the cracks.

In the 3-6.1 m (10-20 ft) depth, the loose slabs and the wider crae6.s
gradually become less evident so that at the 6.1 m (20 f t) depth,
the bottom is almost exclusively smooth, although some rounded boul-'

ders and small pieces of flat rock can be found. Beyond the 6.1
m (20 ft) depth, the bottom is similar, with patches of loose rock,

and sand intruding in places.
\
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T Immediately west of the power plant is a section of the lake which
resembles a bay, with a bottom composed primarily of rounded stones
up to 0.3 m (12 inches) in diameter. Beyond a depth of 2.1 m (7
f t), the lake bottom is similar to that described above, while
at depths over 6.1 m (20 ft depth), the bottom is sandy, consist-
ing in most part of a thin layer of sand over the glacial till.

. East of the steam station and up to the harbor entrance, the break-
| water, composed of rocks which slope down into the lake at about a

45' angle, acts as the lake shoreline. Lakeward of the base of the
I breakwater, the bottom consists of an apron of large flat-sided
;I rocks 1.2 x 1.5 x 1.5 m (4 x 5 x 5 f t), as well as sand. The rock

apron extends only a short distance out into the lake, about 9.1 m
;- (30 ft), beyond which the lake bottom is swept clean. Near the

eastern end of the breakwater adjacent to the mouth of the river,
'

considerable amounts of sand appear to have been deposited.

f In addition to the direct observations made by divers of the lake
t bottom, borings were taken in the lake bottom from' a point just

offshore of the plant out into the lake to a distance of 457 m
C (1,500 ft). The analysis of the boring samples confirmed that an'( overburden of varying thickness forms the lake bottom beyond a depth

of approxiinately 2.0 m (7 f t) and that the lake bottom is , composed
j of compacted till in shallower depths._ Generally, the area is
( characterized by patches of loose sandy silt varying in thickness

from a few centimeters to as much as 0.6 m (2 ft), overlying a dense

(f
glacial till. The glacial till is a preconsolidated heterogeneous
mixture of gray-brown silt, sand, ' gravel, and boulders.

2. Harbor Area (including the Turning Basin and Oswego River)
'$

( The Oswego Harbor area, depicted in Figure II-3, consists of a
280-acre outer harbor protected by a manmade breakwater and inner

( harbor channels in the Oswego River (Corps of Engineers,1975). The
( characteristics of the harbor channels and structures are described

in Table II-3. The harbor is maintained by the U.S. Army Corps of
Engineers under authorization dating back to 1827. Channel dredging

'

f and maintenance of breakwaters is conducted only as necessary, as
'

determined by an annual inspection. Harbor maintenance activities
for the area are summarized in Table II-4; the turning basin was
last dredged during' August of 1975.

In the vicinity of the harbor, the Oswego River varies from 122 to
< 152 m (400-500 ft) in width and is dredged to a depth of.7.1 m (24 ft ).

,j Its yearly average flow is 6,137 cfs.
i.

;; Sediments within the harbor are ' derived from the west-to-east drift
[ of sedimentary materials within Lake Ontario, surface runoff, bank

,(
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TABLE II-3 '

.

FEYSICAL CHARACTERISTICS OF OSWEGO NARBOR -

]I. HARBOR WAVICATION CHANNELS

HARBOR CHANNEL I.ENGTH ( f t) TJIDTH (ft) DEPTH (ft) -

OtfrER HA150R CHANNELS lake approach channel 2,300 500- 800 27 t

Guter harbor chann.*. 2,700 800-1100 25
.,

'

Channel between outer harbor .,

channel and the east arrow- 2.400 1,200 21
head breakwater

Channel between outer harbor
' channel and the, vest arrow- 3,300 100- 800 21

'

head breakwater

West outer harbor channel
(turning basin) 3,600 250- 400 21 ft in. soft -)

material '(

22 ft in hard I
'sacerial

OSWE A RIVER CHANNELS Outer river channel 1,600 400- 500 24

Inner river channel 1,000 400 21

LAKE ONTARIO SHOALS 25- - -

II. HARBOR STRUCTURES
,.

BREAKWATER COMP 0SITION LENGTE (ft) WIDTR (ft) DEPTH (ft)

EAST ARROWHEAD Rubblemound 2,200 10 8.5 |
!-

WEST ARROWHEAD aubblemound 2,700 10 S.5
,

OUTER WEST Timber-crib, stone-filled.
. concrete-capped, stone riprepped 4,515 35 10-13

4

DETACHED Bubblenound, concrete-capped 850 8 13
)
t

.]
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TABLE II-4 -

SUMMARY OF OPERATIONS AND MAINTENANCE ACTIVITIES * IN OSWEGO HARB0R,
_

1964-1973

I. HARBOR NAVAGATION CHANNEL MAINTENANCE
.

SURVEY OPERATIONS

FREQUENCY Annually
AVERAGE DURATION . 2 weeks

SWEEP OPERATIONS- -

FREQUENCY Annually or as needed
,

| AVERAGE DURATION
~ l week

'- DREDGE OPERATIONS

FREQUENCY Annually
'

AVERAGE DURATION 13 days
MONTHS May-September
AVERAGE HARBOR AREA DREDGED 80,830 square yards

( AVERAGE LENGTH OF DREDGE CUT 3,064 ft

( AVERAGE WIDTH OF DREDGE CUT 191 ft

AVERAGE NUMBER OF LOADS 166 ft
AVERAGE SIZE OF LOAD 608 cubic yards,

AVERAGE PUMPING TIME 32.3 minutes.

'
AVERAGE FUEL CONSUMPTION 20,622 gallons

,\,
AVERAGE DISTANCE TO DISPOSAL AREA 1.7 miles,

s

'

II. HISTORICAL VOLUMES OF DREDGED MATERIALS AND COSTS,

VOL. OF
g NON-DREDGING

MATERIAL COST OF

j- YEAR COSTS (cu. yds.) DREDGING

1964
'

$ 5,519 60,505- $ 32,964
<( 1965 13,345 no dredging

( 1966 6,870 40,515 15,722
1967 9,290 93,211 33,443

; 1968 9,225 no dredging
( 1969 7.,000 81,721

no dre|dging
65,270.

1970 5,315-
1971 7,887 no dredging

} 1972 - 12,690 ~243,622 142,100
1973 8,140 88,973 66,778'

i

( ANNUAL AVERAGE $ 8,528 60,855 $ 35,628
PER OPERATION $ 8,528 101,425 $ 59,380

(

" Corps of Engineers, 1975.
-( bNon-dredging costs include costs for inspections, surveys, and snagging and
k clearing operations. Historical date presented for fiscal years.

L.
. - . . _. . . __ _ . _ _ _ . _ . . . _ _ . __ _ . . _ _ . . . _ _ _ . _ .
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1
and shoreline erosion, and municipal-industrial wastes. The Corps .,

of Engineers (1975) describes the samples as being a mixture of sand {
~

unacceptable for open-lake disposal." Therefore, materials dredged *

from the Oswego Harbor will be placed in a diked disposal area as
soon as an acceptable disposal facility has been constructed. Until {
this disposal area is constructed dredge spoils are dumped in the I

lake.
,

E. PHYSICAL AND CHEMICAL WATER QUALITY CHARACTERISTICS

An understanding of the physical and chemical properties and the pro- .,

cesses occurring within Lake Ontario, the Oswego Harbor and Turning
' Basin, and the Oswego River is essential to a complete evaluation
of the effects of the intake and discharge of cooling waters -from

_

the Oswego Steam Station Units 1-4. The following paragraphs describe j

the physical (i.e. , flow, current, and temperature (T)] and chemical i

le.g. pH, dissolved oxygen (DO), specific conductance (SPC)) charac-
teristics of the waters in the Oswego vicinity as monitored in 1975 ;
and 19:o by Lawler, Matusky and Skelly Engineers (LMS). These water ;.

quality characteristics are then analyzed in light of New York State
water quality standards, proposed EPA criteria, and previous physical
and chemical water quality surveys conducted in the Oswego area of ;

'

>Lake Ontario by LMS and others.
,

1. Lake Ontario in Vicinity of Oswego Harbor

a. Currents

IField investigations of currents in Lake Ontario and Oswego
Harbor were'made by Quirk, Lawler and Matusky Engineer- (QLM) in
1970. They indicated that currents in Lake Ontario within the
vicinity of Oswego Harbor are affected primarily by winds. , '

'Current measurements made during isothermal conditions revealed
that since no density gradients existed, the surface currents
generally moved at approximately a 45' angle to the right of the ,{

direction toward which the wind was blowing. Deeper counter- -)
currents moved in directions opposite to the surface currents,
thus replacing surface waters that moved out into the lake. Th'e {
1ake shoreline acted as a barrier to expected water transport j
pathways under certain conditions of wind direction. Figure II-4

presents several wind-induced current systems. Since the major
wind components are from the south and west (Figure II-4), the f

"main direction of flow for surface currents is to the east along

the lake shoreline.
I

When the lake waters at the shoreline exhibited thermal strati- _ . .-

fication, currents were influenced by both wind direction and

J
II-9
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The New York State Department of Environmental Conservation
_.

(NYSDEC) classification for Lake Ontario beyond the borders of
Oswego Harbor is Class A, while the waters of Oswego Harbor
and Turning Basin and the mouth of the Oswego River are Class C:

(State of New York,1972). Standards promulgated by the NYSDEC''

,

for Class A and Class C .:sters are presented in Table II-7,-

along with the water quality criteria proposed by the Environ-
mental Protection Agency (EPA) (USEPA,_1973; NYSDEC, 1974),-

a

The proposed EPA criteria do provide a 'second and generally
more stringent model with which to evaluate the observed water

, ,.

' -| quality in the surveyed areas.
L

Water quality parameters, as measured in 1970 in Lake Ontario,
met all but one of the NYSDEC standards for Class A waters (QLM,"

,

1971). The average pH of 9.0 (range of 8.4 to 9.6) recorded in
' 1970 was above the allowable NYSDEC pH range of 6.5 to 8.5.

These relatively high pH values may have been erroneous sincer-

| the highest pH recorded in 1975 was only 8.7, and the overall
improvement in water quality from 1970 to 1975 was not of'

sufficient magnitude to account for such a marked difference in
,._

j pH values between the two years. In 1975-1976, pH values at

i t- some times exceeded the allowable maximum of pH 8.5 (maximum 8J8,
i - Jan.1976), although the mean of 8.1 was within th,e NYSDEC limita,-

(. tions.

[..
The number of samples for total coliform count is insufficient
for calculating the monthly geometric mean (which is the basisc

f~ for the NYSDEC total coliform criteria); however, the range of .

total coliform concentrations measured within the intake (5-380
cols/100 ml) may indicate violation of the total coliform stan-
dards at some times. In addition, since-there is no stated
criterion for fecal coliforms ' for Class A waters, the implica -
tion is that no fecal coliforms should be present. Since fecal

,

i coliform were observed to be present in concentrations ranging.
[ from 0 to 274 cols/100 al, their presence may also have constitu-

~

ted a violation of.NYSDEC standards.- Lower coliform concentra-
tions in the Nine Mile Point vicinity of the lake-(total coliform -

I range of 0-121 cols/100 ml) indicat.e that the lake waters near '

Oswego Harbor are 'somewhat more polluted than other portions of'

the lake due to the pollutants carried by the Oswego: River (LMS,
,

j 1975a). -The average total coliform concentration in mixed
E offshore waters of the lake is approximately ~1 co1/100 ml (LMS,.

1974).

Comparison of-1975 intake water- quality to the proposed EPA
.

water quality criteria reveals that: the mean concentrations of -|

-

two 'out of fifteen (15) applicable water quality parameters ->

[ [ ammonia nitrogen (NH N) and total phosphorus'(TP)] exceeded the-

3

11-11
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TABLE 11-7 .

.

VATER QUALITY STANDARDS AND CRITERIA

00U5G0 VICINIIT

NYSDEC NTSDgC PROFDSED EPA ,

CLASS "A" CIASS "C" WATER QUALITY
D

PARAIETER UNITS STANDARDS * StannaanS CRITERIA
'C DO Minimus

DISSOLVED OITCEN as/1 >5.0" >5.0" 27'i-36 7.8 ''

FW 21 6.2~~
,

16 6.5 J

1.5-7.7 6.8

PE anits 6.5-8,5 6.5-8.5 FW 6.0-9.0
PS.R 5.0-9.0

AMMONIA-MIT10 GEN ag[1 <1.6 (at pE 4.0 <1.6 (at pa 8.0 FW <0.016- ._

or above) or above) PS D .5
~~

PS <10.0
~

NITRATE-NITROGEN as/1
--

~ i
TOIAL SUSFENDED

FWISOSOLIDS ag/l --
,

i E (0.023 ag/ L in lakes=
TOTAL FK05FRORU5 mg/ L-F -

~
where F is Ifalting

iastrient
1 <0.0$0 mg/l at point- - ) .

'~ here a river entersu
a lake or reservoir

1 <0.100 mg/l for
* flowing scream

PS 1250SULFATE ag/1 - -

FRENDL as/ L S .003 F5 10.001-
*

,

CHEMILM mg/l PS 10.03- -

|

PS <0.3 .I IRON as/1 - -

l~

CYANIDE as/ L 10.1 <0.1 FS 10.2 y

TUIAL DL550LVED None at concentration -

SOLIDS as/1 f500 detrimental to aquatic'

life
,

COFFER as/1 (0.2 <0.2 PS <l.0
|

CADNIm as/1 <0.3 <0.3 PS <0.01 :

T0.03 (Eard Water). 3~~

70.004 (Soft Water)
)

| 21NC ag/ L f0.3 10.3 PS 10.5 -

TUIAL COLIFORM eets/100 al 130 (geometric mean) 110,00G (geometric FW 12000
mesa),.

.l.
E),000(average.

jR (2 -

12,000 (3- tric -FICAL COLIFORM cols/100 al
-

-

asam) ' ,000 (masisms)

.

* Class A standards are applicable to Lake Catario beyond the Oswego Earbor "

Class C ctandards are applicable to the Oswego River, Turning Basia, and Earbor
"Be D0 standard is >$.0 mg/l as a daily average and _>4.0 as/1 at all times -

)
t

- No applicable data available . - -) -
' FW - Propagation of freshueter aquatic life
PS - Uses of ator for public supply after normal treatment -

s
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density gradients. Thus, wind movement of warmer surface waters 3

may result in either upwellings of cold water or downwellings {
'of warm water near the shoreline, depending upon wind direction.

b. Water Quality (
l

The results of water temperature and chemistry measurements made
of the Oswego Harbor area and Lake Ontario in 1970 by the Lake ]
Ontario Environmental Laboratory of the State University. College .)
in Oswego, New York, were presented by QLM in their 1971 report
on the Oswego Steam Station (QLM, 1971). Figure II-5 indicates ,

the water quality sampling locations monitored on a weekly basis '

'

from June through November 1970. The average concentrations
of several of these selected parameters measured in the vicinity
of the intake of Units 1-4 are summarized in Table II-5. A

comparison of these 1970 water quality measurements with the l

water quality measurements made by LMS in the Unit 1-4 intake
structure from January 1975 to March 1976 (Table II-6) indi- ]
cates a general pattern of improvement in water quality from )
1970 to 1975, particularly with' regard to such constituents as
DO, pH, total, solids (TS), total dissolved solids (TDS), and y

orthophosphate (PO P). Nevertheless, increases in the concentra- 'j4tions of biochemical oxygen demand (BOD)*, total suspended solids -

(TSS), and ammonia (NH ) are als a ted between 1970 and 1975. .

3 ,

A comparison of the 1975-1976 water quality measurements made -
.

within the intake of Units 1-4 at the Oswego Steam Station
with the 1975 water quality measurements made in the Nine Mile ,

Point area of Lake Ontario ( Appendix D; LMS, 1976a) reveals '

the existence of generally similar water quality at both loca-
tions. Lake Ontario waters near the Oswego Steam Station have ,

somewhat higher BOD, TS, TDS, and PO P than the waters in the i
4Nine Mile . Point vicinity, which probably reflects the influence -

'

of the Oswego River inflow.
y

,

JWater temperature at the Oswego Steam Station. intake, as mea-
sured from January to December 1975, ranged between 0.1 to
23.0*C (32.2-73.4*F) with a mean of 10.l*C.(50.2'F). Bottom
water temperatures in the Nine Mile Point vicinity of- the. lake,
measured from April to December 1975, averaged slightly more
than 1*C (1.8'F) warmer than those recorded during the same time g
period at Oswego. Temperatures in bottom lake waters near -} ~ s

Oswego Harbor'in 1970 (July through November) averaged 16.3*C
(61.4*F), or approximately 2.5'c (4.5'F) higher than temper- .

!atures measured, during a comparable time period in 1975 in the
Units 1-4 intake (Figure II-6) . ~J

:
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TABLE II-5

MEAN CONCENTRATIONS OF SELECTED PA'RAMETERS* ),

;

7.. OSWEGO STEAM STATION UNITS 1-4 - JUNE-NOVEMBER 1970
)
'

.

PARAMETER UNIT MEAN CONCENTRATION
' I.

DISSOLVED OXYGEN mg/l 9.6.

BIOCHEMICAL OXYGEN DEMAND mg/l 1.89
i( pH units 9.0

TEMPERATURE 'C 18.4
TOTAL SOLIDS mg/l 262
SUSPENDED SOLIDS mg/l 5.5,

* DISSOLVED SOLIDS mg/l 255.8
VOLATILE SOLIDS mg/1 7.1,

CHLORIDE mg/l $8.7 -

; NH3'(AS N) mg/l . 0.014
i TOTAL PO4 (AS P) mg/l .0.026

*QLM, 1971
.
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TABLE II-6
~

.

SUMMARY OF WATER QUALITY CHARACTERISTICS

OSWECO STEAM STATION UNITS 1-4 . JANUARY 1975-MARCH 1976

MAXIMUM MINIMUM MEAN STANDARD DEVIATION NO. OF SAMPLES
P,ARAMETER~ UNIT INTAKE DISCHARGE INTAKE DISCilARGE INTAKE DIScilARGE INTAKE DISCllARGE INTAKE DISCHARGE

PH units 8.7 8.6 7.5 7. 5 8.1 8.1 0.4 0.3 15 15
SPC sho/cm 533 546 245 265 320 332 65 66 15 15

at 25*C -

'

T- *C 23.0 26.0 0.1 7.3 9.2 13.6 6.2 5.4 14 14
' ALK mg/l 108.0 106.0 81.0 83.0 91'.6 92.3 7.6 6.7 8 '8 ;

DO .mg/l 13.7 13.3 7.8 8.6 11.9 11.5 1.7 1.4 15 15
~TBO) ag/1 :6. 5 2 0 3 3 1 1 15 15
TCOD' ag/1. 24 22 1 3 12 12 8 6 8 8
TS' mg/l 336 327 188 195 221 228 49 42 8 8

~ TDS ag/l 243 241 177 169 198 203 21 22 8 8
TVS mg/l 76 86 45 49 62' 66 10 14 8 8

f
TSS -ag/l 93 86 2 2 20 22 24 24 15 15
Nil N ' mg/l 0.30 0.30- 0.00 0.00 0.10 0.10 0.13 0.12 12 12

3 mgh 0.M M7 0.02 0.06 0.29 0.27 W 0. M M 15NO N 1

3
PO mg/l P. 0.04 0.06 0.00 0.00 0.02 0.02 0.02 0.02 15 15

4
TP mg/l P 0.07 -0.08 0.02 0.02 0.04 0.05 0.02 0.02 8 8
:PNL' mg/l 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 8 8

. C1 ~ ag/l 39 52 25 25 29 32 5 9.44 8 8
SO mg/l 44.0 46.0 16.0 20.0 25.9 27.5 8.8 8.7 8 8
TCbL cols /100=1 380 448 5 2 85 113 102 133 13 14
FCOL cols /100=1 274* 927 0 0 45" 123 74 252 14 14

.TKN mg/l 1.20 0.70 0.05 0.30 0.65 0.54 0.37 0.14 8 8
CR ' mg/1. . 0.10 <0.10 <0.10 <0.10 - - - - 8 8<

MG mg/l 9.10 9.73 7.40 7.48 . 8.15 8.41 0.70 0.96 7 7

NA -mg/l 33.50 32.60 12.00 11.00 18.28 18.50 7.46 7.07 8 8
. 0.2 <0.2 <0.2 <0.2 - - - - 8 8Y og/l <

ZN mg/l 0.070 0.020 <0.003 <0.003 -c -c - - 8 8
'

-0+C 'ag/l 7.0 NA < 0.1 ' NA 3.1 NA 5.6 NA 7 NA

,NA - Not available
'

:- .Not cpplicable

A valua of 964 measured on 16 July 1975,was not included since this 964 co1800 ml of fecal
. colifern would have exceeded the TCOL count of 95 cold 100 al.
I A valua of 166 colafl00 ml of fecal coliform measured on 23 June 1975 was not used since it~

- would have exceeded the measured TCOL count of 70 cols/100 m1 for that same date and station,#

ij1f gracter than 75% of samples below detection, limit, no mean,was calculated
' Errcn2cusly recorded results in April not included

. C __ L.- .b . L_ O- s.- ..__ ; - __ _s - w L_ ) (__ ]'J wu __. , ~ m _.
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proposed criteria; that is, the recorded concentrations were )
above values of 10.016 mg/l for NH N in fresh waters and j 0.025r

3
{ mg/l for TP in lakes where phosphorus may be acting as the limit-

ing nutrient in algal growth. One parameter, TSS, at some times
exceeded the proposed criteria of <80 mg/1, although its mean-

-

concentration of 20 mg/l was below the maximum criterion. The
high concentrations of TSS, TP, and NH *8* " **7 #* *"* * *

3influence of the Oswego River and its many wastewater inputs,,

c. Intake-Discharge Water Quality Characteristics

e A summary of the maximum, minimum, mean, and standard deviation
~

( of the concentrations of parameters measured in both the intake
| and discharge structures.of Units 1-4 from January 1975 to
'

r March 1976 is presented-in Table II-6. The temperature rise of
the cooling water averaged 4.5*c (8.I'F) based on a yearly
period from January through December. These _results are consis-
tent with the independent data on temperature recorded by the',

Niagara Mohawk Power Corporation at the intake and discharge of
Units 1-4 (Table II-2). This increase in water temperature from<u

intake to discharge generally resulted in a concomitant slight
decrease in DO, except during the summer (July, August and
September) when initially low concentrations of Do in the intake
were raised, despite temperature increases. Such an increase in*

DO concentrations between intake and discharge was probably the>

(~ ~ result of mechanical aeration of the water as it passed through
the cooling system, exceedihg any losses of DO due to temper-

- ature rises.

Increases in the concentration of total and fecal coliforms
during passage from the cooling water intake to the discharge

~{ (Figure II-7) may reflect enhanced bacterial growth due to
(. temperature increases within the system.

t The slight but consistent increases in magnesium (Mg) and the
'-{' general increases in chlorides (Cl) and SPC between the-intake

and the discharge (Figure. II-8) may be a result of chemicals
edded to intake water as part of a treatment process.

1

L 2. Oswego River

I a. Flow
l.. '

Oswego River flows are monitored by the NYSDEC in the City of
; Oswego at Bridge Street (river mile point. 0.6), and during the

period from.May 1964 to September 1974 they. averaged 6,660 cfsi
'

(NYSDEC,1976). The long-term average flow based on the 33 year
i
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TOTAL AND -FECAL COLIFORM CONCENTRATIONS
OSWEGO STEAM STATION UNITS I-4-1975-1976
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CONCENTRATIONS OF MAGNESIUM, chi.ORIDE
AND SPECIFIC CONDUCTANCE

I' .

| OSWEGO STEAM STATION UNITS l-4-1975-1976

'

MAGNESIUM
ISr

*
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period from 1933 to 1967 was 6,137 cfs. Th'e maximum flow on
record of 37,500 cfs occurred on 28 March 1936 and the minimum --

flow of 353 crs occurred on 14 August 1949. The minimum average
seven-concecutive-day flow with a once-inh:en year recurrence
frequency is 720 cfs (LMS, 1975a). Figure II-9 presents the
average monthly flow of the period from May 1964 to September .f,
1974. The lowest average flow, 2,512 cfs, occurred in July; and
November had the highest average flow of 13,700 cfs.

_

! b. Water ' Quality I**

Sampling of the water quality of the Oswego River has been '

conducted since May 1964 by the NYSDEC at Bridge Street (MP 0.6)
in the City of Oswego; Table II-8 presents a summary of the.
measured average monthly concentrations of water quality para-

'

*

,

meters. LMS also conducted a water quality sampling program at
the same location on the Oswego River from April to August 1975. .

Figure II-10 presents the seasonal variation of temperature ('C)
and DO within the Oswego River as measured by both LMS and the - _I
NYSDEC. As expected, temperature fluctuations of the Oswego }

River were greater than those of Lake Ontario (Figure II-6).
Since the Oswego River is relatively small, its waters heat and ')
cool more rapidly than those of the larger ' water body; the j-
Oswego River also has generally higher summer temperatures and '
lower winter temperatures than the lake. -

The Oswego River, which traverseg through urban, suburban and
rural areas within its-1,3204 km (5,098 sq mi) drainage basin,'

receives a large variety and amount of discharges, including ''

domestic and industrial wastewater and urban and agricultural- .
,

run'o ff. Therefore, it is not difficult to understand why water
quality of the Oswego River often does not meet the NYSL: Class }
C standards (Table II-7) and also often fails to meet several )

,

EPA proposed criteria.
i

Exanination of DO conceatration data collected by the NYSDEC and '

by LMS indicates that the waters of the Oswego River 'at times 'do
not meet the proposed EPA freshwater criterion for that parameter

| and may be violating the NYSDEC minimum average daily DO ' standard {.:of 5.0 mg/1, although no violation of' the 4.0 mg/l instantaneous s

DO standard was recorded. Low concentrations of DO (i.e., 4-5 mg/1)
are particularly likely to occur during the s'ummer months (June,
July, August, and September) of high temperature and ' low river

,_

flow. The average monthly percent of DO aaturation, as calcula .
ted from the data obtained by the.NYSDEC for 1964 to 1974, ranged j
from a high of 101% in ' April to a low of 75% in July. j

Ammonia-nitrogen (NH N), pH, and - total coliform concentrecions
3-also violated Class standards at"some times. Although the'

.

.
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,j TABLE 11-8
-

. MEAN MONTHLY WATER QUALITY" 0F OSWECO RIVER
AT BRIDGE-STREET (M.P.O.6)

,

Qr
-, ,

f d

X - PARAMETERS UNITS JAN FEB MAR APR MAY JUN

pH. . units 7.4 (2) 7.4 (5) 7.6 (7) 7.7 (7) 8.1 (12) '7.9 (16)^

,

s, 80D mg/l 4.1 (2) ~3.5 (5) 3.9 (6) 3.3 (7) 3.2 (12) 2.6 (16)4

500 mg/l .12.5 (2) 13.4 (5) 12.0 (7) 12.0 (7) 10.0 (12) 8.0 (16)
./ -TCOL. cds/100 ml 11000 (2) 5838 (5) 24334 (7) 66679 (7) 19592 (12) 57210 (16)''

- - - - 120 (1) 75 (1)'
.. ,I FCOL cols/100 ml
P NH N mg/l 0.871(2) 0.859(3) 0.886(4) 0.429(5) 0.465 (8) 0.491(11)'

''

NO N ,ag/l -0.33 (2) 0.61,(3) 0.65 (4) 0.44 (5) 0.45 (8) 0.34 (11)'
,

PO P mg/l 0.12 (2) 0.13 (3) 0.20 (4) 0.07 (5) 0.10 (8) 0.09 (11)
4 "8 I ' 74.5 (2) 38.3 (3) 82.6 (4) 67.2 (5) 77.3 (8) 71.4 (11)f :- SO

.
NA ag/l 92.5 (2) 9b.7 (3) 99.8 (4) 72.4 (5) 68.8 (8) 83.6 (11)

./ con mg/l- 11.0 (2) 14.7 (3) 15.1 (4) 15.8 (4) 19.8 (8) 22.0. (11)
SPC, ahos em- 976 (2) 951 (3) 853 (4) 725 (5) 781 (8) 729 (10)

' at 25*C .
,

ALK .ng/1 as 128 (1) 125' .(2) 125 (2) 102 (5) 115 (6) 147 (10)y
1.

'
j

-

caco
~ < TS mg/l '780 (2) 700 (3) 639 (4) 692 (5) 597 (8) 632 (11)

TSS ag/l 17- (2) 8 -(3) 24 (4) 29 (4) 32 (8) 33 (11)
TDS mg/l 764 (2) '691 (3) 615 (4) 650' (4) 548 (8) 564 (11)

| MG mg/l 12.3 (2) 11.2 (3) 14.1 (4) 8.3 (4) '13.0 (8) 11.0 (11)
|' T 'c 0.5 (2) 0.5 (5) 1.9 (7) 8.0 (7) 14.5 (12) 20.5 (16)

% DO SATURATION 87 93 87 101 97 88

~ *NYSDEC, 1976..
By subtraction

( ) - No. of. samples

4

.
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MEAMMONTHLh6fATER__ QUALITY"_0FOSWEGO' RIVER. .

~
~

AT BRIDGE' STREET (M.P.O.6 P '

4~ --
-

, '

_j
-

,

. PARAMETERS UNITS JUL AUC SEP OCT NOV DEC [

pH units 8.0 (14) 8.3 (14) 8.1 (13) 7.8 (13) 7.7 (8) 7.5 (4)
nod . ag/l 2.6 (13) 3.3 (14) 3.4 (13) 3.5- (13) 3.2 (8) 2.9 (4)5
Do ag/l '6.5 (13) 6.9 (14) 7.7 (13) 9.4 (13) 4.4 (8) 12.7 (4)
TCOL 'cels/100 ml 133846 (13) 98324 (14) 198375 (12) 24310 (11) 19135 (8) 9200 (4)

,

' FCOL cols/100 ml 80 (1) 45 (1) 190 (1) - - - !

NH N mg/l 0.432 (9) 0.298(10) 0.35 (10) 0.356(11)' O.504(6) 0.277(2)
No N - ag/l 0.39 (9) 0.23 (10) 0.22 (10) 0.38 (11) 0.36 (6) 0.35 (2)
PO P mg/l 0.16 (9) 0.17 (10) 0.19 (10) 0.16 (10). 0.29 (6) 0.16 (2) !

,

So mg/l 73.3 (8)* 80.4 (10) 77.1 (10) 77.8 (11) 76.2 (6) 65.0 (2)4
NA es/1 133.4 (9) 113.9 (9) 149.7 (10) 112.5 (11) '171.2 (6) 46.8 (2)

.!COD mg/l 18.6 (9) 26.9 (10) 21.2 (10) 25.7 (9) 31.3- (6) 23.3 (2)
SPC 13mhos em 1064 (9) 1189 (10) 1276 (10) 1274 (11) 960 (6) 536 (2)

at 25'C -

,

ALK mg/l as' 108 (9) 103 (10) 104 (10) 110 (10) 105 (4) 116 (1) !
CACO !

.TS mg/l 861 (9) 957 (10) 1006 (10) 1019 (10) 823 (6) 491 (2)
TSS ag/l 27 (9) 27 (10) 28 (10) 28 (9) 23 (6) - 12 (2)b 1

TDS mg/l 836 (9) 930 (10) 978 (10) 893 (9) 800 (6) 479 (2) !
MG mg/l 12.1 (9) 17.0 (10) 17.3 (10) ,15.0 (10) 13.4 (6) 11.0 (1) ;T *C 23.4 (13) 24.0 (14) 20.8 (14) 14.2- (14) 6.7 (8) 2.4 (4) .

% DO SATURATION 75 81. 85 91 93 93 i

f

NYSDEC, 1976
b ,

By subtraction
[* Note an erroneously high value' of 694 mg/l for July 1966 was not included in the "

' July SO4 mean '

( ) - No. of samples
.

.

t

,.,% .
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MEAN MONTHLY OSWEGO RIVER TEMPERATURES
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| average pH measured by the NYSDEC from 1964 to 1974 was 7.8,
~

pH values of above 8.5 were also recorded. The NYSDEC standard
for NH N of < 1.6 mg/l was exceeded several times, particularly3during the period prior to 1968; concentrations of NH N haveg,

: - markedly improved in recent years to levels well be15w the allow-
able maximum.

. Although the sampling frequency for total coliform, ussi by the
NYSDEC and LMS, is insufficient for direct comparison of the

j data to the Class C standard, it would appear that the standard
for total coliform is'being violated at some times'(Figure II-11).

' " Again, marked improvement in the concentration of total coliform
is noted when the concentrations measured in 1975 are compared
to those of previous years. Of the proposed EPA water quality4

i criteria, three, including the standards for NH N, total phos-
3i phorus (TP), and total coliform, were at some times exceeded '

' ,''

within the Oswego River. >

,
'

In comparing overall water quality between Lake Ontario and the
Oswego River, several differences (other than temperature, which

;

has already been discussed) are noteworthy. The concentration
r of such ions as sodium (Na), magnosissa (Mg),' sulfate (50 ) and

4 ,

chloride (C1), as well as SPC and total dissolved solids (TDS) !

(which are the measures of such ions and other dissolved sub- !stances) are much higher for the river than for the lake.r,

; Greater pollutional influences upon the river than on the lake r

are seen in the greater concentration of such constituents as |

ammonia-nitrogen (NH N), nitrate-nitrogen (NO N), and phosphate-< ,

3 3phosphorus (PO P) in the river as compared to the lake.
,

4. .

|
3. Oswego Turning Basin and Harbor !

|

a.. Currents

The currents within the Oswego Turning Basin and Harbor, par- ,

I ticularly as they are influenced by temperature,'have been
'

examined by QLM is 1970 and by LMS in 1975 and 1976 (see Chap-
ter III). The Corps of Engineers (COE), in their draft environ-
mental impact statement for proposed dredging operations in
Oswego Harbor, described the effects of wind sjeed and direction''

i on currents within Oswego Harbor (COE,1975).

Currents within Oswego Harbor are the result of a complex
interaction of wind, river flow, and lake water (QLM, 1971).
Differences in temperature and total dissolved solids between
the river and the lake create density gradients which in turn .

. set up current patterns influenced by wind speed and direction.
.

|' II-14

.[
t .

L<
| - l'

*

._)
. . . - . - .-. . . . - -



-. - - . . - . _ _ _ _ _

*
-

FIGURE II-11

MEAN MONTHLY TOTAL COLIFORM CONCENTRATI'ONs
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River flow is always t'he major factor in the formation of cur-
,

rents in Oswego Harbor; its predominant influence is apparent.

when no density gradients and therefore no stratification exists
between river and lake water in the harbor. When significant<

{ density gradients do exist, lake waters may move into the I
; harbor, depending on the strength of the river flow, either at

the bottom of the water column (if lake water is denser) or at,.

; the top of the water column (if river water is denser) [QLM,
} 1971; LMS,1975b; LMS, 1976b; LMS, 1976c]. The influence of

the interactions of wind direction and river flow on currents.

in the Oswego Harbor is shown in Figure II-12 (COE, 1975).
,

;-

! b. Water Quality
i

| A summary of the maximam, minimum, mean, and standard deviation i

{ of the concentration of water quality constituents measured by |

LMS in the Oswego Harbor and Turning Basin at both surface end |
j bottom stations from' April 1975 to March 1976 is presented in
j Table II-9. The following section on water quality discusses:

a) those water quality parameters of particular importance to
biological communities (e.g. , temperature, DO, nitrogen, and
phosphorus); b) those water quality parameters dealing with |

j dissolved ion concentrations (e.g., Na, SO , SPC, and TDS);4c) those water quality parameters measuring pollutional inf1u-J

| ences (BOD, COD, TCOL, and FCOL); d) those water quality para-
j meters measuring the occurrence of toxic heavy metals; and
!

- d) the influence of TSS on the operation of the Oswego Steam
i Station.r

!! -

J Average yearly surface and bottom water temperatures in the .

{ turning basin and harbor were highest at the western end
i' of the turning basin, reflecting the entrance of the thermal
1 discharge of Oswego Units 1-4 at this point. As expected,,

average surface temperatures were higher than bottom temper-, ,

atures throughout the basin, reflecting the influence of bothr

i the thermal discharge and the generally warmer waters of the.

Oswego River. Within the eastern section of Oswego Harbor,;
~ the influence of the thermal discharge on temperatures dimin-

~

ished as the effects of encroaching lake waters became more
; pronounced. The formation of temperature patterns influenced

by thermal discharge of Oswego Units 1-4, the Oswego River,,

; and Lake Ontario are discussed in Chapter III and in Appendix
: B.

; Concentrations of DO within the turning basin and harbor are
~

primarily a function of temperature and water source and vary
seasonally ( Figure II-13; Appendix D). Both temperature

i and DO concentrations showed greater variation in surface. than
in bottom waters, with the lowest DO concentration (6.7 ag/1)

t';
E 1.
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WATER CURRENTS IN OSWEGO HARBOR *
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SURFACE CONCENTRATIONS OF TEMPERATURE AND DISSOLVED OXYGEN
OSWEGO TURNING SASIN - 1975-1976
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recorded at Station 4 (Figure II-13) at the eastern end of the
turning basin. All measured DO concentrations met both the NYSDEC -

Class C standards and EPA proposed criteria. DO concentrations
were generally higher in the harbor than in the turning basin,

E although no significant differences in DO concentration existed
within different portions of the turning basin.

' The yearly average percent of DO saturation for all stations
; (surface and bottom) was approximately 99%, with Stations 5 and

6, on the eastern end of the turning basin, having the lowest
'

yearly average DO saturation of 96%.
_

Concentrations of nitrogen and phosphorus, two important algal
nutrients, were high in both the harbor and the turning basin.
The Oswego River and local inputs of domestic sewage and other -

-

wastewaters and runoff contributed to the high average concentra-
. -tions of these nutrients (Table 11-9).

Figure II-14 shows the fluctuations of surface concentrations
of orthophosphate (PO P), total phosphorus (TP), and nitrate-

4nitrogen (NO N) within the turning basin and harbor which influ-
3

ence the seasonal fluctuations in biological populations, par-
*

ticularly algae. Concentrations of TP, PO P, and NO N were lowest*
i

4 3 '

during periods of high biological activity, i.e., late spring, ;

.

summer, and early fall. Fluctuations in' the bottom concentra-
tions of these parameters generally followed the same pattern as !1

surface fluctuations except that average concentrations were
somewhat higher in bottom waters, particularly those for TP,'

High bottom concentrations of TP reflect the higher amounts of
soluble inorganic phosphorus which has settled to the bottom
water layers. Average concentrations of TP (0.05 mg/l at
surface, 0.07 mg/l at bottom) equal or exceed the proposed EPA ~ j
criterion of 10.050 mg/l TP at the point where a river enters a 3

-

lake or reservoir in which phosphorus is the limiting nutrient.

Concentrations of NH N met the NYSDEC standards of f 1.6 mg/l
(at pH 8.0 or above)3but exceeded the EPA proposed maximum con--
centration of 0.016 ag/l NH N for fresh waters. -

3

The concentration of such ions as sodium (Na), chloride (C1),
and sulfate (SO ), as well as SPC and TDS, decreased markedly -

4proceeding from the Oswego River, through the harbor, then to-

I, the eastern end of the turning basin, and finally to.the western
end of the turning basin as the influence of lake waters from

~,
the thermal discharge of Oswego. Units 1-4 became' greater.- Con-
centrations 'of Mg ions generally followed the same pattern of

,

e
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TABLE 11 - 9$

SUMMARY OF WATER QUALITY CHARACTERISTICS
'FDR STATIONS DTB-4, OTB-6, AND DTB-10

_

OSWEGO TURNING BASIN - APRIL 1975-MARCH 1976*

_ ___ ___ _____ . _ _ _ ___ _ __ ___ _______ ___ __ _________

PARAMETER UNIT DEPTH SAMPLES MAXIMUM MINIMUM MEAN STANDARD DEVIATION
_ _ _ _ _

pH unit S 36 8.6 7.6 8.1 0.2
B 36 8.5 7.8 8.1 0.2

SPC paho/cm S 36' 961 319 517 160
at 25'c

B 36 817 308 528 151
T *C S 36 23.5 0 12.0 7.1'

'

B 33 17.8 0 9.2 5.1,

'ALK mg/l S 15 118.D 81.0 98.0 12.0
B 15 117.0 82.0 98.0 14.0

DO mg/l S 36 14.3 6.7 10.8 1.9
B 36 14.4 7.1 11.0 1.8

TBOD mg/l S 36 5 1 3 1

B 36 5 0 3 1

TCOD mg/l S 15 31 8 20 7

B 15 26 6 16 6
TS ag/l S 15 674 199 364 129

'

B 15 435 196 304 91
TDS ag/l S 15 663 195 347 129

8 15 405 175 276 87
TVS mg/l S 15 232 43 111 45

B 15 145. 15 80 34
TSS ag/l S 36 29 3 11 6

B 3G 168 3 27 314

NH N_ mg/l S 15 0.40 0.10 0.26 0.10-

3
B 15 0.40 0.10 0.25 0.09

NO N. ag/1' S 36 0.86 0.05 0.36 0.21
3

B 36 0.91 0.04 0.41 0.22
PO -P mg/1-P- S 36 0.07 0.00 0.03 0.02

4
B 36 0.14 0.00 0.04 0.03,

|
_ __ __ __ _ _ _ _________ ___ _______ _________ _

_ - _ - _ _ - - - - . - -__ _ -
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TABLE II - 9 (Continued)
.

SUMMARY OF WATER QUALITY CHARACTERISTICS
FOR BTAT10NS 0TB-4,'~0TB-6, AND OTB-lD~~

_ _ _ __

___
__ ._ _ _ __ _____ ________ ___ _ _ _______ __

,.
'

PARAMETER UNIT DEPTH SAMPLES MAXIMUM MINIMUM .MEAN STANDARD DEVIATION
__ _ ___

_ _ _ _

_ _

TP mg/1-P S 15 0.08 0.03 0.05 0.02
B 15 0.14 0.02 0.07 0.04

PHL' mg/l S 15 0.013 0.000 0.001 0.003 ;

B 15 0.000 0.000 0.000 0.000
C1 ag/l S 15 191 31 85 47

? B 15 110 30 60 29 l

SO mg/l S 15 67 22 43 144
B 15 57 21 37- 10

| TCOL cols/100.idL S 31 19200 52 6413 5365
4 B 31 12400 44 3797 3801

FCOL cols/100 iL S 36 6740 94 1617 1517
8 36 2860 16 794 777-

TKN mg/l S 15 1.10 0.40 0.74 0.23
, ,

B 15 1.10 0.20 0.66 -0.26'

CR mg/l S 15 <0.10 <0.10 * *
,

B 15 <0.10 <0.10 * *

MC mg/l S 15 13.00 7.80 10.20 1.41
B 15 11.80 7.80 9.58 1.56

NA mg/l S 15 79.00 17.80 39.77 17.68
B 15 50.00 11.00 27.99 11.81 -,

V mg/l .S 15 <0.20 <0.20 * *
3

: B 15 <0.20 <0.20 * *
,

ZN mg/l S 15 .084 <0.010 <0. 01S 0.019 !
B 15 .064 <0.010 <0. 01S 0.014

0+G mg/l S 21 16.9 0.2 3.8 4.4 -

i

; o _____ __ ___ _ _ _ _ _ _ _ _ . ___ _ -_ _____ __ _ _______ ___ _____ _ _____

'

| *Mean and standard deviation not calculated since >75%
of samples are below detection limit

4
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SURFACE CONCENTRATIONS OF NITROGEN AND PHOSPHORUS !
. .

. .

'

OSWEGO TURNING BASIN -1975-1976
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occurrence described above, although the concent' ration decreas-
'

ed less sharply from river to turning basin. The direct rela- -

tionship of ion concentration to river water described a6ove
is also illustrated in Figure II-15, which shows the seasonal
as well as spatial patterns for SPC in both the river and the ,

turning basin-harbor complex.

The impact of domestic and industrial pollutants as well as
~

urban runoff upon Oswego Harbor and Turning Basin can be seen
in the concentrations of such paraneters as biochemical oxygen

^ demand (BOD), . chemical oxygen demand (COD), total coliforms
(TCOL) and ~ fecal coliforms (FCOL); all of these in some way ,

.

reflect the enount of organic waste material present in.the '|.
water.

The fact that average concentrations of BOD in the turning 'f+

basin and harbor are similar to those of the Oswego River (i.e, e

approximately 3 mg/1) indicates that domestic wastewaters are
being directly discharged to the harbor-turning basin complex. '].
On the other hand, the lower concentration of COD in the harbor ;

and turning basin compared to the river may have been due either
to the dilution capabilities of the lake waters in the thermal -

3 discharge of Units 1-4 or to the oxidation of river-borne organic I
"

materials without substantial additions of wastewaters which are
not easily biodegradable (i.e., exert CCD rather than BOD). - ,.

i
Concentrations of total and fecal coliforms were also higher (by
one er two orders of magnitude) within the turning basin than

; wi';hin either the river or the harbor' for each month when

samples were taken (Figure II-16). The high coliform con- ' !'
centrations (Table II-9) reflect domestic sewage entering the'

turning basin. These high coliform concentrations, which at
times may have exceeded the proposed EPA criteria may also have j

i

been violating the NYSDEC coliform standards for Class C waters:

(Table II-7). ,,

The concentration of such heavy metals as chromium (Cr); vanadium'
(V), and sine (Z) was negligible in all locations. The concentra-
tion of phenols exceeded. zero (0.000) ag/l on only one' occasion. |

(14 May 1975), when a concentration of 0.013 mg/l was recorded .J
in Oswego Harbor; this resulted in an average concentration of

"0.001 mg/l for~ the sampling period, equal to the maximum allow-| :,

able concentration for phenols in the proposed EPA ;riteria.- |
"

| Likewise, except for one pH value of 8.6 recorded on 23 June
| 1975 in the turning basin, pH values 'within the turning basin ,

ar.1 harbor met the NYSDEC standards and never exceeded the EPA 'f
"-proposed criteria. '

s

Average concentrations 'of TSS (23 mg/1) within the turning i

basin were higher than those of either the harbor (14'ag/1) or ._|

II-17
,

,

- - _ _ _ _ . _ _ _ _ _ _ _ . - _ _ - . _ . - - . _ . - - .- .:
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SURFACE AND BOTTOM SPECIFIC CONDUCTANCE VALUES
-

|

OSWEGO TURNING BASIN - 1975-1976
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FIGURE II-16

. ...

. SURFACE CONCENTRATIONS OF TOTAL COLIFORM
,

OSWEGO TURNING BASIN-1975-1976
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the river (12 mg/1); this value probably reflects the influ- !
ence of lake waters from the thermal discharge whose average !

TSS concentration was 22 mg/1. The high TSS concentration in
.. the intake waters is used to the advantage of the steam station;

j chlorine, which is used as a biocide in the cooling water systems
of many power generating stations ~, is not needed at the Oswego

,

Steam Station because the suspended particulates within the cool-
ing water scour away any slime buildup within the piping.

,

4. Summary and Conclusions
*

-

The thermal discharge of Oswego Steam Station Units 1-4 enters the
western end of the Oswego Turning Basin and does alter the natural1

physical and chemical regime of the basin and harbor. However, the
,~ '

physical and chemical water quality changes brought about by the
discharge improve rather than degrade the overall water quality of'

tS0 turning basin and harbor. The thermal discharge. acts not only
r. as dilution water for normally occurring pollution discharges but
' also promotes flushing of these pollutants via density-induced cur-,

rents in an area which, under natural conditions, would be subject ''

to pollutional stagnation.

F. CLIMATOLOGICAL INFORMATION

l Climatological information is important in evaluating the charac-.,

) teristics of a thermal discharge with respect to such processes as
'

,

heat transfer between the wated body and the atmoephere. As ,such,
it is suggested in the 316(a) Technical Guidance danual (U.S.E.P. A.,

# 1974) that climatological data be included as part of any demonstra-
I tion of thermal discharge assessment. In addition, climatological.

variables, such as precipitation and air temperature, are directly
; associated with existing baseline conditions of the water body, and
(' affect the composition and development of the aquatic community.

Climatological data were obtained from the Oswego East weather sta-
tion (U.S. Department of Commerce, 1973, 1974, 1975, 1976).!

,

't
'l The general climate of the area is moist continental with nearby |Lake Ontario exerting a strong moderating effect on local condi-

(* cions. The lake is an important source of moisture, thereby raising
{ '

the humidity and adding to the year-round , rainfall and winter snow-
fall. The area generally experiences comparatively long, cold, and
snowy winters with ~ short, mild summers.

3
- 1 Temperature

.

6

1

[ -Air temperature data for the area are -summarized in Figure I1-17
'[ Mean monthly temperatures during -1975 were sbailar to the long- '

term average. Highest temperatures generally occur in July and
the lowest in January; during 1975, the highest temperature of the,

. l'
;t-
|

|

11-18
.
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MEAN MONTHLY AIR TEMPERATURE
OSWEGO VIC,1NITY -1972-1975
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year (30.6*C, 87'F) was recorded on ,14 July, and the lowest (-0.6*C,
-5'F) on 8 February. The last spring freeze (-0.6*C, 31*F) oc-
curred on 5 May and the first fall freeze (0.0*C, 32*F) on 18 Octo-

- ber.

The moderating effect of & lake on the air temperature is also<

significant. Continental polar air is warmed in passing over the
lake and maritime tropical air is cooled by cooler lake temper-i

'

atures.

"

2. Precipitation

Precipitation is usualy sufficient to meet the needs of the area
and is fairly evenly distributed over the year, although monthly
precipitation varies from year to year. Mean precipitation data ~

,

for 1972-1975 and the mean monthly precipitation for the past 129
years are presented in Figure II-18. During the period of most in-,.

| tense biological sampling efforts in 1975 (June - September), pre-'

|' cipitation was higher than the long-term average. In the winter,
'

most of the precipitation is in the form of snow, and flurries are
a frequent occurrence.

|

3. Winds t,

}~ National Oceanographic and Atmospheric Administration Climatic Charts
(U. S. Dept. Commerce, 1968) show surface winds to be highly variable ,

r throughout the year with the prevailing wind direction being south-*

| westerly. Wind data for the Oswego area are' summarized in Figure
II-19, which indicates that peak winds of more than 31 m/sec (70
miles per hour) have been recorded (AEC, 1973).

t- Because land and water bodies heat and cool differently, diurnal
heating results in land-lake temperature differences. This thermal

j gradient causes local winds from land to water or from water to land.

( The intensity and direction of the wind will depend on the magnitude
and direction of the established thermal gradient, as well as upon
the magnitude of the larger scale pressure gradient.4

,-

I'~ For example, although the thermal gradient is strongest during the
early spring, and therefore conducive to a strong lak'e breese, this

I effect can be masked or completely negated by-the opposing pressure,

( gradient force. Conditions are most favorable for frequent land-
lake breeze during the stanmer when differential heating of the land

( and water surfaces is usually stronger than the- pressure gradient
[ force. .

i

i

|
'

i

{
U 11_19
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WIND DIRECTION AND SPEED
OSWEGO VICINITY-1936-1945 AND 1968

.

LONG TERM AVERAGE 1968 ANNUAL AVERAGE
1936-1945 JANUARY - DECEMBER

PERCENT OF
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III. PLUME DESCRIPTION

A. INTRODUCTION

The available data base for describing the temperature distributions-

in the Oswego River-Harbor-Turning Basin complex in relation to the
Oswego Steam Station Units 1-4 discharge consists of the following:

1. four triaxial temperature and conductivity surveys performed
in 19/5-1976 (June, August, November 1975,and April 1976) in
fulfillment of the requirements of the NPDES permit issued

.f to the plant;
.

2. 27 thermal overflights conducted in 1969;

3. temperatures obtained during weekly water quality ~ surveys
from 26 June to 24 November 1970, performed in conjunction
with the 1970 ecological investigation of Lake Ontario and
Oswego Harbor; and

4. two water mass studies of the outer harbor and turning basin
(7 August and 10 December 1970), consisting of vertical pro-
files of temper.ature and conductivity.

Except for the four 1975-1976 seasonal surveys, the snethodologies
employed and the results obtained during the above studies have
already been presented in the 1971 Oswego report (QLM, 1971). The
1969 overflight data consist of surface temperature distributions

,

only, and the weekly 1970 studies consist of vertical temperature
and water quality profiles at eleven stations in the river-harbor-
turning basin area. The two 1970 water mass studies consisted of
vertical profiles of temperature and conductivity at ten stations
in the same area. All of the 1969-1970 studies extended over both
warm summer water temperature conditions and colder spring and fall
conditions .

.

Enile each of the 1969-1970 studies yielded useful information on
the distribution and water movements in the harbor-turning basin

; complex, the 1975-1976 triaxial surveys provide the most complete
data set, describing the vertical and horizontal distribution of

*

temperature and conductivity during spring, early and late summer,
,

and late fall periods. For this reason, and since the earlier 1
1

studies are described in the 1971 report (QLM, 1971), this chapter
will discuss primarily the results of the 1975-1976 surveys, with

jI
reference to and comparison with the earlier studies made where I-

|, appropriate.
c.

I In addition to the analysis of the temperature distributions in the
turning basin-harbor area in relation to the Oswego Steam Station

|

b III-1,L J
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Units 1-4 discharge, this chapter also eramines the distribution of4

dissolved oxygen (DO) and biochemical oxygen demand (BOD) in the. };
turning basin under various plant operatirag and water body conditions. i *

'

\5. SEASONAL TEMPERATURE DISTRIBUTION AND MIXING CHARACTERISTICS
,

.
s - 4

1. 1975-1976 Survey Conditionsj

The .results of che four 1975-1976 triaxial, thermal surveys are pre- ?:
; sented 'in Appendix A of this report, along .with a description of the |
'

equipment and methodology employed during the' surveys. The results
are presented as isotherm maps which show the horizontal distribution

]of \ temperature at depths of 0.1, 1.5, 3.0, and 4.6, meters (0.5, 5, ,

10 End '15 ft) [6.1 meters (20 ft) in April 1976] for each of the four i

4 seasonal surveys. Table III-1 summarizes the prevailing Oswego River -

during each of the survevs. It should be noted that the Oswego River
'(,and Lake Ontario temperatures, and the pertinent plant operating dat.a

'

<

'and Lake Ontario ' temperatures represent vertical averages at those ,

locations and therefore may not coincide with the isotherm values !

? shown at those loc 4tions when either, the lake or river temperatures
were stratified.- .

'

, .
3

~
s -

<

! Table 111-1 indicat.as that the Oswego River temperature was higher ',

than Lake Ontario terperatures [during all the surveys, although the .,

small November dif farence of 0.13 (0.2*F)' i7dicates that the two . ~4

i . water bod'ies were approaching equ'ality of' temperature at that time
of the year. This agrees with' the findings of the 1971 report that

*

the Oswego'Alver warmed more rapidly thaa' Lake Ontario in the spring
and summer months but cooled,at approximately the same rate in the f,

L !fall. This temperature relationship will be' examined further when
j the water movements are discussed. The average net plant load dur-s

j ing the four surveys was 250 MWe (63% of the net < capacity) with a
minimum of 236 MWe (59%) and a maximum of 260 MWe (65%). Thus, all .j
surveys were done at loads exceeding the 54% average load factors .

N Ygiven in Chapter II. - X

The discharge flows fo all the 1975 surveys were [onstanti at J !
313.3 m /sec (469 cis), the flow corresponding to operation of five '

3of the eight pumps. The lower flow in April of 1976 [6.1 m /sec
(218 cfs)] was due to the ' operation of only three of the eight d

,,

circulating water pumps'and the recirculation of a portion of the
discharge water through the intake (tempering) . The tempering flow 7
also accounts for the high plant temperature rise ~ [10.5*C (19*F)] .j
during the April 1976 survey comparedtto the 1975 surveys-[ average. |

iT=4.7*C (8.7*F)]. The _ Oswego Steam Station 1-4 discharge temper-
7stures shown in Table III-1 are 3reater than the Oswego River tem- ~j4

peratures for all the surveys except theLJune 1975 survey, when.
I

1

i i

III-2 ].)
I

. \|
+l
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TABLE 111-1

PREVAILING PHYSICAL CONDITIONS DURING TH.ERMAL SURVEYS

OSWEGO STEAM STATION UNITS 1-4 AND VICINITY - 1975-1976

LAKE ONTARIO OSWEGO RIVER PLANT OPERATING CONDITIONS -

NET DISCilARGE DISCHARGE
SURVEY TEMP.* TEMP.* FLOW LOAD FLOW TEMP. AT

DATE 'C 'F 'C *F a /sec cfs HWe m /sec cfs *C 'F *C 'F

26 JUN 1975 11.9 53.4 25.1 77.1 77.0 ~2,750 257 13.3 469 17.2 63 5.5 10

28 AUG 22.4 72.3 24.1 75.4 72.2 2,580 247 13.3 469 26.7 80 3.9 7

6 NOV 11.7 53.0 11.8 53.2 168.3 6,010 260 13.3 469 16.4 61 4.6 8
,

20 APR 1976 6.3 43.0 14.3 57.8 490.0 17,500 236 6.1 218. 21.1 70 10.5 19

.
-

,

*Mean temperature of the water column

e
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natural warming of the river was sufficient to rdse the river tem-
perature above the plant discharge temperature pe maximum differ- ,

,

I 'ence between the discharge temperature and the rtver temperature
[6.8*C(1.2.*F)] occurred during the April 1976 survey when the highest
plant temperature rise also occurred. The average temperature dif-
farence between the plant discharge and the Oswego River temperatures

Jwas 1.5'c (2.8'F) for the four survey]
j 2. Observed Temperature Distributions and Mixing Characteristics

| The results of the 197.5-1976 triaxial surveys are presented in Fig-
.

ures III-1 through III-13 in this chapter, with additional figures o

in Appendix A. Figure III-1 illustrates the locations of the j ,

| longitudinal sections shown in the following figures. Three fig-
ures are then presented 'for each survey date: a surface (0.1 m depth)
isotherm map, and two longitudinal' vertical sections, one in the .. }
turning basin and one in the harbor. The pertinent plant operating *

data for each survey are given on the surface isotherm map, and the
vertical section drawings show isopleths of both temperature and

{chloride concentration. i

As described in Chapter II, the Oswego River carries a higher con-
centration of chloride ions than Lake Ontario waters, thus providing
a tracer to distinguish Oswego River source water from Lake Ontario

'

,

,

source water when the two are mixed. For each survey the chloride ..
'

'

concentrations have been used to determine the relative presence of
river and lake waters in the turning basin and harbor area. The -

- results of this analysis are shown on the sectional plots for each
! survey in the form of percent r.iver water values associated with Y*

'
each chloride isopleth. It should be noted that the chloride tracer j
allows the separation of river from take water but does not determine
whether the source of the lake water is that discharged by the Oswego 7
Steam Station into the turning basin or lake water entering the harbor 'j
area directly, without passing through the plant. -

9

Since in the following discussion of the data, the relative density ]-of the various water sources in the turning basin-harbor complex
will be of importance, it should be noted that in the 10-15'c (50-60*F)
temperature range, a positive difference in chloride concentration '|

! of approximately 44 mg/l will counteract the buoyancy induced by a - .J

j 0.56*C (1*F) temperatura difference. In the 21-27*C (70-80*F) tem-
perature range, a chloride concentration difference of approximately n;

|~ 86 ag/l is required to counteract a 0.56*C (1*F) temperature difference. .[
! . Thus at times of the year when the Oswego River is only a few degrees
| warmer than Lake Ontario waters, ' the chloride concentrations in the

.

!. river-may cause 'it to be negatively buoyant relative to the colder I

lake water. d

The results of the 26 June 1975 triaxial survey are shown on Figures j
III-2 through III-4. ' The surface temperature distribution depicted _

,

(' 'III-3 ]

1
LJ '.
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in Figure III-2 is dominated by the inflow of the relatively warm,

3r Oswego River to the main harbor area [77 m /sec (2750 cfs)}. The
; river is 13.2*C (23.7'F) warmer than the lake water and 7.9'c (14.2*F)

warmer than the Oswego Steam Station Units 1-4 discharge. The river
chloride concentration was 150 mg/l at the time of the survey; this ),.

value, when compared to the lake concentration of 22,mg/1, would,

L make the river water density equivalent to lake water at a temper-
ature of approximately 0.8'C (1.5'F) less than the river temperature.
Thus the river water at 25.1*C (77.1*F) was,less dense than the
natural lake water or plant. discharge water despite the higher
chloride content.

,-

!( The buoyancy of the Oswego River water causes it to spread laterally
in the harbor as it flows northward toward the harbor entrance to
the lake. The lateral spreading extends westward into. the turninge

basin where the intruding river water meets and mixes with the
i

j cooler discharge waters from the plant.. Figures.III-3 and III-4
1, illustrate the behavior more clearly. Figure III-4 shows the river

water occupying the upper portion of the water column in the harbor
$s with the lower portion occupied by colder lake water (less than 3%

river water). The colder lake water near the bottom is most likely;

;i lake water intruding through the harbor mouth as a result of the
i density gradient created by the lighter river water. Figure III-3
: shows the western end of the turning basin to be predominantly oc-
{, cupied by lake water over the full depth (5-6.5 m). As previously

stated, the source of the lake water cannot be determined as noi

1 tracer substance differentiated discharge water from intruded lake-

'
water. Since the lowest discharge temperature recorded in the 24
hours preceding the survey was 15.5'c (60*F), it can be assumed that

,

j any lake waters colder than this temperature can be attr,ibuted toi

j' lake water intrusion through the harbor. Water warmer than 15.5'c
(60*F) may have been a mixture of discharged lake water and intruded

), lake water, or pure discharged waters.
I r,

As the discharge waters proceed eastward in the turning bcsin, they
' mix with t,he' surface-intruding river water and the bottom-intruding

i lake water,._ Figure III-3 indicate that the discharged waters flow
! out of the turning basin in the central portion of the water column,
3 above the intruding lake water and beneath the intruding river water
~! while mixing with both. The mixed flow then encounters the northward

flowing river waters and with further mixing, continues toward the
,

j harbor mouth above the cooler intruding lake water. As the carhined
i river and discharge flow encounters the narrowing harbor section, the

',
upper layer flows are forced deeper until they leave the harbor and

|
encounter lake watet, where they again rise *to the upper layers.

This pattern of density-induced flows would be expected to occur'
4

during parts of May, June, and July when the spring warming has
-

5 n

;..[ III-4
-

, - . .
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heated the Oswego River well above the lake temperature and the
,

low intake temperature in the lake causes even the plant discharge |
temperature to be below the river temperature. Fluctuations in the '

discharge temperature due to varying plant generating loads will
alter the turning basin flow structure as will the daily cycle of

i warm days and cool nights, but the predominance of the surface- ) ,

! flowing river water and bottom-intruding lake water will persist. '

,_ - 7
~It is of interest to note that the Oswego River's thermal contri-

[ bution to Lake Ontario was approximately fourteen times the con- '

dribution from the Oswego plant. ...

