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License Renewal Commitment List — Revision 0



JAF List of Regulatory Commitments

The following table identifies those actions committed to by Entergy in this
document. Any other statements in this submittal are provided for information
purposes and are not considered to be regulatory commitments. This list will
be revised as necessary in subsequent amendments to reflect changes

resulting from audit questions and RAIl responses.

COMMITMENT

IMPLEMENTATION
SCHEDULE

SOURCE

Related
LRA Section
No./
Comments

Implement the Buried Piping and Tanks Inspection
Program as described in LRA Section B.1.1.

October 17, 2014

JAFP-06-
0109

A211
B.1.1

Enhance the BWR CRD Return Line Nozzle Program to
examine the CRDRL nozzle-to-vessel weld and the
CRDRL nozzle inside radius section per Section Xl
Table IWB-2500-1 Category B-D Items B3.10 and
B3.20.

October 17, 2014

JAFP-06-
0109

A212
B.1.2

Enhance the Diesel Fuel Monitoring Program to include
periodic draining, cleaning, visual inspections, and
ultrasonic measurement of the bottom surfaces of the
fire pump diesel fuel oil tanks, EDG day tanks, and
EDG fuel oil storage tanks to ensure that significant
degradation is not occurring.

Enhance the Diesel Fuel Monitoring Program to specify
acceptance criteria for UT measurements of diesel
generator fuel storage tanks within the scope of this
program.

October 17, 2014

JAFP-06-
0109

A219
B.1.9

Enhance the External Surfaces Monitoring Program to
include periodic inspections of systems in scope and
subject to aging management review for license
renewal in accordance with 10 CFR 54.4(a)(1) and
(a)(3). Inspections shall include areas surrounding the
subject systems to identify hazards to those systems.
Inspections of nearby systems that could impact the
subject systems will include SSCs that are in scope and
subject to aging management review for license
renewal in accordance with 10 CFR 54.4(a)(2).

October 17, 2014

JAFP-06-
0109

A21.11
B.1.11

Enhance the Fire Protection Program to inspect
accessible fire barrier walls, ceilings, and floors at least
once every refueling outage. Inspection results will be
acceptable if there are no visual indications of
degradation such as cracks, holes, spalling, or gouges.

Enhance the Fire Protection Program to inspect at least
one seal of each type every 24 months.

October 17, 2014

JAFP-06-
0109

A21.13
B.1.13.1
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COMMITMENT

IMPLEMENTATION
SCHEDULE

SOURCE

Related
LRA Section
No./
Comments

Enhance the Fire Water System Program to include
inspection of hose reels for corrosion. Acceptance
criteria will be enhanced to verify no significant
corrosion.

Enhance Fire Water System Program to include visual
inspection of spray and sprinkler system internals for
evidence of corrosion. Acceptance criteria will be
enhanced to verify no significant corrosion.

Enhance Fire Water System Program to include that a
sample of sprinkler heads will be inspected using
guidance of NFPA 25 (2002 Edition) Section 5.3.1.1.1.
NFPA 25 also contains guidance to repeat sampling
every 10 years after initial field service testing.

Enhance Fire Water System Program to include that
wall thickness evaluations of fire water piping will be
performed on system components using non-intrusive
techniques to identify evidence of loss of material due
to corrosion. These inspections will be performed
before the end of the current operating term and at
intervals thereafter during the period of extended
operation. Results of the initial evaluations will be used
to determine the appropriate inspection interval to
ensure aging effects are identified prior to loss of
intended function.

October 17, 2014

JAFP-06-
0109

A2.1.14
B.1.13.2

Implement the Heat Exchanger Monitoring Program as
described in LRA Section B.1.15.

October 17, 2014

JAFP-06-
0109

A21.16
B.1.15

Implement the Metal-Enclosed Bus Inspection Program
as described in LRA Section B.1.17. -

October 17, 2014

JAFP-06-
0109

A21.19
B.1.17

Implement the Non-EQ Instrumentation Circuits Test
Review Program as described in LRA Section B.1.18.

October 17, 2014

JAFP-06-
0109

A2.1.20
B.1.18

10

Implement the Non-EQ Insulated Cables and
Connections Program as described in LRA Section
B.1.19.

October 17, 2014

JAFP-06-
0109

A2.1.21
B.1.19
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# COMMITMENT IMPLEMENTATION| SOURCE Related
SCHEDULE LRA Section
No./
Comments
: : " JAFP-06-

11 | Enhance the Oil Analysis Program to periodically October 17, 2014 0109 A21.22
sample the oil in the underground oil-filled cable, the B.1.20
security generator, and the fire pump diesel. o
Enhance the Oil Analysis Program to include viscosity
and neutralization number determination of oil samples
from components that do not have regular oil changes.

Enhance the Oil Analysis Program to include particulate
and water content for oil replaced periodically.

12 | Implement the One-Time Inspection Program as Will be JA&FSgG' A.2.1.23

described in LRA Section B.1.21. implemented B.1.21
within the 10 o
years prior to

October 17, 2014
o . . JAFP-06-

13 | Enhance the Periodic Surveillance and Preventive October 17, 2014 0109 A.2.1.24
Maintenance Program as necessary to assure that the B.1.22
effects of aging will be managed as described in LRA o
Section B.1.22.

14 | E . JAFP-06-

nhance the Reactor Vessel Surveillance Program to  {October 17, 2014 0109 A.2.1.26

include the data analysis, acceptance criteria, and B.1.24

corrective actions described in LRA Section B.1.24. U

15 | Implement the Selective Leaching Program as October 17, 2014 JA(I): 1%’36' A21.27
described in LRA Section B.1.25. B 125
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COMMITMENT

IMPLEMENTATION
SCHEDULE

SOURCE

Related
LRA Section
No./
Comments

16

Enhance the Structures Monitoring Program procedure
to specify that manholes, duct banks, underground fuel
oil tank foundations, manway seals and gaskets, hatch
seals and gaskets, underwater concrete in the intake
structure, and crane rails and girders are included in the
program.

Enhance the Structures M'onitoring Program procedure

-to include guidance for performing structural

examinations of elastomers and rubber components to
identify cracking and change in material properties.

Enhance the Structures Monitoring Program procedure
to include guidance for performing periodic inspections
to confirm the absence of aging effects for lubrite
surfaces in the torus radial beam seats and for lubrite
surfaces in the torus support saddles.

(Note: This is a change to the LRA Appendix B
enhancement that states the Containment ISI Program
will include inspection of the lubrite surfaces of the torus
support saddles. The corresponding change to LRA
Appendix B will be provided in a later amendment.)

Enhance the Structures Monitoring Program to perform
an engineering evaluation on a periodic basis (at least
once every five years) of groundwater samples to
assess aggressiveness (pH < 5.5, chloride > 500 ppm
and Sulfate > 1500) of groundwater to concrete.

Enhance the Structures Monitoring Program to inspect
any inaccessible concrete areas that may be exposed
by excavation for any reason, or any inaccessible area
where observed conditions in accessible areas, which
are exposed to the same environment, show that
significant concrete degradation is occurring.

October 17, 2014

JAFP-06-

0109

A.2.1.30
B.1.27.2

Audit Item
201

Audit Item
207

17

Implement the Thermal Aging and Neutron Irradiation
Embrittlement of Cast Austenitic Stainless Steel (CASS)
Program as described in LRA Section B.1.28.

October 17, 2014

JAFP-06-
0109

A2.1.31
B.1.28

18

Enhance the Water Chemistry Control — Auxiliary
Systems Program to include guidance for sampling the
control room and relay room chilled water, decay heat
removal cooling water, and the security generator jacket
cooling water.

October 17, 2014

JAFP-06-
0109

A.2.1.32
B.1.291
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COMMITMENT

IMPLEMENTATION
SCHEDULE

SOURCE

Related
LRA Section
No./
Comments

19

Enhance the Bolting Integrity Program to include
guidance from EPRI NP-5769 and EPRI TR-104213.

Enhance the Bolting Integrity Program to clarify that
actual yield strength is used in selecting materials for
low susceptibility to SCC and to clarify the prohibition
on use of lubricants containing MoS, for bolting.

October 17, 2014

JAFP-06-
0109

A21.35
B.1.30

20

Prior to entering the period of extended operation, for
each location that may exceed a CUF of 1.0 when -
considering environmental effects, JAFNPP will
implement one or more of the following:

(1) further refinement of the fatigue analyses to lower -
the predicted CUFs to less than 1.0 using an NRC-
approved method,

(2) management of fatigue at the affected locations by
an inspection program that has been reviewed and
approved by the NRC (e.g., periodic non-destructive
examination of the affected locations at inspection
intervals to be determined by a method acceptable to
the NRC);

(3) repair or replacement of the affected locations.

Should JAFNPP select the option to manage
environmentally assisted fatigue during the period of
extended operation, details of the aging management
program such as scope, qualification, method, and
frequency will be submitted to the NRC prior to the
period of extended operation.

October 17, 2014

October 17, 2012

JAFP-06-
0167

4.3.3/audit
item 317

21

Enhance the BWR Vessel Internals Program to perform
inspections of the core plate rim hold down bolts in
accordance with ASME Section XI Table IWB-2500-1,
Examination Category B-N-2 or in accordance with a
future NRC-approved revision of BWRVIP-25 that
provides a feasible method of inspection.

October 17, 2014

JAFP-06-
0167

A217and|
B.1.7/audit
item 252

22

Enhance the BWR Vessel Internals Program to ensure
the effects of aging on the steam dryer are managed in
accordance with the guidelines of BWRVIP-139 as
approved by the NRC and accepted by the BWRVIP
Executive Committee.

October 17, 2014

JAFP-06-
0167

A.2.1.7 and
B.1.7/audit
item 245
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Response to Requests for Additional Information



James A. Fitipatrick Nuclear Power Plant (JAFNPP)
Response to Requests for Additional Information
Part 1 Questions

RAI E-1-a Aquatic Ecology Additional information required pursuant to 51.41,
51.45(c), 51.53(c)(3)(ii)(B), 51.53(c)(3)(iii), 51.70(b). Provide drawings
and a detailed description of the circulating water intake structure (both
the offshore and onshore structures) showing a plan view and an
elevation view of the front of the structure with the intake bars and their
spacing, a cross-section of the intake structure and the location of the fish
deterrent system transducers. '

RAI E-1-a Response:

Section 3.2.2.3 of the JAFNPP LRA Environmental Report provides the circulating water.
intake structure information required pursuant to 51.41, 51.45(c), 51.53(c)(3)(ii)(B),
51.53(c)(3)(iii), 51.70(b). See ER Section 3.2.2.3 for a detailed description of the intake
structure. See attached Figure E-1-a-1 for reference (see Attachment 4). '

RAI E-1-b Aquatic Ecology, Provide drawings and a detailed description of the
circulating water intake tunnel providing distances and direction from the
plant.

RAI E-1-b Response:

ER Section 3.2.2.4 provides a detailed description of the circulating water intake tunnel.
See attached Figure E-1-b-1 for reference (see Attachment 4).

RAI E-1-c Aquatic Ecology, Provide drawings and a detailed description of the
circulating water intake traveling screens and collection buckets and their
spacing.

RAI E-1-c Response:

The traveling water screens are furnished by Jeffrey Manufacturing Company of
Columbus, Ohio. Three 12 foot wide traveling screens, fabricated from No. 10 gauge
304 stainless steel wire with 3/8 inch clear openings, are situated between the trash
racks and the pump intake sluice gates. See attached Figure E-1-c-1 in Attachment 4
for reference. Each screen has a design capacity of 125,000 gpm, is 12’-0” wide and
43'-4” high, and has a design approach velocity of 1.2 fps. Screen rotation speed ranges
from 10 fpm to 20 fpm. The traveling screens retain debris 23/8 inches and dump it into
a collection trough. The steel trash trough has flanged ends for each screen section
designed so that the ends will mate for bolting when the screens are installed in place to
form one continuous pitched trash trough mated to a trough extension. The bottom
flange of each panel forms a trash shelf extending the entire width of the panel. The
shelf design includes a substantial dredging leaf rake extending the width of each panel
at the panel midpoint for refuse removal and is designed for minimum reduction of free
area. This rake has tines to engage and raise moss and other lake vegetation. The
carrying ledge portion of the lip is able to retain fish and is perforated to drain water. The
panels are constructed and attached to the chain so that there is no opening larger than
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the screen cloth opening for debris to get through at the line of articulation along the
sides or bottom when they are stationary or moving.

Two 100% capacity (1 running, 1 standby) screen wash pumps take suction from the
SW discharge header to provide backwash spray water for the traveling screens. The
spray system utilizes non-clogging, wear resistant deflector type nozzles, designed to
project overlapping fan shaped jets of spray water across the width of the screen so that
all material picked up on the screen, trash shelf, and the special dredging leaf rake will
be jetted off when the panels are ascending. Debris is jetted in a direction opposite the
direction of flow of water in the intake channel. The design screen wash pumps spray
flow rate is 720 gpm/screen at a minimum of 80 psi gauge pressure. Water.is sprayed
on all screens simultaneously from two screen wash headers whenever the traveling
screens are rotating.

The traveling screens and screen wash pumps are equipped with an automatic
differential level control to limit debris loading and can be operated manually or in
automatic mode. When in the automatic mode, the pumps will start when either of two
conditions occur: '

1. High screen differential level, 4 inches W.C., as sensed by level detectors across
the screens, or

2. 10-minute exercise timer is initiated.
The traveling screens start when pump discharge pressure is > 100 psig.

Design debris loading conditions for the traveling screens correspond to 1.6 inches
differential W.C. clean, up to 6 inches differential W.C. fully loaded. The traveling
screens will automatically stop if the screen differential level is <2 inches W.C, for 10
minutes. An adjustable timer is included to ensure that the screen will run for at least 1-
1/3 revolutions after minimum level differential is attained to assure that debris is
completely removed and not just lifted out of the water and allowed to dry on the panels.
If any of the screens runs continuously for 30 minutes or if the differential level across
the screens reaches 6 inches W.C., an alarm is sounded in the main control room. The
traveling screens are operated at least once per shift, either in “automatic” mode, or
manually in “continuous” mode.

RAI E-1-d Aquatic Ecology, Provide drawings and a detailed description of the
circulating water discharge structure showing a plan view as well as an
elevation view of the front of the structure.

RAI E-1-d Response:

ER Section 3.2.2.5 provides a detailed description of the discharge structure. See
attached figures, Figure E-1-b-1 and Figures E-_1-d-1, for reference (see Attachment 4).
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RAI E-1-e Aquatic Ecology, Provide drawings and a detailed description of the
circulating water discharge tunnel distances and relative direction from
the plant.

RAIl E-1-e Response:

ER Section 3.2.2.5 provides a detailed description of the circulating water discharge
tunnel distances. See attached figure E-1-b-1 for reference (see Attachment 4).

RAIl E-1-f Aquatic Ecology, Provide a detailed description of the characteristics and
operation of the Fish Deterrent System.

RAIl E-1-f Response:

The fish deterrent system (FDS) was specifically designed to repel alewives (Alosa
pseudoharengus) from the vicinity of the intake structure using high frequency sound
(122-128 kHz) at a source level (in decibels [dB] in reference to 1uPa) of 190 dB. The
system, installed in the mid-1990’s, consists of nine integrated projector assemblies
(IPAs) located around the perimeter of the intake structure. The IPAs are configured
such that their sonified zones overlap, thereby completely enveloping the intake
structure.

The FDS computer is located in the screenwell at the 255’ elevation. The computer
communicates with each IPA independently and allows users to start and stop the
system and to test IPAs individually or the system as a whole.

Per the site SPDES permit, the system is installed (dewinterized) by the first week of
April each year and is removed from service (winterized) each October, except for years
with an October refueling outage when the system can be removed from service in
September. Upon installation each April, all nine IPAs must be fully operational
(communicating with the FDS computer and producing at least 190 dB/uPa at 1 meter
from the source). Because computer modeling showed sufficient sonified zone overlap,
the SPDES permit mid-cycle operational criteria are that at least five of the nine IPAs
must be operational, with no two adjacent IPAs out of service.

The current SPDES permit fact sheet states that “... a reduction in impingement of
onshore-migrant alewives of between 80 and 87% can be achieved. Based in part on
the demonstrated performance of the fish deterrent system with alewives, and the fact
that such a large percentage of the fish impinged here are alewives, the fish deterrent
system was determined to be the Best Technology Available to mitigate fish impacts at
this intake.”

Since the FDS was installed there have been no significant alewife impingement events
at JAFNPP.
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RAI E-1-g Aquatic Ecology, Provide a description of when intake flow reduction
occurs and explain its impact on entrainment. The application states that
in addition to acoustic FDS, JAFNPP "also utilizes additional operational
measures and technological design features to further minimize already
small entrainment impacts”. Measures include: intake flow reductions
resulting from pump differentials, maintenance outages, and recirculation
of heated condenser flow to temper incoming winter water; and the
design of the intake structure. ‘

RAIl E-1-g Response:

JAFNPP has a maximum total raw water withdrawal flow rate from Lake Ontario of
596.16 million gallons per day (“mgd”) through the cooling water intake structure,
representing the combined 518.4 mgd of cooling water flow (three circulating water
pumps each operating at a design capacity of 120,000 gallons per minute, “gpm”) and
77.76 mgd of service water flow (three service water pumps each operating at a design
capacity of 18,000 gpm). The actual JAFNPP raw water intake flow rates in each month
throughout the year based on 2001 through 2005 historical data, range from an average
of 4.4% below the maximum withdrawal rate in November to 35.1% below the maximum
withdrawal rate in October (Figures E-1-g-1 and E-1-g-2 in Reference for RAI E-1-g-1).
JAFNPP schedules refueling outages during October once every 24 months and these
outages typically last for most of the month. Scheduling outages in October reduces the
actual average total intake flow by an average of 35.1% for October over the 2001
through 2005 period of available historical data (Figures E-1-g-1 and E-1-g-2 in
Attachment E¥1-g-1). During the January through March period of cold weather in each:
year, when inlet water temperature is below approximately 45°F, warm discharge water
is recirculated via a tempering gate to obtain proper temperature of the circulating and
service inlet water. This flow path delivers some of the water in the discharge tunnel to
the intake bay, upstream of the traveling screens. The tempering gate can be controlled
from 0%-100% open from the main control room. The JAFNPP raw water intake from
Lake Ontario has been effectively reduced by 16% to 18% from the maximum intake
flow during the months of January through March when the plant is using this tempering
mode of operation, based on 2001 through 2005 historical data (Figures E-1-g-1 and E-
1-g-2 in Attachment E-1-g-1). Flow reductions in the remaining months typically occur
by running one or two instead of three service water pumps.

Total entrainment abundance is directly proportional to both the density of
ichthyoplankton eggs and larvae in the nearfield source water and to the raw water
intake flow during the period of consideration. Therefore, the monthly flow reductions
described in the previous paragraph will reduce total entrainment in each month
because total entrainment is the product of nearfield density (numbers of eggs or larvae
per unit volume) and the volume of water withdrawn. Historical data suggests that the
temporal distribution of eggs and larvae in the Nine Mile Point nearfield area is
characterized by two basic spawning groups: species typically spawning in the winter
and early spring (e.g. burbot, Coregonus spp., rainbow smelt, yellow perch), and late
spring and summer spawning species (e.g. alewife, white perch, carp; Tl 1979). Eggs
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and larvae of the first group are most abundant during April through early June and
larvae of the second group are most abundant in July and August.

To demonstrate compliance with federal 316(b) regulations, JAFNPP is presently
conducting a year-long entrainment sampling program to determine the abundance of
entrained fish eggs and larvae by sampling the intake flow in the JAFNPP cooling water
intake structure. Sampling began in April 2006 and continued weekly through October
2006 for a total of 30 sampling weeks. Sampling will then continue twice per month
during November 2006 through March 2007 for an additional 10 sampling weeks. Once
completed, this data along with additional lake impingement and entrainment data will be
submitted to NYSDEC in the form of a Comprehensive Demonstration Study (CDS).

The CDS must be submitted by January 7, 2008.

Reference:

Texas Instruments Incorporated (TI). 1979. 1978 Nine Mile Point Aquatic Ecology
Studies. Report provided for Niagara Mohawk Power Corporation, Syracuse, NY
and the Power Authority of the State of New York. (see attached Reference for
RAIl E-1-g-2)

RAI E-1-h Aquatic Ecology, Provide drawings and a description of seasonal lake
currents in the vicinity of the station and how these currents affect the
cumulative impingement and thermal impacts of JAFNPP and Nine Mile
Point. :

RAI E-1-h Response:

There are two sources of information that can be used to address this request for
additional information; first, literature describing the Lake Ontario water circulation
patterns at a gross (whole-lake) scale, and second the results of a site-specific three-
dimensional computational fluid dynamics (CFD) model of the JAFNPP intake structure
operating in these Lake Ontario water circulation currents which defined the hydraulic
zone of influence (HZOI) of the intake structure. These independent sources reveal no
cumulative impingement or cumulative thermal impacts of JAFNPP and Nine Mile Point
Nuclear Station (NMPNS).

Entergy considers “cumulative impacts” to occur when there is evidence that the impact
of two facilities is more than the sum of the individual impacts, more than additive. If the
impingement losses from JAFNPP and NMPNS are represented by the sum of the
impingement losses at each plant, there is no cumulative impact. Otherwise, the sum of
impingement losses of any two power plants on the same body of water (even one as
large as Lake Ontario where the plants may be separated by more than one hundred
miles) could be considered to be a cumulative impact. For example, if JAFNPP
impinges 100 fish per year and NMPNS impinges 100 fish per year, then the combined
impingement losses for the two stations is 200 fish per year, representing an additive
effect. A cumulative impact would occur if there is an interaction between the stations
due to their close proximity, such that NMPNS’s operation increased the likelihood of

Attachment 2
Page 5 of 26
JAFP-06-0167



impingement at the JAFNPP intake. For example, if JAFNPP impinges 200 fish per year
and NMPNS impinges 100 fish per year, when both are expected to impinge 100 fish per
year based on the density of fish exposed to impingement in HZOI, then the combined
impingement losses for the two stations is 300 fish per year and the cumulative impact is
100 fish impinged above the expected number. The cumulative impingement impact in
this example could occur if free swimming fish become stunned after encountering the
thermal plume of NMPNS and are carried in this stunned condition by lake currents into
the HZO! of JAFNPP where they are more likely to be impinged then if swimming freely
without the influence of NMPNS’s thermal plume.

‘Lake Ontario currents are likely to have little effect on impingement because the juveniie
and adult fish of the size subjected to impingement are capable of freely swimming
independently of the relatively weak lake currents. However, fish eggs and larvae have
no (eggs) or weak (larvae) swimming ability and are likely to be directionally dispersed
by lake currents from the spawning habitat. Therefore, this response explores the
relationship between seasonal lake currents and both entrainment and impingement.

The interaction of seasonal lake currents with the cooling water withdrawal and
discharge at JAFNPP is dependent on the intake and discharge locations for both
JAFNPP and NMPNS. JAFNPP and NMPNS are located on adjacent properties on a
small promontory of land projection out into Lake Ontario along its southeastern shore
called Nine Mile Point (see attached Reference for RAI E-1-h-1). Proceeding from west
to east along the Nine Mile Point shoreline you first encounter the offshore, mid-water
discharge and intake structures for NMPNS Unit 1, then the discharge and intake-
structures for NMPNS Unit 2, then the offshore mid-water intake structure for JAFNPP, :
followed by the diffuser discharge pipe for JAFNPP. The thermal discharges are located
to minimize recirculation of heated effluent back into the intakes, and they discharge
below the surface in the middle of the water column. The JAFNPP intake is located
about 3000 feet to the east of the nearest NMPNS discharge (see attached Reference
for RAI E-1-h-1).

Lake Ontario Water Circulation Patterns

Water currents typically move in an eastward direction along the south shore of Lake
Ontario in a relatively narrow band. Inflow from the Niagara River causes the water level
at the western end of Lake Ontario to be higher than the eastern. The resulting flow
down gradient is held against the lake’s south shore by the Coriolis Effect. Wind stress
averaged over the year tends to further accelerate the flow to the east due to the
prevailing west-northwest winds.

Long-term circulation in the Great Lakes is driven primarily by wind stress and surface
heat flux which causes density-driven currents. Winter circulation patterns are simpler
than summer due to the absence of temperature stratification (generally from November
to April). Therefore winter currents are almost entirely wind driven. Winter circulation is
stronger than summer because of the stronger winds in winter. Southeastern Lake
Ontario has some of the strongest mean winter currents (up to 9.5 cm/sec) observed in
the Great Lakes. Mean circulation in winter consists of a two-gyre pattern, with counter-
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clockwise flow in the south-eastern part of the Lake and net surface flow is eastward. (Tl
1979)

Lake Ontario circulation patterns in the summer are more complex, due to variations in
depth caused by stratification (generally from May-October). The mean summer
circulation consists of a combination of a large cyclonic gyre where current speed
reaches a maximum of 2.5 cm/sec. and a smaller anti-cyclonic gyre in the western part
of the Lake (Figure E-1-h-2 in Reference for RAl E-1-h-2).

Patterns described above are long term, lake-wide patterns. Local currents at any given
time are more complex and strongly influenced by transient wind. Sometimes a major
wind shift can alter the currents in a matter of hours. Preoperational studies at JAFNPP
measured currents off Nine Mile Point from May to October 1969 and from July to
October 1970 (T1 1979). This data clearly illustrated a correlation between summer
currents and wind speed (Tl 1979). The predominant direction of currents was
alongshore, on those occasions when onshore or offshore currents were observed, their
maghnitudes were substantially less than alongshore currents. During the summer,
alongshore currents from either the west or east were equally frequent about 33% of the
time. Onshore and offshore currents each accounted for nearly 5 % of the observations;
the remaining 30% of the observations were below the flowmeter threshold of 2.5
cm/sec. Mid-water current measurements at the 46 foot depth contour had a mean
onshore current speed of 3.0 cm/sec, mean offshore current speed was 6.0 cm/sec, and
alongshore currents from the west and east averaged 9.0 cm/sec. Lake currents
measured in the vicinity of the Oswego Steam Station (about 6 miles west of Nine Mile
Point) for 5 days between 12 October and 19 November 1970 also found.surface
currents to be primarily alongshore, with speeds ranging from < 2.5 cm/sec to 15.0
cm/sec (T1 1979).

Impingement and Entrainment

With respect to entrainment and impingement exposure, the prevailing west to east
currents along the Lake Ontario shore in the vicinity of JAFNPP suggest that the source
of fish exposed to entrainment and impingement is more likely to be from the west of the
intake, particularly for passively transported eggs and larvae subjected to entrainment.
Organisms carried in these west to east Lake Ontario currents may originate from the
lake itself or from the Oswego River which discharges into Lake Ontario about six miles
to the west of Nine Mile Point. Since most of the fish taxa found in Lake Ontario in the
nearshore habitat in the vicinity of Nine Mile Point have demersal, adhesive eggs, larvae
represents the pelagic dispersal stage that is most subjected to entrainment. Historical
sampling for entrainment at JAFNPP from 1973-1979 (T 1979) revealed that eggs from
two nearshore spawning fishes (alewife and rainbow smelt) consistently dominated the
collections. Larvae of these two species were also most abundant in the entrainment
samples, however larvae of Morone spp. (white perch and white bass), yellow perch,
Cottus spp. (mottled and slimy sculpins) and carp and tessellated darter were also
abundant among the 22 taxa of fish larvae found in the entrainment samples (T 1979).
Enrichment of the larval fauna diversity exposed to entrainment may result from the
transport of pelagic larvae from fish species spawning offshore in deeper water which

Attachment 2
Page 7 of 26
JAFP-06-0167



may be transported to the near-shore intakes at JAFNPP and at NMPNS by local wind
driven currents. Fish species that utilize deepwater as well as nearshore spawning
habitat like burbot (Lota lota), slimy and mottled sculpins and lake herring (Coregonus
artedii) may be more exposed to entrainment at the JAFNPP intake than would be
assumed when you consider the near-shore location of the intake.

Since the NMPNS offshore intake is nearby but west of the JAFNPP offshore intake by
about 3000 feet (Figure E-1-h-1), organisms carried in the predominantly west to east
currents along the Lake Ontario shoreline would potentially be exposed to entrainment
first at NMPNS and subsequently at JAFNPP. However, the percentage of water
withdrawal is diminishingly small relative to the volume carried in these currents such
that no difference in density of exposure was observed in the waters sampled by towed
ichthyoplankton nets in the vicinity of either intake. Analyses of fish egg and larval
catches in the thermally influenced and control areas along the 20 ft and 40 foot depth
contours along four transects arranged east to west of the NMPNS and JAFNPP intake
structures did not reveal any consistent temporal or spatial density patterns during the
1973-1979 period (T1 1979). Similar results were observed sampling juvenile and adult
fish with gill nets and trawls representing the source population of impingement. No
consistent trend in catch per unit effort, length-frequency, age and growth, fecundity, or
diet analysis with respect to experimental and control areas along the east-west gradient
in the Nine Mile Point vicinity from 1969-1979 was observed (Tl 1979). Therefore, based
on the sampling results from the 1970’s, there is unlikely to be a measurable cumulative
effect of entrainment or impingement on the fish community in the vicinity of Nine Mile
Point. =

~ The prevailing west to east currents along the Nine Mile Point shoreline suggest that the

thermal discharge from both the NMPNS and JAFNPP offshore diffusers will be -
distributed from the diffuser ports in a predominantly easterly direction. The theoretical
possibility exists of an interaction between the NMPNS thermal discharges from Unit 2,
which is west of the JAFNPP intake by about 3000 feet (Figure E-1-h-1), and the
JAFNPP thermal discharge such that the two plumes may converge to make one large
surface plume. However, the closest NMPNS Unit 2 discharge is from a unit that relies
on a cooling tower for primary condenser cooling and therefore contributes only a small
thermal discharge. The once-through NMPNS Unit 1 thermal discharge is located about
400 feet offshore and more than 4000 feet west of the JAFNPP intake, which is 900 feet
offshore (Figure E-1-h-1), making it unlikely that the two thermal plumes converge by the
west to east currents before the thermal effluent is cooled by dilution to ambient
conditions. Therefore, there is no evidence of cumulative thermal impacts due to
interaction of the non-contact cooling water discharged from these two adjacent
generating stations.

Hydraulic Zone Of Influence (HZOI)

A comprehensive Computational Fluid Dynamics (CFD) analysis was performed to
estimate the HZOI for the JAFNPP with its CWIS (cooling water intake structure) located
900 feet offshore along the 25 foot depth contour in Lake Ontario (Entergy 2006). The
objective was to delimit the HZOI so that ichthyoplankton and juvenile fish sampling
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efforts near the offshore intake structure would sample the water mass subjected to the
direct influence of flow vectors established near the intake due to the cooling water
withdrawal. Sampling in the HZO! compared to nearshore (10 foot contour) will be used
to evaluate the difference in fish abundance between a calculation baseline established
for a hypothetical shoreline bulkhead intake compared to the existing offshore, mid-
water, remote intake location as part of the plant’s efforts to comply with the U.S. EPA’s
Clean Water Act, Section 316b Phase 1l Regulations.

In general, the HZOI is affected by overall flow patterns in the source water body, lake
bottom topography, CWIS geometry, and CWIS intake flow rates. In the context of the
316(b) regulations, the primary reason for determining an intake’s HZOI is to establish
where water entering the intake comes from and to use this information to improve the
design of biological sampling procedures meant to assess the impact of the intake’s
operation on organisms found in the surrounding areas. For example, CFD predicts
local velocities in the vicinity of the CWIS subject to all of variables listed above, and
establishes the three-dimensional shape of the intake influence. These predicted
velocities can, in turn, be compared to sustained and burst swimming speed for
organisms living near the CWIS to evaluate the likelihood for the entrainment into the
CWIS. The HZOI boundary for entrainment of fish eggs and larvae was operationally
defined in this work as the calculated Lake Ontario 5% current greater than the ambient
lake currents due to the influence of water withdrawal activities into the JAF CWIS. Also,
the HZOI boundary for impingement of juvenile and older fish was defined as a
calculated nearfield velocity of 0.5 feet per second (fps) or more compared to the
ambient lake currents.

Results from the HZOI modeling of the JAFNPP CWIS revealed that the overall flow
patterns for the lake from west to east had a dominant effect. The predicted HZOI was
asymmetric around the CWIS and aligned along a southwest vector originating at the
intake with a maximum extent of about 600 feet (Figure E-1-h-3 in Reference for RAIl E-
1-h-3; reproduced from Entergy 2006, Figure 4.8.11). Given the separation of the intake
and discharge structures for NMPNS and JAFNPP of 3000 feet or more, and the
assumption that the NMPNS HZOI exhibits a similar shape and extent as the HZOI for
JAFNPP, there is no evidence that the two HZOI's interact to produce cumulative effects
on entrainment or impingement.

References:

Entergy Nuclear FitzPatrick, LLC. (Entergy). March 2006. Hydraulic zone of influence
(estimated calculation) supporting the sampling plan included within the Proposal for
Information Collection Clean Water Act §316(b) Phase lI Regulations James A.
Fitzpatrick Nuclear Power Plant (SPDES Permit No. NY 0020109). Lycoming, New
York. (see attached Reference for RAI E-1-h-4)

Texas Instruments Incorporated (TI). 1979. 1978 Nine Mile Point Aquatic Ecology
Studies. Report provided for Niagara Mohawk Power Corporation, Syracuse, NY and
the Power Authority of the State of New York. (see attached Reference for RAI E-1-g-2)
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RAIl E-1-i Aquatic Ecology, Provide a copy of the current Clean Water Act 316(b)
and 316(a) determinations and data appendices.

RAI E-1-i Response:

A copy of the current Clean Water Act 316(a) determination and data appendices is
included in Reference for RAI E-1-i-1. The 316(a) demonstration was submitted to the
EPA approximately 1976. However, the cover letter transmitting this demonstration
could not be located. NYSDEC's approval of alternative effluent limitations pursuant to
Section 316(a) of the Clean Water Act is described in Additional Requirements, Iltem 8 of
JAFNPP SPDES Permit NY-0020109, which is included in ER Attachment C.

RAI E-1 Aquatic Ecology, Provide a general summary of the aquatic and
terrestrial monitoring programs at JAFNPP.

RAI E-1-j Response:

Other than terrestrial monitoring associated with the JAFNPP radiological environmental
monitoring program described in Section 2.7.3 of the JAFNPP FSAR, there are no other
terrestrial monitoring programs conducted at the site.

Current aquatic monitoring programs at the JAFNPP site consist of impingement, zebra
mussel, and activities associated with 316(b) performance standards as discussed
below.

Impinqe_ment Monitoring Program

The aquatic monitoring program is required by a condition outlined in Additional -
Requirements, Item 10 of JAFNPP SPDES Permit NY-0020109, which involves
conducting a one year impingement monitoring program to determine the numbers and
total weights by species of aquatic organisms impinged on all intake traveling screens.
This program must be completed before the end of the fourth year of the permit.
Additional details regarding this program are discussed in Additional Requirements, Item
10 in JAFNPP SPDES Permit NY-0020109. Reference for RAI E-1-j-1 contains a copy
of the most recent impingement report submitted to NYSDEC.

Collections are made 78 days each year monitoring is required, provided that the
circulating water system is in operation. When scheduled collection days coincide with
zero water circulation, collection is not necessary. Table E-1-j-2 lists the number of
collections required per month.
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Table E-1-j-2
Impingement Sampling Regime

Month Number of Collections
January 4
February 4

March 4

April 16
May 20
June 4
July 4
August 6
September 4
October 4
November 4
December 4

Note: Days assigned each month is selected by contractor using a random methodology. -

Impingement sampling is conducted for a minimum of 24 hours beginning on each
randomly selected day. impingement data is collected and reported on a 24-hour basis,
with impinged fish/organisms or subsamples identified and enumerated.

For each month, the following data is obtained:

e  Gross power output (MWe) per hour and 24-hour average

o Number of circulating water pumps running per 24-hour period and average daily
volume (gallons) for all days of the month.

e Number of service water pumps running per 24-hour period and average daily
volume (gallons) for all days of the month.

e Daily average intake and discharge water temperature (from plant computer
printouts when the circulating pumps are operational).

e Percent tempering for all days of the month (average value).