Figures III-5 through III-7, the 28 August 1975 survey results, show J

a marked change in the temperature and flow structure from the June
survey. The river temperature was now 1.7*C (3.1*F)- warmer than the

~]average lake temperature, and less than 1.1*C (2*F) warmer than the I
3lake surface temperatures. The river flow [72.2 m /sec (2580'cfs)]i

I 3was approximately the same as the June flow [77 m /sec (2750 cfs)] -

|

but chloride concentrations rose to 400 mg/l in the river and 25 mg/l
in the lake. During the August survey the river temperature was
2.6*C (4.7'F) cooler than the plant discharge temperature. Figure
III-5, the August surface temperature distribution, shows the dis- fcharge entering the western portion of the turning basin at 26.7'C r

(80*F) and then flowing eastward toward the harbor while experienc-
ing some cooling due to atmospheric heat loss and dilution. The T
discharge waters then spread into the harbor and mixed with river |
water in the upper portion of the water column. The longitudinal'

sections shown in Figures III-6 and III-7 illustrate the intrusion ~

of river water into the turning basin along the bottom while the I

discharge water rose above the river water as it flowed toward the
harbor; considerable mixing took place at the junction of the turn-
ing basin and harbor where the percentage of river water at the I

surface increased from 14 to 74% in a distance of 300 m (984 ft). -

The cooler river water with its high chloride content was more;

i dense than ,the discharge waters from the Oswego Steam Station, and |
| its intrusion into the turning basin was caused by this density .)
t difference between the discharge waters at the western end of the

turning basin and the heavy river waters in the harbor.- )

Figure III-7 shows that the highest percentages of river water were
present in the lower portion of the water column in the harbor area,

)with the lower percentages, indicative of the presence of lake water, -

near the surface. The percentage of river water in the surface waters d
increased toward the harbor mouth, indicating that the discharge waters
were mixing with the river water as the combined flow proceeded toward
the harbor mouth. If lake water had been intruding into the harber, .

the percentage of river water would have been expected to decline
toward the harbor mouth, showing increasing dilution toward the source

...
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LONGITUDifJAL SECTION OF THERMAL SURVEY
OSY/ EGO TURNING ' BASIN -28 AUGUST 1975

C TEMPERATURE ( F) O--- CHLORIDE (mg/l)
PERCENT RIVER WATER'
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of dilution water. The harbor outflows to the lake spread primarily j
; siong the lake bottom due to the high chloride content, which was

sufficient to overceme the thermal buoyancy of the river water rel- ., )
ative to the lake water. The chloride content of the river water i
was sufficient to counteract approximately a 24*C (4.3*F) tempera- I

ture differential.
,

Vertical profiles-in the lake just outside the harbor show inverse,

thermal stratification (warmer water underlying colder water), with
"

temperature differentials of 0.5*C (1*F) between surface and bottom. -

Conductivity profiles at the same positions clearly indicate the.

spreading of the river plume in the bottom layers to the east of the
harbor.

.I

lIn summary, the August survey results are representative of the flow
patterns to be expected when the river and lake temperatures are
sufficiently similar to preclude the development of a density gradient |
between the harbor and lake that would induce lake water intrusion j

into the harbor. The chloride content of the river will counteract
a small temperature-induced density differential. The turning basin

]flow structure is representative of the conditions expected with a 'j
| discharge temperature warmer than that of the receiving water. The

buoyant discharge waters flow on the surface, above intruding, heavy _

river water, a flow structure similar to that observed in the 1971,

report, where westward currents of 1.5 cm/sec (0.05 fps) were re- -.

ported in the lower portion of the water column in the turning basini

j (QLM, 1971). When the thermal contribution of Oswego Steam Station ~ l'

Units 1-4 to the lake is compared with that of the Oswego River, the .j
plant added less than 1/3 of the Oswego River's contribution at the

j time of the August survey.
]

The results of the November 1975 survey, shown in Figures III-8
through III-10, reflect the same basic flow structure as the August
results. The riv'er and lake temperatures were very close, 11.8 and
11.7*C (53.2 and 53.0*F),respectively, with the plant discharge
temperature at 16.4*C (61.4*F) . The river and lake chloride values
were 170 mg/l and 29 mg/1, respectively, a difference sufficient to!

counteract approximately a 1.8"C (3.2*F) temperature-induced buoyancy. :a
The Oswego River flow was 169 m3/sec (6010 efs) during the November
survey. ,

!

The surface distribution (Figure III-8) chows the discharge flow-
ing eastward out of the turning basin and spreading north and south.
The southward spreading was checked by the northward Lriver flow, as
evidenced by the proximity of isotherms across the river mouth, also .

indicative of mixing. The northward spreading and convection showed
less rapid temperature reductions, indicative of slower mixing and
atmospheric cooling. The maximum surface temperature of 15.6*C-(60*F),

_

III-6 |
)
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~ LONGITUDINAL SECTION OF THERMAL SURVEY>

OSY/ EGO TURNING BASIN -06 NOVEMBER 1975
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measured near the discharge, was reduced to 12.8*C (55*F) at the'

'
point of the harbo'r discharge to the lake. Thus the maximum surface

; temperature at the harbor mouth was less- than 1*C (1.8*F) warmer
~, than the lake temperature [11.8*C (53.2*F)]. Figures III-9 shows
i the river water intruding the full length of r.he turning basin, with

greater than 50% river water being present at the extreme westerne

j end of the turning basin. The discharge water mixed with the in-
'

{ truding river water as they flowed eastward, rising to the upper
'.- portions of the water column as they encountered the strong gradient
,'l of the intruding wedge of river water in the ceastern portion of the

.!' turning basin. The discharge waters,then spread in the harbor as - |
I described above, mixing further with the river flow especially near -

|
| the river mouth where the southward spreading surface waters encoun-

tered the northward flowing river waters. Greater vertical mixing,

} of the discharge waters occurred than during the August survey,
4 possibly due to the decrease in chloride content in the river water

and 'the resultant decrease in relative density. The vertical pro-,

! file outside the harbor mouth shows evidence of the harbor discharge
! spreading along the bottom to the northwest ,. where inverse thermal

stratification was observed in the form of ambient lake water (T =i

|' ll.4*C, Cl = 29 mg/1) above waters of higher chloride content (Cl
- -

=

i, 45 mg/1) and higher temperature (ll.8'C). These observations were
; made at'a point approximately 500 meters (1640 ft) northwest of the

! harbor mouth.

I i In summary, the major changes from the late summer- flow structure
j( to that of the fall were the increased intrusion of river water into
i the turning basin and ' increased vertical mixing in the harbor

area.j
,

i'
L The April 1976 results, shown in Figures 111-11 throgh III-13, were
'

dominated by the high Oswego River flow of 490 m /sec (17,500 cfs)J

{ at the time of the survey. The river and lake temperature were
j '14.4*C (57.8*F) and ll.7*C (52.9*F), respectively, with a plant
| discharge temperature of 21.l*C (70*F). The lake' temperature repre-
j sents a vertical average of the . lake temperatures just west of the

harbor mouth as the lake was thermally stratified during' the sur-,

: vey, varying from 13.5*C (56.l*F) at the surface to 10.4*C (50.5*F)
at the 9 m (30 ft) depth. A vertical profile measured 1500 m (5000,

ft) north of the harbor mouth showed -lake temperatures of 9.1*C -
(48.2*F) and 5.3*C (41.5*F) at the surface and bottom, respectively.

'
1

:

; The surface distribution (Figure III-ll) shows the discharge at the
. . western .end of the turning basin initially mixing and cooling

rapidly, then flowing eastward to -the harbor with reduced mixingi
I and cooling.. At the junction of the turning basin and harbor,
: mixing and cooling of the ' discharge waters had reduced the temper-
i ature to 14.4*C (58'F), only 0.1*C -(0.2*F) warmer than the river '

; -

I,

.- III-7
'

' L_ .
4

; Lawler,Matusky 8' Skelly Engineers
1 -!
;- ,

_ . - , . . ._ . - , _r.. ,- ._.# y
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flow. The isothermal condicions in the main harbor area were
attributable to essentially complete mixing of the plant discharge ]
waters with the river flow, and the short detention time in the I

harbor at the high river flows. The high flows would have contri-
'

buted to the mixing by raising the turbulence levels in the harbor, 1

and would have minimized any atmospheric effects by reducing the |
detention time.4

's
Figure III-12, the sectional view of the turning basin, shows -

extensive intrusion of river water into the entire turning basin.
The cold water at the bottom of the turning basin was due to a
mixture of river water and colder discharge waters -discharged prior _|to the survey under conditions of low plant load, and reduced intake 1

temperatures. The harbor section (Figure III-13) shows a high
degree of vertical mixing, indicated by the near-vertical chloride
isoplechs. Some intrusion of lake water into the harbor may be

,

indicated by the reduction in chloride concentration toward the
harbor mouth. Vertical profiles done just east of the harbor mouth ;

show slightly higher chloride concentrations (86.0 mg/1) at the I
''surface than at the bottom (78.5 mg/1) in the presence of surface

temperatures 0.7'C (1.2*F) above bottom temperature. This indicates
( that ene warmer river water was rising toward the surface when it*

| encountered the cooler lake water.
*

: .

It would seem likely that as the river continues to warm, and the ~

high spring flows diminish, that the flow structure observed in
April would approach that observed in June 1975, as. the river
becomes increasingly buoyant relative to the lake water. Also, the ;

buoyancy of the discharge waters reistive to the river water will i
drop sharply when the tempering gates are closed, and the discharge' '

temperature is reduced. In 1976, the gates were closed on 21 April,
the day following the thermal survey.

.
.

- The therma 1' contribution of Oswego Steam Station Units 1-4 during
the spring survey was approximately 5% of the Oswego River contri- |

\ ution, using the average lake temperature immediately cutside theb
- harbor. -

3. Summmary of Seasonal Behavior of the Oswego Steam Station Units l*4
Discharge and the Turning Basin-Harbor Complex *

t

The temperature distributions and flow patterns within the Oswego
Harbor-Turning Basin complex,. and the behavior of the harbor outflow -

to Lake Ontario, are determined by the density relationships between
the various water sources, which are in turn dependent on the temper-

|ature and chloride content of the sources. The spring condition is
.,

characterized by high flows from the Oswego River, which experiences
a more rapid seasonal increase in temperature than does the lake. .

This results in the transition from a negatively buoyant river flow -
_

III-8 , ]
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relative to the lake, to a positively buoyant flow, despite the
, - chloride content of the river. The power plant effluent may be

either . positively or negatively buoyant relative to the river water' during the spring warming period, depending on the lake intake
'.. temperature, plant generation, and the operation of the tempering

gate. River water intcusion into the turning basin was highest
during the spring, due to the high river flows and low plant dis-
charge flows.

i . The early summer patterns indicate an intrusion of cold lake water
into the harbor and turning basin, beneath the new warm, buoyant
river flow. The discharge is again variable in its buoyancy rela-,-

,
' '

tive to the turning basin waters, which have intruding river water
in the upper layer and intruding lake water in the lower layer. The2

late summer structure is dominated by the now negatively buoyant
river flow, due to a high chloride content. The buoiant discharge:

flows out of the turning basin on the surface, and mixes with the'

river flow as it proceeds to the harbor mouth. The harbor outflow
is negatively buoyant and tends to flow out into the lake along the
bottom.<

The fall structute is dominated by increased river intrusion into
{'

the river waters in the harbor. The harbo outflow is still nega-
the turning basin ,and increased mixing of the discharge waters with

tively buoyant and tends to spread along the lake bottom.
4

.

t
' 4 C. BOD AND DO MODEL
,

'

l. Introduction
i.

The purpose of this section is to quantify the effect of the cooling
water discharge from the Oswego Steam Station Units 1-4 on the BOD

| and DO concentrations in the turning basin of Oswego Harbor. A
'

one-dimensional, steady-state mathematical model is employed to
estimate, for various temperature and flow conditions , the BOD 'and,

DO concentrations that represent extreme conditions that may cccur
! in the turning basin.

[{.'-
Sewage and runoff from the west side of the city of Oswego are dis-

. charged into the basin -at the two ~ 1ocations shown in Figure III-14,
the waste discharge from the' 12 inch pipe outfall is negligible com-
pared with the west side waste. input into the basin' near the dis--

'

charge from Units 1-4. The Oswego Westside Treatment Plant, now'
under construction, is expected to provide tertiary treatment of-

the sewage, thereby. considerably ; reducing the concentrations of BOD,
suspended solids, and phosphorus discharged into the basin. The
thermal discharge from the generating station provides dilution,-

-

i forf the existing raw sewage discharge and will have a similar'effect
| r
i

6

'

( .III-9
-

| ?
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on the proposed treatment plant's effluent, an ef fect which was'

,

considered in the design and licensing of the treatment plant.
i

Waters from the plant's heated discharge, the lake and the Oswego
River interact in the harbor and the turning basin, resulting in a
unique circulation pattern. This circulation, induced by tempera-
ture and' density differences among the three water bodies, influ-
ences the temporal and spatial variations of the water quality para-
maters in the turning basin; these, in turn, affect the dynamics of
'the aquatic populations of the basin.

.
-

2. Outline of the Model

The one-dimensional mathematical model is described in detail in
* Appendix B. Development of this . steady-state model is based on
( the classical theory of Streeter and Phelps, in which the natural -

purification process of a receiving water body is expressed mathe-
matica11y. The mass balance equations consider the advective and,

i dispersive properties of the flow, the decay rates of the sewage
' effluents discharged into the basin, and the natural aeration rates

of the water body. Lateral and vertical variations are negligible,

or implicitly lumped into other ti rns.i
-

.

Solutions of the coupled equa'tions yield average concentrations .

*

of BOD and DO at any given cross section in the turning basin as a
result of the sewage and runoff inflow, and the flow conditions,

influenced by the waste water discharge, which is varied seasonally.
t

3. Discussion of Model Results
,

|, The BOD and DO concentrations computed at 200 ft intervals within
the channel, under the various flow and seasonal conditions, are

i presented in.Appendin B. The average values in the turninig basin
are summarized in Table III-2. Figures III-15 and III-16 compare
the concentration levels under the assumed stratified and nonstrati-

( fied conditions in the summer and winter.

Under . fu11' capacity discharge of the power plant, the maximum BOD
:concentration in the summer (temperature = 20*C) for a nonstrati- 1'

fied flow is 1.7 ag/l at the point of waste input, resulting in 'a |
dilution of 228. An average BOD concentration under this condition '!is ,7.27 ag/1, which results in an average dilution of 257. The
oxygen deficit from this waste input is very small, and DO is there-,

fore generally high (average, 9 mg/1) throughout the channel. -Even.
if there is stratification.in the summer, the BOD level is still
about 1.7 ag/l at the discharge point, with an average value'of,

1.3 mg/l in the basin. In winter, when the heated discharge from
the plant is reduced, the maximum BOD obtained under nonstratified

1

7h
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| TABLE III-2
.

"

SUMMARY OF THE AVERAGE BOD AND DO CONCENTRATIONS ,

I IN THE TURNING BASIN UNDER VARIOUS CONDITIONS
F
t-

- I. SUnie$R
ADVECTION AND ADVECTION DIFFUSION

IRANSPORT MODE DISPERSION ONLY ONLY
3CONDITIONS PARAMETER 1 2 -

NON-STRATIFIED BOD 1.27 1.28 21.61
CONDITION DO 9.00 9.00 3.49

'- STRATIFIED BOD 1.29 1.29 41.25-

CONDITION DO 9.01 9.01 (-1. *42 )

II. WINTER
. NON-STRATIFIED BOD 3.07 3 07 53.63
CONDITION DO 14.60 14.60 5.58

STRATIFIED BOD 3.10 3.10 102.29
'

CONDITION . DO 14.62 14.62 (-2.52)

.

$
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conditions is 4 mg/1, with an average value of 3 mg/l in the turn-
,

i ing basin; values under stratified flows are sLailar. Winter DO'

icvels are generally high (average,14.6 mg/1) exceeding sunmer,

levels because of high D0 saturation, caused by low winter tempera-
tures. '

.

With no flows, the BOD concentrations are very high, 41.5 mg/l at
the discharge point under summer nonstratified condition, 75 mg/li . ,
' for summer stratified condition,101 mg/l for winter nonstratified.

i condition, and 185 mg/l under winter stratified condition. These
-result in extremely' low levels of DO and anaerobic conditions in

{ certain portions of the channel.

! -

4. Conclusions
t

.
-

} The results show that the main transport of the waste in the turn-
ing basin is by advection induced by the plant discharge. The
dispersion effect is minimal, as shown by the similarity of the.,

i

k
two cases considering full flow,one with dispersion, and the
second in which dispersion has been neglected. In both winter and
summer, without any flow, the BOD levels are very high, resulting

'

{ in very low DO concentrations, as compared with cases with channel>

( flow. In a stratified condition, in both summer and winter, part
of the basin would be anaerobic.

r'

| - Comparions of the flow and no-flow conditions indicates that the
' power plants' discharge has a definite beneficial influence on

the turning basin and the Oswego Harbor water quality.-

I
,

\ The effect of stratification has been simply represented by confin-
ing the flows in the upper half layer of the channel, resulting in

; a faster flow into the harbor; in general its effect is very small,

i t on the BOD and DO levels, in either of the seasons. As shown in the
figures, differences in the concentration profiles are due mainly to

j the differences in discharge flow rates, rather than to the hydro-
dynamic characteristics of the induced circulation patterns.i

i

The model results compara favorably with the field measurements of,

k BOD and DO concentrations in the turning basin.,

i L

f,
DO levels are greatly dependent on the saturation ' concentration,
temperature, or the time of measurement, and cannot be exactly re-'

( lated to the calculated values.
|

Since field data are normally obtained under a single operating_ ,

i power plant condition, the ' steady-state model provides a good tool
', for obtaining' expected concentration levels of BOD and DO under

varying seasonal conditions of power plant discharge into the basin. |,

1

5-
However, further refinement of the model parameters is necessary l
to describe the circulation patterns induced by the discharge based I

_
on these two parameters,

e-

'

,
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IV. BIOLOGICAL STUDIES AND 'C0mWNITY COMPOSITION,

i

'

A. INTRODUCTION
p,

' The following sections present biological data encompassing several
trophic levels and a discussion of the data in relation to the char-
acterization of the biological community in the vicinity of the
Oswego Steam Station. The biological information was collected in.

support of a demonstration to evaluate the thermal discharge from
Oswego Steam Station Units 1-4 on the biota in the receiving water-

'

body. A detailed description of the biological sampling program with
sampling location maps is presented in Appendix C.

[ B. PLANKTON
!

1. Phytoplankton
9

( a. Introduction

r Phytoplankton are those gen'erally microscopic unicellular, colo--
; j nial, and filamentous algae which live suspended in the water

column. Their abundance and distributioh is a fu'nction primarily
of water temperature, the quality and quantity of light, concentra-

f tions of dissolved, organic and inorganic nut.rients, grazing
pressure by consumers, and water circulation patterns. As primary'

producers, phytoplankton form the base of the food web in many
[^ aquatic ecosystems, and their numbers and kinds, which reflect
(_ water quality, may influence the numbers and kinds of other biota

in the system.
I

{ b. Species Inventory

A total of 261 phytoplankton taxa representing seven major groups;

{-
were identified in. samples collected from the Oswego Harbor and-

Turning Basin (including the intake of Oswego Steam Station Units
1-4) during 1975-1976 (Table IV.B-1). Green algal forms consti-

f tuted the largest number of taxa identified (107), followed by
diatoms (64), blue-green algae (31), cryptomonads (21), yellow-(.

brown algae (19), dinoflagellates (12), and euglenoids (7).
r While a smallus vember of taxa were identified et the intake
] (178) than at Oswegu Turning Basin stations (255), all of the

most abundant taxa except Melosira varians were found at the
intake as well as at turning basin stations., ,

Species of blue green algae were among the most abundant through--

out the year (Table IV.B-1); Chroococcus dispersus var. minor i

! and Oscillatoria limnetica could be considered characteristic of
.i. the study area. Species of green algae were among the dominants ;

I

], IV-1
i

!
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TABLE IVB-1 .
1

OCCURRENCE OF PHYTOPLANKTON BY DATE
. .OIWEGO HARBOR AND TURNING BASIN 1975 - t976 .-

DATES
30APR 15MAY 16.MJNE 16 JULY 42AUG 08SEP 170CT 23NOV 09DEC 26JAN 24FEB 23 MAR' . TAX 3

__...__..__......____ __.___.....__.......__.____.___.__________.............__.......___.....___............____.......,

'

.

.

:MYXOPHYCEAE
ANACYSTIS AERUDINOIA D D D X X

3 _MPHANOCAPIA PULCHRA X

_ APHANOCAPIA DELICATIIIIMA X X D .X
APHANOCAPIA ELACHISTA X

XI APHANOTHECE NIDULANI
CHR00CDCCUI LIMMETICUS. X X

CHROOCOCCUI M'NUTUS . ~X

CHNOOCOCCUT DISPERIUI X X X X X X X' '
CHR00 COCCUS DIIPERIUI VAR. MIN X X D D X D D D X D X X

'

X.CHR00 COCCUS MINIMUS-
COELOSPHAERIUM KUETZINDIA X X X X X D X X X XI

COELOIPHAERIUM HAEGELIANU X X

COELOIPHAERIUM PALLIEUM .X X X

GOMPHOSPHAERIA LACUSTRIS X X X X X#

MERISMOPEDI A GLAUCA - X

'MERISMOPEDIA TENUIIIINA D D D X X X X

J LYNOBYA LINNETICA
~ X

OICILLATORIA IP. X X

CICILLATORIA AGARDHII X~ X X X X X X X X X X
,

DICILLATORIA LIMNETICA X D D X X X D X X D D D'

CICILLATORIA GEMINATA X X X X X. X

'CSCILLATORIA MINIMA X X X X X D X
X X X X D X'

|EXCILLATORIA AMPHIBIA
PHORMIDIUM IP. . X .

.
'

' . RHAPHIDIDPIII IP.
X X X

ANABAENA IP. .X X X X X X'

ANABAFNA IPIROIDEI . X
'

'

ANABAENA'INAEQUALII X X X

ANABAENA PLANCTONICA X X' '

APHANIZOMENON FLOI-AQUAE X X X X X X X X X

'PLECTONENA IP. X X
, ,

CHLOROPHYCEAE
UNIDENTIFIED CHLOROPHYCEAE X X' X X X

I '' 8 CARTERIA IP.- X X X X X

i CARTERIA CORDIFORMIX X X X X X X X X

CARTERIA KLEBIII X E X X*

,.

CHLAMYDOMONAI IP. X X X X X X X X X D X X'

CHLAMYDOMONAI GLOBOIA X X X X X X X. X X D X X

. CHLAMYDOMONAS PIEUDOPERTYI F X
% EUDORINA ELEGANI X X X X X X

+

PANDORINA MORUM X X X

X X X X X X X X X D X X
g,' PEDINOMONAS MINUTIIIINA

LDBOMONAS IP. X X

.CHLOROODNIUM IP. X X

< | CHLOR 060NIUM METAMORPHUM X X

POLYTOMA SP. X X X X X X' X D X X

Pos.YTOMA MICRDIPHAERICUM .X X X X X X
.

X-m k~ l~ .
*

.~ _ i_ w , ._ _ ,
.

_ . _

__
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(ii) Diatoca (Bacillariophyceae) .)
)Diatoms composed a large fraction of total phytoplankton

abundance, particularly during the cooler months of the year
(Table IV.B-2). Diatoms reached peak abundance during the . .}
spring months, decreased during summer, increased to a second f

but smaller maximum during late fall /early winter, and then
decreased to a midwinter minimum in abundance (Figure IV.B-2).
This seasonal pattern is typical for diatoms in Lake Ontario
(e.g., LMS, 1975,1976a) and reflects the cool-water optimum
for growth common in members of this algal group (Canale
and Vogel, 1974).

i

During most months of study, diatom abundance was greater ,

in the. turning basin, particularly at OTB-4 (Appendix D),
than at the intake (Figure IV.B-2), indicating that the river'

was the primary source of diatoms in the turning basin.
Lower diatom concentrations in the surface waters at OTB-6 7

!

.

and OTB-10 on the majority of the survey dates ( Appendix D),
$ indicate that the predominant circulation pattern was penetra-

tion of river 9ater along the bottom of the turning basin, ,

followed by mixing with lake water at the west end of the !

basin, and return of the mixed water to the river at the "

surface of the basin. Only during January was diatom abun- .,

dance at OTB-6 lower than, abundances at both the intake and i

JOTB-10.

(iii) Green Algae (Chlorophyceae) )
\

Green algae also composed a substantial fraction of total
phytoplankton abundance, especially during late spring /early' i

summer (Table.IV.B-3). Relative abundance; of this group I

tended to be greater at turning basin and harbor stations
than at the intake of Oswego Units 1-4. The seasonal pattern ,

of green algal abundance was unimodal with maximum concentra- f
tions recorded during' midwinter (Figure IV.B-3), as is usual .

in Lake Ontario (e.g., LMS, 1975,1976a).
.I

i The spatial distribution patterns of green algae differed ,

somewhat from that described for diatoms. . Although abundance
at OTB-4 was generally greater than at the other survey stations ,

fand the station x depth interactions indicated'that' green algal
'distribution was a functioit primarily of -water circulation

patterns, concentrations of green algae were at times slightly.. ,

|reduced' in the turning basin to lower levels than recorded .at .
|' hoth the breke and OTB-4 -( Appendix D). These icwer turning .

| basin values were found fremt August through January, although
L they were most apparent at. OTB-fi during the latter months .'-

r.
11

]<L .
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TABLE IVB -l ,(Continued)

OCCURRENCE OF PHYTOPLANKTON BY DATE
DATEI

TAXA 30APR i3MAY 16 JUNE 16 JULY 12AUG OSIEP 1,70CT 23NOV 09DEC 26JAN ?4FEB 23 MAR
........................................................................................................................

POLYTOMA GRANULIFERUM X X .X
MEIDITIGMA VIRIDE X X
ICOURFIELDIA CORDIFORMII X

IFURCILIA IP. X X
GYROMITUI IP. X
ELAKOTOTHRIX OELATIN054 X
OLDEOCYITIS GIGAI X X .X X X X X
GLDEOCYSTII PLANKTONICA X
GLDEOCYSTIS VESICULOIA X X X X
IPHAEROCYSTII ICHROETERI X X X X X X X
TETRAIPURA LACUITRII X X X X X X X X
tK.0 THRIX IP. X X X
ULOTHRIX IUBCONITRICTA X

.

OEDOGUNIUH IP. X X X X X X X X D X X
MOUGEDTIA IP. X X X X X X X X X X X
CLOITERIUM IP. X X X X X X X X X X
CLOSTERIUM ACICULARE X X X X X X X X X X
COIMARIUM IP. X X X X X X X X
STAURAITRUM IP. X X X X X X
ACTINAITRUM HANTZICHII X X X X X
ANKIITRODEIMUI FALCATUI X X X D X X X X X X X XANKIITRODEIMUI IPIRALII X
ANKIITRODEIMUI IPIR0 TAENIA X X X X X X X X D X X

-

.ANKIITRODEIMUI HANNOIELENE X X X X X X X X X
CHODATELLA CILIATA X X X X X
CHODATELLA CITRIFORMIX X
CHODATELLA SUBIALIA X X X X X X X X X '

! CHODATELLA QUADRISETA X' X X X X X X X
CHLORELLA IP. X X X X X X X X X X *

CDELASTRUM CAMBRICUM X ,X+

COELAITRUM MICROPORUM X X X. D X X X X X X
: COELASTRUM RETICULATUM X X

CRUCIGENIA RECTAN00LARIX X X X
CRUCIGENIA TETRAPEDIA X X X X X X
CRUCIGENIA QUADRATA X

.CRUCIGENIA APICULATA X X X
DICTYDIPHAERIUM EHRENBERGIANUM X X X X X X
DICTYOIPHAERIUM PULCHELLUM X X X X X X X X X

.ECHINDIPHAERELLA LIMMETICA X X X X
ERRERELLA BORNHEMIENIII X

- FRANCEIA DROESCHERI X X X X X X
FRANCEIA TUBERCULATA X
GOLENKINIA RADIATA X X X X X X X X X X

'

KIRCHNERIELLA CONTORTA X X X X X X X D X
KIRCHNERIELLA IUBIOLITARIA X X X

'

MICRACTINIUM PUSILLUM - X X X X X X X X X X X X
NEPHROCYTIUM AGARDIANUM X X X X
DOCYSTII IP.' X X X X X X X X X D X XDOCVITII BORGEI X X X X X X X X X X X
00CYSTII LACUITRIX X X X X X

'

00CYSTII PARVA X
'

00 CYSTIS PUSILLA X X X X. X
'

00CYITII IOLITARIA X X
_ _ _ _ _ _ _ _ _ _ _ _ _ .



_ _ _ _ - _ _ ___ _ __ . _ _ - _ - _ _ . _- _ - _ _ _ _ _ . . . _ _ _ _ _ .__ __ ________ .__

TABLE IVB-1 (Continued).
.

OCCURRENCE OF PHYTOPLANKTON BY DATE
o DATES-

TAXA 30APR 15 HAY 16 JUNE 16 JULY 12AUG 08SEP 170CT 23NOV 090EC 26JAN 24FEB 23HAR
.......................................................................... .............................................

PEDIASTRUM BORYANUM X X X X X X X D X
PEDIASTRUM DUPLEX X X X X X X X
PEDIASTRUM SIMPLEX X X X X X
PEDIASTRUM TETRAS X X X

i -QUADRIGULA CHODATII X X
l SCENEDESHUS ABUNDANS X X X X X X X X X, X X X

SCENEDESHUS ACUMINATUS .X X X X
SCENEDESHUS ACUTIFORMIS X X

.

SCENEDCIMUS BIJUGA X X X X X X X X X D D D
~

. SCENEDESHUS BRASILIENSIS X X X X X X
*

SCENEDESHUS DENTICULATUS X X X X X X
; SCENEDESHUS DINORPHUS X X X X X X X X X D X X
i SCENEDESHUS INCRAISATULUS X X X X X X

*

SCENEDESHUS LONGUI X -
.

SCENEDfTMUS OBLIQUUI X X
SCENEDESHUS OPOLIENSIS X X X X X X X X
SCENEDESHUS QUADRICAUDA X X X D X X X X X D X X

,

SCENEDESHUS BIJUGATUS X X X X
SCENEDESHUS INTERHEDIUS X X X X X X X
SCHROEDERIA JUDAYI X X X X X X X D X X
SCHROEDERIA SETIGERA X X X
SELENASTRUM HIHUTUM X X X X X X X X X D ~X X
TETRAEDRON CAUDATUN X X X X X X X X

*

TETRAEDRON HINIMUN X X X X X X X X X X X Xt .

TETRAEDRON HUTICUM X X X X X
*

TETRAEDRON REGULARE X X
.

TETRAEDRON TRIGONUM X
TETRAEDRON ARTHRODESHIFORNE X
TETRAITRUM SP. X
TETRAITRUN HETERACANTHUN X X X X X

.*

TETRAITRUM ITAUROGENIAEFORME X X X X X X X X X D X X
TETRASTRUM ELEGANS X X

*
TREUBARIA SETIGERUN X X X X
TREUBARIA TRIAPPENDICULATA X X X X X X X X X

,

a.UESTELLA LINEARIS- X
CORANASTRUM AESTIVALE D X X X X
PARAHASTIX SP. X X X X
PARAHASTIX CONIFERA X X X X XPARAHASTIX HINUTA X

EUGLENOPHYCEAE
EUGLENA SP. X .X X X X X
EUGLENA GASTER 0STEUS D X X X X X XPHACUS SP. X X X X
PHACUS~PYRUN. X X X X X X X X X
TRACHELDHONAS SP. X X X X X
LEPOCINCLIS SP. X
RHABDOMONAS SP. X X

*

CHRYSOPHYCEAE
UNIDENTIFIED CHRYSONONADALES - X
DIN 0BRYON SP. X X X X X X X X
DIN 0BRYON SOCIALE X. X Y

.

L ~ ~

Y Y Y v v "
. ,
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! TABLE IVB-1 (Continutd)
!._

.
,

! OCCURRENCE OF PilYT0 PLANKTON BY DATE
l DATES ,

TAXA 30APR iSMAY 16 JUNE 16 JULY 12AUG 095EP 170CT 23NOV 09DEC 26JAN 24FEB .23 MAR
........................................................ _ ...............................................................

,

.MALLOMONAS SP. . X X X X X X X X X|
SYNURA UVELLA X X X,

CHRYSOCHROMULINA PARVA D D X X D D X X X X X X
CHROMULINA SP. X X X X X X D X X
STELEXHONAS SP. X X X X X X X D X X
KEPHYRION SP. X X X X X X X X X
RHIZOCHRYSIS SP. X X X X X X X X X X .X
CHRYSOCOCCUS SP. X X X X X
CHPYSAMOEBA SP. X X X X X X,

OCHROMONAS SP. X X X D D X X X X D X X
UROGLENA SP. X X X X X X X X
CODONOSIGOPSIS ROBIN! X X X X X X D X
MONAS SP. X X X X X X
RHYNCH0MONAS SP. X X X X X
BODO SP. X' X D X X

} ERKENIA SUDAEQUICILIATA X X X X

BACILt.ARIOPHYCEAE
> COSCIN0 DISCUS ROTHII X X X X X X X X X X X

CYCLOTELLA ATOMUS X D D D X D X D X D D X
'

CYCLU ELLA GLOMERATA X X X X D X- D
' CYCLOTELLA MENEGHINIANA X X X X X X X X X X X

CYCLOTELLA PSEUDOITELLIGERA X X
MELOSIRA SP. X,

8 -MELOSIRA BINDERANA D X X X .X D D X X I

MELOSIRA DISTANS ' X X
MELOSIRA ORANULATA X X X X X X X X X X X

'# MELOSIRA ISLANDICA X .X X X X X X X D X X
MELOSIRA ITALICA X X X X X X X X X X
HELOSIRA ITALICA VAR. SUPARCTI.

* MELOSIRA VARIANS
~

X X X D X X X X X X X
*

X D X
.HELOSIRA GRANULATA VAR. ANGUST X X X X X X

'

MELOSIRA ITALICA V. TENUISSIMA X
J STEPHAN0 DISCUS ASTREA X X X X D X X*

STEPHAN0 DISCUS HANTZSCHII D D D X X X X X D D D D
STEPHAN0 DISCUS NIAGARAE X X X

'# STEPHAN0 DISCUS ASTREA VAR. MIN X X X X X X.
X X X X X X
X X X D X Xj

' ACHNANTHES LANCEOLATA X X
AMPHIPRORA SP. X

U ASTERIONELLA FORMOSA X X X X X X X X D D X' COCCONEIS SP. X
COCCONEIS PLACENTULA X

V COCCONEIS PEDICULUS- X
CYMATOPLEURA SOLEA X X X X X
DIATOMA ELONGATUM X X X X X X X X X D X X

! * DIATOMA VULGARE f X X X X X'

DIATOMA TENUE VAR. ELONGATUM X
'

, DIATOMA ELONGATUM V. TENUIS X X X X X ,

* EUNOTIA CURVATA X X
'

4 FRAGILARIA CAPUCINA X X X X X D X X X X
FRAGILARIA CROTONENSIS X X X X X X X X X D X X

I# FRAGILARIA VAUClERIAE - X X X X X X X X X X
00 MPH 0 HEMA ACUMINATUM X'

_ _ - - _ _ _ _ _ _ _ - _ _ _ - _ _ - _ -
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TABLE IVB-1 (Continued)

OCCURRENCE OF PIIYT0 PLANKTON BY DATE.

DATES
TAXA .30APR 15 HAY '16 JUNE 14 JULY t2AUG OBSEP i70CT 23NOU 09DEC 2dJAN 24FEB 23 MAR
....................................s................. .................... ..............................................

00MPHONEMA OLIVACEUM X X X
GOMPHONEMA PARVULUM X X X X,

i CYRISIGMA SP. X X*
EYROSIONA ACUMINATUM X
MERIDION CIRCULARE X
NAVICULA SP. X X X X X X X X
NAVICULA CRYTDCEPHALA X X X X X X X X X X X

*

NAVICULA TRIPUNCTATA X X X X X X
| NAVICULA CAPITATA X X X

HAVICULA LANCEOLATA X X X X .

MAVICULA SALINARUM X X X X X X X X
NITZSCHIA SP. X X X X X X X X D X X
NITZSCHIA ACICULARIS X X X X X X X X X X X
HITZSCHIA DISSIPATA X X X X X X X X X X X X
NITZSCHIA FONTICOLA X
NITZSCHIA GRACILIS X X X X X X

~HITZSCHIA HOLSATICA X X X X
NITZSCHIA PALEA X X X X X X X
NITZSCHIA IIGNOIDEA X
NITZSCHIA VERNICULARIS X X X X X
NITZSCHIA RECTA X
RHOICOIPHENIA CURVATA X X X X X X X X
SURIRELLA ANGUSTATA X X
SURIRELLA DVALIS X,.

' *SYNEDRA SP. X X X X X X X .X
SYNEDRA ACUS X X X X X X D X X-

SYNEDRA ULNA X X X X X X X
' SYNEDRA AFFINIS X

.TABELLARIA FENESTRATA X X .X X X X D X X
,

~CRYPTOPHYCEAE'

CRYPT 0MONAS SP. X X X X
CRYPTOMONAS EROSA X X X X X X X X X X X X

, CRYPT 0MONAS OVATA X .X X X X X X X X X X'

| CRYPT 0MONAS EROSA VAR. REFLEXA X X X X X X X- X X X X
i CRYPT 0MONAS CAUDATA X X X X X X X
' "' CRYPT 0MONAS MARISONII X ~X X X X X X X X X X
l CRYPTOMONAS PHASEOLUS. X X X X X X X X X

CRYPTDMONAS PUSILLA X X X X .

CRYPTOMONAS REFLEXA X X X X X X X X X X X'

CRYPTOMONAS ROITRATA X X
CRYPTOMONAS PARAPYRENGIDIFERA X

# CRYPT 0MONAS PYREMOIDIFERA X
--KATADLEPHARIS OVALIS X -X X X X X X X X X X X
RHODOMONAS HINUTA X X X X X X X X X X

s 'RHODOMONAS MINUTA VAR. HANNOPL X D X D X D X D X' X X X
SENNIA PARVULA X X X X X X
CRYPTAULAX SP. X X

- CRYPTAULAX RHOMB 0 IDEA X X X
CHR00MONAS SP.. X
HONOMASTIX SP. X X

./ "

- s. -
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TABLE IVB-1 (Co,ntinued)

OCCURRENCE OF PHYTPLANKTON BY DATE

DATES .

TAXA 30APR 15MAY 16 JUNE 16 JULY 12AUG 085EP 170CT 23NOV 09DEC 26JAN 24FEB 23 MAR
............._______...............______.......................................................___._......... __.......

,

CYMHODINIUM SP., X X X X X X X X X X .

DINOPHYCEAE
.

X X X X X

CYMNODINIUM HELVETICUM X X

f.
F.,YMNODINIUM VARIANI X X X X- X X X X X X

X

OYMNODINIUM ORDINATUM X X X X

CYMNODINIUM EURYTOPUM X

OLENODINIUM SP. X X X X X X X XCERATIUM HIRUNDINELLA |
X X X X X

-GLEHODINIUM PULVISCULUS |

| PERIDINIUM SP. X X X X >

| PERIDINIUM ACICULIFERUM X X X X X X
.

l

|
X

I PERIDINIUM CINCTUM X
PERIDINIUM CUNNINGTONII

CTHER
e

F00THOTEft
-D INDICATEI PREKENCE AT > 15 PERCENT OF TOTAL AT ONE OR MORE STATIONI i

X INDICATEI PRESENCE AT ONE OR MORE ITATIONE (,
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primarily during early summer and winter, as were species of 'I
'

yellow-brown algae. Diatoms, notably Cyclotella atomus, Melosira -

binderana, and Stephanodiscus hantzschii, were among the domin-
ant species primarily during the spring and winter months. All 3

of the genera noted above, except Chroococcus, are typically ;
'

associated with organically polluted water (Palmer, 1969).

c. Abundance and Percent Composition

(i) - Total Phytoplankton
,

The annual. cycle of total phytoplankton abundance was uni-
modal with peak numbers recorded during September and minimal
numbers recorded during March. Small peaks were also noted a
during June and January (Figure IV.B-1). The observed pattern i

is typical of that reported for many freshwater bodies, includ-
ing Lake Ontario (Munawar and Nauwerck, 1971; Munawar et al.,
1974; Vollenweider et al.,1974; Stoermer et al. ,1975; LMS, -

1975, 1976a). Only the small pulse in abundance during Janu-
ary was unexpected.

-
\

'

As shown in Figure IV.B-1, there was considerable variation
in the relationship of phytoplankton abundance at OTB-6,
the turning bas,in station clocest the discharge of Oswego }Units 1-4, to'other stations in the study area. This vari- j
ation suggests that the turning basin is a mixing zone for
discharged lake and intruded river water and that circulation .

patterns are generally complex. Simple gradients from lake {
~

(intake) abundance to river abundance were observed on few
survey dates, indicating that, overall, the river probably
has a greater influence on the turning basin system than I

the discharge of Oswego Units 1-4. However, on some dates
phytoplankton distribution patterns and circulation patterns
were simple enough to interpret. For example, on 16 June, j
concentrations in surface . waters were greater than in bottom !
waters and bottom water concentrations were slightly greater
than intake concentrations. This pattern suggests tha
river phytoplankton penetrated the turning basin in su,t

,

rface (
waters, were mixed with lake phytoplankton at the west end
of the turning basin, and discharged along the bottom of
the' turning basin. The results of an intensive temperature /
conductivity survey on 26 June (Chapter III) confirmed this u
water circulation pattern. .Thus, the spatial distribution
of phytoplankton in the turning basin on any given date will i

be a function of water circulation patterns in the basin
and the concentrations of phytoplankton in the river and
leke.

I
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| {' TABLE IV B-2
*

r' PERCENT COMPOSITION OF BACILLARIOPHYCEAE
r

OSWEGO VICINITY - 1975-1976-
.

I

i DATE DEPTH INTAKE OTB-6 OTB-10 OTB-4

~

30. APR 1975 S 49.97 50.71 60.09 68.24
67.95 34.91 75.25B -

-

15 MAY S 5.89 21.92 39.52 52.36
B - 44.57 41.83 47.22.

16 JUN S 4.45 14.79 40.35 35.85
,

19.71 21.48 36.47*
B -

. 16 JUL S 14.19 15.50 16.67 16.72
i B 16.31 19.58 14.73-

l' 12 AUG S 0.92 3.22 6.43 12.03
4.12 5.15 11.71.

B -

8 SEP S 3.64 4.42 4.53 14.58
8.63 14.21 9.34-

B -

17 OCT S 3.60 5.57 7.58 11.47
11.05 11.12 21.811 B -

[3 23 NOV S 18.57 21.70 25.16 32.63
B - 25.56 19.89 25.79

9 DEC S 48.28 38.11 32.26 49.41g-
40.89 43.41 44.12B(

-

26 JAN 1976 S 46.30 9.75 33.86 NS
15.09 34.34 NSB -

.

[ 24 FEB S 35.94 39.91 38.94 24.62
l. B 30.23 36.35 20.79-

23 MAR S 46.25 37.88 47.87 48.10
[ B 53.53 52.67 48.5)-

L

*Mean of two replicates

Not applicable, samples at the intake were from mid-depth.'
-

NS.- No sample
,.

L

o

b.

t
-

km

i'P 4

-

i-
*



.. . - . _. -

.
..

1
.

'
,

TABLE IVB-3

PERCENT COMPOSITION * OF CHLOROPHYCEAE

OSWEGO VICINITY - 1975-1976
')

DATE DEPTH INTAKE OTB-6 OTB-10' OTB-4
1

30 APR 1975 S 15.47 23.62 15.84 18.42 !

19.88 19.39 16.14B -

15 MAY S 5.66 13.22 19.49 18.36 3*

17.06' 12.92 18.18 |B -

'

16 JUN S 7.26 13.42 41.84 39.62 .

14.05 15.74 27.29B -

'
16 JUL S 38.57 43.32 45.42 44.67

46.50 58.87 35.25B -

12 AUG S 36.50 26.17 17.41 22.61
31.15 25.67 24.13 jB -

8 SEP. S 16.72 20.86 12.81 17.60 );

26.33 31.18 20.40B -

17 OCT S 16.85 15.07 12.67 37.17
36.00 37.94 45.75 (B -

23 NOV S 10.86 10.20 8.91 31.16
B

- 8.97 22.95 26.92
9 DEC S 16.68 22.58 22.69 23.81 '

B
'

- 24.89' 28.48 28.26
26 JAN 1976 S 14.63 17.24 9.34 NS

'12.21 13.46 NSB -

24 FEB S 15.88 16.93 13.77 16.60
14.20 9.12 30.03B -

23 MAR S 9.62 16.58 17.31 27.19
26.07 23.19 28.37 iB -

i

*Mean of two replicates
'-Not applicable, samples at the intake were from mid-depth.

NS - No sample |
>

|
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FI GU R E IV.B-3
.l
.)

ABUND ANCE OF CHLOROPHYCEAE * l.

-
.

OSWEGO VICINIT Y - 1975-1976
1
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} of this period, and may reflect the operational effects of

Oswego Steam Station Units 1-4.
,

(iv) Blue green Algae (Myxophyceae)

As indicated in Table IV.B-4, blue green algae composed a
large fraction of total 'phytoplankton concentrations during~

much of the year, particularly during the warmer months. The;

seasonal pattern of blue green algae concentrations was similar
r to that of the total phytoplankton community: peak concentra-

tions r.ecorded during September; minimum concentrations during
;'

March; and secondary peaks during June and January (Figure
IV.B-4). With-exception of the secondary peaks in abundance,,,

| this seasonal- pattern is similar to seasonal patterns reported
'

for Lake Ontario (e.g. , LMS, 1975,1976a). The secondary peakE
,

during January could be due to the presence of algae flushed
'

j into the river and lake bp increased fall and winter surface
L runoff; however, the causes of the June pulse are unknown.

,p The spatial distribution of blue green algae was highly vari-
q^ able and their abundance did not appear to reflect the influ-)

j ence of water circulation patterns in the basin. This could
be due to the effects of natural variance arising from the -+

7

[ tendency of colonial and filamentous blue green algae to form,

clumps. However, there was some indication that the portion of'-

the turning basin represented by station OTB-10 may be environ-
I mentally unique as far as blue green algae > are concerned, since

,

L. either maximum or minimum concentrations were recorded more
often there than at other sampling locations ( Appendix D).

1

: ( d. Nuisance Algal Blooms

When algal . populations reach high densities, they may cause taste-

; and odor problems, clog filters, and result in increased BOD.< ,

i l Palmer (1962) identified a number of " nuisance" species known to.

cause these problems. A list of these nuisance species observed
I in the Oswego Turning Basin is presented in Table IV.B-5, which

.L also indicates the dates and stations at which these species' ex-
ceeded concentrations of 500,000 algal cells / liter. The choice

[ of this criterion for algal bloom proportions is arbitrary; how-.

p [' ever, because Whipple et al. (1948) noted that densities greater
6than 500,000 cells / liter caused "little trouble" and above 1 x 10

cells / liter " noticeable trouble," this concentration was considered
7 a reasonable conservative value.i

(:
k IV-4'
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TABLE IVB-4.
*

t
. PERCENT COMPOSITION OF NYXOPHYCEAE

II
''

OSWEGO VICINITY - 1975-1976

DATE DEPTH INTAKE OTB-6 OTB-10 OTB-4

! 30 APR 1975 S 15.34 7.66 6.84 2.17
'

3.85 12.58 1.25B -

15 MAY S 16.72 17.69 16.41 12.13 '

.

19.93 13.37 6.80B -

16 JUN S 63.57 61.42 11.63 17.53. .

52.69 52.87 23.00B -

16 JUL S 32.13 27.98 18.88 23.90 ,

|28.48 16.79 34.87 TB -

| 12 AUG S 25.03 23.12 25.06 42.33 I
#

21.18 26.69 39.83B -

8 SdP S 42.45 51.73 39.34 59.30

-{'49.23 '36.28 49.66'B -

S 64.72 63.04 66.96 44.4317 OCT .

48.91 36.64 23.11B -

23 NOV S 42.63 '37.25 34.32 23.94 l'

36.51 44.87 39.02 .ii B -

i 9 DEC S 23.26 31.62 36'.10 19.78
29.92 19.65 20.98 jB* -

26 JAN 1976 S 17.64 31.67 13.07 ~NS
'

28.22 10.70 NSB -

1 24 FEB S 37.48 33.05 36.81 37.29
-B

~

43.61' 44.37 29.70 !-

;
d23 MAR S 28.17 32.33 16.46 15.76

8.94 13.26 14.623 -

l 1
* 'iMean of two replicates

t

- Not applicable samples at the intake were from mid-depth. I
~

NS,- No sample J

. '|
J

'
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. ABUNDANCE OF MYXOPHYCEAE* ]
OSWEGO VICI NIT Y - 1975-1976
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Nine of the 33 potential nuisance algae exceeded the bloom cri-
terion on at least one date. Stephanodiscus hantzschii, a species'

associated with filter clogging, reached bloom proportions more4

I frequently than the other nuisance algae. Two particularly ob-'

( noxious taste and odor-causing algae, Anacystis aeruginosa and
Aphanizomenon flos-acuae, reached bloom proportions in the late
summer /early fall.r-

:
'

The frequency with which blooms occurred at each station was:

h OTB-4 OTB-10 OTB-6 INTAK$4

' 20 14 7 4
,

[ The greater number of nuisance algal' blooms at OTB-4 may be ex-
i plained by its location in the Oswego Harbor where it is influ-

enced primarily by the organically enriched Oswego River water.
F The lower number of blooms at the intake reflects the less eu-
[ trophied lake waters. OTB-6, near the plant's discharge, also

had fewer occurrences of algal blooms than the other turning
7

basin stations, reflecting the presence of discharged lake water
i of low algal abundance.
i ,

a. Phytoplankton Biomass
f

f

(. The algal groups which composed the greatest biomass of phyto-
plankton were Baci11ariophyceae, Chlorophyceae, and Cryptophyceae.

[ The data for these and total algal biomass are presented in Figures
[ IV.B-5 through IV.B-8, which permit a visual comparison of biomass

near the plant's discharge with that of the other turning basin
stations.y

Total algal bigmass (Figure IV.B-5) was generally between 1,000
and 6,000 mg/m from April 1975 through January 1976; biomass
at all stations was less than 1,000 mg/m in February and March
1976. The data show that from April through November algal bio-a

mass was low at the plant intake stations; the OTB-6 surface
J and bottom stations also had. generally lower biomass (e.g., July,
L. August, October and November), which probably reflects the dis .

charge of lake water comparatively low in sigal biomass.
(

{- Baci11ariophyceae (diatoms) composed the greatest percentage of
total algal biomass; fluctuations in the biomass of this group
(Figure IV.B-6) were reflected in fluctuations in total algal~

biomass (Figure IV.B-5). Although diatom biomass was lowest
in February and March, there was no , apparent seasonal pattern.c

.
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' Biomass was generally lower at the intake station than in the turn-
w

ing basin, and from Ap,ril 1975 through January 1976 OTB-6 samples4

frequently had lower biomass values than collections at the other,

i stations, a phenomenon which may reflect the discharge of lake
'

water.

In contrast to the diatoms, the Chlorophyceae (green algae) demon-
strated a seasonal pattern in biomass with a peak (maximum av

31000 mg/m ) during the summer (Figure IV.B-7). Summer and early
fall development of this algal- group is well known (Patrick,
1969; Vollenweider et al.,1974; LMS,1975). The intake station
had lower green algal biomass from Apr'l through July, but biomass ..

at this station was comparatively high from August through Feb'ruary,
~

,

suggesting that the spectrum of environmental factor,s affecting-

biomass differed between the lake and Oswego River. The OTB-6
station had lower biomass values than other turning basin stations
in May, June, November, and January; however, only the May and,

June values can be attributed to discharge of lake water having
low green algal biomass. On the other sample dates biomass at

! OTB-8 was not consistently higher or lower than at other stations.
2

-
,,

|

.

, Cryptophyceae overall exhibited'a higher biomass in April-November J

| 1975 than in December 1975 and January-March 1976, possibly-indicat-
'"

ing a seasgnal pattern (Figure IV.B-8); the maximum biomass was
1,600 mg/m , in July. In contrast to the diatoms and green algae,

i cryptophyceae biomass at the intake stations was comparatively high.
,

' - These small planktonic cryptophyte species are probably more typical
i of lakes than rivers.

.

The OTB-6 bottom station had consistently lower Cryptophyceas bio- ,
mass than other turning basin stations from April through October ii

; 1975, suggesting that this area was unfavorable to the growth of 3
,

these algae. Biomass of OTB-6 surface samples was not low and,
therefore, the ~ 1ower biomass in the bottom samples cannot be attri- i

, . buted to power plant effect. j

f. Phytoplankton Pigments and Production

|

|- Chlorophyll j! is one of several plant pigments which are important- '

!. in the process of photosynthesis. Because the concentration of
' chlorophyll jg is considered a useful indicator.of potential pro-

ductivity (Odum,~ 1971), data on the spatial and temporal distribu- -

i tion of this pigment are'usefuliin the comparison of water masses.

Chlorophyll a concentration data (Figure IV.B-9) at the Oswego - m

Units 1-4 intake station and the Oswego Turning Basin stations
were examined for spatial and temporal variations. The chlorophyll j!. ;

.)
.,
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concentration at the intake station, which is representative -

. of I;ake Ontario,- reflects the concentration in water discharged
j by the plant into the turning basin. Station OTB-6 is located -

! nearest the discharge in the turning basin; OTB-10 is located
further down the turning bania; OTB-4 is located still further
down the basin near the mouth of Oswego Harbor and in the direct
path of the Oswego River discharge. Station OTB-1, sampled only

*
' on the first four dates ( April-July), is located in the Oswego

River upstream of the turning basin, and is used to identify
the river's chlorophyll a concentrations.

-

.

The analysis of these data focused on the two primary ways in
which cooling water discharge might affect- phytoplankton in the
Oswego Turning Basin: -

1. hydrodynamic effects resulting from vniable mixing of
' discharged lake water with Oswego River water, and

2. thermal effects resulting from differences between the

,

discharge and receiving water temperatures.
!

Comparison of the relttive contributions of the Oswego River
,

and lake water to the chlorophyll a_ standing crop in the turn-
ing basin reveals th at on each of the four sampling dates, -

chlorophyll a conces.tration was higher at the Oswego River
!station (OTB 1) than at the lake . intake station (Figure IV.B-9).

Chlorophyll a concentrations at stations within the turning
,

i basin were intermediate and generally increased from station
| OTB-6 (nearest the point of lake discharged water) to station

OTB-4 (further from the discharge) .

i This pattern indicates that discharge (lake) waters, low in
,

chlorophyll a, are being mixed with river waters higher in
chlorophyll 3,resultinginachlorophyllaconcentration.
gradient.~ The data for August, September, October, and November
1975 indicate the same gradient within the turning basin (Figure -

IV.B-9); OTB-1 was not sampled on these dates. During December
~

i .. 1975 and January, February, and March 1976 this pattern was not
evident (Figure IV.B-9); however, this was a ' period of low ' -

primary production in both the river and lake, and of low '
,

chlorophyll a, concentrations. .}
[ ]
i At. times (e.g.,- 16 June)- dissimilar chlorophyll a, concentra-
| tions were observed in the surface and bottom samples at the

same loca' tion. These differences'suggest that the water column
~

was not well mixed and that stratification existed; the river "

and lake water .within the turning basin remained distinct.
_,

*
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The thesis that chlorophyll a distributica reflects hydrodynamic-..

processes within the turning basin is supported by temperature
"

and water quality data cellected during the thernal survey program
(Chapter III). These surveys were conducted on 24 June 1975,

'

28 August 1975, 6 November 1975, and 20 April 1976, and are con-
sidered to characterize circulation patterns during the seasons.

I ~

The thermal survey data for 24 June, a period when chlorophyll a,
'

was high (Appendix A), will be used to demonstrate the importance
to phytoplankton distribution of hydrodynamic processes. These

;
- data indicate that, within the turning basin, Oswego River water

composed a higher percentage of the surface water, whereas dis-
charged lake and lake-intruded water were a higher percentage
of the bottom waters (see Chapter III for a detailed discussion).-

,

i This occurred as lighter Oswego River water entered the basin
at the surface and mixed with discharged lake water, which, al-
though it had been heated, was still colder and therefore denser

]~ than river water and consequently flowed out of the basin primarily
: along the bottom.,

- The pattern of chlorophyll a, distribution in the turning basin
suggests that this kind of circulation process also occurred

' ~

on 16 June (Figure IV.B-9). Chlorophyll a concentrations were
high in the river water (station OTB-1) aEd low in the intake
(lake) water; at the ir.;ermediate stations (0TB-6, OTB-10, at.d

f OTB-4) chlorophyll a concentration was higher at the surface
.

than the bottom since river water composed a greater proportionJ. _

of surface waters. In addition, the chlorophyll a value at the
_ OTB-10 bottom station was the same as in the OTB-6 bottom and

intake waters, suggesting that comparatively unmixed lake ' water,
; discharged by the plant, was flowing down the basin along the
! bottom from OTB-6 to OTB-10. Consnunity structure analysis of'

the mic'rozooplankton on this date, 16 June (Section IV.B.2),
.

also reflected expected hydrodynamic processes. ~

,

- Phaeopigments are the natural . degradation products of chloro-
phyll a_, and as such the relationship between the amounts of these'

two pigments is a useful indicator of phytoplankton condition.
The phaeopigment/chlorophil a, ratio will be. used here to cos. pare-

spatial variation in phytoplankton condition; the higher the
<[ ratio, the higher -the component of dead or senescent planktonic -
.[ algae.

{
|

. Data on phaeopigment/ chlorophyll a ratios are presented for each i

7 I

l- month ~in Figure IV.B-10. Station OTB-6 was nearest the Oswego-

i '-
Steam Station's thermal discharge, where highest ' ratios might
b'e expected as a result of power plant impact On 30 April,.

- 15 May, '16 June,16 July,' and 17 October of|1975 and 26 ^ January,'.

||

.
_
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24 February, and'23 March of 1976 (8 out of the 1.2 sampling
dates) the ratio at OTB-6 did not indicate deleterious power
plant effects. On the other four dates (12 August, 8 September, -

23 November, and 9 December,1975), the phaeopigment/ chlorophyll a l
r-

f ratio was higher at either the OTB-6 surface or bottom station
j

than at other stations; this indicates a possible power plant |

e f fect.-

The productivity of algae entrained into the discharge plume
could be inhibited, stimulated, or unaffected depending on the -

t_

magnitude and direction of temperature change and the ambient
*

- temperature (Morgan and Stross, 1969; Hamilton et al., 1970;
Brooks , 1974) . In order to elucidate the effects of tempera-

' ture on phytoplankton production and, subsequently, on stand-
(, ing crop, estimates of photosynthetic rates (mg C/mg Chi a/hr)

are useful; these generally reflect the physiological effects of
nutrients, temperature, and light (Parsons and Takahashi, 1973).

Estimates of photosynthetic rates in the Oswego Turning Basin i

are presented in Figure IV.B-ll. The data for December 1975 !,,

and January, February, and March 1976 are not included since
chlorophyll a and productivity were low and small differences

'~
due to sampling error would result in large fluctuations in photo-2

synthetic rate estimates. '

"
.-

14As a result of the four-hour C productivity incubation period,
' [~ bottles containing the phytoplankton held at the discharge are,

I_ exposed to discharge temperatures for a longer period than nor-
mal due to circulation. The -photosynthetic rates exhibited by
these samples'will therefore exaggerate possible discharge-

! effects and so may be considered conservative ~ estimates. In' ~

order to detect discharge temperature effects, the photosynthetic
_. rates at OTB-6 (nearest the discharge) were compared to rates at

other stations (Figure IV.B-ll). The results of these compar-" isons are summarized below:

I
L. HIGHEST RATE OF LOWEST RATE OF

DEPTH FIVE STATIONS FIVE STATIONS
.

i Surface 3 of 8 dates- 2 of 8 dates~

Botton 5 of 8 dates none of 8 dates
'

t

j-- The data show that higher photosynthetic rates at OTB-6 were
observed more frequently than -lower rates; if these differences
are due to the plant's' discharge, then in most cases the plant
is stimulating production.

u>

,%
%
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Temperature measurements made during the incubation of the C_

| bottles indicated no apparent relation between these and the esti-
mater of photosynthetic rate (Figure IV.B-11). However, these
measurements were made only once during incubation and do not
represent the average temperature to which the sets of bottles
were exposed.

Primary production (mg C/m /hr) is affected by variations in<

chlorophyll a concentration. Data on primary production in the
Oswego TurnEg Basin (Figures IVB-12) show that production fluctu-

'~ ated greatly thrcughout the turning basin without any consistent
pattern. The relative importance of chlorophyll a to primary pro-
duction was examined using regression analysis; the analysis of
variance for the regression is:r-

!,

Source of Variation D.F. Sum of Sq Mean Sq F Value, . .

)*

I Attributable to regression 1 18988.65 18988.65 60.28
Deviation from regression 88 27722.56 315.03

'

1.
Total 89 46711.21

-

!

p The F value is significant at a < .001 (1,88); t,.a correlation

|' coefficient is 0.638. Chlorophyll a is considered an important
factor affecting production; other parameters which cause produc-
tion to vary are seasonal variations in photosynthetic rate result-
ing from changes in light, temperature, and nutrient regimes. In

addition, spatial variations in photosynthetic rates were observed
for most sampling dates.

(

{ In summary, the following points may be made regarding chlorophyll a_,,

photosynthetic rate, and production in the turnin8 basin:
-

1. Spatial variation in the distribution of chlorophyll a may be
',

explained by expected circulation patterns.
~

2. Photosynthetic rates demonstrated no consistent pattern but in-
L dicated that any actual power plant effect is stimulatory.

~

3. Primary production showed no consistent spatial pattern, al-
though part of the variation in primary production may be ex-,_

plained by variations in chlorophyll a.

,.
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2. Microzooplankton-

a. Introduction

f Microzooplankton* feed primarily on algae and particulate organic,
' matter and are in turn consumed by the larger macrozooplankton,

ichthyoplankton, and planktivorous fishes. The abundance, dis-_.

tribution, and species composition of microzooplankton are+

k therefore important to energy and material transfer through the
qPWs

aquatic food web.

During 1975 a program was established to examine the microzoo- -

plankton community in the Oswego Turning Basin and the possible
effects of the Oswego Steam Station Units 1-4 on that community.c

j Sampling was conducted monthly ( April 1975 - March 1976);
' surface and bottom samples were collected at four locations in

the basin and mid-depth samples were collected at the plant's
j intake on Lake Ontario. The details of sampling are presented
I in Appendix C.

( The potential effects of power generation by the Oswego Steam
| Sectie- rn the microzooplankton include species-specific alter-

ation of reproductive and developmental rates due to thermal
discharges and increased mortality due to entrainment stresses.r

['- Also, since the lacustrine community entrained can be expected
to be different from the riverine community of the Oswego River,

. mixing of these communities and formation of a unique third
community in the turning basin is probable.

..

In this section, the information obtained from the field study
j is examined to determine whether temporal and spatial distribu-
( tion patterns in abundance and community composition exist that

indicate the influence of power plant operation. Patterns are
interpreted in light of the chemical and physical factors which,

['' indicate environmental conditions in the turning basin; informa-
tion from the published literature on the ecology of the dominant
organisms in the microzooplankton community is also considered.

f. , The major emphasis is to describe the condition of the commmunity
in and mixed with discharged cooling water.'-~

F b. Microzooplankton Species Inventory -

..

A species inventory of microzooplankton collected in the Oswego
7Turning Basin and at the intake of Units 1-4 of the Oswego Steam

L

* Microzooplankton are those planktonic animals retained on a 769
mesh net.

,
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Station is presented in Table IV.B-6. This table also indicates ,,

the presence of each organism identified by collection date, and
notes those organisms which comprised more than 15% of the total
microzooplankton concentrations at one or more stations.*

,

- A total of 79 taxa were observed, including 51 rocifers,10 cope-
pods, and 9 each of cladocerans and. protozoans. The examination'

of community composition at the species level can be useful in '

evaluating the ecology of an area. In this connection, it is,

interesting to compare species inventories for the Oswego Turn-
ing Basin and Lake Ontario as listed by LMS (1976b) for the near- .%

; by Nine Mile Point vicinity. Eight species were observed in the
turning basin samples and not at Nine Mile Point: the rocifers'

! Colurella sp.,- Keratella hiemalis and Lecane sp., the cladocerans
'

Daphnia parvula, D., pulex and Alona guttatis, the copepods Diapt-
,

onus oregonensis and Mesocyclops edex.

Colurella is a littoral organism usually found browsing over plants, ,,

4 scraping up small organisms with its head shield (Ward and Whipple, !
'

j. 1959). Aquatic vascular plants have been observed to be abundant
in the turning basin's shallow waters but not in the Nine Mile ..

'

l Point vicinity; this may explain the occasional occurrence of f
Colurella among the turning basin's plankton but not at Nine Mile
Po int . Lecane has a distribution pattern similar to that of Colur--

'

ella.
,

K. hiemalis was observed in the turning basin and intake collec-
'

tions on only one date, 29 March. Since it was collected from
the lake water at the intake it is not considered a useful indica-
tor of community difference between the' turning basin and Lake

| Ontario. Pejler (1957) has described this species as' a cold-toler-
ant stenothermal form.