Before sample collection, the traveling screens are rotated and washed for a minimum of
15 minutes, after which the collection basket, with a 9.5-mm (3/8-in.) stretch mesh liner,
is positioned at the end of the sluiceway. The collection basket remains in place for a
minimum of 24 hours, unless high impingement or debris loads require that it be
emptied; in"'which case it is removed, emptied and repositioned. A subsampling routine
is utilized for occasions when high impingement rates or high debris loads are
encountered. The subsampling technique is based on volume, and the total 24-hour
catch is estimated using the following formula:

Estimated No. of Fish in Total Sample = | Volume of Total Sample x No. of Fish in Aliquot

| Volume of Subsample
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The volume of the total sample is determined by repeatedly filling a volumetrically
graduated container, recording the values, and adding them. The total volume is
thoroughly mixed by hand or with a shovel and spread out evenly over a flat surface. An
aliquot(s) of the total sample is randomly selected, and this portion of the sample is
removed and measured to determine its volume.

An extrapolation routine may be employed on occasions when one of the three rotating
screens that are initially cycled at the onset of the sample becomes immobilized due to
maintenance or other reason before the completion of the sample. The total numbers of
impinged organisms are extrapolated for the remaining screen using the following
formula:

Estimated No. = | Number of Fish in Sample x Number of Screens Rotated at Start of Sample

of Fish in Total Sample | Number of Screens Rotated at End of Sample

Each impingement sample is returned to the laboratory where all organisms are sorted,
identified, and enumerated. Identification is made to the lowest possible taxonomic level,
in most cases, down to species.

A maximum of 25 individuals of the following species are weighed and measured: white
perch, alewife, and rainbow smelt. All individuals collected of yellow perch, smalimouth
bass, and salmonids are individually weighed and measured. Other fish are enumerated
and weighed to obtain a total count and total weight for each species or taxonomic
group. Total lengths are measured to the nearest millimeter (mm). Age analysis is not a
requirement except in a general sense. Data on species of special interest attain a total
length between 65 and 102 mm at the end of the first year growth. Young-of-year (YOY)
are considered those individuals of species of special interest whose lengths are less
than 100 mm and which are generally collected from late summer through winter.
Young fish collected in spring impingement samples are considered yearlings, even if

" they have not attained a length greater than 100 mm, they have completed a full year of
growth and are not classified as YOY.

Weights are recorded to the nearest 0.1 g for specimens weighing <1,000 g, 1 g for
specimens weighing between 1,000 g and 2,000 g, and 5 g for specimens weighing
greater than 2,000 g. Specimens with any unusual conditions, abnormalities, or
presence of fish tags are noted on data sheets. Zebra mussel volumes for each sample
are also noted on the data sheets.

A report of the impingement monitoring program is submitted to the NYSDEC within six
months from the calendar year of collection (see Reference for RAl E-1-j-1). This report
includes monthly totals of impingement by species and grand total over all species and a
comparison of previous impingement levels with levels obtained during the permit
period.

As required by correspondence from JAFNPP to the Nuclear Regulatory Commission, all
impingement samples are also checked for the presence of the Asiatic clam (Corbicula
sp.).
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Zebra Mussel Monitoring Program

Circulating water is monitored for the presence and abundance of veligers during the
growth and reproduction period of each year (spring through fall). Veliger abundance is
typically determined by weekly water sampling when lake temperature is >50°F. Settling
racks may be used to evaluate settling density and growth rates. In addition, monitoring
of susceptible components for the presence and abundance of zebra mussels are
performed periodically when they are opened for scheduled maintenance. When visual
inspection results are unexpected or severe, samples are obtained to determine
abundance of mussels, and corrective actions taken as necessary.

To minimize the build-up of zebra mussels in plant components needed to support plant
operation, chlorination with hypochlorite is used as a routine preventive chemical control
for service water, RHR service water, emergency service water, fire protection and raw
water makeup. Molluscide treatment is also available as a preventive chemical control
on the circulating water system and components, if needed. Mechanical/physical
cleaning of the circulating water inlet system, and other susceptible components (i.e.,
intake and forebay), are also implemented as needed to prevent excessive accumulation
of mussels. ' ‘

316(b) Performance Standards

Since JAFNPP is located on a Great Lake, the facility must address both the
impingement and entrainment 316(b) standards of the Clean Water Act at existing
electricity-generating stations (the “Phase |l Regulations”). The Phase Il regulations
establish performance standards for the reduction of impingement mortality by 80 to 95
percent and, under certain circumstances, for the reduction of entrainment by 60 to 90
percent. The applicability of these performance standards is determined by several
factors, including the type of water body from which a plant withdraws cooling water and
‘the plant’s capacity utilization factor. Under the Phase Il Regulations, applicable
performance standards can be met by design and construction technologies, operational
measures, restoration measures, or some combination of these compliance alternatives.

Monitoring in response to the Phase |l regulations is in the early stages and is described
in Section 8.0 of the Proposal for Information Collection to Address Compliance with the
Clean Water Act, §316(b) Phase Il Regulations at James A. FitzPatrick Nuclear Power
Plant (see attached Reference for RAI E-1-j-3).

RAI E-2-a Cultural Resources, Additional information required pursuant to 51.41,
51.45(c), 51.53(c)(3)(ii)(K), 51.70(b). If available, provide copies of aerial
photos of the site prior to, during, and post construction. '

RAIl E-2-a Response:

Regulations in 51.41, 51.45(c), 51.53(c)(3)(ii)(K), 51.53(c)(3)(iii), 51.70(b) do not
specifically require the requested aerial photos, however, available photos are attached.
See attached Reference for RAI E-2-a-1.

Attachment 2
Page 13 of 26
JAFP-06-0167



RAIl E-2-b Cultural Resources, [f available, provide copies of any old maps and any
description relating to prior use of the site and any structures onsite prior
to plant construction. :

RAIl E-2-b Response:

Prior to the construction of JAFNPP, the area surrounding the plant was used as an
artillery range and as farmland. See attached map (Reference for RAI E-2-b-1) showing
prior land owners.

RAI E-2-¢c Cultural Resources, If available, provide a copy of any readable map
showing ground disturbances as a result of initial construction and
subsequent operation activities.

RAI E-2-c Response:
Refer to attached Reference for RAI E-2-c-1.

RA! E-2-d Cultural Resources, If available, provide copies of any previous
archaeological surveys of the JAFNPP site.

RAIl E-2-d Response:

There were no archaeological surveys conducted prior to construction of the plant based
on agency discussions in Appendix | of the JAFNPP Final Environmental Statement. In
‘addition, based on discussions with plant personnel, there have been no surveys
conducted during the operational period. However, surveys have been conducted by
third parties that involve portions of the site as discussed below. JAFNPP is attempting
to obtain copies of these archaeological assessments.

In 1977, Pratt & Pratt Archaeological Consultants, Inc. performed a Phase | investigation
(literature search) of the Nine Mile 2 — Volney 765 kV transmission line, which included a
small portion of the JAFNPP area. This project was revisited and reviewed again by
Pratt & Pratt Associates in 1983 for construction of the Scriba substation, which involved
a new transmission line 10 miles in length to the Scriba substation.

A second Phase IA literature review and archaeological sensitivity assessment was
conducted by Hartgen Archaeological Associates (HAA), Inc. in 2003, involving new
water lines for the Town of Scriba and which included a portion of the JAFNPP property.

A more comprehensive literature review and sensitivity assessment of the plant property
is being conducted by JAFNPP in order to provide better information for land
management purposes. '
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RAIl E-2-e Cultural Resources, Provide copies of all procedures (including stop work
procedures) related to the protection of historic and archaeological
resources, for sites and structures.

RAIl E-2-e Response:

A copy of Entergy Nuclear procedures related to the protection of potential historic and
archaeological resources on site are included in attached Reference for RAI E-2-e-1.

RAI E-3 Transportation of Spent Fuel, Additional information required pursuant to
Table B-1 Appendix B Subpart A of Part 51, 51.41, 51.45(c), 51.70(b).
Provide information to support the applicability of Table B-1 for
transportation of spent fuel, specifically provide the maximum fuel
enrichment level and the peak rod average burn-up level at JAFNPP.

RAI E-3 Response:

Fuel enrichment will not exceed 5 percent uranium-235 by weight and the average
burnup of the peak rod (burnup averaged over the length of the rod) will not exceed
60,000 MWD/MTU.

RAI E-4 Zoning Regulations, Additional information required pursuant to 51.41,
51.45(c), 51.45(d), 51.70(b). Provide information regarding the status of
compliance with applicable zoning and land-use regulations imposed by
state or local agencies. Specifically, identify how the site and areas
immediately surrounding the site are zoned and the restrictions or
requirements associated with this zoning.

RAIl E-4 Response:

See ER Section 2.8.1 which discusses zoning in Scriba, NY. Also, Section 2.2.2 of the
Generic Environmental Impact Statement for License Renewal of Nuclear Plants
Regarding Nine Mile Point Nuclear Station, Units 1 and 2 (NUREG-1437, Supplement
24) Final Report.

Comment E-5 Severe Accident Mitigation Alternatives
Additional information required pursuant to 51.41, 51.45(c), 51.53(c)(3)(ii)(L), 51.70(b).
The staff continues to have concerns with the level of information Entergy is submitting
for the Severe Accident Mitigation Alternatives (SAMA) portion of the ER. After
performing the acceptance review of the application, the NRC staff has concluded that
RAIls similar to RAls issued for other Entergy applications are warranted. It is evident
from the SAMA section that the SAMA review guidance developed by NEI and endorsed
by the NRC has not been consistently followed, and no lessons learned from previous
SAMA reviews were incorporated in the FitzPatrick Environmental Report.

* The staff expects to issue RAls related to the FitzPatrick SAMA analysis

through separate correspondence by December 2006.
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Comment E-5 Response:

The JAFNPP LRA Environmental Report provides the SAMA information required
pursuant to 51.41, 51.45(c), 51.53(c)(3)(ii)(L), 51.53(c)(3)(iii), 51.70(b). The VYNPS and
PNPS SAMA analyses and ERs were completed before NRC comments were
incorporated in NEI 05-01, “Severe Accident Mitigation Alternative (SAMA) Analysis
Guidance Document”. Therefore, some of the RAIls on these analyses stemmed from
changes made to the guidance after the analyses were completed.

Although the JAFNPP LRA was not submitted until July 31, 2006, the JAFNPP SAMA
analysis was also completed before NRC comments were incorporated in the guidance
document. The VYNPS and PNPS RAls were reviewed and those items that applied to
JAFNPP and could be resolved during the ER review process were resolved before the
ER was submitted. The lessons learned with the highest potential of altering the
conclusions of the SAMA analysis were incorporated in the ER before it was submitted
for NRC review. Attachment 3 provides a list of changes incorporating lessons learned
before ER submittal and supplemental information to address the remaining lessons
learned.
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James A. Fitzpatrick Nuclear Power Plant (JAFNPP)
Response to Requests for Additional Information
Part 2 Questions

RAI Appendix A-1

SRP-LR states that the reviewer should confirm that the applicant has identified and
committed in the LRA to any future aging management activities, including
enhancements and commitments, to be completed before entering into the period of
extended operation.

The Nuclear Energy Institute letter dated Feb. 26, 2006, in response to NRC letter dated
Dec. 16, 2002, the industry has agreed to identify the high level future commitments in
their updated final safety report supplement (Appendix A of the LRA).

JAF LRA did not include a “Commitment List”; therefore, descriptions of any proposed
new aging management programs (AMPs) and AMP “enhancements” are incomplete.
The staff requests the applicant to provide a commitment list to show all regulatory
commitments. In addition, for each commitment that is placed on the application in
either the original version or subsequent revisions of the commitment list, the staff
requests that the applicant amend the applicable UFSAR Supplement summary
description section in the JAF LRA Appendix A for each of the respective AMP or TLAA.
This will provide the appropriate reference for each of the specific commitment that has
been placed on the LRA for the AMP or TLAA under review.

RAIl Appendix A-1 Response

LRA Appendix A is revised as follows to identify commitments assomated with new and
enhanced programs.

Section A.2.1.1, Buried Piping and Tanks Inspection Program, add
“This program will be implemented prior to the period of extended operation.”

Section A.2.1.2, BWR CRD Return Line Nozzle Program, add
“This program will be enhanced to examine the CRDRL nozzle-to-vessel weld
and the CRDRL nozzle inside radius section per Section XI Table IWB-2500-1
category B-D items B3.10 and B3.20. This enhancement will be implemented
prior to the period of extended operation.”

Section A.2.1.7, BWR Vessel Internals Program, add
“This program will be enhanced to perform inspections of the core plate rim hold
down bolts in accordance with ASME Section XI Table WB-2500-1, Examination
Category B-N-2 or in accordance with a NRC approved revision of BWRVIP 25
that provides a feasible method of inspection.
This program will be enhanced to ensure the effects of aging on the steam dryers
are managed in accordance with the guidelines of BWRVIP-139 as approved by
the NRC and accepted by the BWRVIP Executive Committee.
These enhancements will be implemented prior to the period of extended
operation.”
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Section A.2.1.9, Diesel Fuel Monitoring Program, add
“This program will be enhanced to include periodic draining, cleaning, visual
inspections, and ultrasonic measurement of the bottom surfaces of the fire pump
diesel fuel oil tanks, EDG day tanks, and EDG fuel oil storage tanks. Also, this
program will be enhanced to specify acceptance criteria for UT measurements of
diesel generator fuel storage tanks within the scope of this program. These
enhancements will be implemented prior to the period of extended operation.”

Section A.2.1.11, External Surfaces Monitoring Program, add _
“This program will be enhanced to include periodic inspections of systems in
scope and subject to aging management review in accordance with 10 CFR
54.4(a)(1) and (a)(3). Inspections shall include areas surrounding the subject
systems to identify hazards to those systems. Inspections of nearby systems
that could impact the subject systems will include SSCs that are in scope and
subject to aging management review for license renewal in accordance with 10
CFR 54.4(a)(2). These enhancements will be implemented prior to the period of
extended operation.”

Section A.2.1.13, Fire Protection Program, add
“This program will be enhanced to inspect fire barrier walls, ceilings, and floors at
least once every refueling outage. Inspection resuits will be acceptable if there
are no visual indications of degradation such as cracks, holes, spalling, or
gouges. This program will be enhanced to inspect at least one randomly
selected seal of each type every 24 months. These enhancements will be
implemented prior to the period of extended operation.”

Section A.2.1.14, Fire Water System Program, add .
“This program will be enhanced to include inspection of hose reels and spray and
sprinkler systems internals for evidence of corrosion. The acceptance criteria will
be enhanced to verify no unacceptable signs of degradation. A sample of
sprinkler heads will be inspected using guidance of NFPA 25 (2002 Edition)
Section 5.3.1.1.1. This program will also be enhanced to include wall thickness
evaluations of fire protection piping using non-intrusive techniques (e.g.,
volumetric testing) to identify evidence of loss of material due to corrosion. Wall
thickness inspections will be performed before the end of the current operating
term and at intervals thereafter during the period of extended operation. Results
of the initial wall thickness evaluations will be used to determine the appropriate
inspection interval to ensure aging effects are identified prior to loss of intended
function.

These enhancements will be implemented prior to the period of extended
. operation.”

Section A.2.1.16, Heat Exchanger Monitoring Program, add
“This program will be implemented prior to the period of extended operation.”

Section A.2.1.19, Metal-Enclosed Bus Inspection Program, add
“This program will be implemented prior to the period of extended operation.”

Section A.2.1.20, Non-EQ Instrumentation Circuits Test Review Program, add
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“This program will be implemented prior to the period of extended operation.”

Section A.2.1.21, Non-EQ Insulated Cables and Connections Program, add
“This program will be implemented prior to the period of extended operation.”

Section A.2.1.22, Oil Analysis Program, add
“This program will be enhanced to periodically sample oil in the oil-filled cable
system, the security generator, and the fire pump diesel. This program will be
enhanced to include viscosity and neutralization number determination of oil
samples from components that do not have regular oil changes. This program
will be enhanced to include particulate and water content for oil replaced
periodically. These enhancements will be implemented prior to the period of
extended operation.” '

~Section A.2.1.23, One-Time Inspection Program, add
“The inspections will be performed within the 10 years prior to the period of
extended operation.” .

Section A.2.1.24, Periodic Surveillance and Preventive Maintenance Program, add
“This program will be enhanced as necessary to assure that the effects of aging
will be managed such that applicable components will continue to perform their
intended functions consistent with the current licensing basis. These
enhancements will be implemented prior to the period of extended operation.”

Section A.2.1.26, Reactor Vessel Surveillance Program, add
“This program will be enhanced to proceduralize the data analysis, acceptance
criteria, and corrective actions to meet the requirements of the ISP as found in
BWRVIP-86-A, 102, 116, and 135. This enhancement will be implemented prior
to the period of extended operation.”

Section A.2.1.27, Selective Leaching Program, add
“This program will be implemented prior to the period of extended operation.”

Section A.2.1.30, Structures Monitoring — Structures Monitoring Program, add
“This program will be enhanced to specify that manholes, duct banks,
underground fuel oil tank foundations, manway seals and gaskets, hatch seals
and gaskets, underwater concrete in the intake structure, and crane rails and
girders are included.
This program will be enhanced to provide guidance for performing structural
examinations of elastomers and rubber components to identify cracking and
change in material properties.
This program will be enhanced to provide guidance for performing periodic
inspections to confirm the absence of aging effects for lubrite surfaces in the
torus radial beam seats and for lubrite surfaces in the torus support saddles.
This program will be enhanced to perform an engineering evaluation on a
periodic basis of groundwater samples to assess aggressiveness of groundwater
to concrete. This program will be enhanced to inspect any inaccessible concrete
areas that may be exposed by excavation for any reason, or any inaccessible
area where observed conditions in accessible areas, which are exposed to the
same environment, show that significant concrete degradation is occurring.
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These enhancements will be implemented prior to the period of extended
operation.”

Section A.2.1.31, Thermal Aging and Neutron Irradiation Embrittliement of Cast
Austenitic Stainless Steel (CASS) Program, add o
“This program will be implemented prior to the period of extended operation.”

Section A.2.1.32, Water Chemistry Control — Auxiliary Systems Program, add
“This program will be enhanced to provide guidance for sampling the control
room and relay room chilled water, decay heat removal cooling water, and
security generator jacket cooling water. This enhancement will be implemented
prior to the period of extended operation.” :

Section A.2.1.35, Bolting Integrity Program, add
“This program will be enhanced to include guidance from EPRI NP-5769 and
EPRI TR-104213. This program will be enhanced to clarify that actual yield
strength is used in selecting materials for low susceptibility to SCC and to clarify
the prohibition on use of lubricants containing MoS, for bolting. These
enhancements will be implemented prior to the period of extended operation.”

A JAF “Commitment List” is provided with this letter.
RAI B.1.16.2-1

The “scope of program” attribute for AMP B.1.16.2 states that the program implements
applicable requirements of ASME Section XI, Subsections IWA, IWB, IWC, IWD and
IWF, and other requirements specified in 10 CFR 50.55a with NRC approved relief
requests.

The staff notes that there is no regulatory basis to include previously granted inservice
inspection (ISI) relief requests within the scope of a license renewal application because -
the NRC's approval of the relief requests does not extend beyond the scope of the
current operating period and because these requests are not subject to processing

under the requirements of 10 CFR Part 54. The same holds true for alternative programs
that have previously been granted on applicable ASME Section Xl inservice testing (IST)
requirements.

The staff therefore requests that the applicant either amend the LRA to delete any and
all references to relief requests for ASME ISl or IST requirements or amend the LRA to
provide a commitment that any new or renewed relief requests that are sought for during
the period of extended operation will be processed through the NRC's 10 CFR 50.55a
relief request provisions after the operating license for the facility has been renewed.

RAI B.1.16.2-1 Response

Since ASME code relief requests have their own process under 10 CFR 50.55a,
reference to relief requests in the LRA is unnecessary. The following changes are made
to the LRA to remove reference to relief requests.

¢ Table of Contents, Page xx, replace “Relief’ with “Exemption” in the title of
Section 4.2.5.
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e Table 4.1-1, Page 4.1-3, replace “relief’ with “exemption” in the row for section
4.2.5, first column.
e Section 4.2.5, Page 4.2-8, replace “Relief’ with “Exemption” in the title. Also
replace the words “relief” and “relief request” with “exemption” in the text.
e Table 4.2-4, Page 4.2-9, revise the second Plant / Parameter Description as
follows (strike-outs deleted).
Neutron fluence at the end of the

requested-relief period, n/cm2

e Section 4.2.6, Page 4.2-10, replace the word “relief” with “exemption” in the text.

e Section 4.7.3.5, Page 4.7-3, replace the word “relief’” with “exemption” in text of
item (4).

¢ Appendix A Table of Contents, Page A-ii, replace “Relief’ with “Exemption” in the
title of Section A.2.2.1.5.

e Section A.2.2.1.5, Page A-22, replace “Relief’ with “Exemption” in the title. Also
replace the words “relief” and “relief request” with “exemption” in the text. .

e Section A.2.2.1.6, Page A-23, replace the word “relief’ with “exemption.”

e Section B.1.6, Page B-26, in exception Note 1, delete the last sentence.

e Section B.1.7, Page B-29, in exception Note 3, delete the last sentence.

e Section B.1.16.2, page B-58, first paragraph in Scope of Program is revnsed as
shown below (stnke -outs deleted)

The ISI Program manages cracking, loss of material, and reduction of fracture
toughness of reactor coolant system piping, components, and supports. The program
implements applicable requirements of ASME Section XI, Subsections IWA, IWB, IWC,
IWD and IWF, and other requirements specified in 10 CFR 50.55a with-approved

alternatives-and-reliefrequests. Every 10 years the ISI Program is updated to the latest
ASME Section Xl code edition and addendum approved by the NRC in 10 CFR 50.55a.

RAIl 3.6.1-4-1

In JAFNPP LRA Table 3.6.1-4, the applicant states that aging effects defined in NUREG
1801 are not applicable to the inaccessible medium-voltage cables which are not subject
to 10 CFR 50.49 EQ requirements. The staff requests the applicant to provide the
following information:

a. A detailed explanation of how the review was conducted and the criteria used to
determine that JAFNPP has no inaccessible medium-voltage cables requiring aging
management. Provide a list of cables considered for the review.

b. If medium-voltage safety-related cable such as residual heat removal service
water pump is inaccessible, provide a technical justification of why an AMP is not
required or provide an AMP that contains the required ten elements.
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RAI 3.6.1-4-1 Response

a. The cables that are susceptible to water treeing are those exposed to significant
moisture and subject to significant voltage (energized at least 25% of the time at 2kV to
35kV). In Section 2.5 of the LRA, inaccessible medium-voltage cables were excluded
from aging management review based on the statement, “JAFNPP does not have any
inaccessible underground medium volt cables that perform a license renewal intended
function.”

The method used for identifying medium-voltage cables was to review the electrical
cable and raceway information system for all “H” level cables. At JAFNPP, the “H”
designation is for 2kV to 35kV insulated cables. A review of JAFNPP drawings and
cable information system identified inaccessible medium voltage cables. The medium-
voltage cables were then screened for exposure to moisture (was the routing
underground), and type of service (was the cable energized > 25%). The core spray
pump motor cables and the residual heat removal pump motor cables are the only
inaccessible medium-voltage cables that have a license renewal intended function, are
potentially exposed to moisture, and are energized greater than 25% of the time. These
cables are in the EQ program and therefore, are replaced based on qualified life and are
not subject to aging management review.

JAFNPP has no non-EQ inaccessible medium voltage cables that support an intended
function. : ,

b. The RHR service water pump motor cables are not exposed to moisture;
therefore, they were screened out. As stated previously, the only cables that met the
criteria for inaccessible medium-voltage cables are subject to 10 CFR 50.49 EQ
requirements. EQ cables are replaced based on qualified life, therefore, in accordance
with 10 CFR 54.21(a)(1)(ii), they are not subject to aging management review.

RAI 3.6.2-1

In JAFNPP LRA Table 3.6.2-1, the applicant states that 115 KV oil-filled cable (passive
electrical for station blackout) has no aging effect requiring management for meeting the
component's electrical intended function. The staff requests the applicant to provide a
technical justification of why an AMP is not required or provide a plant-specific AMP that
contains the required ten elements to manage the aging effects due to aging
mechanisms such as insulation degradation, moisture intrusion, elevated operating
temperature, and galvanic corrosion. In addition, explain what periodic tests are planned
prior to and during the extended period of operation.

RAI 3.6.2-1 Response

The JAFNPP aging management review determined there were no aging effects
requiring management for the oil-filled cables for the “provide electrical connection”
function.

The underground oil-filled cable environment is constant temperature soil, ambient
temperature, and moisture. The underground oil-filled cables are 350 MCM hollow core
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copper, oil with impregnated paper / copper wall / intercalated with paper tape / copper
bearing lead wall and a polyethylene protective jacket. The underground oil-filled cables
use a lead sheath to prevent effects of moisture on the cables. This cable is designed
with a thick layer of lead over the cable insulation and an overall jacket over the lead and
insulation. Lead sheath cables are designed for submergence for extended periods.

Operating experience was reviewed by searching JAF condition reports and interviewing
knowledgeable plant staff. No failures were identified. This is consistent with the
industry operating experience for this type of cable system.

The mechanisms / stressor identified in this question are not an issue for this type of
cable. A lead-sheathed cable is not susceptible to moisture intrusion. There are no
environment issues associated with degradation of the paper insulation. This is
supported by plant and industry OE. Elevated operating temperature is not an issue
since the cables are designed for the load and do not operate in an area of elevated
temperatures. There are no dissimilar metal connections, so galvanic corrosion is not an
issue. Since the cable is lead-sheathed, the insulation material is protected from
moisture

Since there are no aging effects requiring management, an aging management program
is not required. This is consistent with the position accepted by the staff for the Joseph
M. Farley Nuclear Plant, which is documented in Section 3.6.2.3.5 of NUREG-1825.

The staff agreed that no AMP for the electrical connection function of the oil-static cables
at Farley is required since plant-specific and industry operating experience reviews
identified no cases where failure of the oil impregnated paper insulation system occurred
and since the connections between the oil filled cables and the switchyard conductors
were subject to aging management review as part of the switchyard bus component
type. Since JAFNPP has experienced no failures of the oil-filled cable insulation, since
the industry operating experience cited by Farley is also applicable to JAFNPP, and
since the connections at JAFNPP are subject to aging management review as part of the
switchyard bus component type, this conclusion is also applicable to JAFNPP.

RAI Appendix B-1

In JAF LRA Section B.0.6, "Correlation with NUREG- 1801 Aging Management
Programs", the applicant states that the following NUREG AMPs are not applicable to
JAFNPP:

1. XI.S7 - Regulatory Guide (RG) 1.127 Water Control Structures

2. X1.S8 - Protective Coating :

3. X1.LM23 - Inspection of Overhead Heavy Load and Light Load Handling
Systems :

1. Degradation of water-control structures has been detected, through RG 1.127
programs, at a number of nuclear power plants, and in some cases, required
remedial actions. The staff requests the applicant to provide an AMP that
contains the required ten elements or provide a technical justification of why an
AMP is not required.

2. NRC Generic Letter 98-04 and RG 1.54, Rev. 1 describe industry experience
pertaining to coatings degradation inside containment and the consequential
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clogging of sump strainers. Monitoring and maintenance of Service Level |
coatings conducted in accordance with Regulatory Position C4 is expected to be
an effective program for managing degradation of Service Level | coatings, and
consequently an effective means to manage loss of material due to corrosion of
carbon steel structural elements inside containment. The staff requests the
applicant to provide a technical justification of why an AMP is not required or
provide an AMP that contains the required ten elements.

Explain how the effects of general corrosion on the crane and trolley structural
components for those cranes that are within the scope of 10 CFR 54.4, and the
effects of wear on the rails in the rail system are managed at JAFNPP. The staff
requests the applicant to provide a technical justification of why an AMP is not
required or provide an AMP that contains the required ten elements.

RAIl Appendix B-1 Response

1.

The AMP that addresses water-control structures is the Structures Monitoring
Program (SMP). The water-control structures at JAFNPP are the intake structure,
intake canal, and discharge canal. The intake structure, intake canal, and
discharge canal are not an earthen structures, but comprise typical structural
elements and commodities that are the same as those included in the Structures
Monitoring Program. The attributes of the NUREG-1801 XI.S7 AMP applicable
to the intake structure, intake canal, and discharge canal structural elements and
commodities are included in the Structures Monitoring Program, Section B.1.27.2
of Appendix B. Attributes of the NUREG-1801 XI.S7 AMP that are not included in
the Structures Monitoring Program apply to earthen structures and are not
applicable to the intake structure, intake canal, and discharge canal.

The Containment Inservice Inspection (LRA Section B.1.16.1) and Containment
Leak Rate programs (LRA Section B.1.8) are credited for managing loss of
material due to corrosion for the drywell steel shell and attachments. Coatings
are not credited for managing degradation of the drywell shell and preventive
measures to protect the drywell shell are not dependent on coating condition.

However, JAFNPP coatings applications are controlled and inspected per site
specification 1IS-M-01. Accordingly, drywell and torus interior coating (service
level 1) are inspected under the IWE Program every refueling outage for signs of
degradation such as flaking, peeling, cracking, blisters, and discoloration.

Loss of material due to general corrosion on crane and trolley structural
components for cranes that are within the scope of 10 CFR 54.4 and loss of
material due to wear on the rails in the rail system are managed via visual
inspection under the plant-specific Periodic Surveillance and Preventive
Maintenance Program, LRA Section B.1.22 and the Structures Monitoring
Program, LRA Section B.1.27.2 enhancements.. For managing loss of material,
the preventive maintenance task and structures monitoring are consistent with
the program described in XI1.M23, Inspection of Overhead Heavy Load and Light
Load (Related to Refueling) Handling Systems, which states that crane rails and

. structural components are visually inspected on a routine basis for degradation.
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RAI B.1.16-1

The staff notes that the "operating experience" attribute for containment inservice
inspection aging management program (LRA AMP B.1.16.1) did not identify the recent
operating experience related to torus cracking identified in 2005 at JAFNPP. The staff

_requests the applicant to provide a detailed discussion of the plant-specific operating
experience and its impact on the aging management of the torus in LRA.

RAI B.1.16-1 Response

The root cause of the cracking leading to the torus leak identified at JAFNPP on June
27, 2005, was the design of the torus in the area of the HPCI exhaust line.

The physical cause of the torus crack initiation was a localized stress, high cycle fatigue
from pressure pulses due to rapid condensation of HPC! turbine exhaust (condensation
oscillation) during HPCI operation in combination with a high stress concentration at the
torus ring girder gusset weld and increased mean stress levels from residual welding
stress in the weld heat-affected zone. Fatigue occurred in the torus shell area
immediately adjacent to large, highly restrained attachment welds on the inner and outer.
diameter of the torus shell. Once crack initiation began, crack propagation was mainly
due to continuing condensation oscillation loads during HPCI operation. The lack of an
end return for the torus ring girder gusset welds, which created a stress riser due to the
discontinuity at this location, was identified as a contributing cause.

Corrective actions included the following.

e Forensic analysis and NDE were completed for this location and other areas
considered potentially susceptible.
The fatigued portion of the torus shell was repaired, tested, and inspected.

e A steam exhaust sparger assembly was added to the end of the HPCI exhaust
line, and a modification was made in the area of the ring girder gusset
attachment.

A latent root cause was inadequate information transfer to JAFNPP from General
Electric and other nuclear facilities due to a lack of formality in sharing operating
experience prior to the advent of General Electric Service Information Letters (SlLs) and
the JAFNPP operating experience (OE) program. Ten of the thirteen stations having
Mark | containments and HPCI systems had already installed condensing spargers to
prevent this problem. Since these stations had four different architect-engineering firms,
there is an implication that the information leading to sparger installation was obtained
from General Electric although no documentation was found that confirms this.

Corrective actions included the following:

* An organizational and programmatic evaluation was performed. The results
indicated that no additional corrective actions were required as the error relates
to inadequate organizational interface prior to establishing SILS and the
JAFNPP OE program.
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Industry containment inspection programs (such as ASME Section XI, IWE for Class MC
Components), which rely on visual examinations without identification of areas subject to
fatigue due to high local stresses for augmented inspections, were identified as a
contributing cause of this failure.

Corrective actions included the following:

e The Containment ISI program was revised to incorporate augmented
inspections of the torus based on the results of this failure analysis.

e Other nuclear stations were notified of the results of this JAFNPP
investigation by a report issued to the EPRI Risk Informed ISI Project
Manager, a Licensee Event Report, and an updated Industry Operating
Experience message.
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Figure E-1-g-1
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Figure E-1-g-1. Actual average monthly total intake water withdrawal flow rate (millions
of gallons per day) at JAFNPP (red bars) compared to the maximum permitted total
intake water withdrawal flow rate (blue line) for the period 2001-2005.
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Figure E-1-g-2. Percent flow reduction for the actual average monthly total intake water
withdrawal at JAFNPP compared to the maximum permitted total intake water
withdrawal for the period 2001-2005.
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FOREWORD

Le—

This 1978 Annual Report presents the results of aquatic ecology

[OO—

studies conducted in the vicinity of Nine Mile Point on Lake Ontario
(Oswego County, New York) during 1978. Nine Mile Point is the site of
the 610-MWe Nine Mile Point Unit I and 821-MWe James A, FitzPatrick

Qpurmmvaned

nuclear power stations. The studies were conducted by Niagara Mohawk

[R———

Power Corporation (NMPC) and the Power Authority of thé State of New

. York (PASNY) and represent a continuation of ecological studies that

i} were initiated as the stations were being constructed (Nine Mile Point

_ began producing power in 1969; FitzPatrick in 1975). The saﬁpling pro-

E . gram included surveys in Lake Ontario in the vicinity of the Nine Mile
Point proﬁontory from April through December aﬁd impingement and entrain-
ment studies at both power stations during the entire year} The ecolog~

ical studies were conducted in accordance with the Environmental Tech-

Y& nical Specifications prepared by the U. S. Nuclear Regulatory Commission.

e The objective of this report is to sumarize the results of the

1978 program, presenting data on the major biotic components in the lake

sl

in the vicinity of the plant, including phytoplankton, zooplankton, peri-

phyton, benthic . invertebrates, and fish (including eggs and larvae). Em-

[ e

phasis in this report is placed on descriptions of the composition of each

biotic component'and the distribution of these biotic groups with respect

,r
—:

to time and space. Comparisons are madé among samples from the discharge

plume areas, from areas of the lake that are outside the immedia;e inflq-
._encé of the discharges, and from within the plants. Conclusions are

presented regarding the effects of power plant operation on the temporal

il and spatial distribution of the biota and on water quality in the area.

The data base for the 1978 studies has been presented previous-

ly in tabuiated form (1978 Data Report, Texas Instruments Incorporated

(SN

1979) and provides supportive information for this report.'

v
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} | SECTION I

- SUMMARY

771

bl

L 9] .

' A. SUMMARY OF LAKE ONTARIO STUDIES

$1

i' 1. Phytoplankton

11 During the 1978 study, 223 phytoplankton taxa were observed in the

:J vicinity of Nine Mile Point, but only 51 accounted for 2 percent or more of

the number of organisms collected during any one sampling period. Blue-green

and green algae and diatoms represented 78 percent of the taxa observed. Dia-
toms dominated the phytoplankton community during the months of April, May,
:E June, and December, while blue-green algae dominated from July through Novem-
| ber. The second most abundant groups were green algae in July-October and

phytoflagellates in April and November.

,..
¢
parrmed

Total phytoplankton cell densities were lowest in April and highest.

N *

in November, A late-spring peak in cell densities occurred in May and June.

‘5l : No spatial trends in abundance with respect to statioms or control

and experimental areas in the vicinity of Nine Mile Point were observed for

..‘
P —

total phytoplankton or major groups, alﬁhough, based on annual contour means
for total phytoplankton,-there was a slight decreasing density'gradient from

the 10— to the 60-foot contour. Wind-induced turbulence tends to prevent

gy
H Do

significant monthly differences in spatial distribution.

e )

o
{ [
LECN— .