.

i The cladoceran Daphnia pulex is usually a pond form, having little
importance in lake plankton (Hutchinson, 1967). This is reflected {' '
in laboratory studies. of its ecology; it can live in water contain-
ing large amounts of bacterial seston (Pacaud 1939) and requires
large (>60 mm diameter) food organisms (Hrba%,ovI-Esslova,1963),
which are often' typical of eutrophied pond situations.. In addition,

'

~'

Herbert (1954) and Pacaud (1939) observed that this species could
| tolerate lower oxygen lecls than most typical freshwater species. ,

The more pond-like habitat of the Oswego Turning Basin (e.g., exten- ?,
sive beds of aquatic vegetation, shallower waters) may explain why
D_ pulex'was observed there and not in the Nine Mile Point-vicinity

I of the lake.
!

Organisms comprising 'more than 15% of the total are considered dominant .*
,,

and have been designated with~a D.

t'
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TABLE IVB-6
'/5

n OCCURMBCE OF NICROZOOPLANETOE BT DATE
0.WE00 RARBOR ARD TUMING B.;SIE 1915 e 1916

,

DATES
TAEA SOAPR 15NAT 16 JUNE SUULE 12AUG 12SEP 110CT 2300V 090EC 26JM 2%PEB 29NAR
ve'es se ee ee en eses eneessesseeee ee e............................................. . ...................so s e es s esse ssesses soa s

*

PROT 0ZOA

DIFFWGIA SP. 1 E E E E
C000NELLA CRATERA E E E E E E E E E E E E

VORTICELLIDAE D D E E E E D D D D D D
1 1 D D E D E E D D EO EPISTELIDAE e

ACINETA SP. 1 1 E E E E E E E E

TOKOPRTRA SP. 1 1
" THECACIRbTA SP. E .I E E I E E

PARACINETA SP. E E E E

STAUROPHERA ELEGAES X X X
s

ROTIFERA
BDELLOIDEA E E E E I E 1 E E

: BRACRIONUS ANGULARIS E E E D E E E E E E E E

BRACRIONUS CALTCIF M MS X X X X D E D D E E E

BRACRIONUS RAVANAENSIS X 1*

,

BRACRIONUS QUADRIDERTAttl8 E E E E E E I E E

BRACRIONUS URCEOLARIS E E E E. E I E

BRACR10NUS CAUDAfils E, E E.

D' BRACRIONUS'BUDAPESTIE8ESIS X X

COLURELLA SP. 1 E
EUCLAMIS DELATATA E I E E E E E

,
* KELLICOTTIA BOSTONIEESIS X X X X X X X

KELLICOTTIA LONGISPIEA E E E .I E E E E E E

REkATELLA CRASSA X X X X X D E E E 1 1 1
:s KERATELLA C0CELEARIS X 'E D E E E E D 1 1 X X

KERATELLA EARLINAE E E D D E E D E E E E E

KERATELLA RIEMALES X

:) KERATELLA QilADRATA E E E E E E E ,1 D E E E

KERATELLA VALGA E E E E E 1 %. K

. LEPADELLA 'SP. E E E
> ROTNOLCA ACUNIRATA E E E E E E E D

NOTROLCA SQUAM LA E E E E E E-
,

-
. ROTROLCA STRIATA E E

K' PLATTAS PATUWS s.

TRICROTRIA SP. K

!ECARE SP. E,

1 1 1 E'

J NOROSTELA SP. X *

2 E E E 1 1CEPHALODELLA SP. *

i TRICNOCE MA CELIEDRICA E E
*

~

J TRICNOCEMA wlTICRIEIS E E E E E E I E I

TRICROCERCA POKELWS X X X

ASCONORPRA SP. E E
*

.J ASCONORPRA RCAUDIS E E .

CHRON0 GASTER OVALES X
ASPLANCHNA PRIODONTA E E E E E E E 1 K K 1 1

'
PL0ESantA IANTICULAM E E E E

; P MESONA h00SOEE E E

PLOESONA TRU0CAttMt 1 1 1 1 1 I>

_ ________ _____
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There was'little specific data on the cladocerans Daphnia parvula
|g and Alona guttata. .However, species of Alona are commonly found

p' associated with aquatic vegetation (Ward and Whipple, 1959) and j
A,. guttata may be a typical littoral form.

|
'

-

Mesocyclops edax was observed in only one sample on one, date (16
L July) in the Oswego Turning Basin. It is a typical planktonic

species, reaching maximum numbers in lakes during the summer
I (Hutchinson, 1967). Therefore, its occurrence in the turning .
; basin is considered incidental and not indicative of conditions'

there as compared to the lake,

'

The taxa unique to the turning basin compared to the lake werei

among the less abundant forms. The dominant zooplankton in the
Oswego Turning Basin on three or more of the twelve sampling,.

'
dates included protozoans of the families Vorticellidae and Episty- '

,

! lidae, the rotifers Brachionus calyciflorus and Keratella earlinae,
the cladoceran Bosmina longirostris, and copepod nauplii. With

{~ the exception oQ. calyciflorus a typically littoral species4

: i. (Ruttner-Kolisko, 1974), these organisms were also dominant in
Lake Ontario at Nine Mile Point (LMS,1976b) .

[,

Comparison of species inventories indicates that the zooplankton
'~

species composition in the Oswego Turning Basin was generally
similar to that of the lake in the Nine Mile Point vicinity..,

! }L The few species which were not common appear to reflect habitat,

differences; the turning basin is a shallow, semi-enclosed water
body with extensive littoral areas harboring aquatic macrophytes,~

while the lake at Nine Mile. Point is a deeper, exposed area in
, which no vascular plants grow. These presence / absence differences

do not reflect different water quality conditions (i.e., pollution
tolerant organisms vs pollution intolerant organisms).<

>
s

c. Abundance of Selected Microzooplankton Taxa

The Oswego Turning Basin is hypothesized to constitute a mixing
zone for two communities: the microzooplankton in the lake, i.e.,

-

in the cooling water discharged from Oswego Units 1-4, and that
community in the Oswego River. Therefore, on a given date, the

L spatial distribution of microzooplankton abundance is a function
i primarily of the hydrodynamics of the mixing process in the basin.

~

P Both simple and complex gradients in microzooplankton concentra -
'

tions, reflecting the mixing of different water masses, probably,~

occurred on dates when lake (as indicated by Intake 1-4) and

I. river (as indicated by OTB-4) concentrations differed. . On dates
b when lake and river concentrations were similar, suggesting similar

environmental conditions, spatial distribution patterns in the
,_

turning basin may have reflected the influence of human activities -
. (domestic and industrial | discharges) in the basin.. -

C

n,
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In the following subsections the spatial distribution patterns
of total microzooplankton, total copepods, Keratella earlinae,,

and Bosaina longirustris will be described; the results of analyses'

of variance will be presented to indicate whether differences
in abundance among stations were statistically significant.

_

(i) Total Microzooplankton

Total microzooplankton abundance generally increased during
the spring months to a June maximum at Intake 1-4 and OTB-6,
the station closest to the discharge of Oswego Units 1-4

_
'

(Table IV.B-7). Maximum microzooplankton concentrations
were recorded during late April at OTB-4, the station most

i influenced by the Oswego River. Both the April and June '

maxima were observed at OTB-10, particularly in bottom waters,
suggesting that this station, located approximately midway
between OTB-6 and OTB-4, represents a transition zone between
two habitats.

This observation was confirmed by the results of an ANOVA
i (analysis of variance) among dates, stations, and depths |iwhich showed that chere were significant differences in mean

microzooplankton abundance among turning basin stations and
.)

| between mean values at the intake and the average of all
turning basin stations and depths on seven of ten study dates.

| Most importantly, on all of the dates when significant differ-
' ences were isolated, a posteriori tests showed' that abundance

at OTB-10 was not significantly different from that at one
or both of the other stations in the turning basin (Appendix
D), indicating the transitional nature between habitats in
the mid-region of the turning basin. These tests also showed

j
, that abundances tended to be significantly greater at OTB-4 .

(under the influence of the river) than at OTB-6 (under the
influence of the plant's discharge) during the late fall
and winter, whereas during the spring, summer, and early
fall- the opposite pattern was frequently observed. The similar-
icy in intake and OTB-4 abundance values during February
and March, together with the low values at OTB-6 and OTB-10 h
(Table IV.B-7), suggest unsuitable environmental conditions J

at the latter two stations at those times.- These low values
could also reflect the influence of grazing by overwintering i
fish populations or the influx of surface runoff as well 'I
as the effects of power plant operation. It is also possible
that OTB-4 was representative of lake rather than river. condi-
tions during the winter months .and that OTB-6 and OTB-10
microzooplankton concentrations reflected the intrusion of
undetermined river. populations.

,
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TABLE IV B-7'

{
t

ABUNDANCE * 0F TOTAL MICR0 ZOOPLANKTON
'

_ _

OSWEGO VICINITY - 1975-1976

___ _ _ __ _ ____ ___ . _ _ ___ _ _ _ __ ____ _ .

_

~$DRFACE BOTTD'M $URFACE BDTTDM SDRFACE BDTTOMDATE UNITS l _4_ __ _ ___ _

_ j
____ _

30 APR 1975 251 233678 192677 312925 748926 886801 965588-

15 MAY 18233 170237 220408 233613 197196 261262 280052
16 JUN 633020 550982 751398 358495 836919 380834 360807 i

16 JUL -85920 133733 160416 206204 213104 118586 177200
12 AUG 88819 142976 157900 133520 155030 150697 147165
12 SEP 77863 88767 159246 113264 111739 40974 75102
17 OCT .122574 94279 110782 68417 31798 46812 45793-
23 NOV 72025 13945 18241 46196 23820 43455 39327

9 DEC- 24894 40721 24450 28655 25042 53431 50115
26 JAN 1976 30974. 11886 13512 7951 7318 NS NS;

24 FEB '24711 6090 5006 5739 5172 35476 37643
29 MAR '16284 4605 4711 2358 3691 11397 14914-'

*

_ ._ _ ______ ______ _ ___ _ _ ____ _______ __ _ _ _ ___ __ ___

MEAN 99631.5 124324.9 151562.3 126944.8 196646.3 185256.8 199427.8

., _____ ___ _ _ _ _ .__ _ _________ ___ _ _ ____________ . __ _ _ ____ ___

NS - No sample 3
i-

* Number of organisms / 0.5m

'

i
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The station x depth ' interactions were indicative of tho water
circulation patterns in the turning basin on some dates.
For example, the pattern of abundance on 16 June suggests ' i

that warm water from the river penetrated the turning basin
at the surface, was mixed with cooler denser water in the
discharge plume, and returned to the harbor along the bottom
of the turning basin. This circulation pattern was confirmed
by the results of an intensive temperature / conductivity sur-
vey conducted on 26 June (Chapter III). Such patterns were
not apparent on all dates due to the complexity of mixing '

patterns and natural variability in the distribution of micro-
zooplankton populations.*

(ii) Keratella earlinae
,

Abundance of Keratella earlinae ranged from no organisms j

collecjedatmost stations in April and May to 559,248 organ-
isms /m at the intake on 16 June (Table IV.B-8). The average'

3

abundanceforallstatjonsthroughout the sampling period !
8was 35,344 organisms /m
.

The timing of seasonal maxima differed only slightly among |,

l intake and turning basin stations. An ANOVA showed that j
the abundance of K. earlinae did. not differ significantly
among stations within the turning basin ( Appendix D), al-
though it was higher at these stations than at the intake
on 16 July and.12 August. Overall, these results suggest
that, generally, K,. earlinae was evenly distributed in the ; ,

turning basin and that this species is tolerant of a wide 4

range of environmental conditions. Little published data '

available on factors affecting the growth and distribution
I of K. earlinae populations. Hutchinson (1967) suggests it I

is a warm water species and this partially describes popula- d'

tions in the turning basin (i.e., very low' abundance in the
winter and spring, high abundance in June) . However, in '

the warmest months ( August and September) abundance was not f
at maximum levels.

I

K. . ear.linae commonly occurs with K,. cochlearis, for which 'j
there are published data on population growth. This. species
feeds on particulate organic matter and algae (Pejler,1957;
Po urrio t, 1957; Erman, 1962) and together with K. earlinae _|_

[ probably plays an Laportant role in the transfer of energy J
| and material through the Oswego Turning Basin food web; both

species may be particularly important in the diet of ichthyo , j
'

plankton (Ruttner-Kolisko,1974). Those data which do exist ,;
forjK. cochlearis were obtained - for temperatures <20*C, slightly

j:.
'

t
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TABLE IV B-8
,

ABUNDANCE * OF KERATELLA EARLINAE
4

OSWEGO VICINITY - 1975-1976
.

;
---___ ._ _ _ __ _ ________ _ ____ _ __ _____-__ - ____ ____ _

_ _

DATE UNITS 1-4 $U'RFACR ~ }BeTTOM}} SURFACE BeTTDM SURFACE BWTTDM
-

____ _ _ _

'' 30 APR 1975 0 0 0 0 745 0 0

3 15 MAY 0 110 0 0 0 0 1945
i 16 JUN ~279624 142193 222132 118075 204415 137937 58473
j 16 JUL 1297 23396 16633 24501 16442 20433 15232 ,

12 AUG 273 9188 10875 9316 10823 5679 6674
3609 2902 279212 SEP 1859 797 1381 4343 -

17 OCT 6608 3183 4713 4959 4999 10774 12953
i 23'NOV 8873 2019 2309 5940 2964 5861 2693

9 DEC 2028 2697 1657 1978 1146 2862 2399
26 JAN 1976 -257 219 70 99 126 NS NS.

: 24 FEB 0 60 79 0 0 100 0
1 29 MAR 114 24 28 0 24 129 71

-
______ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ ____

NS - No sample
* Number of organisms /0.5 .3

!

:
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lower than summer temperatures in the turning basin (a-23.5'C)
and therefore are useful for evaluating effects of water tem- ]

'

perature over most of its range. Developmental rates and;

reproductive rates increased with increasing temperature
(Edmondson, 1964; Pourriot and Deluzarcher, 1971; Lindstrom

,

and Pejler,1975) and it is reasonable to expect that this re-
lationship probably persisted over the complete range of tem-.

perature (up to 24*C) in the turning basin. Lindstrom and!

Pejler (1975) estLaated the generation time of K. cochlearis
to be three days at 20*C. Such a short generation -time with
rapid population growth could be expected to compensate for
any losses resulting from power plant Lapact within the tempera- .]
ture regime of the turning basin. 1

(iii) Bosmina longirostris

i This species was the most abundant cladoceran in the turning
lbasin, ranging in abundance from no organisms collected gt many y

1 stations in March, April, and May to 136,276 organisms /m at |
the OTB-10 surface station in July (Table IV.B-9). The ave 3 age
abundance for all stations and dates was 12,696 organisms /m .

,

The timing of seasonal maxima was sbnilar at the intake and . i

OTB-6 and at OTB-10 and OTB-4, but dissimilar between these i.

two pairs, ~ indicating the mixing of different populations
in the turning basin.

;

Analysis of variance was conducted for data collected on the i

six July-December sampling dates when B. longirostris was t
present at most stations ( Appendix D)." The abundance of j
B. . longirostris was significantly higher at OTB-6 and/or OTB-10
than at OTB-4 on 16 July,12 September,17 October; no signifi-
cant differences were observed for other dates. The higher
abundance on 17 October could have been due to the discharge
of lake water rich in Bosmina since this organism was signifi-
'cantly more abundant at the intake than in the turning basin.>

However, this cannot explain the higher abundance at OTB-6 and/-
or at OTB-10 on the other two dates, a ' phenomenon which suggests
that B. . longirostris populations may reside within the turning

| basin 7 Concentrations appeared to be reduced in the turning
,

"

'

' basin during the winter months, perhaps due to the influence
of natural factors or human activites (see discussion for
| total microzooplankton).i

; i

This species has been cbserved to reach peak ' abundance at vari-~

ous seasons in. different water bodies and ~ may occur in abund- ' l
ance at several times during the year in the same water body . j-

.; .
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TABLE IVB-9"

ABUNDANCE * OF BOSMINA LONCIROSTRIS

OSWECO VICINITY - 1975-1976

; ___ -___ _ . ___ _ ___ _ ____ ___ __ ____ ___ ___ ____ _ _

DATE UNITS'l-4 $URFACE _}BDTTOM _} SURFACE _ BOTTO'M} _ __ SURFACE __ BDTTOM
_ __ _ _

~

30 APR 1975 0 0 304 792 0 0 0
15 MAY 0 0 419 0 106 0 917-

16 JUN 1463 724 663 362 3611 1143 1526
16 JUL 24838 27323 21774 68138 31837- 18025 15626
12 AUC 0 3971 10733- 2821 7100 2291 3315.

12 SEP 569 17132 46928 15056 22791 3739 9228
17 OCT 32632 19962 25336 16998 4659 2409 2020 <

23 NOV 3286 2283 2212 5525 988 1841 1415
9 DEC 1143 1838 1608 1705 1631 1873 1344*

26 JAN 1976 1416 110 70 275 220 NS NS

24 FEB 0 60 0 0 68 200 139
29 MAR 0 0- 0 0 24 27 0

MEAN 7657.3 6116.9 9170.6 9306.1 6086.2 2868.0 3230.0
i

NS - No sample
3* Number of organisms /0.5 m -

i
o

.

+ |
,
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(Ischreyt, 1926; Rylov, 1935; Chandler,1940; Borecky,1956;
Patalas,1956; Hrbacek and Novotra-Dvorakova, 1965). Because .|

*

the abundance of B. longirostris is highly variable and fluctu- I

ates seasonally, this suggests that populatione of these
organisms in various water bodies differ in their response 1

to temperature and/or other environmental factors. The lack !
of a common definable seasonal pattern for B. longirostris

~

has been noted by Hutchinson (1967). q

(iv) Copepoda

Copepod abundance ranged from no organisgs collected at the l,
Iintake on 30 April to 94,660 organisms /m at the OTB-4 bottom

station on the same sampling date (Table IV.B-10). The avegage
abundance for all stations and dates was 18,172 organisms /m ,
most of which were nauplii. The timing of seasonal maxima
among turning basin stations was similar, but different be-
tween intake and basin stations, indicating that the river ,

was the primary source of copepod populations.

Analysis of variance ( Appendix D) showed that copepod abun-
I dance was significantly higher in July and August, a seasonal
l pattern which is in agreement with that of copepods in Lake

Ontario (Watson and Carpenter,1974; LMS, 1976 a) . On three
of the five dates when there were significant differences in '|copepod abundance among stations within the turning basin, ,

abundance was higher at OTB-6 and/or OTB-10 chan at OTB-4.
This can be explained by the discharge into the basin of
lake water rich in copepods in June (when significantly higher
copepod abundance was recorded at the intake) and September;
however, in July, the turning basin had significantly higher ,
copepod abundance than the intake. ,

.I

Concentrations of copepods were significantly higher at OTB-4
| than at OTB-6 on 15 May and 29 March. The lower abundance

at OTB-6 on the former date may be. explained by the discharge
of . lake water of low copepod abundance (the intake station
had significantly lower abundance than the turning basin
stations on this date). However, this does not explain the

"

lower abundance at OTB-6 and OTB-10 on 29 March, since copepod
abundance was significantly greater at the intake than in ,

the turning basin, and intake and OTB-4 concentrations were |

| similar. This pattern was observed for total microzooplankton 1

l and B. longirostris and was probably due to the same factors
(see discussion for total microzooplankton) . j

| .1
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TABLE IV B-10

ABUNDANCE * 0F COPEPODA
_

OSWEGO VICINITY - 1975-1976

______ ___ __ _ _________ __ _ _ _ _ ______ _ _____ _ _ _________

_ _

DATE UNITS 1-4 SDR~ FACE BOWOM ~ $URFACE BOTTOM SukFACE BD1'TDM

'

30 APR 1975 0 3903 7813 6103 28688 35766 47330
4 15 MAY 318 3821 8634 8691 14463 13286' 20313

16 JUN 15599 14564 9634 1883 9596 2441 1994i

16 JUL 4642 ,19940 34215 17215 41465 6520 22418
12 AUG 6189 24886 34046 22691 21129 17722 36523

,

12 SEP 10897 6852 11158 5525 8617 1853 6153>

17 OCT 20115 9606 6200 2010 1591 309 838-
;. 23 NOV 7880 2902 3561 5425 3315 2617 2688

9 DEC 2889 5735 2548 3106 3159 3356 2865
26 JAN 1976 2310 1759 1231 883 1446 NS NS
24 FEB 2334 2144 1183 1637 1189 2493 2548
29 MAR 2213 884 751 441 577 3762 3637

. ___________ ___________ ____ ___ _ __ _ __________ _

HEAN 6282.2 8083.0 10081.2 6300.8 11269.6 8193.2 13391.6
,

.

!

'
NS - No sample >

* Number of organisms /0.5.3

, ,

,

$

!

1 ., . . . - , . - . - -

. . _. - - - _ - _ - - - - _
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d. Discussion of Distributional Trends
!-

! The data indicate that in many cases the distribution of micro- I

j zooplankters can be explained by such hydrodynanic features as:
1 1

(1) input of lake water via discharge into the turning basin, j'
resulting in higher or lower abundance at the stations near;

i the discharge;
;

I (2) intrusion of lake water into the Oswego Harbor as seen
I on 29 March at OTB-4; and
1

j|
(3) intrusion of river water, resulting in mixing of river
and lake populations in the turning basin.

i-
i Undoubtedly this is a grosa, oversimplification of the processes
! affecting microzooplankton in the turning basin, but hydrodyna-
i mies do appear to be the major factor affecting distribution, mask- 3

i ing the subtle differences in developmental and reproductive rates j
: as a result of variations in temperature and food quality as well
! as in interspecific competition. Two species which appeared inde-

pendent, to some extent, of large-scale hydrodynamic effects were,

1 Bossina longirostris and Keratella earlinae, which may have been
{ resident in or tolerant of conditions in the turning basin. The

data for several other taxa not described in detail here (total |
-

| protozoans, . total rocifers, Vorticellidae, Polyarthra dolichoptera,
; Karatella cochlearis, Brachionus calyciflorus, and Diacyclops
i bicuspidatus thomasii) were also examined and with the exception

of D bicuspidatus thomasii the average abundance for the,in withyear:
i increased from the intake station through the turning bas
i maximum abundance occurting at the harbor station OTB-4 (Tables

;
IV.B-ll through IV.B-17). This gradient conforms to the basic - .e

3hydrodynamic pattern of lake water of low organism abundance,
| discharged via the power plant, mixing with Oswego River water
] of high organism abundance. The copepod D. bicuspidatus thomasii
} is probably a lake species which is not abundant in the turning
j basin.

-t
e. Community Structure j

| Variations in microzooplankton comununity structure were examined
y

,
for each date; hierarchical classification analysis was used

'
for this examination. A similarity matrix was generated using J

Sander's (1960) index and the groupings, or clusters, were formed
by the unweighted pair group, also called group average method |
(Sneath and Sokal, 1973). Stations were classified using species -'

,

j abundances for comparisons. The results of these analyses are
- presented. as dendrograms ( Appendix D), one dendrogram for each

, ,
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TABLE IV B-ll

ABUNDANCE * OF PROT 0ZOA
_ _

.

OSWEGO VICINITY - 1975-1976

___ _ _____ _ _______ ____ _ ___ _ _ _ _ _____ _ __ .

_ _

'DATE UNITS 1-4 SllRFACE BDTTDM SURFACE'_ iBOTT'Oh SURFACR ~ BOTTDM ~
_ _____ _ __ __

,

30 APR 1975 42 219934 161711 282880 639422 806276 844755
*

15 MAY 945 80185 106522 61807 82594 44298 79047
16 JUN 78802 42315 53818 22325 58004 26279 45872
16 JUL 29630 9024 16386 15457 26435 20059 23095 ;

12 AUG 52754 18614 24156 33823 30010 28300 12333 .

12 SEP 8502 2726 2229 12088 11401 6229 6897
17 OCT 7946 20430 29382 15160 9310 15749 12431 -

23 NOV 2450 236 80 5175 117 9736 8811-

9 DEC 1322 603 469 701 482 2637 4253
26 JAN 1976 25060 6442 8945 3756 1502 NS NS ;

24 FEB 20530 1166 2203 1831 213t 30239 32264
29 MAR 11963 1085 432 496 312 4598 7352

___ _ .__________ ______ _____ ___ _ ____ ______ ___ ___ ___ _ _ __

MEAN 19995.5 33563.3 33861.1 37958.3 71810.3 90400.0 97919.1
.___ ________ _-_ __ _ _ _ _ _ ___ _ _____________ _ __ __ _ _ _ _ _ _ _____

,

NS - No sample |

3* Number of organismeA).5r m

'

-

e
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_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ . ._. _ -

.

TABLE IV.B-12

ABUNDANCE *0F ROTIFERA

O6WEGO TURNING BASIN - 1975-1976

OTB-10 OTB-4'OTB-6' 8 INTAKE *<

BOTTOMDATE UNITS 1-4 SURFACE BOTTOM SURFACE I BOTTOM SURFACE' '
j

30 APR 1975 209 9841 22849 23150 78581 44759 73503
15 MAY 16970 86231 104730 163115 99927 203140 179775
16 JUN 537156 492885 687283 333925 765341 350373 311415
16 JUL 26810 74963 75000 103918 107071 73121 112972
12 AUG 29646 93415 85751 72913 93963 101949 90848

i
12 SEP 56706 61143 97649 85853 67818 35645 51822
17 OCT 59043 40106 44201 32243 14083 27841 29558
23 NOV 56825 8032 11103 28916 18854 28388 25669 -

9 DEC 19452 31749 19597 22910 19398 44323 41154
26 JAN 1976 2188 3575 3266 3037 4118 NS* NS*

24 FEB 184? 2720 1620 2222 1748 2544 2483
29 MAR 2108 2636 3528 1421 2754 2851 3807

KEAN 67413.33 75608.00 96381.42 72801.92 106138.00 83175.82 83909.64

NS - No sample

.

" Sample not taken due to ice.
l. * Number of organisma/0.5 m3
!

,

1
|

i

i - -. ! I _ _ _ . . ___ __ _.
I'
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TABLE IV B-13 . -

ABUNDANCE * OF VORTICELLIDAE
.

OSWEGO VICINITY - 1975-1976

INTAKE OTB-6 OTB-10 OTB-4
'

DATE UNITS 1-4 SURFACE BOTTON SURFACE BOTTOM SURFACE BOTTOM

30 APR 1975 42 219563 157516 281175 633347 792514 810528
15 MAY 945 76773 100315 56015 72112 38469 67008
16 JUN 0 1956 2062 8239 7319 3201 8262
16 JUL 0 0 124 0 112 258 454
12 AUG 0 344 556 560 724 145 862
12 SEP 620 117 108 191 0 3639 4325
17 OCT 605 1296 4043 946 5115 7923 3919
23 NOV 0 '73 0 3129 0 8960 8217

9 DEC 866 296 469 311 444 2499 4039
26 JAN 1976 24930 881 2344 487 1345 NS NS ,

24 FEB 17098 1046 984 971 532 25854 28848 I

29 MAR 11607 788 405 459 253 4521 7120 |

HEAN 4726.1 25261.1 22410.5 29373.6 60108.6 80726.3 85780.2
I I

i

|
NS - No sample |

'

*Humber of organisms /0.5 m3
'

.

I

_ _ _ _ _ _ _ _ _ _ _ _ _ -
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TABLE IV 4-14

ABUNDANCE *0F POLYARTHRA DOLICHOPTERA

OSWEGO VICINITY - 1975-1976-

INTAKE OTB-6 0T5-10 . OTB-4- *

DATE UNITS 1-4 SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM

30 APR 1975 125 522 1852 2207 3782 6620 4149
15 MAY 2438- 11893 11258 325347 15101 20152 10622
16 JUN 2925 14102 994 9752- 16893 6324 32340
16 JUL 0 0 134 0 0 327 0
12 AUG 0 0 0 995 0 413 0 .

12 SEP 285 0 0 0 0 0 358
17 OCT 0 .0 0 0 0 0 0
23 NOV 0 0 0 0 0 0 0

9 DEC 0 0 0 0 0 0 0 |
26 JAN 1976 0 0 0 0 0 NS NS

'

,

24 FEB 0 0 0 0 0 0 0
29 MAR 0 24 27 37 72 27 0 .

,

-

i

MEAN 481.1 2211.8 1188.8 3794'.0 2987.3 3078.5 4315.4

'NS - No sample
.

* Number of organisms /0.5 m3 |

,

'

i.

|.

|

I
1 - ..a _ c_ . ._ . _ _ _ . ,_. ._ _ _ . . . . . _ _ . .
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TABLE IVB-15

ABUNDANCE * OF KERATELLA COCHLEARIS

OSWEGO VICINITY'- 1975-1976
.

INTAKE l OTB-6 OTB-10 OTB-4
DATE UNITS 1-4 SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM

30 APR 1975 0 0 0 1172 0 1665 0
15 MAY 657 2594 3278 8746 9324 31699 41839
16 JUN 9424 23628 19207 78458 69804 103245 111389-
16-JUL 1167 6559 6092 4632 11325 13843 16251
12 AUG 481 11860 7012 6350 12994 6880 3877
12 SEP 8136 117 391 338 280 246 1681
17 OCT 2873 3097 2023 1818 681 3101 1665
23 NOV- 12452 681 759 1489 976 1744 895

- 9 DEC 1498 1440 403 503 737 575 502
26 JAN 1976 128 221 202 218 32 NS NS

24 FEB 135 0 40 97 0 0 0
29 MAR 235 0 28 0 0 103 0.

HEAN 3098.8 4183.1 3286.3 8651.8 8846.1 14827.4 16190.8
,

.

*

NS - No sample
3* Number of organisms /0.5 m

.

9

_ _ _ _ _ _ _ _ . _ . . _ _ _ _ _ _ . _ . _ _ _ _ _ _ m
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TABLE IVB-16

ABUNDANCE * OF BRACHIONUS CALYCIFLORUS

OSWECO VICINITY - 1975-1976

INTAKE OTB-6 OTB-10 OTB-4
_

DATE UNITS 1-4 SURFACE BOTTON SURFACE BOTTOM SURFACE BOTTON

30 APR 1975 0 353 767 792 745 0 0'

15 MAY 0 5693 18301 14043 14814 17575 20665
16 JUN 0 '0 0 0 502 0 0
16 JUL 0 0 0 0 0 0 121
12 AUG 0 3971 14563 2108 12350 6298 25807
12 SEP 0 0 0 0 0 0 0
17 OCT- 0 0 0 0 113 0 117
23 NOV. 0 101 304 2884 3952 4166 5749,

9 DEC 3571 8598 8511 6940 5556 16157 18025
26 JAN 1976 128 549 320 367 754 NS NS

24 FEB 0 0 0 97 0 150 70
29 MAR 0 0 0 0 0 27 0

MEAN 308.3 '1605.4 3563.8 2269.3 3232.2 4033.9 6414.0

NS - No sample
* Number of organisms /0.5 m3

*
.

4

3

$- I
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TABLE IV B-17,

ABUNDANCE * OF DIACYCLOPS BICUSPIDATUS THOMASII.
,

OSWEGO VICINITY - 1975-1976

INTAKE OTB-6 ' OTB-10 OTB-4
DATE UNITS 1-4 SURFACE BOTTON SURFACE BOTTOM SURFACE BOTTOM

30 APR 1975 0 0 0 0 0 0 0
15 MAY 0 0 0 0 0 0 0
16 JUN O O O O O O O
16 JUL 0 2'!6 393 0 0 0 0
12 AUG 0 0 0 0 0 0 0
12 SEP 0 0 0 0 0 0 0
17 OCT 403 182 135 0 114 0 0
23 NOV 145 146 160 496 117 49 0

9 DEC 74 99 185 0 *187 328 0
26 JAN 1976 128 0 139 0 0 NS NS,

'

24 FEB 109 52 119 97 0 150 69-

29 MAR 811 98 107 19 0 78 234

4

MEAN 139.2 66.9 103.2 51.0 34.8 55.0 27.6
'

I

NS - No sample
* Number of organisms /0 5 m3.

4

4
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sampling date ( Appendix D). The station clusters depicted by i!

the dendrograms were then illiustrated on a longitudinal cross !|
section of the Oswego Turning Basin including the intake for j
Units 1-4 of the Oswego Steam Station '(Figure IV.B-13) . In most ,

cases the stations were grouped into either two or three clusters |
and were not split any further.

{ Several spatial patterns in coasmunity structure were observed.
j On 6 of the 12 sampling dates, the community structure at the i
j intake station differed from that at the turning basin stations,

| as indicated by the low degree of similarity. Two dates (30 7
| April and 16 July) were characterized by a cluster of surface !

''
I stations and a cluster of bottom stations within the turning

basin, yet there were no distinct differences between the rel- l
3

ative abundance of total microzooplankton in surface and bottom t <

8
. samples (Figure IV.B-13). The water temperatures on 16 July

indicated that the basin was vertically homeothermic. However,
conductivity measurements ( Appendix A) on this date indicate
that high conductivity river water was flowing into the turning i

basin along the bottom and mixing at the surface with discharged
lake water of low conductivity; this circulation pattern could -

have accounted for the surface-bottom stratification in the f
'

zooplankton community on 16 July.

on 15 May, 16 June, 12 September, 17 October, 23 November, and
9 December, the OTB-4 surface and bottom stations, which are
near the harbor breakwall, formed a different cluster than the
OTB-6 surface and bottom stations which are near the plant's

idischarge. At times the OTB-10 surface station, located be- !

tween OTB-6 and OTB-4, clustered with the OTB-6 stations while

the OTB-10 bottom station clustered with the OTB-4 stations (15 '
'May,17 October), giving the impression of water (possibly _ Oswego

River) moving up the turning basin along the bottom and water
in the upper turning basin moving down over the surface. On

.
;

17 October, water temperature measurements showed warmer waters I
'

in the turning basin region nearest the. discharge, whereas the '

temperature at the OTB-10 surface station more closely _ resembled
that at OTB-6_than at OTB-4. Thus, based upon water temperature i
distributions for 17 October, the pattern in zooplankton consnuaity .I

structure mirrored the expected flow of water' masses in the turn-
ing basin;. cooler (denser)- river water probably moved into the'

. basin along the bottom,- while warmer (lighter) discharged lake
.,_

water mixed with river water flowing out of the basin at the
; _ surface. m- 3

| 1
On one date (16 June) the OTB-10 bottom station clustered with #

the OTB-6 bottom' station and the OTB-10.surfac~e with the'OTB-4~

surface' station, suggesting the movement of water down the turning
| basin along the bottom.. This was the expected flow pattern based - 1 )

1
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i SCHEMATIC DISTRIBUTIONS OF MICROZOOPLANKTON ASSOCI ATIONS
OSWEGO TURNING BASIN - 1975-1976;
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-on temperature measurements. The water near the discharge was ,
cooler (denser) than Oswego River water and would therefore ?

sink and flow out of the basin along the bottom. i

Dates on which the intake clustered with turning basin stations
{,

! corresponded to dates on which the relative abundance of total ,

microzooplankton at the intake was at least 15% of the total
observed for all stations (Figure IV.B-14). This suggests that i
for 16 June,17 October, and 23 November the concentration of )zooplankton drawn in from the lake at the plant's intake and
discharged into the basin was high enough to affect the zooplank-
ton community structure near the discharge (OTB-6) and, at times,
further down the turning basin (OTB-10). When the relative abund-
ance of total microzooplankton at the intake was less than 15%
(particularly on 30 April and 15 May) the effect of power plant }

; discharge of lake water into the turning basin was the dilution /
'

of turning basin zooplankton abundance without alteration of
the structure of the zooplankton community.

1

The data for 2 February and 29. March 1976 indicate similarities
in community structure and relative abundance of total microzoo- ,

plankton between the intake and the OTB-4 surface and bottom sta- 4,

tions. This suggests the intrusion of lake water into the Oswego '

Harbor near OTB-4 and the consequent similarity of the zooplankton,

Iat these stations and in the lake water at the plant's intake.
Community structure at OTB-6 and OTB-10 was similar on these
dates and, as described earlier, abundance tended to be lower at
these two stations than at intake and OTB-4. The spatial distri-
bution patterns on these dates could reflect the intrusion of
Oswego River water into the turning- basin or the influence of

.

natural factors, such as grazing by overwintering fish popula-- ;
tions, or human activites, such as industrial and domestic waste jdischarge, on zooplankton populations in the turning basin.

In summary, the Oswego Turning Basin is characterized by complex }water circulation patterns. Water may be contributed te the - J.

basin from the discharge of heated lake water by the Oswego Steam
Station, the intrusion of lake water through the mouth of the

}Oswego Harbor, and the Oswego River. These waters may mix and/or, .]
due to density differences, may form distinct water strata within
the basin.

g
i,

The characteristics of the zooplankton consnunity within the turn-. J

ing basin reflect these different water circulation patterns. Water
temperature measurements, used as indicators of water density and {flow characteristics,-support this thesis. Therefore the plant's
discharge serves primarily as a source of heated ' lake water to
the turning basin and the resultant patterns in zooplankton commun- -

icy structure appear to' reflect hydrodynamic processes, j-
!
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h|3. Macrozooplankton
l

a. Introduction ].)
i

For the purposes of this demonstration, the macrozooplankton
community of the Oswego Turning Basin will represent those in-
vertebrate zooplankters retained by a 571p mesh net. Included )
in this community are holoplankton, those organisms which are
planktonic throughout their life cycle (except as eggs) (e.g., s

the cladoceran Leptodora kindtii), and meroplankton or temporary {
plankton, reflecting development stages of various organisms '

(e.g., dipteran pupae); predators (L. kindtii, odonata nymphs,
and hydracarina) and detritovores Tisopods, Gammarus fasciatus, ,(
and dipterans); organisms with a distinct seasonal abundance'

!

peak (L. kindtii) and organimas which may undergo irregular cycles
corresponding to the production of several generations during a
year (G. fasciatus). The macrozooplankton community, then, is a j
heterogeneous assemblage of organisms able to occupy an array of
niches. This section will attempt to show that the macrozooplank- ,

con community is capable of sustaining itelf on an annual basis
and that the fauna is typical of shallow, lentic water bodies.

Appendix C sunmarizes the field and laboratory methods and de-
scribes the sampling locations,

b. Species Composition. j
i

A total of 22 taxa of invertebrates were identified from macro-
zooplankton collections in the Oswego Turning Basin from April
1975 through March 1976 (Table IV.B-18). A supplementary list-
ing of benthic invertebrates is found in section C of this chap-
ter,

c. Community Composition

Throughout most of the survey period, the macrozooplankton com- 1
munity in the Oswego Turning Basin was numerically dominated !

by the amphipod Gananarus fasciatus, a species common to warm,
slow-moving, water bodies (Clemens,1950; Bousfield, 1958, 1973); ;

during August and September, however, the cladoceran Leptodora f
Jkindtii constituted the dominant fraction (Figure IV.B-15).

Hydracarina and dipterans ranked next in abundance and percent
composition; other taxa were minor contributors to community
abundance.in the turning basin. -

In composition, the macrozooplankton ~ community of the turning
basin ,was abnilar to communities represented in inshore areas

,,

of Lake Ontario in the vicinity of the Oswego Steam Station (LMS,
.1976b) and Nine Mile Point (LMS,1976a) . In this and subsequent
community analyses, epifauna (hydroids and mollusks) were excluded.

.
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Infaunal oligochaetes were included since they were occasionally
'~ collected in surface samples. Section C, which describes the

benthic distributions of the oligochaetes and molluscs in the
Oswego Turning Basin, provides a more accurate assessment of
their abundance than the pattern depicted by plankton tows. The-

hydroids, however, are colonial, and are difficult to quantify
accurately.

d. Interstation Affinities: Cluster Analysis

In order to measure the degree of structural similarities between
'

the seven macrozooplankton sampling stations, Sander's (1960)
Similarity Index was used. The formula for this is:,

b (Max P ., P .)r Percent Similarity = .

I at bi

P = percent composition of the community comprised by "i" organ-
irms at Stations a and b. .

In this approach a matrix of similarity values between stations is
produced; this matrix, which is sometimes presented as a trellis
diagram, is then analyzed by a clustering strategy (unweighted pair-
group average) and a dendrogram is produced (Sneath and Sokol,1973).'

For these analyses, Mollusca and Hydroida were excluded (as indica-
ted above); a cluster was formed for each night sampling date (by
depth) . The Units 1-4 intake station was included in this analysis.

.

Preliminary evaluation of the clustering results did not suggest
any consistent interstation distributions within the Oswego Turning
Basin; adjacent stations at a given sample depth clustered together<

as frequently as did the two depths at a given station (Figure
IV.B-16).

Comparisons of clusters formed on three dates (16 April, 23 June,
L and 18 August) which corresponded to thermal surveys of the turning

basin, showed that station affinities were linked with the distribu-
' tions of water masses of different densities (Figure IV.B-16). Appen-
( dix B presents temperature profile related to longitudinal cross

sections of the Oswego Turning Basin.

Therefore, macrozooplankton distribution within the basin may not be
directly affected by the thermal discharge of Oswego Steam Station
Units 1-4, but instead may be influenced by the distributions of
these stratified (by temperature and conductivity) water masses
resulting from the flows of the Units 1-4 discharge and the Oswego
River.

IV-22
e

I_

-

-

..



- - h *

FIGU R E IVB-16 l,
./2

$1 MIL ARITY OF MACROZOOPLAN KTON* COLLECTIONS
~}

OSWEGO VICINITY- 1975 -1976 '
$ ~'\

)-

!

i
l

16 APR 23 JUN
'

3
- O \

)
10 - - -

,

)20 - -
i
; #

3o . _

w

),40 - -

50 - -

T
> >

6b I--- -

*

m - -

I . g
'

80 '- -
.

X _--90 .
,

W
IO '

10 0 - - . .

a a 0
' '

E m t e a
9 i T E g T T Mm g bn T i

m*-
. .

R RRR R R * R $o R j* *
. > o o o o o o o o o o o o

>-
29 M AY 21JUL (

-

g 0
*4

-
a 10 - -

,

'

.\
2 20 _)

- -

_

W 30 - -

\
]40 - -

50 - -

a.o .
.

70 - -

j
- - --

'80

'ego . .

)
,

I

u., . ,

m e a m a ** e e e e a e e' e i
t t 9 .t. e g 9 e -e .a 9

k -Q kkkh h k k~k k h h -

e -e
A

..

bo o o o o o o o o o o o o
* Excludes Mollusca and Hydroida j

| -J.
. _-. . .- . _ .__ _ - .. . - . .



y F l G U R E IVB-16,

,. Continutd
u,

r SIMIL ARITY OF M AC ROZOOP L A N KTON* COLLECTIONS
'

OSWEGO VICIN ITY - 1975 -1976
e

,

4

18 AUG 14 OCT

10 . -.

.

r 20 - -

30 - -

| 40 . - -

50 -- -

60 - -

70 - -

e . --

't 80 - -

,

X 90 - _

Id

O '

goo - !.

2 m m

j- T gma e m , a a m y eT @ T I I
-

T * T S;- . -
.

. m a a e e e a e a e a s m
i O o E o o- $ o o $ $o $ og

15 SEP 12 NOV-
,

i x 0
,

't 4

-
a 10 - -

-, . .

, | 3 20 - -

t -

W 30 - -

!
' 40 - -( ,

50 - -
,

'

60 - -

M - -
,

- 80 - -

,.

90
| |

- -

' 'iOc . . . . . .

e a e a m * m e a e a m I/ e o *e. - e. A. e. 2 2 e. e. *. _
. .i .(- m a e a e a e e e e e a m m.

> > > -> > > > > > > > m
o o o o o o o o o o o o

- *Exc16 des Mollusca and Hydroida
*

,
_.

w-e . -- -- .i-------,-.-,..--,-.,y- - , . - - - .e ,w-w--,, , ,- ..e- .-



_. -

FIGU R E IVB-16 q
^ Centinusd ;)

SIMIL ARITY OF M ACROZOOPL AN KTON* COLLECTIONS
OSWEGO VI CIN ITY - 1975 - 1976

T

I-

\
),

,

8 DEC 22 MAR
\O n

10 -

20- --

30 - -

1
(40 --

l

50 --

- '"

60 - -

70 _.

\.

b80 - - -

x 90 .
.

hJ I
I

,

100 . ! ,

e
' ' IO '

:
2 m a e a m a e m e m e

* ? ? ?? ? ? ? *m???-

Im e e a e e e a e a e a e
>. >- >- >- >- >- >- m >- >- > > > >- -,t

o o o o o o o o o o o o o
p

24 FEB-

cr O

4.
,,,2 10 -

-

2 20 -

_

W 30 -

1

40 -

.i

50 -
. ,

f

60 - .i
.,

70 -

I*

)
| 80 -

,

-

|
.i

| 90 -

J
ICC . e a

.

e a e a
ne t e Q 9 y
fe d a e- E e '

| 5 .5 5555
* Excludes Mollusca and Hydroida ,

I
. - - - .-- - - . - . -. ._ . _ ____ .__



- . . - - . .

,

.-

I(' |
|

|

:-
1 4-

e. Life History and Distributions of Major Taxa'

Four macrozooplankton taxa were selected for presentation of;
" life history information and seasonal and interstation distribu-

tions within the Oswego Turning Basin. These taxa (Hydracarina,"
,

Leptodora kindtii, Gammarus fasciatus, and dipterans) were ob-
') served to comprise the major fraction of the macrozooplankton

j community in the basin (Figure IV.B-17).
'

Hydracarina-

!

i Water mites are typically found in shallow, lentic environments,
) often associated with aquatic vegetation. These species are

typically swimming species, whereas other species, inhabitants
* of running waters, are usually benthic (Crowell,1960).

) .'.

The hydracarina undergo a four-stage life cycle: egg, larva,
nymph, and adult. The eggs are attached to a variety of sub-,-

;' merged objects and usually hatch within one to six weeks. The1' larvae are generally parasitic, particularly on Chironomidae
! (Diptera) larvae. Both nymphs and adults are free-living and
} <, predatory (Crowell, 1960). Reported prey items of Hydracarina
{! adults include Chironomidae larvae (Paterson, 1970), Ephemerop-
; tera nymphs, and asellid isopods (Uchida,1932; cited in Pater-
I' son, 1970).
I1
! The temperature requirements of the various species are unknown.

Abundance of hydracarina in night collections in the turning4

! basin showed two peaks (May and October), and no hydracarina
) ,' were collected from January through March 1976 (Figure IV.B-17).
|
! Interstation patterns of abundance suggested a trend of greater! abundance of water mites at the station located near the thermal
: discharge (OTB-6) during August through October (night collec-
} tions). Entrainment abundances at the intake of Oswego S5***'

Station Units 1-4 peaked on 21 July (248 organisms /1000 m )3*"dt
'

on other dates were never in excess of 100 organisms /1000 m .
j< Thus, the interstation differences from August through October
|( were not considered as reflecting any additive effects from en-

trainment, nor did the magnitude the interstation ' differences
suggest any attraction to the plant's discharge.7

.

| I. Leptodora kindtii (Cladocera)-

)- L. kindtii is an aestival holoplankter (Hutchinson, 1967; Cummins I

et al.,1969a), abundant in nearshore areas of Lake Ontario (LMS,,
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ABUNDANCE * OF HYDRACARINA IN NIGHT COLLECTIONS

OSWEGO TURNING BASIN - 1975-1976
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TABLE IV B-18
.

OCCURRENCE OF MACROZ00 PLANKTON BY DATE

OSWEGO TURNING BASIN - 1975-1976

1975 1976
TAXA 16 APR 29 HAY 23 JUN 21 JUL 18 AUG 15 SEP 14 OCT 12 NOV 8 DEC 19 JAN 24 FEB 22 MAR

COELEMIERATA
Hydroida- X X .X X X X X X X X X

PLATYHEl)(INTHES
Turbe11 aria X X X X X X X X X-

ASCHELMINTHES
Nematoda X

5 ANNELIDA
Oligochaeta X X X X X X X X X X X X

Hirudinea X X X
.

HOLLUSCA
C:ctropoda X X X X X X
Palecypoda (bivalvia) X X X X,

ARTHROPODA
Hydracarina X X X X X X X X X+

Laptodora kindtii X X X X X X X X X
'

P docopa X X X

Mysis oculata yelicta X X<

Icepoda X ,X X X X

Graunarus fasciatus X X X X X X X X X X X X
G. pseudolimnaeus X
.Crangonyx sp. X.

Pcntoporeia affinis X X X, ,

; |$yallella azteca X X

; Ephemeroptera nymph X X X X
Od nata X X X X

~'
Trichoptera X X X X X

Diptera 'X X X X X X X X X
Diptera larvae X X X

,
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P CENT COMPOSITION OF M A'CROZOOPLANKTON ABUNDANCE "
~

IN NIGHT COLLECTIONS .

DSWEGO . TURNING B ASIN - 1975-1976
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TABLE IV s ,19a

OCCURRENCE OF ICRTNYOPLANKTON BY DATE l
i

r ;

e i

i FISH EGCS I

1975 1976
16 29 9 23 j 7| 21 4 18 2| 15 | 13 12 8 19 24 22

"
SPECIES APR MAY JUN JUN IJUL iJUL AUC AUG SEP ISEP IOCT NOV DEC JAN FEB MAR

| !
Clupeidae :

'

|Alosa pseudoharengus I I I I I I I 1
Alewife*

; ,

Dorosoma cepedianum i I I I
|1 Gissard shed i

Gadidae
' Ii

',_
Lota tota I

i, Burbot

,0emeridae. 1 I -

I^ l Osmerus mordax I I I I !,

{ 1ainbow smelt t
I '

. |

Percichyidae I !
,

Morone americana I I I I-

I White perch

'Percidae
-Perca flavescens I |,.

' Yellow perch I

(, Stizostedion vitraum vitrena I I I I I I
Walleye

!
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t

9

.

L .
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TABt.E IV B-19b .,3

fNIACARA N0EAWK POWER CORP.
1975-1976 AQUATIC ECOLOCT STUDIES

OCCURRENCE OF ICHTHYOPLANETON SY DATE

*
OSWEGO TURNING BASIN - 1975-1976

FISE IARTAE .

I
1975 . 1976 '

16 ' 29 9 23 7 21 4 18 2 15 13 12 8 J 19 24 22 . fr

SPECIES APR MAY JUN JUN JUL JUL AUG AUG SE? SEP OCT NOV DEC JAN FEB MAR )

Catostomidae I
Mozostoma sp. j

Centrarchidae 1 I Z Z X -w
Leposis sp.

.fLeposis macrochirus I
Bluegill sunfish

Micropterus sp. I I I

C8upeidae .

X X I I EAlosa pseudoherengus X X X X X X

Alewife
Dorosoma cepedianus I I I I

.fGissare shad ,

/

Cyprinidae
Cyprinus carpio Z Z I I I I I
Carp i,

i
Notropis atherinoides 1 1
Emerald shiner

Notropia hudsonius X
Spottail shiner j

\
,adidae .

Lota loca 1
~

BurbTC

*asterosteidae.

Gasterosteus aculestus I
Threespine stickleback

i
'lemeridae .t

<

Osserus nordax I I I I I X -'*

Rainbow smelt

Nrcichthyidae
Morone americana I X X X X X X X ;

Wite perch
Morone chrysops I_ Z Z
M bass j

!
*

'ercidae
Etheostosa nigrum I I I I I I
Johnny darter .jPeres flavescens I
Yellow perch
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f 1975a,1976a). It is important, both as a predator of crustacean
i (' zooplankton (Sebestyen, 1931, 1960; Cummins e t al . , 1969) and as

( a selected prey item for various species of planktivorous fish,
including alewife (Sebestyen,1960, Wells,1970; Costa and Cummins,

! 1972).<

Leptodora populations show two phases of development during an
annual cycle. During spring and summer months they are planktonic,
with peak abundance occurring during late stanmer/early fall. The
population declines, due to mortality, through the late fall /early'

winter (mean water temperature 4.8'C; range 9.4-1.0*C; Cummins
'' et al.,1969) at which point Leptodora have disappeared from the
s plankton. Overwintering occurs as fertilized resting eggs which'

are free at the bottom of the water body, remain there until
water temperatures become more favorable and developmental pro--

cesses are initiated (Sebestyen,1960); Cummins et al., (1969)
' reported that the first appearance of Leptodora in the spring

occurred when the water temperatures were approximately 19'c
(range: 8.9-24.0*C).

Leptodora has been observed to attain a greater standing crop in
more productive lakes (Cummins, et al.,1969; LaRow, 1975), pro-

i i bably as a' consequence of its predation on herbivorous zooplank-
l

ton. Standing crop variation between years in a given water body
is also probably related to fluctuations in prey availability

; (Cummins et al., 1969).

On the basis of behavior and trophic relationships two size classesr
'

are distinguishable: 2-5 mm Leptodora occupy the upper strata ofi-

lakes during daytime hours, whereas 6-12 mm individuals migrate to
' surface waters at night. The smaller individuals prey upon bac-

teria, algae, and detritus, whereas the larger Leptodora are pre-
,

|( daceous on zooplankton (Cummins et al.,1969). L. kindtii abun- 1

dance in the turning basin reached the summer (ll August) maximum
characteristic of the species. It was not present in collections;

-( ~ made prior to 29 May or after 12 November (Figure IV.B-18). Inter-
station distributions indicated that, during the July-September~

sampling dates, night abundances at OTB-6 (discharge) and OTB-10,

,

k .
were similar to each other and significantly greater (ata= .05).

than' the abundances at OTB-4 (Appendix D).

i# Since L. kindtii is a soft-bodied form, it is unlikely to survive
L the entrainment process intact (LMS, 1975). Therefore, 'the distri-

bution of L. kindtii within the turning basin was considered to
I be unaffected by entrainment additions.

|
'

The data presented here suggest that L. kindtii is a resident
of the Oswego Turning Basin. Th9 night abundances in the basin -<

1
.k
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ABUNDANCE * OF LEPTODORA KINDTil IN NIGHT COLLECTIONS'

OSWEGO TURNING B ASIN .1975-1976
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were generally 2-16 times lower than those of the nearshore lake,
.f as indicated by data collected at OSS1-4 and at Nine Mile Point

(LMS, _1976b) from, June to September. The exception yas August,i

L when entrainment. abundances (51,563 organisms /1000 m ) were approxi-
mately 50% of the abundance at OTB-6.r

Individual populations of L,. kindtii have exhibited marked fluctua-
tions in abundance between years (Cummins et al.,1969; LaRow, 1975),,

thus, the reduced abundances in the turning basin, compared to the'

i. nearshore lake, may not be indicative of an inhaical environment
but may reflect natural variations of standing crop.

n
~

Gammarus fasciatus-

The amphipod Gammarus fasciatus is distributed east of the Missis- 'e

sippi River in both tidal and non-tidal Atlantic coast drainages
from southern New England south to tributaries of the Chesapeake
Bay and in the Great Lakes from the upper Ibnit of tidal influence
on the St. Lawrence River to Lake Superior (Bousfield,1969,
1973).

/ G. fasciatus is both semipelagic and benthic (Bousfield,1973) and -

Is a known associate of aquatic macrophytes (Clemens, 1950), algae
(e.g. , Cladophora) (LMS, 1975; Barton and Hynes, 1975), and attached*

epifauna (e.g., Cordylophora caspia - lacustris) (Feeley and Wass,
1971).

,

.

Clemens* (1950), in describing the reproductive cycle of G. fasciatus
'

[ noted that the sexes are separate and that reproduction is entirely
L sexual. Males are longer at sexual maturity than females, whose

size at maturity is temperature-dependent; at 6 *C (42.8'F) females
mature at 8.8 mm, while at 26*C (78.8'F) they mature at 5.4 mm. Egg

( production is positively correlated with body length and season.
Clemens (1950) observed that the average monthly egg production per
female decreased from April to December; the average number of eggs

(~ per female for the entire season was seventeen. Mature females lay
eggs subsequent to each adult moult, and copulation occurs just sub-
sequent to moulting, during ovulation, and for a short time afterward.
During incubation, the - fertilized ' eggs are carried in a brood pouch;

or marsupium under the female. The incubation period is temperature'

dependent; at constant temperatures of 24, 22, 20, 18, and 15'c (75.2,
,f 71.6, 68.0, 64.4,' and 59.0*F) incubation' lasted 7, 8, 9,14, and 22
'( days, respectively. The maximum number of incubation periods or broods:

produced per female per year was estimated to be 17 in Lake Erie.
(

Bousfield (1958) raised the point that Clemens' work (1950) actually~ *

' was done on three or four species rather than just G. fasciatus.
' .|

|
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)However, the actual number of broods produced Mr female is

probably betwe'en five and eleven.
.,

Immature gammarids reached maturity after seven moults with the ?

interval between moults decreasing with increased temperature.
In the laboratory at 21*C (69.8'F), G. fasciatus young required 'T
42 to 53 days to reach maturity, whereas at temperatures varying ;)
from 14 to 22*C (57.2* to 71.6*F) young achieved maturity in
66 to 85 days.

An omnivorous feeder, G. fasciatus devours living and dead plant
and aniual matter, and may prey upon such zooplankton as Daphnia,

U),Leptodora, and copepods (Clemens, 1950). It also consumes benthic
organisms such as insect larvae, oligochaetes, and small isopods
(Burbanck, personal communication, 1972); in addition, male gammar-
ids in particular are cannibalistic. G. fasciatus plays an import- )
>2nt role in the trophic structure of many aquatic environments, )
since it is in turn consumed by a wide variety of fish and inverte-
brate predators (Scott and Crossman, 1973; LMS, 1974, 1975). s

h-
Pentland (1930) observed that G_. fasciatus is capable of enduring '

high temperatures. Sprague (1963) found that the ultimate lethal

highest temperature to which the TL {C; this represents the
temperature for G_. fasciatus was 34.,

(that temperature at which -

50% of the test organisms die after*24 hours) can be raised by
acclimation. A 10*C rise j
to 20*C) increased the TL,g acclimation temperature (from 10*Cby 1.9'C. Females were more resistant .I,

than males.'

1Sprague (1963) also investigated resistance to reduced levels )

ofgssolvedoxygen. At a 20*C acclimation temperature, the
% was 4.3 mg/l (Sprague commented that this level seemed'
raIher high). .].

.>

G. fasciatus distribution within-the turning basin ~did not
s2ggest any pronounced seasonality of abundance (Figure IV.B-19).

}15e maximum nighttime abundance, occurring during November, may a
have been affected by a rainstorm that evening. Interstation
distributions indicated that the abundance at OTB-4, 'the station -

influenced by the Oswego River, fluctuated little during May- ()_

"August and was the station with highest abundance'during' May
and June when surface water temperatures (night) were 1.5-2*C
warmer than at OTB-6. The latter observation may indicate an

.

,
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earlier reproductive effort by a population influenced by the l
earlier warming of Oswego River waters (see section II.E). During ),

November and December, when the Oswego River cooled faster than
the rest of the- turning basin, G. fasciatus abundances were lower T'

4 at OTB-4 than at other stations. In addition, recruitment of ?

! G,. fasciatus into the benthic community was indicated during this
same period (see section C), suggesting that apparent alterations g

; in standing crop over time may also reflect changes in habitat. j

Diptera .! -

:

i The dipterar. community in the Oswego Turning Basin was comprised
'

of two families: Chironomidae (= Tendipedidae) and Culicidae
! (Chaoborus sp.) (see section C; planktonic dipterans were only-

identified to order). Chironomid larvae may be benthic or epiphy- 1
'

tic; Chaoborus larvae are both benthic and planktonic. Dipterans,
) particularly chironomids, are cosmopolitan in distribution, y

i

Chironomid larvae are found in a wide variety of environmental
conditions; distributions at the species level, however, have 3
been shown to be affected by substrate type, pH, dissolved oxygen, q
temperature, and food supply, (Mason,1974). Chironomid larvae s

,

may be detritivores and/or carnivores (Roback,1969; Menzie, 1976),
1and predatory species may consume oligochactes (Loden, 1974),

cladocerans, and other chironomids (Roback,1969); they are also- ,;

i important in the diet of various species of fish.
*

lTemperature elevations may act to accelerate or terminate develop- ';-
ment of chironomid larvae. Nebeker (1973) found' that in Tanytarsus
dissimilis growth rates increased between 21-28*C, and that no in-
crease was noted between 30-32*C; between 33-36*C, no adult emer- )
gence was observed, and at 36*C embryonic development ceased. Mason >

_
; (1974) noted that the' pollution tolerant'Chironomus spp. could not

survive at 32*C in standing water due to decreased resistance to .)
|' bacterial infection. __)

i The actual number of generations produced annually is a species- _.s
specific phenomenon. Emergence of adult chironomids is generally :}greatest (in terms 'of numbers of species) during. the warmest

^

parts of the year (Miller,1941).
.\
a

-

Chaoborus larvae may be 'found in more profundal areas than the - s-

chironomids. Roth (1968) observed that C. flavicans was most!
abundant in 6-9.5 m of water in a lake in Michigan whose maximum .f

.

depth was 9.5 m. As Chaoborus larvae mature, they change both 7
| habitat and behavior. First instar larvae remain in the epilimnion

and undergo no vertical. migration; second and -third instar larvae
,

.

f.
;

..y
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show progressively greater migration and a broader depth distribu-
(~ tion; fourth instar larvae are benthic during the daytime, with

marked nocturnal vertical migration (Teraguchi and Northcote,
1966). The nature of this migration is regulated in part by

- low oxygen tension (LaRow,1970)- and a critical light threshold
(Teraguchi and Northcote,1966; Chaston,1969).

Adult emergence is species-dependent; Stahl (1966) observed maxi-,

num emergence during May for C_. flavicans and during June, July,
and August for C punctipennis in an Indiana lake, Chaoborus
larvae are predaceous, feeding upon copepods and cladocerans
(Stahl,1966; Swift and Fedorenko,1975).

,

t

Planktonic abundance of larval dipterans (primarily Chironomidae;
J. Simmonds, pers. comm.) showed irregular fluctuations during
spring through fall months, with maximum ntsabers collected on
18 August (night) at OTB-6 (Figure IV.B-20) . Winter abundances
were lower, reflecting benthic overwintering. This pattern did
not coincide with results of entrainmert collections; maximums

3
ntsabers of larvae were entrained on 21 July 3(557 larvae /1000 m

' at night) . On 18 August, 181 larvae /1000 m pre entrained,
in contrast to greater than 500 larvae /1000 m collected at OTB-6

s on the same date. This apparent irregularity during the warmer
months may represent the interactions of different species (see
section C) or different modes of behavior among different instars<

g within a species.

I
Dipteran pupae, on the other hand, did show a marked seasonality,
with maximum abundance. occurring during July and August (Figure~

i IV.B-21); the waaest months are typically the time of peak emerg-
ence (Miller, 1941).

Interstation patterns did not reflect accelerated developmentali

rates as a consequence of thermal inputs, an effect which would
( have been indicated by earlier and/or greater abundance of pupae
('. at OTB-6. The observed emergence patterns, as indicated by pupal

abundance, may be obscuring the emergence patterns of individual
species, and should therefore be interpreted with caution.

k f. S tummary
,

''

The macrozooplankton community of the Oswego Turning Basin from( April 1975 to March 1976 was characterized by a fauna common
to shallow, sluggish, or standing water biotopes: Hydracarina,
L. kindtii, ' asellid isopods, G_. fasciatus,.Hyalella azteca,'ande

( developmental stages of various insect species. Many of these.
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ABUNDANCf OF DlPTERA PUPAE IN NIGHT COLLECTIONS
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organisms are also tolerant of varying degrees of nutrient enrich-
ment and temperature: L. kindtii (LaRow,1975), Asellus (Isopoda), ],|

; and H. azteca (Sprague,1963; Resh and Unsicker,1975), and a .

ntsabsr of chironomid species (Resh and Unsicker,1975).

The data collected for the dominant species (L. kindtii, G. fas- 1
~ '

ciatus) indicated seasonal abundance fluctuacTons which w re un-
affected by the Oswego' Steam Station discharge. The data for - <
dipterans showed that maximum emergence occurred during the warur-
est months, as Miller (1941) had reported; however the lack of '*

species identifications precludes an eccurate assessment. Hydra-
carina, for which species information is also lacking, were diffi- {,,

1 cult to evaluate because the life history data on this group are .,

very sparse.,
> m

The survey results do suggest that the macrozooplankton community ~]
-

is " intact" and that the fauna should be characteristic of this
type of water body. The discharge of heated effluent from the ,

I; Oswego Stesa Station Units 1-4 appears not to have markedly alter-
Oed the sacrozooplankton community of the Oswego Turning Basin.