Examination of the temporal distribution of chlorophyll a revealed
peak concentrations in May andAJune‘(coinciding with spring cell density
peaks) and lowest concentrations in September when phytoplankton densities
were low. There were no spatial distribution trends among stdtions or between

control and experimental areas. Based on annual contour means, chlorophyll a

=
[ , v

concentrations slightly decreased from the 10~ to the 60-foot depth contour.

1
¢

|
i
L

Primary production rates were highest in June and lowest in Septem—

ber, generally exhibiting trends similar to those of phytoplankton cell dens-

ities. There were no monthly spatial differences among stations, but annual

} ~{ I-1 science services division



mean primary production values along depth contours indicated that the 60-foot

depth contour had the lowest and the 20-foot depth contour the highest.

The phytoplankton study during 1978 revealed no appreciable influ-
ence by power—plant operations in the Nine Mile Point vicinity on the number
of taxa, temporal or spatial distribution, chlorophyll a concentrations, or

primary production.,

2., Microzooplankton

During 1978 sampling, 47 microzooplankton taxa were collected with
fotifers dominating the samples. Number of organisms peaked in July following
gradual monthly .increases from the initiation of sampling in April. Rotifers

were typically more abundant in samples from the shallower depth contours (10-

and 20-foot) than from the deeper ones (40~ and 60-foot) and, at those shallower

contours, higher numbers of total microzooplankton also were observed during

July'and August,

No differences between transects or experimental (NMPP and FITZ) and
control (NMPW and NMPE) areas were observed, indicating that operations of the

power ﬁlants had no effect on the microzooplankton community.

3. Macrozooplankton

Cladocerans were the dominant group of macroZoOplankton‘collected
during the 1978 sampling regime. However, calanoid copepods represented vir-

tually 100 percent of the organisms collected during April and May.

Macrozooplankton densities peaked three times: April, dominated by
calanoid copepods; June, with a mixed dominance of copepods and cladocerans;
and Seﬁtember, dominated by cladocerans. Densities of copepods were.slightly
greater at the 60-, 80-, and 100-foot contours than at the 20~ and 40-foot
contours, but no onshore-offshore trends wefe discerned for total macrozoo-
plankton. The differences noted between transec;s_wefe transient, probably
representing natural variation in local populations and nearshore current

effects. There were no differences between experimental and control areas,

indicating little or no power—plant impact on the macrozooplankton populations.
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4. Periphyton

In both bottom and suspended periphyton samples, green algae were the
most diverse (greatest number of taxa), while the blue-greens were numerically
dominant. In both bottom and suspended samples a blue-green, Lyngbya sp., was
the numerically dominant taxon, often representing more than 90 percent of the
total density. Suspended periphyton densities were greatest in June, while
bottom periphyton densities were greatest in August and October. Biomass was

greatest during August (suspended) and May (bottom) sampling.

Denéity and biomass for both bottom and suspended periphyton gener-—

ally decreased with depth and the concomitant loss of light for photosynthetic

" activity. Although suspended periphyton density and biomass were slightly

greater at experimental than at control transects, no differences between

control and experimental areas were found for bottom périphyton.

Although the thermal plume may stimulate growth of suspended peri-
phyton, this probaBly has little biological comnsequence in the natural lake
ecosystem because suspended periphyton is an artificial situation (i.e., the
sampling techniqué provides substrates within the water column where nome exist
ngturally). Aiso, bottom periphyton are not affected by power-plant discharges
bééause light is limited at the discharge (20-foot) contour and the plume mixes

efficiently and moves upward to the surface,

5. Benthic Invertebrates

The 1978 benthic invertebrate samples were numerically dominated by
amphipods (scuds) and oligochaetes (aquatic earthworms). The scud, Gammarus
fasciatus comprised 40 percent of the total number of benthic organisms col-

lected and was most numerous at the experimental transects.

"Total annual biomass appeared to be dominated by Bryozoa; however,
this resulted from collection of a large mass of colonies in a single June
sample. Without the influence of this single sample, scuds represented the

greatest biomass.

science services division
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In general, numbers and biomass per sample increased from May through

September and decreased with increasing water depth. Experimental and control

areas showed no real differences in total benthic densities. Taxonomic composi-

tion differences between transects apparently resulted from differences in

substrate type.

6. Ichthyoplankton

The eggs of five fish taxa were collected in the vicinity of Nine
Mile Point from early May through mid-August. Alewife eggs dominated the col-
lections, peaking in density in mid-July and exhibiting consistently more
abundance at night. No consistent trend was observed in egg distribution at
stations along the 20- and 40-foot depth contours, suggesting no apparent in-

fluence of thermal discharges from the two power statioms.

The larvae of 20 taxa were collected from April through November.
Alewives dominated larval catches. Densities were greatest during July and
August, but two minor peaks occurred prior to July: the first, in mid-May,
was due primarily to an increase in yellow perch; the second,'in mid~June,
was the result of increasing densities of ;ainbow smelt and Morone spp. The
number of larvae decreased rapidly during late August; and densities were low
after mid-September. Larval densities were greatest at night. Younger larvae
generally decreased in density as distance from shore increased (i.e., at
deeper depth contours), whereas older larvae were more uniformly distributed
with respect to depth contours. A similar onshore- offshore distribution of
younger larvae was observed in previous years at Nine Mile Point. Prolarvae
and postlarvée distribution along the 20- and 40-foot depth contours Qas rela-
tively uniform and exhibited no consistent trend, suggesting no distributional

trend with respect to the thermal plumes from the two power stations.

Species composition and temporal and spatial distribution patterns
suggested that operation of the two power stations had no detrimental effect

on fish eggs and larvae in the area.

8 veniriy s
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7. Fish

Gill net, trawl, beach seine, and box trap caught 37 species in the
Nine Mile Point vicinity during the 1978 study. Relative to frequency of
occurrence, ten species were present in the area during every month of sam-
pling, and five other species occurred during at least seven of the nine
months. The species that dominated were alewife, spottail shiner, rainbow

smelt, white perch, and yellow perch.

Temporal distribution varied according to gear. Gill-net catches;
dominated by alewives, rainbow smelt, spottail shiners, white perch, and
yellow perch were largest during May-July and October—November, and were
significantly larger at night than during the day. Largest‘trawl catches
were in May, when threespine stickleback comprised the majority of the catch,
and in Augqu and September, when young-of-the-year alewives and rainbow smelt
dominated; night catches were usually larger than day catches. Beach-seine
catches were small from April through July and increased mafkedly in August
and" September as young-of-the-year alewives became vulnerable to the gear.
Young—of—the—year and adult spottail shiners were abundant in seine hauls
during August and'September, and threespine stickleback and brown trout were
relatively abundant in May and June. The temporal distribution patterns were

typical for fish populations in eastern Lake Ontario: large catches during

'spring and the first part of summer; small catches during mid-summer; and sec-

ondary peaks in abundance during iate summer and fall when young-of-the-year

grew to catchable size.

Spatial distribution based on gill-net catches indicated that fish
were most abundant along the 15-foot depth contour and least abundant along
the 60-foot contour. Cétches along the 15-foot depth contour were usually
smallest at the westernmost station (NMPW) . Cétchés at the four stations
along the 30- and 40-foot contours éisplayed no‘distinct abundance trends
during spring'énd summer, although catches were usually iarger at the eastern-
most stations (FITZ and NMPE) during fall. Catches along the 60-foot depth
contour were largest at FITZ during eighf of the nine months of the study but
varied from month to month, displaying no consistent temporal trend. Overall,
spatial distribution of gill-netted fish displayed no consistent trends with

respect to the experimental and control areas. Trawl catches along the 20-foot

I-5 science services division



contour were generally larger at stations NMPW and NMPP/FITZ during May-August
. and at stations NMPW/FITZ and NMPE during September. Along the 40-foot con-
tour, abundances were greater at stations NMPW and NMPP/FITZ during April- |

September, and along the 60-foot confour, they were largest at experimental

transect NMPP/FITZ during May-July and September and were equally large at %

control transects NMPW and NMPE in August. After September, trawl catches

"at all depth contours were small and sporadic. Beach-seine annual mean catch 7

rates were highest at experimental station NMPP, primarily because of an ex- il
tremely large catch of alewife during September. During May, June and August . P
when seine catches were also relatively large, the catch was larger at control §] 5
transect NMPE than at the other three seining locationms. ,
8. Water-Quality .
Evaluation of temperature and water quality data revealed that .il

. values were well within normal raﬁgeg for the Nine Mile Point area specif- ?
ically and Lake Ontario generally. Neither the thermal cycle nor the physi- El
cochemical conditions appeared to be disrupted by operation of the Nine Mile h
Point and James A. FitzPafrick power plants. No consistent differences in - o

thermal or physicochemical conditions existed between control and experimental

- transects. Thermal effects were observed at the experimental transects on a ’ fi
minority of sampling dates, indicating that the thermal plume ipfiuenced only i
a relatively small zoﬁe which commonly did not impact the fixed sampling.éta— 5\
‘tions. _ C : ' ' L}

Although not specifically determined, the'greatest influences in the
Nine Mile Point area appeared to come from the Oswego River, the west-to-—east
longshore currents, and the upwelling and inshore movement of colder hypolim-

netic waters.

B. SUMMARY OF IMPINGEMENT AND ENTRAINMENT STUDIES
1. Impingement — Nine Mile Point Unit I

. There were 41 taxa in impingement samples collected at the Nine Mile
Point power plant during 1978. Estimated annual impingement was approximately

267,000 fish weighing approximately 4,350 kilograms, and compared with previous

. 1;6 ‘ science services division



.§§ years this estimated total impingement was low. No threatened or endangered

species were collected during 1978.

Numerically, threespine sticklebacks, alewives, or rainbow smelt

dominated the catch during each month. In terms of biomass, however, gizzard

shad, alewives, and rainbow smelt were dominant. Impingement rates were high-

est in spring (April) and winﬁer (January and December). Length-frequency dis-

.
g

S,

tribution showed that primarily adults and subadults were impinged in winter

and spring while impingement samples were primarily young-of-the-year in summer

i : ,

;i and fall. Impingement was usually greater at night than during the day.

1

i 2. Impingement — James A. FitzPatrick

?} : At the James A. FitzPatrick power plant during 1978 an estimated

) 424,000 fish of 45 taxa weighing approximately 6,400 kilograms were impinged.

‘As at Nine Mile Point, impingement at James A. FitzPatrick during 1978 was low
compared with most of the previous years and no threatened or endangered spe-

cies were collected.

Numerically, threespine sticklebacks, rainbow smelt, and alewives

dominated impingement sampling; gizzard shad and alewives comprised approxi-

mately 65 percent of the total biomass. Impingement rates were highest during
gl' - spring and lowest during late summer. Most fish impinged during winter and
J spring were adults and subadults; during summer and fall, most were young-of-

the-year. Impingement was greater at night than during the day.

[

3. Entrainment — Nine Mile Point Unit 1.

Compared with the variety of fish egg and larval species observed in

Lake Ontarlo samples, few were collected in entralnment samples taken at N1ne

Mile Point. Low numbers of eggs were collected in entrainment samples from

late June through early August, and bnly\glggife and unidentified eggs were

i
L4

represented. Larvae were entrained from May through August, but sémples
contained only four taxa: alewife, rainbow smelt, yellow perch, and tessel-

lated darter.

et L

frime it o
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4, Entrainment and Viability — James A. FitzPatrick
a, Phytoplankton

Chlorophyll a concentrations of intake samples for the 7-hour incu-
bation peribd ranged from a high of 13.72 micrograms per liter in May to lows
of 0.47 and 0.61 micrograms per liter in February and September respectively.
Lake chlorophyll a concentrations reflected a similar temporal trend. The
samples incubated for 24, 48, and 72 hours exhibited temporal trends similar
to the 7-hour incubation-period samples., No consistent differences in chloro-

phyll a concentrations among day and night samples were observed.

Chlorophyll a discharge/intake ratios (a measure of the effects of
plant entrainment) for the 7-, 24~, and 48-hour incubation periods revealed a
small reduction in concentratioﬂs at the discharge during approximately 60
percent of the sampling'periods, indicating that chlorophyll a within the
phytoplankton community was reduced somewhat due to entrainment through the
plant. The plume simulation/intake ratios, suggested that entrainment into

the thermal plume in the lake had no effect on chlorophyll a.

Primary production values for intake samples were low during January-
‘March and early September. Production peaked during April-August. Lake sam-
ples exhibitedva similar temporal trend for primary‘production. When day and
nigﬁt primary production data at the intake were compared, 60 to 79 percent of

the day samples had higher production than night samples.

Diséharge/intake ratios indicated a slight decrease in primary pro-
duction values in the diécharge when compared with the intake, suggesting some
impact during plant entrainment. Plume simulation/intake ratios indicated that

plume'ehtrainmént decreased primary production slightly.

b. Zooplankton

Rotifers, copepods, cladocerans, and protozoans were the dominant
groups of organisms found in entrainment samples taken in 1978 at the James

A. FitzPatrick intake. A total of 70 taxa were identified. Density estimates

s I
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,j exhibited temporal trends similar to those observed in Lake Ontario microzoo-
plankton samples from the 20-foot depth contour (approximate area where intake

=j cooling water is taken).

Entrained organisms are subject to mortality as a result of thermal
- and mechanical stresses. For only a portion of the 1978 sampling season was
S there a direct relationship between plant operations (water volume, AT, and
¢ _ "discharge temperature) and zooplankton mortality. Changes in modes of plant.

operation confounded results of the viability studies. No counsistent rela-

tionships were observed between AT and percent mortality. However, high dis-
- " charge temperatures, especially in some summer samples, coincided with high

percent mortality of zooplankton.

Ly

f} . » c. Ichthjoplankton

ﬁé ‘ ..... Fish eggs, including those of alewife, tessellated darter, and white

=ﬁj perch, were collected from the James A. FitzPatrick intake or discharge during
July and August. Nine taxa of larvae were observed in entrainment samples, but

3} ‘ only alewife and rainbow smelt larvae were present during more than two sampling

L '
periods. FEggs and larvae were generally observed in entrainment samples when

g% ' they were most abundant in the. lake. Average larval densities in entrainment

Ed j . . .

sémples were lower than in Lake Ontario and represented fewer taxa (9 versus

" 20).

[ ' Viability sampling yielded primarily alewife and rainbow smelt. The
low numbers of eggs and larvae in viability samples precluded any conclusions

with respect to mortality or survivability following entrainment.

’
3
§§
&
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SECTION II
INTRODUCTION

P
5

A. STUDY OBJECTIVES

Ecological studies in the vicinity of the Nine Mile Point promontory
during 1978 represent continuing efforts begun in the late 1960s by the Power
Authority of the State of New York (PASNY) and Niagara Mohawk Power Corporation
(NMPC) to evaluate the potential effects of existing power station operations

at Nine Mile Point on the near-field aquatic ecosystem of Lake Ontario.

e Two nuclear electric generating stations are located on the Nine Mile
%r Point promontory on the south shore of Lake Ontario: Nine Mile Point Nuclear
Station Unit 1, which has been operating since December 1969; and James A.
FitzPatrick Nuclear Station, which began operating in July 1975. A third

nuclear station (Nine Mile Point Nuclear Station Unit 2) is under construction

This annual report fulfills the utility's commitment to assess changes,

i} at this site.
} if any, in the aquatic ecosystem caused by power plant operations. The studies

fulfill monitoring requirements imposed by the Nuclear Regulatory Commission

;g; (NRC) in licenses issued to the Nine Mile Point Unit 1 and James A. FitzPatrick

! plants. Other aspects of these studies fulfill the requirements of a Stipulation

Agreement between the utilities and the Aquatic Advisory Committee for the Nine

Mile Point site.

In addition to the requirements noted above, the program is deésigned

to provide the following information:

¢ Postoperational data relating to aquatic ecology in the
vicinity of the Nine Mile Point Unit 1 and James A.
L _ FitzPatrick plants :

® Analyses to support future recommendations for more cost-
effective monitoring of the aquatic enviromment that would
still assure protection of the ecosystem over the life of
the stations

I o ' II-1 ' ' science services division



" B. NINE MILE POINT AND JAMES A. FITZPATRICK POWER STATIONS

Nine Mile Point Nuclear Station Unit 1 uses a boiling water reaétor to
provide 610 MWe (net) of electrical power capacity. The maximum cooling water
flow of 597 cubic feet per second (cfé) for this unit is taken from the lake
~ through a submerged intake approximately 850 feet offshore of the site (Table
I1-1).
peratures up to 17.3°C (31.2°F) higher than the intake temperature.

This flow is returned to the lake through a submerged discharge at tem-

Table II-~1

Operating and Structural Characteristics of Nine Mile Point Unit 1
and James A. FitzPatrick Nuclear Power Stations®

Nine Mile Point UNIT 1 James A. FitzPatrick

Operating Characteristics

_Generating capacity (MWe) 610 821
Cooling water flow {gpm) -
Condenser (all pumps) 250,000 352,300
_Service water/pump 18,000 17,900
Heat rejection (BTU/hr) 4.0 x 109 5.7 x 109
Cooling water temperature’ ‘ :
rise (°F) 31.2 31.5
Structural Characteristics Intake Discharge Intake Dischérge'
Length of main tunnel from i
~existing shoreline 850 ft 335 ft 900 ft 1260 ft
Number of openings 6 6 4 - 12
Size of opening 5.5 ft high x 10.3 3.5 ft high x 7.3 8 ft high x S 2.5 ft
ft wide ft wide 17.7 ft wide (inside diameter)
" Other dimensions 3-ft sill 3-ft sill 3-ft sill 5-6 ft above lake bed
6-in. roof 2-ft roof ‘6-in. roof Double ports at 150-ft.
_ spacing
Velocity through openings 1.8 fps 4 fps 1.2 fps 14 fps
Tunnel velocity 8 fps 8 fps 1.4 fps 4.7 fps
, i (maximum)
Tunnel cross-section 78 t2 78 2 117 £t2 N7 2
-Water velocity at screens 0.85 fps - 1.4 fps -
Water depth at structure 24.5 ft (LWD) 17 ft (LWD) 24 ft (LWD) 30 ft (LWD)
(aver.)
Water depth to top . )
of structure 15.3 ft (LWD) 10.0 ft (LWD) 10 ft (LWD) 23 ft (LWD)
(aver.)
Total flow 268,000 gpm 268,000 gpm 370,200 gpm 370,200 gpm
(597 cfs) (597 cfs) (825 cfs) (825 cfs)
*Based on LMS (1975a)
11-2 science services division
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The James A. FitzPatrick plant uses a boiling water reactor to provide

821 MWe (net) of electrical power capacity. The maximum cooling water flow of

825 cfs for this unit is taken from the lake approximately 900 feet offshore of

[

the site (Table II-1). This flow is returned to the lake through a high-speed,
submerged diffuser-type discharge at temperatures up to 17.5°C (31.5°F) higher

oot

than the intake temperature.

The James A. FitzPatrick plant intake is in approximately 24 feet of

-
|
g

water. The intake openings face toward shore. The Nine Mile Point Unit 1 in-

take is in approximately 25 feet of water about 0.5-mile to the west of the

;o FitzPatrick intake and discharge. The Nine Mile Point Unit 1 intake withdraws
water from‘360° in the horizontal plane. Tﬁe Nine.Mile Point discharge design
is for a lower velocity than the FitzPatrick design and subsequently achieves
¥ less initial dilution of the discharge waters. The FitzPatrick discharge is
£ designed with submerged jets to achieve rapid dilution of the discharge waters

with ambient lake water. The locations of the intakes and discharges of the

5 two plants are such that the main influence of plant operations would be at the
re 20

and 40-foot depth.contours in the lake at the NMPP and FITZ transects (Fig-
ure TI-1). The 316(a) Demonstrations for these two power statiohs (NMPC 1975,

e,
RS———

LMS 1976b) describe plant facilities in detail.

=
S—]

L The James A. FitzPatrick Nuélear Station achieved criticaiity in Novem-—
ber 1974 and began cdmmercial»operation ;n 28 July 1975, Téble I11-2 summarizes

] the plaﬁt generation outages for 1978. The average daily power output during

- 1978 for the James A. FitzPatrick Nuclear Station is given in Appendix Table

i H-2.. Since commercial operétion bégan, the plant has almost always operated

. above 500 MWeA(grdss output) when the unit was on line.

‘ ' Nine Mile Point Unit 1 began commercial;;peration on 14 December 1969.
- Table II-2 summarizes the plant generation outages for 1978 and Appendix Table
; - H-1 gives thé average daily power output during 1978 for Unit 1. When the plant
’ is on line, power generation usually exceeds 500 MWe and, like the FitzPatrick

station, at least one circulating water pump (278 cfs) is usually running when-

ever power production is off.
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Table II-2

Record of Outages during 1978 at the Two Power Stations Located
on the Nine Mile Point Promontory

Nine Mile Point Unit I James A. FitzPatrick
‘ Duration ‘ Duration
Start Generator Off* Start Generator Off*
Date (days) Date (days)
Jan 20 -3 Feb 24 7
Feb 6 2 Mar 17 2
May 16 2 Apr 18 4
20 7 26 6
Aug 3 2 Jun 21 2
~Sep 30 7 Sep 8 1
16 85
Dec 17 2
3

*Dates are inclusive in the outage duration. An outage
could span two consecutive dates but have a total dura-
tion ranging from less than 2 hours to more than 47 hours.
The "incident on 20 January, for example, could be 1 com-
-plete day plus a few hours on the first and third days,
or nearly 3 complete days.

o Figure II-1 is a map of the area showing the general location of the
two nuclear power stations, their submerged intakes and discharges, and sampli_ng' _
transects. The exact sampling locations and methods for each task of this study
are,presented in Section III of this report. TFor the purpose of this.study, the
"vicinity" of Nine Mile Point is defined as the area within a 3-mile radius of

the gepnerating statioms.
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C. LAKE ONTARIO
1. Physical and Limnoiogical Characteristics

Lake Ontario, the easternmost of the five Great Lakes, is roughly oval,
193 miles long, and 53 miles (maximum) wide. The maximum reported depth is
approximately 840 feet, and average depth is around 300 feet. Lake Ontario has
a surface area of 7,340 square miles and a volume of 390 cubic miles (U.S. Atomic

Energy Commission 1973).

Approximately.80 percent of the water supplied to Lake Ontario enters
through its natural inlét, the Niagara River, which discharges approkimately
200,000 cfs into the lake. The outflow from the lake into the'St.'Lawrence
River averages about 239,000 cfs. Presently, Lake Ontario has a consumptive

use near 300 cfs.

The levels and outflows of Lake Ontario are regulated by control
structures on the St. Lawrence River under the supervision of the St. Lawrence
River Board of Control. The mean monthly water levels of Lake Ontario are main-
tained between a minimum elevation of 243.06 feet above mean sea level and a

maximum  elevation of 248.04 feet.

Lake level data for 1978 showed minimum and maximum elevations of

243.7 and 246.6 feet respectively. The average elevation of Lake Ontario during

1900-1977 was 244.0 feet above mean sea level (U.S. Army Corps of Engineers 1979).

The temperature of Lake Ontario varies from about 0°C to 24°C and has

a mean value of 7°C. During winter, the temperature of the lake is usually above

0°C. Normally, the lake freezes only along'the shore and in sheltered.bays; the

center of the lake remains open and maintains a temperature near 4°C. The lake
begins to warm by May, reaching highest summer temperatures in late July or
early August. The temperature declines during the fall, reaching winter levels

in middle to late December.

Lake Ontario was formed about 10,000 years ago during periods of severe
glaciation and today is underlain by marine sedimentary rock-strata composed
largely of shale and limestone. The shoreline is eroding at a relatively rapid

rate, contributing a source of unconsolidated sands, clays, and gravels, which,.
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with other sources, has deposited a sediment layer that is as thick as 35 feet
in the deeper regions of the lake but is generally thinner elsewhere. There

is very little sediment deposition along the New York shoreline near Nine Mile
Point, especially in areas where water depth is less than 40 feet. Bottom sub-
trates within the study area are composed primarily of bedrock overlain with
large boulders or rubble (see Section IV, Table IV-20). Some sand and gravel

deposits exist at the 40- and 60-foot depth contours.

The large area of Lake Ontario and its heat capacity provide periodic
onshore and offshore breezes due to the heat differential of land and water sur-
faces. The exposure of the surrounding area to Lake Ontario and the flatness of
the terrain allow wind speeds to be higher near the lake than in most inland

areas [International Joint Commission (IJC) 1969].

Major cities on Lake Ontario include Toronto and Hamilton in the north-

western region and Rochester and Oswego in the southeastern region.

The major source of most pollutants in Lake Ontario is Lake Erie and
its watershed via the Niagara River. The Oswego River, which empties into Lake
Ontario about 6 miles west of the Nine Mile Pdint area, is also a major point
source of several pollutants. The Oswego River drains some 5,100 square miles

and receives municipal wastes equivalent to that of some 500,000 people‘(IJC 1969).

o The water quality of Lake Ontario is dependent upon the interaction
of numerous factors, including geomorphology and hydrology, hydrodynamics,
vmeteorology, and man-made inputs. Intensive interest in Lake Ontarig water
quality has beén a fairly recent phenomgnonL Studies of Lake Ontario weré
completed around 1915 and again in 1947, but truly comprehensive studies were
not undertaken until the early 1960s. A number of studies were executed through-
out the 1960s, énd.studies are cohtinuing. Lake Ontario generally has the high-
est concentration of inorganic pollutants of all of the Great Lakes; this is
because inorganic pollutant concentrations in the other Great Lakes have been
increasing steadily since about 1910, and much of this flows through the lakes

into Lake Ontario.
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Because of its great depth and dilution capacity, adverse eutrophica-
tion effects have been minimal in Lake Ontario compared with those for pérts
of Lake Erie. Oxygen saturation is usually above 80 percent in the hypolimﬁion
during the summer and averages over 90 -percent in the epilimnion throughout the
year. Epilimnion values may exceed 120 percent, suggesting high primary produc-
tivity or wind-induced mixing (most probably the latter). During thermal strat—-
ification, significant chemical stratification may occur, but at relatively low
mean values of nutrients. This chemical stratification is a result of seasonal
variation in productivity and chemical composition. Nutrients such as ortho-
phospﬁate,'nitrate, and silica generally increase from surface to bottom, re-
flécting uptake by‘?hytoplankton in the photosynthetic zone and‘perhaps release

from the bottom sediments. During spring and fall overturns, the lake becomes

homogeneous. Based on an assessment of oxygen saturation, transparency, nutrient

-concentrations, nutrient loadings, morphometry, and biological populations, Lake

Ontario has been estimated to be between oligotrophic and mesotrpphic (IJC 1969).

Data from many studies have been analyzed and are presented in Table
11-4 as values representative of offshofe waters of Léke Ontario under mixed
conditions (QLM 1974). As discussed above, some of the nutfient values vary
temporally an&‘vertically. The major ionic species vary little, but the trace
elements and compounds may véry greatly. For example,.copper was found to rangé
between 5 and 177 micrograms per liter during 1968 (Weiler and Chawla 1969) and
between 0 and 2,200 micrograms per liter during 1967 (IJC 1969).

Water quality of neafshore.stations has been found to vary from that
;of offshore stations in an irregular manner, affected by local sources of pollu-~
tion, increased productivity of shallow waters, and the vagaries of currents.
Nevertheless, water quality of stations several hundred to several thouéand feet
from shore and several thousand feet from pollutant sources would be expecﬁed to
be similar to that presented in Table II-4. Contamination of certain game and
nongame fish in Lake Ontario by Mirex and polychlorinated biphenyls (PCBs) has
led New York to closely monitor the levels of these chemicals in fish. WNeither
Mirex nor PCB levels have been found in concentrations that would make Lake

Ontario waters unsafe for consumption or recreation.
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Table II-3

Water Quality Values Characteristic of Offshore Waters
of Lake Ontario under Mixed Conditions*

Concentration
Parameter (mg/1 unless shown otherwise)

Calcium ' ' 40
Magnesium 8
Sodium ’ 12
Potassium i 1.5
Chloride ) 28
Sulfate _ 30
Bicarbonate : 115
pH ' 8.0 (units)
Total dissolved solids 200
Specific conductance 300 (umhos/cm)
Orthophosphate phosphorus - : 0.015
Total phosphate phosphorus ' 0.025
Ammonia nitrogen 0.03
Nitrate nitrogen : 0.20
Nitrite nitrogen : 0.002
Total Kjeldahl nitrogen 0.2
Silicon dioxide 0.5
Turbidity 2(31v)
Total suspended solids 3
Phenol 0.002
Total coliform <1 {counts per 100 ml)
Cadmium . : 0.0001
Chromium 0.001
Cobalt 0.0001
Copper ' 0.01
Iron 0.01
Lead ' _ 0.003
Lithium 0.002
Manganese 0.001
Nickel . 0.002
Strontium i 0.18

0.01

Zinc

*
Based on QLM (1974) -

2. General Lake Currents**

In its simplest form, the large—scalevgeneral circulation of Lake
Ontario is counterclockwise (cyclonic flow) with fiow to the east along the
south shore in a relatively narrow band and a somewhat less pronounced flow
to the west along the north shore. The conceptual model that explains this-

average circulation is presented here with a minimum of detail.

%k
Most of this material is extrapolated from PASNY (1977).
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a. Summer Circulation

A cool mound of water extends froﬁ surface to bottom in spring and
from below the thermocline to the bottom in summer and fall (Sweers 1969). The
baroclinic flow resulting from the horizontal temperature differences is ini-
tially directed outward from midlake toward shore. Although the flow is turned
clockwise by the Coriolis effect, it is diminished due to bottom friction. This
outward flow brings water inshore, where it begins to pile up. A surface slope
(higher inshore than in midlake) develops into a barotropic current initially
directed lakeward. The barotropic current is bent clockwise because of the
Coriolis effect. The result is that the Coriolis effect and the barrier effect
of the coastline trap the flow against the shoreline. Generally, the flow con-
tinues along the shoreline in an easterly direction asvlong as. the surface |

slope is maintained.

Inflow from the Niagara River causes the water level at the Western
end of the lake to be higher than it is at the eastern end (on the average).
The‘resulting flow down the gradient is held against the lake's south shore by
the Coriolis effect, thereby enhancing the already existing barotropic flow
along the south shore. Wind stress averaged over the year tends further to

accelerate the flow to the east and decelerate the flow to the west.

b. Winter Circulation

The general circulation in winter is less well-documented. In late
fall after overturn has occurred, the lake is essentially isothermal, fhereby
permitting a free exchange of water from surface to bottom. Average wind di;
rection in winter is primarily from the west-northwest. The net surface flow
that results is eastward, with westward return flow developing below the sur-
face. The surface layer in the western end is advected to the east and is re-
placed by subsurface water (Sweers 1969). This large-scale upwelling at the‘
upwind end of the lake and downwelling at the downwind end mix-the surface and
_subsurface water on a scale that is not likely to occur during the rest of the

year.

Pollutants that are limited to the upper layer during the time of a
well-developed thermocline are diluted when the hypolimnetic water is made
available for mixing. In spring, with the development of the thermocline, the

‘bottom water is again partially insulated from the surface layer.

I1-10 science services division
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c. Transient Resporse

~ The genefal circulation just described is documented by observations
collected over long periods (months). The circulation patterns that are observed
at any given time, however, are more complex as a resﬁlt of the transient wind
distribution and the lake's response to the nonsteady wind. Sometimes, a major
wind shift can alter the currents in a matter of hours; at other times, some '
features of the current ‘pattern continue, even with an opposing wind (Csanady
1972). The response time of the currents to a shift in wind distrlbution is
partially related to the scale of the current: large features such as the

coastal jet respond more sluggishly, whereas the response nearer to shore is

‘more rapid — 6 hours or less. Additionally, the deeper the current, the more

slowly it responds. A shift in the currents as a result of wind shifts eventually

changes the lake surface slope and the temperature field, forcing an alteration

- in much of the lake's circulation pattern.

3. Local Currents

In the course of preoperational studies for the James A. FitzPatrick

~plant, currents off the Nine Mile Point promontory were measured from May to

Octobervl969.and from July to October 1970 (Gunwaldson et al 1970, PASNY 1971).

- The field data clearly illustrated a correlation between summer currents and

wind speed. The correlation, an accepted principle of hydrodynamics, was theo-
rized by Ekman (1928) and subsequently has been verified by numeraus oceanog—

raphers (e.g., Neumann and Pierson 1966) Measurements of wind currents at 11ght—

ships (Halght 1942) have been analyzed to determine the ratio of current speed.to

wind speed; reported values, commonly called the w1nd factor,"

0.005 and 0.030.

range between

Wind-speed frequency data averaged over a 6-hour period indicate that
winds exceeding 32 kilomefers per hour (20 miles per hour) occurred 21.6 percent
of the time over the year. For the summer months (June through September), winds
exceeding 32 km/hr (20 mph) occurred 13.9 percent of the time. The current speed
of 6-hour duration that was exceeded with comparable frequency in 14 meters (46
feet) of water was about 15 centimeters per second (0.5 feet per second). For a
persistence of 24 hours, the current speed that was exceeded 13.9 percent of the

time was 13.7 cm/sec (0.45 fps).
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The predominant direction of currents in the studies previously de-
scribed was alongshore, as dictated by continuity. On those occasions when
onshore or offshore currents were observed, their magnitudes were substantially
less than those of alongshore curreﬁts. During the summer, alongshore currents
from both the west or east were equally frequent about 33 percent of the time.
Onshore and offshore currents each accounted for nearly 5 percent of the ob-
servations; the remaining 30 percent of the observations were below the flow-

meter threshold, 0.05 knots (2.5 cm/sec, 0.09 fps). At the 6.4-meter (21-foot)

"depth in 14.0 meters (46 feet) of water, the mean onshore cyurrent speed was 3.0

ém/sec (0.09 fps) and the mean offshore current speed was 6.0 cm/sec (0.2 f?s).

On the other hand, alongshore currents from the west and east averaged 9 cm/sec
(OJSprs). ' '

Lake currents were measured at selected locations in the immediate
vicinity of the Oswégb Steam Station (about 6 miles west of Nine Mile Poiht)
for 5 days between 12 October and 19 November 1970. These surface current ve-
lociﬁies were mostly alongshore, with speeds raﬁging from less than 2.5 cm/sec
(0.08 fps) to 15 cm/sec (0.50 fps). These data were consistent with measure-
ments at Nine Mile Point and with wind current frequencies reported by Palmer

and Izatt (1970) for Ontario waters of similar depth near Toronto, Canada.

‘D. PREVIOUS STUDIES

In order to assess the effects of an electric generating station on

the aquatic communities of a water body, the water quality of the area and the -

abundance, species composition, and distribution of the biota in felation to
power plant opefation must be delineated. This section provides background
informatiqn for the Nine Mile.Point area based on studies there as well as at
other areas of Lake Ontario. Previous studies dealing with the major bio-

logical groups present in the study area are considered.

Prior to 1971, ecological investigations in the vicinity of Nine Mile

Point were conducted by Dr. J.F. Storr under contract to Niagara Mohawk Power

Corporation (Storr 1973). Dr. Storr collected data concgrning the basic current

flow patterns and the plankton, benthos, and fish populations observed in the
area from 1963 to the early 1970s. In addition, Dr. Storr has continued to

conduct extensive fish movement (tagging) studies in the area (Storr 1977).
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Lawler, Matusky, and Skelly (LMS) conducted investigations of the
aquatic ecosystem in the vicinity of Nine Mile Point from 1972 through early
1977. These studies were associated with Niagara Mohawk Power Corporation’s
fossil-fueled Oswego Steam Station as well as the two nuclear stations at Nine
Mile Point. Because the generating stations at Oswego and Nine Mile Point are
in close proximity (Oswego is approximately 6 miles to the west), ecological
data from both sites are utilized to establish ecological conditioms in the

nearshore area. -

, Thé prbgrams conducted by LMS (QLM 1973a, 1973b, and 1974; LMS 1975a,
1976a, and 1977a) at Nine Mile Point consistgd of surveys of plankton (phyto-
plankton, zooplankton, and ichthyoplankton), benthos, ‘and fish populations during
spring through fall at various depths and tranmsect locations. Impingement and .
entrainment of nektonic and planktonic populations were also monitored at the
stations' intakes. Water qﬁality was investigated by LMS fhrough 1976 in the
vicinity of Nine Mile Point, including monthly determinations of inorganic nu-

.triehts, metals, dissolved oxygen (DO), temperature, pH, and BOD concentrations.

Other studies in the immediate vicinity of the study area have been
conducted by the Lake Ontario Environmmental Laboratory (LOTEL) for Rochester
Gas and Electric (RGE 1974) and by McNaught and Fenlon (1972) and McNaught and
‘Buzzard (1973).. The latter studies were concerned with the effects of planf

‘operation on phytoplankton productivity and zooplankton populations.

1. Phytoplankton

There ié a limited amount of information available on the phytoplankton
community of the Gfea£ Lakes, especially Lake Ontario. Somé:of the more recent
studies have been listed in literature revieﬁs or previous environmental reports
by Davis (1966, 1969), QLM (1972, 1974), and LMS (1975a). These studies showed
that all phytoplankton divisions are present in Lake Ontario. Diatoms make up
as much as 80 percent of the nearshore phytoplankton during the winter and
spring. Summer phytoplankton consists of green and blue-green algae and a few
diatoms. Over the entire yearly cycle,.the most important constituents of the
phytoplankton are the diatoms, phytoflagellates, and green algae.: Previous

taxonomic studies indicate that more than 300 phytoplankton taxa exist in Lake
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Ontario, the majority being green algae (Munawar and Nauwerck 1971). Primary
production (14C) and chlorophyll a estimates place Lake Ontario in 'a state

betyeen oligotrophy and mesotrophy (Wetzel 1975).

Several investigatbrs have described seasonal patterns of phytoplank-
ton occurrence in Lake Ontario (Davis 1966; Nalewajko 1966, 1967; Munawar and
Nauwerck 1971; QLM 1972, 1974). The seasonal patterns are correlated closely
with natural changes in ph&sical conditions, i.e., water temperature and light
intensity, and with the supply of dissolved inorganic nutrients. Although there
is some phytoplankton growth throﬁghout the year, the annual cycle is usually
characterized by two periods of rapid and unusually intense phytoplankton growth,
‘termed "pulses" or "blooms." One pulse occurs during the spring and is dominated

by diatoms; the other pulse occurs during the fall and is usually dominated by

green and/or blue-green algae.

‘ The seasonal patterns ofhphytoplankton observed in the vicinity of
~ﬁine Mile Point reflect those previously reported in Lake Ontariq. The diatom
‘éémmunity during winter and spring is composed principally of Aéterionella SPP.,
Fragilaria spp., Czélotella SPP. Melosira.spp., and Tabellafia spp. During

ﬁhé summer and fall, blue-green algae such as Oscillatoria spp. and Microcystis

‘ébp. and green algae such as Scenedesmus spp., Pediastrum spp., and Ankistro-
desmus spp. are the‘major taxa of the community. Cryptomonas spp. and Rhodo-

monas Spp-, both'phytoflagellates, appear as members of the community throughout
the year exhibiting their greatest density during winter.

During previous years, the larger aquatic vegetation in Lake Ontario

at Nine Mile Point has been  dominated by Cladophora glomerata (IJC 1975). (Clado-

phera is a long filamentous alga attached by a holdfast to rocks and other sub-
merged substrates. quonization and propagation of Cladophora extends out to a
depth of about 20 feet, and the long, growing strands of Cladophora in water

5 feet deep or lesé'are constantly being broken off by wave activity. .Maximuﬁ
growth usually occurs in water about 10-15 feet deep, but this will vary, de-
pending upon turbidity (Wezernak et al 1974). Cladophora grows at water tem-
peratures ranging from 53°F to 77°F, but has an optimum growing temperature of
' 64°F. Growth of Cladophora begins in late May, reaches a peak in late June or

early July, and declines during the warmer summer period of late July and early
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August (Storr and Sweéney 1971). As temperatures drop, a secondary peak may

occur in late August. Growth ceases in September due to decreasing light and

temperature.

2. Zooplankton -

sy

Classifications according to sizebare widely used for distinguishing
.smaller and larger members of the zooplankton community. For the purposes of
surveys in the Nine Mile Point vicinity, the term "macrozooplénkton" is defined
i as those invertebrate zooplankton retained in a 571-micrometer mesh plankton
: net. Microzooplankton are functionally defined as the zooplankton rénging-in
};1 size from 76 to 571 micrometers. Howéver, invertebrate crustaceans of the same
spgcieé‘may be found in both the macrozooplankton and microzooplankton collec-

 tions due to the wide range of sizes encompassed by the developmental stages of

these organisms.

i ‘ o Eleven major macrozooplankton taxa have been identified from collec-

tions made in the vicinity of Nine Mile Point and Oswego (QLM 1974; LMS 1975a,

PRI

'1976a). © The dominant macrozooplankton groups are cladocerans, copepods, and

(I

,
[

amphipods; and the macrozooplankton community is frequently dominated by the

cladoceran Leptodora ‘kindtii. The amphipod Gammarus fasciatus is also abundant.

-

.-‘."

i

i
L

Neﬁafbdes, hydroids, insect larvae (mainly Diptera), gastropods, and isopods
are obseryed occasionally in macrozooplankton'samples. Two macrozooplankton,

antoporeia affipnis and Mysis oculata relicta, which are cold-water glacial

relict species, are observed primarily during periods of cold-water upwellings.

Y ' Some macrozooplénkton typically exhibit diel vertical migrations. For

example, Gammarus fasciatus and Leptodora kindtii move into the water column

during the night, but are found mostly in an epibenthic habitat (IMS 1977a) dur-

ing the day. A decrease in the relative abundance of Leptodora kindtii and Gam~

marus fasciatus during 1977-78 in comparison to 1973-76 data was related to changes

in the field program (for example, night collections were discontinued in 1977).

] : _’ The micrdzooplankton component of the total zooplankton community in
e the vicinity of Nine Mile Point is typically composed of four major taxonomic
:;1 grOupé: rotifers, cladocerans, copepods, and protozoans (IMS 1975a, 1975b,

1976a, 1976b, 1977a, 1977b; Storr 1973).
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ton abundance. Members of this group exhibit a bimodal pattern of seasonal

abundance, with the first and normally largest pulse occurring during July and

Rotifers generally contribute the greatest percentage of microzooplank-

a second pulse in early fall. Sampling conducted by both Storr (1973) and QLM
(1974) indicated that the dominant rotifer was Keratella spp.

Cladocerans generally form the second highest percentage of the total

microzooplankton population (QLM 1974). The seasonal pattern of cladoceran abun-

dance is bimodal:. the first peak occurs during July; the second and usually greater

peak during October or November. Storr (1973) found Bosmina longirostris to be the

dominant cladoceran, its abundance peaking in late summer/early fall; and Daphnia
spp. to be the most abundant spring cladoceran. The Oswego River may influence
biotic communitieé along Nine Mile Point, especially the western end of the study
area. Differences have been noted in species composition and seasonal trends be-
tween the Oswego and Nine Mile Point areas, and were most likely the result of

Oswego River influence on the lake biota (Stoxrr 1973).

Copepods in the vicinity of Nine Mile Point exhibit a seasonal cycle

g;milar to cladocerans, with nauplii typically abundant during the spring and
adults in late summer (LMS 1976a).

Protozoan abundance has been found to be highly variable; however, the

general trend is for abundance to be lowest during winter and highest during
summer " (LMS 1975a). -

Vorticellidae.

The dominant protozoans identified belong to the family

Glooschenko et al (1972) found a bimodél patterﬁ in the seasonal abun-

dance of zooplankton at a station in eastern Lake Ontario., The occurrenée_of

two peaks of abundance was similar to that observed by LMS in the vicinity of
‘the Nine Mile Point Nuclear Station, but the number of organisms found by

Glooschenko et al was about an order of magnitude less than the number of or-

ganisms found in the vicinity of the Nine Mile Point Nuclear Station (QLM 1972,
1974). At 2L
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3. Benthic¢ Invertebrates

Studies of the benthic community in Leke Ontario show that several
organisms exhibit distinct distributional patterns. Brinkhurst (1969, 1970)
reported that the general distribution of benthos in Lake Ontario followed the
distribution of benthos in temperate oligotrophic water bodies having some in-
shore areas supporting eutrophic forms. Historically, benthic studies have been
concentrated in the eastern portion of Lake_OnEsrlo (Johnson and Matheson 1968;
‘Johnson and Br1nkhurst 197la, 15515) Hlirunen (1969) and Kinney (1972) sam-
pled the entire_lake, including some stations in the Nine Mile Point area, while
other studies concentrated entirely in and around Oswego (Judd and Gemmel 1971,
Storr 1973, QLM 1972). |

The species composition and abundance of benthic macroinvertebrates
in Lake Ontario have been shown to vary with depth. For example, benthic fauna
was reported to increase in abundance and diversity with increasing depth (Judd
and ‘Gemmel 1971), and Brinkhurst (1969) reported the presence of eutrophic

species in the inshore area of the lake.

In the deeper portions of Lake Ontario, benthic populations are dom-

nated primarily by the amphipod Pontoporeia affinis and oligochaetes (Cook and

Johnson 1974). In the nearshore zone, the natural assemblage apparently con-

sists of Pontoporeia affinis, Stylodrilus spp., Limnodrilus spp., Tubifex spp.,

plus a variety of chironomids and sphaeriids.

Species of seven phyla (Nematoda, Mollusca, Platyhelminthes,. Arthropoda,
Annelida, Coelenterata, and Nemertea) constitute the benthic community in the Nine

Mile Point vicinity (LMS 1977a). These phyla include approximately 85 genera.

Phylum.Arthropoda, represented by 45 species, includes the most abun-

dant organisms in the area; for example, Gammarus fasciatus is frequently the
dominant'species collected. Members of the class Oligochaeta are relatively
abundant throughout the year, and tubificid worms (Family Tubificidae) are abun-
dant in all seasons and at most transects. The majority of the organisms. col-
lected represent species associated primarily with the surface of the substrate,

i.e., epibenthic species such as Gammarus fasciatus. However, several infaunal

forms, including members of the class Nematoda, have been collected.

MU
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Differences observed in the distribution and species abundance of

‘benthic invertebrates among stations and transects are attributed to animal/

E—

substrate relationships. For example, Gammarus and Manayunkia are associated

with bedrock‘substrate, while the nematode Dorylaimus, tubificids, and the dip-

i
teran Cryptochironomus are abundant where substrates are mostly sand and silt. w}

Benthic invertebrates in the Nine Mile Point vicinity have a seasonal
growth and reproduétion pattern similar to that reported by Fretwell (1972) and

Odum (1971) for temperate zones. Seasonally, the abuhdance_of benthic macro- IS

invertebrates may exhibit the following typical sequence: polychaetes and L

gastropods dominate in the spring, while oligochaetes and ostracods are abun-

. dant in early summer. The amphipod Gammarus fasciatus is frequently the domi- 1

ant organism duting late summer and through the fall (October-December), but

polychaetes and oligochaetes also may be common in the fall.

The trend of greater benthic invertebrate abundance during sprlng and ;
fall may be due 1in part to the presence of actlvely growing Cladophora, a fila- !
mentous green alga which provides food and refuge for many invertebrate popula-
. tions, but is most probably the result of life-stage changes with seasons and
. the subsequent abundance of adults and larger immatures. During 1974 and 1975,
‘Cladophora exhibited a maximum seasonal abundance in June (LMS 1976a). Clado-~

phora biomass decreased rapidly with depth and was either scarce or nomexistent

at depths of 30 and 40 feet. This was previously noted by Neil and Owen (1964).

Christie (1974) attributes the increased productivity observed in Lake Ontario
during recent years to the growth of Cladophora and its associated fauna. ' ?i
4. Ichthyoplankton

Fish eggs and larvae are most abundant in the Nine Mile Point area of !

Lake Ontario from April thrdugh September; however, some eggs have been collected

as early as February and larvae have been collected in December. Published data

on the abundance and distribution of ichthyoplankton in the eastern end of Lake '

Ontario are limited primarily to annual reports of aquatic ecology studies in
the vicinity of Nine Mile Point (QLM 1974; 1MS 1975a, 1976a, and 1977a) and

studies related to the effects of entrainment and thermal discharges at the

[

S——

three existing power stations in the Oswego-Nine Mile Point area (NMPC 1975,
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1976b, 1976c, and 1976d; LMS 1976b, 1977b). However, information on distribu-
tion of ichthyoplankton near Mexico Bay just east of Nine Mile Point has re-
cently been published by NYSEG (1978). Additional information on fish eggs

. and larvae in the Great Lakes includes studies on Lake Michigan (Norden 1968,

Jude et al 1975, Jude 1976, TI 1976, Consumers Power 1975 and 1976, Detroit

Edison 1976, and Cole et al 1978), Lake Erie (Nelson and Cole 1975; TI 1977a,

1977b, 1977c¢; Wolfert et al 1977), Lake Huron (0'Gorman 1975) and Lake St.
Clair (Detroit Edison 1977).

Over the last 5 years, annugl surveys have reported between 15 and

F 22 taxa of eggs and larvae in the Nine Mile Point afea. Alewife has consistently

dominated the ichthyoplankton community (LMS 1977a, 1977b). Other relatively
abundant species in the area are rainbow smelt; white perch, sculpin, and johnny
i{. (tessellated) darter.‘ Thé temporal distribution of eggs and larvae in the Nine
. Mile foint area is characterized by ﬁwo 5asic spawning groups: species typi-
célIy spawvning in the winter and early spring, e.g., burbot, Coregonué SPP . »

L " rainbow smélt, and yellow perch; and late spring and summer spawning species,

*%A : e.g., alewife, white peréh, and carp. Eggs and larvae of the first group are .
mosf abundance during April, May, and early June. The larvae of the species

in the second group are most abundant in July and August.

Eggs and young larvae are apparently more abundant at the 20-foot

than the 40-foot depth contour near Nine Mile Point (LMS 1975a), but larvae .

tend to move offshore into'deeper water as they mature. A similar onshore—
offshore distribution for larvae was observed.during an ecological study in-

s Lake Erie (NMPC 1976a).

.‘Eggvand larvae densiﬁies in the Nine Mile Point area are felatively
low except for alewives. During a review of Nine Mile Point studies, Williams
%' et al (1975) indicated that the area does not contain desirable spawning and
i nﬁrsery sites because of nearshore wave action, bedrock/rubble substrate, and

" somgtﬁmes extensive beds of Cladophora.
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5. Fish (Nekton)

The Great Lakes contain an extensive fish fauna which includes repre-
sentatives of most of the important families of North American freshwater fishes.
Hubbs and Lagler (1958) 1list 173 species of native and introduced fish in 28

families for the Great Lakes and their tributaries.

Lake Ontario has one of the most diverse fish communities of the five
Laurentian Great Lakes consisting of 112 species in 25 families (Ryder 1972). |
Historically, the offshore fish community in Lake Ontario was composed princi-
pally of oligotrophic or cold-water fish such as Coregonus spp. (whitefish,
ciscos, and chubs), lake trout, and burbot, while the nearshore waters con-
tained a more diverse fish-fauna composed of many varieties of basically warm-

water fish (Christie 1974). However, the combined effects of commercial fishing,

modification of the drainage basin through construction of dams and canals, in-
vasion of marine species such as the alewife and sea lamprey, cultural eutrophif
'cation (Smith 1972&, 1972b), and possibly other factors chéngedAthe Lake Ontario
fish community so that it is dominated now by alewife, rainbow smelt, white
perch, and yellow perch (Christie 1973, 1974). ‘Associatéd with this shift in
species composition was é corresponding change in the use of Lake Ontario by
the present fish community. Whereas the historically prominent fish species
were wide-ranging piscivdres (feed on fish) and pelagic (open water) plankton
feeders that utilized the'entiré area of the lake, the present fish community
has definite patterns of movement that vacate areas of the lake during certain
seasons. During spring, alewife and rainbow smelt migrate éxﬁensively from

the depths of the lake to spawn in nearshore areas or ig tributafies and small
streams. Aftef spavning, these species migrate out into the lake and occupy
varying strata of water during summer. During fall, alewives migrate to the
deeber waters to overwinter while rainbow smelt nigrate té and overwinter in

nearshore areas.

The fish community in the Nine Mile Point area of Lake dntario was
intensively sampled from March 1973 through December 1978 by trawling, gill
netting, and seining (QLM 1974; LMS 1975a, 1976a, 1977a; TI 1978b, 1979). Prior

to 1973, fish were collected intermittently by Storr (1973) using gill nets and N
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trap nets. Aﬁproximately 50 species wéfe ideﬂtified"in samples taken during this
period (1969-1978), and alewife was the dominant species collected. Other abun-

dant Species were rainbow smelt, spottail shiner, yellow perch, and white perch.

Seasonal abundance of fish in the Nine Mile Point vicinify is typical

of that observed for the Lake Ontario fish community. The gfeatest abundance -

of fish is usually observed during the spring months, corresponding with the :
spawning of rainbow smelt and the shoreward spawning migration of alewives.
Abundance and diversity are lowest dufing the warm summer months and fhen in-
créase, especially diversity, during the fall. Lower ébundance and diversity
during summer are due, in part, to postspawning migrations from the area by
adults and selgctivity of the sampling gear in relation to collecting the smaller

juvenile fish.

- étudiesvcéncérnihgmfish impingement ét-péﬁéf“staﬁioné priofmtgwiéibm"
are limited, bﬁt substantial data on this subject have become available in recent
vears. Edsall and Yocum (1972) provided a fairly complete summary of the earlier
industry~related fish impingement studies on the Great Lakes, and Sharma and
Freeman (1977) presented a more recent review. Impingement of fish has been
dochmented'in Lake Huroﬁ (Edsall and Yocum 1972), Lake Erie (TI 1977b, 1977c),
Lake Michigan (TL 1976), and at various locations in Lake Ontario (LMS 1977b).

Impingement monmitoring studies in the Nine Mile Point area-bf Lake
Oﬁtario were initiated in 1972 at the Nine Mile Point Nuclear Station and in
1975 at the James A. FitzPatrick Nucléar Station and have continued to the
present (QPM 1973b, 1974; LMS 1975b, 1976b, 1977a, 1977b; TI 1978b, 1979) Ap—
proximately 60 species have been identified from samples taken at the two nuclear
plants during this perlod. Alewife, rainbow smelt, and, in later years, three—

spine stickleback have been the dominant species collected. Other relatively

" abundant species have been gizzard shad, emerald shiner, spottail shiner, and

sculpin. The total number of fish impinged has ranged from less than 0.5 to

5 miilion fish annually at the Nine Mile Point Nuclear Station and was approxi-
mately 4 million fish during the first complete year 1976) of sampling at the
James A. FitzPatrick Nuclear Station.
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Impingement rates are usually highest during spring, coinciding with
the spawning of rainbow smelt and the inshore spawning migration of alewives.

Impingement rates are lowést during summer, probably reflecting postspawning

migrations by adults to deeper water. Fall rates usually show a secondary peak

in impingement rates as the young~of-the-year fish become large enough to be
impinged.

Murarka (1976) recommended gathering additional fisheries data on
Lake Ontario populations for properly determining the ecological significance
of fish impingement in the vicinity of Nine Mile Point on the Lake Ontario
fishery. However, in a report evaluating the potential impact of impingement
at the James A. FitzPatrick station, LMS (1977b) indicated that current im-
pingement losses attributable to power plants on Lake Ontario, including both
Nine Mile Point and James A FitzPatrick, have no measurable direct or indirect

impact on the present'sport or commercial fisheries.
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SECTION IIX
METHODS AND MATERIALS

A. LAKE ONTARIO STUDIES

The sampling design-and methods described in this section represent
. ' a program that has evolved during several years of ecological studies on Lake
: Ontario in the vicinity of Nine Mile Point. Two nuclear power stations, Nine
Mile Point Unit 1 kNMP) and James A. FitzPatrick (JAF), which began operation
in Decembef 1969 and July 1975, respectively, are located on the Nine Mile

L Point prombntory. Biological surveys began in this area of Lake Ontario in

the mid-1960s, and intensive ecological studies that employed methods similar

to those described in this section have been conducted since the early 1970s.

‘Most sampling for the 1978 program was conducted along four tran—
sects'extending perpendicular from the Lake Ontario shoreline (Figure III-1 and

;;1 . Table ‘IIT-1). The transects — NMPP (Nine Mile Point Plant) and FITZ (J.A. Fitz-

L , Patrick Plant) — represent a zone in the lake near the two plants' submerged

intake and'discharge structures.. This zone can be influenced by the removal of

cooling water and by subsequent thermal discharges and has been referred to as
_ the experimental area. . The transect to the west of the power stations, NMPW
i _ (Nine Mile Point West), is upcurrent of the experimental area most of the time
!: with_respect to the prevailing currents and thus represents a zoné considered
% '6utside the influence of the intakes and thermal discharges; this area has been
» referred to as a control area. The NMPE (Nine Mile Point East) transect is
1 usually downcurrent from the discharge structures With.respect to the prevailing
b currents and represents an area that might be influenced by the thermal dis-
g?“ - éhargeé;.this zone has been referred to as the farfield or control aréa;'.A
. transect called NMPP/FITZ is intermediate between the two expefimental—zone
1T transécts (Figure ITI-1); it represents the trawling stations in the experimen-
i tal zone, since trawling was conducted along depth contours and normally beganv
. :v near the FITZ transect and terminated near the NMPP transect. Also, along the

i; NMPP/FITZ transect, some water quality samples were collected.
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Figure III-1. Sampling Locations for Lake Ontario Ecological Studies near Nine Mile Point
and James A. FitzPatrick Power Plants, 1978
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Table III-1 .

Sampling Schedule for Aquatic Ecology Studies in Lake Ontario
near Nine Mile Point and James A. FitzPatrick Power Plants, 1978

i Depth Contour Samples
Jask Frequency* Season {ft) Transect _Depth per Year+* Comments
Phytoplankton ' )
Densities Monthly (D) Apr-Dec 10,20,40,60 NMPH NMPP ,FITZ ,NMPE  Surface and 342 -At the 40-ft contour on the NMPE transect, phytoplankton, chloro-
Chlerophyl] a Nonthly (D) Apr-Dec 10,20,40,60 NMPH, NMPP ,FITZ,NMPE  1ight levels 342 phyll a, and 14, samples are collected at the 50, 25, and | percent
B . tight transmittance levels in addition to surface samples.
Primary production ¥onthly (0) Apr-Dec 10,20,40,60 NMPW , NMPP , FITZ, NMPE . 513 Primary production sampling involves a larger number of samples per year
(l-‘lc) because there are two 1ight and one dark bottle per sampling location.
2ooplankton
‘Microzoopliankton Monthly (D) Apr-Dec 10,20,40,60 NMPW,NMPP FITZ ,NMPE  Oblique tows 288
Macrozooplankton Monthly (D) Apr-nec 20,40,60,80,100 0.5-, 1-, 3-mi radii Composite of 135 There are six sampling stations aiong both the 20- and 40-ft contours
surface mid- within areas bounded by 0.5-, 1-, and 3-mile rad*i and single stations
depth, bottom at the 60-, 80-, and 100-ft contours along NMPP (Figure [II~1).
' tows .
Periphyton
Bottom substrates - Monthly (D) Apr-Dec $,10,20,30,40 NMPW ,NMPP FITZ . NMPE  Bottom 640 Artificial substrates are set in April and retrieved for the first
. time in May.
Suspended substrates Monthly (D} May-Sep 40 NMPW NMPE ,FITZ 2, 7,12, 17 ft 120 " The NMPP/FITZ transect is located midway between the two transects
from surface extending offshore from the Nine Mile Point and James A. FitzPatrick
Power Plants (Figure 111-}).
Benthic Invertebrates Bimonthly® (D) Apr-Dec . 10,20,30,40,60  NMPW,NMPP,FITZ,NMPE  Bottom 200 .
Ichthyoplankton Weekly {D) " Apr-tov (D) 20,40,60,80,100. 0.5, 1-, 3-mi radii  Surface, mid- 2340 See Figure I1I-1 f; '
Neekly (N) ' Jun to mid-Sep (N} depth, bottom . gur I or transec.t tocations.
Semimonthly ' (D) Dec : tows
Fisheries . .
Trawls . Semimonthly (D/N} Apr-Dec 20,40,60 NMPW ,NMPE NMPP/FITZ  gottom . 324 Trawl tows for the NMPP/FITZ transect begin near the FITZ transect
_ and end near the NMPP transect.
GiN net Semimonthly (D/N) Apr-Dec 15,20,30,40,60  NMPW,NMPP,FITZ,NMPE  Bottom 1260  Along the 20~ft contour, the NMPP transect is not sampled. Each gill
. net sample is approximately 12 hr long, representing the time between
. : sunrise and sunset or between sunset and sunrise.
: Beach seine Semimonthly (D)  Apr-Dec. Shoreline NMPW ,NMPP,FITZ ,NMPE  Bottom 72
* Trap net . Semimonthly (N) Apr-Dec 20 . NMPW ,NMPP ,FITZ NMPE  Bottom - 72
Water Qualit, .
SR paramet'eyrs Sroup 1}  Monthly (D) Apr-Qec 20,40 " NMPW, FITZ ,NMPE Surface 54
17 parameters (Group 11} Semimonthly (D) Apr-Dec . 20,60 NMPH , NMPP ,NMPE Surface 108
48 parameters {Group-III) Monthly (D Apr-Dec 25,45 NMPR/FITZ Surface,bottom 36
Temperature Profiles Weekly {D) Apr-Dec 100 NMPY, FITZ ,NMPE At 1-m intervals n7
. . from surface to . .
bottom

*(D) = day sampling
(N) = night sampling |

**Details on sampling requirements (number of replicates, samples per month, etc) are presented in Section II of the
S0P for the Nine Mile Point Ecological Monitoring Program. !, .

tBimonthly is defined as every other month; semimonthly as twice per month.




Ichthyoplankton (fish eggs and larvae) samples were collected at 15
stations shown in Figure III-1. Along the 20~ and 40-foot contours, tows were
made both to the east and west within zones located approximately 0.5, 1, and
3 miles from the Nine Mile Point station. Directly north of the Nine Mile Point
station, ichthyoplénkton tows were made at the 60-, 80-, and 100-foot contours
on the NMPP transect. Macrozooplankton were sampled at the same locations used

for ichthyoplankton (Table III-1).

The periphyton community and planktonic components of the aquatic
ecosystem except ichthyoplankton were sampled monthly (Table III-1). To monitor
life stages that may be in the area for only a few weeks, ichthyoplankton were

sampled weekly except in December. The fish commuﬁity was sampled twice per

. month; the relatively sedentary benthic invertebrate community every other month.

Various water quality parameters were measured monthly or twice per month, and
temperature profiles were obtained weekly at three stations on the 100-foot con-
tour to determine the temperature structure offshore of the power plants and

document the extent of stratification.

1. Phytoplankton

Phytoplankton are primary producers, forming the base of the food
chain in most aquatic ecosystems. They are usually microscopic and suspended
in the water column. 1In this study, the phytbplankton community was character-
ized by determining cell demsities, chlorophyll é_concentrations; and priﬁary

production rates in the control and experimental areas.

a. Field Sampling

Replicate whole-water samples were collected with a Van Dbrn water
bottle from 1 meter below the surface along the four principal transects at
the 10-, 20-, 40-, and 60-foot depth contours (Figure III-1 and Table III-1).
In addition, on the 40-foot contour of the NMPE transect, samples were collected
at the 50-, 25-, and l-percent light-transmittance levels determined with a
Kahlsico Model 268WA310 submarine photometer. Water temperatures were measured

in situ at all phytoplankton sampling locationms.

- The two replicate samples at each location were composited before sub-

samples were removed. For phytoplankton densities, two 3.8-liter subsamples
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were withdrawn and preserved with acid Lugol's (1:100 concentration) solution.
. Two 2-liter subsamples were withdrawn for chlorophyll a analysis and were placed
1] on ice in the dark. For primary productivity, one dark and two light BOD bottles

(300 milliliters) were filled from each composite sample and allowed to overflow

at least once. The water was passed through a 300-micrometer mesh net to ex-
clude larger zooplankton and det;itus. The capped BOD bottles were placed on
ice in the dark to reduce productivity and respiration of phytoplankton until
1lab processing cduld begin, A 100-milliliter water sample was collected at each
location for alkalinity determinations required for productivity analyses, and
two 300-milliliter water samples used for primary prodﬁctivity background analy-
- sis were collécted at each of the 20-foot contour locations. The alkalinity and

'y - background samples were placed on ice in the dark.

il

b. Laboratory Processing

1) Phytoplankton Density

¢

At the field laboratory, tﬁe phytoplankton density samples, each con-
i~ sisting of about 2 liters of thoroughly mixed sample placed in an individual

i ] chamber with one drop of dishwashing detergent, were settled in aluminum-covered
£ glass settling chambers (Weber 1973). After each sample had settled for 48 to
72 hours, approximately 1800 milliliters of the cell-free water was drawn off

with a vacuum pump and the remaining 200 milliliters centrifuged at 2000 rpm

for 12 minutes until a small pellet of organisms remained. All except 10 milli-
liters of the centrifuged -sample was drawn off, 1eaving'the pellet intact. The-
é{,' pellet was then resuspended into the remaining volume and emptied into an 8-dram
él glass vial., Then, 3 to 4 milliliters of a solﬁtidn of three parts 95 peréent

ethanol and one part formalin was added as a final preservative.

Phytoplankton identificati@n and enumeration were performed at 400X
magnification using a Palmer cell (APHA 1976) and 20 randomly picked fields.
(10 fields per subsaﬁple).

= 2) Chlorophyll g_Concentration

Filtration of water samples to determine the chlorophyll a concen-

: ‘ tration was initiated immediately after return from the field. Between 500

g" _ and 2000 milliliters was filtered through a Whatman GF/A glass—fiber filter
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at approximately 15 pounds per square inch. Before the last .50 milliliters
of the sample were filtered, 1 milliliter of magnesium carbonate suspension
(1.0 gram in 100 milliliters of distilled water) was added. The filter was
folded carefully with the plankton to the inside, placed into an 8-dram glass
| vial, and frozen at -18°C (0°F).

Chlorophyll was extracted from the phytoplankton cells using 90 per-
cent acetone and a tissue grinder to break up the cells. Samples were_placed
in a darkened refrigefator at 4-8°C for 24 hours, then centrifuged to remove any
filter fragments from the extract. The extracted chlorophyll was then placed
- into a Beckman Model 26 spectrophotometer using a 5-centimeter path-length spec-
trophotometer cell, and extiﬁction values were measured at 665 and 750 nanometers
Next; two drops of 50 pefcent hydrochloric acid were added fd the celi, the con~
tents agitated, and extinction values measured again at 665 and 750 nanometers
for the degradation product, phaeophytin a. The mathematical conversion of ex-
tinction-values to chlorophyll a concentrations is presented in the discussion

on data reduction that follows (subsection ¢).

3) Primary Productivity

As soon as they had Been returned to the field laboratory, all light
and dark bottles were inoculated with 5 microcuries of radicactive carbon (140)
in the form of sodium bicarbonate. After the radioactive material.was added,
the bottles werebinverted several times and placed in an incubator at -ambient
lake surface temperature under a fluorescent light at approximately 200 foot-
candles for 4 hours, théﬁ fixed with 1 milliliter of neutral full-strength
formalin to stop all production. Each sample was filtered slowly through a
Gelman membrane filter composed of a blend of nitrocellulose and cellu19se

acetate. After all excess liquid had been drawn through the filter, the sample

was removed using forceps and placed into a scintillation vial to dry for 4-6 hours

at 20-25°C. After drying, 10 milliliters of Aquasol (New England Nuclear) was
added to the vial, which was shaken until the filter pad broke into small pieces;
2 milliliters of water was immediately added, forming a gel, with the broken
filter'pad in suspension. Vials were sealed and labeled. .

Primary productivity samples were analyzed with liquid scintillation

techniques using a Beckman LS-100 scintillation counter. Counts per minute
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were used to calculate primary productivity values according to the formula
" presented in the data reduction discussion that follows. Sample disposal was

according to established procedures for handling radioactive material.

¢. Data Reduction

1) Phytoplankton Density
Densities (number per milliliter) of individual taxa and major summary

groups (divisions) were calculated for each sample.

Mean density of two replicate samples from the same location on the

same date was calculated with the following estimators:

Density of sample =-% '-% _ (1
where "’
X = number of organisms within the microscopic fields
(or aliquot analyzed)
f = total volume of the microscopic fields (or aliquot
analyzed) :
s = volume of lab sample
V = total volume of lake water sampled
and _ (dy+dyt...d )
' Mean density at specific location = - (2)
X
where

[a ¥
il

density of replicates

r = number of replicates

<

The standard error of the means of replicate samples (Snedecor and
Cochran 1967) was caleculated to indicate variation between replicates using the
following estimator:

'Dl‘DQI
Standard error = —5—— (3)
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where

o
]

1 density in replicate 1

o
L]

2 density in replicate 2

To evaluate temporal and spatial distributions of the phytoplankton,
the following estimator was used to calculate each taxon's mean density by
individual sampling periods for the site (all stations combined), specific

contour, and area (experimental or control):

n
di
Mean density = —ii%——— (4)
where
E . .th
di = density for i location
n = number of locations sampled

The variation among phytoplankton densities at the sampling locations
was determined by calculating standard errors of the contour means, the control
and experimental area means, and the site means using'the following estimator

for.each summary group:

[
1l
e

‘Standard error = oD (5)

where

[=N
1]

1 density for ith location (or ith replicate)

=}
1]

number of station locations sampled (or number
of replicates)

The formula assumed that selected stations, contours, and control and
experimental areas were approximately equivalent to randomly selected statioms,

contours, and control and experimental areas.
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2) Chlorophyll a Concentration

The concentration of chlorophyll a and phaeophytin a in each sample
was derived using extinction values (spectrophotometer readings) for acidified
and unacidified samples. Individual sample concentrations were calculated using
equations provided by Strickland and Parsons (1972). Values were reported as
micrograms per liter:

26.7 (6650—665a) X v

Chlorophyll a = " : (6) L

_ 26.7 (1,7[665a—6650]) X v
Phaeophytin a = e ' )]

where
665a = extinction at 665 nanometers after acidification
665O = extinction at 665 nanometers before acidification
v = volume of acetone used for extraction (milliliters)
V = volume of water filtered (liters)
£ = cell path length (centimetersz

Equations 2 and 3 were used to calculate the mean concentration.and
standard error, respectively, at each location. Equations 4 and 5 were used
to calculate the means and standard errors of the contours, control and experi-.

mental areas, and site.

3) Primary Prodﬁctivity
Primary production was calculated using the following equation and
was reported as milligrams of carbon assimilated per cubic meter during the

incubation period:

volume of bottle

(cme-cme) (volume filtered )
Production = . (1000) (IC) (1.06) (8)

Stock cpm

where
Production = amount of carbon assimilated per cubic meter
' per unit time
= counts per minute of light bottle

cpmy
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cpmy = counts per minute of dark bottle

Stock cpm = counts per minute determined from stock
- solution
IC = available carbon as determined using

bicarbonate alkalinity values (micrograms per liter)

The 1.06 in Equation 8 represents the factor accounting for the isotopic effect

of carbon.

2. Zooplankton

Zooplankton, or invertebrate animal plankton, are at an intermediate
stage in the food web; i.e., they feed upon phytoplahkton or other zooplankton
and are fed upon by larger organisms. Most zooplankton, like phytoplankton,

cannot sustain mobility against water currents.

a. Field Sampling

A 12-centimeter—-diameter Wisconsin net with 76-micrometer mesh net
and length-to-mouth diameter ratio of 3:1 was used to sample zooplankton. An
electronic flowmeter towed alongside the boat to determine towing speed was

checked frequently via a readout in the boat cabin and was calibrated each month.

Duplicate microzooplankton samples were collected simultaneously by
towing two nets obliquely for 2 to 4 minutes at a velocity of 1.0 to 1.5 meters
per second. Four depth contours along the NMPW, NMPP, FITZ, and NMPE transects
were sampled monthly during the day (Figure III-1 and Table III-1); and surface

and bottom temperatures were recorded at the end of each tow.