44 Ichthyoplankton

.] !
,

I a. Introduction
,

The study of the ichythyoplankton community of the Oswego Turning
~

Basin was undertaken to determine whether this area is important
f as a spawning and nursery area for fish species which are resident i

either in the turning basin or in the lake. In addition, the study j
was designed to determine whether the thermal discharge from Oswego
Steam Station Units 1-4 has had or could have a deleterious effect
on this community. The field and laboratory materials and methods.

are presented in Appendix C. .,

b. Species Inventory ')
-!
"

Eggs of seven species of fish were collected from the Oswego Turn-
ing Basin during the April 1975-March 1976 survey period (Table ,

IVB-19a). Eggs occurring most frequently belonged to the alewife ']
. (8 dates) and walleye (6. dates). Most species were collected during
'

the spring and staaer although burbot, valleye, sid, inexplicably,
alewife eggs were collected during fall months. ,)

3

; . _|
| Fifteen species of larval fish were identified -from the Oswego Turn-
i ing Basin (Table IVB-19b); alewife, carp, and white perch were most )
| frequently identified. All species were collected during the spring )
I stammer months, with alewife larvae persisting into November,

t

_
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c. Abundance and Percent Composition
,
,

Fish Eggs

- Fish eggs were collected in the Oswego Turning Basin from April
through November 1975, with peak densities occurring on 23 June
(Figure IVB-22) . Of the most abundant species, rainbow smelt eggs ,

were collected first (16 April at OTB-10), followed by white,

perch eggs (29 May at OTB-10), and alewife eggs (9 June); this
latter species accounted for 91.7% of all eggs collected. Eggst

of species other than rainbow smelt, white perch, and alewife
were infrequently collected .(Table IVB-20).

Qualitative and quantitative variations in fish egg distribution
were indicated along the longitudinal gradient of the turning
basin. Percent composition of total fish eggs per station (Table
IVB -20) showed that alewife eggs became less important as the
distance from the discharge (OTB-6) increased; both gizzard shad
and white perch increased their contribution to the percent com-
position along the same gradient. Quantitatively, the numbers of
eggs collected decreased away from the discharge (especially for'

alewife); however, both gizzard shad and white perch eggs were
collected in greatest numbers at OTB-4, which was the station
furthest from the discharge.

These results suggest that the majority of the eggs (alewife) col-
1ected in the turning basin were the result of entrainment by the
Oswego Steam Station and not the product of spawning within the,

'

basin itself. Additional evidence for this hypothesis is presented
in the discussion of alewife egg and larvae distribution (IVB-4d).
Two species, gizzard shad and white perch, appeared to be resident
spawners within the turning basin; however, the actual location
and magnitude of this process is unknown since both species release
adhesive eggs in shallow water (Scott and Crossman,1973).

( Fish Larvae

f Fish larvae were collected in the Oswego Turning Basin from April
; through October 1975, with peak numbers collected in night samples

during July and August (Figure IVB-23). The earliest appearing
specie 3)was burbot; which was collected on 16 April (2.5-7.5 larvae /1000 m ; carp, rainbow smelt, j ohnny darter, white perch, and ale-
wife larvae composed the next group, and were first present on-

29 May (Tabla IVB-21). Alewife (58.9% of total) was the most abun-
dant species collected over all dates, followed by white perch
(13.69%) and carp (8.8%). The distributions of these three species
will be discussed below.
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- TABLE IV.B-20

PERCENT COMPOSITION * OF FISH EGGS BY STATION

''

OSWEGO TURNING BASIN - APRIL 1975-MARCH 1976

SELECTED SPECIES
''

INTAKE OTB-6 OTB-10 OTB-4
s.

Alewife 92.28 95.29 87.82 47.60
,.

Burbot 0.23 0.02 0.00 0.00

Gizzard shad 0.00 0.14 1.07 14.63r

Rainbow smelt 6.54 3.53 3.85 0.00
,

f White perch 0.15 0.89 5.34 16.16

Yellow perch 0.00 0.02 0.00 1.97
f

( Others 0.81 0.14 2.35 19.87

I
..

f * Based on all samples
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TABLE IV.B-21
, ,

PERCENT COMPOSITION OF ICHTHYOPLANKTON BY STATION ..,

OSWEGO TURNING BASIN - APRIL 1975-MARCH 1976

SELECTED SPECIES ]
OTB-6 OTB-10 OTB-4 ,)

Alewife 50.21 48.37 73.54 q
'

Burbot 0.15 0.38 0.45

Carp 15.17 10.95 1.25

Johnny darter 4.38 1.46 0.95
,

Rainbow smelt 2.88 2.98 0.92 .i

White perch 5.64 18.06 19.17 3
\
'Yellow perch 0.38 0.00 0.30

i

Others 21.25 17.68 3.36 'l

.l

* Night collections }
\
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ABUNDANCE * OF TOTAL FISH LARVAE IN NIGHT COLLECTIONS
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Total larval abundance was greater at OTB-6 (39.5%) and OTB-4
,

(38.9%) than at OTB-10 (21.6%). However, the distribution of
larvae over time showed a shift in maximum abundance from OTB-4
(16 April-9 June) to OTB-6 (23 June-4 August) and then back to
OTB-4 (18 August-14 October) . Qualitative gradients also existed
along the turning basin. Alewife was most abundant and comprised
a greater percentage of the total larvae at OTB-4 (Table IVB-21); _}carp, johnny darter, and rainbow smelt were collected most fre- e

quently in the warmer areas (OTB-6,10) of the turning basin, and
white perch were most abundant away from the discharge. ~

Alewife, johnny darter, and smelt larvae abundances near the dis-
charge are theorized to have been the result of entrainment, but -

carp and white perch were most likely resident within the turning i

basin; the predominance of alewife at OTB-4 was a late summer ''

phenomenon and may have represented later spawning near Oswego
.,

Harbor by a separate contingent of alewives. )
}

d. Early Life History and Distributions of Abundant Species
within the Oswego Turning Basin

}
JAlewife

Spawning of the alewife, Alosa pseudoharengus, occurs in Lake
Ontario from late April through early July (Graham, 1956; LOTEL, '

1975), when lake temperatures have warmed to 15.6*C (60*F) (Edsall,
1970). The demersal eggs are shed at random in shallow waters
and hatching takes place in six days at 15.6*C (Scott and Crossman, J
1973).

I
Growth rates of alewife larvae in the Nine Mile Point vicinity of j
Lake Ontario indicate that the larvae increase from a "just hatched"
length of 3.9 mm in late June to 25.8 mm by mid-September (LMS, 1975). jThe larvae remain on the spawning grounds at least until the late

.~larval stage; they then emigrate to deeper waters (Scott and Cross-
man,1973). Norden (1968) investigated the feeding of larval ale-

,

wives in Lake Michigan and found them to be planktivorous, preying .;
upon copepods and cladocerans. s

'

In the Oswego Turning Bas'in, alewife eggs were present from 9 June ~j
(when surface water temperatures ranged between 15-18.9'C) through j
to 2 September, with several eggs collected La November (Table IVB-
19a). Maximum egg abundances were collected on 23 June at OTB-6

,

'(discharge) (Figure IVB-24) . Larvae and juveniles were collected !

between 29 May and 12 November with the greatest number collected ~

during July and August (Figure IVB-24) .

J

l
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The distribution of alewife eggs in the turning basin, with
greatest ntsabers collected at OTB-6 (Table IVB-20; Figure _I
IVB-24) suggests .that their presence in the turning basin' is a l
result of entrainment through the Oswego Steam Station. Data
collected on the adult fish community did not indicate that the l
turning basin was a major spawning site for the alewife (see j
Section D).

..

Interstation distribution of alewife larvae, on the other hand,
~)

does not present as clear a pattern. Initially, abundances were
greater at OTB-6 (reflecting entrainment); during August through .,.

O.tober, however, more larvae were collected at OTB-4 (Figura*
.

IVB-24). N -

The mean length data (Figure IVB-25) suggest that more than two 'j
spawning contingents were present in the Oswego vicinity. Mean )
lengths of alewife larvae at OTB-6,10, and OSS 1-4 (entrainment
station) were similar, reflecting the entrainment of a lake popula- a
tion, and lagged behind OTB-4 until mid-August. This suggests (

'either that spawning occurred earlier near the harbor entrance
or that growth processes were accelerated at this station. The
distributional data on adult alewives indicate a greater likeli- .].hood.that the former occurred. -

On 18 August, the mean length of larvae at OTB-4 decreased and
~

was surpassed by that parameter at the other stations. Length 0
frequency histograms of the two. August dates (Figures IVB-26
and IVB-27) show a marked shift in the length frequency distri- g
bution at OTB-6 and 10, while OTB-4 experienced little change, )

"
except for the appearance of two larvae less than 3 sun in total
length. This may indicate the presence of a later spawning

,

contingent near the Oswego Harbor and/or migration of the larvae it

of another spawn into the vicinity of the Oswego Steam Station '

intake.
|

The hypothesis that the abundance of alewife eggs and larvae |
at OTB-6 represented entrainment rather than spawning within
the turning basin is supported by the effects _ of substrate type 7)on fish ontogeny. If some fraction of.~ alewife eggs is assumed c)capable of surviving the stresses of entrainment, these (demersal) ''

eggs would then be deposited in an unfavorable environment.
Sediment analyses of the turning basin have indicated that the :f
substrate is composed primarily of sand, " muck" -(U.S. Army Corps J

of Engineers,1975), and detritus; the siltation rate is also
quite high and in fact: the U.S. Army Corps of Engineers' removes - i

an annual average of 60,885 cubic yards (U.S. A.C.E. , 1975). .)
This type of substrate has been shown to contribute to high mortal ~
icy rates of striped bass and northern pike eggs (Bayliss, 1968; ' "?
Hassler, 1970).- It is assumed - that demersal alewife Leggs would j

:n
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FIGURE IVB-27

-

LENGTH FREQUENCY DISTRIBUTION OF ALEWIFE LARVAE

OSWEGO TURNING BASIN - 18 AUGUST 1975
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meet the same fate. Therefore, the presence of alewife eggs
_

and larvae in the proximity of the Oswego Steam Station Units
1-4 discharge during the survey was considered to be a result ,

of entrainment. '

White Perch
,

White perch are reported to spawn between mM-May and June when q'
water temperatures range between 11-15*c (51.8-59*F) (Scott and ').Crossman, 1973). Spawning of the adhesive eggs takes place in

~

shallow water over a variety of substrates, and hatching occurs -

in 4 to 4-1/2 days at 15'C (59'F) (Thoits,1958), althosgh hatch-
ing time generally decreases with increasing temperature. Larvae
are 2.3 mm at hatching and may attain 40-65 mm total length by
July or August. 1

h
White perch eggs were first collected in the Oswego Turning Basin
on 29 May when surface water temperatures ranged between 16.5-18'c
(61.7-64.4*F). The greatest number of eggs were collected on ~]~23 June when temperatures were 19.8-24.0*C (67.6-75.2*F) (Figure
IVB-28). Larvae first appeared on the same date as the eggs,
and were most abundant from 29 May through June. The appearance
of the larval maximum prior to the egg maximum and at a higher - -

temperature than reported for maxiumum spawning indicates that
the primary location (s) and times of spawning within ' the turning [[
basin have not yet been identified.

The interstation variations suggest that larvae were initially :

most abundant near the harbor (OTB-4); they may subsequently f
have migrated into the turning basin proper as they matured. -

Redistribution due to entrainment was not indicated since white ,

perch }arvae were entrained in low abundance (4-17.5 larvae / ~ l
1000 m ) on only three dates (night collections on 22 July, -

19 August, and 2 September) .

|There was little difference between stations in the mean length
| of white perch larvae through June; July and August data are
L less complete (Figure IVB-29) but the mean length at OTB-6 appears
| to have lagged behind that at OTB-10. J

Carp

Carp spawn in weedy, littoral areas when water temperatures are d

at least 17*C (62.5'F). Spawning may occur over a protracted
period of time (May-August in the Great Lakes), but declines
when temperatures reach 26*C (78.8'F) and ceases at 28'C (82.4*F). -

Scott and Crossman (1973) reported that hatching takes place
in 3-6 days, although water temperature requirements were not
given.

-
,
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FIGURE IVB-26'
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;r No carp eggs were collected at any of the sampling stations in-
cluded in this survey. Carp spawn in areas rich in aquatic vegeta-i

tion and their eggs are adhesive (Scott and Crossman,1973). There-
fore, the collection of eggs in the open water areas of the turningr

basin would have been unexpected and, also, not considered indica-;

tive of the spawning habits of the fish.

1:

Larvae were first collected when surface water temperatures in the
'

: turning basin were 16.5-18'C. The distribution of carp larvae
| .,. showed a bimodal abundance peak (Figure IVB-30) with the greatest

' number of larvae collected at OTB-6 (discharge) on 7 July. Carp
larvae were generally absent from OTB-4, the station furthestt

from both the Oswego Steam Station discharge, and, perhaps more
'[ importact , areas of macrophyte growth,

i
Length frequency data (Table IVB-22) indicated that there was*

little difference in larval size between dates and stations. This,

apparent slow growth may represent dispersal of different spawning
* contingents into the open water of the Oswego Turning Basin and

should not be considered indicative of carp development within ;

the basin.
.

' Summary and Conclusions
r'
L The ichthyoplankton community of the Oswego Turning Basin, as des-

cribed by this survey, could be considered to represent two group-
ings: residents (e.g., white perch and carp) and those species
present in the turning basin as a consequence of entrainment

- (alewife and smelt) .
J

; I The most commonly occurring species were collected at times and in
11 water temperatures corresponding to the literature requirements

for normal development ( Appendix E). Plume entrainment of resident
! species should not pose a problem since the majority are littoral
L zone organisms.

- f A variety of species were collected from this area including the-
'young of such gamefish as yellow perch,. bass, and white perch,(- as well as the larvae of forage species (Notropis spp.).

f The most abundant species, alewife, was most likely there as a
'

L result of entrainment, since the turning basin is apparently
an unfavorable habitat for egg and larval development due to
substrate type. The presence of these pumped-through larvae may
act as a supplement to the diet of yearling yellow perch, white,

,

perch, and sunfish (the two former species were very abundant
,

during -summer months in the turning basin; see Section IV-D). j,

i .

k

f |
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ABUNDANCE * OF CARP LARVAE IN NIGHT COLLECTIONS
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White perch, the second most abundant spe:ies, appear capable -

of existing successfully within the turning basin. The data
on carp were much less complete because of their littoral habit. )However, the lush aquatic vegetation along the southern shore

~'of the turning basin should offer a suitable habitat for this

! species as well. Other species were collected too infrequently ]
' to assess their distribution.

,

In summary, the resident ichthyoplankton of the Oswego Turning
Basin are primarily the progeny of littoral spawning species,

~

while open water species (alewife and smelt) find the turning --,

basin an inhospitable habitat and are there as a consequence
of entrainment.

~

C. BENTH0S
.

1. Introduction
,

Benthic organisms are those attached to the bottom, resting on the
,

bottom, or living in the sediment of a body of water (Odum, 1971).
Many benthic organims, because they have limited or no mobility,
have proved to be good indicators of local environmental perturbations.
Benthic organisms also provide food for fish and this direct trophic -

link may communicate changes in benthic assemblages directly to fish .
populations. Oligochaetes (segmented worms), amphipods (scud), insect

_

larvae, and mollusks are common food items in the diet of freshwater ,

*

fish.

i

Field and laboratory methods and station locations are described
'

'

in Appendix C.

2. Results and Discussion
m

a. Composition of Sediment
,

i

Sediment composition was determined after sieving (0.420 mm mesh
opening) and the size fraction greater than 420p estiuated for
each sample. .Estinations from two replicates collected at each

}station per date were averaged and plotted on ' pie' diagrams _f
(Figure IV.C-1). In general,17rB-6 and OTB-10 showed a considerable,

| detrital load, while OTB-4 contained more sand and shell. Large ;

macrophyte populations observed in shallow areas of the turning .i
basin may have contributed substantially to detrital loads reported '

at OTB-6 and OTB-10. Relatively low water velocities in this
area would result in the deposition of suspended sand and the

! settling of detritus. ~

Sediment chemical and physical parameters were not tested by
LMS; however, such tasks were performed by the EPA from samples

_
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taken in Oswego Harbor in May 1972 (Table IV.C-1) . Soils were --

a mixture of sand and muck and EPA judged sediments from the
maintained channels to be polluted. The high values of chemical

| oxygen demand (COD) at the west end of the harbor were judged ._

I to be largely inorganic based on the Kjeldahl nitrogen values
i (EPA station 385; Figure IV.C-2). Levels of oil grease and mer-

cury were also high (Sect. ion III-d) .
_

b. Species Inventory

A diversity of benthic macroinvertebrates were collected, includ- -

ing seven Phyla and 68 groups identified to at least the generic
level (Table IV.C-2). The Phylum Rhynchocoela (Nemertea) may
be considered a generic identification because it contains only -.

one freshwater genus, Prostoma, and only one species indigenous
to North America, ~P. rubrum (Hyman, 1951; Pennak, 1953). A few
introduced species occur on the inventory including Bithynia,

'

tentaculata, a snail probably introduced from Europe (Harman
and Berg, 1971), Peloscolex ferox, a segmented worm also probably
introduced from Europe (Brinkhurst, 1965), and Valvata piscinalis,*

a anail native to Europe (Harman and Berg, 1971). '

c. Distribution of Biomass

!

*

The seasonal distribution of biomass, computed as an average of
all samples in the Oswego Turning Basin (six replicates per "

,

month), shows a depression in September and a March peak (Figure
'

IV.C-3), which is due to the influx of the snail Bithynia tenta-

: culata to station OTB-4, probably from the Oswego River. Annelid
biomass, almost exclusively Tubifigidae, shows a similar' pattern,
varying only from 24.5 to 56.1 g/m , and dominating the total
biomass in June, September, and December.

~

-

. Total biomass at OTB-6, located nearest the Oswego Units 1-4 -

thermal discharge, was low in September (Figure IV.C-3), but
highest in December. Biomass was dominated by annelids, mostly ~

tubificids, and mollusks were an appreciable percentage (24.7%)
,

only in December. OTB-6 and OTB-10 (turning basin station) show
|much similarity in biomass distribution (Figure IV.C-3): both i

had minimum values in September, maximum biomass o'f mollusks
.

in December, dominance by oligochaete annelids, .and relatively ,

| similar levels of biomass in each month. Biomass decreased from - 1
December to March at OTB-6, but increased during this period
at OTB-10. ;

|
Station OTB-4, located in the outer harbor area, . differed from "

the others (Figure IV.C-3), . with minimum to'tal and oligochaete
biomass occurring in December, and a dominance of mollusks (mostly .

..

n
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TABLE IV C-f

SEDIMENT CHEMISTRY: OSWECO HARBOR
'

5MAY 1972

| STATION NUMBER
PARAMETERS UNITS 381 382 383 1 385 386 389

VOLATILE SOLIDS %. 0.5 4.3 4.5 1.9 5.0 2.3

CHEMICAL OXYGEN DEMAND % 0.3 6.1 5.4 9.1 23.3 2.9

TOTAL KJELDAHL NITROGEN mg/kg 112 2100 2000 430 b 1220

OIL & GREASE mg/kg 48 1212 1529 450 562 941
_

MERCRUY mg/kg 1.01 0.34 2.34 0.55 1.33 0.46

LEAD mg/kg 1.5 4.2 4.I 1.9 2.2 3.5

ZINC ..ng/kg 1.6 6.2 7.3 4.6 5.6 5.2

" S urce: U.S. Environmental Protection Agency, 1973.
b Data not listed in original source.

.
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TABLE IVC-2

M SPECIES INVENTORY.

m4

OSWEGO TURNING BASIN - 1975

TAXCN TAXCN
_________________________ ______________________________

EASOFMATCPFCRA
CNICARIA PFYSICAE

_

HYCROZCA PFYSA
ATFECATA P.INTEGRA

CLAVICAE P L ANCR B I C A E- -

CCRCYLOPFCRA GYRAULUS
C.LACUSTRIS G. PARVUS

FYCRICAE FELISONA
FYCRA H.ANCEPS

h. AMERICANA PRCFENETUS
P. EXACUCUS

RHYNCHCCCELA ANCYLICAE
FERRISSIA

PLATYFELMINTHES F.TARCA
,

TURBELLARIA BIVALVIA
TRICLACICA FETERCCCNTICA-

PLANARIICAE .SPHAERIICAE
PISICIUM-

ASCFELMINThES SPFAERIUM .

NEPATGCA
CHROPACCROICEA ANNEL IC A

PLECTICAE PCLYCFAETA j
ANCNChuS SABELLICA - >

ENOPLICA SABELLICAE
ALAINICAE PANAYUNKIA j

*

' ~~

ALAIPUS M.SPECIOSA _!
CCRYLAIMICA . OLIGOCFAETA

,

CCRYLAIMICAE PL ES ICPCR A
CCRYLAIMUS TUBIFICICAE

LAINYCCRUS AULOCRILUS "

RbA8CITICA A.LIMNOBIUS*

RHAEDITICEA ' A.PLURISETA .,

| EUTLERIUS A.PICUETI -

LIMNCCRILUS
MCLLUSCA L.FCFFFEISTERI

! . GASTROPCCA ,L.UDEREMIANUS
! PESOGASTRGPOCA L.CLAPARECIANUS

VALVATICAE L.PRCFUNCICOLA *

VALVATA . . . . L. CERVIX
V. PINCINALIS L. SPIRALIS -

BULIMICAE - L. CERVIX VARIANT.

ANNICOLA L. FCFFMEISTERI VARIANT
A . INT EGR A ILYCCRILUS -

A.LIPNOSA I.TEMPLETONI
BITFYNIA TENTACULATA, PELGSCdLEX

PLEURCCERICAE P.FREYI .2

GCN ICE AS IS P.FEROX-

G.LIVESCENS P.MULTISETCSUS q,

2j
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J{ TABLE IVC-2 (Continued) =

i
-

BENTHOS SPECIES INVENTORY a, . .

_

_

iTAXCN TAXCN
, ------- -- - ----------- ---- _

.---------------------- ---- a
P.MULTISETCSUS LONGICENTUS CFIRCNOMUS 7TUBIFEX CRICCTCPUS 5T.TUBIFEX CRYPTCCFIRONOMUS

, '"
POTAPOTFRIX CICR0TENCIPES =+ - P.PCLCAVIENSIS FARNISCHIA ]gP.VEJCCVSKYI PCLYPECILUM %NAICICAE PRCCLACIUS 5NAIS CRUSTACEA

,

;N.BRETSCFERI ISCPCCA -

,

N . E_L IN G U I S ASELLICAE yN.iCCMMUNIS -ASELLUS, "

CPFICCNAIS APPHIPCCA e
.

0. SERPENTINA GAFFARICAE ''.

PARANAIS GAFMARUS
:- P.FRICI %

G. FASCIATUS.

, UNICINAIS TALLTRICAE
_

U. UNCINATA JHYALELLA e-r CERO '

F. AZTECA "
HIRUCINEA -

CSTRACOCA E'
RFYNCh0BCELLICA - "

GLOSSIPFCNIICAE THELCBCELLA
h.STAGNALIS e

3GLCSSIPFCNIA
--mi G. COMPLANATA
'q"

ARTERCPOCA i
ARCENICA.

T"!
(~ ACARI

L IMN ES I10 AE J
aLIPNESIA, * 2FYGRCBATICAEi i

HYGRCBATES 3H.SP 3 "*

ARRENURUS 'E
INSECTA'~

-aCCONATA "

TR ICFOPTER A ~

LEPTOCERICAE . .. -'

CECETIS HARTERIPSCCES dCIPTERA
CULICICAE-

~'

CFAC80RUS'' -

C.PUNCTIPENIS 'AL C.ALBIPES CTENCIPECICAE d.

[ CALOPSECTRA
, ]

'

L ,

, -
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FIGURE IUC-3
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' DISTRIBUTION OF MACROINVERTEBRATE BIOMASS
OSWEGO TURNING BASIN-1975-1976-
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Bithynia tentaculata) in March, resulting in a very high total
biomass in that month. September biomass, low at the other

i two stations, was the second highest for OTB-4, and annelid abun-
dance during September was highest for that station. The distri-
bution of both annelid and total abundance at OTB-4 appears to

; lag behind the distribution at OTB-6 and OTB-10 by one sampling
period (three months).

_

d. Distribution of Taxa

Annelids (mostly oligochaetes) were the most abundant phylum -
;

sampled at all stations except OTB-4 in March (Figure IV.C-4);
that sample was composed predominantly of mollusks, of which;

nearly all were Bithynia tentaculata. Arthropods represented2-
,

an appreciable proportion of the community only at OTB-4 in June,
,

OTB-6 in September, and OTB-10 in December.

e. Biological Data and Abundance of Some Important Species4

| In this section, biological data and abundances of benthic organ-
imas will be reported. Literature data will be synthesized with

; data 'from the Oswego Turning Basin. Total benthic organisms and
''

total oligochastes will be discussed first.*

The oligochaetes are one of the dominant groups in most samples l
and will be considered in detail. Tubificids are the most common '

oligochaete found in almost all water bodies.
'

"

i

In describing several of the major species which occur in Oswego /

Harbor and Turning Basin, the 'autecological designations of the
relationship of an organism to organic and other pollution pro- t

i posed by Fjerdingstad (1965) have been adopted. j

These are:
,

saprobionic: species that occur (in large number) only
in heavily polluted waters

l!

j saprophilous: organisms that occur generally in polluted .J
waters but may occur also in other communities;i

i.e., organisms that to a certain extent
'are indifferent _{

saproxenous:- organisms that occur generally in.biotopes
other than polluted -ones but may be able

4

j' to survive even in the presence of. pollution- L<

,

saprophobous: organisms - that will not survive in polluted
! waters. .

|

|
-

m-
-

i a-
!' i
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(i) All Benthic Organisms. q

The total abundance of benthic organisms (Figure IV.C-5)
assumed a different seasonal pattern at each station. At .

-OTB-4, abundances were low in June and December and high in |
Septemoer and March. At OTB-6 the opposite pattern occurred: '

;

highest abundances in June and December, lower in March, and
; lowest in September. A third pattern of abundance was appar-

ent.at OTB-10: decreasing from June to September, increasing ;

in December, and increasing again in March.
9

Analysis of variance was used to determine whether signifi-
cant differences in abundance occurred between stations within
each sampling period (Appendix D). A main effect, differ-

i

ence between months, was found ( a = .05) . Tukey's T procedure
Iindicated higher total abundance in March than in June, Decem-

ber, and September combined, and ~ lowest total abundance in
September than the other three months combined. This confirms I.*

! the graphical analysis that seasonal fluctuations do occur. }

The hypothesis of interstatioa differences within each sam-

|
pling period (month) was then tested (Appendix D). Signifi-

.

cant differences occurred in June, December ( a = .01) and -
'

September ( a = .05) . In June and December the total abundance g
at OTB-4 was significantly lower than at the other two stations,

}but it was significantly higher in September. This is evidence
that OTB-4, more exposed to the lake and receiving greater in-

i fluence from the Oswego River, may represent a community sub-
ject to different influences and may, therefore, respond in
different ways from the more protected turning basin stations,;

"

OTB-6 and OTB-10.

(ii) All Tubificids
~

,
.

The abundance of tubificids followed the pattern'of total
Jabundance very closely (Figure IV.C-6). Tubificids comprised

a large portion of total oligochaetes, which in turn were a
large portion of the total biomass. Tubificid abundance is |.
of concern because of the close association of many of these :l
species with areas of pollution.

;

For the period May to August during the years 1968-1970, j
average tubificid abundance in the shallow zone (p6 m) of 2
Lake Ontario was reported to be~ 5,007. organisms /m ' ~ 15,674/m

~ 2in the inner Oswego Harbor, and-1,893 organisms /m in the F

entrance. to Oswego. Harbor. (Kinney,1972). Escimates of tubifi-

|. cid abundances in the Oswego Harbor-Turning Basin complex
from the ' current- study were higher overall than the values ;-
obtained by Kinney mainly due to the. sampling conducted at J

t

.
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OTB-6 situated at the thermal discharge and closest to the
r major sewage discharge pipe at the western end of the turn-

ing basin. The highest concentration of tubificid worms, |

33,280 organisms /m wasrecordedatgTB-6inDecember,and3

the lowest density,1,376 organisms /m , also occurred at OTB-6 ir-

'in September. The greater abundance at OTB-6 during December,
a period normally characterized with low abundance due to
seasonal low water temperatures, and the lowest during Septem-

,. .

ber possibly reflects population inhibition at times of
high wr.ter temperature followed by prolonged activity through>

the fall as a result of the thermal discharge. Station OTB-10
C corresponds to the inner Oswego Harbor station sampled by Kinney

(1972), and for the time period during which the 1 % 8-1970 .
,

sampleg were collected the average' abundance was 15,336 organ-
isms /m . The similarity of tubificid abundance among years ato

OTB-10~ indicates a stable pattern in population dynamics.

). Schuytema and Powegs (1966) reported total oligochaete degsities
of 140 organisms /m in offshore stations, 820 organis9s/m,

in harbor and inshore stations, and 3,060 organisms /m in
the polluted Saginaw Bay stations. These samples were taken

" in Lake Huron with a Peterson grab and a U.S. Standard No.
30 mesh sieve.

e (iii) Limnodrilus hoffmeisteri (Tubificidae)
'' In the Great Lakes, the ubiquitous and cosmopolitan genus

Limn drilus is the largest and perhaps most complex genusr
of tubificids (Hiltunen,1967). L hoffmeisteri is the most'

~.
abundant and widely distributed species of this genus, common<

and abundant everywhere (Brinkhurst, 1965). The fauna of
' small ponds is frequently limited to- the ubiquitous species

Tubifex tubifex and Limnodrilus hoffmeisteri (Brinkhurst,

and Janeison,1971), both of which have very high ecological
tolerances and ability to invade many sites.e.

' During 1961, the genus Limnodrilus included the most common
,7 species in western Lake Erie, and L. hoffmeisteri was the

most abundant species. Its numbers were greatest near the
'

m'ouths of the Detroit', Raison, and Matanee rivers, three major ."

tributaries which are polluted with organic waste, and declined
'

toward the open lake (Hiltunen, 1969). A similar pattern
( of distribution was observed' in Saginaw Bay, Lake Huron,

where. the distribution of L. hoffmeisteri correlated well
-

with the known flow of the polluted Saginaw River ~ water out'

z. ' o f the b ay. Limnodrilus hoffmeisteri was widely distributed

7
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in Lake Michigan, where it was not abundant in clean waters
but was abundant in polluted waters and could be classified )
as saprophilous (Hiltunen, 1967). In the polluted River J

Trent, Great Britain, L. hoffmeisteri is one of only four
species found and was many times the most abundant organism ,

in the heated effluent of a power plant, indicating high |
tolerance of thermal extremes, as well as of pollution ( Aston,
1973). g

Because it is cosmopolitan, ubiquitous, environmentally toler-
ant, and generally abundant in areas of organic pollution,
L. hoffmeisteri has been named as both an indicator organism 1

)and a member of several indicator associations such as: L.
L. udekemianus , and T. tubifex,

hoffmeisteri, L. profundicola, 7; L. hoffmeisteri, [. tubifex,on the River Trent ( Aston,1973
and Peloscolex multisetosus in Toronto Harbor (Brinkhurst ;

and Chua,1969); L. hoffmeisteri, L. cervix, and L. maumeensis
at the outfall of a sewage treatment plant in Ludington Harbor, g

-

Lake Michigan (Hiltunen,1967); and L. hoffmeisteri, T. tubifex, )
L. udekemianus and L. helveticus fodd in a stream receiving '

~

colliery and pig farm wastes near Liverpool (Brinkhurst and
'\Kennedy, 1965). i,

Limnodrilus is a synchronous functional hermaphrodite- and
although cross-fertilization is the general rule, uniparental (
reproduction is possible. Asexual reproduction is thought f
not to occur (Kennedy, 1966).

t

The eggs are laid in. small cocoons which may quite easily (
'be mistaken for small spheres of mud -(Aston,1973). Rate

of growth to sexual maturity may be highly variable, ranging
!from ~a period of five weeks in laboratory-reared worms at
|25 and 30*C ( Aston,1973) to an estimated six months to one

year for field populations (Kennedy,1966). Worms may breed
in their first or second year of life or later, and gonads (
may be resorbed after breeding occurs. Breeding takes place -}
throughout the entire year and the peak breeding period appears
to be related to both seasonal temperature cycles and environ- (mental productivity. The period of greatest breeding activity 'f
has been reported as March in a brook near Liverpool (Brinkhurst .

and Kennedy,1965); . from May until December in several locations
..}in' Great Britain (Kennedy,1966); and in May to early October .

in Lake Michigan (Hiltunen, 1967). Houmiller ' and Beeton !
'

. (1970) reported evidence of seasonality in Green Bay, Lake
'

Michigan, with most mature worms occurring in May. In general
where the habitat is very productive (either by eutrophication
or pollution), breeding takes place over the winter, although
a ' period of extremely 1ow temperature may caus'e a temporary

~

>

..I
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y' cessation of activity. In less productive habitats, breeding
occurs mainly in spring and summer (Kennedy,1966). In southern'

|

| Lake Michigan,. Hiltunen (1967) reported a cessation of breeding
| activity before fall overturn of the lake,

l'
Both temperature and dissolved oxygen can affect egg production'

in L. hoffmeisteri. Within the range of 5 to 30*C highest
mean and variation of egg production occur at 25'C. The''

number.of eggs per cocoon was greatest between 15 and 25'c
(averaging slightly more than 5 eggs / cocoon) . Temperature'

,

jc influences the rate of reproduction considerably more than
concentration of dissolved oxygen (DO), as'long as the DO

i is above 2 ppa. Temperature effects on growth may be partially
the result of an increased bacterial fauna at higher tempera-

',

tures, providing L. hoffmeisteri and tubificids in general
with more food ( Aston,1973).-

There is evidence that tubificids do not _ selectively ingestr

certain species of bacteria, but that they do selectively
,

digest them. Partitioning of the bacterial flora may be
i a form of resource partitioning by the three sympatri,c tubifi-,-

| cids, L. hoffmeisteri, T. tubifex, and P. multisetosus (Brink-
~

i hurst and Chua, 1969). The distribution of L. hoffmeisteri'

* in the Oswego Turning Basin is shown in Table IV.C-3.
,

L. Analysis of variance was performed to determine whether differ-'

ences in the abundance of the tubificid L. hoffmeisteri were
~

F statistically significant (Appendix D). A main- effect,

..~
difference in abundance due to dates, was found to be signifi-
cant (a = .01) but the nested effects of differences among
stations within months were not significant for any month.,

When the main effect was tested by Tukey's T- procedure, Septem-._' ber abundance was found to be significantly less than the
combination of March, June, and December. The fall slump

,

in L. hoffmeisteri abundance was statistically significant,
k and both March and June abundances were higher than the combina-

tion of December and September. This may reflect a winter
I or early spring reproductive period, as was found by Kennedy.

(1965), and follows the pattern of abundance reported in
,

southern Lake Michigan by Hiltunen (1967). Therefore, L_.
hoffmeisteri appears to be following its normal life cycle<

and reproduetive period in the Oswego Turning Basin. The
,

' absence of significant differences among stations within
months suggests that"this normal life cycle is found at all

',.
stations in the turning basin. Limnodrilus eggs and larvae

i .are not pelagic so that a large proportion of those organisms
which were present in' the turning basin probably did not -

,

' migrate there.

, .

/
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(iv) Other Species of Limnodrilus g

Two variants of L. cervix were recognized from OTB samples,
both of which have been found only in polluted and eutrophic
areas of Lake Michigan and are classfied as saprobionts (Hil- |

tunen, 1967). In western Lake Erie and in Lake Michigan, i

their distribution is limit.ed to areas near polluted river
mouths, where they have been found in abundance (Hiltunen, ,

1967, 1969). The distribution of L. cervix within the Great }.

Lakes is discontinuous and it has been reported only from
areas of organic pollution in Lakes Huron, Michigan, Ontario, ,

and Superior (Hiltunen, 1969). ]
The temporal distribution of L. cervix (Table IV.C-3) was
similar to that of L. hoffmeisteri and followed the distribu-
ti,onal pattern typical of many oligochaetes. As with L.
hoffmeisteri, this is evidence that these organisms are complet-
ing natural life cycles and population dynamics within the ]
turning basin. Populations of L. cervix were concentrated )
at OTB-6 and OTB .10, and may have been responding to: raw
sewage effluents in the turning basin; higher detrital loads
in the sediment due to low current velocities; the heated i

'
effluent of Oswego Steam Station; or, most probably, a combina-
tion of all of these.

(
)

The distribution of L. claparedeanus was similar to that *

of L. cervix in Green Bay, Lake Michigan, and individuals
having characteristics of both L. cervix and L. claparedeanus i,

have been reported (Howmill'er and Beeton,1970) . These L. }
~

claparedeanus - L. cervix intermediates are also termed
L. cervix variants (Hiltunen,1967), and their taxonomic
position is uncertain (Hiltunen, 1969). The distribution i

'

of L. claparedeanus is similar to that of L. cervix in Lake _

Erie (Hiltunen,1969), being greatest close to polluted river ,

mouths. In Oswego Turning Basin, L. claparedeanus occurs f
mostly at OTB-10 and its distribution does not follow that >

of L. cervix. L. claparedeanus may not complete its life
cycle in the turning basin (Table IV.C-3).

L. profundicola (= helveticus) has been reported from rivers
receiving organic pollution and is one of only four tubificid i

species found living in the polluted River Trent, Great Britain, !
'above aitd below a thermal discharge from an electric generating

plant ( Aston, 1973). In Lake Michigan, L,. profundicola was
found to be a dominant species in clean inshore (shallower -

than 40 m) areas, yielding dominance to P_. multisetosus,
L. hof fmeisteri, I_. templetoni, T. tubifex, and species of
Potamothrix in areas of organic enrichment. L. profundicola i

was sampled only three times in 1975, once at each station .. )
-
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TABLE IV C-3

ABUNDANCE OF SELECTED LIMNODRILUS SPECIES *,.

*
,

,

OSWEGO TURNING BASIN - 1975-1976
; -

.b.
I. L. cerv 2.x ,

-
1

1975 1976
,,

STATION JUN | SEP | DEC | MAR
.

OTB- 6 6368 160 1040 3296
OTB-10 1648 320 1168 3616'

OTB- 4 1104 528 112 1360

;

!

II. L. claparedianus

OTB- 6 0 0 0 0
OTB-10 0 48 48 688'

<

OTB- 4 32 0 0 0(

III. L. hoffmeisteri

5 OTB- 6 3280 96 2928 4272
OTB-10 2512 304 864 4480

'~ OTB- 4 944 352 240 960
x

r IV. L. profundicola

i OTB- 6 352 0 0 0
.

OTB-10 96 32 0 0
' OTB- 4 0 0 0 48

i
:

V. L,. udekemianus ,-

'l OTB- 6 1216 48 176 1072
OTB-10 864 48 351 432

'T OTB- 4 48 96 32 48
.

~#Mean of two replicates; number of organisms /m
r-

b
i Both variations combined
k.

t' '
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I(Table IV.C-3). The highest density (352 organisms /m ) occurred
at OTB-6 in June. t

'

, - L. udekemianus is frequently restricted to littoral areas,
although it has been reported from both sublittoral and profund-
al zones :(Brinkhurst and Jamieson, 1971), and it was not i

found in depths greater than 36.5 m in Lake Michigan (Hiltunen, I

1967). Although the distribution of L,. udekemianus in Lake
Erie was -probably associated with river discharge, it may ' i,

have been more affected by depth, distance from shore, or. I,

both (Hiltunen, 1969). Unlike other members of the genus,
this species can be recognized when immature and its recorded s

numbers are likely to be disproportionately high. f

- It was one of only. four tubificid species found above and
~5below a thermal effluent in the polluted River Trent, Great

Britain ( Aston, 1973). Brinkhurst (1965) has described its I
distrinution as widespread and common,' often in organically
polluted rivers. '}

:
' The seasonal distribution of L. udekemianus was typical of
! ~

that of most oligochaetes and similar to that of L. hoffmeisteri q

(Table IV.C-3). Basedonthedatashown,thissdciesis -),

probably completing its life _ cycle and normal population!

dynamics in the turning basin. L. udekemianus was more concen- .

trated in the western end of OstEgo Turning. Basin, possibly c5

responding to raw sewage effluents in that area, quieter l,
waters where more detritus settles, and the' heated ' effluent -

, of Oswego Steam Station.
,

(v) Peloscolex multisetosus
i

Peloscolex multisetosus has two recognized subspecir s, P. - |' .multisetosus and P. longidentus; the former is more' abundant
'

than the latter in the Great Lakes (Hiltunen.1967,1969; .,

Howsiller and Beeton, 1970), where it appears to be most I
abundant in polluted areas (Hiltunen, 1967, 1969; Howsiller J

and Beeton, 1976) with highly organic. sediments.* It- is

. an unspecialized detritus feeder which probably utilizes 1'

both bacteria and dissolved nutrients in the sediment (Brink- l
hurst and Chua, 1969).

i P. multisetosus was concentrated at the western stations.
TOTB-6 and OTB-10) and was not found at OTB-4 (Table IV.C-4) '

during 1975, possibly due to sewage. effluents, calm water
I.
J

* Although it was present .in the: open water of Lake Michigan, Hiltunen
(1%7) stated that Peloscolex multisetosus " thrives in bays 'and

- harbors which receive excessive nutriment." .f

IV-43
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TABLE IV C-4
.,

ABUNDANCE OF THREE OLIGOCHAETA SPECIES *

r

OSWEGO TURNING BASIN - 1975-1976

(

I. Peloscolex mu!tisetosus
' ' 1975 1976

STATION JUN | SEP | DEC 1 MAR

OTB- 6 688 208 528 400<

OTB-10 1296 464 176 352
~

OTB- 4 0 0 0 0

'
II. Tubifex tubifex

OTB- 6 352 0 176 2064.

OTB-10 704 96 816 2592 |
' 32 0 0 352OTB- 4 -

r

t III. Dero sp.

OTB- 6 0 1984 0 176<

OTB-10 1728 304 2928 0
OTB- 4 160 2416 32 48-

"Mean of two replicates; number of organisms /m'

Both variations combined
9

%

.
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{ with detrital sedimentation,and the warm Oswego Steam Station
effluent. It is probably completing its life cycle in the y

i ~
basin. )!

;

; .

The two other species of Peloscolex, P_. ferox and P. freyi
,

are generally found in mesotrophic or eutrophic areas which i

are relatively unpolluted (Howmiller and Beeton, 1970). )'
P,. ferox is common in the palaearctic zone, but has limited ;

distribution in North America and was possibly introduced ,T
*

from Europe (Brinkhurst, 1965). These organisms were found }
-

in low numbers only at OTB-6 and OTB-10.

i (vi) Tubifex tubifex

Tubifex tubifex (Muller) is cosmopolitan and widely distributed )in North America. It is not common outside of organically <

polluted areas (Brinkhurst, 1%5), the most productive lakes, l
and also the least productive lakes where few competing species,

are present (Brinkhurst and Jamieson, 1971). In moderately 1

| productive lakes in which a number of species occur it is /
less abundant. The fauna of small ponds is frequently limited
to T. tubifex and L. hoffimeisteri, possibly because of limita- r

tions in the ability of other species to invade such sites I
(Brinkhurst and Jamieson,1971). ~ #

;

Tubifex tubifex is considered a freshwater indicator organism k
and is included in almost every indicator association. In l
cases of extreme pollution, T. tubifex and L. hoffmeisteri
may make up the entire fauna. As conditions improve, T_. I
tubifex will become less abundant and other species will )
come back into the community.

Tubifex tubifex has been found both above and below a thermal.

effluent in the polluted River Trent, Great Britain, where
, only four other species of oligochaetes were recorded (Aston,

t1973). t
>

In the Great Lakes, Hiltunen (1969) found T. tubifex present
in western Lake Erie but noted that its " distribution and ' i

| abundance was not noteworthy." Brinkhurst (1967) 'did not ./
record this species from Saginaw Bay, Lake. Huron, -in spite
of the polluting, influence of the Saginaw River. In Lake
Michigan, T. tubifex was widely distributed, and abundant '

i in polluted waters-although not abundant in clean waters
: (Hiltunen, 1967). It was found only in the May 1967 and
! May 1969 samples in a two year sampling program (sampling

_

'

period: October 1967 to -September 1969) in Green Bay, Lake
Michigan (Howsiller and Beeton, 1970). In Lake Michigan,
populations of T. tubifex -decline in late summer and fall, !

! .J
\
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possibly suggesting a cessation of sexual accivity before
7 turnover of the lake. There is evidence that' recruitment

may be gradual from spring to fall (Hiltunen, 1967).

Temperature does not affect total' egg production between-

10 and 25'C, although the number of eggs per cocoon decreases
i ( As ton, 1973 ) . The role of microflora as food of worms has
; been investigated by Brinkhurst and Chua (1969), and their-

results indicate that tubificids selectively digest bacteria
although they 'do not selectively ingest them.

; /^ T. tubifex exhibited normal population fluctuations in Oswego
,

- Turning Basin and is probably completing a normal life cycle
there (Table IV.C-4) . Population densities were lowest at
OTB-4, the eastern station, where the polluted Oswego Riverc

is probably more diluted by lake water and currents probably
i '' make sediments less stable than at the western stations. '

l ,.. Raw sewage effluents, calm, protected waters which allow
.

j detrital sedimentation, and the warm Oswego Steam Station
effluent may favor populations of T_. tubifex at the westernL

,

stations.
. J.

! (vii) Naididae

Naid oligochaetes are also common, and one, Dero sp., occursr
* in large numbers in a majority of samples from Oswego Turning,

' Basin.
~

Dero digitata has been foutid both in polluted and' unpolluted'

areas. It was the most common naidid collected in Green Bay,~

which is polluted both from pulp and paper mill effluents
F and from industrial and human wastes (Houmiller and Beeton,
L 1970), and in Saginaw Harbor, Lake Huron, which is polluted,

| from the inflow of the'Saginaw River (Brinkhurst 1967).
'q Shrivastava (1962, cited in Hiltunen,1967) found Dero in water

( contaminated by industrial effluents, _ although Y)ero digitata
* has also been reported from some clean habitats (Howmiller-

,

c and Beeton,.1970). Unlike most other tubificids, Dero, al-
i| though tube-dwelling, swims (Brinkhurst, 1964) and might

E- be- able to avoid the most intolerable conditions. Its ability
| to swim may also explain its very strong : seasonal fluctuation

I. in South Green Bay, where it was observed to be abundant in
( October 1966, but gone by May 1967 (Howmiller and Beeton,1970),

and in Oswego Harbor (Table IV.C-4) .
| t'
'

. The distribution of Dero sp. is sporadic in the ' Oswego Turning.

Basin, as might be expected for a mobile species (Table IV.C-4).
=r This distribution indicates that Der'o sp. is completing probably
1 a normal life cycle in the Oswego Turning Basin.-
t.
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Nais elinguis, another naid occurring in Oswego Turning Basin,
is frequently found in large numbers in polluted streams .

; ( Brinkhur st , 1965). )

(viii) Other Species

Other species of importance are Gamarus fasciatus, which
is treated in depth in Section Ic, and the gastropod Bithynia . 3

tentaculata, which occurred in March at OTB-4. Bithynia '

is a pollution tolerant gastropod, introduced from Europe,
,

which occurs in very large numbers in the Oswego River (Harman .

and Berg, 1971; Kinney, 1972)). ~j
,

t

The abundance of the amphipod Gamarus fasciatus does not
follow the pattern described for either total organisms or i
total Tubificidae (Figure IV.C-7). Because Gammarus has }

| the ability to swim, benthic abundances of this organism
may not reflect the total population abundance. Estimates'

of Gamarus abundance in the water column are present in!

section Ic.

Gammarus fasciatus disappeared from both the plankton and I
the benthos of OTB-4, at the entrance of Oswego Harbor, in !i

December, although chemical data collected in this study
do not indicate any reason for the phenomenon. -On the other- 1

hand, the highest abundance for G. fasciatus also occurred j
'

i in December, but at OTB-10, indicating an accumulation of
i Gamarus at this station, possibly even a movement' from the 4

less protected (YIB-4 area to OTB-10. Gammarus abundance j'

,

was also highest among the plankton at OTB-10 during the
| December sampling period.

c.
I f. Diversity and Classification Analysis

Shannon-Wiener diversity values (base 2) ranged from 1.25 to i'

3.67 (Table IV.C-5), averaging 2.90 (0.87 base .10) . Average )
diversity for all stations did not' vary greatly seasonally and
was lowest in March (2.48) and highest in December (3.13) . Among .

stations, the highest diversity values all occurred. at OTB-10 I
d(the average was 3.54). The lowest diversity occurred at OTB-4

in March ~(1.25) when this ' station was dominated by Bithynia
tentaculata. }

Classification (cluste
percent similarity [[g analysis) of stations was performed using

g , pib)] hat occur in either stationg. min (p , calculated by summing
the minimum percene of each spec,ies 2. t

a or station b, and mweighted pair group average clusteringt

'

strategy (Sneath and' Sokal,1973). Species were then clustered L i|
by the same ' procedure, 'using the percent similarity of species |

.,

i|
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TABLE IVC-5
. . .

SHANNON-WIENER DIVERSITY VALUES (-BASE 2) FOR BENTH0S

OSWEGO TURNING BASIN - 1975-1976
.

STATION
'

OTB OTB OTB
DATE 6 10 4 MEAN

JUN 2.69 3.63 2.96 3.09.-

SEP 2.31 3.60 2.72 2.88
DEC 2.89 3.67 2.86 3.13
MAR 2.92 3.27 1.25 2.48

,

MEAN 2.70 3.54 2.45 2.90
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ABUNDANCE OF GAMMARUS FASCIATUS

OSWEGO TURNING BASIN- 1975
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among stations. The species cluster was restricted to the oligo-
' chaete community, which dominated the majority of stations.

,

' Furthermore, species which only occurred at one station were
elbainated, at they would have yielded the least information.-

In clustering species each replicate sample was considered separate-
ly; in clustering stations, each station (two replicates) was

_ considered a unit. The first analysis yielded groups of sbailar
stations, the second groups of similar species. The results
of cluster analyses are presented as dendrograms.

F In March, OTB-4 was very dissimilar to the group of other stations
\ (Figure IV.C-8); dominance there of the snail Bithynia tentaculata

resulted in the lowest recorded diversity (Table IV.C-5) of this
t' study. The remaining group of stations appear to form three

q groups: group A, consisting of OTB-6 'in June and OTB-6 in December;
group C, o f OTB-6 in September, DIB-10 in December, and OTB-4
in September; and group B, of the remaining stations.'

c

The oligochaete community appeared to form six groups (Figure
IV.C-9).'

,

The resulting clusters of stations and species were then tabulated
(Table IV.C-6) to determine whether particular associations of

r species (I-VI) were restricted to certain groups of stations
4 ( A-D ) .

'g Species group I consists of two species of Limnodrilus and Potame-
thrix moldaviensis, saprobionic or saprophilous species which
are widely distributed in Lake Ontario. They were scattered
among the four groups of stations.

l Species group II contains oligochaetes, commonly classified as
saprobiones (see section 2e); they are ubiquitous and common

' ( in the turning basin (Table IV.C-6), as well as in many organica11y'
(' polluted harbors in the Great Lakes. This group includes Tubifex

tubifex, Ilyodrilus templetoni, and three species of Limnodrilus.
-

Species group III appears to have been typical, along with the,
.

common group II, at OTB-6. Species group III, Peloscolex multiseto-

', sus, Paranais frici and Nais sp., were probably responsible for
the close association between OTB-6 in June and December and

i. - their separation from the rest of station group B.,

Species group IV, also including only three species, was scattered'

'

(_ in distribution somewhat like species group I. The majority
of individuals in species group IV occurred in June at OTB-6
and OTB-10. These appeared to be summer species in' the turning

: basin but not at the entrance.
%

(.
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TABLE IV C-6

*
ALLOCATION OF MACROINVERTEBRATE SPECIES TO SPECIES CROUPS

AND THEIR DISTRIBUTION ANONC STATION CROUPS

OSWEGO TURNING BASIN - 1975
'

.,

STATION GROUPS
A B C D

iPECIES OTB-6 OTB-6 OTB-6 078-10 0T8-10 GTB-lu DTB-4 0T5-4 075-6 OTB-10 075-4 0T5-4
CROUP SPECIES JUN DEC MAR MAR JUN SEP JUN DEC SEP DEC SEP MAk

Limnodrilus claparadianus 688 48 32 48
*

1 Limnodritus spiralis 352 352 32 32 48
Potamothrix moldaviensis 352 432 96 96 96 176 384
Limnodrilus udekemianus 12ie 176 1072 432 8 64 48 48 32 48 352 96 48
Limnodritus cervix variant 3616 176 3024 1632 528 224 64 64 688 176

II Limnodritus hoffmeisteri 3280 2928 4272 4480 2512 304 944 240 96 864 352 9 60
. Tubifex tubifex 352 176 2064 2592 704 96 32 816 352
Limnodritus cervix 2752 864 272 1984 1120 96 1040 112 96 480 528 !!68
Ilyodritus templetoni 352 352 1820 96 48 32 96 256
Peloscolex multisetosus 688 528 352 112 112 48

*

111 Paranais frici 12576 7232 736 528 48 1936
Mais sp. 352 1392 384 32 48 304 44
Limnodritus profundicola 352 96 32 48

IV Mais bretscheri 528 352
Uncinais uncinata 864 48

'

Autodritus pigueti .352 1120 32 48 32 125 1120 352
Dero sp. 176 1728 304 160 32 1984 2928 2416 48

V Pelosconex multisetosus 48 352 2064 352 96 128'
longitentus

*

Autodrilus linnabius 48 1632
VI- Autodritus pluriseta 176 32 32 48 704

Potamothrix voidovskyi 80
GTHERS Bithynia tentaculata 32 736 32 32 112 21008

Cammarus fasciatus 64 928 96 288 224 128 112 1868 2960 272 96

e
i ..
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Species group V occurred mostly in station groups B and C. One
- ''

species of group V, Dero sp., plus Ganmarus f asciatus dominate
station group C and the abundance of these two species affects
the separation of group C from the other stations..

The small group VI, comprised of Aulodrilus pluriseta and Potamo-
. thrix veidovskyi, occurred mostly at OTB-4 in March, and along j

with the snail, Bithynia tentaculata, indica.te the difference :
between OTB-4 and the other stations. |

* From this analysis, the following overview of the Oswego Turning
Basin benthic communities can be seen. The entire turning basin' ' ,
can be generally characterized by a persistent, common association
of the species Gammarus fasciatus, Limnodrilus cervix, L. cervixr,

;- variant, L. hoffmeisteri, L,. udekemianus, Ilyodrilus templetoni,
'

and T. tubifex. In addition to this group, station 6 is character-
-

ized by the assocation of Peloscolex multisetosus, Nais sp.,'y
and Paranais frici. Dero sp. with G. fasciatus dominated OTB-4
and OTB-6 in September and OTB-10 in December. Ecological data

*
.

on these species was presented in section 2e and will not be
repeated here.

L'

Station group B consisted of one-half of the sampled stations
:j and probably most typifies the community. All of the highest

(' diversity values except one (see Table IV.C-6) occur in Eroup,

B. Groups A, C and D may result from periodic colonization by
other species or associations (such as Bithynia tentaculata for*

I_* group D, Dero sp. and Gammarus fasciatus for group C, and Paranais
i frici for group A). Such short term colonizations decrease local

diversity values because of the high dominance of one or two
i species. Periodic colonization by different groups is not atypical
L of benthic communities and indicates that normal cammunity dynamica

are probably in progress.4

i

(' g. Comparison of Oswego Turning Basin (1975) with Oswego Harbor,

(1968-1969)
e

| The macrobenthos of Oswego Harbor was sampled by Environmental
li Protection Agency Rochester Field Station personnel in 1968 and

1969 (Kinney,1972). One sampling station at the mouth of Oswego
El ' Harbor was not far from' OTB-4 in the present' study. Another'

( group of stations in the. inner harbor was 'in the area of OTB-10

in this study. Although there was no station corresponding to,

OTB-6, these investigators did sample in the mouth of the Oswego.

g River. All samples were collected from May to August in 1968
'

and 1969, and are most comparable to the June 1975 samples of
i . this study. A summary of sampling dates and locations appears

! as Table IV.C-7.
.L.

.

L IV-48;
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TABLE IV.C-7

OSWEGO HARBOR' SAMPLING STATIONS, 1968-1969*

.

.

BTATION NUMBER DEPTH BOTTOM

NUMBER LOCATION SAMPLING DATES OF SAMPLES RANCE (ft) TYPE

9 Oswego Harbor Entrance June 1968 and May-July 1969 2 8.0-11.0 Silt-Clay

10 Inner Oswego Harbor May-July 1969 5 5.0- 9.0 Silt-Clay

12 Oswego River June-August 1968 4 6.0-10.0 Silt-Detritus
May 1969

'* Kinney, 1972
'

1
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The benthos of Oswego Harbor from 1968-1969 and from 1975 may
I '- be compared (Kinney 1972). Some differences in the faunal inven-

tories and abundances may result from the use of different sizes-
of grab samplers (Kinney used a Ponar, LMS a 6 x 6 inch Petit-Ponar)
and different sieve sizes (Kinney used a No. 30 sieve with 0.59-

mm or 0.0232 inch openings, LMS a No. 40 sieve with 0.42 mm or
0.0165 inch openings) . The smaller mesh size used by LMS will
favor the inclusion of such maaller organisms as Nematoda, naid'. oligochaetes, and ostracods. Relative densities of larger orgen-
isms, however, should be the same or similar and presence-
absence comparisons may be the most useful.

C
Many more . species were collected in June of 1975 than in thes

May to August period of 1968-1969 (Table IV.C-8). Those whose
mature forms are large enough not to be accounted for by sieve

~

.c

. size difference are the rhyncocoel, Prostoma; the snails -Valvata -
\ piscinalis, Amnicola integra, A. limnosa, Goniobasis livescens,

and Heliosoma anceps; the tubificid oligochaetes Aulodrilus limno-
( bius, A. pigueti, Peloscolex freyi, Potamothrix moldaviensis;
i the leeches Helobdella stagnalis and G,. complanota, and the amphipod

Hyalella azteca. Some species and genera, such as the order
f Chironomidae were observed during the present LMS study and were
i, not noted in the Kinney reporc; however, this was probably due

to the lumping of these groups under higher categories of identifi-
7- cation by Kinney.
l Of the tubificids, A. linnobius has been found to favor polluted

areas and A. piguetI to tolerate them (Hiltunen,1969), whereas
[. Peloscolex freyi favors mesotrophic or eutrophic areas which

~

are relatively unpolluted (Howmiller and Beeton,1970), and Potamo-i

thrix moldaviensis is most abundant in areas of nutrient enrichment.
i The snails and leeches are typical fauna of protected mesotrophic
[ areas (MacKenthun et al.,1964; Harman and Berg,1971) and Helobdel-

la was found frequently associated with gross organic contamination
p and thriving under anaerobic conditions (Resh and Unzicker,1975).
( The amphipod Hyalella is considered tolerant of pollution and

frequently associated with moderate levels of organic contamination
I.~

(Resh and Unzicker, 1975). None of the forms found in 1975 and

b not in 1968-1969 ~are organisms associated with clean or oligotrophic -
waters.

F Organisms found in 1968-1969 but not in 1975 include a snail,-
Valvata 'sincera; the annelid Stylodrilus heringianus; c'c chirono-t

s

mids, Parachironomus abortivus and Tanytarsus sp. One of these
species, S,. heringianus , foundinsubstantialnuagersatthe.

i Oswego Harbor station in 1968-1969 (67 organims/m ), is a species
'

generally restricted to clean waters and sandy sediments (Brinkhurst
i

> L-
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fTABLE IV C-8

^

ABUNDANCE * OF MACR 0 INVERTEBRATES ,
{

,

COLLECTED IN TWO SURVEYS IN THE OSWEGO VICINITY
.'

1968-1969 AND 1975
'.
t

OSWEGO OSWEGO HARBOR INNER
-

TURNING f IN ENTRANCE OSWECO HARBOR _ OSWECO RIVER,

TAXON 1975 1965- '1975' 1968- 1975' 1968-1969 'i'
JUN YranlY 1969 1969 '

CNIDARIA
Bydrossa

Clavidae -
)Athecata

!Cordylophora sp. 16
C. lacustris

Bydridae
iHyra sp.
}H. americana 16 4 48 '

REYNCHOCOELA 16 <16
i

PIATTHEIMINIRES 16
'Turbe11 aria

Tricladida
| Planariidae 16 144 32
i

,

' UCREIMINTHIS !

Nematoda 16 16 64
Chromadoroidea

)Plectidae i
Anonchus sp. (16 '

Enoplida
Alaimidae
Alaimus sp. 16 <16 '

Dorylaimida
Dorylaimidae .

Dorvlaimus sp. 16 16 32
Laimvdorus sp. 16

.

Rhabdicida |
'

Rhabditides
Butlerius sp. <!6

10LLUSCA 1*

?

Castropoda '

Nesogastropoda
Valvatidae
valvata sp. 16 \

-1V. ptseinalis 16 32 32
Y. sincera 40 153Y. tricarinata

3Bulinidae <16
JAmnicola sp. <16

A. Integra (16-
A. linnosa 16
Tithynia tentaculata 32 1840 162 32 110 32 20167Pleuroceridae
Coniobasis sp.

.

C. Itvescens *

16
Fleurocera sp.

7 -t
i

~~ ,. ]

.

: *
-s

.

*#
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| TABLE IV C-8
(Continued)

-

ABUNDANCE" 0F MACROINVERTEBRATES
*

COLLICTED IN TWO SURVEYS' IN THE OSWEGO VICINITY
j

.

OSWEGO OSWEGO ilAABOR INNER
TURNING BASIN ENTRANCE , OSWECO MARBOR_ OSUEGO RIVER1975" 1968 1975* 1968 1975' 1968-1969

~

TAK05 JUN YYAs1Y 1969 1969

MOLLUSCA (Continued)
Basommatophora

e Physidae
Ph sa sp. 16 5 25sateara <16.

FIanorbidae
Planorbula.

3Cyraulus sp. 13 19C. parvus 16Ielisoma sp.
K.. anceps 16 <16i Tromenecus sp. 32
F. exacuous 16'

Ancylidae (16 *

Ferrissia sp.
F. tarda (16Bivalvia

Heterodontida
Sphaeriidae

13
7 Pisidium sp. 64 96 64 112

10
Spaberium sp. (16 |

'

|'

ANNELIDA
Polychaeta

( Sabellida
|- Sabellidae

Manayunkia sp.
.M. soeciosa 80

[ 011gochaeca 880 240 48 2416Plestopora,

l laambriculidae
stylodrilus heringianus

61
I Tubificidae 11824 10880 657 1280 7656 18160 25Aulodrilus sp.
( A,. linnobius 16 144 48A. pluriseta 80

A. piqueei 544 272 48 1120i finoodrilus sp. '
2160 1664 388 784 3881 2416 41

{- L. hoffmeisteri
E. udekemianus 704 368 - 48 358 864E. claparodianus 16 64 136 32 505'g E. profundicola 144 . 48 38 96E. cervix 1632 880 .375 1040 3113 1123(. E optralis 128 64 102 32 407-I. cervix variant 1408 848 64 528E. N isceri variant 85 112 160 96

L
.

*k

k. -

r*

~
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.

. a - .
. . _ _ _ _ _ _ _ _ . . _ _ _ _ . __ _ _

-



_. , - . _.. .- - ._

. .

- -.

:.
. .

*
,

* |

; 'i-
.

i f
4

1 TABLE IV C-8
(Continued)

) ABUNDANCE" 0F MACR 0 INVERTEBRATES
'

i COLLECTED IN TWO SURVEYS IN THE OSWEGO VICINITY
,

J

*

OSWEGO OSWEGO HARBOR Innt.a .

TURNING BASIN ENTRANCE OSWECO HARBOR _ OSWEGO RIV"E,

1975' 1968 1975' 1968 1925' 1968-1969 i.,

TAX 0E - JUN YrinLY 1969 1969 )
'

ANNELIDA (Coatinued)
Ilyodrilus sp.

-

I, templetoni 48 192 96 /'
?