Fifteen minutes after being fixed with a rose bengal stain/acid Lugol's

solution, microzooplankton samples were preserved by adding buffered formalin to

achieve a 10 percent formalin concentration.

Larger zooplankton (macrozooplankton) wére collected once per month
during the day (usuallj the second week) in conjunction with ichthyoplankton‘
sampling by horizontally towing a l-meter-diameter Hensen net having a 571-
micrometer mesh and a length:diameter ratio of 6:1. Two digital flowmeters
mounted near the center of the net mouth provided volumetric data, and an elec~-

tronic flowmeter determined towing velocity. The tows (5 minutes at a velocity
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of 1 meter per second) were at subsurface, mid-depth, and off-bottom at the
locations indicated in Figure III-1 and Table ITII-1. At each sampling locationm,
surface and bottom water temperatures were taken; if the difference between the

two was more- than 2°C, a mid-depth temperature was also taken.

b. Laboratory Processing

The two microzooplankton samples from each location were composited
prior to laboratory processing. Two subsamples were removed from each composite
sample for density analysis. The samples were mixed thoroughly. An aliquot was
withdrawn using a wide-bore pipette and was placed in a Sedgwick-Rafter cell.

All microzooplankton within five strips of eachichamber for three Sedgwick-Rafter

chambers (cells) were identified to species level whenever practical and were

. enumerated at 100X magnification. Densities were reported as number per cubic

meter. Additional strips were counted if necessary to obtain a 200-organism

minimum.

. Macrozooplankton densities were determined using ichthydplankton sam—
ples.‘ After the ichthyoplankton in subsurface, mid-depth, and off-bottom sam-
.plés had been analyzed, the three depth samples were composited into one sample
fof each location and the composited sample split in half using a modified Folsom
splittér. Each fraction was analyzed within a gridded petri dish. Macrozooplank-
ton were identified to species level whenever practical and data recorded as .

organisms per 1000 cubic meters.

c. Data Reduction

Individual taxon densities in éach microzooplankton or macrozooplank-
ton sample were calculated. Equation 2 (subsectidn A.l.c) was used to caiculate
the mean density for the two replicate microzooplankton samples éollécted at
each location. Equation 3 (subsection A.l.c) was used to determine the standard
error of the mean density of these'replicates.f The densities of each major group
were obtained from the sums of the mean densities of each taxon within the group,

while total densities (all taxa combined) were obtained by summing group densities.

Temporal and spatial distributions of zooplankton (either micro- or -

macrozooplankton) were determined by calculating contour, site, and experimental
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and control area mean densities for individual sampling periods using Equation
4 (subsection A.l.c). To indicate variation among densities at these locations,

standard errors were calculated using Equation 5v(subsection,A.l.c).

3. Periphyton

For purposes of density estimation, periphyton were defined as the

assemblage of algae growing on surfaces of submerged objects such as coloniza-

tion slides. The species composition of this sessile community can provide

important information relative to the quality of the aquatic enviromment. For

purposes of biomass determination, periphyton were defined as organisms, includ-

ing algae and smaller invertebrates, present on the surface of colonization slides.

a. Field Sampling

Periphyton were collected monthly in the vicinity of Nine Mile Point
on Lake Ontario using 51.6-square-centimeter plexiglass slides. Collections
from the artificial substrates were used to determine seasonal patterns, commu-
nity composition, and spétial distribution of périphyton. Bottom samples were
from five depth contours on the NMPW, NMPP, FITZ, and NMPE transects (Figure
III-1 and Table III-1). In addition, samplers were suspended at depths of 2,

7, 12, and 17 feet along the 40-foot contour on the NMPW,‘NMPP, and FITZ tran-—
sects. ' Four plexiglass slides for bottom periphyton samples‘and two slides for
suspended periphyton were placed into position at each location each month and .
harvested approximately 30 days later. Bottom periphyton samples were collected

from May through December, while suspended periphyton samples were collected:

from May through Septembér. Periphyton samples were scraped from both sides of

each substrate, placed in individual vials, fixed with 1 percent acid Lugol's

solution, and preserved with 10 percent buffered formalin.

b. Laboratory Processing

Periphyton were identified and enumerated in a Sedgwick-Rafter cell
at 200X magnification. Sample vials were inverted several times to gently
homogenize the samples just before their transfer to the Sedgwick-Rafter cell.
Randomly chosen fields weré analyzed until 200 organisms had been codnted.
Density was reported as number of cells per square millimeter of substrate

surface.
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(or until a constant weight had been attained), then cooled in a desiccator

To obtain biomass data, samples were dried at 105°C for 36 hours

for 2 hours before being weighed to the nearest 10~3 gram on an analytical

balance. Then, the dried samples were heated for 0.5 hour in a muffle furnace

”} at 500°C, cooled in a desiccator for 2 hours, and reweighed to the nearest 107°
gram. The difference in weight represented the ash~free dry weight of periphy-
?z ton (all species combined) per square decimeter.
P c. Data Reduction
L The density of each identified taxon was calculated using the following
;1 es;imate:
i3 2
Density (No./cm”) = %--E- v : 9)
i
) where
%} ” x = number of specimens in each taxon
L within aliquot
i ' ' : f = volume of aliquot enumerated
é} 's = volume of sample

. 2
a = area of slide surface (51.6 cm’)

[R———

Total biomass was calculated using the following equation:

| o —free dry weig ,
Total biomass (mg/dmz) - (total ash-free dry welght) +'100 (10)

area of slide (51.6 cm2)

(U

Mean densities and mean total biomass for each location were cal-~

‘culated using Equation 2 (sﬁbsection A.l.c). The density of each major group

[
caremmzemé

was obtained from the sums of the mean densities of the taxa within a group,

,,..%1
A——

and total density was obtained from the sums of the major groups.

Equation 3 (subsection A.l.c) was used to estimate the standard error’

of the mean of replicate suspended periphyton samples. Equation 5 was used to

[

v esnuriza s

estimate the standard error of bottom periphyton.
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Trends in temporal and spatial distribution were examined from the
mean densities\(using'Equatiqn 4) for specific contoirs, the entire site, and
the experimental and control areas. The standard errors of these mean densi-

ties were calculated using Equation 5.

4. Benthic Invertebrates

a. Field Sampling

Benthic macroinvertebrates live part or all of their life cycle within
or upon available substrates in the aquatic environment. These consumers, like

zooplankton, are at an intermediate stage in the food web.

To sample benthos in the Nine Mile Point area, a scuba diver used a

~ self-contained, 0.166-square-meter submersible suction sampler similar to that

described by Gale and Thompson (1975).

Duplicate benthic samples were collected every 2 months from the sub-
strate present at 20 stations (Figure III-1 and Table III-1), and attempts were
made to sample the same substrate type from month to month. Bottom water tem-—

perature was taken at each statiom.

Samples were washed in the field on a U.S. Standard No. 30 sieve

(590-micrometer mesh) and preserved with buffered formalin.

b. Laboratory Processing

In thé laboratory, samples were sieved through a U.S. Standard No. 35
(500-micrometer mesh) to supplement field sieving and wash off the formalin. Then
the benthic organisms were separated frbm the remaining debris énd placed in
vials of 70 percent ethamnol. All benthic organisms were subsequéntly identified

to the lowest practical taxon and enumerated.USing a dissecting microscope.

To obtain the wet-weight biomass, organisms were sorted by major grdup,
_ blotted to remove excess alcohol, and weighed immediately to the nearest 0.1
milligram. Biomass was reported in é}ams per squére meter. A grBup of only a
few individuals in a sample was combined with the same group from the replicate
sample or with individuals from stations along the same depth contour if neces-

sary to obtain a sufficient number for weight determination.
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Since all benthic organisms within each sample were analyzed, the
density or. biomass of benthic invertebrates in each sample was simply the num-

ber (or weight) of organisms divided by the cross-sectional area of the sampler.

The mean density or biomass and standard error at each station were.
derived using Equations 2 and 3 respectively (subsection A.l.c). The density
of each major group was obtained from the sums of the mean densities of the

taxa within the group, and group densities were summed to obtain total densities

" (all taxa combined).

To determine temporal and spatial distributions of the benthic inver-
tebrates, mean densities and associated standard errors were calculated by sam-
ple periods for the entire site, various depth contours, and control and experi-

mental areas using Equations 4 and 5 (subsection A.l.c).

5. Ichthyoplankton

Ichthyoplankton are the early developmental stages (eggs and larvae)
of fish. The larvae of most fish species are planktonic (drifting or suspended
in water), whereas the eggs are either planktonic or demersal (heavier than

water).

a. Field Sampling

Ichthyoplankton samples were collected from subsurface, mid-depth;
and off-bottom strata using the same sampling techniques and locations (Figure-
III-1 and Table III-1) described for macrozooplankton sampling (subsectioh 2).
During each sampling period, one horizontal tow was made'at'each depth strata
at all stations. Day samples were collected weekly from April through November
and night samples weekly from June through mid-September. In December, samples

were collecfed twice per month during the day.

b. Laboratory Processing

Ichthyoplankton samples were strained with a 300-micrometer screen to
remove silt and preservative. The following definitions were established for
life stages:

Egg Prior to hatching

Prolarvae From time of hatching until absorption
of the yolk sac (yolk-sac larvae) )

III-15 science services division



Postlarvae From time of yolk-sac absorption until acqui-
sition of fin-ray complement, body form, and
pigmentation of an adult (post yolk-sac larvae)

If there were more than 400 specimens per sample, the sample was
divided into two aliquots with a modified Folsom plankton splitter (Lewis and
Garriott 1970). The larger debris was removed prior to splitting. Splitting
continued until about 200 fish eggs and larvae.remained in each reduced portionm.
The whole sample or aliquot was examined and the ichthyoplankton separated by,
life stage. Each lifé stage was identifed to species level when possible and"
enumerated. Juveniles (the life stage following postlarvae) were not considered

to be ichthyoplankton because-thgy are free-swimming organisms.

c. Data Reduction

The density of each species collected at each depth strata was calcu-
lated using Equation 1 (subsection A.l.c) and reported as number of eggs, pro-
1arvae;‘or postlarvae per 1000 cubic meters of water sampled. A mean density
for each>sampling station (subsurface, mid-depth, and off-bottom depth stréta
combined) and a mean density for each depth strata along the 20- and 40-foot
depth contours were calculated using Equation 2. The station mean densities
were averaged to obtain mean densities for the 20- and 40-foot depth contours
ahd a site density. Since there was only one station each at the 60-, 80-, and
100-foot depth contours, the station mean'density at these locations was equiva-

lent to the contour mean density.

6. Fisheries

The fish population in the vicinity of Nine Mile Point includes both
primary and secondary consumers. Fish represent the higher consumer levels in
an aquatic ecosystem and provide a base for the sport and commercial fishing

industries.

a. Field Sampling

To reduce the selectivity that is inherent in the use of only one
gear, adult and juvenile fish populations in the Nine Mile Point study area
were sampled with a variety of gear including experimental gill nets, bottom

trawls, beach seines, and trap nets.

mimip
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The experimental gill nets were 8 feet deep and had six 25~foot-long
panels. Mesh sizes of the panels ranged from 0.5 to 2.5 inches bar measure.
Gill net sets were made twice monthly from April through December at 19 loca-
tions. The nets were set parallel to shore around sunrise or sunset and re-
trieved at approximately 12-hour intervals for 48 hours (Table III-1) except
at the 20-foot depth contour where there were two 12-hour sets. As each net

was retrieved, bottom water temperature was recorded.

The otter trawl had 1-inch mesh wings and body and a 30-foot foot rope,

a 27-foot head rope, and a vertical mouth opening of about 6 feet; the cod end

- was equipped with a 0.25-inch mesh liner. Trawl samples were taken twice per

month during both day and night at nine sampling locations. Day trawling began
about sunrise; night trawling about sunset. Trawls were towed parallel to the
shoreline along the respective depth contour at 1 meter per second for approxi-

mately 15 minutes. Bottom water temperatures were taken with each sample.

The 50-foot beach seine was 8 feet deep with a bag or pocket of 0.25-
inch mesh nylon centered between wings of the same mesh. A brail attached to
each end of the net maintained maximum separation between thé lead and float
lines during the seine haul. A small boat was used to deploy the beach seine
parallel to and 100 feet offshore; then, the wings were hauled simultaneously
toward shore with ropes, forcing the catch into the bag. Surface water tempera—
ture was taken 100 feet offshore at e;zﬂuggzgéﬁlocation.A Beach selning was
done twice each month during daylight hours from April through December (Table

III-1). Shoreline samples were taken at the following four locations:

® NMPW transect: 10 yards west of a creek on.an open,
gradually sloping beach

e NMPP transect: approximately 10 yards west of the
storm-drain discharge pipe by the Nine Mile Point
Visitors Center within a small bay-like area

o FITZ transect: on the small pebble beach by the
James A. FitzPatrick power station

e NMPE transect: at the base of Shore Oaks Rodd on

an open beach

- Trap nets were used in this study to shpplement data collected with

the gill nets, trawls, and seines. The box trap had 0.25-inch mesh nylon netting
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'supported on a 3- x 3- x 6-foot aluminum pipe frame. The box trap had 25-foot
wings and a 50-foot center lead. The trap was deployed on the lake bottom'af

the 20-foot contour with the lead stretched perpendicular to the shoreline and
the wings set at 45° angles to the lead. The trap nets were set twice monthly
from April through December on transects NMPW, NMPP, FITZ, and NMPE (Table

III-1) around sunset and were picked up shortly after sunrise.

After being removed from the nets, the fish were placed in labeled
plastic bags and stored in a cooler for later processing. During the expected
spawning season of several select species (alewife, rainbow smelt, white perch,
yellow perch, and sﬁallmouth bass), there were checks to see if either milt or
eggs éould be stripped from the gonads to indicate that spawning was progressing.
All fish selected for analysis of stomach.contents were injected with 10 percent
formalin (through the body wall into the stomach and through the mouth into the
pharynx) to abate gastric digestion.- : 4

" b. Laboratory Pfocessing
1) General Analyses

All fish were identified to the species level and enumerated. Total
lengths (millimeters) and total weights (grams) were determined for a maximum
of 40 individuals per species per catch. ‘Three key species (white perch, yellow
perch, and smallmouth bass) were further processed to détermine.age, stomach con-
tents, ‘and coefficient of maturity. Gonads frém thése key species as well as
from rainbow smelt and alewife were removed, placed in Gilson's fluid, and used

to estimate fecundity.

. The sex and the stage of sexual maturity were determined for individ-
uals of the three key speciés to supplement the age and coefficient-of-condition

and maturity data.

2) Coefficients of Condition and Maturity

Coefficients of condition and maturity were calculated by sex for

‘ yellow perch, white perch, and smallmouth bass randomly subsampled from

net catches. If available, 50 males and 50 females.of each species were ob-
tained each month from the experimental area (NMPP and FITZ) and from the con-
trol area (NMPW and NMPE).
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3) Fecundity

During the spring spawning season (April through June), there was an
attempt to collect gonads from 25 gravid females of five species (alewife, rain-—
5ow smelt, yellow perch, white perch, and smallmouth bass) for estimating fecun-
dity. Females of several different sizes wére used so results would not be

biased toward larger or smaller fish.

Fécundity, defined as the number of ripening ova in a female prior
to spawning (Ricker 1971), was determined using a gravimetric procedure. The
eggs (both immature and mature for alewife and white perch) within a subsample.
were counted and this number then multiplied by a factor representing the ratio
between subsample weight and total gonad weight to estimate the total number of

eggs iﬁ both ovaries.

Ova in the following size (diameter) classes were enumerated:

Alewife 0.5~0.8 mm (and 0.2-0.4 mm)
White perch 0.5-0.9 mm (and 0.2-0.4 mm)
Rainbow smelt 0.4-1.1 mm
Smallmouth bass 1.2-2.5 mm
Yellow perch 0.6-1.5 mm

The percentage of the total number of ova in each of two size categories was

determined by measuring the diameters of 75 randomly selected ova with an ocular

micrometer.

4)  Age

Fish selected fo; age analysis were distributed over the size classes '
present in the Lake.Ontarib population. Fifty fish were taken from samples

collected in the area potentially affected by the thermal plumes of the two

plants (transects NMPP and FITZ), while another 50 were from the transects

farthest from the power stations (NMPW and NMPE). Scales were removed and
analyzed. Scales of yellow perch and smallmouth bass were removed from the
left side below the lateral line at the disfal tip of the depressed pectoral
fin (Lagler'1956).” Scales of white perch were removed from the left sidg above

the lateral line and below the gap between the spinous and softrayed dorsal fins
(Mansueti 1960).
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To prepare the scales for analysis, wet mounts or cellulose acetate
impressions were made. Annuli on the scales were identified and counted using
a Tri-Simplex microprojector. All fish were considered to have been born on
1 Januafy; therefore, fish caught between 1 January and the current year's
annulus formation were aged as the number of annuli plus 1 year. After annu-
lus formation for the current year, the age of the fish was equal to the number

of annuli.

5) Stomach Contents

Knowledge of the food habits of fish is important in determining food-
web interrelationships among the fish and forage components of the aquatic eco-’.
system. Fifty fish of each key species (yellow perch, white perch, and small-
mouth bass) were captured in gill nets during August 1978 at stations along the
15-foot contour for stomach—éontents analysis. As in the age studies, half 6f
the fish were obtained from the area near the power stations (NMPP and FITZ) and
the other half from the two outside transects (NMPW and NMPE)

Stomach contents were teased out into a petri dish and the foéd items
identified to the lowest practical taxon and enumerated. Quantitative data were
used to determine each taxon's frequency and percentage with respect to total
number of organisms counted. Qualitative estimates of stomach fullness and de-
gree of digestion were also recorded for each fish examined. To more accurately
represent each food item's importance, food items were "weighted" by multiplying
the individual percentage volume of each food item by the percent stomach full—
ness of each individual stoméch. Thus, a food organism representing 50 percent
of ‘the volume in a stomach would be rated 37.5 percent in a 75 percent full sto-
mach (i.e., 0.50 x 0.75 = 0.375). Importanée indices for each species were added
and the food items' importance expressed as a percentage of the total fodd_values

in all stomachs.

c. ‘Data Reduction

Catch data for the various gear were expressed as a catch—per—unit

effort (C/£) based on the following definitions:

Beach seine Number of individuals per seine haul

Trap net Number of individuals per overnight set
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Trawl Number of individuals per 15-minute tow

Gill net Number of individuals per gill net set
standardized to a 12-hour set

The gill net C/f, for example, was estimated as:

. (x) (12)
ix Gill met C/f = — (12)
/
L 1
%
éM where
L X = number of fish caught in ith sample
2
Eh = duration of set in hours
. _ :
?% Fecundity estimates for each fish were-calculated using the equation:
N-Wl
; : g Fecundity = ———— (13)
- W .
_ 2
.4 where
- N = number of ova in subsample
! .
| W1 = weight of both right and left ovaries
WZ = weight of subsample

Aged fish were grouped by area of capture (expérimental or control)

and by age class. Mean total length for each age class was calculated using

i - i=1 .

N

e
prloannd

the equation:

(14)

; where

i
=2
]

number of fish

{} ' x, = value of ith fish
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the simple percentage of gonad weight to total body weight. Maturity values

Coefficients of maturity for the three key species were expressed as

were grouped by sex (male or female), month, and location of capture (experi-

mental or control area), and an average value was calculated using Equation 14.

Length and weight data for individuals of the three key species were
grouped by sex (male or female), season (spring, summer, fall), and locatién
of capture (experimental or control area). For each group, length-weight
relationships were calculated from the logarithms (base 10) of the lengths and

weights using the equation:

log W = log o+B log (TL) as)
where
W = weight in grams
o and B = empirically derived constants
TL = total length in millimeters

Condition factors (K) also were calculated for these. same groups of

fish using the equation:

5

'3

K(T.L.) TL

where

W = weight in grams

=]
t
1]

total length in millimeters
Equation 14 was used to average the condition factors of each group.

7. Water Quality and Thermal Profiles

The water quality sampling program was developed to monitor water
quality in the vicinity of the two operating power plants. A 9-liter PVC Van
Dorn water bottle was used to collect samples for general chemical analyses.
For tasks such as coliform bacteria and biochemical oxygen demand (BOD), spe-
cialized techniques (described below) were used. Holding times, required

preservatives, and analytical methods are indicated in Tables III-2 and III-3.

e e

- W x 10 . . | . (16)
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‘ Table IIT-2
- Recommended Sampling and Preservative Methods and Analysis Locations
g for Water Quality Samples Collected in Vicinity
4 i of Nine Mile Point on Lake Ontario
volume Collection
Required Container
Group Parameter (ms.) Materialt Preservative Holding Time* Analysis Location
S 111 Alkalinity 100 P,G 4°C 24 hr Field
11,111 »BODs 1000 PG 4°c 6 hr Field
I, It con . 50 P,G H2504 7 days . Dallas
1,11,111 Total solids 100 P.G . None 7 days Dallas
1 Total dissolved solids 100 P.G - 4°C 7 days Dallas
I,I1,111 Total suspended solids 100 . PG 4°C 7 days Dallas
111 Total volatile solids 100 P,G 4°C 7 days Dallas
§ . 1,11 Total Kjeldahl nitrogen 500 P,6 4"C,H250‘ 24 hr Dallas
LI Ammonia nitrogen 400 P,G tl‘c,HZSO4 24 hr Dallas
L. IT,I11 '} Nitrate nitrogen 100 P,G 4°C,H2504 24 hr ’ Dallas
-??'1 LITL,I0T Total phosphorus : 50 P.G 4°C 7 days Dallas
b 11 | Color 50 P.G 4°C 24 hr Dallas
S I1L,IH Specific conductance 100 P,G ' 4°C 24 hr Field
111 Total coliform bacteria 100 6 4°C 6 hr . . Subcontract
111 Fecal coliform bacteria 100 G 4°C 6 hr Subcontract
11 Organic nitrogen 500 ?,6 4°C stou 24 hr : . . Dallas
11,111 Orthophosphate 50 P,G 4°e 24 hr Dallas
, -1, 1 Sulfate S0 P.G 4°C 7 days Datlas
' 11 | chloride 50 P.6 . None 7 days Dallas
11 Aluminum 100%* PG - HNO3 6 mo Dallas
IH! Cadmium 100>+ P,6 HN03 6 mo ‘Dallas
L I, 11 Calcium , 100** P,G HN03 6 mo Dallas
- ' I, IIT | Chromium 100%* PG HNO4 6 mo Dallas
"% } 111 Copper . 100** P,G HN03'_ 6 mo Dallas
:1 111 Beryllium ) 100** ?,6 HN(]3 6 mo Dallas
, 111 Iron 100** P,6 HNO3 6 mo Dallas
: It Lead 100** P,G .HN03 6 mo Dallas
111 Magnesium 100** P,G HN03 6 mo Dallas
I Mercury 100** P HNO3 13 days Dallas
I Nickel ) 100** PG HNO4 6 mo pallas ,
188 Potassium . 100% PG HN03' 6 mo Dallas
I, III ] Sodium ’ , 100** P.G HN03 6 mo Dallas
IIr Zinc . . 100%* P,G ’ HNO3 6 mo Da-llhs
, 111 Phenols 500 6 ~4°C, H3P0§ 24 hr Dallas
E R : 1.0 g™Cu!
111 Vanadium T00* P.G HNO; 6 mo . Dallas
11,111 Silica 50 P 4°C 7 days Dallas
111 ABS . . 250 P,G 4°C 24 hr Dallas
v : : 11T ] Arsenic 100** PG HN()3 6 mo Dallas
| 111 Barium 100** ?.6 HNO 4 6 mo Dallas
71 Carbon chloroform extract 60t G None 48 hr Dallas
I Cyanide 500 P,6 4°C,NaOH 24 hr Dalias
IT1 Fluoride 300 P.6 4°C 7 days Dallas
m Manganese 100 £,6 HNO4 6 mo Dallas
11 | Selenium 100 P.G 1Ko,y 6 mo Dallas
111 Ferro- and ferricyanide 500 P,G 4°C,NaOH 24 hr Dallas
11 | siltver 100 PG HNO 6 mo : pallas
. I IT,II1 Turbidity 100 P,G 4°C 7 days Field
i i1 €0, 500 6 4oc 6 hr Field
L I, II1 | Radioactivity :13 © PG None 6 mo ) Subcontract
: I,11 pH In situ Field
11 Temperature In sity . Field
1,11 Dissolved dxygen énLgasu 6 ;s:h:;"kle" 4 hr Field
tp = plastic, G = glass
*Samples properly preserved may be held for extended periods beyond recommended holding tume
H **One 100-me sample preserved with HNO3 is sufficient sample for all metals.

[N,
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Analytical Methods and Detection Limits for Selected

Table III-3

Physicochemical Parameters

. ”»?.";_I_i_‘auc_lio'iéti'vity

tillation counter, and gamma spec.

‘Detection

Parameter Method Reference® Limits
Temperature Thermistor SM 162 0.1°C
Dissolved oxygen ' Polarographic probe {in situ)or titration EPA p.56&51} 0.1 mg/L
Specific conductance (salinity) Wheatstone bridge SM 154 5 umhos
Turbidity Nephelometric SM 163A 1 FTU
pH Electrometric (in situ) SM 144A 0.01 units
Alkalinity Electrometric titration SM 102 0.1 mg/L
Total dissolved solids Gravimetric (105°C) SM 148B 1 mg/t
Total suspended solids Glass-fiber filter (103-105°C) SM 148C 0.1 mg/L
Color Automated (APHA) SM 118 5 APHA
Carbon chloroformextract (CCE Gravimetric SM 506 0.2 mg/L
Ammonia nitrogen Automated (phenolate) EPA p. 168 0.002 mg/1
Nitrate nitrogen Automated (cadmium reduced) EPA p. 201 0.02 mg/L
Nitrite nitrogen _ Automated (diazo) EPA p. 215 0.002 mg/t
Organic nitrogen Manual (digestion distillation), ‘EPA p. 182 0.03 mg/t

' automated digestion phenolate
Total inorganic phosphate Digestion (acid) + automated EPA p. 256 0.002 mg/4
Total phosphate Digestion (persulfate) + automated ~ EPA 1. 256 0.002.mg/L
Sulfide Automated EPA p. 280 0.005 mg/4
Silica » Automated {molybdosilicate method) EPA p. 281 0.05 mg/L
Biochemical oxygen demand Polarographic probe EPA p. 11 0.1 mg/t-
Total coliform bacteria Multiple tube fermentation SM 408D -
Fecal coliform bacteria Multiple tube fermentation SM 408C -
Sulfates Automated (barium, chloranilate) EPA p, 279 0.2 mg/L
Chlorides Titration (mercuric nitrate}, automated . .
Hardness EDTA titrimetric SM 122B 0.1 mg/L
Surfactants Methelene blue method SM 159A 0.01 mg/e
Phenols 4:aminoantipyrine method EPA p. 256 0.005 mg/L
Oil and grease Trichloratrifiuoroethane extraction EPA p. 229 0.1 mg/t
Aluminum Atomic absorption SM 1294 0.001 mg/¢
Beryllium Atomic absorption SM 123A 0.001 mg/t
Boron Carmine method, automated SM 107B 0.1 mg/t
Cadmium Atomic absorption SM 109A 0.001 mg/4L
Calcium Atomic absorption EPA p. 103 0.002 mg/t
Chromium Atomic absorption SM 1174 0.001 mg/t
Cobalt Atomic absorption SM 116A 0.001 mg/¢
Copper . Atomic absorption SM 1194 0.001 mg/¢
Cyanide Pyridine-pyrazalone method SM 207C 0.005 mg/t
Fluoride Ion selective elcctrode - EPA p. 61 0.04 mg/t
Iron Atomic absorption EPA p. 147 0.001 mg/
Lead Atomic absorption SM 125B 0.00} mg/t
Magnesium Atomic absorption SM 1278’ 0.0001 mg/4
Manganese Atamic absorption SM 128A 0.001 mg/t
Molybdenom Atomic absorption EPA p. 139 0.03 mg/¢
Nickel Atomic absorption EPA p. 141 0,005 mg/¢
Potassium Flame emission SM 1474 0.005 mg/L
Selenium Atomic absorption EPA.p. 145 0.0003 mg/L
Sodium Flame emission SM 153A 0.0007 mg/4
Titanium Atomic absorption EPA p. 143 0.001 mg/L
/Tin Atomic absorption EPA p. 143 0.001 mg/L
Vanadium Atomnic absorption EPA p. 144 0.001 mg/L
Zinc Atomic absorption ‘ SM 165A 0.001 mg/t
‘Gas-flow proportional counter, scin- RMC -

i

N - "
ASTM - Annual Book of ASTM Standards, Part 31 Water. American Soclety for Testing and Materials. Philadelphia.

SM - Standard Methods for the Examination of Water and Wastewater, l4th ed., 1976, APHA, AWWA, WPCF.

EPA - Methods for Chemical Analysis of Water and Wastes, 1976a, and various technical leaflets:

© RMC - Radiation Management

Corporation Analytical and Quality Control Procedures, RMC~TM-75-3, July 1976

g
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Sampling regimes for the water quality tasks required different param-
eters and frequencies. For convenience, the sampling regimes were categorized

into three groups.

a. Group I

Water samples were collected monthly at the 20- and 40-foot depth con-
tours on the NMPW, FITZ, end_NMPE transects and examined for the 11 parameters

specified in Table III-2. Whole-water samples were collected from 0.5 meter

below the surface in a 9-liter PVC Van Dorn water bottle, then dispeﬁsed into

polyethylene containers and placed on ice. Temperature, dissolved oxygen (D.0.),
and pH were determined in situ with a Yellow Springs Instruments (YSI) Model 57
D.0. meter or titfation and an Instrumentation Laboratories (IL) Model 175 Porto-
matic pH meter (or equivalent). Except for radioactivity.samples, which were
enalyzed by'Radiation‘MAnagement Corporation (RMC 1976), samples were sent via
airfreight to Dallas and analyzed according to techniques described in Tables
I1I-2 and III-3.

b. Group 1I

Samples were collected at the 20~ and 60-foot depth contours of the
NMPw;‘NMPP, and NMPE transects and were examined forlthe'16 parameters specified
in Table I11-2, as well as for chlorophyli_g concentrations. Whole-water sam-
ples Were.collecfed from the O.S—meter.depth in a 9-liter PVC Van Dorn water
boftle, then‘dispensed into polyethylene containers and placed on ice. Temper—‘
ature, dissolved oxygen, conductivity, and pH were measured in situ. Free
earbon dioxide was determined with standard titration techniques. Samples-for
BOD analysié were placed in sterilized glass BOD bottles, which were allowed to
overflow at least three times their volume. The BOD samples were placed.on ice
in the dark, and incubation was begun within 6 hours. Turbidity was determined
at the fieldAlab with a Hach Model 2100A turbidimeter. Chlorophyll a samples
were prepafed according to methods described in subsection A.1.b, then frozen
and shipped to Dallas, along with the remaining Group-II paremeters for anel—

yses (Table III-3).
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c. Croup IIT

Water quality samples were collected monthly from April thfough
December along the NMPP/FITZ transect. Whole-water samples were taken from
0.5 meter below the surface and 0.5 meter off the bottom at the 25- and 45-foot
depth contours and analyzed for the 48 parameters listed 1n Table ITI-2, At
each location, surface and bottom water temperatures were recorded and speciflc
conductance measured in situ. For general water chemistry and analysis, six
1-liter polyethylene containers were filled and placed on ice. Samples for
phenol determination were placed in a precleaned 500-milliliter glass container‘
with a teflon-lined cap.' Samples for BOD determination were collected as
-described for Group II, and water for coliform analysis was collected in ster-
ilized giass bottles using a J-Z sampler. Incubation of coliform samples was
initiated within 6 hours. For carbon chloroform extract (CCE) analysis, 60
liters of water was collected at each station and stored in glass containers.
These samples_were subsequently passed.(fpr 48 hours) through a miniature'CAM I1-A
sampler having a sample column packed with 70.0'gramé of activated carbon.
The activated-carbon samples were then shipped to Dallas for analysis according
to the method in Table III-3.

d. Thermal Profiles

Three temperature profiles were made weekly during the day from April
through December. Temperatures were recorded at l-meter intervals from surface

to bottom at the 100-foot depth cdntour of the NMPW, FITZ, and NMPE transects.

B. IN-PLANT STUDIES

Both the Nine Mile Point and James A. FitzPatrick power stations use
once-through cooling-water systems to dissipate waste heat. In accord with the
requirements of NRC's Environmental Techmical Specifications, impingement rates

were monitored three times a week at both power stations (Table I1I-4).

Planktonic organisms such as phytoplankton, zooplankton, and fish eggs
and larvae pass through the screening devices and subsequently through the entire
cooling~water system. This passive incorporation of planktonic organisms into a

circulating water system is referred to as entrainment.
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Table ITI-4

Schedule for Implngement and Entrainment/Viability Studies
at Nine Mile Pnint and James A. FitzPatrick Power Plants, Lake Ontario, 1978

oy

. Samples
Task Frequency* Season Location Depth per Year** Comments
Impingement : - s
Nine Mile Point Three times/week - Jan-Dec Traveling screens Entire water 156 On Mondays and fridays, a composite 24-hr
(hourly on Wed) and bar racks column sample is collected; on Wednesdays, sam-
pling is -hourly until 24 one-hr samples
\ are obtained.
J.A. FitzPatrick Three times/weék  Jan-Dec Traveling screens Entire water 156 On Mondays and Fridays, a composite 24-hr
(D/N on Wed) ’ and bar racks column sample is collected; on Wednesdays, sep-
. arate day and night samples corresponding
. with sunrise and sunset are taken.
Entrainment )
Nine Mile Point
Ichthyoplankton Semimonthly? (D) = Apr-Oct " Intake forebay 2 and 7 ft 28 Intake samples taken by drift nets set
’ below sur- in forebay just upcurrent from travel-
face ing screens.
J.A. FitzPatrick '
Ichthyoplankton Semimonthly (D/N) Jan-Dec Intake forebay 14 and 20 ft 96 Intake samples taken by drift nets set
below surface in central area of intake.
Zooplankton Semimonthly (D/N) Jan-Dec Intake forebay 5 ft below 96 Zooplankton samples pumped from central
- surface area of intake,
Viability
J.A. FitzPatrick )
Phytoplankton
Chlorophyll a Semimonthly (D/N} ~ Jan-Dec Intake, discharge, 5 ft below 1536
' 2° and 3° aT, and surface
. ) “lake samples
Primary production Semimonthiy (D/N) -Jan-Dec Intake, discharge, 5 ft below 1536 Lab processing for primary production in-
4C 2° and 3° AT, and surface volves a larger number of samples per year
lake samples because each sample is represented by one
Tight bottle and one dark bottle.
Zooplankton Semimonthly (D/N)  Jan-Dec Intake, discharge, 5 ft below 384
: 2° and 3° AT, and surface
) ) Take samples
Ichthyoplankton Semimonthly (D/N)  Jan-Dec Intake, discharge, 14 and 20 ft 384
2° and 3° AT, and below surface
lake samples at intake; 5
ft below sur-
face at dis-

charge

UOISIAIP S9@91A188 @0ua|0s

*(D) = day sampling; (N) =

night sampling

TSemimontth is defined as twice per month.

Jede
Details on sampling requirements are presented in Section II of the SOP for the

Nine Mile Point Ecological Monitoring Program.
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Entrainment of ichthyoplankton was monitored at the Nine Mile Point

A

plant by collecting intake samples twice per month from April through October. [
At the James A. FitzPatrick plant, entraimment rates and percent mortality due L
_to entrainment were documented twice per month during the entiré year (Table

I1T-4). Entrainment rates for zooplankton and ichthyoplankton were documented

by determining the number of organisms in intake samples per volume of cooling

i
water used. :
. {

To estimate the mortality of phytoplankton, zooplankton, and ichthyo-~ %“
plankton caused by entrainment through the James A. FitzPatrick plant, intake :

and discharge samples were collected from the same water mass and the percent y

mortality of the two then compared. To estimate mortality due to plume entrain- |
ment the percentage of dead organisms in samples from a simulated pr-the actual %1
discharge plume was compared to the percent mortality in the intake samples %
(Table III-4).

1. TIwmpingement
a. Field Sampling

Tmpingement was monitored concurrently at both power stations (Table
III-4) for a 24-hour period on Monday, Wednesday, and Friday of each week from §
January through December. Monday and Friday samples at both stations were cum- ?}
mulative 24-hour samples; the collection baskets remained in sampling position
until the end of the 24-hour period. Each Wednesday, impinged fish were col- ?J
lected at the end of each hour throughout the 24-hour period at Nine Mile Point '
aﬁd at the end of day and night photoperiods at James A. FitzPatrick. Impinge-

ment monitoring generally began at 0001 (military time) on each sampling day. i

Just before the fish collection basket was placed into sampling posi-
tion, the bar racks and traveling screens were cleaned and the debris and fish

discarded., The collection basket, a large rectangular metal basket constructed

of 1-inch stretch mesh hardware cloth and lined with 3/8-inch mesh nylon netting,
‘was placed at the end of the screen wéshwater sluiceway where it dumps into the ”}”
discharge canal. All fish and debris washed off the traveling screens were col- it
lected in the basket, and the fish were identified and enumerated to document

impingement. ’ éuy
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Plant operational data were obtained for each sampling date to determine

cooling-water flow rates, intake and discharge temperatures, and power production.

When impingement rates at either plant exceeded 20,000 fish per 24-hour
period, impingement sampling was continued on a daily basis until the rate drop-

ped below 20,000 fish per 24-hour period at the affected plant.*

b. Laboratory Processing

"All impinged fish were identified to species when possible and enumer-
ated as soon as possible after collection. Total numbers and weights for each
species and individual total lengths (millimeter) and weights (nearest 0.1 gram)
for a maximum of 60 fish of each species from each day, night, or 24-hour sample
(or for 10 individuals of each species collected in each hourly sample) were re-
corded. .Unusual conditions (e.g., damaged individuais or presence of fish tags)

were documented.

Impinged fish were used also for fecundity and age analysis. There

was an attempt to remove gonads from 25 gravid females of five species (alewife,

_fainbow smelt, yellow perch, white perch, and smallmouth bass) during the'spring

spawning season (April through June) to estimate the fecundity of these fish.
Gonads were selected and analyzed using the same procedure described for fecun-

dity analysis of lake fish (subsection A.6.b).

Scales for age analysis were removed from 25 individuals of the two

most abundant épécies collected during each season sampled during 1978: winter

',(Januéry-March), spring (April-June), summer (July-September), and fall (October-

December).

When alewives were selected, scales were removed from the left side be-
low the lateral line and above the vent (Marcy 1969). When rainbow smelt were
selected, scales were removed from the left side midway between the lateral line
and dorsal fin, but from the area just posterior to the dorsal fin (Burbidge 1969,
McKénzie 1958). Ages of threespine sticklebacks were determined using lengtﬁ-

frequency data.

Age analysis was by the same procedure described for Lake Ontari& fish
(subsection A.6.b).

*NOTE: At the James A. FitzPatrick there is also a plan for additional impinge-
ment sampling to meet New York DEC requirements.
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c. Data Reduction and Analysis C

Data were tabulated to present impingement rates (number and weight)

for'each species as well as all species combined. Two estimation techniques

it
;

were used to calculate monthly impingement from the Monday, Wednesday, and
. Friday catches:
(x) @M

No. =~ _ o a7)

Wl

where

[T}

estimated impingement for month (number or weight)

[}

No-

total number (or weight) of species (or all
species combined) collected during n sample

- days
number of days in sample month ' . - j}

o]
=}
it

number of days sampled during sample month

and ‘ ' . l

| (xp) (6) o o
No- = (—————;;*-) * 1000 18) _;.

mr

where
‘No- . = estimated number of fish impinged per 1000 . T}
cubic meters of cooling water used | g

X, = total number (or weight) of species (or all ' E
species combined) collected during n sample ‘ }
days }

G = total number of cubic meters of water taken A
into plant during sampling month ' ) SR

g = total number of cubic meters of water taken
into plant during days sampled

Annual ﬁmpingemént was estimated by summing the monthly impingement values

calculated by Equatioﬁ 17.
Occasionally, high debris loads inhibited_the collection of all T
fish and debris impinged during a 24-hour sampling period. When this occurred, éf

4 volumetric subsampling technique was employed. The total catch (numbers and -
weight) was estimated using the formula: ;_

(x).v
Nory= —F%F —
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where
No.4 = estimated impingement for 24-hour period

X, = total number (or weight) of species (or all
species combined) within subsample

f = volume of subsample

V = volume of total 24-hour catch

A concerted effort was made to obtain a subsample of at least 25

percent of the total catch.

Age.composition data were grouped by season of captﬁre and by age
class, Mean total lengths by age cléss and season were calculated using Equa-

tion 14 (subsection A.6.c).

Fecundity was calculated using the same procedure that was used for

Lake Ontario fish (Equation 13, subsection A.6.c).

2. Enfrainment/Viability
a. Nine Mile Point

Sampling within the Nine Mile Point plant documented entrainment of
ichthyoplankton. Twice per month from April through October, two samples were
coliected during(thelday from the intake forebay at the Nine Mile Pqiﬁt (Unit 1)
plant (Table III-4) by lowering two 0.5-meter-diameter 571-micrometer mesﬁ plank-
ton nets simﬂltaneodsly into the center forebay and setting them at depths of
2 and 7 feet. The'stationary nets were set for 15 to 30 minutes, depending on
how many pumps were running. The volume of water sampled was determined with
a center-mounted digital flowmeter. The samples were preserved in 5 percent
buffered formalin. Lab processing and data analysis techniques were the same

as those used for Lake Ontario ichthyoplankton samples (subsection A.5).

b. James A. FitzPatrick

At the James A. FitzPatrick plant, entrainment and viability samples
were collected twice monthly from January :through December. Sampling involved
all three major components of the planktonic biota in Lake Ontario: ichthyo-

plankton (fish eggs and larvae), zooplankton, and phytoplankton (Table III-4).
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1) Ichthyoplankton
a) Field Sampling

To document entrainment rates for 1chthyop1ankton at the James A.
F1tzPatrick plant, day and night samples were -collected from the intake fore-
bay twice each month (Table III-4) by simultaneously lowering two'O.S—meter—
diameter plankton nets (571-micrometer mesh) into the.common forebay area. The
metered nets were set for about 5 to 15 minutes approximately 14 and 20 feet
below the water surface. Upon retrieval, the samples were processed first as
viability samples (see below), then preserved ﬁith formalin and processed later
for entrainment data. For entraimment, all ichthyoplankton were identified and

enumerated by life stage using procedures described in subsection A.5.b.

"To estimate mortality due to plant entrainment, the percentage of
dead eggs and larvae in intake and discharge samples were.compared. To insure
that the same water mass was sampled at both the intake and diséharge,_a cal-
culated time iagf(TableFIII—S) was used between discharge and intake sampling.
Discharge samples (two from day and two from night) were taken by pumping water
with a 750—ga110n—ﬁer-minute centrifugal pump- for about 5 minutes from a depth
of 5 feet. After the pumped samples were filtered through a 571-micrometer mesh
net, they were held at the ambient discharge temperature for a period comparable
to‘the travel time required for discharge water to flow from the point of collec-
‘tion to the. discharge outlet in the lake (Table IIT-5). The samples then were
diluted with flltered intake water to simulate the temperature change experlenced
by ichthyoplankton traveling from the discharge outlet to the 2°F isotherm in the
plume (Figure III-2). The samples were then pfocessed to determine the percen-

tage of live and dead eggs and larvae.

Table III-5

Time Required for Mass of Cooling Water To Flow from Intake Forebay
to Discharge Aftbay and from Aftbay to Lake Ontario Discharge Structure

No. of . . .
Circulating Approximate Travel T1me (minutes)
Water Pumps Intake Forebay to Discharge Aftbay to
Operating Discharge Aftbay Lake Discharge Structure
1 9-12 18
5-6 9
3 3-4 6
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DISCHARGE SAMPLE
' [0.5 LITER @ APPROXIMATELY 31.5° F 25 LITERS

1 ; 2
ABOVE AMBIENT (aT)] 8 7.0" a7
[ . 1.75 LITERS

OVER 20 SECONDS

1 ' 0.90 LITERS
Ly : FILTERED INTAKE WATER | QVER 40 SECONDS 315 LITERS

' 2.1 LITERS
.. 2.6 LITERS / OVER 340 SECONDS
. . DS

OVER 300 SECON

7.85 LITERS 5.25 LITERSA

-
ANALYSIS ¢ 2.0% oT @ 3.0° 4T

: : 'Figure III-2. Serial Dilution Sequence Used To Simulate Temperature Reduction
¢ in Thermal Plume from Discharge Outlet to 2°F Isotherm

[

I ‘ To estimate mortality due to entraimment of Lake Ontario ichthyopiank—

ton in the thermal plume, the percentage of dead eggs and larvae in simulated or

[

actual plume samples was compared with mortality in the intake samples. Aétuél

lake plume samples were collected from a depth of 5 feet by towing two 0.5-meter-

[
USSR

diaqe;er 571-micrometer mesh nets from the visible boil area above the discharge

structure throughlthe plume toward the 2°F isotherm. Sampling duration and tow

i ' velocity were similar to those during intake sampling. Two replicate plume simu-

lation samples were obtaihed by collecting intake samples as previously described

and simulating increasing and decreasing temperatures within the plume by adding‘
; filtered discharge water and then ambient filtered intake water (see Appendix IT
e and Table II-7, LMS 1977).

b) Laboratory Processiﬁg

Viability samples were examined under a dissecting microscope soon

after being collected. Dead eggs and larvae were removed, identified, enumer-
ated, and preserved in 10 percent buffered formalin in a labeled vial. Live
eggs and larvae were placed in a separate vial, preserved, and later identified
and enumerated. Fish eggs were considered dead. if they were opaque, had dis-

rupted membrane structure or obvious surface abrasions, or were infected with

3
¢
3
w4

fungus. The live/dead status of fish larvae was based primarily on movements,
i?; but larvae infected with fungus or exhibiting surface abrasions also were consi-
o dered to be dead.
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2) Zooplankton

a) Field Sampling

Zooplankton samples for documenting entrainment during the day and
night were collected from the intake forebay twice each month (Table ITI-4).
Replicate zooplankton samples were pumped from approximately 5 feet below the
surface of the forebay into a 76-micrometer mesh plankton net suspended in a
barrel of ambient water. The pump was calibrated before each sampling period,
and sufficient water was pumped to yield a concentration‘of approximately 200
zooplankton pér counting chamber (Davies and Jensen 1974). The net contents
were washed into a incubation container, held in a water bath at ambient intake
temperature for 8 to 10 hours, and then used as both viability and entrainment
samples. Densities were determined with lab techniques identical to those uséd

for lake zooplankton samples (subsection A.2.b).

Discharge aftbay samples were collected using the same prbcedures
previously described for intake samples, and intake and discharge samples were
compared to estimate mortality due to plant entrainment. To insure that the
intake and discharge saﬁples came from the same mass of water, the replicate
discharge samples were coliected after the proper lag time (Table III-5). After
the discharge samples were collected, they were held at the discharge water
temperature to simulate travel time to the discharge structure in Lake Ontario;
then, to lower the temperature of the zooplankton samples to lake ambient, the
samples were diluted with filtered intake'water (Figure III-2). The samples
were transferred to incubation chambers and held at ambient intake temperature

for 8 to 10 hours before live/dead counts were made.

Procedures for measuring the effects of plﬁme entrainment on zooplank-
ton were similar to those used for ichthyoplankton (see Appendix ITI and Table
II-5, IMS 1977). o

b) Laboratory Processing

After the 8- to 10-hour incubation period, the viability sample was
carefully washed into a 250-milliliter graduated beaker_and uniformly mixed,
A l1-milliliter aliquot was withdrawn with a wide-bore pipette and placed in a
clean Sedgwick-Rafter cell. All nommotile organisms in the chamber were iden-

tified to major taxonomic groups and counted using a Whipple grid and 100X
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magnification. Motility was defined as the ability of zooplankton to show any
movement or activity whatsoever (e.g., appendicular and visceral movements).

After the nommotile organisms were counted, the Sedgwick-Rafter cell was placed

]

on a hot plate for 5 minutes at 65°C to heat-kill all live organisms. Then,

the entire chamber was examined again and all zooplankton identified to major

SN S

taxonomic groups and counted. Live/dead counts from the two replicate samples

at each location were used to calculate a mean percent mortality.

3) Phytoplankton
it
%é a) Field Sampling

The effect of entrainment on the phytoplankton community was deter-

et

mined by examining chlorophyll a concentrations and primary production rates

'y (14C method) in the intake forebay, the.discharge aftbay, the 3°F mixing zone

in Lake Ontario near the diffuser discharge, and ambient Lake Ontario waters

fw? near the 2°F isotherm (or 3° and 2°F simulation samples). Phytoplankton
1&; viability samples were collected twice per month both day and night (Table IIi—4).
f% . At the intake forebay, two water samples were collected with'a pump: . .

My - from a depth of about 5 feet. From each sample, four 2-liter aliquots were
withdrawn for chlorophyll‘§;determinations. The four chlorophyll a samples

{ { were.ﬁiaced inside a black plastic bag and held at ambient temperature for

N temporary storage, then transferred to the lab for further processing. For
primary production measurements, four séts of BOD bottles (one light and one -
dark bottle per set) were filled and each bottle allowed to overflow at least
once its volume before being capped. These light and dark bottles were stored

témporarily in a cool, dark area, then transported to the lab for additional
f\ processing.

After the appropriate lag time (Table III-5), two discharge aftbay

P samples were pumped from approximately 5 feet below fhe water surface. The two
] dischérge samples were held at the discharge water temperatufe for 6 to 18 min-
. utes to simulate the travel time to the discharge structure; Then, both samples
: were placed in an ice bath until their temperatures approached to within 3°F of
the intake (ambient) water temperature; at that time, four 2-liter aliquots were
removed from each sample for chlorophyll a analysis and four sets of lighf/dark

bottles were prepared using procedures identical to those used for the intake
samples,
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To determine the effect of plume entrainment, samples were collected
from the 3°F and 2°F isotherms in the discharge area of the lake or thermal
plume conditions were simulated. Lake samples were obtained by pumping the
required water from 5 feet below the surface and prepared in the same manner
used for intake samples. For a simulation sample, approximately 30 liters of
unfiltered intake water was mixed with 2.5 liters of discharge water (at pre-

vailing discharge temperature) using a serial dilution scheme similar to that

used-for zooplankton simulation samples (LMS 1977).

b) Laboratory Processing

The light and dark bottles for primary production were brought into
the laboratory within 2 hours of collection. These samples were injected imme~
'diately with 1 milliliter of NaH14CO3 (5 microcuries per milliliter) and placed
in an incubator at ambient (intake) temperature under fluorescent lighting (about
200 foot-~candles). Two sets (one light and one dark bottle per set) from each

sampling location (intake, discharge, plume, simulation) were removed after 7,

24, 48, and 72 hours' incubation and processed according to the methods described

in subsection A.l.b. Primary‘production was reported as milligrams of carbon

assimilated per cubic meter during the incubation period (Equation 8, subsection
A.l.¢).

The chlorophyll a samples were incubated with the productivity samples.
Two 2-liter samples per location were removed after the 7, 24, 48, and 72 hours"'
incubation and filtered using the same techniques described for Lake Ontario
samplesb(subsection A.1.b). Chlorophyll a-and phaeophytin a concentrations
were determined spectrophotometrically following laboratory and data reduction

. procedures described in subsection A.l.b and A.l.c.
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SECTION IV
- RESULTS AND DISCUSSION — LAKE ONTARIO STUDIES

Two nuclear electric generating plants, Nine Mile Point Unit I and
James A. FitzPatrick, are located on the New York shoreline of southeastern
Lake Ontario on a promontory called Nine Mile Point. Both plants withdraw

cooling water from the lake for once-through cooling systems and discharge

- into the lake.

This section presents results of ecological studies conducted in
the vicinity of Nine Mile Point during 1978 to monitor the lake ecosystem in
order to detect potential plant influences, if any, and assess their impor-
tance. The 1978 results represent the most recent ecological data available
from a continuing program that has been administered by the utilities oper-—

ating the stations — Niagara Mohawk Power Corporation and the Power Authority

of the State of New York.

The Lake Ontario monitoring'program was designed to describe the com-
position and relative abundance, both spatially and temporally, of the major
components of the aquatic biota, including phytoplankton, zooplankton, peri-
phyton, benthic invertebrates,'and.fish. The program also monitored water

quality in the area.

- The study has two major objectives:

e Monitor the aquatic ecosystem in the vicinity of the
© two plants following guidelines established by the
Nuclear Regulatory Commission in the Environmental
- Technical Specifications for the plants

e - Compare abundance, species composition, and distri-
bution of aquatic biota in the vicinity of Nine Mile
Point, especially in the area immediately adjacent to
the power stations (the experimental area) and in areas
farther away from the statioms (the control area) that
usually are not influenced by plant operations.
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A, PHYTOPLANKTON

Phytoplankton, which are minute aquatic plants and the primary food
source for higher levels of organisms in an aquatic ecosystem, use the sun as

an energy source for biochemically incorporating carbon needed for respiration

and reproduction.

1. Phytoplankton Densities

In this study, cell density estimates for species composition and
temporal and spatial distribution were used to describe the phytoplankton
community. Chlorophyll a concentrations and rates of carbon assimulation
(utilizing radioactive carbon-14 tracer methods) were used as an estimate

of phytoplankton biomass and productivity.

a. Species Composition

Changes in species composition may indicate changes in those phys-
ical and chemical factors that affect the composition of the phytoplankton
community (Schelske et al 1971). In the vicinity of Nine Mile Point, 223
phytoplankton taxa were observed frdm April through December 1978 (Appendix'
Table A-1), however only 51 bf these taxa comprised 2 percent or more of th
total number of phytoplankton collected during any sampling month (Table
1V-1). The most abundant taxa during the 9-month sampiing period (Table IV-1)
were Microcystis sp. (a blue-green alga) and Rhodomonas minuta (a phyto-

flagellate). Although all major phytoplankton divisions were observed, the
majority of the taxa were blue-green algae (Cyanophyta), green algae (Chloro-
phyta), and diatoms (Bacillariophyta-Centric and Pennate combined); these

three divisipns were represented by 21, 107, and 47 taxa, respectively.

Several taxa of nuisance algae were identified throughout the study,

but none were at levels high enough to create nuisance problems. Cladophora,
a filamentous green alga capable of producing nuisance blooms, was not en-
countered in phytoplankton samples during 1978. Although it was observed in
nearshore waters by divers during benthic sampling, Cladophora did not exhibit
extensive large mats of growth along the shoreline as it has in previous years
(Mantai 1974).
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Table IV-1
Monthly Occurrence a_hd Relative Abundance of the More Abundant Phytoplankton
3 Collected in Whole Water Samples in Vicinity of Nine Mile Point,

¢
H
3
?
i

April-December 1978

Annual Mean
Taxa Apr May Jun Jul Aug Sep Oct  ’  Nov Dec %

Cyanophyta
Chroococcales
Aphanothece sp. ™ 14
Gomphosphaeria aponina T 10 1
Gomphosphaeria Tacustris T 27 4
Comphosphaeria naeqelianun
icrocysts sp. 1 7 7 24 47

. : 14 17
OsciTTatoriales .

Lyngbya contorta

bya sp.
. Osciﬁatoria sp. 4

Nostocales
Anabaena circinaiis
abaend sp. :
Aphanizemenon f1os-aquae
Chlarophyta
Volvocales
Chlamydomonas sp.
Chlorococcales
Ankistrodesmus convolutus
nkistrodesmus falcatus
Coelastrum microporum

Dict o.?haerium Sp.
Tcractinium sp.

. Qocystis ipi)'

. .Feﬁ‘as rum boryanum
Pedfastrum dugiex
Scenedesmus ecornis 3

Scenedesmus guadricauda

o Scenedesmus sp. T

£ Sphaerocystis schroeteri
CElqrocOCCaTes unid. 1

Ulotrichales

Ulothrix zonata 4
Oedogoniales

L Oedogonium sp. 3 T . T 4 1 6 1
. 1 Chlorophyta unid. - . T
iy - Xanthophyta -
i Rhizochloridales
; Stipttococcus sp. 13 1 4 T T T 3
i Chrysophyta
: Chrysomonadales
Chrysochromulina parva 2 . T
Dingbryon sociale :
Thrysomonadaies unid. T
Monosigales X
Stelaexomonas dichotoma . 1 T
BaciTTariophyta-Centric
Eupodiscales .
Cyclotella sp. . T
elosira Jslandica 1
MelosTra sp. -
discus astraea 3
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Stephanodiscus binderana

Stegianodiscus sp. 48

tupodiscales unid. T

Baciltariophyta- Pennate

Fragilariales

Asterionella formosa

Diatoma Lenue

Fragilaria capucina

ragilaria crotonensis

FragiTaria sp.

Cryptophyta

Cryptomonadales
Chroomonas sp.

!t Erxp_tomonas marssonii
Cryptomonas sp.
Rhodomonas minuta
Cryptomonadales unid.

Unidentified alga

Density (Mo./mg) 1016.1 402
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b. Temporal Distribution

Total phytoplankton cell densities fluctuated throughout the 1978
sampling season (Table IV-2), Phytoplankton cell densities were lowest in
April and highest in November. A late spring peak (total cell densities of
4000-4200 per milliliter) was observed in May and June and a late summer peak

(nearly 5000 cells per milliliter) in August. A total cell density of more

than 5300 cells per milliliter was observed in November.

The three most abundant groups in the vicinity of the Nine Mile.
Point and James A, FitzPatrick plants during 1978 were blue-green algae, which
accounted for about 39 percent of the algae collected, and green algae and dia-
toms, which accounted for 20 percent each (Appendix Tables A-2 through A-5).
Phytoflagellates (Cryptophyta) were fourth in aﬁundance (Appendix Table A-6).

Diﬁtoms were dominant during April, May, June, and December when
water temperatures were low (Table IV-2)., Blue-green algae dominated the
community from July through November; during July through October, the greens
were second in abundaﬁce.' These two groups typically peak during warmer-water
periods. Phytoflagellates (Cryptophyta) were second in abundance during April
and codominated with the blue-green algae during November. Other phytoplankton
divisions collected included the Euglenophyta, Chrysbphyta; Xanthophyta, and
‘Pyrrhophyta (dinoflagellates). Densities of these groups were low throughout
- the study period (Table IV-2 and Section I-A, pages I-A 1 through I-A 20 of the
1978 Data Report prepared by Texas Instruments Incorporated 1979).l

-The presence of a filamentous red alga, Batrachospermum sp. (Rhodo-

phyta) in April was atypical. This genus is usually found within cool, flowing
streams rather than in open waters of a lake (Hynes 1972) and perhaps it was

washed into the lake by spring runoff,

¢c. Spatial Distribution

There were no apparent spatial trends among sampling stations within
each sampling month for either individual divisions or total phytoplankton den-
sities, nor were there specific trends among depth contours (Appendix Tables

A-2 through A-7). 1In addition, there were no apparent differences of monthly
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Table IV-2

e

Mean Density and Relative Abundance® of Major Phytoplankton Groups Collected in Surface Samples,

and Associated Chlorophyll a Concentrations and Primary Production Rates,
Nine Mile Pomt V1c1n1ty, Apr11—December, 1978

e 0 wrisad

o : Annual

Apr** May Jun Jul Aug Sep Oct Nov Dec Mean
Division No./m¢ % No./me % No./m % MNo./me % No./me % No./m % No./me % No./me % No./m % No./me %
Cyanophyta 55.0 5.4 - 662.3 16.4 643.7 15.4 494.4 41.0 2795.6 56.2 1249.1 65.7 2476.1 65.1 2097.0 39.1 410.3 27.5 1209.3 38.9.
Chlorophyta 9.7 9.5 860.1 21.3 913.6 21.9 372.5 30.9 1437.6 28.9 384.7 20.2 661.5 17.4 706.4 13.2 259.7 17.4 632.5 20.4
Euglenophyta 1.6 0.2 1.4 <0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 <0.1
Chrysophyta 3.6 3.1 427 1.1 3781 9.1 42.9 3.6 127 0.3 141 0.7 1.7 <0.1 22,5 0.4 8.1 6.0 70.6 2.3
Xanthophyta 0.0 0.0 0.0 0.0 532.9 12.8 7.1 0.6 204.9 4.1 3.9 0.2 14.0 0.4 129 0.2 3.0 0.2 8.5 2.8
Bacillariophyta 626.5 61.7 2096.7 .52.0 140).0 33.6 75.3 6.2 54.9 1.1 123.6 6.5 233.4 6.1 483.2 9.0 528.1 35.4 624.7 20.1
Pyrrhophyta-Dinophyceae 14.8° 1.5 41,3 1.0 9.7 0.2 0.8 <0.1 11.5 0.3 12,2 0.6 2.1 <0.1 8.4 0.2 7.4 0.5 12.0 0.4
Cryptophyta 176.1 17.3 277.9 - 6.9 252.3 6.1 199.0 16.5 412.4 8.3 96.4 5.1 398.9 10.5 2011.1 37.5 127.5 8.6 439.1 14.]
Unidentified algae 0.8 <0.1 46.8 1.2 37.3. 0.5 147 1.2 405 0.8 158 0.8 3.6 04 164 0.3 652 4.4 27.9 0.9

Total density 1016.1 4029.2 4168.6 1206.7 49701 1899.8 ' 3801.3 5357.9 1490.3 3104.4

Chlorophyll a (mg/s) 3.01 8.69 9,08 2.29 5.00 0.73 2.34 4.07 4,98 4.47

Primagproductmn 9.63 18.58 21.86 - 8.53 19.78 1.06 - 7.69 18.26 9.07 12.72

(mgC/md/4 hr) )

UQIS]AIP S80{A168 8oue|Os

*Mean density based on 32 samples per sampling date, and relative abundance equals major group density divided by total density times 100.

**Ttie gccurrence of Rbodophyta (red algae) during April is d1scussed in the text (Section IV A 1.b.). Batrachospermum sp comprised of 13.0 cells/m¢

approximately 1.3% of the monthly density.
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total phytoplankton among the control (transects NMPW and NMPE) and experimen-
tal areas (transects NMPP and FITZ). Turbulence is probably the most important
condition influencing short-term variations, and it tends to negate physical
and chemical factors that are necessary for spatial differences to develop

-within individual sampling periods.

Observation of annual mean data for all depth contours combined
revealed no apparent differences between the control and experimental areas,
but comparison of individual transect means for total éhytoplankton cell '
densities suggested a west to east gradient} that is, cell densities at NMPW
and NMPP transects were approximately 30 percent higher than the FITZ and NMPE
transects. This west-to-east density gradient was not apﬁarent in monthly
samples. A gradient with respect to depth contours was observed in surface
samples, showing the density at the 10- and 20-foot contours was higher than

the density at the 40- and 60-foot contours based on annual mean values (Ap-
pendix Table A-7).

Spatial distribution data for the total phytoplankton community. at
depths equivalent to the 50, 25, and 1 percent light penetration levels along
the 40-foot depth contour indicated -a general trend of equally abundant dens~

ities at the three light penetration levels (Appendix A-7).

2. Chlorophyll a and Phaeophytin a
a. Temporal Distribution

. Chlorophyll a and phaeophytin a concentrations are presented in
Append1x Tables A-8 and A-9.

Highest monthly averages for chlorophyll a concenfration occurred
during Méy and June, coinciding with the late spring peak in cell densities
(Table IV—2). A smaller late-fall peak in chlorophyll a was observed in
November when cell densities peaked. The lower than expected chlorophyll a
values were probably a result of peak phaeophytin values in November. Lowest
‘chlorophyll a concentrations occurred in September when densities were also
low. Generally, phytoplankton cell densities can be directly correlated to
chlorophyli a concentrations; however, during certain periods when the chloro-

phyll a degradaﬁion product (phaeophytin a) is present, the determination of
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the chlorophyll a concentrations may be affected because phaeophytin a is
spectrophotometrically inactive. The monthly mean phaeophytin a concentrations
were generaliy low throughout the study, but during November high phaeophytin
concentrations were found. These results support the low chlorophyll a con-

centrations in relation to high cell density which occurred in November.

Chlorophyll E/phaeophytin a concentrations were surveyed with water
quality collections semimonthly at the 20~ and 60~foot depth contours. Through-
out the study, trends in chlorophyll a concentrations at the 20- and 60-foot

contours were similar to trends observed in concurrent lake phytoplankton sam-

ples (Appendix Table G-3). Peaks in chlorophyll a concentrations in May and

June water quality samples were similar to those in lake samples collected with
phytoplankton. Phaeophytin a concentrations at the 20- and 60-foot water qual-

ity stations were low throughout the study.

b. Spatial Distribution

There were no distinct spatial distribution differences for chloro-
phyll a or phaeophytin a concentrations among sampling stations within a ménthly
sampling period (Appendix Tables A-8 and A-9). From the 10- out to the 60-foot
depth contours, chlorophyll a concentrations slightly decreased (based on an
annual mean). 'There were no overall differences among control and experimental

transects for chlorophyll a and phaeophytin a (Appendix Tables A-8 and A-9).

Sampling at the 50, 25, and 1 percent light-transmittance levels
showed that chlorophyll a concentrations were generally higher at the 50 per-
cent level and lowest at the 25 percent level. Phaeophytin a values sﬁowed a
distinct trend; based on the annual mean concentrations, phaeophytin a concen-

trations were higher at the 25 percent level than at the 50 or 1 percent levels.

3. Primary Production
a. Temporal Distribution

Primary productivity is a measure of the amount of carbon assimilated
per unit of time by the phytoplankton community. Rates of productivity for lake

samples were highest in June and lowest in September {Appendix Table A-10).
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Monthly primary productivity rates followed the same seasonal trend that total
phytoplankton cell densities exhibited during 1978. However, primary produc-
tivity rates'frequently do not follow cell density trends because productivity
rates will respond to short-term effects that may not produce a change in cell
densities. Results of the primary production studies conducted by Vollenweider

et al (1974) on Lake Ontario near Oswego support this year's results.

b. Spatial Distribution

Primary productivity values along the depth contours were lowest at
the 60-foot depth contour and highest at the 20-foot contour (Appendix Table
"A-10). There were no consistent trends in productivity among stations within
each monthiy sampling, nor trends among stations based on annual means. There
were also no consistent differences in productivity rates among experimental
and control transects. Productivity rates were higher at the 50 percent light-
transmittance level than at the 25 and 1 percent levels, and rates at the latter

two levels were similar.

The overall results indicate that there were no discernable temporal
or spatial patterns of rates of carbon assimilation during the 1978 study in the

Nine Mile Point vicinity,

4. Overview of Year—to—-Year Results

Phytoplankton samples have been collected in the vicinity of Nine Mile
Point since 1973 to document species composition, temporal and spatial distribu-
tion, chlorophyll a concentrations, and primary production (140 tracer method).
Species composition has been similar from year to year, and the number of taxa
has ranged between 223 and 254, The majority of the taxa were Chlorophyta
(green algae), followed by Bacillariophyta (diatoms),_and Cyanophyta (blue-green
algae). Other taxa included representatives of 6 Cryptophyta, Pyrrhophyta,
Euglgnophyta, Xanthophyta, Chrysophyta, and Rhodophyta.
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Total phytoplankton cell densities usually increased in April and
exhibited a spring pulse (generally in May) and a large late—summer pulse in
August, In addition to similar temporal patterns among years, total phyto—

plankton cell densities were similar from year to year. The diatoms generally

dominated during spring, while the combination of green and blue-green algae was

~characteristically most abundant during the summer pulse. The phytoflagellates

were present during most of the year, but were usually more abundant during

fall. Based on annual mean densities, spatial distribution trends were similar

from year to year. Total phytoplankton cell densities decreased from west to

east, and it was generally noted that densities decreased from the 10-foot to
the 60-foot depth contours. I

Chlorophyll a and phaeophytin a concentrations have been measured

since 1973. Chlorophyll a showed a similar temporal distribution each year with

peaks in late spring and late summer. However, no consistent spatial trends were

observed from year to year. Phaeophytinpg concentrations were generally low

throughout all of the years.

Primary productlon was variable within a glven year and from year to

year, Temporal distribution generally followed total phytoplankton cell den-
sity.

B. ZOOPLANKTON

The zooplankton community in the vicinity of Nine Mile Point was

sampled using two different types of gear: a 12-centimeter—-diameter Wisconsin

net with 76-micrometer mesh to sample micfozooplankton (smaller zooplankton);
and a l-meter-diameter Hensen net with 57l-micrometer mesh to sample macrozoo-
plankton (larger zooplankton). Micro- and macrozooplankton data are_preseﬁted
independently.

l. Microzooplankton

The microzooplankton community is composed of protozoans, rotifers,

small microcrustaceans, and early life stages of macrozooplankters. For this

study, microzooplankton were defined as invertebrates larger than 76 micro-
meters but less than 571 micrometers.
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a. Species Composition

Of the 47 microzooplankton taxa collected during 1978, Rotifera was
the dominant group (Table IV-3), All other taxa combined, including Protﬁzoa,
Calanoida, Cyclopoida, Cladocera, and Copepoda nauplii, accounted for only 20
percent of the microzooplankton community sampled. Numbers of microzooplankton
taxa fluctuatéd from month to month in no definite pattern, ranging from a low
of 18 in July when density was greatest to a high of 31 in September, the

period of lowest density.

b. Temporal Distribution

The seasonal distribution pattern of total microzooplankton abun—
dance was unimodal (Table IV-4); density increased throughout the spring,
peaked in July (188,687 organisms per cubic meter), declined precipitously
through September, and increased slightly in October and November. No samples

were collected in December because of severe winter weather and ice.

Rotifers totally dominated the microzooplankton éommunity throughout
the study except during April when five taxonomic groups shared dominance. In
percent composition, rotifers ranged from 13 percent in April to 90 percent in
August (Table IV-4). Rotifera density was highest in July, accounting for .the
major portion of the peak in total demsity observed for that period (Appendix
Téble B-1). The most abundant orgaﬁism throughout this survey was the rotifer
Reratella sp.,'which ranged in percent compoéition from ‘1 percent in April to
56 percent in June and had an annual mean of 35 percent (Table IV-3). Copepoda
nauplii was the second mbst abundant major group during 1978, but accounted
fof only 8 percent of the microzooplankton community (Table IV-4), The Clado~
cera group had an annual mean of only 5 percent, with peak relative abundance
during October, Cyclopoida and Protozoa accounted for only 3 and 4 percent,

respectively.

c. Spatial Distribution

Among individual transects and between experimental and control
transects, no salient differences were observed in total microzooplankton
density (Table IV-5). With respect to depth contours, there were more or-

ganisms in inshore waters except during July and August (Table IV-5).
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Table IV-3 (Page 1 of 2)

Monthly Occurrence and Relative Abundance (by Number) of Microzooplankton
from Wisconsin Net (76 Micrometers) Oblique Tows, Nine Mile Point Vicinity, 1978

Taxa Apr

Jul

Aug

Oct Nov

Protozoa .
Mastigophora 9
Ciliophora
Suctoria- 11
Protozoa- unid. 1

Coelenterata (Cnideria)

Hydra sp.

RotiFera.

Brachionidae
Keratella sp.
Brachionus sp.

uchlanis sp.
Kellicottia sp.
Nothoica sp.
[ecane1§p.
Lepadella sp.
onostyla sp.

Conochilidae
Conochilus sp.

FiTinidae
Filinia sp.

Asx]anchn1dae

sE1anchna sp.

Synchaetidae :
Polyarthra sp. T
Szncﬁaeta sp.

Trichoceridae
Trichocerca sp.

Ploesomatidae
Ploesoma sp.

Rotifer unid. 6

Nematoda
Nematoda unid. T
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Table IV-3 (Page 2 of 2)

Annual

Taxa - ' Apr May Jun Jul Aug Sep - Oct Nov Dec ‘Mean

Nematoda (Cont)

CT-AT

UOISIAIP S9D|A108 8OUBI0S

Cladocera -

Bosminidae unid. T

Chydoridae
Alona sp.

Chydorus sp.
Daphnidae

Daphnia retrocurva T

Daphnia sp. T
_srég_ggnniz sp.
Leptodoridae .