Feloscolex sp.
P. freyi 16 256
F. ferom <16 .

i,'F. multisetosus 224 160 '
F. multisetosus 432 192 135 1296-
~

i lonsidentus
j' Tubifex sp.

T. tubifex 368 608
; Fatamothrix sp. 136 32 119 704

P. scidaviensis 176 144 .96 96 '

F. W eevskyi 163;
'

NIididas i

Nais sp.
.

112 208 !<

N. bretscheri 228 80 352 !'

I. elinguis (16
I. communis 16

<'
Ophidonais sp. |'
0. serpentina 64 16 11

1

Faranais sp. 16

P. frici 4368 1920
Uneinais sp. 33 ,

U. uncinata 288 80 +
4

) Tero sp. 624 816 160 1728
*Birudinea

Rhynchobdellida
C1ossiphoniidae |
Belobdella sp.
H. stagnalis (16 7

Ilosstphonia sp. '

G. complanses (16 . .

ARTHROPODA
Archnida
Acari i
Lianesiidae .

Limnesie sp. 16

Bygrobatidae
Hygrobates sp. g

H. sp. 3 16 .i
.Irrenurus sp. <16

Insecta
Odonata <16

-Trichoptera I

Leptoceridae

,

b

.

o

9
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$
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TABLE IV C-8'

(Continued)
e

ABUNDANCE" 0F MACROINVERTE8 RATES
COLLECTED IN TWO SURVEYS' IN THE OSWECO VICINITY2

OSWEGO OSWEGO RAR50R INNER

-

TURNINGgASIN ENTRANCE OSWECO HARBOR, OSWEGO RIVER,

1975 1968 1975' 1968 1975' 1968-1969
TAION JUN YEARLY 1969 1969

, -

ARTEROF00A (Continued)
Trichoptera (Continued) .

I. oecetis sp. 16 (16
( Asthripsodes sp. 16 <16

Diptera
Culicidae

F Chaoborus sp.
'

c. punctipenis <16
I E. albipes (16

~

Tendipedidas 48 16 104 96 32
p Calopsectra sp. 32

' 64 48 15
16 80

'

Chtronomus sp. 16
'

Cricotopus sp. 16 4
cryptochironomus sp. (16

'.
Dicrotendipes sp. (16
Harntschia sp. <16

{ Parachironomus abortivus 10
Polypedilue sp. (16
Procladius sp. 96 48 112 160

t f Tanytarsus sp. 10
Crustacea

[- Isopoda
'Asellidae

r Asellus sp. 16 80 32 45
i Amphipods
i Gammaridae

Cassearus sp. -

C. fasciatus 128 528 475 112. 30 224 119
I Talleridae'

[ Hyalella sp.
H. azteca <16

Ostracoda 80 96 32 80
(

L
TOTAL 27104 23408 2661 4512 15904 32896 20677

^ i

k..
-

2* Humber of organisms /m ,_ , , , ,

i Einney, 1968-1969 (1972) and IMS, 1975 (Present study)
E * 'Mean of 1:vo replicates and stationa~

.

.

Mean of station 0T5-4

[ * Mean of station OTB-10
!

.

k. '

, . .

k
. .

.
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and Jamieson, 1971). The absence of this species in the more 6

'recent survey may be the result of no stations being located
as close to the harbor mouth 'in 1975 as Kinney's station, where
lake water might dilute the organically enriched Oswego River I

l: water. Populations of S. heringianus can be expected to drop I

| and disappear as water conditions ' deteriorate (Hiltunen, 1967).
In 1968-1969, "the Oswego Harbor macrobenthos reflected heavy 'i

nutrient loading in both the species composition and the total )
standing crop densities. The inner harbor area supported communi- <

ties consisting almost exclusively of saprophilous and saprobionic ~

species" (Kinney, 1972). This evaluation would also have been I
'true in 1975.

h. Comparison of Oswego Turning Basin in 1970 and in 1975 {

The benthos of Oswego Turning Basin was sampled for the Niagara
Mohawk Power Corp. during 1970 (QLM, 1971). Oligochaetes dominated

, the samples in 1970 and these oligochaete species were identified: .

Ilyodrilus templetoni, Limnodrilus hoffmeisteri, and L. cervix
variant; other species may have.been present. In 197T, oligochaetes : ,

also . dominated samples and these three species had not disappeared. f-

Other taxa identified in 1970 and which also occurred in 1975
were amphipods, the chironomid genera Chironomus and Procladius, f

'

turbellarian flat worms, gastropods of the genus Amnicola and "

Valvata, and Bithynia tentaculata, and bivalves of the genus
Sphaerium. No taxa were recorded in 1970 that were not recorded

3

in- 1975; however, many taxa vere identified in 1975 which were 'l
not recorded in 1970. Comparison with the 1968-1969 study and
the present study indicates no major changes in benthic composition

,

and indicates that a persistent benthic community is inhabiting i

the turning basin.
''

3. Conclusions

The benthos of the Oswego Turning Basin has an indigenous,- ubiquitous
association consistin's of at least -the species Gammarus fasciatus,- ;

Limnodrilus cervix, L. cervix variant L. hoffmeisteri, L. udekemianus, i

-Ilyodrilis templetonI, and Tubifex tubIfex. Six-other associations
occurring in the turning ' basin were also identified, several of which ' j
continued throughout the year. i

.

The benthic community was diverse, with seven phyla and 68 groups .

identified to generic or specific level. Diversity values averaged .
1

2.90 (Shannon-Wiener to the base 2) and ranged from 1.25 to 3.67. --

'Species abundances and biosass ' indicated a productive community. ,

.Many of the species and groups found are common food items for higher .: ;.

>

'
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trophic levels. Beyond the direct evidence of finding indigenous'

populations of organisms, the fluctuations of abundance of L. hoffsets-*

teri indicated that this numerically dominant organism was completing
'

its normal life cycle in the turning basin. Other species whose tem-
|

poral patterns of abundance indicated completion of norcal life cycle#

Limnodrilus cervix, ~L. udekemianus, Peloscolex multisetosus, |'are:
Tubifex tubifex, and Dero sp. Several species are concentrated either |',

at OTB-6 or at OTB-6 and OTB-10, the western stations. These are::

L_. cervix, L,. profundicola, L. udekemianus, P. multisetosus, and'

T_ . tubifex, species which can be described as saprobionic and thermo-
,F philie. Comparison with a published study indicated continuity of thep
4 i benthos community between 1968-1969 and 1975-1976. -

,

;r The benthos of the Osweg 2 Harbor and Turning Basin consisted mainly -

of organisms described u saprobionic and saprophilous. Such connuni-
ties are typical of in'. ore, harbor, and river mouth communities of
most of the larger bayi and harbors in the American section of Lake

7: Ontario, locations wh.ch are heavily enriched or polluted (Kinney,-

! 1972), and typical of outrophic ponds and lakes.!

,

|f D. NEKTON
'

'

; i
,

1. Introduction;

" p- In many respects, the Oswego Turning Basin is a unique area for fish
communities. Fairly extensive weedy shoals along the southern shoreline
provide excellent habitats for the young of several species. The break-
walls afford protection against wind-driven waves and, in combination4

i with the seasonally warm inflow of the Oswego River, maintain uniform
// temperature regimes in the enclosed . waters. In addition, sediment

I' analyses show that the western end of the turning basin contains
i little sand and mostly detritus, whereas the substratum of Station

OTB-4, located near the harbor entrance, consists mostly c.f sand
I and shell. Both observations indicate the presence of quieter waters
( in the western area of the harbor. These and other factors contribute

i to the successful role of the Oswego Turning Basin as nursery ground
for many young fish and for the production of a considerable standing
crop of adults.

,_

t During 1975 and the winter months of 1976, fishes were sampled with
I three gear types: seines, trawls, and gill nets. Since these sampling*

. t. devices differ in their selectivity and efficiency, their combined
effort produces a more representative picture of the existing fish |

community than would the yield of any single gear. Seines for example, j
r

i emphasize the.near-shore area and the smaller fishes, while trawls4

'
4 capture several demersal and sedentary (territorial) types which
gg are not readily susceptible to gill nets.- The latter gear is mostA
g' efficient in capturing the larger, actively swimming forms.
>L

.r
'$|
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2. Species Inventory and Distributional Trends

-f
{ A total of 13,176 individuals comprising 44 species and 21 families '

were collecced during the twelve-month survey (Tables IV.D-1 and
IV.D-2). Species diversity in the turning basin compares favorably
with that of past collections in the vicinity or Oswego where, during I

a three year period (1973-1975), a total of 60 species from 21 families
were collected at Nine Mile Point and at two lake transects near i,

che Oswego Steam Station. Thus 73% of the total species from the )
Oswego area were captured during the single year of sampling in the
turning basin, despite the fact that the comparable effort during g

any year of this period averaged only half of that expended at the j
j latter sites. '

i Qualitative comparisons may also be made with a study in which fish |were obtained from bottom gill nets during the period August-December,'

1970 (QLM, 1971). Seven species comprised 91% of the total in these
collections, and these included the white perch (61%), alewife (20%),
and gizzard shad (10%). Other species of numerical importance were
the yellow perch (3%), rainbow smelt (2%), spottail shiner (1%),
and brown bullhead (1%).

\

During these same months in 1975, white perch made up 72% of the<

total in bottom gill net collections in the Oswego Turning Basin;
this species was followed, in order of abundance, by gizzard shad .|

.
(6%), spottail shiner (6%), yellow perch (6%), alewife (5%), and

1 brown bullhead (1%). Two species not recorded in 1970 collections
included the carp and freshwater drum, which had <1% and 1%, respec- ,

tively, of the total in 1975. In addition, rainbow smelt were not 4

' captured in the turning basin during these months in 1975. Although
the dominant fish species in both surveys were essentially the same,
the minor variations exhibited in the data could be potentially signifi- !
cant. Recently, the possibility has been examined of a general down-,

'

ward trend in numbers'of rainbow smelt and alewives in the Oswego
vicinity (LMS, 1976 a) . On the other hand, an increase in the numbers t

of carp, generally regarded as a nuisance species, and freshwater
detsa is also evident, although the latter species has been on the
increase in the lake as well. ;

Nineteen species comprised-99% of the total catch in the turning '

basin, unlike lake collections where greater dominance usually results
tin fewer species making up this total (LMS, 1974, 1975, 1976b). For'

example, at Nine Mile Point, 10 and -13 species contributed 99% of
the catch in 1974 and 1975, respectively; similarly 10, 2, and 13.
species made up this total in 1973, 1974. and 1975 (Table IV.D-3), '

respectively, at the Oswego 13'@ transacts. The difference may be.

attributed largely to the lour number of alewives present and to,'

greater equitability of species abundance in the turning basin. Only.

.

1

'"
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TAB 12 IV D-1 -

ABUNDANCE OF FISM IN SEINE. TRAWL. AND CILL NET COLLECTIONS

0$WEGO TURNING BASIN - 1975

TRAWLS I CILL NETS
ensure * L% At's Bott0M 1Tyr u. 5UEFACE BOT TNi TOTAf

'

avsmL5
SPECIES No. NO. t- C/F No. C/F NO. C/F NO. C/F NO. C/F NO. C/F NO. I

Alewife 31 192 12.00 379 22.29 $71 17.30 3311 72.20 303 6.72 3614 39.74 4216 32.00
i Cissard shed 335 97 6.06 514 30.24 611 18.52 1581 34.47 119 2.64 1700 18.70 2646 20.08
I Spotta11 shiner 1252 1 0.06 336 19.76 337 10.21 27 0.59 194 4.31 221 2.43 1810 13.74 -

White perch ! 389 22.88 389 11.79 274 5.97 1088 24.15 1362 14.98 1752 13.30 .

Colden shiner 934 2 0.12 2 0.04 24 0.52 1 0.02 25 0.27 961 7.29 ,

Yellow perch 308 68 4.00 68 2.06 4 0.09 89- 1.98 93 1.02 469 3.56 !

Emerald shiner 177 218 13.63 19 1.12 237 7.18 1 0.02 1 0.01 415 3.15 l

' Threespine stickleback,
204 1 0.06 1 0.03 205 1.56 IFumpkinseed

,

118 8 0.05 4 0.24 126 0.96 i

Rock bees 73 4 0.24 4 0.12 14 0.31 14 0.15 91 0.69 [
'

kluegill 25 1 0.06 1 0.03 1 0.02 1 0.01 77 0.54 -

Brown bullhead 33 7 0.41 7 0.21 21 0.46 13 0.29 34 0.3{ 74 0.56
Largemouth base 57 '

57 0.43
|White sucker 1 12 0.71 12 0.36 20 0.44 20 0.02 33 0.25 i

Rainbow smelt 3 0.19 26 1.53 29 0.88 2 0.04 1 0.02 3 0.01 32 0.24 i

Northern pike 2 20 0.44 6 0.13 26 ' O.29 28 0.21 !
Cary 7 4 0.24 4 0.12 1 0.02 11 0.24 12 0.13 23 0.17 i

Walleye 7 1 0.C5 1 0.03 10 0.22 4 0.09 14 0.15 22 0.17
Johnny darter 5 15 0.88 15 0.45 20 0.15
Freshwater drum 4 0.24 4 0.12 12 0.27 12 0.13 16 0.12

: White base 2 0.12 2 0.06 11 0.24 2 0.04 13 0.14 15 0.!!
Black creppie 10 2 0.04 2 0.02 12 0.09 ;

Brown trout 10 0.22 2 0.04 12 0.13 12 0.09 i

Trout perch 5 0.29 5 0.15 1 0.02 6 0.13 7 0.08 12 0.09 |
Bowfin 3 0.07 5 0.11 8 0.09 8 0.06
Burbot 1 0.06 1 0.03 5 0.11 5 0.05 6 0.05
Coho salmon 1 5 0.11 5 0.05 6 0.05 t

Lake chub 2 1 0.22 1 0.02 2 0.02 4 0.03* *

1 Rainbow trout 3 0.07 1 0.02 4 0.04 4 0.03
Longnose gar 2 0.04 1 0.02 3 0.03 3 0.02*

; M2ttled sculpin 3 0.18 3 0.09 3 0.02-.

Smallmouth bees 3 0.07 3 0.03 3 0.02
i. Sptake trout 2 1 0.02 1 0.01 3 0.02

'

Fathead minnov 2 - 2 0.02,

American eel 1 0.06 1 0.03 1 0.01!

) Sanded killifish 1 1 0.01 6

i Rtuntnose minnow I' 'I 0.01*

Brook ellverside 1 1 0.01-

. Channel catfish ! 0.02 1 0.01 1 0.01
' Couesius sp. 1 1 0.01

Coldfish 1 0.02 1 0.01 1 0.01
Colden redhorse 1 0.02 1 0.01 1 0.01 .

.!~ Sea lamprey 1 0.02 1 0.01 1 0.01 [
Silvery minnow 1 R 0.01

~
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_ . _ . . - - . _ _ - - - - _ _ .-. _ ._- _

,

d

T

f
TABLE IV-D-2

.-

SPECIES INVENTORY OF NEKTON IN GILL NET COLLECTIONS j
.

OSWEGO TURNING BASIN - 1975-1976
'

| *
i

! I

| FAMILY CONDON NAME SCIENTIFIC NANE
'

i
Amiidae Bowfin Amia calva )

I Anguillidae American eel Anguilla rostrata ,

1
Atherinidae Brook silverside Labidesthes sicculus

Catostomidae Golden red horse Moxostoma erythrurum
Northern hogsucker Hypentelium nigricans

,

White sucker Catostomus commersoni

Centrarchidae Black crappie Pomoxis nigromaculatus
Bluegill sunfish Leposis macrochirus
Largemouth bass Micropterus salmoides ;

Pumpkinseed Lepomis gi'abosus !

Rock bass Ambloplites rupestris
Smallmouth bass Micropterus dolomieui .

i Clupeidae Alewife Alosa pseudoharengus
Gizzard shad Dorosoma cepedianum

Cottidae Mottled sculpin Cottus bairdi

Cyprinidae Bluntnose minnow Pimephales notatus
Carp Cyprinus carpio '

Emerald shiner Notropis atherinoides
'

Fathead minnow Pimephales proselas ,

Golden shiner Notemigonus crysoleucas i

Goldfish Carassius auratus
+ Lake chub Couesius plumbeus

Silvery minnow Hybognathus nuchalis ,

Spottail shiner Notropis hudsonius
chub Couesius sp.

! Cyprinodontidae Banded killifish Fundulus diaphanus
_

Esocidae Northern pike Esox lucius
1

j Gadidae Burbot Lota lota

Casterosteidae Threespine stickleback Gasterosteus aculeatus .

.a -
Ictaluridae Brown bullhead Ictalurus nebulosus

Channel catfish Ictalurus punctatus .

Stonecat Noturus flavus
-

!

s
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TABLE IV - D-2 (continued),

SPECIES INVENTORY OF NEKTON IN GILL NET COLLECTIONS

FAMILY COMMON NANE SCIENTIFIC NAME*

p Lepisosteidae Longnose gar Lepisosteus osseus,

Osmeridae Rainbow amelt Osmerus mordax
'

'

Percichthyidae White bass Morone chrysops
White perch Morone americanai

'
' Percidae Johnny darter Etheostoma nigrum'

Walleye Stizostedion v. vitraum,

Yellow perch Perca flavescens-

: Percopsidae Trout perch Percopsis omiscomayeus

t- -Petromyzontidae Sea lamprey Petromyzon marinus
!

Salmonidae Brown trout Salmo trutta
*

Chinook salmon Oncorhynchus tshawytscha
! L Coho salmon Oncorhynchus kisucch

Lake trout Salvelinus namaycush
r Rainbow trout Salmo gairdneri

Splake trout Salvelinus namaycush x<

'
fontinalis

Scimenidae Freshwater drum Aplodinotus grunniens

: ,
6.

I

L

I
t.

r

.

s
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TABLE IV.D-3 ')
i

ASUNDANCE OF FISH IN SEINE AND CILL NET COLLECTIONS /

OSWECO VICINITY - 1975 -

SEINES SURFACE GIL. NETS 80TTOM G: LL NETS TOTAL GILL NETS TOTALS |
'

,

SPECIES NO. No. C/F No. C/F NO. C/F NO. %

Alewife 1330 3343 34.90 1863 10.90 3208 20.27 5471 78.13 7
spettail shiner 45 3 0.03 486 2.84 489 1.90 494 7.06
White perch 1 2 0.02 312 1.83 314 1.22 315 4.30
tainbow smelt 1 52 0.60 129 0.75 181, 0.70 182 2.60
Cissaid shad 0 15 0.17 113 0.66 125 0.50 128 1.83 .

Yellow perch 0 0 0 103 0.60 103 0.40 103 1.47
White sucker 0 0 0 71 0.42 71 0.28 71 1.01 '
Lake chub 0 0 0 58 0.34 58 0.23 58 0.83

*

tack bass 0 0 0 43 0.25 43 0.17 43 0.61
Smallmouth bass 0 0 0 40 0.23 40 0.16 40 0.57
Brown trout 0 10 0.12 4 0.02 . 14 0.05 14 0.20
Coho salmon 3 6 0.07 2 0.01 8 0.03 11 0.16
stonecat 0 0 0 9 0.05 9 0.04 9 0.13
Brown bullhead 0 0 0 8 0.05 8 0.03 8 0.11
Waileye 0 0 0 7 0.04 7 0.03 7 0.10 !
Chinook salmon 0 4 0.05 3 0.02 7 0.03 7 0.10 |
White kass 0 0 0 5 0.03 5 0.02 5 0.07
Emerald shiner 4 0 0 0 0.00 0 0 4 0.06
Carp 0 0 0 4 0.02 4 0.02 4 0.06 j
Trout perch 0 0 0 3 0.02 3 0.01 3 0.04 (
Surbot 0 0 0 3 0.02 3 0.01 3 0.04
Lake trout 0 0 0 3 0.02 3 0.01 3 0.04
Cold shiner 3 0 0 0 0 0 0 3 0.04
Freshwater drum 0 0 0 3 0.02 3 0.01 3 0.04 |
tainb'ow trout 0 2 0.02 0 0 2 0.01 2 0.03 . I-

Pumpkfaseed 0 0 0 2 0.01 2 0.01 2 0.03
Sea lamprey 0 0 0 1 0.01 1 0.004 1 0.01
Sovfin 0 0 0 1 0.01 1 0.004 1 0.01 -

Cdidfish 0 0 0 1 0.01 1 0.004 1 0.01 I

Northern hogsucker 0 0 0 1 0.01 1 0.004 1 0.01 |

Longnose dace 1 0 0 0 0 0 0 1 0.01
Brook stickleback 1 0 0 0 0 0 0 1 0.01 ,

Johnny darter 1 0 0 0 0 0 0 1 0.01 ,

Largenouth bass 1 0 0 0 0 0 0 1 0.01
Channel catfish 0 0 0 1 0.01 1 0.004 1 0.01

Total 1391 3439 3279 | 6718 | 7002 1
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32% of the total captured by all gear types were alewives, compared
to an average of about 75% in lake collections. In addition, because
the rainbow smelt was not sampled intensively during its period of
maximum abundance ( April) in near-shore waters, the impact of this

!. dominant species on the turning basin collections may have been dimin- |
ished. An alternative explanation, however, may simply be that smelt4

prefer cooler waters than those found in the harbor.

I When the species making up 99% of the total abundance (i.e., the
community dominants) are compared to those captured in the lake,.

it is apparent that a warm water community characteristic of shallow,

eutrophic lakes and ponds is present. Specifically, the centrarchids
*

(largemouth bass, bluegill sunfish, pumpkinseed sunfish), northern
pike, carp, brown bullhead, golden shiner, bowfin, and longnose gar
are all most frequently associated with this type of environment..

The warm, protected waters of the basin also provide a habitat suit-
'

able for large numbers of gizzard shad. This species contributed
20% of the total abundance in the turning basin in 1975, but was

,

found in much lower numbers at Nine Mile Point and at the Oswego lake
j transects, where it usually contributed only 1-2% of the total.

f The presence of considerable habitat suitable for large ntsabers of
{ small forage fishes contributes to additional differences between

the harbor and lake. Thus , the golden, spottail, and emerald shiners,
the threespine stickleback, and the pumpkinseed sunfish were among
the dominant species in the turning basin. The remaining major species

' were similar for both areas, and included the white and yellow perch.
''

a. Seines
,

,

"

Monthly abundance in the shallow water zone of the turning basin
! was, on the average, much greater than at similar sites in the

; ; lake (Figure IV.D-1), particularly during the period from June
through October. Species and percent composition in 1975 lake

; seine collections are compared in Figure IV.D-2 for both areas.
,| The Nine Mile Point data represent' twice the sampling effort'

since collections at four transects (LMS,1975) are being com-
;, pared to two at both Oswego sites.

L As shown in Figure IV.D-2, species richness was greater in the
turning basin during every sampling month. Unlike the lake,,

where the alewife usually dominated the inshore collections,
dominance was shared by several species in the Oswego Turning1

;Basin. Furthermore, several forage species were particularly
abundant in the harbor including the golden shiner, spottail-
shiner, emerald . shiner, and .the threespine stickleback. These

'

fishes are consumed by a wide variety of predators in the area,.

including centrarchids, salmonids, percichthyids, percids, and
esoc id s .. Notably, very few young alewives were present in the

. -

.f'
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| ABUNDANCE OF FISH IN 50 FT S EINE COLLECTIONS -

,OSW EGO VICINITY - 1975
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- .__ 'PERCENT COMPOSITION
OF MONTHLY SEINE COLLECTIONS
IN THE OSWEGO TURNING BASIN
AND LOCATIONS IN LAKE ONTARIO
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PERCENT COMPOSITION continuta

OF MONTHLY SEINE COLLECTIONS
IN THE OSWEGO TURNING BASIN
AND LOCATIONS IN LAKE ONTARIO i
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'FIGURE IV D-2
(Continued)

AW Alewife
BCR Black crappie ,

BKL Banded killifish
BNB Brown bullhead <

BSF Bluegill sunfish
'

BSTB Brook stickleback
Chinook Chinook salmon i

Coho Coho salmon
CP Carp - '

EMSH Emerald shiner
FHM Fathead minnow
GSD Gizzard shad
GSH Golden shiner -.)

.JJD Johnny darter
LMB . Largemouth bass
LND . Longnose dace
NP Northern pike

~

|-
*

PS Pumpkinseed
,

-

RB Rock bass
RSM Rainbow smelt
Splake Splake trout

--

' STSH Spottail shiner
TSB Threespine stickleback
WP White' perch
YP Yellow perch
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harbor collections, a fact which is apparently a result of this

4 species not. utilizing | the turning basin as a nursery area. Insuffi-
cient data were available to plot length frequency distributions
for specimens from seine collections, except for the yellow perch.
Although this sample was also relatively small, the distribution
shown in Table IV.D-4 clearly demonstrates that young perch utilize
the near-shore nursery area and exhibit rapid growth throughout

; the summer months.
,

1

The more stable temperature regime in the turning basin also
allows some utilization of the near-shore area during the winter;

,

i in November and December, for example, 98 individuals and nine
i species were collected in the harbor compared to a total of only

four individuals of two species collected at lake stations (Figure
IV.D-2).

b. 'T rawls-

'

Relatively few fishes were collected by trawling during the study
period. A large percentage of individual hauls did not yield
any fishes at all: 62% of all surface and 34% of bottom hauls6

,

were empty. In addition, the lowest number of species was obtained
by this gear type, 23 as compared to 32 in the gill nets.

,

More fish were captured at the bottom than at the surface (Figure |

IV.D-3); however, the species that dominated at the two levels
differed. The emerald shiner was most abundant in the surface
catches with 42% of the total (Table IV.D-1). This species is
a pelagic or open water form which usually congregates at the-

!

surface during the spring and summer (Scott and Crossman,1973),
and is also an important forage fish whose abundance seems to
fluctuate widely from year to year. The other species captured

. by surface trawls consisted mainly of alewives (37%) and gizzard
'

shad (19%). Dominance in bottom collections was evenly distributed
among four species including ' the gizzard shad (29%), white perch.

'

(22%), alewife (21%), and spottail shiner (19%). Other species- i

were captured in relatively low numbers during the year.
,

4 - Few individuals were captured during the summer and early fall.-
The two largest hauls occurred in August at OTB-6 and OTB-10,

I where 88 and 67%, respectively, o f -the total . catch were white
perch. The winter collections consisted mainly of gizzard shad,,

a species. that seemed to favor the warmer water of the harbor.
! In the early spring, depending on the station, different species,

including the _ emerald shiner, spottail shiner, white perch, and -
alewife, dominated the catches.

i !
i '

<
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ABUNDANCE OF NEKTON IN TRAWL COLLECTIONS
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c. Gill Nets
_

Gill nets captured more species and a larger number of individuals
than any other gear. Because of the greater efficiency of this
gear, most of the in-depth community analyses will,be restricted -

to samples obtained by this method.

Sufficient numbers of alewives, gizzard shad, and white perch _.

were captured for statistical analysis. Accordingly, a three-way
ANOVA was conducted to test three main effects: dates, depths,
and stations and their corresponding interactions. The results
are shown in Table IV.D-5. Significantly ( a = .05) more gizzard ~

-

shad were captured during the winter, at the surface and at the
station nearest the thermal discharge (OTB-6) . The significant
date x station interaction is attributed mainly tu the large -

numbers collected at station OTB-6 during December and January.
The preference of gizzard shad for the warm waters at the western
-end of the basin during the winter is clearly demonstrated here. _

A significant difference ( a = .05) was evident in the depth -

distribution of alewives in the turning basin (Table IV.D-6).
_More fish were collected at the surface than at the bottom during

1975. Sinc 2 most collections were made at night, the results
_

agree ,with past observations which indicate that alewife are
more abundant in surface waters in the evening. Over the course -

of the year the distribution of alewife among the three stations
did not differ significantly; however, during those months of '

maximum abundance (May-July), fewer alewife were usually present
at the western end of the turning basin.

.

White perch preferred the bottom layer as indicated by the sig-
nificant ( a = .01) depth effect in Table IV.D-7. A significant
( a = .05) depth x station interaction was also observed with more
fish captured at the bottom at OTB-6 than elsewhere. A Tukey
T procedure indicated this difference to be significant (a = .05).

3. Community Analysis ~

' a. Diversity <

-

The Shannon-Weaver diversity measure (H') commonly used in ecologi-
cal studies has often proven valuable in assessing community
structure and environmental quality. However, a knowledge of _.

community composition is also essential since H' indicates little

about the species makeup of a sample. Community' analyses used
~

- to describe the impact of the Oswego Steam Station'will, therefore, ~

ainclude species composition in several different _ aspects, thereby
. examining in greater detail those parameters correlated with

the observed values of diversity.
_.
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- TABLE IV D-5

STATISTICAL ANALYSIS OF GIZZARD SHAD ABUNDANCE IN GILL NET COLLECTIONS

OSWEGO TURNING BASIN - 1975-1976

THREE-WAY ANALYSIS OF VARIANCE

SOURCE DF SS MS F-

DATES 9 1069.2148 118.8016 2.61*
DEPTHS 1 338.0718 338.0718 7.42*
STATIONS 2 525.5532 262.7766 5.77*
DATE x DEPTH 9 496.5728 55.1748 1.21
DEPTH x STATION 18 1902.2740 105.6819 2.32*

''

DEPTH x STATION 2 269.9695 134.9848 2.96+
ERROR 18 820.3536 45.5752
TOTAL 59 5422.0097

9

* Significant at a=.05
+ Significant at a=.10

ESTIMATED MEANS FOR STATIONS

STATION ESTIMATED MEAN

OTB-4 0.504-

OTB-6 7.276
OTB-10 1.648

TUKEY T PROCEDURE - STATIONS ( a= .05)
'

Largest : OTB-6 OTB-10 OTB-4: Smallest

,

ESTIMATED MEANS FOR DEPTHS
,

DEPTH ESTIMATED MEAN
i

Surface 5.516
Bottom 0.769

'

i

f!
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,

'!
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TABLE IV D-6

e

STATISTICAL ANALYSIS OF ALEWIFE ABUNDANCE IN GILL NET COLLECTIONS

OSWEGO TURNING BASIN - 1975-1976
'

THREE-WAY ANALYSIS OF VARIANCE -

SOURCE DF SS MS F

~

DATES 9 409.710 45.523 2.08+
DEPTHS 1 309.615 309.615 14.11*
STATIONS 2 2.095 1.048 0.05
DATE x DEPTH 9 332.601 36.956 1.68 'l

DEPTH x STATION 18 440.805 24.498 1.12 j
DEPTH x STATION 2 2.353 1.177 0.05
ERROR 18 394.927 21.940
TOTAL 59 1892.106

* Significant at a =.01
.

+ Significant at a =.10 +

ESTIMATED MEANS FOR DEPTHS

DEPTH ESTIMATED MEAN

Surface 5.055.

Bottom 0.512

ESTIHATED MEANS FOR STATIONS

STATION ESTIMATED MEAN
.

OTB-4 2.882
OTB-6 2.948

_

OTB-10 2.522

? 1
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TABLE IV D- 7

STATISTICAL ANALYSIS OF WHITE PERCH ABUNDANCE IN GILL NET COLLECTIONS
.

OSWEGO TURNING BASIN - 1975-1976

THREE-WAY ANALYSIS OF VARIANCE

SOURCE DF SS MS - F

DATES 9 22.5805 2.5089 2.09+
DEPTHS 1 37.1480 37.1480 30.93**
STATIONS 2 5.1779 2.5890 2.16
DATE x DEPTH '9 26.9857 2.9984 2.50*
DEPTH x STATION 18 33.1378 1.8410 1.53
DEPTH x STATION 2 11.5056 5.7528 4.79*
ERROR 18 21.6189 1.2011

,

TOTAL 59 158.1544
*

t

f. __

* Significant st a =.05,

** Significant st a =.01
i + Significant st a =.10

' '
ESTEHATED MEANS FOR DEPTHS

,

DEPTH ESTIMATED MEAN
,

Surface 0.409
Bottom 1.982

.

ESTIMATED MEANS FOR' STATION x DEPTH INTERACTION
.

ESTIMATED MEAN ,

'

DEPTH OTB-4 OTB-6 OTB-10

Surface 0.498 0.193 0.535m

Bottom 1.266 2.984 1.697

TUKEY T PROCEDURE - STATION x DEPTH ( a = .05)
SURFACE: No.significant difference
BOTTOM: Largest: OTB-6 OTB-10 OTB-4: amallest

.

!
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Shannon-Weaver diversity values for gill net catches are shown "

in Figure IV.D-4. The most evident trend in the data is the
large seasonal variation in diversity at every station except
OTB-6, a pattnen related to the number of alewives appearing -

in the catches. For example, the low diversity recorded in May,
i June, and July at OSWW, OSWP, and OTB-4 results from a large influx
'

of alewives into the vicinity (Table IV.D-8). The absence of
this species in the western end of the turning basin during this . l

'

; same period produces higher values of H'. .I

Interestingly, the seasonal progression and range of diversity 1
values are quite similar for the lake. transects (OSWW, OSWP) .],

and OTB-4. This reflects the influence of the lake community4

upon the eastern end of the turning basin, a phenomenon which --

is not surprising in view of the proximity 'of this site to the i

harbor mouth.

Although station OTB-6 exhibited the highest average seasonal
diversity and the lowest variation (in 1975), three additional
monthly values were added to Figure IV.D-4 to point out that;

| this may simply reflect the absence of the dominant alewife during !

l most of the year and not more subtle changes in environmental !'

quality (acting to improve conditions) . When values for January,
! February, and March 1976 are included in the calculation of mean
~

diversity, OTB-6 no longer exhibits the highest value. On~the |~
other hand, if the corresponding values of H' (1.53,1.29,1.13)
at OTB-10 during these months were to be added to Figure IV.D-4,
the mean diversity value at this station would not be reduced. 'h,

The depressed values at the former station are caused by the >

capture of overwintering gizzard shad, while no- such effect- is
,

1 observed at OTB-10. It seems apparent, therefore, that the diver- }
| sity pattern observed in 1975 and early 1976 is influenced pri- J
l- marily by the presence or absence of the dominant species in

the area.- The 1975 pattern in the Oswego Turning Basin probably 1,

derives from the general low abundance of alewives in the harbor : [
and turning basin, and from the east-to-west gradient of decreas-
ing numbers during those months of maximum abundance.

.|
Unlike-the near-shore community in the Oswego Turning Basin, "

which exhibits much greater seasonal diversity (Figure IV.D-4)-
! than corresponding lake areas, diversity measured by gill net |collections in the OTB displays a similar range o' values to J.

that of collections in the open lake (Figure IV.D-4). However,,
'

| dominance (D) differs considerably (Table IV.D-8). .The alewife ~
y.

[ :was -the most. abundant species recorded at both lake transects !
P in~every month. In-the turning b'asin, on the other hand, two "

other species, the white perch and gizzard shad, ' shared dominance
,

'with the alewife._ LIn addition, in those months that |the alewife. j:
;

- J-

' I:
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TABLE IV D-8 '

DIVERSITY INDICES OF FISH Ih SURFACE

|
AND BOTTOM GILL NET COLLECTIONS

' OSWEGO VICINITY - 1975
|

1. OSWEGO TURNING BASIN I

STATION INDEX APR MAY JUN JUL AUG" SEP OCT NOV DEC MEAN;

OTB-6 H' l.479 .l.71g 1.40g 1.36g 1.83g 2.15g 1.72g 1.65g 1.66g 1.67
D 49.21 51.72 71.96 67.51 54.81 39.61 42.52 42.43 45.42<

J' O.400 0.496 0.501 0.410 0.613 0.583 0.543 0.589 0.645 i
'

N 254 174 107 511 104 361 635. 304 262

OTB-10 H' l.648 0.99g 1.52g 2.425 2.226 1.43g 1.738 1.128 1.482 1.62
D 62.05* 84.90 72.92 39.34' 51.94* 71.88 54.19' 76.04' 61.54"
J' O.460 0.270 0.508 0.808 0.621 0.416 0.470 0.402 0.741
N 224 821 144 61 129 384 334 192 52

OTB-4 N' 2.234 1.27g 0.68g 0.79g 1.476 1.0lg 1.623 1.275 1.922 1.37
D 48.48 74.96 87.89 88.24 72.58" 77.19 45.99* 73.89* 40.00"
J' O.705 0.402 0.228 0.240 0.492 'O.439 0.512 0.425 0.961 , |
N 33 595 578 306 124 114 187 226 5

,

II. OSWEGO VICINITY
ESTATION 'INDEX APR MAY 'JUN JUL AUG SEP OCT NOV DEC MEAN !

OSWP H' 1.787. 0.766 0.902 1.211 1.033 1.190 2.545 1.206 1.466 1.35
D 60.22 87.81 P4.51 81.67 85.19 83.44 44.87 81.65 50.792

.J' O.564 0.242 0.261 0.310 0.299 0.312 0.652 0.326 0.567.

N 274 722 581 300 243 326 263 436 63

OSWW H' 1.517 0.021 1.085 0.736 1.563 1.974 2.223 1.551 2.034 1.48
D 59.81 91.89- 81.12 89.27 68.22 57.64 57.46 73.09 44.44
J' O.457 0.163 0.362 0.213 0.493 0.533 0.584 0.467 0.642

"

N 321 913 376 634 214 432 228 301 90 ..

I r

" Sample actually taken on 18 September. 8Two less samples were taken at OSWW than at'OSWP.
,

Surface sample only at OTB-10 NS - No sample '

}Alewifedominance.
White perch dominance N' - Species diversity'

D '- Species richness
' Gizzard shad dominance J' - SPectes evenness
Alewife dominant species at both stations N - Number of fishi-

E

during all months
__ __ _ - _ _ _ _ .
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dominated in the harbor, it usually did so by a smaller percentage
than in the lake. Of the three exceptions, two occurred at station
OTB-4 which, as has been stated previously, is influenced to-

a greater degree by the lake ichthyofauna.

b. Community Composition

A percent s.imilarity matrix was constructed from monthly station,

data and clustered utilizing the average linkage - strategy (Cliffora
i and Stephenson,1975). This procedure is effective in grouping

similar entities (stations) based on some predefined basis for
association.'

|

; The results are summarized in Figure IV.D-5, where monthly collec-
tions were pooled to obtain a representative community pattern
,for each station. As expected, the turning basin stations (OTB-4,,-r

6,10) formed a separate cluster with relatively high (82%) similar-
ity. Station 4 dif fered slightly, reflecting the influence of,

i the lake community on this site. As a group the harbor stations
,

' l were most similar to the inshore (15 f t) lake community. The
deeper lake stations (OSWW-40, OSWP-40) formed a very tight cluster

[ (PS = 97%) and were relatively different (PS = 62%) from all
( other stations.

'

,

(' The biological basis for distinguishing the three communities
may be seen in Table IV.D-9. Four characteristic differences
are noted:,.

,

.

~

a) Certain species, such as the gizzard shad and white perch,
are collected in much greater numbers in the turning basin

'

than in the lake.

b) Conversel,y, several species are. more abundant in the
r (- lake; for example, more white suckers are caught in the near-

{~ shore (15 ft) area. Similarly, the spottail shiner constituted>

a larger proportion of the lake catch especially at the 15
ft depth. The alewife, on the other hand, was particularlyg

_y abundant at the deeper lake stations .and this factor was
primarily responsible for the close resemblance (based on'"

percent similarity) between OSWW-40 and OSWP- 40.
I

(. c) Several species, ' including the golden shiner, northern
pike, bowfin, and longnose gar, were collected only in the
turning basin. This isenot to say that they are entirely.,

']. ~ excluded from the lake, (e.g., LMS,1975); rather, it is
simply 'a matter of degree, with the majority'of- these warm
water forms expected in the turning basin.

a
|
|

la .IV-57
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TABLE IV D-9 ,-4

f1

PERCENT COMPOSITION OF FISH IN GILL NET COLLECTIONS |

l-,

OSWEGO.VTCINITY - APRIL-DECEMBER 1975 '

l

SPECIES OTB-6 ' OTB-10 OTB-4 OSWW-15 0SWP-15 OSWW-40 OSWP -40 ~}
_l !

Alewife 42.6 47.4 62.3 52.6 63.5 87.2 88.2 j
Spottail shiner 3.9 3.0 2.1 14.4 12.5 4.9 3.0 5

'

Yellow perch 1.4 1.4 1.1 2.5 3.2 0.6 1.1
Gizzard shad 27.6 25.5 16.3 5.1 3.2 0.7 0.7
White perch 22.0 17.3 16.7 12.0 9.8 1.3 1.6 .,

White sucker 0.2 0.4 0.3 2.1 2.1 0.6 0.4
Brown trout 0.2 0.2 0.1 0.2 0.2 0.3 0.2
Walleye 0.3 0.1 0.2 0.2 0.1' O.1

'.
Carp 0.3 0.2~ 0.1 0.1 0.2 0.1 l
Trout perch 0.1 0.1 0.1 0.1 0.1 )
White bass- 0.1 0.2 0.3 0.2 0.2
Freshwater drum 0.2' O.2 0.1 0.1 0.1 t

Brown bullhead <0.1 1.4 0.1 0.1 0.6 'l'

! Coho salmon 0.2 <0.1 0.1 0.3
Reinbow trout 0.1 <0.1 <0.1 0.1

_. s
Burbot 0.1 <0.1 0.1 0.1 0.2 (
Reinbow smelt <0.1 0.1 ~6.1 1.6 2.3 2.0 >

Lake chub <0.1 0.1 1.5 0.2 0.6 1.3
! Rock bass 0.2 0.3 0.1 1.4 0.9 0.4 0.3 }_

Smallmouth bass 0.1 1.0 1.0 0.5 0.3 _;
Lake trout <0.1 0.1
Chinook salmon 0.1 0.1 0.1 0.2
Stonecat catfish 0.6 0.1 0.1

''Golden shiner 0.3 0.7 0.1
Northern pike 0.1- 1.0 0.1

,_

Bswfin 0.2 0.2 i
Longnose gar <0.1 <0.1 0.1 >

'l
.!

)

- o(
,

I

. >

$,

-

YI

h

'

|
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-
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SIMI L AR ITY OF FISH C O L L E CT ION S,

OSWEGO VICINITY - APRIL-DECEMBER 1975
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d) Similarly, several species normally associated with cold .,

water assemblages were excluded to various degrees from the i

harbor. These included the rainbow smelt, lake chub , small- !

mouth bass, stonecat, lake trout, and chinook salmon.
,

In summary, three distinct communities were observed; a warm j

water assemblage characteristic of the turning basin, with reduced
numbers of those taxa usually associated with cooler temperature; -

a nearshore community influencing station OTB-4 and differing ffrom the deep water assemblage primarily in terms of the percent '

composition of its constituent species. The deeper stations were .,

further distinguished on the basis of large numbers of alewives /
in the catch and diminished numbers of spottail shiners, white
perch, yellow perch, white suckers, and brown bullhead.

The community inventory for turning basin collections is shown
seasonally in Figure IV.D-6. The cycle for each station is shown
separately to provide a basis for comparison. These data were ;

arranged in this way to facilitate investigation of any detectable j
differences in migratory behavior associated with the plume (e.g.,
avoidance during the summer and attraction during the winter), ,

or any other seasonally induced patterns.
}

The data display several important characteristics. The seasonal
progression of community dominance was similar at all stations,

fwith the gizzard shad usually most abundant during the fall and s

winter and the alewife predominating in the spring and summer.
Because relatively few alewives were collected in the spring '

at,0TB-6, diversity attained the highest recorded diversity value. !

'Correspondingly, the large number of gizzard shad caught in the
winter at OTB-6 depressed the diversity value (0.81) to the lowest
of the study. Another trend in the data occurs in the seasonal )

differences in the Percent Similarity indices. There is a distinct
seasonal turnover between the spring / summer and fall / winter periods,
i.e., the percent similarities are relatively lower, except between I

OTB-6 summer and fall communities. In this case the high similarity J
is probably the combined effect of the warmer water (maintaining
the summer assemblage) and the presence (in the fall) of greatest
numbers of alewives in the western end of the turning basin. j
Most of the observed differences were related to the seasonal
turnover among the community dominants described previously.

A distinct seasonal pattern was not evident in diversity values; *

OTB-4 displayed higher levels in the fall / winter and, conversely
OTB-6 and OTB-10 had higher . diversity values in the spring / summer. *

This resulted mainly from the absence of alewives at the western .),

end of the turning basin (OTB-6 and OTB-10) during the spring / summer,
thereby increasing evenness and the subsequent H' values. The

}
\

.a

IIV-58

,

m

- - - - - - - - - _ - - - - - - - - - _ - - - - - - - - - - - - - - - - - _ - _ - - - - - - - - - - - - - - - - - - _ - - - - - _ -_



~ FIG URE IVD-6
,

CATCH PER EFFORT, DIVERSITY, DOMINANCE
[ AND SIMILARITY OF SEASONAL FISH COLLECTIONS

OSWEGO TURNING BASIN-1975
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presence of greater utsabers of alewives in the fall and their -

general absence from the western harbor during the spring / summer (
may reflect both an avoidance reaction by this species to the #'

thermally enriched waters and the subsequent unsuitability ofi
,

j this area as a spawning ground.
}'

i 4. Discussion of Important Species

I lSufficient data have been collected from Lake Ontario in the vicinity )
of the Oswego Steam Station (QLM,1974; LMS 1974, 1975) to prepare4

a life history synopsis for several species. This information will. -

serve as a basis for comparison, the goal being a demonstration of
successful completion of the life cycle for those species (or their
life stages) utilizing the Oswego Turning Basin.

_ _ ,
,

!.

Extensive biological monitoring during the past four years clearly
demonstrated the existence of an ecological continuum between the

j Oswego area and nearby (5 mi) Nine Mile Point (QLM, 1974; LMS, 1974, i

; 1975); therefore, all data may be considered collectively in this )
: analysis. Most of the discussion, however, is based upon an April-
I December collecting period since winter conditions usually precluded

3
sampling at other times. Furthermore, because differences between j,' yearly collections of each species were primarily qualitative, the

; discussion will be based upon the most recently available data (1973
..'

,

and 1974) covering the combined study area, and will be supplemented
from other reports. Any important differences observed among years

i or between study sites (Oswego, Nine Mile Point) will be discussed '

separately.
|

,1, '

] a. Alewife (Alosa pseudoharengus)

I'The alewife is an anadromous species that spends most of its i
adult life in marine waters and returns to fresh water to spawn. "

It occurs from Newfoundland to North Carolina (Scott and Crossman,

along its range. -f.
1973), and, in addition is found as many landlocked populations ;

In Lake Ontario, adult alewives reside in the open lake and migrate ~i-
,

[ inshore during the spring and summer to spawn in streams or in
_.

'

{ near-shore shallows with sand and gravel bottoms. *

[
In the Oswego area, however, some alewives'are present throughout }' <'

the ye ar , The major inshore movement of adults, accompanied by '

juveniles, occurs in April in association with the onset of the
.

reproductive' cycle. Yearly collections (QLM, 1974; LMS, 1974)
indicate greater sbundance of this species _ in the evening hours 2-

during the spring and summer.than during the fall', a _ trend ' that
agrees with the observations 'of other studies. Graham (1956) I-
reported that'most alewives return to deeper waters of Lake Ontario . .;

j upon completion of the : spawning cycle.-
, . .

.

.
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Spawning in the area begins shortly after the arrival of the I

'.r first schools and reaches a peak in early July, as indicated j
by coefficient of maturity data (QLM, 1974; LMS, 1974).- Surface,

water temperatures at this time generally range from 13.5 - 22.0*C
(56.3 - 71.6*F), and average about 20.6*C (69. l*F), with a corres-
ponding average bottom temperature of 16.8*C (62.2*F). These
values are similar to other spawning temperatures reported for
freshwater alewife (Rounsefell and Springer, 1945; Threinen,
1958; Gross, 1959).'

7
.

.

According to studies conducted on the growth history of alewife
e in the Oswego study area, annulus formation had occurred in 36%,

- of the alewives captured during June, in 43% during July, and' '

in 100% during August (LMS,1975).- At this same site during 1973,
7 annulus formation began as early as April, reached 29 and 42% '

t 'for-the alewife captured during May and June, respectively, and
|! p' aked durins July and August with 66 and 65%, respectively (QLM, !e

1974). Norden (1967), reported that 15% of alewife collected
l, in Lake Michigan formed their annulus during June and the remainder"

during July; these results are similar to those observed in the
I Nine Mile Point vicinity.

/

( Based on body length-scale length relationships, growth curves
for both male and female alewife assume approximately the same
form (LMS, 1975), although females have been observed to be largerc

j after the second year of life and to retain this ctanulative size
advantage through age five. Pritchard (1929) reported that female'

alewife in Lake Ontario were larger than males after the third'

I year of life. Havey (1961) and Odell (1934) also reported the
more rapid growth of female alewife. in landlocked freshwater+ <

populations during the first two years of life, accounting for
43 and 67%, respectively, of the length attained at age six.i

The maximum age normally reported for both males and females
is six years, although female alewife collected off Nine Mile i

g Point during 1973 reached seven years of age (QLM, 1974). Prit-i

( chard (1929) previously reported a maximum age of six years for
males and seven years for femalee h lake Ontario.

,
,

{ Growth increments of alewife #p6 'tiscs from the study vicinity
have been compared with t N r. w- ed for other alewife, popula-,-

tions. While individuals W 2 tb cection of the laka generally
.! appeared to grow more rapidly after the 'first year of life than~

[' alewife from Port Credit and the Bay of Quinte, Lake Ontario
(Table IV.D-10), Graham (1956) reported that , Atlantic alewife
of both sexes mature.one year later, grow more quickly throughout.

; their life, and attain a larger size than landlocked Lake Ontario
alewife. He suggested that the freshwater enviros2ent hastens'

(~ ('

the onset of sexual maturity and that this result's 1C an inhibition
o f ' growth.

-(
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TABLE IV D-10
.

COMPARISON OF THE AVERACE TOTAL LENGTH * OF FISN
AT EACH YEAR OF LIFE FOR ALEWIFE

REPORTED FROM LAKES IN'THE UNITED STATES
.

.

* h

6

IAEE MICNICAN SENECA LAKE,
YEAR OF 1AKE ONTARIO LAKE ONTARIO MEE ONTARIO IAEE ONTARIO IAEE ONTARIO -

LIFE OSWECO TURNING BASIN MIME MILE POINT MINE MILE POINT PORT CREDIT BAY OF QUINTE N.Y. s

(PRESENT STUDY) ( t.MS , 1975) (OLM, 1974) (PRITCHARD, 1929) (PRITCHARD, 1929) (NORDEN, 1967) (00 ELL, 1934) {

! 97 (228) 86 (44) 110 ( 2) 99 ( 7) 94 (147) 70 (113)
2 135 ' (227) 135 (21) 145 ( 28) 128 ( 5) 140 ( 1) 140 (177) 145 ( 89)
3 154 (145) 152 (46) 157 ( 83) 143 (11) 143 - ( 2) 159 (1028) 154 (284)
4 162 (116) 153 (34) 148 (14) 173 (502) 171 ( 49)
5 166 ( 74) 161 (96) 165 (145) 162 (35) 157 (17) 174 ( 15) '
6 170 ( 6) 168 (59) 183 ( 31) - 180 ( 3) 179 ( 9) *

7 198 '(15) 204 ( 7) 187 ( !)

8 217 ( I) -

(LansthinmillimetersNumbers which appear in parentheses represent the number of fish measured in determining average length

|',_J ;_:L C L- : . i .~.. :~ .. . _- _ u_ . . . _ _ _ . .
___ ; _
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Length frequency data indicate that in April the population with-,.

in the Oswego /Nine Mile Point vicinity consisted mainly of adults
I 15-19 cm in length (LMS, 1975). During May a few yearling fish

(age group I) began 'to appear in the gill nets, indicating the
'

start of their inshore migration to summer feeding grounds.
This trend continues into August when the nearshore populations
are dominated by yearling fish 9-12 cm long. Young-of-the year
alewife were first recruited into seine collections at a mean-

length of 3.7 cm during August (QLM, 1974), the month of peak
,

abundance for small alewife in the study area. However, young
alewife (mean length of 2.7 cm) at Nine Mile Point were first
collected during July, indicating a possible succession in appear-
ance from east to west (QLM, 1974). Scott and Crossman (1973)
reported that juvenile alewife may be found in shallow water

#

at night and on the bottom in 2-3 m (6-10 f t) of water during the
day. Odell (1934) noted that' in Seneca Lake, New York, alewife
fry migrate to mid-depth lake waters during the fall and winter.
Graham (1956) also indicated that young-of-the year alewife remain

,

near the spawning grounds until the late larval stage, whereupon,

they migrate to shallow protected areas before moving into deep
water. The young may attain a length of 51-75 mm by the fall,

(Scott and Crossman, 1973).

Feeding studies are not available for alewife from the Oswego
#_

area; however, the literature indicates that the adults are filter-
! feeders and prey principally on zooplanktonic organisms such as

cladocerans, copepods, and mysids. In fresh water they therefore
'

i compete with the indigenous forage fish species for food (Scott
and Crossman, 1973).

,

The range of lethal threshold temperatures for .this species is<

23.0-32.2*C (73.4-90.0*F) with acclimation temperatures of 20*C
' (68*F) to 20.3*C (68.5'F), respectively. Graham (1956) reported

a 23*C (73.4*F) lethal threshold [at a 20*C (68'F) acclimation
| temperature] for alewives immediately after they rose from the
i cold depth where they overwintered. Preferenda, however, indicate

that the alewife will migrate from (avoidance) the lethal tempera-
ture toward 21.3*C (70.3*F). Overwintering fish are continually

'

under an osmoregulatory stress and their ability to withstand .,

a thermal stress at this time of the year is at a minimum when
compared to other times of the year.s

Population Biology of Alewife in the Oswego Turning Basin

j Coefficient of maturity data for alewife (Figure IV.D-7) indicate
t that some spawning may take place in the Oswego Turning Basin

since both males and females in ripe condition were' captured.
I Eggs and larvae were also collected (see Section IV.B.4), and
t it is believed that at least some of these were spawned in the

. i

.

|
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outer harbor, as opposed .co being entrained in plant flow. Peak !

values were observed in June for both sexes, which is in goodU

agreement with lake data from Oswego in 1974 but slightly out*

of phase with observations from the Nine Mile Point vicinity
during the same period (LMS, 1975). The differences, however,e

are within the normal year-to year range of variation for this
species (Scott and Crossman, 1973).

Growth increments were calculated by age class for alewife (sexes
combined) from che Oswego Turning Basin (Table IVD-10). In general,'

alewife collected in' the turning basin exhibited a similar rate
3

of growth and attained similar lengths for each year as_ populations'

collected in other freshwater areas. It should be noted, however,

that because of the variety of back calculation techniques used
in the different surveys, only generalizations can be made about'

;. relative growth' rates. Growth rates of turning basin alewives
; were quite similar to the rates found for alewife collected during'

1974 at Nine Mile Point (LMS, 1975). The area around Oswego4

; (including ~ the turning basin) thus seems to sustain relatively5

high growth rates for this species, possibly relating to the'
,

high organic and nutrient load of the Oswego River which empties
C into the lake nearby (Jackson et al.,1964).

Il

e Females displayed a growth _ advantage over males throughout life
'( ( Appendix D), an observation in general . agreement with previous

[ work on the Oswego area (LMS, 1974, 1975). In addition, the
maximum attained age of six years for both males and females *

p concurs with past observations at Oswego.
- t .

,

,
Length-frequency data for alewives collected in the Oswego Turn-'

1 ing Basin also support the conclusions drawn from past studies
(Figure IV.D-8). Adults ranging from 12.0 to 20.0 cm in total

-

>

t - length constituted 100% of the catch in April. Yearlings appeared
in May and dominated the . catch through August, when large numbers,

; : of young-of-the year appeared; thereafter, with the exception
( of October, few young-of-the year were collected. _ Juveniles

,

formed the : bulk of the'' catch after August, and, interestingly,
exhibited little growth (based on average total length) through
the fall, _ a phenomenon which may be related to gear selectivity -,

or emigration. .

! As mentioned previously, alewife fry. were first collected at
Nine Mile Point in July; therefore, the same delayed- appearance
and possible west-to-east progression was encountered in the -

i 1975 Oswago Turning Basin collections.
i.

The presence of substantial numbers of juveniles and some adult.

alewives Lin winter ' collections (January-February) indicates that
|~j this species 'overwinters in -the turning basin. However, m9ny
,

|K.
1
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FREQUENCY OF LENGTH INTERVALS
OF ALEWIFE |

OSWEGO TURNING B ASIN -1975-1976 s

!
j

80
,

- APRIL '75 - OCTOBER '75
-

,60 -

N = 31 - N =l69 1 1|
n.= is.se i

.
-

,

40 ': : TL= 10.7s

20 - - '

~ '

''''' ' ' '''''''' '' ''''''''''o ' '

60 - NA,Y'g
-

NOVEMBErg'7j
~

g
40 - - TL=la65 j

- _

20 - -

,W, A , , ,,, i. ;, m , ,.....
2 o ..

o - JUNE '75 - DECEMBER '7560;- : N=297 -

N=55'

_

i;; 40 - - E*8a50
..]o - -

>

n. 20 - -

!o ~ ' ' ' '

' ' ' '''''''' ''' ' - ^ ' ' ' ' ' ' ' ' '
i

o - JULY '75 - JANUARY '76 160 : N = 152 : i . N = lO2

z
_

_TL=ias7s 4a _
.

_ _ ;
w - )

S ' 20
-

, , , , , ........ , ,o , ......,,,,o
E 60 : AUGUST'75 : FEBRUARY'76 i

~

N=27 - | N = 81 >- __

_ _

j TL= ii.os40 TL= m _

20 - -

' N 'L"-''A' ''' ' ''

SEPTEMBER '75 o'' ''' ' ''o
a 16 24 32 40.-

,

60 : N= 217 LENGTH lNTERVAL (cm)
'

4o - -

_

20 -
,

,
'

, , .. .o
o 8 16 24 32 40

LENGTH INTERVAL (cm)
.,

.

J

. J
. - - . - - _ _ _ - - ..



l

. . _

adults and a few juveniles were also collected in December 1974 i

at Nine Mile Point (LMS, 1975), perhaps indicating that overwinter-'

,

ing in the Oswego vicinity may be a general phenomenon. ;

In summary, the available life history data for alewife from the
Oswego Turning Basin indicate that the majority of the observed
differences between these and other populations are qualitative
and that, insofar as these parameters are concerned, there isr

no discernible impact of thermal effluent from the Oswego Steam,

I Station.

b. White Perch (Morone americana)

White perch occur along the Atlantic Coast of North America from
r New Brunswick, Prince Edward Island, and Nova Scotia to South
; Carolina. This species has been introduced into Lake Ontario

and is common in the Hudson River below Albany, New York (Scott
and Crossman, 1973).

,

!
-

( White perch were collected in all months in the vicinity of Oswego
with maximum numbers occurring during the summer, especially in

f July. During 1974 the spawning season for this species commenced
( in May at a time when water temperatures ranged from 5.5 to 13.0*C

(41. 9-5 5. 4 * F ) . The corresponding average values were 10.8*C
(51.4*F) on the surface and 7.2*C (45.0*F) on the bottom (LMS,
1975). Sheri and Power (1968) reported that the spawning season.

for white perch in the Bay of Quinte, Lake Ontario, began in
mid-May and continued through June at water temperatures ranging,

from 11-15*C (51.8-59'F).i

1

Growth study data for this species demonstrate that annulus forma-
tion had occurred in 47% of the white perch captured during July
1974 and 99% during August (LMS, 1975). During 1973, the majorityi

of white perch at Nine Mile Point had formed their annulus by
( September, with the peak also occurring during August (QLM, 1974).
( Similar occurrence of annulus formation was reported by Sheri and

Power (1969) during a 10 year study of annulus formation in white
perch inhabiting the Bay of Quinte; peak annulus formation occurred -

during July for five years, during June for two years, and during
'

August for two years. While earlier annulus formation in younger
| vhite perch has been reported (Wallace, 1971; QLM, 1974) it was
'

not evident in the Nine Mile Point vicinity.i

.

The growth curves for both male and female white perch had approxi-
mately the same form; however, females were significantly larger {.

; after the second and subsequent years of life. More rapid growth. j
of female white perch has been previously reported -in Nine Mile !

| , Point area (QLM, 1974) and throughout the range of the species |
l'' (Mansueti, 1961; Miller, 1963, Wallace,.1971; St. Pierre and
I' Davis , 1972) .-

(
>
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!' The maximum growth of Nine Mile Point white perch occurred during ]
the first two years of life. At the end of the first and second ,

[ years' growth, white perch were 24.6 and 48.43%, respectively,
i of the length attained after 10 years of growth. The rate of

growth expressed as the percent annual increase in total length,

,

declined from 98.28% for males and,95.23% for females at age
two, to 25.82 and 30.92%, respectively, after the third year ,
of life. Growth continued to decline rapidly through age five,

{after which the decline continued but at a slower rate,

b The first year growth of Nine Mile Point white perch is compar- ]:' able to that of other fast growing populations (Table IV D-11); i

however, perch from this area appear to grow faster during the
second through the eighth year of life than fish from all other
populations, with the exception of the Connecticut River. Nine ;
Mile Point white perch appear to grow faster than white perch
in the Bay of Quinte for ages two through six, whereas the latter 3

i population appears to grow more rapidly after the eighth year I
'

|.
of life; however, small sample sizes in these age groups made
comparisons dubious.

.

Length frequency distributions of 1975 samples of Nine Mile Point )
white perch (LMS, .1974) indicate that during April the catch was
made up of fish in age class III or IV and yearlings, with a i

small percentage of age class II individuals. In May most of the ;
'

fish were mature adults 'of age class III to VI, and presumably
represented the spawning population. The same trend continued 3

until _0ctober when the main portion of fish were age class I j
and'II. The younger, sexually immature fish did not appear in
the area until October and November.>

|

The 1975 food studies program at Nine Mile Point produced suffi-
| cient numbers of white perch to quantify several aspects of their

feeding habits (LMS, 1976b). The major food items consumed by j
specimens greater than 210 mm in length included fishes, the y
amphipod Gammarus, and members of the insect orders Diptera,-
especially Cricotopus, and Trichoptera, principally Athripsodes. -

- Smaller white perch (161-210 mm) did not differ in the qualita-
tive composition of their diet; however, the proportions of the '

|
~ various. items differed substantially. Both size classes consumed;

substantial ~ manbers of Oligochaeta. ' |
J

Previous - studies,. particularly those of Cooper (1941) and Richards
(1960) indicate -a changing composition in white | perch diet with *,

increasing body length, from aquatic insects and crustaceans to ;
fishes. Other ' investigations of freshwater populations corrobor-
ate these conclusions, although absolute composition may differ - >

slightly. In general, feeding habits of white perch are governed j
4

'

.
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largely by seasonal abundance of prey organisms and this species.
may, therefore, be considered a non-selective (generalized) feeder. .l

,

; Thermal data on white perch are relatively scant; however, Meldrim
and Gift (1971) studied estuarine populations and determined the '

upper avoidance threshold tc be 34.7 and 6.6*C for acclimation ;

temperatures of 24.8 and 1.l*C, respectively. In addition, the
same investigators determined preferred temperatures at 32 and
31*C for 24 and 30*C acclimation regimes.

.

| Population Biology of White Perch from the Oswego Turning Basin
. l
| . As evidenced by body length to scale length analysis, the white )
; perch population collected in the Oswego Turning Basin exhibited

a higher growth rate and attained greater length at each year of
life than populations in other Lake Ontario locations (Table IVD-ll). j
First year growth for this species was the greatest in the turning
basin, the average value of 110 mm being in reasonably good agree-

! .
ment with the empirical values of 124 mm determined for age one i,

fish (both sexes combined) ( Appendix D) . Comparison with popula- '

tions in other geographic locations (Table IVD-ll) indicates ,

that only the population in the lower Connecticut River attained !

greater mean length, and that this is because. of a much greater
'

-

growth rate during their second growing year.