Yy

Legtodora kKindtii
S ae

Diaphanosoma sp. -
Copepoda

Calanoida
Diaptomus oregonensis
Diaptomus ashlandi
Diaptomus sicilis
japtomus minutus
Diaptomus sp.

Eurytemora sp.
Limnocalanus macrarus 1
Calanoida (Copepodids) unid.
.- Cyclopoida’
Cyclops bicuspidatus thomasi
Cycl

ops sp.

ropocyclops prasinus mexicana
Tropocyciops SP.
CycTopoida (Copepodids) unid. 18
Cyclopoida unid.
Harpacticoida
Longipedia sp.

Caligus sp. - .
Copepoda nauplii unid. - 25

Total density (No./m3) 4,938
Number of taxa 25
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Table IV-4

Percent Relative Abundance of Major Microzooplankton Groups and Total Density
of Microzooplankton from Wisconsin Net Oblique Tows,
Nine Mile Point Vicinity, 1978

. Annual

Taxa Apr May  Jun  gul Aug  Sep  Oct  Nov  Dec* Mean
Protozoa 21 29 2 Tk* T T 1 1 4
Rotifera 13 68 90 80 88 n 70 N 80
Cladocera T T 3 7 2 16 7 5
Calanoida 19 T T T T 1 T T
Cyclopoida 23 T 3 2 2 3 5 13 3
Copepoda nauplii 25 3 2 10 8 20 7 8
Others T T T T 0 0 0 0 T
Total density (No./m3) 4,913 37,615 v87,782 188,687 58,550 - 3,477 16,103 11,424 ‘ 51,069

*:No samples collected due to severe winter weather and icAe.

T = <0.5%. ‘
. "Depth-related differences in total microzooplankton density were

primarily a function of rotifers (Appendix Table B-1). -From May through

_November rotifers comprised a higher percentage of the total microzooplankton
community (from 68 to 90 percent) than any other taxonomic group. Generally,
numbers of rotifers were inversely related to water-depth contours except in
July., Neither major nor comsistent density differences between control and
experimental transects were observed for the major microzooplankton groups
(Appendix Tables B-1 through B~4).

2, Macro#ooplankton
a. Species Composition

Of the 33 taxa of macrozooplankton collected during'the 1978 study
(Tatle IV-6), cladocerans were dominant;'however, calanoid copepods were pres-
ent to the exclusion of all other macrozooplankton during April and virtually

so during May. Although scuds (Amphipoda) Gammarus fasciatus and Pontoporeia

affinis, and a mysid shrimp, Mysis oculata relicta (Mysidacea), were designated

as selected species for this study, only a few Pontoporeia affinis were col-

lected in 1978 macrozooplankton samples (Table IV-6). All three species are
epibenthic during the day and migrate up into the water column only during
evening hours. Since G. faciatus and P. affinis were common taxa in 1978

benthic collections (Appendix Tables D-2 and D-3), their temporal and spatial

distribution is discussed in subsection D.
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Total Miéroz00plankton Abundance (No'./m3), Wisconsin Net (76-Micrometer) Oblique

656.36
476,19

1457.91

212.16
754.92

441.37
372.67

79.00
583.72

614.57
55.59

183:15-

280.88
268.91

415.98

119.60
187.15
458,98
105.11

267.46
463,11

398.28
306.88

3177.22—7659.65

Oepth
Contour
{re) Transect Mean
10 [l 7065,62
NMPP 4401.85
FITZ 7659.65
NMPE $332.3¢9
Contour mean 6114.88
20 NMPH 3177.22
NMPP 5540.136
FITZ 5266.61
NMPE 3401.36
Contour mean 4346.39
40 KMPW 5569.75
i 5506.71
FITZ 3967.52
HYPE 4257.70
Contour mean 4825.42
60 P 3970.81
NMPP 4529.00
FITZ 5048.76
KMPE 3908.26
Contour mean 4364,21
Control mean** 4585.39
Exper fmental mean 5240.06
fonthly mean 4912.72
Monthly range

47148.25
30163.66
39307.33
66629.62

145812.21

43247.73
43513.93
37598.80
44085.45

42111.48

26752.98
35917.77
37933.35
36688.77

34323.21

22844.25
44600.91
23384.32
22028.33

28214.45
38711.92

36552,51
37615.34

651.
2052.
3585.
$721.

1514,

1242,
1322,
1122,
3344,

2557.

.
111,
1700,
0.

5469,
5314,

2458.
943,

4635.
3616.
1558,
S721.

7758.

17
o7
b4
63

75
78
68
00

26
92

43
55

21683.64—72351.31

Table IV-5

Tows, Nine Mile Point Vicinity, 1978

H
94852 2699
87849 3635
71955 3422
94504 10826
92262 3770
73610 7740
87384 4633
84854 5039
88418 3947
75317 1923
95635 4365
100115 0.03
89190 2528
90064 - 5403
83616 4843
78760 5896
92761 6662
73072 4203
82052 4169
86698 5905
88866 3165
87782 2825

71955—123721

Jul

Mean

f0as-3
160435.75
156403.62

180888.12

131474.69
152406.12
246059.12
190969.31

180227.31

120975.37
126022.87
234026.75
259258.87

185070.94
120659.94
192077.87

249262.31
272246.12

208561.56

182644.41
194729.59
188687.00

S.E.

2911.25
14908.81
2873.62

13212.96

14169.47

24522,53
17710.97
2467.25

25166.20 -

650.41
4324.3Y
9093.06
9700.12

35934.47

2276.62
51854.25
14406.56

9620.00

33801.73
21390.53

16287.44
13080.36

272246.12-120659.94

*2434.06 — 5024.09

Ay Sep Nov Dec
Mean S.E, Mean S.E. Mean S.E. Mean . S.E. Mean S.E.
0847.75 . 4174.60 195.77 15407 125 10859 $58 No samples taken

g}gg;'gﬁ }222:,; 4;:2.3? ‘2;.;; ::?28 g?? 15 ue due to ice and
50091.16 4863.22 $024.09 466.55 23370 819 14566 820 strong winds
63370.70 4978.63 4325.27 371.47 17008 2129 12218 1623
89880.87 2976.19 m21.61  11.68 12574 670 12730 867
79649.75 213.56 4931.66 111.80 16120 705 14756 721
41064.40 3753.50 2580.42  86.91 17677 738 535
58730.12 3802.14 353.79  93.68 18362 1233 16152 356
67331.25 10849.02 3446.87 512.11 16183 1291 13381 1360
72115.50 2252.25 43127.57 352.94 - 1 $33 326
a7ss.75 1092.22 3p7.40 285.02 13256 785 1133 836
32357.99 841,46 2541.87 177.34 13885 628 15589 mn
50384.01 5529.95 3409.30  44.47 18645 201 6288 72
60653.31 12089.80 3296.53  330.2) 14905 1255 10398 06
76385.37 1625.12 3447.97 202.82 14663 513 8102 187
;;;55'13 Zggg-;: 2640.19 7.35 {2;30 193 l;g;; 462

. 74 2434.06  159.34 4750 656 132
29966.49  390.64 2g33.53  47.23 237116 1842 12528 256
42844.36 11811.47 2p35.94 218.78 16315 2541 9701 2n
62370.66 €669.11 3661,56 256.39 17571 1495 1200 1208
54724.67 8271.61 3292.25  356.07 14635 601 11688 1145
§8549.92 5226.32 3476.90 217.24 16103 a8k 11424
89880, 87-23298. 41 12130-23716 6208-16152

_standard error.
(ontrol represents NMPW and NWE, experimental

represents NMPP and FITZ.

£t ety
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Table IV-6

Monthly Occurrence and Relative Abundance (by number) of Macrozooplankton

Taxa

Collected in the Vicinity of Nine Mile Point, 1978

Apr May Jun Jul Aug Sep Oct Nov Dec

Annual
Mean

Coelenterata (Cnideria)
Hydrozoa

Hydra sp.

Cordlyophora lacustris
Nematoda Unid.

Annelida
0ligochaeta
Naididae unid.
Arachnida
Prostigmata
Hydracarina sp.
Arthropoda
Cladocera )
Bosminidae unid. :
Eurycercus lamellatus
Daphnia ambigua
Daphnia galeata mendotae
Daphnia retrocurva

Daphnia parvula
Daphnia schodTeri
Ceriodaphnia sp.
.HoTopedium gibberum
Leptodora kindtii

- TTyocryptus sordidis
Palyphemus pediculus
§Hacqsmiﬁm
Diaphanosoma sp.

Ostracoga unid.
Copepoda

Calanoida
Diaptomus oregonensis
Diaptomus ashiandi
Diaptomus sicilis

urytemora affrinis

Limnocalanus macrurus
Limnocalanus sp.
Epischura Tacustris
Calanoida immature

Cyclopoida
Cyclops bicuspidatus thomasi

100 99

CycTopoida juvenile
Amphipoda
Pontoporeia affinis
Isopoda unid.
Insecta
Diptera
Chironomidae unid.

T*

e S R

w
~

w
NO W ~rco—t -
-
—

H
—_
HW O -
w
—

-
e e B
o = —

1 1

-—

—_
—
—y
-

— =

Total (No./ 1000 m°) 1,802,877 46,336 16,191 69,782 736,339 1,214,722 169,566 405,535 98,489
~ 3 : 4

Number of taxan

25 17 9 5 15 n 19.

——

w

-
e e R e VI QR 3 N U gy

P~
A e A St =

T

506,655
33

*T = <0.5%




b. Temporal Distribution

The seasonal distribution pattern of total macrozooplankton abundance
was essentially trimodal (Table IV-7). Density was highest in April, then de-
clined through June. A second major peak occurred in September. Densities
subsequently declined, but another minor peak was observed in November. Cala-
noid cobepods accounted for all of the macrozooplankton during the initial
density peak in April, while cladocerans were the only organisms present during

September. During the minor peak (November), cladocerans were also predominant.

Table TIV-7

Percent Relative Abundance of Major Macrozooplankton Groups and Total Density
of Macrozooplankton Collected from Composited Hensen Net Tows
in the Vicinity of Nine Mile Point, 1978

Taxa Apr May  dun  Jul Aug  Sep Ot Moy bec Mean
Cladocera 4] T 80 88 99 100 100 100 85 59
Calanoida 100 100 18 12 1 0 T T 11 41
Cyclopoida . 0 0 M 0 T 0 T T T T
Amphipoda 0 0 T o0 0 0 0 0 T T
Diptera 0 0 T T 0 0 0 0 T T
Other 0 0 1 0 0 0 0 0 4 T
Density (No./1000 m3) 1,802,877 46,336 16,191 69,782 736,399 1,214,722 169,566 405,535 98,489 506,655

—

*Composite of surface, mid-depth and bottom horizontal tows.

**T = (.5%.

Since cladocerans totally dominated the macrozooplankton éommunity
during most of the sampiing period, the temporal distribution pattern for cla-
docerans generally (except during April and May) determined monthly total dens-

ity distributions. Copepods dominated in April and May because of a "bloom" of

Limnocalanus macrurus. In September, the cladoceran community was composed

almost exclusively of Daphnia retrocurva and Leptodora kindtii (Table IV-6).

In December, Daphnia galeata mendotae, D. retrocurva, and D, pulex were the

dominant cladocerans and Diaptomus sicilis and Limnocalanus macrurus were the

dominant copepods. Calanoids and/or cladocerans accounted for almost 100 per-
cent of the macrozooplankton collected in monthly samples; in December, however

Hydra sp. (Coelenterata) represented 4 percent of the demsity. All other taxa,

T IV-16 - science services division
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including cyclopoid copepods, scuds (amphipods), and dipterans, comprised no

more than 1 percent of the total macrozooplankton community during any month in
1978.

c. Spatial Distribution

The distribution of total macrozooplankton during 1978 (Table IV-8)
was a reflection of the concentrations of cladocerans, which were widely dis-
tributed over the study area, and copepods, which were found in slightly higher
concentrations off shore (Appendix Table B~5). On an annual basis, cladoceran

concentrations were greater in 40 feet of water than in 20 feet; however, no

- consistent monthly depth-related distribution pattern was evident, There were

no apparent cladoceran concentration differences between stations near the
thermal discharges [stations on the 20- and 40-foot depth contours within the
0.5-mile radius and within the l-mile radius east zone (Figure III-1 in Section
III, Methods and Materials)] and other stations. Calanoid copepod densities
were higher at the deeper contours than at the 20-foot contour and decreased

from west to east along all contours.

3. Overview of Year—-to—-Year Results

Microzooplankton were collectedlmonthly_during 1973-78 (except for
twice monthly collections during summer 1973-75) at four depth contours (10,
20, 40, and 60-feet) along four transects (NMPW, NMPP, FITZ, and NMPE). Roti-
fers usually dominated the sampleg-in both density and number of taxa, with
species of the genus Keratella numerically the most important. Cladocerans and
copepods were of secondary importance (based on annual trends), typically domi-
nating for 1 or 2.months annually in spring (either cladocerans or copepods)
and/or early fall (cladocerans). Bosmina sp. was the dominant cladoceran, and

Daphnia retrocurva was often a major component of the cladoceran group. Cope-

pods were represented by several genera, including Diaptomus, Limnocalanus,

Cyclops, Tropocyclops, and Diacyclops. Temporal trends in abundance were bi-

modal, with summer and fall peaks and often a late spring peak. Spatial trends
included a decrease in abundance from shallow to deeper waters and, during some
years of the study (1973), a higher abundance of rotifers at experimental tran-
sects than at control transects. Annual fluctuations in densities were appar-

ently related to many complex physicochemical and biological interactions. The

V=17 _ sclenge services division
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Table IV-8

Abundance® of Macrozooplankton from Composited** Hensen Net Tows,
Nine Mile Point Vieinity, 1978

Total Macrozobplankton

IH( 20-Ft Contour 40-fFt Contour

! _ T : 60-Ft 80-Ft 100-Ft | Grand

) Date | 3-West | 1-West {1/2-West|1/2-East| 1-East [3-East | Mean 3-West l T-West J'l /2-“est]1/2-£ast 1-East | 3-East Mean NMPP NMPP NNPP Mean

1 apr 380538 756036 2880809 798522 348499 90833 | 875873 | 3933013 4902058 4107945 1198632 1050185 642656 | 2639081} 3395762 1375240 1182421| 1802877
May 20865 27143 64744 164870 11695 37236 54426 57446 26165 40026 88382 53499 59414 54155 13659 6433' 23457 46336
Jun 22862 14278 14971 14105 33713 30994 21821 | 9730 9050 11719 8924 11765 18101 11548 14903 8360 19387 16191
Jul - 50708 54563 24424 70062 34096 20247 42350 62666 52930 60819 89920 44953 61872 62193 168680 150894 99896 69782
Aug 751719 782222 911693 339898 812168 236451 | 6390251 595749 720783 572394 908814 1304006 1709249 968500 | 538769 541405 320665 | 736399
Sep 929048 1695454 585109 2091500 926086 1428640 1275973 1404650 1530692 ]620982 1280772 905144 1590894 | 1388856 | 1500273 382980 348608 | 1214722
Oct 167116 272219 149274 11_31 95 221109 140677 | 177265 | 189504 122445 177643 148218 186968 - 189471 | 169042]. 173812 146592 145247 | 169566

JNov 185612 420998 162102 157338 159774 1156479 | 373717 | 533786 596292 419470 162790 419577 1291914 | 570638 140553 147039 129301 | 405535

.} bec 99842 270855 - 97735 61394 108201 110964 | 1248321 107609 68648 138022 139879 101477 80542 | 106030 38195 27861 26111 98489
*No./1000 m3.
™ Composite of surface, mid-depth, and bottom horizontal tows.
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same species have dominated the community throughout the studies (1973-78).
Based on findings, the two power plants have had negligible effects on the

microzooplankton populations near Nine Mile Point,

Macrozooplankton samples have been collected weekly or monthly in
l-meter nets since 1973 and analyzed weekly through 1974 and monthly since

1975, During 1973-76, Leptodora kindtii was the most abundant organism col-

lected, but large numbers of Gammarus fasciatus were also present, During

1977 and 1978, the dominant organisms were Daphnia galeata mendotae, D. retro-

curva, and Limnocalanus macrurus. Leptodora kindtii was abundant but of lesser

importance. Differences between the periods (1973-76 vs 1977-78) may be re-
lated to changes in the eéological stﬁdy. Since both L. kindtii and G.
fasciatus are epibenthic during the day but migrate vertically into the water
column at night, they are frequently more abundant in night samples. Benthic

samples taken with a diver-operated suction sampler during both 1977 and 1978

were dominated numerically by Gammarus fasciatus, Over the 6 years of study,
macrozooplankton have been variable;.some trends indicated slight density in-
creases at deeper depth contours. Operation of the Nine Mile Point and James
A, FitzPatrick power plants apparently has had no effect on the macrozooplank-

ton community.
A\

C. PERIPHYTON
1. Bottom Periphyton
a. Species Composition

Seven algal divisions were represented in periphyton collected from
early May through mid-December from artificial substrates placed on the lake
bottom (Table IV-9). Green algae (Chlorophyta) were most numerous taxonomi-
cally, followed by blue-green algae (Cyanophyta), then diatoms (Bacillariophyta-
Centric and Pennate combined). All other algal divisions combined represented

approximately 10 percent of the total number of periphyton taxa present.

In the bottom periphyton community, green algae consistently accounted
for higher numbers of taxa than did any of the other divisions. The number of
diatom and blue-green taxa were relatively high but variable throughout the
study (Appendix Table C-1). All other divisions were represented by relatively

few or no taxa during each sampling period.

IV-19 science services division
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Of the 206 taxa collected during the study, only 12 accounted for 1
percent or more of the total annual abundance (Table IV-10 and Appendix Table
C~1). These 12 comprised 86 percent of the total bottom periphyton. The most

abundant alga was Lyngbya spp., a filamentous blue-green making up 72 percent
of the bottom periphyton community.

Table IV-9

Percent Relative Abundance of Major Bottom Periphyton Groups
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978

' “Annual
Division May Jun Jul Aug Sep Oct Noy Dec Mean
Cyanophyta 5 83 85 86 61 79 56 35 73
Chlorophyta 45 14 14 12 34 9 37 58 17
Euglenophyta ' T _ T T
. Chrysophyta s T T T T T T T T
Bacillariophyta 48 3 1 2 5 7 7 6 8
Pyrrhophyta-Dinophyceae T T T T T T ' T
Cryptophyta ‘ 1 T T T T 5 T T 2
No. of taxa 99. 93 77 103 95 89 78 56 206
*T = <0.5%

b. Temporal Distribution

Bottom periphyton were most abundant during August and October
(Table IV-11). Periphyton biomass exhibited highest values during May,
September, and October (Table IV-12). Abundance and biomass were maximum

during the spring-summer and summer-fall tranmsition periods, producing a

bimodal growth cycle,

Blue-green algae dominated from June through November 1978, com—
prising 73 percent of the bottom periphyton (Table IV-9), Maximum numbers per
unit of area were observed in October, although the highest percent composi-
tion occured in August. Green algae had their greatest relative abundance in
December but highest numbers of organisms in September. Diatoms were most num-
erous and had highest relative abundance during May. The only other periphy-
ton group to comprise more than 1 percent of the annual composition was the

phytoflagellates (cryptophyta) (Appendix Tables C-1 through C-5).
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Table 1IV-10

Monthly Occurrence and Relative Abundance of Bottom Periphyton
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978

Annual
Taxa May Jun Jul Aug Sep Oct Nov Dec Mean

Cyanophyta
[ Chamaesiphonales

r Chamaesiphon sp. TH* T T T T T 1 12 T
i Oscillatoriales

Oscillatoria sp. 1 T T T : 1 T 1 T
. Cyngbya sp. 3 85 84 85 60 78 55 22 72
I Chlorophyta -
£ Chlorococcales ) '
[ Pediastrum boryanum 3 T T T T T T
UlotrichaTes

Ulothrix zonata 8 T
y - UTothrix Sp. 17 .
P Ulotrichales unid. 9 T
; Chaetophorales

Gongrosira sp.

L. Pseudulvella americanum
i StigeocTonium sp.

; Chaetophorales unid.

E Oegogonia]es

: edogonium sp.

L Bacillariophyta-Centric

Eupodiscales unid.

Bacillariophyta-Pennate
% Fragilariales
¥

——

T 5=
g
—_—

—“ 4 A
3,

—w0
— e b
RO - —
— D et

o -4 —S W~
- - —w-t
- - A,

-
—
-

- -

—-

Diatoma tenue 2
Fragilaria sp.
NavicuTaTes
| Navicula sp.
R Bacillariales
Nitzachia sp.
iJ BaciTTariophyta-Pennate unid.
Cryptophyta
v - . Cryptomonodales . .
£ Rhodomonas minuta T T T T T 4 T T 2

e Ir\: l.vc:

— .—1 -~ -

T
t-.

. o .

o -

= -

[

w—
s e
o - =N

N Total density (No./m?) 241,063 442,364 147,337 633,392 361,695 1,151,482 59,247 35,282 383,983
Total number taxa 17 LI 1 16 15 18 17 17 19

* .
Taxa listed include only those that accolnted for at least 1% of the bottom periphyton collected during one or more
of the 1977 sampling periods. '

*k
T = <0.5%.

1
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Table IV-11

2 - .
Abundance (No./mm”) of Total Bottom Periphyton _
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978

Dec

oy Jun Jul Aug Sep Oct Nov
Depth
Contour

{ft) Transect Mean S.E.* Hean S.E. Mean S.E. Mean S.E, Mean S.E. Mean S.E.* Mean S.E. Mean S.E.
2526958 2174393 131228 51149 321608 86956 421268 34791 78042 38308 6575 ¥ 21757 e b
5 _:ﬁﬁﬁ 22183; %ESSS 5?7351 149405 L evh 9736743 6396476 457785 255299 12159371 3091294 Fhae B erern aeaen
FITZ 797625 300148 360946 95469 206011 60474 626227 175489 wewer wreas 83038 28914 22671 6079 et S
NNPE 178379 222746 909792 645339 187973 78233 e whebe 4810 2412 54521 42559 22281, 8266 2647 775
Contour mean 708246 394096 1108836 489256 175071 22531 3561525 3088859 294621 185288 3094993 3021467 36892 14432 2647 775
0 NMPW 291163 91778 1896836 1247809 199775 90593 40580 7188 1309918 538270 843733 217765  219180. 76060 110172 49301
NMPP 186565 62927 45557 17525 239843 180614 64488 40451 1083875 * 272525 4045925 1137524 50844 15025 279728t 3100
FITZ 445658 75113 167439 59202 139766 52588 143146 46648 711636 227456 - 384202 218806 27381 8734 62739 n217
NMPE 391536 173923 1019193 §71426 28532 3631 313596 148147 1175138 262817 545400 287701 118960 44392 15750 1454
Contour mean 328730 - 57183 779756 431231 - 151979 46001 140453 61733 1070141 128203 1454815 868932 106491 42064 117097 57534
20 NMPU 77826 6887 662640 550212 31016 12799 5294 2946 95215 9166 170099 95228 230597 104229 28528 16120
NMPP 174805 11017 128383 91984 509887 390945 5599 461 449289 221730 53429 45216 26172 13409 38873 10950
FITZ 81349 11750 19647 6826 205650 109184 74810 31234 189540 71357 79731 9637 124741 31210 13297 3879
NMPE 98887 . 21476 61022 34842 ik i o ki 288073 53955 136853 76916 100066 ¥ 15635 10313 9%
Contour mean 108217 22669 222898 154844 248851 139916 28568 23121 255529 75640 110028 26535 120394 42283 20432 839
30 NMPW 26455 3361 4020 534 8524 3564 3130 1723 5883 1525 6317 602 1629 208
NMPP 33?83 322; 62085 33404 5433t 1370 11522 7982 71049 29187 13551 5285 24046 13663 3885 1966,

FIT2 69977 5260 139803 70196 346363 276190 15253 8289 215668 84387 14165 1059 [aveN prevy *ARRR wE
NMPE 78417 5418 6241 42856 17529 9386 8847 2308 5881 2106 6609 3098 2603 1388 2659 m
Contour mean ana 15718 72689 23909 93336 84397 11036 1558 75432 49091 10052 2206 10989 6616 2724 652
40 NMPH §117 1240 14880 2293 3844B9 257637 672 1603 4529 724 3768 1823 5716 2179 933 359
NMPP 1791 482 12158 3520 7048 2436 6995 1045 10118 4632 5107 759 3805 2330 636 145
FITZ 27805 1408 21344 a2 3966 1332 5571 1257 wrree sewe 1434 kvE} 2286 524 379 83
RMPE 16235 261 62176 54299 3541 1610 5534 2117 7587 3011 4799782 4796995 3459 793 1628 418
Contour mean 12987 5793 27640 ne72 99761 94912 6205 138} 7411 1616 1202523 1199087 3816 nz 894 270
Control mean** 299144 170067 726226 279964 109789 43129 88838 50096 332155 158581 664469 467724 77491 27937 18331 11901
Experimental mean** 182982 80240 144092 61543 184885 57033 1065035 964933 398620 127408 1684495 1229316 36443 14101 57077 38136
Monthly mean 241063 129077 242364 154405 147337 35860 633392 536904 361695 102134 1151482 651731 59247 17041 35282 17934

Monthly range 1791-178371 121582526958 3541-509887 5294-973641 4529-1309918 1438-12159371 2286-230597 379-279728

*Standard error.

**Control represents NMPW and NMPE, experimental represents NMPP and FITZ.

wrekegybstrates Jost during severe weather.
T0ne of four replicates missing due to weather.

ot
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Table IV-12

‘Ash~-Free Dry Weight (mg/dmz) ‘of Total Bottom Periphyton
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978

Yoy Jun el Mg Sep oct Nov Dec
Depth
Contour v
(ft) Transect Hean S.E.¥ Mean S.E Mean S.E Mean S.E Mean S.E Mean S.E.* Mean S.E. Mean S.E.
5 NMPW 27.46 6.50 17.57 3.9 12.39 1.79 14,49 1.39 26.06 PR3 6.52 1 1.10 8.21% 1.09 hewin [Yov
NMpP 19.24 2.86 13.04 1.70 ARAAR heiutoid 49,25 13.51 28.58 2.45 59.61 7.20 whane x Aewhw akpte
FITZ 72.61 2.56 12.12 1.82 12.43 1.65 21.83 6.09 kkk areet 6.57 1.84 9.85 2.78 Ehhkn FUSRsy
NMPE 96.99 9.30 22.719 12.66 8.29 1.9 R ERRan 24.32 4.20 413 1.39 5.7 0.66 14,37 % 2.89
Contour mean 54.08 18,50 16.20 2.29 11.04 1.37 29.19 10.39 26.32 1.24 19.21 13,34 7.93 1.20 14,37 2.89
10 "NMPW 24.14 0.75 10.58 4,97 8.45 1.67 11.80 2.13 26.70 2.33 19.18 1,68 11.34 1.42 20.66 2.29
RMPP 19.59 6.59 7.59 0.43 7.4 1.22 7.8 1.27 27.95 4.04 33.95 7.56 10.35 1.89 37,97t 0
FITZ 139,60 8.88 7.37 0.88 8.63 2.91 16.85 4.15 44,53 3.18 15.21 3.88 10.53 2.72 36.94 6.12
NMPE 16.72 3.72 18.39 1.52 4,94 1.47 15,37 EAL) 38.73 6.07 50.15 33.33 17.27 4.05 25.19 3.38
* Contour mean 25.01 5.10 11.26 2.66 7.2% 0.8% 12.82 2.13 34.48 - 4.30 29.62 7.49 12.3 1.64 30.19 4.30 :
20 NMPW 36.43 2.03 8.38 1.06 3.98 0.71 14.97 2.95 15.78 4.93 35.67 3.77 16.84 3.81 17.77 6.19 ;
PP 19.78 1.80 7.35 2.03 7.76 1.76 9.64 2.62 30.31 6.33 22.37 5.05 22.35 .9 29.86 8.83 :
FITZ 18.48 0.9% 4,79 0.75 10.08 2.92 7.96 1.10 23.71 5.77 20.88 3.27 10.79 4.56 26.96 4.4]
NMPE 16.05 3.00 0.3 1.29 wuwan L *ahan ey 15.95 2.35 9.50 2.37 1.38 ¢ V.64 19.07 ¢ 5.17
Contour mean .60 4,65 7.36 1.18 L s 10.86 FAL 2).88 3.49 22.13 5.34 15.34 2.7 23.40 2.96
30 NMPW 62.19 n.23 8.34 1.1 9.22 2.98 8.84 2.76 7. L 1.3% 13.02 0.64 8.85 0.67 18.20 3.27
NNPP 22.03 ? 19.22 2.10 6.91" 0.50 8.58 1.52 21.95 11.59 28.45 3.95 16.34 7.46 20.26 1.49
FITZ 13.99 3,09 26.40 1.80 17.02 1.48 9.32 1.62 40.57 $.19 34.12 7.08 hiabadsiad KRRRE Do rrare '
NMPE 13.38 1.80 20.21 6.62 5.86 1.48 12.21 5.74 5.75 .90 8.92 3.42 .32 1.00 22,44 4.28 :
Contour mean 25.40 9.15 18.67 3.64 9.75 2,52 9.84 0.80 18.00 8.05 21.12 6.04 12.17 2.20 20.30 t.22
40 NMPW 16.01 5.41 .97 ‘0.82 8.93 1.98 3.63 0.74 7.50 2.50 22,73 6.02 27.75 9.63 18.11 2.16
NNPP 24.59 6.93 5.23 1.26 8.09 1.85 6.34 1.1 13.13 3.8 31.12 6.43 19.23 5.26 23.00 3.73
FITZ 13.12 2.6 9.59 3.13 9.10 1.05 19.20 3.99 RRRRA bbbl 10.18 0.73 10.43 0.64 16.63 4.16
KMPE 13.62 4.94 4.81 0.76 6.20 1.79 39.00 6.52 24.56 4.08 12.46 3.09 13.9) 3.3 29.20 3.60 !
Contour mean 16.8¢ 2.66 7.90 1.73 8.08 0.66 17.0¢ 8.07 15.06 5.02 19.12 4.85 17.72 3.8 21.74 2.84 |
1
i
Contro) mean** 31.30 8.27 11.53 1.63 7.59 0.86 15.04 " 3.69 16.75 4,21 18.24 4.60 13.21 1.98 20.55 1.4%
Experimental mean** 26.30 5.64 11.38 2.14 9.68 1.08 15.86 4.14 28.84 3.55 26.25 4.80 13.75 1.73 27.37 3.07
Monthly mean 28.80 4. 12.40 1.40 8.63 0.72 15.50 2.75 23.54 2.63 22.24 3.36 13.45 1.30 23.54 1.75
, Monthly range 4.41——572.25 4.80——26.40 3,98——17.02 3.63——49.25 7,50 — 44.53 4.13 ~-59.61 5.71 —21.76 14.37 ~37.97

*Standard error.

**Control represents NMPW and NMPE, experimental represents-NMPP and FITZ.
*errgybstrates lost during severe weather.

tone of four replicates missing due to weather.

J—



The blue-green algae Lyngbya sp. was the dominant taxa found in
bottom periphyton sampling during 1978; Only during May and December were
other taxa relatively more abundant: Ulothrix sp., a green alga, and Diatoma
tenue, a diatom, during May; and an unidentified Chaetophorales during Decem-
ber. Lyngbya produced no problems at either the Nine Mile Point or James A.
FitzPatrick power plants during 1978, although extensive growths can interfere

with passage of cooling waters through power plants (Round 1965).

¢. Spatial Distribution

Numerical abundance and biomass of bottom periphyton decreased with
increasing water depth, especially during periods when peak densities were ob-
served (Tables IV-11 and IV-12). A comparison of the data from experimental
(NMPP and FITZ) and control (NMPW and NMPE) transects indicated that bottom
periphyton in both areas exhibited the same temporal trend. Densities and
bioméss were variable, with monthly changes occurring between control and
experimental transects so that no definite annual differences could be deter-
mined. Monthly variability masked any differences that could have been attri-
buted to thermal discharges from the power plants (i.e., increases in bottom

periphyton at the experimental transects).

2. Suspended Periphyton

a. Species Composition

Taxa from six algal divisions were collected from early May through
September from substrates suspended ét depths of 2, 7, 12, and 17 feet oh.the
40~foot contour (Table IV-13). Blue-green algae (Cyanophyta) were most abun-
dant, followed by diatoms (Bacillariophyta), then green algae (Chlorophyta).

All other divisions combined accounted for less than 1 percent of total numbers,

During the study, 88 taxa were collected, including seven that had at
“least 1 percent relative abundance (by number) dﬁring any one sampling month
(Table IV-14 and Appendix Table C-6); the other 81 taxa combined accounted for
less than 1 percent of the total periphyton popﬁlation.

Iv=-24 . . , acience services division
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Table 1V~-13

Percent Relative Abundance of Major Suspended Periphyton Groups
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978.

Annual
Division May Jun Jul Aug Sep Mean
Cyanophyta T* 98 98 99 8? - 9;3
Chlorophyta 1 1 1 1
Chrysophyta / : T T
Bacillariophyta ' 97 . 1 1 1 | : 11 1
Pyrrhophyta-Dinophyceae T T T
Cryptophyta T T T ‘ T
No. of taxa 59 24 N 24 60 88
*T = <0.5%.

b. Temporal Distribution

Both density and biomass of suspended periphyton peaked during June
and August (Tables IV-15 and IV-16). Maximum density was in June, while maxi-
mum biomass was in August. Only dufing May did taxa other than Lyngbya reach

high abundance. The major suspended periphyton components at this time were

_the diatoms Gomphonema olivaceum (56 percent), Diatoma tenue (17 percent), and

Achnanthes sp. (18 percent), Durihg the remainder of the 1978 sampling program,

however, diatoms represented less than 1 percent of the suspended periphyton.

Lyngbya was so dominant that other taxa, although occasionally quite
numerous, composed a very small percehtage of the suspended periphytoﬁ density.
However, as previously stated, Lyngbya did not cause problems at either the
Nine Mile Point or James A, FitzPatrick power plants during 1978,

Green algae consistently exhibited a greater diversity of taxa than
did other divisions, comprising about half of the taxa collected during each

sampling period. Diatom and blué—green algal diversity varied throughout the

IvV-25 . ‘ science services division



sampling season, (Appendix Table C-6). All other divisions showed little di-

versity across sampling periods.

Table IV-14

Monthly Occurrences and Relative Abundance of Suspended Periphyton
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978

Annual
Taxa May Jun Jul Aug Sep Mean
Unidentified Algae ) 1 T T , T T
Cyanophyta
Oscillatariales
Lyngbya sp. 98 97 99 88 98
Bacillariophyta-Pennate .
Fragilariales
Diatoma tenue 17 ] T i 1
Achnanthales
. Achnanthes sp. 18 T T
‘Naviculales .
Gomphonema olivaceum 56 T
Gomphonema montana - 1 T
Bacillariophyta-Pennate unid. 1 T 1 T 9 T
Total density (No./mm") 602,970 273,298,432 9,196,302 45,290,279 9,457,771 67,569,151
Total number of taxa o 6 5 4 2 3 7

*Taxa listed accounted for at least 1% of the suspended periphyton collected during one or more of the 1978
sampling periods.

**T = <0.5%

c. Spatial Distribution

Generally, total suspended periphyton denéity decreased as depth
increased from the 2 to 17-foot strata;'during May and August, however, den—-
sities were highest at the 7- and 12-foot depths respectively (Table IV-15).
Biomass of suspended periphyton was highest at the 2-foot depth strata during
June, July, and August and at the 7-foot depth during May and September. As
expected, biomass typically decreased as water depth increased inasmuch as
photosynthesis is limited by decreasing light levels (Table IV-16)., During
peak densities in June all groups. of periphyton were most abundant (by‘number)
at the 2-foot depth strata.