Females retained a size advantage throughout life, a. result which ,.

agrees with ,that observed for lake fish in the vicinity of Oswego.
Maximum growth of females in the turning basin occurred during -).

| their first two years, when they reached 33 and 53%, respectively, '

of the length achieved at 13 years of age. Corresponding values ' '

for males up to age eight were 42 and 66%, respectively. Apparent-
ly, the turning basin provides a habitat conducive to rapid growth
of young, as described previously.-

Evidence that the Oswego Turning Basin serves as a nursery area ]for white perch may be seen in Figure IV.D-9. Small white perch _J
(yearlings) were present in considerable numbers in the May and
July collections. In . addition, the bulk of the August sample 1

: consisted of young-of-the year fish with a mean total length ls
' "

o f 5. 2 cm. These smaller individuals exhibited rapid growth
through September and. remained a major constituent of the catch
through February. ~ In other respects the length frequency distribu- -

tion of white perch in the basin differed only in minor detail ~ -

from that of the lake population. These differences probably
reflect the relatively small monthly samples available from the

| harbor and not any biological phenomena.

In conclusion, the accumlated life history data demonstrate that
only minor differences occur between white perch growth recorded

,

'

"

= in the turning basin and comparable ' data from the lake ' and, that

d
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as far as these parameters are concerned, growth rates for this ]'
species are actually enhanced in the turning basin. ) '

;

i
; c. Yellow Perch (Perca flavescens) ]
1 y
i There is some question as to whether there are one, two, or three

separate species of yellow perch-like fish in the Northern Hemis- -

phere. In any case, the yellow perch and its sister species or
; sub-species have a ciretsapolar distribution in fresh water. In

North America, the yellow perch occurs from Nova Scotia south , _ ,

'along -the Atlantic coast, previously to South Carolina, but now
apparently to Florida and Alabama. -

The yellow' perch is a commercially valuable species throughout its
-

,

range, and consequently there is considerable literature on various,

! aspects of its life history. These ' fish ara considered very adapt-
able because of the wide range of habitats in which they are -

found, including warm to cooler areas from large lakes to ponds,
or quiet rivers. The.y are most abundant in the open water of
large lakes with moderate vegetation (Scott and Crossman,1973).
Yellow perch are usually considered shallow water fishes and ..l
are usually not collected in water depths below 9.2.m (30 f t) . d

Both the young and adults form loose aggregations of 50 to 200 l.
individuals segretated by size. The groups of young are found [

i in shallower water and nearer _ shore than adults. Individuals
in schools of adults are close together in summer and more sepa-

,

ste in winter (Scott and Crossman,1973)'.
i .

.

| Scott (1955), Hergenrader and Hasler (1968), and Muncy-(1962)
found that yellow parch undertake a spring migratory movement. f

JStorr (1973) reported that, in the southeastern portion of Lake
,

.
Ontario, migratory movements to the. spawning ground occurred

,

! in the winter. In addition, movements inshore and out, vertical
dial movements, and seasonal movements into and out of deeper _,

water have been reported. These latter movements are probably
responses to temperature and distribution of food.. In the Bay ;-

| of Quinte, Lake Ontario, yellow perch make yearly spring move- "!.ments in large numbers to the spawning' grounds (Griffiths,1974).
v

Abundance data for yellow perch collected from the' Nine Mile Point
a{ .,

vicinity in 1974 show that more fish were generally collected
during the summer (July, August, and September) than during the
spring; no consistent trends were observed 'in the fall (LMS, }

1975). The occurrence of maximum yellow perch abundance in this .i

; . area at a time'other than the coannonly recognized spawning period
'

| -for this species _ indicates indirectly that they.do not utilize -

i
+- J

~

'\.
,
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I the area as a maj or spawning ground. In addition, in a study
- by Storr (1973), 40% of yellow perch tagged and released in the
Nine Mile Point vicinity moved eastward out of the area, with
the majority recaptured at North Sandy Pond, an area assumed-

to be the spawning grounds for- the yellow perch population in ,
,

southern Lake Ontario.
.

Based upon coefficient of maturity data, the predicted time of
spawning for yellow perch occurred during, the first two weeks
in April when water temperatures were in the range of 0.7-6.2*C
(33.3-43.2*F), with. a mean temperature of 3.3*C (3 7. 9'F) . Muncy'

(1962) reported yellow perch movement to the spawning grounds -
.

in the Severn River, Maryland, from late February to early March,
a period when water ; temperatures were 3. 9-6. 7'c (39-44*F) .

Substantial data have also been compiled regarding age and growth
for this species at Nine Mile Point. Annulus formation was com-

i plete in some yellow perch during April and May, peaked during
i June, and was complete for all fish exanined by July, similar

to the pattern observed in 1973 (QLM,1974). These data are also
'' consistent with results from a Lake Erie study that reported
;- annulus formation in yellow perch between early April and mid-July

(Jobes , 1952) .
,

(
; The growth curves calculated from scale data for both male and

female yellow perch had the same form; however, females generclly
appeared to be larger. Growth was observed to be greatest during,

! the first year of life. Hile and Jobes (1942) and El-Zarka (1959)
~

! reported that female yellow perch were larger after age- two.
Hile and Jobes (1941) found the same pattern of growth after
the third year of life,

i

Yellow perch in the Nine Mile Point vicinity appear to grow at
! a rate which is similar to, or possibly somewhat slower than<

-| that of yellow perch in Green Bay, Lake Michigan; they also grow
; more slowly than yellow perch 'in Nebish Lake, three Iowa lakes,

and Lake Erie (Tablo IV.D-12). On the other hand, they grow,
' faster than populations in Webe'r Lake and Silver Lake (Hile and
I Jobes , 1941) . In Saginaw Bay, Lake Huron, one study indicated

that local yellow perch populations grew more rapidly than Nine
{ Mile Point populations (Hile and Jobes,1941), whereas a subsequent

.! study found slower yellow perch growth in that area than at Hine
Mile Point for fish of. ages one to five (El-Zarka,1959). Compari-

_

; sons of growth for fish of ' age six and older are . tenuous because
( - of the difficulty of locating and reading the sixth and successive

annuli. It- should be noted here that ' slight differences in the
j methods used to calculate lengths are responsible- for at least

some of the discrepancies in Table IV.D-12.L

b
a
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TAB 12 IV-D-12 ,

COMPARISON OF THE AVERACE TOTAL LENCTH" OF FISH
AT EACH YEAR OF LIFE FOR YELLOW PERCH b

REPORTED FROM LAKES IN THE UNITED STATES ,

.

'
LAKE ONTARIO LAKE ONTARIO IAKE ONTARIO 1AKE MICHICAN LAKE HURON IAKE LAKE HURON THREE

VEAR OSWECO TURN- NINE MILE NINE MILE CREEN RAY SACINAW BAY ERIE SACINAW BAY IOWA LAKES THREE WISCONSIN LAKES

OF ING AASIN POINT POINT (NILE AND (HILE AND (JOBES, (EL-2ARKA, (FARSONS, (SCHNE8ERCER, 1935)

LIFE (PRESENT STUDY) (LMS, 1975) (QLM, 1974) JOBES, 1942) JOBES, 1941) 1952) 1959) 1950) NEBISH LAKE WEBER LAEE SILVER LAKE

I 106 (52) 66 (4) 110 73 (2) 77 92 66 (18) 68 (74) 66 (159) 58 (3) 44

2 160 (42) 117 (51) 149 118 (58) 137 (20) 174 107 (565) 177 (86) 136 (306) !!3 (389) 80 (148) ;

3 201 (18) 155 (54) 182 160 (128) 202 (308) 219 142 (1623 235 (346) 175 (114) 145 (81) 113 (554) !

4 270 ( 4) 189 (56) 211 198 (241) 248 (170) 248 178 (1006) 280 (16) 213 (39) 175 (278) 133 (239) .

'

5 288 ( !) 219 (48) 241 227 (212) 279 (137) 271 193 (173) 302 (39) 199 (248) 149 (93)
6 234 (18) 254 262 (98) 315 (17) 288 239 (12) 215 (69) 169 (21) ;

7 256 (7) 270 285 (8) 338 (5) 315 (3) 231 (13) 202 (2), .

8 287 (2) 319 (4) 356 (1) 245 (3)
9 318 (1) 360 (1) !

,

.-

I
# ength in milliserereL

I
Numbers which appear in parentheaea represent the number of fish measured in determining ever.ge length

.|~ b.u..: L_J L. :_._.-. t_; L_ _ _ _ _ . _ _ _ . - a.
i i y , , ,
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The length-frequency data for yellow perch indicate a trimodal
,

!1 distribution of ages, including fish of age groups II-VIII, during
April and May. Proportionately fewer older fish were present dur-
ing June at Nine Mile Point. For the remainder of the year, ages
were fairly uniformly represented (LMS,1975a) .

Throughout the year, age classes III-V predominated in collec-
tions, due possibly to the use of gill nets, which are size selec-
tive. Some yearlings were collected during June, July, and August,

,

but no young-of-the year yellow perch were collected with seines,t

trawls, or gill nets and few in larval tows.
,

The food habits of yellow perch in the Oswego area have not been
studied in depth. Previous studies indicate that food selection
changes with size and season but is largely restricted to immaturer,

insects, other invertebrates, and fishes. Young perch feed on
i

cladocerans, ostracoas, and chironomid larvae while larger indivi-
duals consume members of the insect orders Enhemeroptera and,

' Odonata, with decapod crustaceans and small fishes also being,

; important food items.'

i Temperatures studies by Everest (1973) show that at the Hearn
! ( Generating Station ~on Lake Ontario yellow perch were concentra-
| ted in the plume area as compared to a control area, especially
j | during October. Yellow perch at this site were found only from
;, June to November. During October they were collected at tempera-

tures of 13 -22*C (55.4-71.6*F) at a time when ambient tempera-
1 tures were around 9-11*C (48.2-51.8'F). The final temperature,

preference of the species has been experimentally -determined
at 21-24*C (69.8-75.2*F) (Ferguson,1958) .

.

Population Biology of the Yellow Perch in the Oswego Turning Basin
.

The accuracy of yellow perch growth data from the turning basin
is somewhat diminished by small sample sizes (Table IVD-12) and''

by differences in the method of back-calculating growth; however,,

some very general comparisons may be made. Growth most closely
,

resembled that of populations from Lake Erie and Three Lakes,,

Iowa. Generally, females from the turning basin grew more rapidly, ,' than malet, after their first year, but forL both sexes growth

|I (as a percentage of the maximum) was greatest during the first
year of life (Appendix D).

I

Unlike length trequency results from the Nine Mile Point. vicinity,

if where few small yellow perch were caught, the majority of indivi-
i i duals collected in the Oswego Turning Basin were young-of-the-

year. In those months when sufficient samples were obtained (June,
g August, and September), 30-60%.of the entire catch consisted

|I

:
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of fry (Figure IV.D-10) . These individuals grew rapidly during ,

the summer, from a mean length of 2.84 cm in June to a mean length |

of 9.73 en in September. I

In conclusion, growth parameters for this species in the Oswego }
Turning Basin indicate that this area serves in an important i
nursery capacity for young yellow perch and, furthermore, is cap-
able of ' sustaining a population of rapidly growing adults. -

^
d. Threespine Stickleback (Gasterosteus aculeatus)

The threespine stickleback is widely distributed in fresh and l
Imarine waters of North America, ranging from Chesapeake Bay north

to the Hudson Bay region. This species spawns during the summer
(June-July) in fresh water, building its nest in shallow, sandy
areas (Scott and Crossman, 1973). The male entices the female .

to the nest by a distinctive courtship display; eggs are then
laid in clusters and are adhesive to each other. Breder and
Rosen (1966) stated that hatching occurs in seven days at 19'c I

(66.2*F). The ' males tend the eggs and the young for several
days after hatching. ,

Growth is rapid during the first year, but slows during the sec-
ond year of life, with a maximum size of 102 mm attained in fresh

_.

water. Sexual maturity is attained during the first' year and
individuals probably do not live longer than 3-1/2 years.

A voracious feeder, the threespine stickleback consumes various .

annelids, crustaceans, insects, and eggs and larvae of fish. 3
They, in turn, are preyed upon by fish-eating birds as well as
by larger fish including trout and salmon, and, thert. fore, serve
as an important forage species. No life history data are avail-
able for this' species from the Oswego Turning Basin, because

. of the small numbers collected.
1

t
e. Golden Shiner (Notemigonus crysoleucas) 4'

The golden shiner is found in fresh waters on the' east coast of : )
North America from the Maritime Provinces south to Florida, and j
in the west to the Dakotas and Texas (Hubbs and Cooper,1936).
A lacustrine species, the golden shiner shows preference for 4

clear, weedy, quiet waters with extensive shallows. It is an 3

actively swimming fish that moves in schools over wide areas. *

Spawning occurs in the New York area from May to Jul'y at water
temperatures of about 20*C (68'F)(Dobie. et al. ,1956) . The ad-
hesive eggs are usually deposited over filamentous a.gae or' rooted
aquatic plants, and in- fact, aquatic vegetation is essential
for successful spawning (Cooper,' 1935,'1936). -,;

l

1
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FIGURE IV D-10
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Growth rates vary greatly depending on temperature and food ]
availability. Usually a length of about 76 mm is reached during i.
the second summer, 102 mm during the third, 114 during the
fourth, and 140 mm by the fifth summer (Cooper, 1936). In some ]nutrient rich waters, however, 76 mm lengths were recorded in 3

the first summer. Shiners mature at lengths between 64 and 89
mm, usually in their second summer. The oldest specimen record- i

ed by Cooper (1936) was in its eighth summer.
.

The main foods of this species are: cladocerans, flying insects,
chironomid pupae, and filamentous algae (Keast and Webb,1966). .l
Occasional dietary itema include dragonfly nymphs, beetles I

molluscs, and water mites. Little difference has been observed
between the diet of young and that of adults. The authors
concluded that this species was a midwater and surface feeder.

,

The golden shiner is also an important forage species and is
consumed by many game fish.

-}
I

'Brett (1944) reported a lethal temperature of 34.4*C (94*F) for
adults acclimated at 22*C (71.6*F). More recently, Alpaugh
(1972) observed that shiners acclimated at 22*C (71.6*F) died at
temperatures between 39.5 and 40*C (103-104*F) when exposed to a
rate increase of 0.75'C (1.35'F)/ day.

..

Trembley (1961) has also described temperature preferences for i
this species. Exposed to a gradient of 25-32.2*C (77-90*F),
shiners were observed to swim throughout the maximum levels.

1

When subjected to a gradient of 28.9-37.2*C (84-99'F), most '{individuals tended to gather in the cooler zone. In water
reaching 37.8'C (100*F), active avoidance occurred.

}-
A seasonally varying response for individuals 1.5-4.5 inches A
long was recorded by Nickum (1966). In the spring a rapid
temperature rise of 11.1* to 26.7'C (52-80.1*F) in one week re-

suited in 90% mortality, while weekly changes of 16.1 (61*F) and
21. 7'C (71.1*F)(to a maximum level of 26.7'C) in the winter

._

produced zero and 5% mortality, respectively. Only diseased 1
fish succumbed to changes of 20*C (68*F) or less during both j
seasons. Within the first 6 hours at any weekly A T, mortality
did not exceed 5%; however, fish usually continued to die

)throughout the weekly interval.
,

. .:

Hart (1952) estimated the upper incipir.nt lethal temperature
at approximately 35'C (95'F) for this species. In similar experi- ]
ments the same author predicted that 50% of the fish acclimated .J

at 25'c (77'F) would survive in 35*C (95'F) water for 100 minutes.
Field observations support this contention as Trembley (1960)
noted.that a school of shiners frightened from water between

,
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25 (77'F) and 26.1*C (79'F) into 36' (96.3*F) water were eventually-

able to regroup at the lower temperature with the loss of only
two individuals.

f. Emerald Shiner (Notropis atherinoides)

Emerald shiners are found in lakes and rivers from Canada south
through 'the Mississippi Valley ( Alabama to the Trinity River,
Texas) and to the Gulf of Mexico.>

|< Spawning begins in mid-May (Carlander, 1969) and usually extends
'

through August. The optimum range of temperature at this time
is cited- as being 20-27'C (68-81*F)(Gray,1942; Campbell and
MacCr immon, 1970). Eggs are spawned in mid-July in Lake Erie,

:' and hatch in less than 24 hours at a water temperature of 23.9'c
(75'F).

.

Growth studies (Brown,1974) indicate that the optimum temperature
for juvenile growth ranges between 24 (75'F) and 31*C (88'F)(McCor-
mick and Kleiner, 1970). In one study in Lake Erie, growth termin-

; [ ated during the latter part of September when water temperature
| dropped to 21.1*C (70*F)(CFR, 1961). Young-of-the year grow>

to lengths of about 51 mm by mid-November. and by the .following
I ,- autumn reach lengths of about 76 mm (MacCrimmon,1956). Few

3

.'[ individuals survive beyond their third year (Fuchs,1967).

' Emerald shiners are pelagic' or open water species, congregating _
:f' in large schools. They are very important forage fish, and are

,t . consumed in large numbers by many game fish ' including the lake
- trout and smallmouth bass. In fact, Van Oosten and Deason (1938)

noted that emerald shiners made up about 64% of ~ the food of lake
trout, especially in spring, and Doan (1940) listed this species
as the chief food source of smallmouth bass 'in Lake Erie. . Burbot,

; rainbow trout *, and northern pike also consume large numbers of
emerald shiners (MacCrimmon,1956).

.

,

The diet of emerald shiners consists largely of microcrustaceans,
'. [ midge larvae, and algae. Gray (1942) found large numbers of

Diaptomus, Daphnia, Cyclops -and Bosmina in guts of fish collectedL

in Lake Erie.
Ib

| Af ter subjecting young emerald shiners to both instantaneous'

and gradual temperature rises,. Wells (1914) concluded that resist-
.

ance was higher. co the -latter regime. . In general, large' fish 1..

-[ were more resistant to high temperatures, especially in the spring 1(March-April), than were smaller individuals. The'same author j

'

'-

reported the lethal temperature of-this species to be 27-28'C
| (80.6-82.4*F).|

|i.
|

| ,
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(March-April), than were smaller individuals. The same author
reported the lethal temperature of this species to be 27-28'C .]
(80.6-82.4*F).

f 30. 7'c ')More recently, Hart (1947) found a seven-day upper LT50
for juveniles acclimated at 25'c (77'F) . Other experiments by j
this investigator demonstrated that 34*C (93.2*F) was resisted
for 35 minutes (Hart, 1947). In a study conducted in a Canadian q
lake, the preferred temperature of this species was reported )'
as 25'C (77'F)(Campbell and McCrimmon (1970) although Proffitt
and Benda (1971) observed emerald shiners in waters up to 31.1*C
(88'F) around a heated discharge, l

)

5. Threatened and Endangered Species
.

Lists of threatened and endangered species are published by the U.S.
Department of the Interior. A review of these publications, current
issues of the Federal Register, and technical literature indicates q
that the following species from the Great Lakes or Lake Ontario in

'

particular are considered threatened, endangered, or rare:.

l. Lake sturgeon (Acipenser fulvescens) l
I2. Blue pike (Stizostedion vitreum glaucum)

3. Kiyi (Coregonus kiyi)
4. Blackfin cisco (Coregonus nigripinnis prognathus) l
5. Shortnose cisco (Coregonus reighardi) !*

None of these fish have been collected in the vicinity of either ;
Nine Mile Point or Oswego in the course of the extensive biological ;
monitoring programs of the last three years.

The guidance manual suggests that descriptions of these species be |
3provided and this is done in the following paragraphs.

Lake Sturgeon (Acipenser fluvescens) ]
i

Once the lake sturgeon was quite abundant in Lake Ontario; in fact,
in 1855 a commercial sturgeon processing plant was established at
Sandusky, Ohio. Since then the lake sturgeon, especially in Lake
Erie, has been almost- eliminated. A detailed description of the-
decline 'of the Great Lakes sturgeon fishery can be found in Harkness
and Dymond (1961). .}

No lake ' sturgeons were collected in 1973,1974, or 1975 in either
the general ecological surveys or impingement collections.

Blue Walleye (Stizostedion vitreum glaucum) (also known as blue pike)'

This species consisted of two subspecies, the yellow walleye, Stizoste-.

~

dion v. vitreum, and the_ blue walleye, S,.'v. glaucum. The blue walleye,
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was placed on the Rare and Endangered list (McAllister, 1970) as
rare or perhaps extinct. Scott and Crossman (1973) conclude that
it has totally disappeared from Lakes Erie and Ontario.

None were collected in 1973,1974, or 1975 by sampling programs near
the site.

Blackfin Cisco (Coregonus nigripinnis prognathus)

The blackfin cisco once ranged throughout all the Great Lakes except
p Lake Erie, but now has disappeared from Lakes Ontario and' Michigan.

There were none collected in 1973,1974, or 1975 by LMS.

. Kiyi (Coregonus kiyi)

The kiyi was indigenous to the Great Lakes basin and was limited in
distribution to the deeper waters of Lakes Ontario, Huron, Michigan

; and Superior. It has virtually disappeared from Lake Ontario and
probably persists only in Lake Superior. None were collected by
LMS in 1973, 1974, or 1975.

Shortnose Cisco (Coregonus reighardi)

' The shortuose cisco was once a valuable commercial species in Lake,

; j Ontario until at least the 1940's. It is now very rare and only two
* individuals have been reported in the literature in recent years

(Wells, 1969). None were collected by LMS in 1973, 1974, or 1975.
|

| 6. Nuisance Species
*

The fish fauna of Lake Ontario and the other Great Lakes have under-,

gone changes in composition due to the decline of piscivorous spe-
cies such as the lake trout and .the increase of .recently introduced -

i species including alewife, rainbow smelt, white perch, and gizzard .
'

i shad (Miller,1957; Christie, 1974). . Mayr (1966) discusses the po-
tential impact of an invading species on one already. established *

in an~ area. In general, through competition for food or spa:e, the
i invading (introduced) species may increase at the expense of the

resident population, and in time they may completely eliminate the
' resident species. Christie (1974) suggests that the populations
- of alewife, rainbow smelt,'and white perch did not directly cause
the decline of the large piscivores, e.g. , - the lake trout |or.' Atlantic -
salmon, but increased as a result of lack of predatory pressure as-

. the piscivores were overfished or damaged by the sea lamprey. Further,
.I the = alewife may have caused ~ a decline in the : abundance of some : plank--

tivores with which it competies, e.g. , slimy sculpin ~ and the ' shiners.

F . The landlocked alewife population is usually. considered a nuisance
3 species because "of its annual- die-off. The resultant masses of -

!~

'

"
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| decomposing carcasses litter the shoreline and reduce its recre-
ational values for swimming. The dead fishes may clog municipal
and industrial water intakes. Significant expenditures of time and

| money by state and local agencies and private citizens are involved
.

in removing the alewives from the beaches. The annual die-offs nor-
mally occur during the spring /early summer months and have been attri-
buted to the inability of the cold water-acclimated population to ~l.

tolerate the warmer shore zone waters on their spawning migration .)
(Graham, 1957). *

, -

The alewife represents a biological threat to indigenous lake fish
populations because adult alewives feed principally on zooplankton

- such as copepods, cladocerans, mysids, and ostracods (Rhodes and _ <

McCcnish, 1975). They are in direct competition for .tha.se food items
' with resident forage species in Lake Ontario, including emerald shiner
and slimy sculpin (Smith,1973). At present the Unpact of the alewife
in Lake Ontario is not completely' understood, but its vast nu b rsme
and competition for food with other species has probably had some,

i effect on the fish community structure. The alewife - has been reported
to be an important food item in the diet of piscivorous fishes such.,

| as the lake trout and freshwater burbot. Coho salmon, recently intro-
~duced into Lake Michigan and Lake Ontario, eat large numbers of ale-,

wives (Scott and Crossman, 1973), and may eventually reduce the size _

i o f the alewife population. Other fish species including rainbow
| trout, cisco, smallmouth bass, and perch are also known to feed on

alewives.

| Rainbow smelt was first reported in Lake Ontario in 1931 (Mason,1933)
-

: and the species now occurs in all areas of the lake to a reported
depth of 46 m (Christie,1974). The abundance of smelt in Lake Ontario ]'

strongly suggests its impact on resident species. Young smelt feed on .j
invertebrates while the adults consume invertebrates and other' fish.
This diet places them in competition with other species at the younger

i stage of development and makes them a serious predatory threat-to
less abundant species as adults (Christie, 1974). Smelt in the Great "

| Lakes 'today are the subject of an extensive commercial fishery.
|
[
'

The white perch, a relative newcomer to Lake Ontario, is now resident
.

.

throughout 1the Great Lakes.. It gained access to Lake Ontario presumably
| via the Oswego River, from Hudson River populations moving northward ~ '

!- and westward through the Mohawk River and Erie Barge Canal (Scott and
Christie, 1963). White perch thrive in a variety of habitats, but ~

the growth rate varies widely and is dependent on the region and
, ,

( on .the environmental situation of the . population under study. Scott
*

and Crossman (1973) state that "old ~ 1andlocked populations in small . '
.

oligotrophic lakes in the Atlantic coastal- region will possibly
have a slower rate of growth than newly expanding populations, such

;as those in Lake Ontario." J

.

,
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The species appears well' suited for a predaceous life (Scott and
Cros sman, 1973 ) . As young, they est microzooplankton; as the fish
grow,' aquatic insect larvae become important in their diet. Adults

'

reportedly consume a high percentage of fish eggs and fishes includ-

| ing yellow perch, smelt, j ohnny darters, and other white perch (Cooper,.

! 1941; Le'ach,1962) . The food preference of the white perch at each
stage. of development is similar to that of the yellow perch, and ,t

both populations also have similar habitat preferences (Scott and
. Crossman, 1973).

The similarity in food and habitat preferences brings white perch
into competition with the resident yellow perch. The white perch
is generally regarded as an excellent pan fish, but in areas over-
populated by the species they seldom attain a size large enough to
attract anglers. They are fished commercially in the Chesapeake,

Bay region and in the Bay of Quinte region of Lake Ontario, where
their successful competition with game fishes for available food
could be a serious problem. Mansueti (1961), in a comprehensiire -

, ,

study of the white perch in the Patuxent River estuary in Maryland,
indicated that the population tends to be unstable due to the mul-.

tiple spawnings over several years by adults, the tendency to over-,

popul~ ate in closed systems, and the competition for food with resi-f

dent species.
,

I The gizzard shad is another (probable) introduced species in Lake
Ontario (Miller,1956) that appears to be increasing in abundance.2

Young gizzard shad are reported to be forage fish for several pisci-
vorous species; however, their rapid growth makes them too large

|' for most predatory fish by age two (Bodola,1966). Miller (1960)
points to the rapid growth of gizzard shad, especially in productivef

shallow, warm w'ater areas as a problem to resident populations be-
cause of intensive competition, 'and loss of energy to higher trophic
levels. Feeding preference studies on the gizzard shad indicate
that young individuals feed on zooplankton; after development of'

the gizzard and gill rakers, adults consume phytoplankton (Cramer
and Marzolf, 1970). The feedicg preference of the gizzard shad brings

' them into competition with certain resident forage species such as
' the emerald shiner.

| Like the alewife,~the gizzard shad undergoes massive mortalities1

| in the Great Lakes, thus creating problems along the shores. Miller
(1957) noted that the ' peak gizzard shad abundance in Lake Erie oc-'

+,

curred in the fall and that the species was particularly attractedi ,,

: toLindustrial thermal discharges. Gimmon (1971) observed gizzard
shad in a thermal' plume with a temperature up to 34*C (93.2*F) .
Sampling conducted at Nine Mile Point during-1974 suggested that

; gizzard shad are ~1ocated in the warmer water areas during 'the colder~

L . months. No die-offs of gizzard shad have been observed .to date dur--

'

ing plant shutdowns.,-

;..
t
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7. Conclusions

!
-

: Previous studies of the lake community indicate that an ecological
continuum exists _between the Oswego Ster.m Station and the Nine Mile
Point areas. _ On the other hand, data recently compiled from the

~'

Oswego Turning Basin show this locality to be unique in several re-
spects.

. ,

E2e combined influence-of the Oswego River and heated effluent from
the power plant tend-to stabilize temperatures over the course of
the year. The western end of the basin in particular is usually, -,

warmer than the lake and protected against wave action by the break-i

waters. The basin consequently supports a typically warmwater assem-;

blege of fishes. Some overlap occurs between those species that:

normally frequent cooler waters (e.g., the rainbow smelt) and certain
'

'

thermophilic species, such as the gizzard shad and -longnose gar;
however, the data clearly indicate that a separation of communities
occut. in the turning basin. This conclusion is supported firmly
by the results of the cluster analysis (Figure IV.D-5) described,

in Section 3.d. As shown in the figure, stations in the harbor form4

a discrete cluster apart from the lake community. Specific differ- -

ences are described in the same section and are summarized -in Table
"

; IV.D-9. -

In addition to supporting a unique community, the turning basin appar-
~

,

ently serves as a nursery ground for several species. Considerable _!
numbers (compared to the lake) of young white and yellow perch, both

| important recreational species, were captured by seine and trawl
: during 1975 (Tables IV.D-1 and IV.D-3), pointing to the area as a .

nursery ground. They were present over a large part of the year
and, on the basis of length frequency distributions, were observed
to grow rapidly throughout the summer and early fall.

..

The extensive weedy shoal areas of the harbor also support a large
,

(relative to other site in the Oswego vicinity; LMS 1974, 1975, 1976 a) |
forage base, including several sna11 centrachids and cyprinid species. J'

| These are also described in section 2.
.

Rather than having any detrimental impact on the Oswego Turning Basin, -

_

the thermal discharge from the plant _ tends to reinforce the seasonally
stable temperature regimes induced by the Oswego River. .This, in

-)|
,

combination with the ~ isolating effect of the breakwalls, permits a
'typical " pond" community to. exist containing relatively high ' standing

crops of adults and young throughout ' the year (Table IV.D-4).- Diver-
sity remained high in the near-shore areas, even during winter, as

~

indicated in Figure IV.D-4. In addition, comparison of the community -

| diversity of the turning basin'with.that in 'the lake for all gear
! . types (Table IV.D-1) , indicated that, for any given year, the majority *

of species (73%)1from the area were captured in the basin with less
_

,
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than half the sampling effort than was required at similar lake sites.
This attests to the species richness of the Oswego Turning Basin.
Diversity is further enhanced by the presence of fewer alewives, a
recognized nuisance species, in the harbor than in the lake.

11ue population biology of individual species utilizing the turning
basin further demonstrates lack of impact of the plant's thermal dis-
charge. Both scale analysis and length frequency studies indicate

; that growth of several species in the Oswego Turning Basin is rapid,
and that no discernible detrimental effects such as selective mortal-
icy or diminished growth occur. The data compare favorably with
those derived from other investigations in demonstrating that the-

observed differences between population in Lake Ontario and other
areas are primarily qualitative.

In summary, a species-rich, viable community exists in the Oswego.

Turning Basin and has undergone little evident change since 1970.
The relatively scanty data collected during that year indicate that,
with the possible exception of the carp, the dominant members of

'

the community remain essentially the same. The data also show that
for those species, particularly the alewife and rainbow smelt, for
which a change has been observed, a similar trend has been noted,

6 in the lake. In addition, for those life history parameters stud-
ied, the differences noted between turning basin specimens and those

i from other areas is largely qualitative.
I

,
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l' V. DISCUSSION OF POTENTIAL THERMAL DISCHARGE IMPACTS
.

A. INTRODUCTION
9

The thermal discharge from a steam electric generating station has
the potential to produce changes in the aquatic communities of the
receiving water body. These may be direct effects due to the elevated
temperature of the thermal discharge, or they may be indirect effects
which are related more to the method of discharge than to the thermal i

component. Both types of potential effects are discussed in this
chapter with respect to the dominant species.

.

B. POTENTIAL DIRECT EFFECTS

1. Thermal Thresholds of Dominant Fish Species

The direct effects of heat addition on aquatic organisms are related
to the ambient water temperature, the magnitude of the temperature
rise, the type of discharge structure, the duration of exposure of
an organism, the. amount of area and/or volume affected, and the kinds
of organisms present and their physi'ological state.

The life history information for the dominant fish species indicates
species-specific responses to ambient and plume temperature. Little
behavioral information is available on fish avoidance of or preference
for thermal plumes.

! [
All changes either within a fish or between the fish and its environ-

'

ment ultimately are initiated through a physiological response, and
can lead to alterations of the behavior or ecological structure.,

i - t- More fundamentally, physiological changes within fish can be viewed
- as acute effects, which can be equated with death, or latent effects,,

which may include alterations in osmosis, metabolism, excretion, res-
1 piration, brain function, reproduction, growth, or other functions.

The " zone of tolerance" characterizes the range between the high
and low lethal temperatures of a given species after acc1Laation.

. The available information on the thermal tolerances of the dominant' fish species is presented in Appendix E. Within this temperature
range, the fish can survive, but some alterations in the physiolog-
ical characteristics of the fish occur with changes in temperature.

i

Temperature effects can be modified by the past thermal history of
1 the fish. Temperature acclimation is a physiological adjustment by

the organism to a given thermal level, an ability which is ILaited -

within a range of temperatures. The maximum upper or lower acclima-
tion points have been called the " ultimate incipient lethal level",

by Fry (1947). When a change in water temperature large enough to
,

- . .
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be of physiological significance occurs, without sufficient time l,
for acclimation, a condition referred to as " thermal shock" can occur. I

This is characterized by discrientation and cessation of directed
activities and can result from high or low temperatures. The criti- |
cal thermal maximum (CTM) is the thermal point at which the locomotor }

activity becomes disorganized and the fish loses its ability to escape
,

from conditions that may cause death.

Thermal studies are often conducted to determine the lethal limits
or boundaries of an organism, levels which are specific to a given
species and to life stage. These lethal thresholds, which are char- .]
acterized as those temperatures at which 50% of a sample will survive, '

are typically referred to as "incipent lethal temperatures" and indi-
,'

cate the point at which temperature begins to exhibit its lethal
effects. They bound the zone of temperature tolerance.

Under natural conditions, the selection of a particular region of -)
thermal conditions from a temperature gradient has been termed ther- {
mal preference. Fry (1947) further defined that temperature "around
which all individuals will ultimately congregate, regardless of their'

3
thermal experience before being placed in the gradient" as the final

'

j
; preferendum. Ferguson (1958) presents a review of many early investi-

.

gations which dealt primarily with temperature preference from field-'

,,
data.

[
..

Recent work has shown that the effects of temperature are influenced
by many other factors, e.g., the length, weight, sex, and age of the :
fish as well as photoperiod, light intensity, diet, water chemistry, j
and salinity (Halsband, 1953; Sullivan and Fisher,1953; Hoar,1955;
Fisher, 1958; McCawley; 1958; Hoar and Robertson, 1959; Cragie, 1963; ,
Sprague, 1963; Smirnova, 1967; Garside and Jordon 1968; Barker et al.,

'{1970; Meldrim and Gift, 1971; Cherry et al., 1975).
,

'The thermal data for each fish species have been reviewed and criti-
cal conditions for quantitative evaluation have been identified; }
particular attention is focused on the occurrence of lethal warm
temperatures and temperature elevations. !

The summer lethal thermal thresholds for dominant fish species are
listed in Table V-1. Because some associated acclimation tempera-<

tures are not specified (see Appendix E for the complete available f
data list), the thresholds may in some cases be conservatively low 2

due to acclimation temperatures below the normal summer Lake Ontario
,

ambient temperature. In addition, the summer lethal temperatures
are near ambient for all species except white perch, whose upper .

lethat threshold is 6.6*C (43.9'F) in winter and 34.7'C (94.5'F)
in summer. Only one dominant species, the rainbow smelt, has a !

lethat threshold temperature which may exclude its presence downstream _j
.

Y
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f TABLE V-1
'

LETHAL THRESHOLD TEMPERATURES FOR SELECTED FISH SPECIES
.

SPECIES SUMMER LETHAL THRESHOLD

.

Alewife 23' -32.2*C (73.4*-90.0*F)

Rainbow smelt 21.5'-28.5'C (70.7*-83.3*F)
,

: Smallmouth bass 35' C (95'F)

Threespine stickleback 25.8*-33' C (78.4*-91.4*F)<

.

White perch 34.7'c -(94.5'F)
,

Yellow perch ' 29' -32' C (84.2*-89.6*F)

Golden shiner 33.4*-35' C (92.1*-95* F)
f

Emerald shiner 30.7*-31.1*C (87.2*-88* F),

f
L.

I

\

I
i

;

f
I

(

,

.

,

( *

f'
t

I
L. .

i

I
e

j-

.

|



_- .. - - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

_

q

'T
f

1
of the initial portion of the discharge. Other pertinent tempera-
ture data are described under the species-specific headings in Chapter IV.

2. Thermal Thresholds of Dominant Invertebrate Species I

Increased temperature increases metabolic rate, resulting in changes ^}
in growth, development, and reproduction. The ability to tolerate )
a certain temperature varies with apecies, age, stage of development,
physical condition, ambient temperature, magnitude .of temperature q
change, rate of temperature change, duration of exposure, concentration i'
of oxygen, salinity, and indirect effects such as turbulence. Inverte-
brates, like fish, are able to acclimate within certain temperature
limits . Thermal tolerance studies have been conducted on relatively }
few invertebrates, and the amount of information is limited. *

Temperature tolerance data are available for three species found in )
the turning basin: Gammarus fasciatus, Hyalella azteca, and Asellus i
sp. In the turning basin Asellus were not identified beyond generic
level, but A. intermedius (= communis) is the dominant isopod present ;

in Lake Ontario and tolerates a broad spectrum of ecological conditions {(Sprague, 1963).

The ultimate 24-hour and 48-hour LC-50 values'(temperature which is |
I1 ethal for 50% of the individuals) for these species is given in

Table V-2 (from Sprague,1963) . It must be noted that invertebrates
may be restricted to temperature regimes much lower than that indica- }
ted by LC-50 values, which reflect only the upper physiological limit. .I
In such cases, indirect temperature effects may influence distribution.

3. Plume Entrainment

Most entrainment studies have been concerned with the effects of con-
denser cooling systems on those organisms contained in the cooling i

water flow. A second category of entrainment studies is the evalua-
tion of the potential impact on organisms entrained into the discharge
stream within the mixing zone of the receiving water body, a phenomenon I

called plume entrainment. .$

Entrainment of this type affects primarily planktonic organisms, i.e., l
those forms whose movements are more or less dependent. on water cur- >

rents (Odum, 1971). This group includes phytoplankton, zooplankton,
and' ichthyoplankton. Because of their greater mobility, larger fishts

,

and certain invertebrates would not be affected to any considerable -

degree. - '

The stresses experienced by planktonic ' organisms entrained in the ,

thermal plume are very different from those experienced in pianp entrain- .J
ment. Organisms drawn into the mixing plume experience relatively

''
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TABLE V-2 ;
4

' '

THERMAL CONCENTRATION AND TOLERANCE VELECTED

< ,

I. SELECTED INVER1
; SPECIES I

' Asellus intermedius 34*F) 3F)
Gammarus fasciatue 34*F) 3F)
Hyalella azteca 3."F ) 37) -

Gammarus pseudolimnaeus 2!'F) 2F)
,

t

t

II. GAMMARUS FASCIATUS-. ' .

EXPERIMENTAL ACCLIMATED ACCLI!
I IEMPERATURE TO 10'C TO :

*

('C) MALE FEM 4 ALE
* i

!
I 29 7a700 '

30 E210.

31 .1 90
e 32 I

i* 33

i - LC-50 ' Concentrations lethal to 50% of og a give,

LT-50 - Time (minutes) necessary for 50% of orga,

at a given concentration
,

*Sprague, 1963
,
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1
small thermal elevations abov2 ambient levels, and the time or dura- 4

'
I tion of exposure is highly vnriable. The temperature-time exposures.

are determined by the momer.tum of the discharge, type of discharge'
,

i structure, and the hydrolog.r of the receiving water body. For example, t

.

low or high discharge velocacias, and depth of discharge (surface )
,

I vs. submerged) delineate the area affected by the thermal discharge ;

and also the length of time during which organisms would be exposed ]i
., to its effects.
.

I The Oswego Steam Station has a maximum surface water discharge of q-
|

1.2 fps. The results of several thermal sueveys taken during 1975 3
; and 1976 indicate that the pitane usually occupies the entire water

column (15 f t depth) at the western end of the turning basin.
;

a. Phytoplankton
'

,

I Dryer and Bensen (1957) studied the effect of power plant opera- ?
; tion on freshwater phytoplankton in Tennessee. They concluded i

that no significant increase or decrease in cell numbers could;

be associated with the plant's thermal effluent. Patrick (1969)'
i;

s.tudied periphyton on glass slides incubated above and below
! a steam electric generating plant's thermal discharge and noted

no significant difference in abundance or biomass values.
.h:

Warinner and Brehmer (1966) and Morgan and Stross (1969) have '

examined power plant effects on phytoplankton production. Both
studies indicated that either inhibition or stimulation of photo- |
synthesis may occur, depending on ambient conditions. Morgan and )

Stross (1969) found that photosynthesis was stimulated by a tempera-
| ture increase of 6.0-9.2'c (10.8-16.6*F) when ambient temperatures }

were 16*C (60.8'F) or cooler and inhibited when the temperature 'j
! increase occurred at ambient temperatures of 20'C (68'F) or warmer.
| Hamilton et al. (1970) found that photosynthetic rates were stimu- k,

lated by thermal elevations of 6 to 7'c (10.8-12.6*F) at ambient |,
temperatures up to 23.5'c (74.3*F); rates were depressed by heat- ''

ing the water 6 *C (10.8'F) from 27 to 33*C (80.6-91.4*F) . If -
i it is assumed that the results of these studies are applicable

to the phytoplankton populations in the Oswego Turning Basin, j'

production of phytoplankton entrained into the discharge plume*

might be inhibited only during the late summer and possibly stimu- t

Ilaced at other times of the year. Ambient temperatures above
,

"

which temperature elevations have resulted in inhibition of photo-'

synthesis are 20*C'(68'F) (Morgan and Stross, 1969) and 27'c
(80.6*F) (Hamilton et 'al. , 1970 ) . . Hamilton et al. (1970) observed
no further stimulation of photosynthesis as a result of temperature "

,

elevation above an anbient temperature of 23.5'c (74.3*F) . This
latter temperature is considered a compromise between the two j;

studies, and temperatures elevated above -this value could result .j

i i
f

: "
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in inhibition of photosynthesis. Monthly average water tempera-
tures in the Oswego Turning Basin have been observed to exceed
23*C (74.3*F) only during the late summer (August).

New York University (1975) evaluated the effects of shnulated'r-

plume entrainment on phytoplankton through measurements of pro- *

ductivity and chlorophyll a content following a four-hour exposure
period. Chlorophyllacontentwasnotaffectedbyjncreasedtem-,

peratures, whereas productivity, as determined by C-uptake
i studies, exhibited seasonal differences upon exposure to inc-

; reased temperature.
,

,t Brooks (1974) concluded that any reduction in summer primary
,

productivity caused by the power plant would not be expected '

: to cause extensive alteration in the flow of energy through the '

: food chain because:

1 1) decreases in productivity were confined to a relatively
i , small portion of the water body in' the immediate vicinity
!t of the thermal discharge and for only a brief period during
! the warmer months, and
'

(

2) primary production rates were reduced at a time when over-s

all primary production in the system was at its seasonal maxi-
-{ mum, while primary consumers were at their seasonal minimum.

! Temperature is important in determining the species composition
of the phytoplankton (Margalef,1958). As the temperature of,

receiving water is elevated, there may be shifts in the algal<

t flora from diatoms to green or blue green forms. Patrick (1969)
observed separate phtyoplankton groups exhibiting dominance,

I depending on the temperature of the water at a power station;
'j diatoms were dominant when the water temperatore ranged between

20-30*C (68-86*F), greens dominant between 30-35'C (86-95'F),'

f and blue greens dominant above 35'c (95'F). The latter algae

i have often been associatd with the formation of obnoxious blooms
which result in health and aesthetic problems (Ruttner,1963;
Margalef, 1958). However, phytoplankton populations can respond,

quickly to environmental changes (Margalef,1958). Consequently, -
L. changes in species composition, abundance, and productivity which

can result from local phenomena generally diminish quickly with
I increasing distance from the point of disturbance.

I i. b. Zooplankton and Ichthyoplankton

'g Zooplankton are essential in the transf*.r of energy and nutri-
ents through the trophic structure of aquatic systems. They

. feed principally on algae and detritus and are in turn grazed.j.
L .

f V-5'
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upon by fish and other invertebrates (Odtsa, 1971). Ichthyoplank- l
Iton, including the eggs and early larval forms of fist , are tem-!

porary members of the planktonic community.
I

A number of workers have found that zooplankton were not detri- |
mentally effected as a result of power plant operation. Markowski
(1959) observed no effects on zooplankton caused by the thermal )1

discharges of several power generating stations located on marine,

! waters. Whitehouse (1971) found no significant effect on the
composition, abundance, or seasonal fluctuations of resident -

zooplankton populations in a cooling pond receiving the thermal
discharge from a small generating station. WAPORA, Inc. (1972)
evaluated the thermal discharge' of four power stations along the '

Ohio River and concluded that the zooplankton populations were .

not altered as a result of the thermal discharges. Davie s. and
; Jensen (1974), in an extensive survey at three power plants situa-
| ted on different types of water bodies, concluded that there was *

: no lasting or permanent effect on resident populations of zoo- ;

i plankton in the receiving waters. NYU (1975) studied zooplank-
! 'ton plume entrainment by drifting Gansnarus spp., the dominant

3

zooplankton group in the vicinity of the Indian Point plant,
{through the thermal plume for a one-hour exposure period. They

obseved 100% survival on two separate occasions following the
exposure to the elevated pitane temperatures and to the additional
stress of chlorine. n'-

.

| Zooplankton entrained into the discharge plume will be subjected
! to smaller temperature rises than those present within the con-

denser system and will not be subjected to the more detrimental -

mechanical effects. Therfore, little mortality is expected as ;
i a result of zooplankton entrainment in the discharge plume. i

.)

The same principles applied to zooplankton plume entrainment +

have been observed for ichthyoplankton.' Nakatani (1969) ob- f4served no detrimental ef fects of heated effluents on salmon eggs - >> >

[ or young in the Columbia River and, in fact, concluded that the
; warmer water during the early winter may actually be beneficial

7to egg . incubation. NYU (1975) evaluated the impact .of plume
entrainment on juvenile striped bass (Morone saxatilis) at Indian

,

i

| Point by drifting specimens through the thermal plume; no signifi- p
j. cant mortality was observed to result from exposure to. elevated !

"' pitana temperatures. Thus, mortality due to 'ichthyoplankton' entrain-
ment in the plume is expected to be insignificant.

|

| ~4. Distributional Trends ~e ;

|
; The' Oswego Turning Basin may be compared with a cooling pond since }
- the thermal discharge is effectively contained:by. the system of break- ]
| walls. Thermal surveys conducted on several dates in 1975 and 1976

;.

'

.

,
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,
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p- and routine tesperature data indicate that a fairly uniform increas-
.( ing temperature gradient usually occurs from west to east in the

basin. At times the thermal plume may extend over the entire water
column in the vicinity of the discharge, while in other instances.

cooler river water may be found below the plume as far west as OTB-6.
In addition, intrusion of colder lake water into the intake as a
result of upwelling may cause -a " sinking" discharge plume, since,

the temperature rise across the plant still results in a plume cooler
than the incoming river water.

.

j' Because of these conditions, fishes and other organisms may experi-
ence widely varying temperature regimes over relatively short periods.4

However, the net effect is still basically a warmer western end of
the turning basin with temperature gradually cooling toward ,the harbor,

! mouth. As a result of this pattern, temperatures during the summer
' are observed to exceed the thermal maximum of several species, particu-

larly the alewife, rainbow smelt, brown trout, and coho salmon.
.

i The thermally enriched waters of the basin generally seem to reduce
the utilization of this area by several species especially the alewife

[ and rainbow smelt; the alewife, in fact, may not utilize the western
.i end of the turning basin as a spawning area at all. On the other

hand, certain species such as the gizzard shad and white perch are
attracted to the plume during the cooler months and are thus benefited
by plant operation, as are numerous forage species that utilize the
extensive weedy shoals in this area. The combination. of nutrient

- enrichment due to the nearby sewage outfall and the thermal effluent
maintain high productivity in this area and provide a rich nursery

L habitat for several species including the young of white and yellow
perch. Lower trophic levels are also maintained, such as the large

[ forage base which consists of the golden, emerald, and spottail shiners
( and several centrarchid species.

(. In conclusion, the potential for supporting a warm water assemblage in
.[ the turning basin seems. realized, with several species excluded to

varying degrees and others benefited by the thermal additon.
I
! 5. Shutdown Effects
L

Cold shock, a phenomenon which may result in fish kills, is caused
{ by a rapid decrease in temperature when the addition of heated water
t is terminated during the colder part of the year. Cherry et al. (1975)

found that -all of the thirteen species of cyprinid, centrarchid, icta-
.; lurid, and salmonid fishes tested preferred warmer temperatures at

ambient temperatures below 18'C (64.4*F). Nine of these speciesi

'' .
. preferred warmer temperatures when the ambient temperature was as
'high as 27'C (80*F), suggesting that for some species, attraction,

!

L
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; to thermal plumes may occur almost the entire year. Meldrim and ;

| Gift (1971) reported that preferred temperatures for white perch
|

and several other marine, estuarine, and anadromous species were ,

usually higher than the ambient acclLnation temperatures. For those
| species which are known to be present in the Oswego Turning Basin,
| these data indicate a high potential for attraction to thermal plumes.

, l'

The severity of cold shock stems from the physiological fact that )

fishes cannot acclimate to descending temperatures (Speakman and3

j Krenkel,1972), as well as they can acclimate to ascending tempera- },
tures. Jones (1964) pointed out that the adaptation to high tempera- i

*

tures may take place in a matter of hours, but that adjustment to
colder conditions may take many days. Thus Brett (1944) found that 3

fethead minnows took over 20 days to become acc1bnated to 16*C (60.8'F) ,

! after previously living at 24*C (75.2*F), but became acclimated to '

28'c (82.4*F) from 20*C (68.0*F) in 24 hours (Brett, 1944).

The degree of potential impact presented by a thermal effluent de-
pends upon several factors of plant design such as rate of dilution,
84, and am,ounts of water discharged. A plant with a small discharge,
low AT, and efficient dilution would have low patential for fish
kills caused by cold shock. The stability of the heated area is
of prime importance when evaluating the potential for cold shock |

problems. The American Nuclear Society (1974) stated that cold shock
complications resulted from the creation of a warm " habitat" which,
during the colder months, is occupied by aquatic organisms in prefer-

' ence to nearby waters. The habitat concept entails that the heated .

plume be somewhat stable in terms of location. This is the case J

for heated water discharged into a cove, bay, canal, creek, or small
river, or any other restricted area such as the Oswego Turning Basin I

which remains as a separated environment with temperatures above
those in contiguous waters. Most incidents of mortality from cold
shock have been recorded from such areas.

iC. POTENTIAL INDIRECT EFFECTS

1. The Effects of Currents and Dissolved Oxygen
|

| a.

The discharge of water by a power plant can have the following possi-
ble effects:

,

1. the production of currents which may act as a near-field
attractant to fish,

|
2. potential reduction in dissolved oxygen by biological oxygen

demand or heating.

..i
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|- That . fish and other organisms orient themselves with water currents '

has been known at least since Gudger (1949) described a group of
trout (Salmo gairdneri) arrayed in extremely regular, ranks near the
bottom of a swiftwater stream. Breder (1959) generalizes, for schools,

of fish in flowing water, that "it is possible to arrange the distribu-
tion and form of the schools into almost any out.line desired by suit-,

able. adjustment of the amount _of flow and its direction." Thus, the
'j currents created by the discharge may assume patterns which, in the

nearfield, affect the orientation of fish. Kelso (1974), working
' with several species of fish in the vicinity of two Canadian power

-[-
plants with surface level. discharges, concluded that the fish were

,

attracted by the currents produced by the discharge rather than by ||,. its heat. He found that the fish made what appeared to be feeding
'

forays into the heated areas, remained there for some 20 minutes,
f, and then left the area. This behavior occurred both when the plants
' were rejecting heat and when the circulating pumps were operating

but no heat was being discharged. Insufficient quantitative informa-

! ]i
# tion precludes an assessment of this impact on fishes but the food

web of fish near the pitane is not expected to differ from the natural
' habits of the fish, thus no net change in fish abundance can be rela-
i r ted to the thermal discharge.

!
The effect of the thermal component of the discharge on levels of

. dissolved oxygen has also been considered. Two factors could cause
a reduction in the oxygen concentration as the cooling water passes

'

, through the condenser system of Oswego Unite 1-4: sudden reduction
' in pressure and heat. In addition, rising temperature affects oxygen

,

i demands: Biological Oxygen ' Demand (BOD) increases about 2% for each
E 1*C rise above 20*C (FWPCA, 1967).

.

[ Fish eggs, larvae, and adults require oxygen concentrations of at
; least 2-4_ mg/l for sustained growth and reproduction, although the

exact quantity depends on the species. Values this lov are rarely,
if ever, found in the vicinity of Oswego Steam Station Units 1-4r

'

[ discharge (LMS, 1974).

Oxygen concentrations recorded by LMS in 1973 ranged.. from 9.2 to
'[. 10.2 ag/l (Chapter II). With a subsequent increase in temperature.

,L of 4*C (7.2*F) the expected level would be 8.5 to 9.4 mg/l (Fair
i e t al . , 1968 ) . . These values are well within the acceptable -
i f range for survival, growth, and reproduction of the _ fishes present.
' l:

. Specific' studies have been conducted at Nine Mile Point Unit- 1 to
quantify the reduction in dissolved oxygen resulting from. passage,

through the power plant. Analyses of the '1973 data documented that-
the reduction averaged 0.3 mg/l even though the inlet _ water was super-

!.
saturated. It is' proposed that the reduction was slight due to the4

~

rapid passage of. water. through the plant.
,

i.
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D. SUMMARY |

The operation of an electrical generating facility which utilizes ,

large quantities of water for condenser cooling, and the subsequent I
>thermal discharge from such a facility, may impact the biotic com-

munity in the receiving water body directly or indirectly. Direct
,

plant operational impact results when the rate of temperature change
to which an organism is exposed exceeds the rate of physiological
adjustment, or when the thermally impacted area .has temperatures
above or below the thermal tolerance levels of the aquatic organisms.

~]Rapid changes in temperature are experienced by primarily non-motile ;

organisms entrained into thermal plume while sedentary populations
are most likely to be exposed to temperatures above their thermal
tolerance. Indirect effects relate to the currents generated 'at
the point of discharge and to the physical / chemical properities of
the warmer water in relation to the ambient receiving water.

}'

An assessment of the potential discharge impacts based on the stu- I

dies conducted at the station is presented in Chapter VI.

.
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VI. IMPACT OF THERMAL DISCHARGE ON THE OSWEGO TURNING BASIN
'

.

A. INTRODUCTION

The essense of a 316(a) Type I demonstration is to determine whether
the indigenous community is intact and " balanced" and whether the
thermal . discharge has resulted in any appreciable harm to the com-
munity. This chapter synthesizes information presented in preceding
chapters and demonstrates that the indigenous community is intact.

The community is first be defined, described, and characterized.
Indication that the community is intact and " balanced" is based I

on consideration of the following criteria (EPA, 1974):

1. There exists a richness of taxa.
2. All expected trophic levels exist.
3. Certain species complete their life cycles successfully in

a natural and normal fashion.
4. The community exhibits persistence.

I Because the large number of species present makes it unreasonable
( to consider all species for criterion 3, dominant species from vari-

nus taxonomic, trophic, and ecological descriptions are considered
to be a sufficient sample. Potential economic and recreational use-

! of the turning basin is addressed. Finally, those physical parameters
'

determining the nature of the biological community are discussed,,

thereby placing the 0.wego Steam Station effluent in context of the,.

synecology of the basin.

B. SUMMARY OF THE BIOTA
.

Organisms sampled are classified by operational descriptions which
take into account both the phylogenetic descriptions and sampling
apparatus. For example, macrozooplankton are those invertebrater

{ organisms retained by a 571 u sesh net. Meroplankton (such as dip-
teran larvae) may be classified under more than one description (i.e.,
they are also benthic). Although some heterogeneity may be intro-,'
duced by these classifications, they have proven to be useful designa-'

I tions and have stood the scientific community in good stead. The
results of analysis of each separate group will be sammarized, and

: the information then synthesized.
,

The phytoplankton was a large and diverse group of species including
algae typical of open water, rivers, and ponds. Nine of 33 potential
nuisance algae exceeded bloom criteria on at least one sampling date.
Bloom conditions of nuisance algae were most often encountered at
OTB-4, the station close to the harbor mouth, and least often at

i.
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the intaka. The number of bloom occurrences showed a definite de-.

| . creasing trend from east to west.- The pattern of chlorophyll a, dis-
tribution indicated that discharge (lake) waters, low in chlorophyll a_,

were-being mixed with river waters higher in chlorophyll a, on many, ,

i dates. Spatial variation in chlorophyll a, may have been explained i

largely by circulation patterns.
,

3<
'

The macrozooplankton community of the Oswego Turning Basin was char- jr

acterized by fauna common to shallow, sluggish, or standing water,

bodie s. Many of these have high environmental tolerance to factors .

such as temperature and nutrient enrichment. Macrozooplankton distri-
bution may have been associated with stratification of water masses'

I within the turning basin.
\,

The benthic community of the Oswego Turning Basin was diverse, with !<
seven phyla and 68 groups identified to generic or specific levels.
There existed an indigenous, ubiquitous, persistent community of at
least the species Gansnarus fasciatus, Limnodrilus cervix, L,. cervix },

! variant, L. hoffmeisteri, L. udekemianus , Ilyodrilus templetoni,
! and Tubifex tubifex. All of these species underwent normal seasonal

fluctuations and probably completed all phases of their natural life a

: ' cycle in the basin. Six other associations of organisms were identi-
fied in the basin.,

I'

'Studies from 1968-1969 and 1970 indicate that the benthic assemblage
was a persistent and probably stable community. The life histories

; o f the individual organisms support that conclusion. The benthos ''

of the harbor and turning basin were saprobionic and saprophilic, i

while saprobionic and thermophilic organisms were concentrated in
the turning basin. The benthos was typical of inshore, harbor, and

! river mouth areas around eutrophic bays and harbors of Lake Ontario, '

| and also typical of outrophic ponds and lakes. #

I

Three distinct associations of fish were rec.ognized: a warm water
assemblage characteristic -of the turning basin, a near-shore assem-'

a

blage, and a deep ~ water assemblage. The 'former was differentiated
by reduced numbers of those' taxa associated -with cooler temperature,

g
! and increased numbers of warm water taxa. The latter two associations J

differed mainly in the relative abundances of the composite species.
Species richness of all three communities was high; however, species

.

diversity was low due to high- seasonal dominance by gizzard shad. I^.

or alewives. Alewives appeared to avoid the western harbor during . '
,

j. spring / summer and probably did not use that area as a spawning ground. ..

S,
- The warm, protected waters of the basin produce a habitat suitable -

I for large numbers of gizzard shad, 'and favoring species characteristic
of shallow autrophic lakes and ponds. These species included centrar- *

| chids-(largemouth bass, bluegill, and pumpkinseed sunfish), northern
_

pike, carp, brown bullhead, golden ' shiner, bowfin, and longnose ' gar.

.;
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Lake collections were dominated by alewives and rainbow smelt,
whereas different trophic levels were represented in the turning
basin: generalized feeders, herbivores, insectivores, and carni-

'

vores. White and yellow perch appeared to complete successfully
all phases of their life cycles in the turning basin.

C. CHARACTERIZATION OF THE COMMUNITY

Based on evidence presented in preceding chapters and summarized
,

above, the biotic community of Oswego Turning Basin may be describ-
ed as an assemblage typical of warm, protected, eutrophic ponds,e

lakes, and lentic water bodies. It is not typical of the adjacent
open waters or high-energy shallow zone of Lake Ontario. Ra ther,
it is probably more comparable to protected embayments of the lake.
However, it is a very complex ecosystem and exhibits the influences
of the Oswego River, the open lake, various waste cischarges, and
the Oswego Steam Station. There is an east-west continuum present
in which the we'st end of the turning basin has the characteristics
of warm, protected, eutrophic, lentic water bodies and the east end
(Oswego Harbor) has the mixed characteristics of open lake forms,
polluted harbor forms, and polluted river forms of biota. Bloemse

} of noxious algae are more severe in the east, and are indicative
'

of a pollution gradient increasing from the clean warm Oswego Steam
Station effluent to the polluted Oswego Harbor in the east.

.

D. CRITERIA FOR INTACT COMNUNITIES

I As stated earlier, four criteria will be addressed: the richness
t of taxa, the presence and implications of various trophic levels,

completion of life cycles by certain species, and evidence of com-
munity persistence,r

t
The biological community occupying the Oswego Turning Basin is a
diverse group of organisms of many trophic and phylogenetic descrip-,

) tions. The diversity of the community is readily apparent from the
' number of taxa identified: 79 of microzooplankton, 22 of macrozoo-

plankton, 68 of benthos, 44 of fish, and 261 of phytoplankton. Al-' though some species are captured as both mi'erozooplankton or macro-
| zooplankton and benthos, many taxa have not been identified to the

specific level and these numbers constitute low cstimates of the
number of taxa actually present. In addition, some groups were not
sampled (epiphytes, macrophytes, aufwuchs) and other organisms (e.g.,
crayfish) may effectively avoid the sampling apparatus. In all,
the biotic community is clearly seen to be diverse and complex.

It is evident from preceding chapters that many trophic levels are
present. Fish ~in the turning basin, for example, are piscivores,
insectivores, herbivores, and generalized feeders. The presencej

, t

'
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of organisms of different trophic types in the turning basin indi- |
cates either that food webs utilizing different primary sources are '

present, or that a well balanced and potentially stable community'

,

exists.

Primary producers (algae), grazers (such as copepods) and carni-
vorous plankters (such as Leptodora) indicate a functioning food ~l
web based on algal production. Detritus-feeders, such as oligo- '|
chaetes, and thea predators (fish, water mites, Prostoma) indicate,

j a functioning detritus-based food web. The presence of top carni- .h
j vores such as largemouth and smallmouth bass attest to the flow of

|'energy through many successive trophic levels. The presence of di-
verse trophic types indicates the successful flow of energy through . , ,

both primary production and detritus-based food webs. /
|

4 There is evidence that organisms in the turning basin are completing
natural life cycles there, and that the turning basin is being used '}
both as a breeding area and as a nursery for several species of fish. }

,

The dominant invertebrate species (Leptodora kindtii, Gammarus fascia- ;

tus, Limnodrilus hoffmeisteri, L, cervix, L. udekemianus, and Tubifex -|"cubifex) all undergo normal seasonal fluctuations, indicating that
,

these species are undergoing normal population dynamics. In addition, <;
length-frequency data for both white and yellow perch indicate that '

i these two species utilize the turning basin as a nursery ground.
The young grow rapidly through the summer and length-frequency data -

do not show any consequential differences between populations in i
Oswego Turning Basin and Lake Ontario. j

2

Fish eggs and early larvae were collected, indicating that species
such as white and yellow perch use the turning basin as a breeding i

| area. Weedy, . shallow areas were not sampled for ichthyoplankton,
| but these would normally be the centers of spawning activity for

many species.
_ .

Evidence of the persistence of the community found in the Oswego
Turning Basin and Harbor can be found by' comparing fish and benthos
communities with those found. in past studies (Chapters IV-D and IV-C, ).
res pec tively) .- These comparisons indicate only a few changes in
those communities over a period of five to seven years, and that

' 'the community is able to maintain itself through time (persistence)
and -has - recovered from all ecological perturbations ~ occurring in
that time " period (stability) . The continued persistence of indi-
genous community -in Oswego Turning Basin and its stability against j

perturbation are expected.
,

'

| The Oswego River and the Oswego Turning Basin are classified as Class.. - :
; C water bodies by the New York State Department of Environmental .J
L Conservation (Title ',, part 703). Under this classification, the-
| -

| . "
. I
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best usage is described as suitability for fishing and all others
uses except as a source of water supply for drinking, culinary or
food processing purposes and primary contact recreation. There is>

no evidence that the Oswego Steam Station has rendered the water
unsuitable for fishing or other uses as stated.

The largest recreational area in the Town of Oswego is the Fort On-
tario historical site. Racreational facilities include a swimming
pool, four balifields, a civic arts center, picnic areas, a skating
rink, tennis courts and playground areas. Breitbeck Park also over-
looks Oswego Turning Basin and Lake Ontario and provides recreational'

j facilities. -

Two marinas are present in the Town of Oswego which serve recrea-,

| tional boating and fishing interests. No commercial fishing is done
in Oswego Harbor. LMS has collected many recreational and sport

'

fish in Oswego Turning Basin and Harbor, including: panfish (white
j perch, yellow perch, black crappie, and rock bass), smallmouth bass,
'

largemouth bass, brown trout, rainbow trout, coho salmon, northern -
pike, walleye, freshwater drum, and brown bullhead.

L
| The fish community of the turning basin is more typical of a protec-

ted pond or lake and not of the open lake. Fishing in the turning
,- basin should be typical of fishing in ponds and small lakes in the
f, Oswego area. This is a result of the combined influences of the

stone breakwaters, the Oswego River, and the Oswego Steam Station
i effluent. The characterization of the Oswego Turning Basin community

follows in the next section.
'

:

Oswego Harbor has been a center for the economic and industrial growth
'

of the Town of Oswego. Most of the industry is located along or ad-
t jacent to the mouth of the Oswego River and the Lake Ontario water-

front. The effluent of the Oswego Steam Station in no way detracts
from the economic usage of the Port of Oswego,

f'
E. PARAMETERS INFLUENCING THE BIOTIC COMIONITY

b The biotic community of Oswego Turning Basin is affected by four
i physical influences: the Oswego River, Lake Ontario, the Oswego Steam

Station effluent, and the breakwater. The Oswego River carries high
j detrital and organic loads resulting from natural, agricultural, and

municipal runoffs and both municipal and industrial discharges. Laket

Ontario and the Oswego Steam Station discharge provide relatively
clean water inputs to the basin.

Average yearly surface and bottom temperatures in the turning basin
and harbor are highest at the extreme western end, reflecting the,

). Oswego Steam Station discharge. Under most circumstances this water
L

-!
L
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is the warmest and least dense water in the basin and it flows east- ,

ward, entraining the cooler river water flowing westward below it. f
When the river water is warmer than the discharge, the discharge *

; may move eastward between the warm river water above and the cool
,

lake water below. These currents flush the turning basin with clean
'

,

lake water, lower in concentrations of sodium, magnesium, sul fate ,'

j chloride, specific conductance, total dissolved solids, ammonia-nitro-

i gen, nitrace-nitrogen, and phosphate phosphorus. Dissolved oxygen ')
concentrations of discharged Oswego Steam Station effluent are higher f
than in the intake water except in the period between . July and Septem-
ber. -}

- i
'

j Domestic and industrial pollutants and urban runoff result in high
i concentrations of fecal coliforms, total coliforms, biochemical oxygen .s

demand, chemical oxygen demand, and total suspended solids. The e f flu- ' '

| ent of the Oswego Steam Station promotes flushing of these polluted '
.

j discharges from the harbor, and moderates temperature in the western
turning basin.

,

!

The breakwater protects the relatively shallow harbor from wave action.'

Silt and detrical loads from the Oswego River and sewage discharges j4

settle out in this area of low currents and must frequently be dredged. >

| The resulting areas of sediment accumulation support large populations
; of macrophytes in the western turning basin. These meadows , which

'

would not exist without the protection of the breakwater, can harbor l'
; populations of spawning fish and provide nursery areas for the young.
i
!

The last influence is the raw sewage effluents. The benthos of the- :

turning basin, in particular, is typical of areas subject to high ;}a

I loads of organic wastes. Municipal outfalls in the turning basin
are probably one source of these organics which contribute greatly

,

to the sedimentation there,
j

F. SUNEMRY
a

i In sunmary, four influences combined determine that the biotic com-
| munity of the Oswego Turning Basin will be typical of warm, protected,

eutrophic areas.- These influences are the Oswego River, Lake Ontario,
! Oswego Steam Station, and municipal effluents. . The power plant in- _J
: fluences the biota by . moderating temperature and flushing the basin

with lake water.
.

The indigenous biotic community of Oswego Turning Basin is intact,
diverse, stable, complex, and persistent. It is somewhat typical

; of warm, protected, eutrophic areas, perhaps embayments, and shows
some lacustrine and riverine characteristics. No appreciable harm --

,

was observed at any trophic level on the aquatic community 'in the;

Oswego Turning Basin due to the thermal discharge from Oswego Steam |

. Station Units 1-4. L.
!

1
-
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I I. INTRODUCTION

,.
*

A. PURPOSE
i

A thermal survey of the discharge from Niagara Mohawk Power Corporation's

(NMPC) Oswego Steam Station was conducted on 26 June 1975, as specified
.

in the NPDES permit and New York State's 401 certification. The survey.

{ included tri-axial temperature measurements, as well as vertical profiles
'

of specific conductivity in the Oswego River-Harbor complex and in Lake

Ontario. The purpose of the survey was to define the dissipation of the
i

cooling water discharge from oswego Steam Station Units 1-4 in the harbor
.

complex and to describe the mixing of the discharge waters with the Oswego'

River flow entering the harbor.
t

.

B. STATION AND SITE DESCRIPTIONS
.

The Oswego Steam Station is located on the south shore of Lake Ontario in,

i

( Oswego, New York (see Figure 1) . The station presently consists of five

(- generating units with a sixth under construction. At the time of the June
4 (

survey only Units 1-4, with a combined maximum generating capacity of 407 MW,
'{ were operatingi Unit 5 was not yet in operation. Cooling water for thej

station's Units 1-4 is withdrawn from Lake Ontario through a submerged
,

1

! intake at a point some 76 m (250 ft) north of the northwestern'tip of

the Oswego Harbor breakwater in 4.6 m (15 ft) of water. The maximums

I

cooling water flow of 21.6 m3 sec (762 cfs) is circulated through the/

condensers of the four units by eight pumps and returned through a surface

discharge to the western leg, or " turning basin," of Oswego Harbor at a

|

g A-1
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,

maximum temperature rise of 6.9*C (12.4*F) above the condenser inlet
,

water temperature. The intake design allows a portion of the discharge

water to be diverted into the intake forebays to maintain the condenser
,

inlet flow at the ideal temperature for maximum condenser efficiency
't

when the ambient lake temperature is below that value. The gates controlling
.

the tempering flow were closed during the June survey.

! -

Unit 5 of the Oswego Steam Station is located on the west side of Units 1-4.

Circulating water flows through an independent system whose intake is
.

located approximately 260 m (850 ft) offshore in Lake Ontario. The

discharge diffuser is located about 415 m (1,360 ft) offshore and is

oriented approximately parallel to the east-west line of the existing

'
breakwater.
.

The Oswego' River flows into the harbor area from the south and mixes

with the Units 1-4 discharge; the combined flow enters Lake Ontario at,

i

the harbor mouth. The Oswego River has a yearly average flow of about

173 m3/sec (6100 cfs) and a minimum average seven-consecutive-day (MA7CD)

once in ten year flow of 20 m3/sec (720 cfs). Due to upstream discharges, -,
,

the Oswego River contains concentrations of chlorides four to six times'

the concentration in Lake Ontario water, making it possible to determine
,

the dilution of the river water in lake water by chloride concentration
,

( acasurements. *
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II. METHODS AND MATERIALS
,

!
\t

A. THERMAL MAPPING
3

An 11 m (36 ft) inboard boat, outfitted as shown in Figure 2, was used
'

to measure temperatures in the vicinity of the plant. The temperature'

sensors were towed at depths of 0.1, 1.5, 3.0, and 4.6 meters (0.5,. 5,
q.

10 and 15 ft). The position of the boat was continuously determined by )

,

microwave range gear (Motorola Mini-Ranger). The temperature, position, ,

!
i

date, and time were recorded on magnetic tape using an Endeco model 167>

data acquisition system. The 167 system also provides a visual readout f
-i

of the data on the boat so that the crew can monitor the data as it is . . ,

collected. The equipment specifications are given in Table 1 below. ;

..

TABLE 1 ;

,
'

''

EQUIPMENT SPECIFICATIONS
3

<

(

Parameter Sensor Type Supplier Accuracy ,

I

Temperature thermistor Endeco i .05*c (10.l*F) -

! (time constant = 0.5 sec)

Location micro-wave Motorola Inc. t 3 m @ 20 miles --

Conductivity electrode Martek Inc. t 2% full scale ]

(field)* ,,,

Conductivity platinum Yellow Springs i 2% of reading
,

electrode Instruments j.

.

J
|
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B. VERTICAL PROFILES
,

t
'

Vertical profiles of temperature and specific conductivity were obtained

3
'

in the Oswego Harbor area and in Lake Ontario. The locations of the
1

vertical profile recording stations are shown in Figure 3. The locational

and temperature data were recorded on magnetic cape and the specific ;

conductivity was recorded manually. ],

I

In addition to the field conductivity measurements, water samples were ]
)

collected at selected stations and analyzed in the laboratory for chloride

concentration and specific, conductivity. The sample stations were selected

to provide a full range of values for determining the relationship between

.}
specific conductivity and chloride concentration. The specifications for >

the conductivity meters are given in T&ble 1. The relationship was ~ ~ ' .
1

Inter used to convert all specific conductivities to chloride concentra-
_

g

-|tions. -

.)

.

C. DATA REDUCTION
,

The recorded temperature and positional data were plotted by computer, ;

.

separately for each depth. Isotherms were then drawn through the data at

'i,

0.55'C (l*F) intervals, where possible, to show the distribution of j

temperature in the study area. The isotherms were then traced on maps
,

.- of the study area for presentation in this report. -

. .

3

f
The vertical profile positions were plotted by the computer along with .J

a listing of the temperature data. The specific conductivity- data were
i

adjusted to conductivity at 25'C according to Standard Methods (APHA,'1971).
'
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D. CHANGES IN THE 20 APRIL 1976 SURVEY )

,
.,

While the general survey procedures were identical to those employed 1

.)

in the three previous surveys, some equipment changes were made for
~l

the April 1976 survey. A different data recording system was used ,)

1

and a fifth temperature sensor was added and towed at the 6.1 m (20 ..

ft) depth. In addition, specific conductivit; was continuously

sampled at the surface during the temperature mapping runs. The l
)

accuracy of the temperature recording system was + 0.l*C (+ 0.2*F).
>

!
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III. RESULTS AND DISCUSSION
F

A. PLANT OPERATING DATA

. -

Figure 4 shows the pertinent plant operating data for Units 1-4 on

25 and 26 June 1975. The survey period, 1230 to 1630 (EDT) on 26 June,

is shown on Figure 4. The average net generation for the twelve hours

[ preceding the survey period was 198 W (5' % of net capacity), based on'3

hourly readings. The net generation of Units 1-4 was between 260 W
i

and 227 W during the survey period, but averaged approximately 257 Wt

(68% of net capacity) during the tri-axial temperature mapping [1230-1430

(EDT)]. The net generation dropped to a low of 227 MW during the vertical

profile measurements.

The declining discharge temperature from 25 to 26 June (shown in Figure 4)

was the result of a decrease in the inlet temperature from 20.6*C (69'F) -

to the low of 11.7*C (53*F) recorded during the survey. This was most

7
likely due to an upwelling of colder bottom water from the lake as a result

' of offshore winds. The effects of the decreasing discharge temperature
' on the temperature distribution in the turning basin will be discussed below.'

t

{ The cooling water inlet temperature remained at 11.7'C -(53*F) during the

entire survey period, while the plant induced temperature rise averaged

5.3*C (9.5*F) over the same period.

B. .TRI-AXIAL TEMPERATURE DATA

The results of the tri-axial temperature mapping are shown in Figures 5
L

through 8. Each figure shows the distribution of absolute temperature

( A-6 |
u -

!
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at the indicated depth. Isotherms were drawn at 0.55*C (l*F) intervals'

except where the proximity of 0.55*C (1*F) isotherms made them indistin-
'

guishable, in whi,ch case 1.1*C (2*F) intervals were used. Figures 9 and

10 are sectional views of the turning basin and harbor area, respectively,

i Figure 9 is a longitudinal section in the turning basin from west to

east, while Figure 10 is a section from the river mouth, north to the .,

harbor entrance to the lake. The profiles in Figures 9 and 10 were drawn
,

from data collected during the vertical profiles. The profile stations

used for the sectional plots are indicated on Figures 9 and'10.
,

The percentage values on Figures 9 and 10 are percent river water and were
.

determined by converting each conductivity to a chloride concentration

and then calculating the mixture of river water and lake water, of known
-

concentrations, that would yield the measured concentration. The conversion,

of conductivity to chloride concentration was taken from Figure 11, which

is a plot of specific conductivity versus chloride concentration data

obtained from the water samples taken during the survey. The river and

I
lake water chloride concentrations used in the calculations were 150 mg/l

{

and 22 mg/1, respectively.
4

! The surface te=perature distribution in Figure 5 shows that the Oswego

River was warmer than either Lake Ontario or the Oswego plant discharge.e

The river plume extends into the harbor and spreads laterally (east and

west). The main body of the river water flows toward the harbor mouth

in the upper layer.(

|
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The surface temperature distribution in the turning basin shows a 7'F

increase from the plant discharge at the western end to the junction of

the turning basin and the harbor at the eastern end. This increase in ,

|

surface temperature can be accounted for by a combination of three factors: |i

| .

(1) the intrusion of warm river water into the turning basin on the surface,
I

(2) the decreasing plant discharge temperature during the period prior

to the survey, and (3) solar heating of the water in the turning basin.

Examination of Figure 9 shows the greatest intrusion of river water into
!

a the turning basin near the surface, where the highest temperatures are .

recorded. ,

3

Figures 6, 7, and 8 show the horizontal distribution of temperature in

the lower layers. Evamination of Figures 6, 7, and 8 indicates that the

river flow sesys 'mainly in the upper layer, due to the buoyancy effect ofj

I its higher temperature. There does appear to be increased mixing of the

river water into the lower layers near the harbor mouth, possibly as a'

result of the narrowing cross-section. The lower layer temperature

distributions in the turning basin show a reduction of intruding river
i

water with depth. Figure 9, the longitudinal section in the turning

basin, shows the presence of essentially pure lake water (low conduct.v;

and temperature) in the western and 'of the turning basin and in the lower

layers.
.

The analysis of the temperature distributions in Figures 5 through 10

is complicated by 1) the unsteady state of the lake temperatures,
;

i

1, prior to the survey,resulting in a declining discharge temperature

and a variable temperature of intruding lake water, and 2) the inability
j
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to distinguish lake water that has intruded, through the harbor mouth from

lake water discharged by the plant. However, several general conclusions

have been derived from these data. These are:

1. At the time of the June survey the Oswego River was approximately ~]

13.3*C (24*F) |above the lake inlet temperature and 7.8*C (ld*F)
~

above the plant discharge temperature.

2.. The presence of cold water 11.1-14.4*C (52-58'F) in the lower

layers of the harbor indicates the intrusion of lake water through
1

the harbor mouth into the harbor area, the river, and the turning |

| | basin. This intrusion has been observed and reported in previous -

i
-

,

. ,

,

studies (QLM, 1971).

3. The warmer river water tends to flow out on the surface and spread '

laterally into the turning basin, producing temperatures in the turning

basin and harbor well above the plant discharge temperature at the

time of the survey. The river water mixes vertically at the mouth

of the harbor due ta the constriction of the cross-sectional area

available for flow.

4. The plant discharge, under the conditions present during the survey,

appears to occupy'the western end of the turning basin and flows .|
'

J
out into the harbor area beneath the intruding river water and above

| 1

the intruding lake water. The degree to which the discharge waters ,j

j mix with either the river water or intruded lake water is dependent ^
.

on the lake temperature and plant operating conditions (generation -

and plant flow).

A-9 |
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5. The ~ temperature distributions observed duririg the June survey are+-

representative of only one set of conditions (i.e., river auch warmer
.

than lake) and would be expected to change given different temperature-

f

relationships. The August and November surveys will be used in an

attempt to define the effects of these conditions.
|
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IV. RESULTS A'O DISCUSSION: 28 AUGUST 1915 SURVEY
'

: i

i |
'

A. PLANT OPERATING DATA , ,

i

.

Figure 1 shows the pertinent plant operating data for Units 1-4 on 27
~ ~ |.

1

and 28 August 1975. The survey period, 1140 to 1330 (EDT) on 28 ,

i

August, is shown on Figure 12. The average net generation for the' --*

,

'

i twelve hours preceding the survey period was 201 MWe (50% of not
'

gapacity), based on hourly readings. The net generation of Units 1-4'

was between 251 MWe and 244 MWe during the survey period, averaging
'

approximately 247 MWe (62% of net capacity) during the tri-axial

temperature mapping. The net generation dropped to a low of 237 MWe
|

during the vertical profile measurements (1345-1500 (EDT)] . Unit 5
,

< .

was not in operation during the August survey.

.

The plant induced temperature rise (plant AT) and the Units 1-4
.

,

discharge temperature for 27 and 28 August .are shown on Figure 12.

| The plant AT and discharge temperatures averaged 3.3*C (5.9'F) and
i.

26.4*C (79.5*F) respectively for the twelve hours preceding the

survey. The lake intake temperature remained between 22.8*C and
~

23.3*C (73*F and 74*F) - for the same period. . The plant AT and dis-
_

charge temperature remained constant at 3.9'c (7.0*F) and 26.7'C
,

I
(80*F) respectively during the thermal survey. _.

. .
,

a)

!
|

;

|.
,

.
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B. TRI-AXIAL TEMPERATURE DATA
4 3

.IThe results of the 28 August tri-axial temperature mapping are shown*

*

in Figures I3 through 16. Each figure shows the distribution of I.

i

absolute temperature (*F) at the indicated depth. Isotherms were
-,;

drawn at 0.55'c (l'F) intervals.
,

1
4

-<
.

~

Examination of Figures 13 through I6 shows the Units 1-4 discharge

plume occupying the western end of the turning basin, from surface to
I

Ithe 15 f t depth. The vertical temperature and conductivity profiles-

'

confirmed the presence of lake water (discharge water) in the western
-

end of the turning basin from surface to bottom. As the plume flows
i

to the east, toward the harbor, it begins to rise, as the heavier'

'(higher dissolved solids lower temperature) river water intrudes in
'the near b'ottom waters. Vertical profiles at the eastern end of the-

turning basin showed almost 100% river water in the bottom 2 meters |
.

(6 ft) of the water column, with mixed discharge and river water in
,

Ithe upper layers. The Oswego River temperature at the time of the ,

. survey was between 24.1*C and 24.6*C '75.4 and 76.3*F) and carried a

high concentration of dissolved solids. Examination of the iso-

theras at the eastern end of the turning basin shows the greates,t ]
plume ef fect, 1*C, (2*F) oT between plume and river at the surface

i

and noAT between plume and river, at the 4.6m (15 f t) depth. The j

.

. .

.
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'

-

|
"

.

l
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SIMILARITY OF MICROZOOPLANKTON COLLECTIONS
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APPENDIX D 3-1

ACE AND CROWTH FOR A1.EWIFE

OSWECO TURNING tlASIN - 1975-1976
.

.

HALES
-

I. .

ee.co ............e..................................................................................................................
e e . . *

CALCULATED TOTAL LENG1H AT EAD OF YEARo .et:UticER OF FISH *ME AN LENGTH AT * -------------------------------- ----------------------------------------------------.
. VE44.AGcD Fh0M EACit. CAPTURE FOR AGE *--

CCLA55* YE4R CLASS *GRCues I-VI * 1 2 3 4 5 6 7 8 9 to 11 12 11 14 15

o-- ..e---- --- -----.------------------.. -
-,-----------------------------------------------------------------------------------e

CCHkLCTICN FACIOk5 .,

o o . .

o . . . 30.3 63.8 62.4 89.3 6u.5 74.u 0.s v.C 0.0 C.0 0.J 0.0 0.) 0.0 0.u *

ALdWIFL HALES CAtJGHI FRON 4975 1C 4975 .

* * . ..-----,------------------------------------------------------------------------------------e
, , ,

....................................................................................................................................
75 0 136.0 il 1 0.0 *

74 1 1 154 . 7 til i 136.J J.0

73 49 149.2 (III I 93.6 119.6 0.0

72 5 156.6 ilV l 93.s 137.7 147.2 0.0

71 15 161.0 IV i 15.1 141.0 149.4 156.3 u.0 ,

70 26 161.0 fvl ) 94.6 139.5 14H.5 156.9 160.9 0.0

69 1 0.0 (VII I 93.4 142.2 148.7 156.2 159.2 101.0 0.9

- CRAND AVE 4 AGE
9 4 .** 12d.5 I48.7 156.6 160.8 161.0 0.o

*

.

, 5AnPLL stll 91 96 41 42 27 1 o ,

'5 tat 4DARC DEVIATION 9.5 12.7 8.1 7.2 10.6* -0.0 -0.6

' Avl.kAGE AT1UAL INCHEMENT 94.9 34.5 19.2 u.0 4.2 d.2 0.o

!
i

.
i*

t

a

t .

.

~ a. i , - .- -~ .. , . . - _ : , .

.
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APPENDIX D 3-2

ACE AND CROWill FOR ALEWIFE
.

OSWECO TURNING BASIN - 1975-1976

*
,

.

O
II. FEMALES

coec e... . .... ..... .... . ........... ...... .. ..... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e .. .. .. ..s e. .. ... .... . ..e e e e e e e e e e e e e e e.. ..
eO o e . .

o- *NutiLER OF F I 5il*ME AN LENGTH AT * CALCULATED 10i AL LLNGIh AT E AD OF 1rE AR *

o VE AA* AGEC FROM EACit* CAPTURE FOR AGE *------------------------------------------------------------------------------------------.
-{ oCLA55* VfAR CLASS *GMCUPS 1-VI * 1 2 3 4 5 6 7 8 9 to 11 12 13 14 15 e

e-----o--------------o------- - =- ==-e -----------------------------------------------------------------------------------------e
o * e e CORR [0TILN FaCIOMS e

( o e * * 30.0 60.8 62.4 h9.3 6W.5 74.0 u.o u.0 0.0 C.0 0.0 G.0 . 0.0 0.0 0.u e
o . . . ALEWifd FENALES CAUGHT FROM 197b 10 1976

'

e
-------------------------------------------------e, , e e- _ =-------------------------------

-s- oces..........ee............................................ .......................................................................
.

74 4 122.0 III i 103.2 115.5
73 29 162.1 IIII i 91.9 122.3 0.0
72 24 170.9 liv i 100.3 148.0 161.0 0.0 -

71 29 171.6 tv i 101.6 146.4 158.4 16h.7 147.5 -

"

70 40 178.6 (vl ) 98.7 148.1 159.4 167.2 172.8 0.0
69 5 0.0 (vil i 100.3 148.9 169.5 168.7 172.7 179.3 0.u

'

: (. .

GM.fl0 AVERAGE 98.3 141.0 1"9.5 167.9 171.7 179.3 0.o
4 *

SAMPLE SilE 131 1 11 18 74 47 5 0
.

( SIAH04dD DEVIATION 10.6 15.2 10.2 11.6 14.3 16.5 -0.0
.

..

AVERAGE ant:UAL INCREMENT 93.3* 42.7 18.5 is . 4 3.8 7.6 0.)

.

8

.

_ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _
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APPENDIX D 3-3

.

ACE AND GROWTH FOR WHITE PERCll

OSWECO TURNING BASIN - 1975-1976

'

.

. .

I. HALES
oooocseeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.

eN o e o e

o . *HuhcER OF FISHeNEAtt LENGTH AT * CALCUL AIED TOTAL LLNGilt AT EAD OF 1 REAR e

o VEAK* AGlip fan:1 EACHoCAPTURE FOR AGE *--------------- --------------------------------------------------------------------------e

.cCIA$$e YEAR CLASS * GROUPS l-VIII ** I 2 3 4 5 6 7 8 9 10 . 11 12 13 14 15 e
e...__e..________-__-e_...._____....____e.__.--............____.____________.________________..______________.......___________..,
o e * * C0Ritt CT IC4 F AC1045 e

o e e * 65.8 86.3 53.1 131.1 130.9 117.8 6.0 6.8 6.0 6.8 u.u 6.a 6.u J.J 0.0 e

e e e e WHIlE PERLet HeLES CAbCHI FktM 1975 In 1976 *

e.....___.______ -__._____._____ ____.... . _____.______.._______..__.... .______....__....e
a e e

; .e.....eeeee.eeeee..e..eeeeeeeee.. .eee.ee.eeeeee.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**eeeeeeeeeeeeeeeeeeee.eeeee.eeeeee..eese.eeeeeee

75 2 120.3 11 1 114.S
.

74 29 156.0 111 1 103.1 15 *. . A
F3 49 198.4 Illi i 112.s 168.6 199.6

. 72 20 214.2 liv I 116.3 122.5 200.5 716.7
71 30 222.9 IV I 110.6 183.4 294.5 215.6 222.4
70 12 237.9 1v1 1 116.5 178.0 139.2 221.5 225.u 242.0 .

t.9 8 253.0 IVII I 117.4 184.0 204.:J 2e7.3 232.9 236.9 0.s

to 1 261.0 Ivt!Il 11H.3 210.1 218.9 23b.2 243.1 247.5 253.J 0.0
234.3 242.6 25'.0 253.1 261.0 0.0J67 2 0.0 lix i 120.4 le6.4 190.9 .

>

GRAND AVERAGE 110.8 172.2 201.6 219.2 226.9 240.5 253.5 261.0 0.0
*

i
SAMPLi. SIZE 153 149- 104 66 41 13 'J 2 0

). 51 AllDt.kc GEvl AT IOrd 11 4 !J.4 16.9 14.4 13.4 17.1 21.1 2u.3 -0.0

AWLRAGE A%fiUAL INCMEMENT 110.6 61.3 2 'A . 4 17.7 7.T 13.6 13.a 7.5 0.0

)

.

# *' ** O . m ** %w . &. %g , , g

- -
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APPENDIX D 3-4

ACE AND CROWTH FOR WHITE PERCH

OSWECO TURNING BASIN - 1975-1976'
.

p' -

II. FEMA 1.ES

ooooooooee.ee.eeeeeeeeeeeeee.seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.s
'l . . e . .

0 .eNUMufR OF FISH *r.EAM LENGTH AT * cat.CutATED TOTAL LtAGTH AT SAD OF YEAR *

*
* YEAk+AGEE FROM EACH. CAPTURE (04 AGE *------------------------------------------------------------------------------------------*
*CLA55* YEAk CLASS *GMCUPS 1-XIII * 1 2 3 4 5 6 7 8* 9 10 11 12 13 14 15
,o ----o--------------o------------------.---- - -----------------------------------------------------------------------------------e
o * e . CORktCTILN FACIORS *

* e e e 65.8 86.3 53.1 131.1 130.9 117.8 6.d 6.8 6.8 6.8 6.S 6.8 6.3 u.0 0.9 *
o e e e ndHITE PtiRCH FEhALES CACCHI FNOM 1775 10 ! )i6 *

e . e ..................---------------------------------------------------- ......---.------.---e
; e...................ee......e.........................e...e........e..e..e.......e...........ee.e......... ...e.......e.........e...

.

75 1 127.0 tI " i 116.0
*

74 35. 159.1 (II i 102.a 153.5
73 51 207.3 IIII I 114.3 176.8 210.2*

72 24 225.0 IIV I 109.3 176.6 231.4 22J.!..

71 65 237.3 (V I 112.2 185.4 213.3 228.8 237.9
70 14 254.0 (VI I 119.5 174.6 211.8 233.5 236.5 256.0
69 2 283.0 Ivil i 119.J 187.5 198.2 241.5 256.8 263.3 283.0.

(8 0 243.0 tvilli O.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
67 1 249.0 (IX l 102.4 162.8 166.6 207.5 216.9 222.2 231.2 243.0 0.0

l' O.0 (x i 117.3 172.2 174.3 212.6 234.8 230.5 237.9 243.8 249.0 C.0i 66
' 0 324.0 txI I 0.0 3.0 0.0 'J . 0 0.6 0.0 0.0 o.0 0.0 C.0 0.065

64 1 352.0 tatt i 121.a 212.0 214.9 261.2 281.1 206.1 277.7 294.3 302.2 314.9'324.0 0.0
e 63 1 339.0 lxIlli 133.u 202.7 223.2 27).5 290.4 298 1 289..$ 307.7 321.1 331'.1 344.5 352.0 0.0

62 1 0.0 Exlv i 113.2 201.3 24.).6 2Fs.0 287.6 295.1 2H4.S 292.2 332.9 313.7 322.9 329.8'334.4 o.0

.

GAAND AVEAAGE 111.3 177.2 209.9 229.7 241.3 263.5 207.1 275.4 293.8 319.9 330.5 340.9 334.4 0.0
.

SAMPLE SIZE 197 193 15J 96 49 to 6 5 4 3 3 2 1 0-

Sitt.0ARD DI;VIATION I fs. 6 17.7 17.7 16.7 19.8 27.7 25.9 39.0 31.1 9.7 12.2 15.7 -C.o -0.0

AVEkAGE ANNUAL INCREMCNT 111.3 65.9 32.7 '19.8 11.6 22.1 3.7 :.3 18.4 26.1 10.6 10.4 -6.5 0.0

.

O

e

--. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _
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APPENDIX D 3-5

ACE AND CROWTH FOR YELLOW PERCil

OSWECO TURNING BASIN - 1975-1976

1

' t.

I. HALES
oeeee.eeeeeeeeeeeeeeeeeeeeeeees.o.eeee.eeeeeeeeeeeeeeeeeesse.ees.eees.eeeeeeeeee.eeeeeeeeeeeeeeeeeeeeeeeeeeeeee.e..eeeeeeeeeeeeeeees

i o e o e s e
o -*tluMDER OF Fl58t*MEAf4 LENGTH AT . CALCUtATED TOTAL LLNGib AT SAO OF YEAR *
o YEAH. AGED FRUM EACat*CAPfuME FDR AGE e-----------------------------------------------------------------c------------------------*
#CLA5h* ViAR CLASS *GRGUP5 I-III e 1 2 3 4 5 6 7 a 3 10 11 12 13 14 e
e .---e ----------.--o ....-------------e -----------------------------------------------------.-------.------------ ---.------.15--e
o e e e CORRICTICta FACTORS *
o e e . 3d.6 29.0 47.2 167.9 167.9 0.0 0.J C.0 0.0 C.0 O.J 0.0 0.u 9.0 0.o ee . * * YELLtM PfRCil MALES CAUGHT FROM 197b TL 19M *
o e o e ---------.---------.......--.......-------------------------------.------------------...

: e..oo..e...ee.ee.e.......e...e...e.es.o.eee...ee.e...eee...e.....e.......e...e...e..e...e...e..ee..e....ee.................e.ee.....

74 4 168.6 Ill i O.0 C.0
73 14 189.1 IIII I !!4.7 155.8 0.0 ,

72 11 0.0 (tv i 97.1 149.9 1d4.5 u.0

GRAt3 AVERAGE 107.o 153.2 184.5 0.0

S AMPLE 'S t 2 6 25 25 11 0

Sith0Aku DEVIATION 24.6 2$.8 17.7 -0,0

AVERAGE AhflOAL li4 CME MEN T 107.u 46.2 31.3 4.0
*

.

*

.

e *

.

e

..m, = 4 ,~... k,.= 1 8 --w - - + -" -.--%
* -%# * .ee- w= =d ' - =- "s** *A. C"_w

.,

- - _ _
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APPENDIX D 3-6

AGE AND CROWril FOR YELLOW PERCll

OSWECO TURNING BASIN - 1975-1976

.

.

cec t e n e e e e e e e e e e e e e e e e e e e e e e e e e e e 6 e e e e e e e e e e e e e e e e e e e e e e e e e e e e . ALES
*T FDt ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee...eeeeeee**eeeeeeeeeeeeeeeeee

o e o e e

*feUABER OF Fisit*HEAN LEt GTH AT * CALCULA1ED TOTAL LENGib AT EhD OF Y E Aft e*

i *
o YEAH *AGcU ILOM EACH*CAPTORr. FOR AGE *------------------------------------------------------------------------------------------e

*

cCLc55* YEAR CLASS *GRasJP5 I-V * 1 2 3 4 5 6 7 8 9 to . 11 12 13 14 15 *
o...--o-.--------.---o------------------o---...--........----........----.---.------......--..............................--...--e
o e + * CCKRECil0N FACTOR 5 *

o e + * 36.6 29.0 '47.2 167.9 167.9 0.0 0.o 6.c 0.0 0.0 0.0 0.3 0.0 0.0 0.o e
o e o e VELLOW PERCH FEPALLS CAUGHT FRCH 197S 10 1175 e

o e o e--------__.._______.............--..... .....--.._-___.-_---.... ______... ___ ......____.e
ossoceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeeee

75 0 126.1 tl ) 0.J
74 10 181.4 III i 100.1 0.0
73 1C 294.0 (!!! I 101.8 16S.9 0.0
72 3 272.7 IIV i 103.3 159.3 201.1 . 0.0
71 3 294.0 tv 1, 121.1 183.4 233.6 269.9 0.0
70 1 0.0 ty! I 114.5 lb4.4 219.1 270.4 287.7 0.0 >

GR APD AVERAGE 103.9 It.6.6 217.6 210.0 287.7 0.0

St.MPLc SIZE 27 17 7 4 1 0

STArioARD DEVIATIOri 13.7 17.3 31.6 2.6 -0.0 -0.0

cvf MCGE 4:4NUAL INCREM2HT 103.A 62.7 50.9 52.4 17.7 0.0

.,

.

%d
. _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX E
i

TEMPERATURE DATA SHEETS*
i
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FISH TEMPERATURE DATA SHEET
,

Species: Alewife (Alosa pseudoharengus) *

acclimation data -

37
$I. Lathal threshold: temperature larvae juvenile adult source-

Upper 10 2 20 3 3_

15 23 5 j_

20 23 3
Summer 26 M .2 6

.

Summer 23~ 3-

Lower 17 7 4
,

|

II. Growth 1/ .'',larvae juvenile adult
.

Optimum and
.,

[ range 2/] I
),

. .)
, , ,.

III. Reproduction: optimum range month (s) '

Migration .'
Spawning 15.6-27.7 4-

l
13-16 2Incubation

and hatch 15.5-22 for 6to2 days 1
17.7

'
"

7
j IV. Preferred: acclimation
| temperature larvae juvenile adult

,

[
Spring 21.2 8

i-

.}

1
2 As reported or net growth (growth in we minus we of mortality).
3 As reported or to 50% of optimum if data permit. }

Data sources: J

1. Rounsefell and Springer,1945 5. Altman and Dittmer, 1966'
"{
'

2. Threiner, 1958 6. Trembley,1960 for LD 50
3. Graham, 1956 7. Desa11, 1970
4. Dept. of Inc., 1970 8. Reutter and Hendendorf,1974

i
.

i,
'

. - '-|_ . _ - _ -
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| FISH TEMPERATURE DATA SHEET

i Species: Brown trout (Salmo trutta),

acclimation data
37

I. Lethal threshold: temperature larvae juvenile adult source-
r

{ Upper 23.5 5.

14-18 C 3

[
'

'
.

Lower
(
i

1 larvae juvenile adult. II. Crowth

Optimum and 18.3-23.9 2
. ('

( [ range- ] 8-17 4
i 12 6

12.4-17.6 7'

III. Reproduction: optimum range month (s)
'

Migration
Spawning 6.M Oct-Nov 1

Incubation 7.3 for 64 days
and hatch 10.0 for 41 days 8

IV. Preferred: acclimation
f temperature larvae juvenile adult

[

[
1/ As reported or net growth (growth in wt minus wt of mortality).
I/ As reported or to 50% of optimum if data permit.;

{ }/Datasources:

! 1. Hansell, 1965 5. Bishai, 1960
l 2. Brynildson et al. ,1963 6. Swift, 1961

3. Klein, 1962 7. Ferguson, 1958
J 4. Brett, 1970 8. Bardech et al., 1972

L

,

(.
t-

.-
e ,- - . - . . . . - - ,. - . . . . ..
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FISH TEMPERATURE DATA SHEET
_!

I*

Sp:cies: Coho salmon (Oncorhynchus kisucch)

acclimation data ',
37

I. Lethal threshold: temperature larvae Ltrienile adult source-
'

5 22 1

Upper 10 W YlT(J) T,3 1

15 W 1 I

20 F- 1
~ '

23 25
'

1 t
^

*Accl b rion tem' sinknown {
~

Lower 5 0.2 1 ,

|
10 2

_ _ _ _

1

15 3 1-

_

20 5 1
-

23 6 1 j

/

II. Growth 1/ larvae juvenile adult

3
Optimum and 15* 2 (
[ range /] (5-17) 6

2

.!
)

* unlimited food
III. Reproduction: optimum ran e month (s) ,

5) 5 !Migration -

'
Spawning TT3T3) rall 3
Incubation
and hatch Winter-Spring f,

|

IV. Preferred: acclimation
temperature larvae juvenile adult

Winter 13 A
'

Spring 11.4 ) ,
t

.}

1/ As reported or net growth (growth in wt minus wt of mortality). ''

Y/ As reported or to 50I of optimum if data permit. ]
7/ Data sources:

1. Brett, 1952 4. Edsall, 1970 1
'2. Creat Lakes Research Labortory, 1973 5. Burrows, 1963 -

3. Anonymos, 1971 6. Averett, 1968
7. Reutter and Hendendorf,1974 ;

.)

!
,

% * * *

Je
-J
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FISH TEMPERATURE DATA SHEET

Species: Emerald Shiner (Noernnie mehavinh4AmeT'

r
1 acclimation data

1. Lethal threshold temperature larvae juvenile adult sourceb
.

4Upper g
25 30.7 5

-

. ._,

i

Lower _

i .

Growth 1! larvae juvenile adultII.

Optimum and 29 3

[ range 2/ 24-31 3'

III. Reproduction: optimum range month (s)

Migration
Spawning 20-27 1.2
Incubation -

'

and hatch

IV. Preferred: acclimation
'

/ temperature larvae juvenile adult

[ 25-31.1 1,6

.

"
-

. . .

,

I

(

'
, .

-
_

>

q, .

.

I '1. Campbell and MacCrimmon, 1970
|
'

2. Gray, 1942i

3. McCormack and Kleiner, 1970 .

| 4. Wells, 1914 i'

' 5. Hart, 1947

| 6. Proffitt and Banda, 1971'

!r
i

> L:

'

e , _,
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FISH TEMPERATURE DATA SHEET
'

.

' Species: Golden Shiner (Notemitonus crvnoleurmai" '

acclimation data

I. Lethal threshold temperature larvae juvenile adult sourceE
.

{

Upper 22 _jls. 1

22 _6D,a 2 |
Z3 1 7 '

Lower 0 26.7 7.

.

II. Growth 1 larvae juvenile adult
,

i )
Optimum and )

[ range 2/- -,

)-

.I
.

III. Reproduction: optimum range month (s) ]!
.!

)
Migration;

| Spawning 20.5 15.6-21 3 . /. . s
' Incubation J
| and hatch

IV. Preferred: acclimation
'

!|

temperature -larvae . juvenile adult

9

1

25-32 6
~1

fL/ As reported or net growth (growth in wt minus we of mortality).
T/ As reported or to 50%.of optimum if data permit. ..-I

T/ Data sources:
9

2. Alpaugh, 1972 -]1. Brett, 1944

.

3. Carlander, 195'9
4. NAS, 1973
5. Forney, 1957 -

6. Trembley, 1961
7. Hart, 1952-

.

I
t

-J-

'

.
<

l
3.

. ..
.
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FISH TEMPERATURE DATA SHEET

i

f Species: Rainbow smelt (Osmerus mordax)
i

acclimation data>

t- I. Lethal threshold: temperature larvae juvenile adult sourceb
)' Upper 21.5-28.5 1

f
\ -

[
kwr

;

!

II. Growth 1/ larvae juvenile adult
'

Optimum and'

[ range 2/]

< -

,

III. Reproduction: optimum range month (s),

i

Migration March-April 5
Spawning 8.9 2
Incubation M June 4i

{ __

6-10 for 29 to 19 days 3and hatch

IV. Preferred: acclimation
I temperature larvae juvenile adult
!

7.2 6
_

( l As reported or net growth (growth in wt minus wt of morta'lity).
t 2 As reported or to 50% of optimum if data permit.

3 Data sources:

1. Altman and Dittmer, 1966 4. Sheri and Power,1968
2. Scott and Crossman,1973 5. QLM, 1974 Nine Mile Study
3. McKenzie, 1964 6. Hart and Ferguson, 1966

|

.

|

P

b .m.

^

_ _ _ _ _ ._ _ _ _ _ _ _ . _ _ _ _ _ _ . - . _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _
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FISH TEMPERATURE DATA SHEET

Species : Spottail shiner (Notropis hudsonius) - " ,

}
acclimation data 3/

I. Lethat threshold: temperature larvae juvenile adult source- .

| *

Upper 11 * 30.8 1

7 E L
,

!
.

Lower ,

.

.1

II. Growth 1/ larvae juvenile adult j
,

.

Optimum and .

(range /] .

2

.

III. Reproduction: optimum range month (s)
*

.

i Migration i

Spawning 20 3,4 j
Incubation
and hatch )

| IV. Preferred: acclimation
temperature, larvae juvenile adult

.f
14 2 -

Winter 10.2 5

' Spring "TC5 5 ;

.j-

1/ As reported or net growth (growth in wt minus wt of mortality).
'Y/ As reported or to 50% of optimum if data permit.
_7/ Data sources:

-~

1. Trembley, 1961, LD 50 .

2.. Meldrim and Gift, 1971 .
-

3. Petr 1961
4 Carlander, 1969.

-5. Rautter and Herdendorf, 1974
,

..

l,
.

. . .

~i*
-
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FISE TENFERATURE DATA SEEET

Species: Smallmouth base (Fleropterno dolonieui)

i ecclimation dets
37

I. Lathal thresholds temperature larvae Juvenile adult source-

( Upper 38* (9) 35 (3) 9, 3

,

- * acclimation not stven

( Lotser 15(3) 4(9)* 2(3) 3. 9
18 4 3
22 7 3

{
~

26 10 3
* acclimation temperature not given

(
II.Crowth1 larvae juvenile adult

optimum and 28-29(2) 26 (3) 2. 3
s

[rangeb]
,

I

III. Emproductions optimum 3 month (s)

Migration
I, ' Spawning 17"IIUT 13M1(7) May-July (8) Y7
( 16.1-18.3 12.5-20.0 12

Incubation May-July
and hatch

I
IY. Preferred acclimation

I temperature larvae juvenile adult

Summer 21-27 6

f vinter >8*(II"II(4) 1, 4

[ 21 20"T-2 E. 3 to
N 11

f vinter 18.0 12-13 13
I *

Spring W M 13
Summer R R 13

*

Fall M 21-23 13
, Fall R 14

*

.

s

'

I
,

\

1/ As reported or not growth (growth in wt minue wt of mortality)
T/ As rported or to 301 of optism if data permit.

7

; }/ Data sources
\

1. Munther, 1968. 8. Surber,1974
2. Feek, 1965. 9. Larimore and Duever, 1968
3. Mornies and Pearson,1973. 10. Ferguson,1958

i 4. Fergueen, 1958 11. Cherry, et al.,1973
5. Breder and Rosen, 1966 12. Scott and crossman,1973
6. Imis, 1966. 13. Sarane and Tubb, 1973.

7. hbbe and Bally, 1938 14. Rautter and Herdendorf 1974
.

.

L ,.
_ _ _ _ _ _ _ - . _
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FISH TEMPERATURE DATA SHEET

Spscies: Threespine stickleback (Casterosteus aculeatus)

acclimation data
37

I. Lothal threshold temperature larvae juvenile adult sourc e-

)iUpper 19 25.8 . 1

20 E 2 *
.

31'T TI 3 i;

. _

l
;

Lower
. . ,

II. CrowthO larvae juvenile adult

Optimum and
.

[ range / < 37.1, 3
2

,

.~|III. Reproducti'on: optimum range month (s) >'

Migration
;

Spawning
Incubation
and hatch 19 for 7 days 4

IV. Preferred: acclimation !

temperature larvae juvenile adult

I

|
f

|* 1/ As reported or net growth (growth in wt minus wt of mortality). -

'

Y/ As reported or to 50% of optimum if data permit. .

7/ Data sources:
--

1. Blahm and Parente,1970
2. Jordan and Carside, 1972

,

3. Altman and Pittaer,1966 :
4. Breder and Rosen, 1966 ~'

,

e00

-

|

9

- _ _ _ _ . _ _ _ _ _
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FISH TEMPERATURE DATA SHEET

f
; Species: White perch (Morone americana)

acclimation data,

.

I. Lethal threshold temperature larvae juvenile adult source-/3

1

*

Upper 1.1 6.6 2

{ 24.8 34.7 2

!

I kwr;

f
i

II. Growth 1/ larvae juvenile adult_

i

Optimum and 23.9 1

[ range -- ]
,

{

III. Reproduction: optimum range month (s)

Migration
Spawning TI IT May-June 4
Incubation
and hatch 15-20 for 4.5-1.2 days 3

{ IV. Preferred: acclimation
( temperature larvae juvenile adult

I

i -

i

I
\

|1/ As reported or net growth (growth in wt minus wt of mortality). -|
2/ As reported or to 50% of optimum if data permit.

, 3/ Data sources:

:. 1. Meldrim and Gift, 1971
! 2. Meldrim and Gift, 1971, minimum avoidance temperature

| 3. Scott and Crossman, 1973 |
L 4. Sheri and Power,1968

i

L
_ _ _ -

_ _ _ _ - . - , - . v
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FISH TEMPERATURE DATA SHEET

Species: Yellow perch (Perca flavescens)
.

Iacclimation data '

I. Lethat threshold: temperature larvae juvenile adult sourced

Upper 5 21.3 1 .

i . M 129-18
10 T 1 -)

22-24 R 2 ;

25 W 313

)Lower 23 4 1

;
-

II. Growth 1/
'

larvae juvenile adult

Optimum and

[ range- ] 13-20 5,6

~1

1

III. Reproduction: optimum range month (s)

Migration
.

Spawning 12(11) 7.2- R (9) 9, 11
Incubation 5-10 (10) March-June (11) 10, 11 jand hatch

IV. Preferred: acclimation
temperature larvae juvenile adult (

'21-24 4
1 M field) 4

,

10 19.3 17.0 4 |
15 23.0 20.0 4 _

20 23.1 2W 4
: 10-29 7

.,'' 24 20.23 8
i Winter 10-13 7-12 13

~

| Winter 14.1 14
; Spring 18.0 13-16 13

Summer 25-27 27.0 13 |

|
P 'i
L 1. Hart,,1947 7. Barans and Tubb, 1973
J ' 2. Bitck..1953 8. McCauley, 1973
| '3 - Brett, 1956 9. Breder and Rosen, 1966 -

| 4. ForEuson, 1958 10. QLM,1974 Nine Mile Study -

Si Cobble, 1966 11. Jones, et al., 1973
6.'#Wecth4rly, 1963 12. Everest, 1973 '}

|- i

;):
.

'

i
* '

3 ,

.

, , _ , _ . .
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! isotheres -in the harbor area show slightly decreasing temperatures

[' with depth, and generally decreasing temperatures toward the harbor

mouth. The vertical conductivity profiles.in the harbor showed
, ,

;

that the discharge waters mixed with the river water in the upper

layers, while ' the bottom layers' consisted of mainly river water.

As the combined discharge and river flow enters the lake at the
.

harbor mouth, it tends to sink, due to the high dissolved solids' ~

'

concentrations and low temperature difference. The' ambient lake
\

temperature was approximately 22.8'C (73*F) at the time of the
'

survey. Vertical profiles around the harbor mouth showed the mixed,

discharge river water sinking to the lower half of the water column'

as it flowed out and to the east. Both the vertical profiles and
'

,

the isotherms indicate an ambient lake current from west to east,

forcing all the harbor outflow to enter the lake through the
,

eas, tern gap in the breakwaters.'

Preliminary analysis of the vertical profiles do not indicate thei

presence of intruded lake water in the harbor area, as was observed
'
.

in the June data. .
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V. RESULTS AND DISCUSSION: '6 NOVEMBER 1975 SURVEY. ,,

.}

A. PLANT OPERATING DATA
--

}

Figure 17 shows the pertinent plant operating data for Units 1-4 on
)5 and 6 November,1975. The survey period, 1420-1530 (EST) on 6

'

November is shown on the figure. The average net generation for -

'

.
.

the twelve hours preceding the survey was 198 MWe (50% of capacity),
..

based on hourly plant readings. The net generation cor Units 1-4 |

was between 267 We and 275 We during the survey, averaging .1
i

''

approximately 271 We (68% of capacity) during the thermal mapping.
-..

The net generation dropped to a low of 239 We during the vertical

pro 5ilemeasurements. Unit 5 was not in operation during the ,,

t
JNovember s6rvey.

s

|
The plant induced temperature rise (plant A T) and the Units 1-4 ,

discharge temperature are also shown on Figure 17.. The plant A T and ,

i J
the discharge temperature averaged 3.7*C (6.6*F) and 15.5'c -(59.9'F)

'l
respectively for the twelve hours preceding the survey, and ]
averaged 4.8*C (8.7'F) and 16.7*C (62.1*F) respectively during the

,7 I.

survey-period. The lake inlet temperature was constant at 11.8'C -

(53.3*F) for the twelve hours preceding the survey and during the j

.J
.

,

survey.
i
:
'
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3. TRI-AXIAL TEMPERATUR2 DATA
. . ,

'

}
The results o'f the tri-axial temperature mapping are presented in

Figure 18 through 21, for the four measurement depths (0.1,1.5, }

3.0, 4.6 meters). .

,

.

At the time of the November survey, the Oswego River and Lake ,

Ontario were both at approximately 22.8'c (73*F), with the river
,

having a dissolved solids concentration approximately fifteen times
~

.

that in th,e lake.
s

The isothermal maps in Figures 1B through 21' show the Units 1-4
n

. plume flowing from west to east out of the turning basin in the !

J

upper layers. The vertical profiles of temperature and conduc-
_!

tivity showed an intrusion of river water into the western end of s

the turning basin while the discharge waters rose to the upper !

)
layers as they flowed to the east.

| 1

| '
'

| As the plume waters, mixed with river water, enter the harbor

{area they spread in the upper layers and mix with the inflowing
,

river water. The Units 1-4 discharge waters remain in the upper .

3-4.6 m (10-15 ft) of the water column, with the bottom layers v

being composed of mostly river water. |
!
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As the combined discharge-river flow enters the lake, at the harbor

/ mouth, it tends to sink below the lighter lake water. The original

discharge temperature rise has by this point been reduced to within

0.5-1.0*C (1.9-1.8'F) of the ambient lake temperature through heati

exchange to the atmosphere and mixing with the Oswego River flow.-

,

As was the case in the August survey, the heavier river water flowing,

! out of the harbor in the bottom layers prevents the intrusion of

lake water into the harbor as was observed in the June survey.
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VI. RESULTS AND DISCUSSION: 20 APRIL 1976 SURVEY T
_ .*

)

A. PLANT OPERATING DATA .,

[
Figure 22 shows the pertinent plant operating data for Units 1-4 '

on 19 and 20 April 1976. Unit 4 was out of service for the entire
April survey. The survey period,1008 to 1335 (EST) on 19 April, _{is shown on Figure 1. The average net genera' tion for the twelve
hours preceding the survey period was 173 MWe (43% of net capacity),
based on hourly readings. The net generation of Units 1-4 was be- ],

! tween 232 MWe and 238 MWe during the survey period, averaging ap- .;
prowimmtely 234 MWe (59% of net capacity) during the tri-axial
temperature mapping. The net generation remained constant at 237 ;
MWe during the vertical profile measurements [1157-1335 (EST)] . (
Oswego Unit 5 was not in operation during the April survey.

Each of the operating units (Units 1-3) had one circulating water ).

pump in operation for the survey perigd, resulting in a total -

condenser cooling water flow of 7.8 m /see (279 cfs). Since the ,

tempering gates between the discharge and intake bays were open 'I
during the survey, allowing recirculation of a portion of the con- .}
denser circulating flow, the lake intake and turning basin discharge

'' flows were reduced. The percent of the. condenser circulating flow ]' being reci-rculated (percent tempering) was calculated to have been
between 2'0% and 25%, using temperature measurements in the vicinity
of the Units 1-4 intake on 19 and 21 April 1976. Thus, the lake

,intake and turning basin discharge flow is estimated to have (3been 6.1 m /sec (218 cfs) during the survey. ' '

The average temperature rise across the condensers (plant AT) and
,

i

'

|-
the Units 1-4 discharge temperature for 19 and 20 April are shown
on Figure 1. The plant dT and discharge temperatures . averaged
7.5*C (13.6*F) and 19.3*C (66.7*F) respectively for the twelve ;, ,

hours preceding the survey. The plant ar and discharge tenper- '

-

ature remained constant at 10.6*C (19*F) and 21.1*C (70*F) respec-
tively during the thermal survey'.

~ ' ~

| i
t

B. TRI-AXIAL TEMPERATURE DATA
' "

''The results of the 20 April tri-axial temperature mapping are
shown in Figures 23 through 27. Each figure shows the distribution '

of temperature (*F) at the indicated depth. Isotherms were
- drawn- at 0.55'C. ('1*F) intervals , except at the harbor mouth, where '

I

the proximity 'of th'e isotherms necessitated plotting at 1.l',C (2*F) -

intervals.
.

1 ' -
-'

|

A-17
.- _.

A

, s n **#



(- FIGURE A-2h
'

'1
.

'

#

UNIT?> l-4 PLANT OPERATING CONDITIONS
O OSWEGO STEAM STATION THERMAL SURVEY(, APRIL 19 AND 20,1976* -

i
-

1

|c ..

.

270.

l

< '

240 -
-

r

,

7
210 -

= { .:
18 0 "-

O.

$ 150 - - wo
/ J $2
I

12 0 -

4
i J

(( A M -

i 1-
' W

i. Z 60 '
-

' ' ' ' ' ' ' ' ' ' I30
{ 0000 0400 0600 1200 1600 2000 2400 0400 0800 ,1200 1600 2000 2400
( APRIL 19 TIME (EST) APRIL 20

e 22 q
21 -

10o-- PLANT OT g
l

-

_

j O DISOHARGE
?_, 20 -

TEMPERATURE
,_

'

$ 19 -

,

f,
'

H 18 a- -

.

e - -
' 'y 37 -

gy_,

i |E *
'

( W l' -

w o pF w o 6 "-

y 15 E ii! "d j
- -

P a n'g 14 -

5 Q-,
. -

1 -

O 13 -,
,

O*
2 4

L C -
4

12 -

- - - - - - -
, g, , i i; () 3c... v .3 c..a :... ::.O 2c.0 +.? c4.O c.;0 12 . o isOO 2000 2400

'

APRIL 19 T;:.iE (EST) APRIL 20

'

_ - _ - _ - - - - - - - - _ - - - _ _ - - - - _ - _ -



,_.M A $ A

.

. = , .

)& '~

%3yV.f,;
[-v-/ :-

,
,

. _.

m)*-qg $
i

'N A #-.
,

"'
m.um.g | ,'

---- s -

l.,,
.

.

.
..

ocogee ]
,

[ w AnQ ._,l. 9.

, .

\-g- -

#.'

* ,= .,

' ,. t
.\i io- W S

. ; * r,s'

8 * z-
z ,,

t E a

E 365I
i 5

,

/>'' p' 5 ES5s .. ..

5 ,t i S 3 1/ s
*

$moS
s

5/

,a'!(r .$3=; E $r
- -

si t 6 a ,

< 2 ,., t g3
-

i#
*

f, $b5#

l,. ggo,5 ..E-z y yoSg
a 3 $

; a j'
.

Eo4 en
r .

, . 1e z +e
Nw/ s * 9 N

k *N .i * iI

N , E$ U )
g $ t

(4
o *

. . - .-

% i 5
ai E !

1 D
%"1 /

.

11 J
5$ ,[]I

|/.
-

. s. 8-*
. -

#> g th q.,
I

.,
a "- i

h WW'Id ** * * ~'' .

9 \
'+~ 9 .. |' ,

;* *g.T.M * s. f _.;,,c , n , ,

g. "t s
-

f '

~% ,,;
"'

'\ / g- ., ,.

...
_______ _-___ __- . - _ __ . _ _ _ _ ._ . . .



J ncURE A-24 )r

?,' , ..
. , -.,

N

,

\ ,9 s. . ' . . ...<.
.'%y / \\6

.

i o ,1 i*

i, %'

'

+.
.

s

%

N m.
N

%~
, ,.

*
-

-

-s .W. c j, .-.

,

%a- h. c

i
' e

Od1,
,

'

Q \ _y.. . ,
~

'-
- Nt ei i :,

_.b$5 / ,u..{...4
' - -{,n,'s

|
* - t

.e

e. --- .

<

1=oW D F
R

\'
.

*
- e . _

2 P*

. = -

= = .m
e : 2 -0:i

' = m =! .. ..

=, ! E E. ==
.

g !E6 : 3: -
.

<-u a =
-

. - i

/ } n'C 9 5,*
|

W t ;i "5 i E|-a'
, <s a
-

/ ...}
..

C s. m>w w,

5Y k .. t''' *

I . |. dn3
.*

=>O w 2 -

%..
t-s a. *oS=z

- o ! o 7
'a a t! g .=a

T *$.i$.'i-
o** ns -.

e _ .h*2ayo ac

-( v4 3 .

te. s s a
, x . .i

.te s g' s!a

" :. g: ;

M. i.; ; *i. s _ I G!
*. :t :

: 1
-

! .': 7 W.7 )
v ,E' ; '.. ':q :Jr g.

r- s , ,

', .:s
. . .,

' A~c:c-~. . ..'.# ' ' . 's f.'
-.

C' yj .,

@ Q. ;,,J.*|-~

,

. . ~ ,,

..
I ...

I| te * *

1

| L .



-. - - - - _ _ - - - - - _ - - --- . - - - - -

.

If
/
/

!a-
'

I I

ia ,/.
-

!
.

i
.

.

.

. .
.

.-

.

. y._ "
,

-|[
.

| ...

s : c"J_/
h its f" -

t . *

* _ _

n ~/
..gjp%@EfNS5; I [- '

',y /i
'

" '

I I / Qi

ds\. im
"

i 1 y,%, ;ga'

.

f MN
..

1*'b .. * '
Q eines e-*Q ' ~

M%8_. '

'!.?[l. (-[, .,
'-

,

a
~ *

. I2% to97 j yLAWLER, M ATUSKY AND SKELLY, ENGINEERS m' yx ;}
't to~[/// / ISOTHERMAL. MAP

,

I of
,

, _A h ['
I

4#0./*
s/ OSwtGO STE AM STATIONj

/ h I-[-
*#,N

NI AGAR A MOH AWK POWER CORPORATION ,,-?) W Q_ [s
.

';

FCET }1 / D '-

h,,,, 7 __..... Y Y' D AT E: APet.to,Ists TIMC 006-Io4elEST) DE*T.!!J 3.0 ML 10 FT.) p[ c~ p ,,

' ( '' ~ ~ . . s |
'

3 ev i !d r/ ,
-

.

' , ' ''/* *y Y Pt. Ant rLOW: 5.1 M tSEC 1214 cfs)
'LO AD: 234 MW

l M i:
,,

**) ' #'

~ ., N _NLET TEMP.;10.6 *Cl 54 *F 3 Of SCHARGE TCMP._'21.I'C( 70 F) ,3),, '.n 1 .

-
I " "3 w---. . .~ -

. . o .

. ..

I
L - ~ . .) ._ I_ __, [ ;a

$
.~ . . . .- *a.s m ) s

~ ~ ~ ' '' ~
. .



_ _ _ _ _ _ _ - _ _ _ _ . _. ___. . _

c- ~s - - -.__ -_ . _ _ . . _ _ . - s -- _, . ~ _ . . , .,

D 0 0-

,

rt

J
*

I

f~t
:<o

.!-

.

.

I
.

.

. ,..
1

T
~

;

i,d
!;-

.

u

'1 _/
'

-

, e: ,,.

e
.g !

.,
y.

I /_r?''

t .Ay:fik ?!i

N . I ,,,ais
'

\\\ b-| 1o
0 t ..,.., e.. qs:; } v. 6 s

' p
. ,N ;'t

w->a r -

3. . ,g . - , , , s
..

'

|j -::y . '....., n -

. ,
'

i ,k LAWLER, MATUSEY AN. 6M ELLY, EN64NEERS ;M
"

'k j3 y 97 >#Oi ISO Tite flM AL M t.P ,~
,

/# Oswtc0 STEAM STATION
, f -I o

,

44#0 I;. [., ,

'
t s NIAsARA voisAWK POWER CONPORATION Q f
,

-

{ .7 Y"*
i_ CAT E: Arfut 2019T6 TIME;1008-lO48 TEST) DE PTN; 4.4 Mt IS FT.) hsi.. > il <.

6 q , .

. PL ANT FLOW:,6.1 W /SEC (246 eis I LOAD; 234 MW i !,,,,
'

}''.; _
*/ 'Y' _ [i

* '* " ,,y.- ,..
.

"L d "3 eNLt7 TrvP.'ios ct sier i otscHanct TruP':28.l'c t 70 *rl 9
. . ' . ,

// j [hN esis' .*
.



;
. . - - - ._ _ _

- v
rm /

. i FIGURE A-27 _3
~~. .---..

)N
s,.

'

Pjr /
.

\h@-
~

l" -

;-
,

.. -.

)
.:Y wws s6stA

o

.cf w 3,
1
:

)
,'%%s

d$ -- ,
,

A* w %m. 3
a

,-
.

.

y
,

_. ..

.b
Q.:..

7.m\iii.Odj g$,

# o.oo.J.g z._o
1g
1x. . .u~, _t>~ . . .

i
i:1

,c--. e :~ l

,

;- O = _
. " a y

f

.i, e s :
,2 b E _ IN "}

.
-

,

-

;: si a a:W e .. .2 |
*

O^

= gL
. . o
O O*

i ;: = ;- 3Q . ! ;=;; <2 * = z
. .r.://- i , .ga .w

k k 2 G
-

= x :!' -

ist: .. gE h
m-= . .

p: .
j} n N h .. a -i'jh 5o '

* , :.x. n; = wo$z yo 3 o-

". a . m3= , = a
seS:% , -

L =
..if

a' 3
. og e-

g2 .* *<w.

2, * $-
'

E . ~'

9:Q.-95 $ E ma::sas: s iiE S* -g . -|
s mi:.

C' !i.i ; ; ;- - .-

O .-

% : / D
f , /|.. : 1 '.-

@ h5 ff I /
''

p. g i :-

| |4,Tvy .. | .g

:g* U.h . ..'_ _ _ f bh - g'_ . . . . ..,

=,

mid - d W5 |
- -c. .

. . ,

h. . g- W .. ;"

N~ Y NO"'
i[

*~'

A Y [ |-I J

h t

'...
.

.

t
L.

-
-

-
- . _ _ - - - _ _ _ _ _ _



_ . .. . _ _

c .

I
~

i.

t'

*

.

(. .
; Examination of Figures 23 through 27 shows the Units 1-3 discharge i

waters flowing out of the western end of the turning basin, above

an area of colder [12.2-13.3*C (54-56*F)] water. The presencei,

o?! the colder water in the western end of the turning basin is ;
attributed to the low discha.rge temperatures (11.7-12.8*C (53-55'F)] i

prior to 0400 (EST) on 19 April (see Figure 22. Only Unit 3;

'( was generating prior to 0400 on 19 April, but Units 1 and 2 each
,

( had one circulating water pump running, thus the thermal addition
by Unit 3 was diluted by units 1 and 2 flow before discharge. As.

( the discharge temperature rose 'on 19 April, due to Units 1 and 2
( generation, the increase in buoyancy caused the discharge water to

ride above the previously discharged colder waters. Since. the
7

increased discharge temperatures were maintained from 19 April
through the survey period, the colder waters remained in the bottos

,' layers at the far western end of the turning basin. The survey data
j'( show the discharge waters flowing easterly o~ut of the turning '

basin, with vertical mixing progressively lessening the vertical
'I temperature gradient until complete vertical mixing occurs when the*

turning basin flow enters the main harbor area. The entire harbor

area is seen to be isothermal in both the horiscatal and verticalF

dimensions indicating complete mixing of the Units 1-3 discharge1 -

with the harbor waters.
*

.t -

'{ } Vertical profiles of temperature and conductivity also showed
'

the main harbor area to be completely mixed. The vertical profiles
done in the turning basin showed the presence 60-75% river water,

} (based on chloride concentration) throughout the entire length of
the turning basin. Even the cold bottom waters at the western andt

of the turning basin contained 60-70% river water, indicating that
{ river water had been present in the turning basin at the time of
i the cooler discharges on 19 April, 1976.
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r APPENDIX B

t

DESCRIPTION OF THE BOD-DO,MODEL
v .

!

A. PRINCIPLES !

( Degradable waste concentrations can be described mathematically by
( considering the natural purification property of the receiving water

body. A steady-state mathematical model for this process is based
( on the classical theory of Streeter and Phel.ps (1925). It can also
(, be derived from the one-dimensional mass balance equation, which

considers the longitudinal dispersion and net advective velocity
p of the flow, the decay rates, sources and sinks of the waste con-

taminant or dissolved substance. The one-dimensional equation
,[' applies to the water body in which lateral and vertical advection

and dispersion are negligible or implicity implied in other terms.
,
,

( The sources by which the DO may be replenished are (Eckenfelder, 1970):

( l. Do concentration in the incoming flows into the channel
| 2. Photosynthesis

3. Reaeration, which may be natural or artificially induced

The sinks through which the DO is depleted are:
,

1. Biological oxidation of the carbonaceous organic matter
7

2. Oxidation of nitrogenous organic matter-

'b 3. Decomposition of bottom deposits
4. Respiration of aquatic plants

| 5. Chemical' oxidation -

I 'i
B. EQUATIONS AND SOLUTIONS

:

[' To determine the long-term B03.and DO concentrations in the basin
resulting from a continuous waste input under various flow and temper-
ature conditions, the equations are solved with a simple boundary

.

condition. The channel is assumed to be infinite in extent in both
upstream and downstream directions. A source of waste is continuous-a

ly discharged into the channel at a single point, X=0.~ With these
[ conditions, the solutions, that is, the BOD and DO profiles, depend
( .only on the waste loading and the input parameters. Different

profiles therefore directly reflect the variations that are made in
y the waste loadings and input parameters. For the single source
. waste input, the maximum BOD always occurs at the point of waste' discharge, X=0. Because the concentration curves and their deriva-

tives may be discontinuous at.this point, the solutions are broken
up into'the upstream (X<0) and downstream.(X>0) regions. The,

- boundary conditions are:'

p(( .

Lawler,Matusky F Skelly Engineers
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,, . . .
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[L] , =0 (1)

[D] ,
., = 0 (2) ,

f
~

The equations and their solutions are summarized below, for the follow- -)
ing three transport conditions: J

1. advection and' longitudinal dispersion (with average cross-
sectional velocity U and longitudinal dispersion E)

2. turbulent longitudinal diffusion without advection of the
thermal discharge

3. convection, of uniform velocity U and no, or negligibly small,
~

dif fus ion.

1. Advection and Dispersion ;

!)
EQUATION:

.,

E -U -K L=0 (3)yy
dx

d ,_

|

E -U -k D+k L=0 (4)
4 2 dx 22 12 |dx j

,

SOLUTION:
,

a

r

exp{uxl1+m (5)L= W
ig_ '2EAU .

gy ,

. , -m

8XP 2E exp2E"*k+m
[ 12 gg 2 (6)

~
D= W

_

( Au j (K p Kyy) yy gm m
2

.

(+) sign upstream x <0 ; }
(-) sign - downstream x >C .;'

I
t .;

N-

x ,,

.

:.
'

,.

'

_

.,
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( .,/
,

/- ,)
''

/- .

. 'jr ! EY
'' '

1 + 4K11 (7)a =
;- gg 1

,
2

' i U j ,

y ,
,

[1 + 4K EY!
'

r
22 (8)m =l22,

2~i ( U j
('

2. Diffusion Only
,

. (- EQUATION:
*

. ..i .

.\ E -U -K L=0 (9)g3
dx

df.
.t ,

2

E -U -k D+k L=0 (10)
22 12,,

i dx dx
.

SOLUTION:
7

i '

(

W
exp[+xp (11)f L=

( 2An ( lijgy

i -.

Iexp +xp il- K

D=g W\[ 12 __}i
exp + xp

( 11 |- 22 (12)3 3

f \2A j \ k22 11/ "11 "22
~

*'
..

(+) - upstream x<0
(-) - downstream x>0

=[k 22\lE (13)E ; n 22"n
( gg ) ( )

1g,

1-
(

!

(

~f
(

,

..

.p Lawler, Matusky F Skelly Engineers
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'
/2 1/2

11{|
|

22 (14)| P ;P ==
22gg

(E) (Ej

l 3. Pure Convection

'lEQUATION:
)

L=0 (15) ]-U g - Kgg
dx

-U dD . K D+K L=0 (16) -

22 12
dx

,

SOLUTION: _,> ,

L=0 (x<0, upstream) (17) I
i

(18)
-xq1 )(x>0, downstream)

L= W exp
Au (.

D=0 (x<0, upstream) (19) 3

D= W 12 11
.

exp!-xq -xq22\
~

(20) |- exp
K ( g g) ,A /( Au j ( j

'(x>0, downstream)

L represents the BOD concentration at any location x of the uniform |

channel of cross-sectional area A, and D is the DO deficit concentra- $

',
tion. The dissolved oxygen concentration equal to the D0 saturation
level, less .the concentration D, or

,

C = C -D (21) .

s jr ,

| . j.
,

U is the cross-sectional average velocity in case (1), or the uniform ,

velocity in the channel in case (3). E is the dispersion coefficient (
,

'

|
in case 1 or the longitudinal turbulent diffusion in case 2. Kgg

|

| |
-

,

-

's
:

.
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l
.

E

e ~-,

t
(

F is the decay coefficient associated with BOD while K ir the oxygen
22,

i rearation rate (or the decay coefficient associated with tae DO defi-
cit). K is the reaction coefficient, or deoxygenation rate, in .

whichthd2 term K L acts a source of the oxygen deficit. The con- |'

12,

tinuous waste discharge is given by W (mass / unit time).
*

C. COMPUTATIONS AND INPUT PARAMETERSr
:

A computer program is written for the solutions given in Section !
'

'

2 to obtain the BOD and DO profiles under different steady-state
#. flow conditions. '

( :
.

Inputs for the calculations include: '

i
( l. The channel flow geometry under stratified or non-stratified ;

conditions . The width of the channel is 280 ft, representing |

the dredged portion of the channel. Maximum upstream distence,
[ at the western end of the channel is 1000 ft from the point -

g of waste input. The maximum downstream distance is 3000 ft
towards the harbor. The total depth of 30 ft is used for the

! non-stratified condition, with flow in one direction and
I towards the harbor. For the stratified condition, it is

assumed that the flow in the channel takes place in the upper-
t half layer into which the waste is discharged. The flow

| in the lower half is relatively very small. A depth of 15 ft
is used in the computations.

2. Estimated net velocity is based on the total flow; i.e.,

!
! .

i u=!Q i
+ Qwaste |/ area (22)>

upstream
; g

)\I -

l
where ( Petream = upstream discharge from the Oswego Unit1-4 discharge

! Q"**** = Runoff and sewage discharge flow rate into
! the channel at x=0.

;f
,(

r
:

I

| .

I

k
i

~|

..
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4%!
3. Estimated dispersion coef ficients, based on the Taylor oxygen

!dispersion coefficient formula (Harleman, 1970):
,

E = 77 UR (23)
,

In the case of negligible advection, the same value of E
has been used, for the diffusion coefficient, as an extreme -

value that can be obtained from the ef fects of winds and i

currents in the turning basin.

Lower values of E, in fact, result in much slower trans-
~

port of the waste, or a very high concentration around the
waste input location.

7

4. Decay and reseration rate parameters: ,

(a) K - BOD Decay Rategg

A value of 0.10 at 20*C (summer temperature) is used as a ~|normal biochemical oxidation rate for high degree biological ,

effluent. (Raw sewage is oxidized at a much higher rate.)
Ef fect of the temperatura, or seasonal changes, is given by

.

(Eckenfelder,1970):

lT-20
K x 1.047 (24) |K =

gg 11
T 20*C' -

!
'

where T is the temperature in 'C.

)

(b) Kj2 - Deoxygenation Rate j

!

This is set equal to K , by assuming that che BOD waste is j
carbonaceous only, and khat no solids are present. In general,

K and K need not be equal if factors ocher than deoxygenationgy
are invol ed ..>

,

4

~.:

's

'
..
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(c) K - Reaeration Rate
22

This is the rate at which oxygen is transferred into the'

water body from the atmosphere; it varies directly with
channel velocity and inversely with the depth. Several
empirical formulas have been proposed for this parameter.e

In this computation, a basic value of 0.35/ day or 20'c,
(which is much higher than any from the empirical rela-
tionships) has been used as an extreme value for all the

',.
flow conditions, for the basis of comoarison. Trial runs
with the empirical formulas also showed that the DO levels
are not as sensitive to this parameter as they are to

| K ,K and the BOD concentration in the channel. Simply
( skatedf the. rate of replenishment of the DO is generally

small, even at a high natural reaeration rate. Variation

(
vith temperature is given by (Eckenfelder, 1970):

T-20
K "K x 1.024 (25)

22 22
r T 20.C .

,

where T is the temperature in *C.

t

(d) C - Dissolved 0xygen*
I

,

t

DO saturation level is a function of temperature, salinity,.
,

and barometric pressure. Its value if given by:

{ C = 14.652 - 0.41022 T + 0.0079910 T - 0.00077774 T (26)
( s

where T is the temperature in 'C.
.q

I 5. Plant Discharge and Waste Flowsj

i At full capacity operation the power plaat discharges 762 cfs
'into the basin. Winter discharge into the basin is estimated,

I to be 313.32 cfs, considering the tempering flow of 162.93 cfs,.

I or abour 1/3 of the total ~ 476.25 cooling water requirement in
the winter season.

I
L,

|

(,

I

; ..
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Waste flow is based on the Oswego West Treatment Plant {
design flow of 4 mgd (6.188 cfs).

6. BOD Loading |

The raw sewage 50D is 200 mg/ liter. gpis gives a BOD load3
_,

of 6.6763 x 10 lbs/ day (or 0.32 x 10 mg/ day).

,
,

l

.

i .

~\
t

i

_

1

I
:

)

.

>

|
,

*

)
i

..,
,

I

I.. . .

'

;

J

\
i -

4
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: inw"_' RESULTS OF A Sine n - Holl-STRATIFIED CONDIT10ll* -

i I. 300 (ag/1) PEOFILE
,

, 7 ., 1
.

- --
,

f!- -- XD CB001 C8002 C8003- -
,

' *

L -8000.000 0.0000 22.4219 0.0
2 -800.000 0.0000 23.35o7 0.0 '

;
.- 1 -600.000 0.0000 26.oso? 0.0

4 -400.000 0.0000 32.4291 0.0
5-..-200.000- 0.0043 Jo .o 738 0.0
6 0.0 1.7045 41.4741 1.7000 '

' 200.000- I.7002 3o.6738 i.7017--

8 400.C00 1.6959 32.4291 1.6974
--9 .- 000.000 I.o98/ 26.0 lb / -l.093I-

10 80J.000 I.6874 25.3567 I.o888
_,

{
+

: --.- I l -1000.000 l.6831 22.4219 f.6845 i ;
i 12 1200.000 1.6789 3Y.82o8 1.6P03

43- 1400.000 I.6/46 I7.5320 I.6700
14 1000.000 1.6704 15.5028 1.o/18 .)- 15 -1800.000 1.66o2 13.7085 -1.do76 .

16 2000.000 1.o620 12.1218 1.6o34
,

'

- - -- I 7 - 2200.000 l.6578 10.7188 -1.o592
.|18 2400.000 1.o536 9.4782 1.oS50

19- 2000.000 1.6494 -8.3812- l.6508 i1 -

; 20 2800.000 1.6452 7.4111 1.6466
-- -- 2 6 -3000.000 1.o411 o.5534
,

. - -
1.6425

}!

)

II. D0 hag /1)F30 FILE
, . ..

- ]..
.

.

I XD CD01 CD02 CD03 !

I -1000.000 9.0200 2.8573 9.0200 ;
'

2 -800.000 9.0200 2.4094 9.0200 ii - 3 -o00.000 9.0200 t.99sd 9.0200
-

'

4 -400.000 9.0200 I.o449 9.0200
5 -200.000 9.0200 I.3952 9.0200 )o 0.0 9.0166 1.2v/9 9.0200

-7 -200.000 9.0143 I.3952 9.015/
,

8 400.000 9.0101 1.o449 9.0115'

9 - o00.000 9.00ta d I.9938* 9.0073 i
10 800 000 9.0018 2.4094 9.0031 !,
1I I000.000 8.99// 2.85/3 8.9990,

12 1200.000 8.993/ 3.3185 8.9950 :
13 1400.000 8.9HY/ 3.7/82 8.9910 .

'
,

14 1000.000 8.9858 4.2258 d.9870 | s,'

- - lb 1800.000 8.9819 4.o543 8.9831
16 2000.000 8.97b0 3.0592 8.9792
17 2200.000 d.9742 s.43/o 8.9754
Id 2400.000 8.9/05 b./891 8.9716 -'

I9 2000.000 .8.9608 o.I127 -8.9679 -

.20 280*J.000 8.9031 6.4092 8.9042 ',-

21 -3000.000 8.9395 0.6796 8.9605
,

j -

j |
. . ,

;

*T= 20PC

l 1 - Section ladox 1

' '- --

ID - Distance (ft) from point of waste input 'J-

C30D 1 - BOD concentration with dispersion and convection flow condition
CEOD 2 - 300 concentration with dispersion only
CEOD 3'- 300 concentration with convection only

CD01 - D0 concentration with dispersion and convection flow condition ''

CD02 - DO concentration with disperion only
CD03 - DO concentration with convection only'. .

.,

._-s__ , - , . _. , _ - .-- ., _ , . -
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g @ DEL REsm.T10F A S12951 STIATITIED CONDITION *
.

r. I. 300 Cag/1) FROFILE

. . . . . _ _ _ . a ..... - - - .._....ui ._ . _ _ _

! XD CB001 C8002 C8003 j

._.
)'

. . ...' I -1000.000 0.0000 43.0985 0.0
,

---2 -800.000 0.0000 4e.1940 0.03 -600.000 0.0000 53.8921 0.0_. 4 -400.000 0.0000 60.263/ O.0
.

5 -200.000 0.0001 67.3888 0.06 . 0.0 1.70o5 7s.35o2 1.7009 -7 200.000 I.7043 67.3886 I.7048--8 . 400.000 I.7022 60.2637 I.70209 600.000 1.7000 53.8921 f.7004. 10 800.000 .l.69/9 48.1940 .l.6983'
II i000.000 I .o93 7 43.09d5 I.096212 1200.000 I.6936 38.5417- -.I.6940I '

13 1400.000 1.6914 34.4666 1.6919i .- 8 4 lo00.000 1.6893 30.8225 .I.689715 I800.000 I.o812 2't.5o30 I.687616 2000.000 I.6850 24.6493 I.6855l iI 2200.000 1.6829 22.0431 I.6833( LB 2400.000 1.6808 19.7125 .1.6812
.

19 2600.000 I.6/86 17.0283 I.679120- 2000.000 -1.o7o5 - 1-5.7645 - 1.o769
,

7 21 3000.000 1.6744 14.0977 1.6748\
. ._ _. ,_~_g_ .

...
. . . . . _ _ . . ..

f
( II. Do (as/1) FROFILE

'

I XD CD01 CD02 CD03
~

l -1000.000 9.0200 -2.5547 9.0200; 2 -800.000 9.0200 -3.2758 9.0200
,

! 3 -000.000 9.0200 -3.9316 0.0200l
4 -400.000 9.0200 -4.4794 9.0200-s -200.000 9.0200 -4.8032 9.02000 0.0 9.0196 -5.0106'- 9.0200t 7 200.000 9.0174 -4.8632 9.017Bl 8 400.000 9.0153 -4.4194 9.01579 o00.000 9.0131 -3.9316 9.0136[ 10 - 800.000 9.0110 -3.2738 9.0115

| 81 1000.000 9.0069 -2.554/ 9.0093
J2 12OJ.000 9.0008 -1.8000 9.007313 1400.000 9.0048 -l.03/7 9.0052

.

'

I4 1000.000 9.002/ -0.2835 , 9.0031( 15 1800.000 9.0006 0.4493 9.0010-16. 2000.000 8.99eo I.4519 9.999017 22OJ.000 d.99oo I.81de 8.9970
| 18 2400.000 8.9946 2.4460 8.9949I 19 2000.000 8.9925 3.0324 8.9929'

20 2800.000 8.9906 3.57/2 8.9909
21 3000.000 8.9880 4.0811 8.9889,

'*T = 2c Co
!

'

I - Section index
.j' ID - Distance (ft) from point of waste input

| CBOD 1 - BOD concentration with dispersion and convection flow condition
| CBOD 2 - BOD concentration with dispersion only

CB00 3 - BOD concentration with convection only'

i CD01 - Do concener.ation with dispersion and convection flow condition
,,

! CD02 - DO concentration with disperion only
CD03 - DO concentration with convection only

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - _ _ _
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ICDEL RESULTS OF A WDrfER NONSTRATIFIED CONDITION *

I. BOD Qas/1) PROFILE
.

I XD C5001 C5002 C80D3 ~

1 -1000.000 0.0000- 55.7348- 0.0
2 -800.000 0.0000 62.8737 0.0
3 -600.000 0.0000 70.9270 0.0

''

4 -400.000 0.0000 80.0118 0.0
5 -200.000 0.0104 90.2602 0.0
6 0.0 4.1045 101.8214 4.1078
7 200.000 4.0945 90.2602 4.0979

'

8 400.000 4.0846 80.0118 4.0879
'S 600.000 4.0747 70.9270 4.0780
10 800.000 4.0648 62.8737 4.0681,

_,

11 1000.000 4.0549 55.7348 - 4.0582
12 1200.000 4.0451 49.4065 4.0483
13 1400.000 4.0353 43.7967- 4.0385
14 1600.000 4.0255 38.8239 4.0287 . !

15 1800.000 4.0157 34.4157 "'. * 4.0189
16 2000.000 4.0059 30.5080 4.0092.

17 2200.000 3.9962 27.0440 3.9994
18 2400.000 3.9865 23.9734 3.9897
19 2600.000 3.9768 21.2513 3.9800
20 2800.000 3.9672 18.8384 3.9704
21 3000.000 3.9576 16.6994 3.9607

II. DO c /inshir-- - l
;..

2 IB CD0 t CD0 2 h1
1 =t000 14.6500 4.3381 14.6500
2 = See 14.4500 1.7158 14.6500!
1 = See 14.4300 2.9191 14.6500

._,

4 - 400 14.6900 2.2476 14.6960.

1 - 2ea 14.6500 1.7741 14.6500*s t

6 e 14.6447 t.5849 14.6500
7 20s 14.4369 t.7791 14.64o1 .I1

, 9 400 14.6272 2.2676 14.6163
9 600 14.6t77 ?.9191 14.6207

to 800 14.6691 1.7110 14.61t1
'

11 1000 14.3990 4.1309 14.602n
- 12 1200 14.3900 9.1712 14.5929

111 1488 14.9310 6.1344 14.5818 .)
14 1600 14.1722 4.9600 14.3749
15 1988 14.3634 7.7044 14.1442
16 fees 14.3550 f.39c9 14.1976

-

17 2200 14.1444 9.0244 14.3492: .
, 10 1406 14.1364 9.6649 14.5409

19 2600 14.9301 10.1114 14.3327 3
28 1906 14.3223 10.6t14 14.5246.

21 1000 14.1144 '1 11.0447 14.3167
'

'
t

-

| *T = 0 C
*

.

: t.
!

{ I - Section index ;-
'

'

ZD - Distance (ft) from point of vaste input
'

CBOD 1 - BOD concentration with dispersion and convection flow condition
CBOD 2 - 500 concentration with dispersion only I'
CBOD 3 - BOD concentration with convection only

CD01 - DO concentration with dispersion and convection flow condition '

, CD02 - DO concentration with disperion only
! CD03 - DO concentration with convection only

. . .

--- - - _ _ - - - .w-- - -
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| )CDEL RESULTS OF A WINTER - STRATIFIED CONDTION*

I. 303 (-.c/1) PROFILES
!

.

,

I XD CBODI CBOD2 CBOD3Ii
i 1 -1000.000 0.0000 106.9893 0.0
'

2 -800.000 0.0000 119.3637 0.0
,

3 -600.000 0.0000 133.1694 0.04 -400.000 0.0000 148.5718 0.0|

5 -200.000 0.0002 165.7556 0.06 0.0 4.1014 184,9269 4.10247 200.000 4.0965 165.7556 4.09758 400.000 4.0915 148.5718 4.09259 600.000 4.0865 133.1694 4.087510 800.000 4.0816 119.3637 4.0826
.''

11 1000.000 4.0766 106.9893 4.077612 1200.000 4.0717 95.8978 4.0727
'

13 1400.000 4.0667 85.9560 4.0677r 14 1600.000 4.0618 77.0450 4.0628!
l 15 1800.000 4.0569 69.0578 4.057916 2000.000 4.0519 61.8986 4.052917 2200.000 4.0470 55.4816 4.048018 2400.000 4.0421 49.7298 4.043119 2600.000 4.0372 44.574-3 4.038220 2800.000 4.0323 39.9533 4.033321 3000.000 4.0274 35.8114 4.0284 Ii.
'

*i
II. Do (ag/1) PRC7ILE

2 IB CDD 1 CBS 2 1
1 -1000 14.6500 4.4e71 14.690e
2 = 488 14.610e -1.7426 14.6300
1 * 600 * 14.4300 6.97,2 14.630e
4 * 400 14.4100 8.a11e 14.65ae

, I - 288 14.6S00 4.7844 14.6900 '.
g 4 9 14.6499 9.3737 14.6500

7 fee 14.6440 8.7944 14.643e
8 400 14.6191 8.81?0 !4.6401

* 9 600 14.6141 4.9792 14.6132
18 000 14.6294 .$ .74 26 14.6104
!! 1000 14.6246 4.4871 14.6236
12 1200 14.6199 1.a147 14.620s
11 1488 to.6t32 .t . 6644 14.6161
14 1600 14.6133 .d.1131 14.6114

,
15 1000 14.6838 9.9114 14.6067
16 2ese 14.6812 2.1481 14.6021
17 22na 14.9966 1.2692 14.3973|
18 2458 14.5921 4.319e 14,395e

g 19 2688 14.3876 3.2393 34,3333
. to 1880 14.1831 6.1317 14.334e

it Saae 14.176; l 4.9992 14.5993

* 0 *

*T = 0 C,

i 1 - Section index
i XD - Distance (ft) from point of waste input

CBOD 1 - 500 concentration with dispersion and convection flow condition
CBOD 2 - 500 concentration with dispersion only
CBOD 3 - BOD concentration with convection only

CD01 - DO concentration with dispersion and convection flow condition
CD02 - DO concentration with disperion only

,

CD03,- Do concentration with convection only
r .

,
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!* APPENDIX C: MATERIALS AND METHODS:
. OSWEGO TURNING BASIN ECOLOGICAL SURVEY
i

.
,

I
i Biological and chemical samples were collected on a monthly schedule
i commencing in April 1975 and ending in March 1976 at several locations

in Oswego Turning Basin and Oswego Harbor. In order to evaluate ;

all trophic levels, a variety of techniques and different pieces
of sampling equipment were used. The following section describes
the equipment and technique employed for each parameter evaluated-

and presents a general discussion of the sampling program, including *
'

a description of laboratory procedures. Maps showing the sampling
locations are presented for each general category.,

'
1. Plankton: Phytoplankton.

; Figure C-1 shows the collection locations in the Oswego Turning Basin,

; and Harbor for each planktonic group sampled.*

j. Samples for phytoplankton identification, biovolume determination,<

and pigment analysis we;e collected monthly at three locations (Figure
1 C-1) from April 1975 through March 1976. Two whole water samples

were collected in replicate at each location with a 4 liter PVC Van
) i Dorn bottle: one from 0.5 m below the water's surface, and a second
'

. j approximately 1.0 m above the bottom sediments. The replicate samples
were composited following collection. Two samples were withdrawn
from each composited sample; one 350 al. sample was preserved using,

i Lugol's solution and designated for species identification, and a
i swrond 2-liter sample for pigment analysis was returned to the labora-,

tory stored on ice in black plastic bags.
,

In th.1 laboratory two aliquots ranging in volume from 10-50 31 were,

#

sedimented from the Lugol's preserved sample for 24 hrs and then
examined using an inverted inicroscope (Utermohl,1958). Enumeration,

was. carried out under 300N and 600N magnifications in one or two
i strips of each magnification across the bottom of the sedimentation

chamber. For each sample, at least '300 individuals were counted
( (Lund et al.,1958) with the results expressed as cells /ml. Cell

- ( volume was computed for major species on a temporal schedule from
average cell dimensions by approximation to geometric shapes. The
cell voltane was converted to biomass as fresh weight assuming a specific,

weight of 1. Chlorophyll a_ and phaeophytin were determined spectrophoto-
metrically using the method described in IBP Handboc!. No. 8 (Golterman,-

1971).

Ssaples for the evaluation of primary productivity were collected ~
on the same schedule as those for phytoplankton identification.

.. ,.

C-1-
'i- . , .
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PLANKTON SAMPLING LOCATIONS
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Two whole water samples were collected at each location; one frome-

the"25% light transmittance level, which,was determined,with a submarine
~

,

photometer, and the second from one meter above the bottom sediments.,

I Percent light transmittance at one meter intervals, total incident
radiation, and samples for determination of total inorganic carbon2

, ere collected at the time of primary productivity incubations.w

Twolightandonedarkbottigeontaigng,waterfromeachdepth,were,

inoculated with radioactive C (NaH CO 1
the25%lightdr:ans#Ci/ml)andincuba~ted-~

in situ fo four hours at mittance level. Following
Ecubatig, samples ,were filtered through a 0.45p membrane filter
and the C uptake measured using a Teledyne Intertechnique model>

SL30 liquid scintillation cognter. Results of the primary production1
,

; study,were expressed as gC/m /hr.

2. Plankton: Microzooplankton

~ Surface and bottom microzooplankton samples, vere collected using-

a 12.7 cm (5 in) Clarke-Bumpus sampler (76p mesh) towed for 3-6
min. at approximately 130 cm/sec (2.5 knots). Collections,were con--..

ducted on a monthly schedule at three locations (Figure C-1) from
April 1975 through March 1976. Samples,were preserved,with buffered+

formalin to a final concentration of 5% and returned to the laboratory.

; All samples,were split into two equal fractions using a Folsom Plankton,

Splitter, and each fraction,was analyzed for species composition,

' and abundance. Analysis ,was accomplished through strip counts of
a Sedgewick-Rafter cell at 100 magnification of a phase contrast,

compound microscope. Results of the analysis ,were related to total
volume of, water sampled as number of organisms per cubic meter.-

.

3. Plankton: Macrozooplankton and Ichthyoplankton
'

.

Macrozooplankton and ichthyoplankton collections were conducted on ,

a variable schedule in,which more efforts,were concentrated during *,

the late spring and summer, the time,when previous studies indicated
l

,

the greatest number of fish larvae,would be present. During the
months of April and May 1975 and October 1975 through March 1976,

i single nocturnal monthly collections were made at three sampling
locations (Figure C-1) . Semimonthly day and night collections,were

>

conducted at the three sampling locations during the months of June'

through September 1975.i r

t

Surface and bottom samples ,were collected at the three locations
by towing 1.0-meter Hensen plankton nets. ,with 571/A mesh apertures

;

s

.

'! C-2
L

.

>==
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into the prevailing current. Sample volumes for the 5 min. tows
'

, ere determined using calibrated TSK flow meters offset from centerw

in the mouth of the plankton net. Samples,were preserved,with buffered ,

formalin adjusted to a 5% concentration and returned to the laboratory.
1

Laboratory analysis commenced,with the separation, identification,
.' and enumeration of the fish eggs and larvae in the samples. Fish 'l

' eggs, if present in quantities greater than 500, were subsampled .1,

iusing a Folsom plankton splitter prior to identification; all fish .

larvae,were identified. Length frequency and stage of development, ;] ,
,

, ere analyzed for a maximum of 60 individuals per species selected
}

w)
at random from each sample.'

t >

Macrozooplankton analysis was conducted on all samples collected I

'
on the monthly schedule and on one set of samples from the semimonthly;

colleccions to approximate a 30-day period between sampling dates
analyzed. All macroinvertebrates collected were identified to the

,

~

taxonomic level corresponding to Table C-1. Organisms collected j

in the macrozooplankton/ichthyoplankton program ,were related to thei

volume of , water sampled as numbers per 1000 cubic meters, t,

|1|

4. Benthos
i

Benthic samples were collected in duplicate on a seasoaal schedule k
j at three statiods (Figure C-2) . Collections were made during the '

months of June, September, and December 1975 and March 1976. All
samples ,were collected,with a 15.24 x 15.24 cm (6 x 6 in) Ponar grab 'I

,

! sampler, consolidated in the field, and returned to the laboratory !
t , here they,were, washed in a #40 U.S. standard sieve to remove thew

finer sediments and preserved in a 5% solution of buffered formalin
.

'

and Phloxine B. Observations on sediment color and texture were
made at the time of collection. j

1

-
.

Benthic macroinvertebrates ,were separated from the organic and inorganic
'

material and sorted into major taxonomic groups. .If large quantities '

of detrical material,were present, the sample,was subsampled; separation
was facilitated by the use of the biological stain phloxine B. Major j,

taxonomic groups were biomassed using a, wet, weight procedure and
'

-

the organisms, wit'hin each group identified to the lowest possible
i taxonomic level. Results of the benthic surveys were related to ;
| bottom sediment area as number of organisms per s,quare meter. ,]
| 5. Water Chemistry

,

g.

Surface and bottom samples for determination of selected water chemistry -
parameters (listed in Table C-1) were collected monthly from April

,

1975 through March 1976, at three Oswego Turning Basin and Harbor j,
locations shown in Figure C-2. Samples ,were analyzed in accordance u

. ;

iC-3 ;

1
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TABLE d-1

. :- MACR 0 ZOOPLANKTON LEVEL OF IDENTIFICATION
,

OSWEGO TURNING BASIN - 1975
-

.

CNIDARIA Crustacea (Continued).

Hydroida Isopoda.

Amphipoda'

- PLATYHELMINTHES Crangonyx sp.
1

Turbe11 aria Gammarus fasciatus
Pontoporeia affinis,.

( ASCHELMINTHES Hyalelle azteca
- Nematoda Mysidacea

Mysis oculata relicta
,,

MOLLUSCA Decopoda
Gastropoda Podocopa
Pelecypoda

ANNELIDA'
'

Polychaeta
Manayunkia speciosa.

'

Oligochaeta
Hirudinea

/ ARTHROPODA
L Acari

Hydracarina
Insecta<

a Odonata
Ephemeroptera
Hemiptera --

i

Trichoptera
l Diptera (pupae & larvae)

Coleoptera
,

Lepidoptera
,' Neuropterat

Plecoptera
Crustacea'

Cladocera,

Leptodora kindtii

;

L

.e

.L
I
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L.
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I with procedures outlined by American Public Health Association (APHA, !
'~ 1971) or the U.S. Environmental Protection Agency (U.S.E.P.A., 1974).

-

6. Nekton

Fish species were collected at three general Oswego Turning Basin
f and Harbor locations shown in Figure C-3 on a monthly schedule from,

i { April 1975 through March 1976. Sampling equipment used in the survey
is described as follows:

,

,

Seine - 50 x 8 ft bag seine with 1/2 in stretch mesh.
' Bag dimensions: 8 x 8 x 8 ft

i

Trawl - A flat otter trawl of 2 in stretched mesh in the wings,

and body and 1-1/2 in stretched mesh in the cod end.
The cod end is lined with 1/2 in stetched mesh. The.

: net has a 30 ft footrope, a 27 f t headrope and measures
24 ft from the middle of the headrope to the end of

the cod end. The doors are 32 x 16 in with hydrofoils.,

i >

Gill net - 150 x 8 ft experimental multifilament net with six
25 ft panels. Panel net mesh sizes are 1/2, 3/4,
1, 1-1/2, 2 and 2-1/2 in bar mesh.

,

i Seine hauls were conducted at two* locations, one just to the east
of the Oswego Units 1-4 thermal discharge and a second site at the

I
: eastern end of Wrights Landing. Surface and bottom trawls of five
i ! minutes' duration were conducted only during the daylight hours at

the designated stations. Gill nets were set perpendicular to the
;f- breakwall in the channel area at surface and bottom depths. ' Anchored

{ gill nets were fished on a nocturnal schedule, set at approximately
; 1700 hrs and harvested the following morning at 0800 hrs. All fish *

collected were initially identified and counted ac the time of collee-, ,-", tion. Fish were preserved in 10% buffered formalin and returned
L to the laboratory for further analysis.
'

In the laboratory all fish were identified and counted. All fish
(. to a maximum of 60 individuals per species were subsampled through

the use of random number tables, and then analyzed for length, bion' ass,
and sex. Fish examined for length and weight were examined for generale

;

condition, stage of gonadal development, presence or absence. of tags ;
,

*

and presence of macroscopic parasites. Selected species including
. ;

the alewife, rainbow smelt, yellow perch, white perch, and smallmouth |
,

i !

|
'

.;} *Because dense vegetation precluded sampling during- the summer at
1 Wrights Landing, an alternate site (S-3) was sampled for those sonths.

C-4-

g Lawler,Matusky F Skelly Engineers
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NEKTON SAMPLING LOCATIONS

OSWEGO TURNING BASIN -1975-1976
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TABLE C-2

EVALUATED CHEMICAL PARAMETERS
r

'

OSWEGO TURNING BASIN 1975-1976

-
<

'l

Biochemical Oxygen Desand (Five day) (BOD-

5
1 Total Suspended Solids (TSS) - Total Dissolved Solids (TDS)*

Hydrogen Ion Activity (pH) Total Solids (TS)*'

Specific Conductance (Sp. Cond.) Chemical Oxygen Demand (COD)* _.,

! Orthophosphate (0-PO ) Total hosphate (TP)*
4Nitrate Nitrogen (NO -N) Ammonia * (NH -N)'

'

3
Water Temperature (T)C) Total VolatiIe Solids (TVS)*

. ,

;' Dissolved Oxygen (DO) Silicate (S0 )*3
2 Chloride (Cl)* Phenol * (PHL)
j Suspended Solids (SS)* Oil and Grease (0+G)

Total Coliform Bacteria (TCOL) Fecal Caliform Bacteria (FCOL)' *

,i

.

'I

'I *
Evaluated April-August 1975;

t /
#

I! Evaluated September 1975 - March 1976

t,
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bass,were then analyzed by sampling date for additional parameters,'

including scale age, gonad , weight, and fecundity.* Growth determina-
tions based on fish scales, vere performed on a maximum of 20 specimens,

per age class per select species.
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.

o

'

< .

-/ C-5'

i
,

4

an



- - - . - - - _ _ _ - - .__ - -.

e

.

.

\
t

l.

.

.
'

,
!

r

1
~3 i

i

i

|MGgGO oeCWnWMWnWedededoNCM 4

W e h *e n e a Q
o .1SWn a h h q h e. N $ en4 %9 seneesweghnoae N. e. o o tre o a. c.e o. a. o. o.,.e e. 4. m. @. g N O C n ce e N a M C n e es ce C e. e e c ed

eet tre

4 O.e 1
l oeaee

o. N. C. C. en s.5%. o. N. e. e e. in n o. a. o e. e. o C
f

C. N. s. e. o. g e. C. e.e we
* 48 . * . * * * *

4 he o e m o e o en e n e o s e o o .n o n e 9 e ve o m e o c o c o n C e a e C O C @ m N C C te ** s a C C
. . . . . . . .

R 8

4 i et ce N et n M N *e es
*

3 -|.b I

= = . , e=> E

.Q
. a.e

"$ ' -{
&

w an
he s en o e =4 e n n e a n o e n o e sp C e N o C m en n en e a e e 2 s e N e n o n u
%e aa n een e o C o ene e s *

. . e. C. C. e. c. e.* C. C. e. s. c. a. C. =. C. C. n. C. C. w. .N a N e n n e n n N C a n n C a= m c. s. e. cr. e. e. r. C. s. e. s. en. e. C.
ssmeedomoeasomeopoCeCCe 'O ;

4* ge onmoCCaceN
M ke

G. w. C. C. C. C. e. C. e. m.
s

. . . 34e at o o a o C o we e a es o e C o o C C en o C N > C & C C o a O e o o C e N o M M m e e o C en n en s C C O
Oe ve a n ce w es vNN ce M *e e .* e v ao

ha \N

.% 4 /
M %., ' e
3re kW
k o., 3 .

Mb
-= CCorecoCCocooCCCCCCC oCCocooCCoooC 5 '

t e en c o n o m o e o o o o o o oe. k

o N C N C C C re C C C C C O n 8i. ee C. C. C. e. e. C. P.e o. C. C. C. C. @. C. e. e. C C C o C C o C m C o C C C C e.. C.C. C. e.C. C. o. C. C.C.C. C. o. C. N.C.
CCNCoa*NCCanceCCCC 9t s at me>

T . U CN J. 8 C. C. o. C. en. o. c.e o. o. C. C. C. C. ce C.
**

.

E g. %I . . .

% H. %I o C e C C C es o C s o en e o C '"* C C o o M @ o e o o o o o N C C C es GP C C o C o e C o a M o a C Ct a.g 4 %8 wwPw w wnv N v v v v v v v v v N on & a nv' v
= es ce ce at 't

c .k =9' IQ
4 . %at

0t3%
M= *

ett

.M D
n

.a u A

Eu .
oooCocooCoCCe e.

an at N o o w e en o o C o oooooooo.ooococooooCCoooooCoceCCsomeCee yo c o m e atn e o m ain c o c oc o c.* c o C C rowoedoCoNeooh de

o en e o o o n o oe r o o n o o a o m e o n e o m o o o o o o o o n s o C e a e .o n en o a n o
N. C. . 3

C. ec. C. C. .n. C. e. C. N. C. C. C. . C. P. N. O. X. C. er* N. C. e. e. C. e= te. C. C.* C. C. n. C. C. e.s en. C. C. C. C. e.; F. C. C. C. C
*

=M al
. .NI . oC oh. % %| e e C

C.*
wes N sNeC% M1 w Cvv eW NW N M N M s y en a s M

A EL M es s . N
9

kh *

as k }-
'

- M, = IN, am
% 84

g
se

n n n e: n n e n e n n e n s n $e n n n a n n s "a n s a n s e n "s a s n a s." 8 8 M N N N N 8 8 8
'

WWWWWWNesedesNW o***N888N #NN8N88 NN8NN4 %8 sensassannn er
O M8 n n en an nn n nna nnn nnnnn_ g45

Al

. . I,-C e
% w| f;

E. $,

m.
3
Q
.= *

. g
4 Q

.U .s aq

N
elI % g fh *h .

n % 4 g 4
C. at = = e-
u 3 7t , s ..

,

g o u o ' = =

u' R o k RL % o k% }
*

tra t a4 4 - -a M Q ee

ha 4 4 4 4 4 4 4 4 % 4 4 C t.4 4 4 4 % 4 4 4 4 4 4 4 4 4 4 4 h 4 4 4 4 :; c ' 44N44444 444- 4, s.

NN4%%%%%3NNN o !
% % % % % % % % e % % .4 % c% % % % % % % .% % % % % % % % % % % % % % :, 3.%I

to=gDeceeet-ceh' g s _;u e .. = = = = = = . = =
=

h g e h = h g e w e e - e q u e g h- e g an g e g e =eme e c e u 3 u u g =8 ~u = u = = 5. = ~ r: = ~ =~=~=~== ==== ==
e r-m

- 3. e-e -.
me .

u.
' ]C -%' k MN b. . OR4 *

*
. % '4 - n n . 4hcsum-CCQua M ac MRi

k.d es C'M-e 4 4 M q k 3 g' 4et t

5 mi n u o u u w o u v u = m. r re. = = = = = e = == c c. 3. *a. n.a % C c. D 's. at u 4 C 4 4 % u a hw w w w h w h * h h h m e .o
u*e e M N M N O C. t * * at - tM 4 at C C fic 4 C ' 4er, e nunw

- .5 .

*
+6

.g

'
- 2 .______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. _ _ _ _ _ . _ _ _ _ _ _ . .

g r- .. ~. . ~ . ~~ , _. -s _ _ - ,& . . . .m . .- s -- , . - . -. -., ._
- t

_

. . . . :

APPEND 11 D-1

.

TEMPERATURE, DISSOLVED 01YCEN. AND PERCENT SATURATION OF DISSOLVED OXYCEN
O

OSWECO TURNING BASIN - 1975-1976

TEMPERATURE (*C) DISSOLVED OXYCEN (ag/1) PERCENT SATURATION OF DO
'

DATE DEPTN 0T5-4 OTB-10 OTB-6 0T5-4 OTB-10 OTB-6 OTB-4 OTB-10 OTB-6

17 APR 1975 S 6.0 6. 0 6.0 13.0 12.2 12.3 104 113 98
B 6.0 6.0 6.0 12.9 12.9 12.6 103 103 101

14 MAY S 14.0 14.0 14.5 9.6 10.5 10.3 92 101 100
B 14.0 14.0 14.6 9.6 9.7 9.5 92 93 92

23 JUNE S 21.0 20.0 20.0 8.7 10.7 11.1 97 116 121
B 12.0 16.0 16.0 10.0 9.6 10.1 93 96 101

16 JULY S 23.5 23.5 23.5 8.7 7.6 7.6 701 88 88-

B NA. NA NA 7.8 7.4 7.1 NA NA NA
7 AUG S 20.0 22.0 18.0 8.1 6.7 8.3 88 76 87

8 9.0 9.0 14.0 9.9 10.0 9.5- 85 86 91
29 SEPT S 15.3 17.8 17.8 10.1 9.4 9.7 100 99 102

B 17.8 15.5 17.0 9.9 9.9 9.5 104 98 98
29 OCT S 13.5 14.5 15.5 9.9 10.0 10.2' 94 97 101

B 13.5 13.5 15.5 9.9 9.7 10.2 94 92 101
24 NOV S 7.5 9.5 10.5 11.6 10.5 10.6 96 92 95

B 7.0 6.5 8.0 11.5 11.8 11.1 94 96 93
,

9 DEC S 2.0 6.0 8.0 13.6 11.5 11.7 99 92 98
B 2.0 6.0 8.0 13.5 12.4 11.4 98 99 96 /.

2 JAN 1976 S 0.0 4.0 6.5 13.8 12.4 11.9 95 95 96
'

B 0.0 2.0 7.5 12.1 12.5 13.0 83 91 108
19 FEB S 4.0 4.0 4.0 14.3 12.6 13.0 109 96 99

5 4.0 4.0 4.0 14.4 11.9 12.8 109 91 98 -

25 MAR S 4.5 6.5 8.0 13.3 11.6 12.5 103 94 105
B 4.2 5.0 6.0 13.2 12.8 12.5 101 100 100

i HEAN S. 11.2 10.5 10,8 107 97 99
5 11.2 10.9 10.8 96 95 98

NA - Not available
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APPENDIX D 2-1
.

STATISICAL ANALYSIS OF TOTAL MICR0ZOOPLANTTON ABUNDANCE
~ '

''

OSWEGO TURNING BASIN - 15 MAY 1973 - 29 MARCH 1976 ,i

.

NESTED ANALYSIS OF VARIANCE ]
(Los Transformed) /

4 '

SOURCE DF SS MS F

DATES 9 41.5917 4.6213 587.10** 3

| SITES WITHIN DATES 60 7.9323 i

BETWEEN DEFIHS WITHIN STATIONS 30 0.6504 0.0217 2.74** - '

j BETWEEN STATIONS 30 7.2819
'

BETWEEN OTB STATIONS 20 4.0118 0.2006 25.39**
OTB VS. INTAKE 10 3.2701 0.3270 41.39** !

ERROR 70 0.5510 0.0079
TOTAL 139 50.0750 .

(.

''

**Significant at a= .01*

ESTIMATED MEANS FOR DATES

DATE ESTIMATED MEAN 95% CONFIDENCE INTERVAL
15 MAY 1975 154321 (138375, 172105) )
16 JUN 521545 (467654, 581646)
16 JUL 148638 (133280; 165767)
12 AUG 136771 (122639, 152532) !

|
,

.

12 SEP 91155 (81736, 101659) '
'

17 OCT 66605 (59723, 74281).
23 NOV 31796 (28510, 35460) .

'

9 DEC 32940 (29536, 36736)
24 FEB 1976 11540 (10347, 12870)
29 MAR 6383 (5723, 7119) ei

TUIEY T PROCEDURE - DATES ( a = .05) t'

16 15 16 12 12 17 9 23 24 29 -.

Largest: JUN MAY JUL AUG SEP 03 DEC NOV FEB MAR: Smallest
!

.
\

.

"t
| '.'

-

!

-

.

.

" A.
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|, APPENDIX D 2-1

{
(Continued)

STATISICAL ANALYSIS OF TOTAL MICR0200 PLANKTON ABUNDANCE - 15 MAY 1975-29 MARCH 1976
,

r

ESTIMATED MEANS FOR SITES BETWEEN OTB STATIONS - BY DATE

DATE OTB-4 OTB-10 OTB-8 MULTIPLE COMPARISIONS"
15 MAY 1975 267771 206527 193365 No Significant Difference ,

f' 16 JUN 369800 , 546439 638969 Largest: OTB-8 OTB-10 OTB-4
16 JUL 142623 208544 145440 No Significant Differencei

12 AUG 148624 143352 149051 No Significant Difference
12 SEP 60620 115249 118403 Largest: OTB-8 OTB-10 OTB- 4

| 17 OCT 46280 46386 101763 Largest: OTB-8 OTB-10 OTB- 4
23 NOV 41322 33067 15642 Largest: OTB-4 OTB-10 OTB- 8

9 DEC 49051 26749 31442 Largest: OTB-4 OTB- 8 OTB-10
', 24 FEB 1976 36532 5405 5319 Largest: OTB-4 OTB-10 OTB- 8

29 MAR 12837 2940 4649 Largest: OTB-4 OTB- 8 OTB-10i

'.
.

! "Overall significance level of a = .05 (using Bonferroni t valae of 3.3).05
,

|
' ESTIMATED MEANS FOR OTB VS. INTAKE - BY DATE

.

/ ESTIMATED MEAN
| DATE OTB INTAKE t

ITTtAY 1975 220313 18228 15.94*
16 JUN 505432 629602 1.41*

i 16 JUL 162938 85659 4.11*
'

12 AUG 146986 88780 3.23* .

12 SEP 93872 76425 1.32.

#

17 OCT 60227 121852 4.51*
\. 23 NOV 27752 71914 6.09*

9 DEC 34553 24724 2.14 j
{ 24 FEB 1976 10165 24704 5.68* |
) 29 MAR 5599 ,14016 5.87* I
,

f *Significant at a= .05 (using Bonferroni t value .92).05

.

\

/

( |

v
'

l
-

!

. - - - -
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APPENDIX D2-2
'
,

N

STATISICAL ANALYSIS OF BOSMINA LONGIROSTRIS ABUNDANCE

OSWEGO TURNING BASIN - 16 JULY 1975 !
*

NESTED ANALYSIS OF VARIANCE
,

(Log Transformed) '*

SOURCE DF SS MS Fw

SITES 6 0.5285
"'fBETWEEN DEPTHS WITHIN STATIONS '3 0.1236 0.0412 12.48**

3ETWEEN STATIONS 3 0.4049
BETWEEN.0TE STATIONS. 2 0.4028 0.2014 61.03** 's
OT3 VS. INTAKE 1 0.0021 0.0021 0.64 '

ERR 0f. 7 0.0230 0.0033 '

TOTAL 13 0.5515
')

**Significant at a = .01 .!m

!

ESTIMATED MEANS FOR BETWEEN OT3 STATIONS is ,

STATION ESTIMATED MEAN 95% CONFIDENCE INTERVAL ARITHMETIC MEAN ,

OT3-4 16762 (1433, 19600L 16825
'OT3-10 46499 (39766, 54372) 49987- -

OTB-8 24227 (20719, 28329) 24549
'

(
,

.,

TUKEY T PROCEDURE - BETWEEN OTB STATIONS ( a= .05)

Largest: OTE-10f'OT3-8 OT3-4: Smallest i

. . .

l

ESTIMATEDMEANSFORBETWEENDEPTHSWIKIINSTATIONS ,'
. .
'^

DEPTH -s ''
'

STATION SURFAC_E BOTTOM t (q
OTB-4 18004 15605 1.08

.

OT3-10 68028 31783 5.75* ''

OTE-8 27262 21530 1.78
.

*Significant at a =.05 (using Bonferroni e test) L--

.

%
.e

9

y s

f

'
. . -
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APPENDIX D 2-3

,

STATISICAL ANALYSIS OF BOSMINA LONGIROSTRIS ABUNDANCE

OSWEGO TURNING BASIN - 12 AUGUST 1975

.

* TWO-WAY ANALYSIS OF VARIANCE
(Log Transformed)'

'{ SOURCE DF SS MS F

STATIONS 2 0.3576 0.1788 - -4.40+ .

DEPTHS 1 0.3884 0.3884 9.56*
,

| STATION I DEPTH 2 0.0141 0.0071 0.17
' ERROR 6 0.2437 0.0406

TOTAL 11 1.0038
4

i +Significant at a = .10
*Significant at a = .05

ESTIMATED MEANS FOR DEPTHS

j STATION ESTIMATED MEAN 95% CONFIDENCE INTERVAL ARITHMETIC MEAN
i SURFACE 2713 (1706, 4313) 3027

BOTTOM 6214 (3909, 9878) 7049

/.

(.'

, :
i i .

.

!

I
,

I >

% -

!
i

l
i

\ |

t|
.

9

'

b =

!

-[.
'

.-,

.

. - , , .~.
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APPENDIX D2-4

STATISICAL ANALYSIS OF BOSMINA LONGIROSTRIS ABUNDANC5 /

OSWEGO TURNING BASIN - 12 SEPTEMBER 1975 .,

)
1.

TWO-WAY ANALYSIS OF VARIANCE
(Log Transformed) ]
SOURCE DF SS MS F ,

STATIONS 2 1.0323 0.5162 34.34**
DEPTHS 1 0.3437 0.3437 22.86** ,

STATION I DEPIH 2 0.0379 0.0190 1.26 ,

ERROR 6 0.0902 0.0150,

'

IOTAL 11 1.5041 ,

**Significant at a = . 01 <

\

\.
ESTIMATED MEANS FOR STATIONS ,

STATIONS ESTIMATED MEAN 95% CONFIDENCE INTERVAL ARITHMETIC MEAN
!

OTB-4 5655 (4004, 7985) 6484
'

OTB-10 18515 (13112, 26144) 18923

OTB-8 27782 (19675, 39230) 32030

TUKEY T PROCEDURE - STATIONS (a = .05)

Largest: OTB-8 OTB-10 OTB-4: Susa11est ;

ESTIMATED MEANS FOR DEPTHS

l
i DEPTH ESTIMATED MEAN 95% CONFIDENCE INTERVAL ARITHMETIC MEAN

M ACE 9668 (72 % , 12814) 11975

BOTTON 21077 (15902, 27937) 26315 r

i
.

'

!,

i r

4

#'

I-

-

F
- . ;

I'

.

-

-- , - w
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APPENDIX D- 2-5''

STATISICAL ANALYSIS OF BOSMINA LONGIROSTRIS ABUNDANCE-

'
OSWEGO TURNING BASIN - 17 OCTOBER 1975

I* NESTED ANALYSIS OF VARIANCE -
(Log Transformed)
SOURCE DF SS MS F'

<

l 8ITES 6 3.0780
BETWEEN DEPTHS WITHIN STATIONS 3 0.3330 0.1110 41.11**'

BETWEEN STATIONS 3 2.7450

} BETWEEN OTB STATIONS 2 2.0632 1.0316 382.07**
OTB VS. INTAKE 1 0.6818 0.6818 252.'52**'

ERROR 7 0.0192 0.0027'

TOTAL 13 3.0972
.

**Significant at a = . 01

ESTIMATED MEANS FOR OTB VS. INTAKE'

SITE ESTIMATED MEAN 95% CONFIDENCE INTERVAL ARITHMETIC MEAN
f OTB 7590 (6995, 8236) 11897
$

INTAKE 32429 (26548, 39613) 32632

' ~ ESTIMATED MEANS FOR OTB STATIONS

[ STATION ESTIMATED MEAN 952 CONFIDENCE INTERVAL ARITHMETIC MEAN

I OTB-4 2196 (1906, 2530) 2214~

OTB-10 8882 (7710, 10232) 10828

[. OTB-8 22415 (19457, 25821) 22649

i '

TUKEY T PROCEDURE (a = .05)

Largest: OTB-8 OTB-10 OTB-4: Smallest
s, .

'/ ESTIMATED MEANS FOR DEPTHS WITHIN STATIONS
(

DEPTH

| <' STATION SURFACE BOTTOM t

| -{ . OTB-4 2394 2014 1.44

|
- OTB-10 16982 4645 10.83*

OTB-8 19925 25215 1.97
|,

|' *Significant at a = .05 (using Bonferroni e test)

:e

.

,

.it-

. _ - _ - _ _ - . -_ - _

.

1
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APPENDIX D 2-6

_ '|'
STATISICAL ANALYSIS OF BOSMINA LONGIROSTRIS ABUNDANCE

OSWECO TURNING BASIN - 23 NOVEMBER 1975- i.*

$-

NESTED ANALYSIS OF VARIANCE -

.

(Log Transformed)
SOURCE DF SS MS F

'

SITES 6 0.7169
BETWEEN DEFIHS WITHIN STATIONS 3 0.5677 0.1892 16.82** l
BETWEEN STATIONS 3 0.1492 !

BETWEEN OT3 STATIONS 2 0.0728 0.0364 3.24
OTB VS. INTAKE 1 0.0764 0.0766 6.79* 3

ERROR 7 0.0787 0.0112 !
'

IOTAL 13 0.7956

*Significant at a= .05 I
**Significant at a = . 01 :)

*
.

ESTIMATED MEANS FOR BETWEEN DEFIHS WITHIN STATIONS ~

.

DEPTE ,

STATION SURFACE BOTTOM t {

OTB-4 1776 1368 1.07 -

OT3-10 5485 986 7.04*
OTB-8 2271 2184 0.16 i

*Significant at a = .05 (using Bonferroni t test)

ESTIMATED MEANS FOR CI3 VS. INTAKE
'

SITE _ ESTIMATED MEAN 95% CONFIDENCE INTERVAL ARITHMETIC ~MEAN

[ OTS 2006 (1699., 2370) 2377 -

! INTAKE 3263 (2171, 4905) 3286
.

e

e

e

e

i

5.*

.,

' ^

.
- J

. -- ... - . -
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'APPENDIX D 2-7,

.

STATISICAL ANALYSIS OF BOSMINA LONGIROSTRIS ABUNDANCE
,

! OSWEGO TURNING BASIN - 9 DECEMBER 1975

,

/ NESTED ANALYSIS OF VARIANCE
' (Log Transformed)'

SOURCE DF SS MS F

SITES 6 0.0666
BETWEE'N DEPTHS WITHIN STATIONS 3- 0.0123 0.0041 0.21
BETWEEN STATIONS 3 0.0543

BETWEEN OTB STATIONS 2 0.0096 0.0048 0.24
; OTB VS. INTAKE 1 0.0447 0.0447 2.26

ERROR 7 0.1383 0.0198
TOTAL 13 0.2049,

5

I
s

!

f

1

(
t

,

/ .

)- t
<

,

,

.

>

s'

,

-
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APPENDIX D 2-8
.

1

STATISICAL ANALYSIS OF COPEPODA ABUNDANCE $

OSWEGO TURNING BASIN - 15 MAY 1975-29 MARCH 1976 ,

?

NESTED ANALYSIS OF VARIANCE
"(Log Transformed) ,

SOURCE DF SS MS F \
DATES 8 18.6816 2.3352 148.75**
SITES WITHIN DATES 54 12.4289 _ . ,

BETWEEN DEPTHS WITHIN STATIONS 27 1.9696 0.0729 4. 65 ** 4

BETWEEN STATIONS 27 10.4593
BETWEEN OTB STATIONS 18 4.2330 0.2352 14.98**
OTB VS. INTAKE 9 6.2263 0.6918 44.07** ,

ERROR 63 0.9890 0.0157
TOTAL 125 32.0995

'
**Significant at a = .01

,

ESTIMATED MEANS FOR DATES l
~

'
.

DATE ESTIMATED NEAN 95% CONFIDENCE INTERVAL
T5TiAY 1975 6053 (5189, 7062) g

16 JUN 5467 (4686; 6378)
16 JUL 16227 (13909, 18931)
12 AUG 20575 (17637, 24003)
12 SEP 6281 (5384, 7328)
23 NOV 3566 (3057, 4161)_

9 DEC 3151 02701, 3676)
24 FEB 1976 1664 (1426, 1941)
29 MAR 1189 (1019, 1387)

TUEEY T PROCEDURE - DATES ( a = .05) ,

..

12 16 12 15 16 23 9. 24 29
Largest: AUG JUL SEP MAY JUN NOV DEC FEB MAR: Smallest
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APPENDIX D 2-8
'

(Continued)

STATISICAL ANALYSIS OF COPEPODA ABUNDANCE - 15 MAY 1975-29 MARCH 1976
'

l

I
ESTIMATED MEANS FOR BETWEEN OTB STATIONS - BY DATE

,.

)
'

STATIONS'

#
DATE OTB-4 OTB-10 OTB-8' MULTIPLE COMPARISIONS

j 15 MAY 1975 16201 10526 5710 Largest: OTB-4 OTB-10 OTB-8: Smallest
16 JUN 2116 3925 11835 La gest: OTB-8 OTB-10 OTB-4: Smallest'

16 JUL 11690 26686 25736 Largest: OTB-10 OTB-8 OTB-4: Smallest
12'AUG 25428 21841 28750 No Significant Difference.

12 SEP 3209 6881 8608 Largest: OTB-8 OTB-10 OTB- 4
23 NOV - 2640 3905 2967 No Significant Difference

9 DEC 2861 3022 3780 No Significant Difference<

24 FEB 1976 1932 1365 1571 No significant' Difference
g

29 MAR 3632 452 760 Largest: OTB-4 OTB- 8 OTB-10: Smallest.
.

1
' 'Overall significance level of a = .05 (using Bonferroni t criterion)

~

ESTEHATED MEANS FOR OTB VS. INTAKE - BY DATE
.

f ESTIMATED MEAN

f DATE OTB INTAKE t

15 MAY 1975 9912 313 15.67*
16 JUN 4615 15103 5.38*
16 JUL 20024 4595 6.68*

- - 12 AUG 25181 6122 6.42*
12 SEP 5750 10675 2.81
23 NOV 3128 7837 4.17*

L 9 DEC 3197 2587 0.46
24 FEB 1976 1606 2056 1.12

/ 29 MAR 1077' 2152 3.14*

\

). -
*Significant at a = .05 (using Bonferroni e criterion of 2.87)

\
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APPENDIX D 2-9

STATISTICAL ANALYSIS OF LEPTODORA KINDTII ABUNDANCE '|

OSWEGO TURNING BASIN - 21 JULY 1975
~

..1
i

ONE-WAY ANALYSIS OF VARIANCE
(Log Transformed) ]
SOURCE DF SS MS F

STATIONS 2 8.1020 4.0510 15.29* .

ERROR 9 2.3851 0.2650 t

IOTAL - 11 10.4871.

'

* Significant ata = .01 j

.

ESTIMATED MEANS FOR STATIONS
I,.

' '

ESTIMATED 952 CONFIDENCE ARITHMETIC
STATION hEAN

'

INTERVAL MEAN
-}
.

OTB-4 130 (33, 499) 390 )

OTB-6 8639 (2260, 33017) 11642
OTB-10 5907 (1545, 22575) 7519 )

.

TUKEY T PROCEDURE - STATIONS ('s = .05)

Largest: OTB-6 OTB-10 OTB-4 : Smallest

i
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APPENDIX D 2-10'

,

STATISTICAL ANALYSIS OF LEPTODORA KINDTII ABUNDANCE
,

OSWEGO TURNING BASIN - 19 AUGUST 1975

I
. i .

ONE-WAY ANALYSIS OF VARIANCEr-
) (Log Transformed)

A SOURCE DF SS MS F.

f STATIONS 2 2.6750 1.3375 6.02*
f ERROR 9 1.9993 0.2221

TOTAL 11 4.6743

f * Significant at a = .05

'

ESTIMATED MEANS FOR STATIONS
\

. ESTIMATED 95% CONFIDENCE ARITHMETIC

( STATION MEAN INTERVAL MEAN6

I
'

OTB-4 9840 (2883, 33577) 38543
OTB-6 86877 (25461, 296427) 88390,

t, OTB-10 110220 (32303, 376077) 124004
t

.

TUKEY T PROCEDURE - STATIONS (G = .05)

f Larsest: OTB-10 OTB-6 OTB-4 : Smallest

t
:
1.

/ '

b.

k.
t

-.
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.f' -
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APPENDIX D 2-11
.

*

STATISTICAL ANALYSIS OF LEPTODORA KINDTII ABUNDANCE ~|;

OSWEGO TURNING BASIN - 15 SEPTEM3ER 1975

i

ONE-WAY ANALYSIS OF VARIANCE
(Log-Transformed) ,_f

.

SOURCE DF SS MS F

STATIONS 2 1.1445 0.5723 6.99* ')-
ERROR - 9 0.7368 0.0819 )

TOTAL 11 1.8813
7

'
* Significant at a = .05

8ESTIMATED MEANS FOR STATIONS

ESTIMATED 95% CONFIDENCE ARITHMETIC
STATION MEAN INTERVAL MEAN |

\

OTB-4 4188 (1987,8826) 4334
'

OTB-6 23880 (11333;50317) 26823
OTB-10 10607 (5033.22350) 13549

TUKEY T PROCEDURE - S[ATIONS (a = .05)

Largest: OTB-6 OTB-10 OTB-4 : Smallest

f

a

*2,
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APPENDIX D 2-12j

STATISICAL ANALYSIS OF KERATELLA EARLINAE ABUNDANCE

OSWEGO TURNING BASIN - 16 JUNE-9 DECEMBER 1975

NESTED ANALYSIS OF VARIANCE
' (Log Transformed)

SOURCE DF SS MS F

DATES 6 36.3187 6.0531 56.37**
') SITES WITHIN ' DATES 42 l'.0637

BEWEEN DEPTHS WITHIN STATIONS 21 0.6955 0.0331 0.31
BEWEEN STATIONS 21 16.3682

( BETWEEN OTB STATIONS 14 2.3067 0.1648 1.53+
OTB VS INTAKE 7 14.0615 2.0088 18.70**

'RROR 49 5.2614 0.1074

|{ TOTAL 97 58.6438

+Significant at a = .10
**Significant at a = .01

- ESTIMATED MEANS FOR DATES

'

DATE ESTIMATED MEAN 95% CONFIDENCE INTERVAL

f-.
16 JUN 1975 149017 (99354, 223503)
16 JUL 12478 (8319, 18716)
12 AUG 3620 (2413, 5430)
12 SEP 1959 (1,306, 2939)

,

17 OCT '6044 (4029, 9065)
{ 23 NOV 3683 (2456, 5525)
<

9 DEC 1977 (1318, 2966)

TUREY T PROCEDURE - DATES ( a = .05)

{ 16 16 17 23 12 9 12-

( Largest: JUN JUL OCT NOV AUG DEC SEP: Smallest

i
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APPENDIX D 2-12
(Continued) }

,

STATISICAL ANALYSIS OF KERATELLA EARLINAE ABUNDANCE - 16 JUNE-9 DECEMBER 1975
,

.

ESTIMATED MEANS FOR (yIB VS INTAKE - BY DATE ;

ESTIMATED MEAN

]DATE OTB ' INTAKE t

16 JUN 1975 134521 275372 1.24 3

16 JUL 18362 1228 4.69*
12 AUG 8389 22 10.24*
12 SEP 1978 1852 0.11
17 OCT 5995 6343 0.10
23 Nov 311 8872 1.78 ,,

9 DEC 1986 1928 0.05 ,f
,

.

.

*Significant ata = .05 (using Bonferroni t.05 ** "* l
!
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