During three of the five sampling months, periphyton densities were
noticeably higher at the experimental transects; during the other two sampling

periods, densities at control and experimental transects were similiar. Thermal

v-26 ‘ ‘sclence services division

PR

P
s

PR

A 53,

a
[ —



ALT-AT

UOISIAIP S82]A108 00Ue|DS

Table IV-15-

Abundance (No./mmz) of Total Suspended Periphyton

on Artificial Substrates, Nine Mile Point Vicinity, 1978
Depth May Jun Jut Aug Sep
Strata - : _
(ft)  Transect Mean S.E.* Mean s.E. Mean S.E. Mean ~ S.E. Mean S.E.
2 NMPH 460155 10047¢ . 72614352 528648 23023488 14296757 bobdedudel Fekdkk 169772 162743
NMPP 407221- 108581 1829906940 360916480 1214241 110855 18309744 6096584 21853504 20700592
FITZ 97060 13542 bkt bt id 17779200 10423715 Rk hk Fedkkk ek k it
Strata mean 321479 113245 951260416 878646272 13641370 6927417 18309744 9144248 11011638 10841865
7 NMPW 924108t 190817 43056640 21636768 16214201 82896 53002736 35954960 332098 6517
NMPP 985751 36535 47808928 25217776 4661592  185267" 5849824 52780320 16462666 9027861
FITZ 780546 . 178755 151183200 107907584 17393376 3226725 sk Fkkkek 15957325 6669891
Strata mean 896802 60791 80682912 35276816 7892129 4831008 55826272 2823536 10917363 5294642
12 NMPW 421702 49514 11708127 5733713 18787920 1954296 42847088 4809904 294775 207163
NMPP 1150956 62165 13458926 970242 10842298 7868037 135145152 125600528 14383358 5211986
FITZ 542955 247898 122973152 65328352 8576929 2786701 ek wkkdek 11669906 4115847
Strata mean 705204 225608 49380064 36800000 12735715 3095957 © 88996112 46149024 8782679 4315634
17 NMPW 356568 61589 2096083 268566 , 4664823 1082175 3565760 724447 21663 7995
NMPP 202949% 60035 2158762 862727 2774192 2187045 5512351 1923863 20453568 10187500
FITZ 905669 21420 31359040 15575384 108965 14780 Fokickk Wik 2436848 1316900
Strata mean 488395 213298 11871295 9743889 2515993 1321483 4538055 973294 7637359 6445920
Control mean** 540633 . 129600 32368801 16013627 12024413 5236972 33138528 15092083 é04577 70158
Experimental mean** 588326 152508 314121278 253106383 7782247 2516711 54404268 29198107 14745311 2432989
Monthly mean 602970 125550 273298432 226424512 9196302 2354648 45290279 17133805 9457771 2671855
108965-18787920 135145152 - 3565760V 21663—21853504

Monthly range

97060-1150956

2096083-1829906940

*Standard error.

**Cantrol represents NMPW and NMPE, experimental represents NMPP and FITZ.
aerxaSubstrates lost during severe weather.
tOne of four replicates missing due to weather.
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Table IV-16

Ash~Free Dry Weight (mg/dmz) of Total Suspended Periphyton
Collected on Artificial Substrates, Nine Mile Point Vicinity, 1978

Depth May Jun Jul Aug Sep
Strata
(ft) Transect Mean S.E.* Mean S.E. Mean S.E. Mean S.E. Mean S.E.
2 NMPW 18.23 11.91 125.87 6.53 107.04 12.57 < ddkkk | RkkKE 21.53 3.06
NMPP 12.00 0.60 166.89 1.62 87F 0 344.10 38.48 253,20 70.79
FITZ 4.84 0.05 eddedede Sk 99,47 2.49 Kehdk *kkh% *kkkk *hke
Strata mean  11.69 3.87 146.38 20.57 69.79 33.53 344,10 38.48 137.37 115.84
7 NMPW 35.14" - 0 60.87 3.99 24,94+ 0 141.27 27.72 72.83 36.30
NMPP 27.90 2.28 68.77 0.63 47,72 5.28 149.06 4.14 254.35 12.76
FITZ 24.48 0.39 210.53 11.64 67.22 0.07 ik ek 130.14 4.88
Strata mean 27.98 1.95 113.39 48.68 46.63 12.22 145.16 3.90 152.40 53.57
12 NMPU 13.66 0.06 31.37 2.55 54,91 - 1.13 - 168.26 15.68 198.93 194.50
NMPP 24.06 2.68 30.23 2.81 40.26 -7.86 273.97 24.46 59.66 9.47
FITZ " 30.47 5.93 216.10 58.45 38,50 4.66 Kkkk *kdkck 34,15 29.96
Strata mean  22.73 4.90 92,57 62.09 44,56 5.20 221.11 52.86 97.58 51.21
17 NMPW 14.73, 0.73 20.20 7.78 21.43¢ 0. 42,64 9,07 3.58 1.35
NMPP 5,02 0 21.40 0.35 13.60 1.01 81.19 9.49 101.16 3.92
FITZ 32.82 3.42 92.17 23,99 5.13 0.90 ke Hkkk 28.60 1.71
Strata mean 20.02 5.52 ° 44,59 23.82 13.39 41N 61.91 19.28 44.45 29.26
Control mean** 18.34 2.90 59,58 23.70. 52.08 19.80 117.39 38.18 74.22 44,08
Experimental mean** ~21.21 3.87 115.16 31.06 39.35 “11.67 212.08 59.42 123.04 36.37
Monthly mean 20.61 3.40 94,95 22.39 43,59 9.83 171.50 39.79 105.28 27.79
4.84 —~ 35,14 20.20 — 216.10 © 2.87 — 107.04 42.64 — 344.10 3.58 — 254.35

Monthly range

*Standard error,
**Control represents NMPW and NMPE, experimental represents NMPP and FITZ.
*kkekSybstrates lost during severe weather.
t0ne of four replicates missing due to weather.
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discharges from the power plants may have stimulated periphyton growth on the
suspended artificial substrates; however, plant operations would not affect

naturally occurring periphyton as they occur only on bottom substrates.

3, Overview of Year-to-Year Results

Both bottom and suspended periphyton have been sampled since 1973
using artificial substrates in the control and experimental areas in the
vicinity of Nine Mile Point, During the 6 years of study, species compositions
have been similar, with Lyngbya sp. always dominating numerically. During
1975, 1976, and 1978, suspended periphyton biomass was greater at the experi- .
mental transécts than at the control transects. Bottom periphyton sampling
data, however (a more realistic measure of the naturally occurring periphyton
populations in the area), showed the experimental transects to have higher
pefiphyton densities during only 1 year, but the natural variability observed
that'year (1977) suggested that the difference was not significant. No consis-
tent trends (iﬁcreases or decreases) were apparent for bot tom periphyton during
the 6 years of study, which would indicate no influence from the two power
plants on periphyton. Controlling factors for natural periphyton populations
are substrate availability and light penetration. Location of the discharges
at about the 20-foot contour and the presence of a mixed or floating plume pre-

glﬁde thermal stimulation of the natural periphyton.

D, BENTHIC INVERTEBRATES
1. Species Composition

An average of 50 taxa of benthic invertebrates per month were col-
lected during the 1978 study (Table IV-17), and 24 of these each accounted
for at least 1 ﬁercent of the total number collected during any one sampling .
month. The most abundant group was scuds (Amphipoda), which accounted for
about 52 percent of all the benthic invertebrates collected (Table IV-18),
followed by oligochaete worms, then polychaéte'worms'and midges (Diptera),
third and fourth, respectively. All other groups combined accounted for

only 12 percent of the total population present (Table IV-18),

IV-29 . . science services division
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Table IV-17
Seasonal Occurrence and Relative Abundance of Benthos Collected
on Artificial Substrates, Nine Mile Point Vicinity, 1978

Annual
Taxa Apr Jun Aug Oct . Mean

PR

Coelenterata
Hydrozoa
Hydra americana ™
Hydra sp. 4
Cordylophora lacustris T
Platyheiminthes
Turbellaria unid.-
Nemertea
Nemertea unid.
Nematoda
Nematoda unid. 1
Annelida
Polychaeta
Manayunkia speciosa 42
O11gochaeta
Chaetogaster sp.
Nais sp.
NaTdidae unid.
Tubificidae unid, 10 . "
Hirudinae unid. . T B
Mollusca °
Gastropoda :
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Ferrissia sp.
Lymnaea sp.
AmnTcola sp.
Bithinla sp.
Physa sp.
Gyraulus sp..
Helisoma_ sp.
Gonishasis sp.
Pleurocera sp. T
Pleyroceridae unid. T
Valvata sp. 2
Campeloma sp.

Gastropoda unid.

Pelecypoda

Sphaerium sp. T
F%sﬁhm sp. 7
Sphaeridae unid.
Laggsi 1is sp. T
nionfcae unid. T
Petecypoda unid.
Arthropoda -
Arachnida !
Hydracarina unid. 1 2 )
Isopoda . é
Erichsonella sp. . . i
AseNlus sp.
Amphipoda
Gammarus mucronatus
Gammarus Fasciatus
Gammarus Sp.
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Ephemeroptera
Caenis sp. T
Trichoptera
Psychomyiidae unid. . T
Hydropsyche sp. T
Kgra!ieu sp. 1
ecetls sp.
Athripsodes sp. : T 1
[egfocen’aae unid. T T
Trichoptera unid. T
Diptera '
Ceratopogonidae unid.
Chironomus sp.
OrthocTadinus sp.

Cryptochironomus sp.
ricotopus sp.
anytarsus sp.
icrotendipes sp.
PolypediTum sp.

KE‘laEes {a sp.

H1crnten51 es sp.

Brocladius sp.

Parachironomys sp.

Pseudochi ronomus Sp.

Glyptotendipes sp.
sEaenogsectra sp.
Eukieffariella sp.

Stictochironomus sp.

Nannocladius sp.

Endochironomus sp.
Psectrocladius sp.

Micropsectra sp.

Paratendipes sp.
Paracladopeltma sp.
Potthastia sp.
Heterotrissocladius sp.
Chirononfdae unid.

Bryozoa
Lophopodella carter{
Lo Eut a'ellla"sp.
Plumate s
FredecelTa su{'Eﬁa
PaludicelTa articulata

ristatel]a sp.
Invertebrate unid. T
Density (No./n?) 927 1499 2259 378 20

-
-~ -

A A A A A D =
—_—t AN —Adw
-

- A4 HA-o

-

R i T e b e L e e e e B B B e e e e B B B e

- W -
——t A A
o A=

-
- -

-
]
— - -

5 :

=

IV-30 . sclence services division

{
ey

ik o,



Pl B e

TE-AT

UOISIAIP SOD|AI08 3DUSIDE

Table IV-18"

- s

e

Percent Cormposition of Benthic Invertebrate Groups and Total Density of

Benthic Organismc Collected by Suction Sampler in the Vicinity of Nine Mile Point, 1978 #

[

[I—

April © o dure : August - October
Contour Depth (ft) Contour Depth (ft) . Contour Depth (ft) Contour Depth (ft)
Fonthly Monthly - R Manthly Monthly  Annual
Group 10 20 30 40 60 Mean 10 20 30 40 60 Mean 10 20 30 40 60  Mean 10 20 0 40 60  Mean Mean

Coelenterata 58 1.9 04 09 05 15 3.2 1.8 62 10 27 4.3 0.1 2.7 0.2 0.6 1.0 10.8 4.3 27 Lz 4.5 3.0
Platyhelminthes 0.4 T* 0.3 0.1 1.6 0.5 0.4 54 3.2 23 0.4 0.1 0.1 0.2 0.4 03 09 L2 T 0.6 0.7
Nemertea 0.6 0.2 0.2 0.4 T 0.1 0.4 0.1 0.7 0.6 0.4 6.4 0.3
Nematoda 0.6 0.2 1.5 1.4 0.6 1.4 1.6 1.0 2.0 39 22 0.1 03 3.0 3.0 1.6 1.1 1.4 14 24 0.7 1.1
Polychaeta 4.1 66.5 73.8 0.3 0.1 419 0.2 3.1 M3 L5 . 5.4 48 73.5 12.0 0.6 2.0 17.9 0.2 3.2 2.7 50 06 6.6 13.6
014gochaeta 0.1 1.2 64 21.4 281 10.2 59.8 56.6 16.4 16.0 15.3 38.2 0.9 6.7 34.2° 39.3 16.1 13.7 T 0.3 2.1 22.6 152 8.1 14.8
Hirudinea 0.6 0.1 01 . 0.3 0.1 : 0.2 0.2 T T
Gastropada 0.6 08 1.9 5.0 1.1 35 1.5 1.5 0.9 13.2 8.2 5.1 0.8 4.3 33 20 14 20 0.5 2.4 58 38 2.7 2.4 2.9
Pelecypoda 0.7 2.2 19.6 231 7.2 T T 0.2 154 167 7.1 T 0.5 26 17 1.0 038 T T 29 15 2.1 09 2.8
Hydracarina 0.1 09 07 06 0.3 0.6 0.2 2.5 4.4 30 2.1 2.0 0.6 0.1 0.1 0.1 0.2 1.0 06 11 55 L1 1.0
Isopoda 0.1 0.1 0.2 0.1 . ) : 0.1 01 T T T T T 0.3
Amphipoda 2.0 117 1.9 44.9 30.6 20.1 5.9 9.9 23.8 3.2 44.0 24.3 92.3 6.3 23.3 33.2 652.9 52.4 969 801 31 866 568 71.8 51.6
Ephemeroptera ’ 0.1 T )

Trichoptera 0.1 0.2 0.1 1.4 3.7 18 l2 0.3 L4 T 0.4 0.1 T 0.1 T 0.3
Diptera 65.8 157 1.9 4.4 4.9 13.8 20,7 8.6 9.7 4.2 3.5 114 0.7 4.6 2.0 20.2 250 11.1 0.7 11 35 32 129 2.8 8.0
Bryzoa 0.2 01 0.2 0.2 0.2 01 0.1 03 04 T 0.2 0.1 T 0.1 61 01 01 01 T
Total density (No./m?) 643 761 1905 492 833 927 2208 1009 1025 1117 2135 1499 4091 2211 1180 1474 2341 2260 5448 4617 2803 2384 1638 3378 2016

T* = <0.1%.

#No samples collected during December due to winter weather.




Bryozoa accounted for 41 percent of the annual benthic biomass
(wet-weight) during 1978 (Table IV-19) due to the fact that large colonies
were collected in a single sample at the 40-foot depth contour in June.
Scuds, snails (Gaétropoda), and clams (Pelecypoda) followed respectively in
decreasing biomass, while all other groups of benthic invertebrates comprised

only about 6 percent of total biomass.,

2. Temporal Distribution

The number of invertebrates per area of substrate steadily increased
from April through October (Table IV-18 and Figure IV-1). Scuds and polychaete
worms were dominant in April, with oligochaete worms and scuds dominant in
June. During August and October, scuds dominated (52 percent), with Gammarus

fasciatus being the most numerous species of this group (41 percent) and

Pontoporeia affinis of secondary numerical importance (11 percent annually).
Oligochaetes and polychaetes decreased in number in October (Figure 1V-1).
Immature flies (midges, Diptera) were found in similar numbers throughout all

sampling periods (Figure IV-1), Ice formation and severe winds precluded the
collection of December benthic samples,

Total biomass, excluding the large weight of bryozoan colonies
collected in June, increased consistently throughout the collection period -
- (April, June, August, October). Only biomass was determined for fhe June
bryozoan colonies, accurate determination of density is almost impossible
because of the nature of the gelatinous mass. Density and biomass during

June, then, do not represent an actual organism-weight relationship.

Biomass of clams was highest in April and October. Snail biomass
increased through August, then decreased slightly in October. Scud (amphipod)

biomass increased throughout the 1978 sampling period, peaking in October
(Figure 1V-2).

3. Spatial Distribution

During April, total densities were lowest at the 10- and 40-foot
depth contours, but this trend did not continue and more organisms were found

at the 10-foot contour during the remainder of the study than at other contours
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Table IV-19

Percent Composition of Benthic Invertebrate Groups and Total Biomass of
Benthic Organisms Collected by Suction Sampler in the Vicinity of Nine Mile Point, 1978 #

April June August October ¢
Contour Depth (Ft) ooy, Contour Depth (ft) Contour Depth (ft) o Contour Depth (ft) \  hly Annual
Group 10 20 30 40 60 Mean 10 20 30 40 60 Mean 10 20 30 40 60 Mean - 10 20 30 40 60 Mean Mean
Coelenterata 0.8 03 T 0.2 0.1 0.1 0.1 0.5 0.2 0.2 02 0.2 T 02 0.1 0.1 6.1 15 03 02 0.1 0.4 0.2
Platyhelminthes 0.1 T 0.2 T -3 0.5 T T 05 0.2 01 T T 6.1 0.4 T 06 1.4 T 0.4 0.2
Nemertea T T T T T 0.5 ) T ol 0.1 T 1. 0.2 0.1
Nema toda 0.3 T 0.6 0.6 0.2 0.1 T T T T T T 0.1 0.1 0.1. 0.1 0.1 0.2 0.1 0.1 T T
Polychaeta 1.1 88 3.4 0.2 0.1 3.0 0.1 0.3 3 T 0.1 T 32 07 T 6.2 0.9 T 062 1.6 02 T 0.3 0.5
0ligochaeta T 0.4 11 1.7 54 1.6 6.4 6.2 1.7 0,1 4.1 0.9 0.1 4.0 10.4 19.3 10.4 6.6 T T 8.6 7.9 2.0 2.6 2.3
Hirudinea 0.1 0.2 0.1 T T . T T T
- Gastropods 6.1 65.1 1.4 39.7 26.8 14.3 60.6 36.8 9.7 2.9 3.6 7.7 3.1 88.5 15.5 8.5 7.3 37.8 12.1 29.8 50.4 24.5 12.7 22.5 16.5
'< Pelecypoda : 0.8 88.6 24.6 21.1 58.2 0.1 0.3 0.2 1.2 41.0 4.0 0.1 0.6 52.4 22.9 10.3 11.8 0.2 0.1 11.0 24.2 42.8 12.8 1.8
w Hydracarina ’ T 05 01 02 01 0.1 6.1 0.5 0.3 T 0.2 T : 0.1 T 0.0 01 T 02 05 0.2 0.1
W . Isopoda 0.4 T T T T 0.2 T T T T T
Amphipoda 47.0 10.3 3.6 30.9 43.8 16.0 ©13.6 39.5 16.8 1.1 21.4 3.7 64.6 1.3 11.1 41.8 57.1 37.2 86.8 67.6 23.9 37.9 135.4 :58.5 22.4
Ephemeroptera 0.1 T T
Trichoptera 0.4 - T T 2,0, 8.6 1.5 0.3 0.4 0.5 0.1 1.7 0.3 T 0.3 T 0.3
Diptera 44.0 10,5 0.4 1.4 2.2 5.5 14.0 5.4 6.1 T 0.4 0.8 0.3 2.0 7.8 7.5 1.6 5.2 0.2 0.5 2.4 25 6.1 1.9 2.2
Bryzoa T T T T T T T T -5L9 93.8 0.2 819 0.4 0.1 0.2 0.8 0.7 0.1 0.3 41.3
Total biomass (gm/mz) 0.74 0.77 5.01 0.65 1.21 1.67 1.88 0.37 1.15 41.77 3.39 9.71 §.11 4.21 2.25 1.82 3.03 3.28 7.13 4.49 2.54 3.24 3.81 4,24 4.73
:I" = <0.1%.

#No samples collected during December due to winter weather.
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Figure 1V-1, Temporal Distribution in Abundance of Benthic Invertebrate
Groups Collected in the Vicinity of Nine Mile Point, 1978
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(Appendix Table D-1). Densities at all contours generally increased through-
out 1978, and there were only small, inconsistent differences between control

and experimental transects,

NS — December due to
' severe weather.
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Figure IV-2, Temporal Distribution in Biomass of Benthic Invertebrate
Groups Collected in the Vicinity of Nine Mile Point, 1978
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Scuds (all species combined) were more numerous at the 10- and 20-
foot contours than at the deeper sampling locations. The dominant organism

collected, Gammarus fasciatus, was most numerous at the shallow-water loca-

tions. Pontoporeia affinis, the second most abundant scud, was most abundant
at the deeper sampling locations. Numbers of G. fasciatus and P. affinis were
typically higher at the two experimental transects (NMPP and FITZ) than at the

two control transects (Appendix Tables D-2, and D-3).

Oligochaetes were distributed over the entire study area but, except
for June samples, were more numerous at the deeper sampling locations; numbers
also increased from west to east. Except for October, monthly mean densities
were greater at experimental transects (NMPP and FITZ) than at the controls
(Appendix Table D-4), Variability between samples was noted throughout .the
study; however, the differences noted were probably well within the natural

variability of the existing benthic community.

Midges were collected in increasing numbers during the course of the
year at progressively deeper contours (Appendix Table D-5). This phenomenon
was probably related to an increase in bottom—water.temperatures outward from
shallower to deeper contours as the summer progressed. Emergence occurred
first at the shallow depth contours, therefore decreasing densities of imma-
ture flies in this area, while at deeper contours appafent densities increased

. as immature flies developed to larger instaré and became susceptible to the -

sampling gear.

In general, benthic invertebrates were distributed over the entire
study area. The high-variabilities observed in samples preclude all but the
broadest generalities. Total densities at control and experimental transects

showed no real differences that could be attributed to plant operations.

4. Description of Bottom Sediment

Visual observations of the bottom sediments in the vicinity of Nine
Mile Point indicated that the area is primarily bedrock, which is covered in

some areas with boulders and rubble (Table IV-20).

IV-36 ' science services division
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Table IV-20

Composition of Bottom Sediment Determined by Visual Examination
at Benthic Sampling Stations in the Vicinity of Nine Mile Point, 1978

Depth
Contour T
- (ft) Transect Description* Comments
10 NMPW 100% bedrock
NMPP 70% boulders, 20% rubble, 10% gravel Some algae on rocks
FITZ 80% boulders, 10% gravel, 10% sand Some algae
NMPE 70% boulders, 20% gravel, 10% sand Some algae
20 NMPW 50% bedrock, 50% rubble
NMPP 50% boulders, 30% rubble, 20% gravel A11 lying on bedrock
FITZ 50% boulders, 20% gravel, 20% rubble, .
: 10% sand
NMPE 40% bedrock, 30% boulders, 25% gravel,
5% sand :
30 NMPW 100% bedrock Some rubble
NMPP 100% bedrock Some boulders
FITZ 80% bedrock, 20% rubble Some sand
NMPE 100% bedrock Some rubble and sand
40 NMPW 50% bedrock, 30% rubble, 20% sand -
NMPP 80% boulders, 20% bedrock
FITZ 50% bedrock, 20% boulders, 50% rubble
NMPE 100% bedrock Some scattered sand
60 NMPW 100% bedrock .
NMPP 80% boulders, 10% rubble, 10% gravel
FITZ 80% bedrock, 20% boulders Some rubble
NMPE 80% bedrock, 20% rubble Some sand

*Description based on USEPA (1973) field eyaluation method for categorizing soils.

5. Overview of Year-to-Year Results

Benthic invertebrates in the Nine Mile Point vicinity have been
investigated.since 1973. Differences in species composition and density were
generally related to substrate differences: on the NMPW and NMPP transects,

substrates are primarily bedrock and rubble; at NMPE and FITZ, they are bed-

rock and rubble inshore and sand and gilt offshore. Maximum abundances were

observed in mid-summer, with densities increasing from west to east (i.e.,

NMPW to NMPE). Annually, Gammarus fasciatus was the dominant organism

collected, The control and experimental areas exhibited no differences that

could be attributed to operation of the power plants.
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E. ICHTHYOPLANKTON
1. Species Composition

Samples from Lake Ontario in the vicinity of Nine Mile Point in 1978
yielded five taxa of eggs and 20 taxa of larvae [prolarvae (yolk-sac stage)
and postlarvae (post yolk-sac stage) combined] (Table IV-21). April samples
contained only burbot and lake herring (cisco) larvae.  During May, larvae of
early spring spawners such as rainbow smelt and yellow perch were collected,
along with eggs of rainbow smelt and Morome spp. The highest diversity (num~
ber of taxa) of ichthyoplankton occurred during June and July when 15 taxa
were present. After mid-September, only alewife larvae were captured in the

study area; no eggs or larvae were observed in December samples.

2. Temporal‘Distribution
a., Eggs

Fish eggs of five taxa were collected in the study area from 2 May
through 14 August (Table IV-22). Rainbow smelt eggs, which are adhesive and
demersal, were collected only during May; average site densities were always
less than one egg per 1000 cubic meters of water sampled. Similarly, very few
eggs of Morone spp. and car§ were collected, the former being captured in late

May and early June and the latter observed in June and late July.

Alewife eggs were present from mid-June through mid-August, account-
ing fgf;gg_ggzgggi_gf’;hg§§igh_ggggwgq}}ggggg\ip 1978. Egg densities peaked
during night sampling on 24-25 July when average site demsity for alewife eggs
was slightly more than 160 eggs ﬁer cubic meter. Alewife egg densities were
usually higher in night than in day samples, perhaps the result of greater
spawning activity during the night (LMS 1975a). The low catches for the other

species exhibited no day/night trends.

b, Larvae

Larvae weré present in ichthyoplankton samples from early April
through late November (Tables IV-21 and IV-23). Only prolarvae were collected

dufing April, but both prolarvae and postlarvae were common from May through

IvV-38 sclience serylces division
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Table IV-21

Seasonal Occurrence of Fish Eggs and Larvae Collected
o in Vicinity of Nine Mile Point, Lake Ontario, April-December 1978

I Species” Apr May Jun Jul Aug Sep Oct Nov Dectt
% ; 1**234 12345 12 34 1234 12345 1234 1234 12345

Rlewife ‘ E™*EE EEEE EEE

v L*** L LLLL LLLLL LLLL LLLL LLLL
it Bluegill L A
N Burbot LbL t
| i Carp EE E E
W ' LL LL LLLL LLL
< Clupeidae’ LLLL LLLLL LL
i Freshwater drum E
L L
j Goldfish LL L L LL L
: ; Gizzard shad L- LL -
~—Lake herring LLL L
Minnows Tt . : LL Lt LtLLL L L
Morone sp. T e E E

L LL Lt tiebtL LLeL

Rainbow smelt E EE
L LittL LL LL LLL L L L Lt

. Sculpin# L' LL LLLL LLEL
! g Spottail shiner ' L

Sunfish## L L tL Lt

Tessellated darter’ o L L LLLL LG

Threespine stickleback L LL

Trout-perch’ ' L oLL bt

White perch : L L

Yellow perch LtL LLL

*Common names are those recognized by the American Fisheries Society (Bailey et al 1970).
**Jeeks of the month,
v ***f = eggs, L = larvae (prolarvae and postlarvae combined).
Most Clupeidae are probably alewife.
Includes species of Cyprinidae, except carp and goldfish.
*most Morane sp. are probably white perch,
#Includes the mottled sculpin and a few slimy sculpins.

”#Includes species of Centrarchidae,

+Inc]udes tessellated and johnny dafters, previously considered as subspecies and reported under. the
iy name of johnny darter in earlier Nine Mile Point studies.

%. ) **No ichthyoplankton caught during December.
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Table IV-22

Temporal Distribution in Denéity* of Fish Eggs Collected
in Vicinity of Nine Mile Point, Lake Ontario, April-December 1978**

May June Jul Aug
2 8 15 22 3 }5 67 12 1516 19 19-20 26 26 }5 5-6 10 12-13 17 17-18 24 24-25 3 3141 7 7-8 14 JE R4} 21 8 28
Taxa D+ D D D 0 D Nt D N D N 0 N D N )] N )] N D N D N D N 0 N 0 N D N
Alewife NC NC NC  NC  NC NC  NC 0.7 2.6 0.4 09 0.3 5.2 |11 17,0 120 1.2 19 5.6 12.3 161.6 0.4 NC 2.6 46.7 KC 0.1 ANC NC NG NC
- Carp N NC NC  NC NC NC 0.2 0.3 AXC KC RC NC 0.6 |NC KC KC NC NC NC NC 0.1 NC KC NC  NC BC NC  NC NC NC  NC
1= Freshwater drum NG NC NC NC NC NC NC NC NC NC N NC NC NC NC 0.2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC
g Morone sp. NC NC NC 0.1 NC | 0.2° NC NG NC NC NC NC  NC JNC NC NC NC NC NC NC NC NC NC NC  NC HC NC  NC O NC NG XC
Rainbow smelt 0.9 NC 0.1 0.2 N NC NC NC NC NC NC NC NC NC  NC NC NC NC HC B NC KC NC HC NC KC NC NC NC NC NC NC
Unidentified NC NC NC NC NC | NC NC 0.1 0.4 0.1 NC RC 0.3 1.4 AC NC 0.1 NC NC - NC T+ NC NC NC  NC NC  NC  NC NC NC )C
Total 0.9 NC 0.1 0.3 NC 0.2 0.2 0.5 13.0 0.5 0.9 0.3 6.1 )25 17.0 12.2 1.3 1.1 5.6 12.3  161.7 0.4 NC 2.6 46.7 NC 0.1 NC NC NC NC

*Mean density (No./1000 m3) of all surface, mid-depth, and bottom tows at 15 statioens.
. "No fish eggs collected during April or after August.
%0 = day collections, N = night collections,

1 s trace {<0.1).
NC = No catch.

®
13
]
3
o
°
®
o
‘
s
a
o
]
2
s
@
o
3




. o,
At + st
(o]

Table 1V-23

[R—

Relative Numerical Abundance of 11 Most Abundant Prolarvae and Postlarvae
Collected in Vicinity of Nine Mile Point, Lake Ontario, April-December 1978

“s

Apr

R

13

[

s

s ety

E—
i~

e timcrnns

e
N

a

L

i

pre

2
o

3
0

4
D

Prolarvae
Alewi fe®
Burbot
Carp-Goldfish
Lake herring
Minnaws""
Horone 'sp.*"
Rainbow smeit
Sculping
Sunfishi¥
Tessellated darterift
Yellow perch

Postlarvae
Alewife
Burbot
Carp-Goldfish
Lake herring
Minnows
Horare <p.
Rainbow smelt
Sculpin
Sunfish
Tessellated darter
Yellow perch

82

N

50

18 89 50

73 100

27

100 98 27

26 2

28

32

k)

98

46

42

98

- o =

94

99

99

- =

100

100

99 78

o —

o™

o w

o a

L

Dec

oD

Prolarvae
Mewife
Burbot
Carp-Goldfish
Lake herring
Minnows
Morone sp.
Rainbow smelt
Sculpin
Sunfish .
Tessellated darter
Yeliow perch

Postlarvae
Alewife
Burbot
Carp-Goldfish
Lake herring
Sipiiows
Morone sp.
Rainbow smelt
Sculpin
Sunfish
Tessellated darter
Yellow perch

44

56

97

99

76

23

00

9

100 100 100

100 93 98

99 99 100 30 1090 100

100 100 100 100

100 100

100

* Weeks of the month.
T D = day, N = Night.

No larvae collected during December.
Alewife includes the unidentified herring since most Clipeidae in the area were alewifes.

Winnows include the unidenified species of Cyprinidas except for carp and goldfish.
Morone sp. includes white perch and white bass.

# Sculpin includes the mottled an_d the s1imy sculpin.
#¢ Includes species of Centrarchidae.

S—

Includes tessejlated and johnny darters, previously considered as subspecies and reported under the name Johnny darter in earlier
-} Nine Nile Point studfes. . . :

T = Trace { <6.5% )}
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mid-August. After mid-August, alewife postlarvae dominated ichthyoplankton

samples.

Table IV-23 illustrates that for several species (e.g., alewife and
Morone spp.) the prolarval and postlarval stages attained maximum relative
abundance at about the same time. Prolarvae of burbot and rainbow smelt, how-
ever, were abundant in the area for a week or more before substantial numbers

of postlarvae were collected.

Highest densities of larvae (all species of prolarvae and postlarvae
combined) were observed during July and August; however, two minor peaks oc-
curred prior to July (Figure IV-3) as a result of the sequential spawning of
several species. The first minor peak was due primarily to yellow perch,
which accounted for 98 percent of the postlarvae collected on 22 May (Table
IV-23). The second minor peak occurred in mid-June when rainbow smelt and
- Morone spp. larvae densities were at their highest, After June, alewife
larvae completely dominated the ichthyoplankton'population, accounting for
most of the prolarvae and almost all of the postlarvae collected from July
through‘November. Larvae densities decreased rapidly during late August, and

no larvae were collected (Figure IV-3) after November.

Day/night sampling indicated that larvae densities were generally
higher at night, based on total catch (all species combined) and on catches of
alewife larvae, the most abundant taxa during the summer months. There was
also a distinct day/night difference in the catches of several species that
were not very abundant in the area; these spécies, including sculpin, tessel-
lated darter, and trout-perch, were frequently present in night collections
but often were not found in day samples (Table IV-23), These day/night dif-
ferences reflect both diel movement or behavior patterns and daytime gear

avoidance.

3. Spatial Distribution
a. Eggs

The small catches of eggs prevented analysis of spatial distribution
except for alewife (Appendix Tables E-1 through E-4). Alewife eggs were con-
sistently more abundant along the 20- than the 40-foot depth contour during
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" Figure IV-3. Daytime Temporal Distribution of Larvae in Vicinity
of Nine Mile Point, Lake Ontario, April-September 1978

‘night sampling; also, egg densities were highest at the stations to the west

«
o
§

§
t
..

of the power plants (upcurrent of the intake and discharge structures) along

both the 20— and 40-foot depth contours (Appendix Table E-4). Alewife egg

distribution exhibited no consistent trend with respect to the three depth

PN "(sur®ace, mid-depth, and bottom) strata.

Py b. Larvae

Data collected from June through mid-September were used to illus-

7y trate the spatial distribution of fish larvae within the study area, because

L both day and night data were available and total larvae densities were highest
Sy during this period. Prolarvae are purely planktonic while postlarvae attain
;J- the ability to maintain or change their position in a moving water medium as

they develop.
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Densities of prolarvae (all species combined) decreased from the 20-
to the 100-foot contour (Figure IV-4)., This trend was uniform both day and
night, Although postlarvae catches were somewhat greater at the 100-foot con-
tour during night sampling, postlarvae densities overall were relatively equal
at all contours during both day and night sampling (Figure IV-5). As observed
during previous studies (LMS 1975a, NMPC 1976a, TI 1978), the larvae of
several species common in the study area, including rainbow smelt and alewife,
move farther offshore as they mature. The relative similarity in postlarvae

densities observed at all depth contours may result from offshore movement of

the older postlarvae,

Data from six stations along the 20— and 40-foot depth contours were
used to determine the influence, if any, of the two plant discharges on the
sp&tial distribution of 1arvaé (Section III.A.5 and Figure III-1). Based on
day samples, mean densities of proiarvae along the 20- and 40-foot depth con-
tours were slightly higher at stations just east of the Nine Mile Point Unit I
discharge (Figure IV-6 and Appendix Tables E-5 and E-6). Night sampling, how-
ever, indicated that average densities were highest at stations west (1/2 and
1 mile west, upstream with respect to the prevailing current) of the Nine Mile
Point and James A. FitzPatrick discharges. No consistent trends were observed

in prolarvae densities along the 40-foot contour during night collections,

Mean station densities of postlarvae along the 20-foot contour were’
fairly uniform during the day but generally higher at night at the western
most stations (1 and 3 miles west) (Figure IV-7 and Appendix Tables E-13 and.
E-14). Along the 40-foot contour, average postlarvae densities at all sfa—

tions were fairly uniform, at night but higher both to the east and west of

the discharge area during the day.

From June through August when larvae were most abundant, both pro-
larvae and postlarvae were usually more abundant in surface than in mid-depth
and bottom samples (Appendix Tables E~5 through E-22). Alewives usually ac-
counted for more than 90 percent of the catches during this period. Prior to
the influx of the alewives, rainbow smelt larvae were usually most abundant,
their densities being generally highest in the bottom or mid-depth water
strata (Appendix Tables E-11, E~12, E-19, and E~20). No pattern was observed

in the vertical distribution of yellow perch larvae,
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4, Overview of Year-to-Year Results

The distribution of fish eggs and larvae was monitored ﬁeekly at
depths ranging from 20 to 100 feet in the Nine Mile Point vicinity during
April-December 1973-78. Thermally influenced and control areas were sampled
over a range of depths in order to characterize the temporal and spatial dis-
tribution of the ichthyoplankton community in the Nine Mile Point vicinity and
to detect potential effects attributable to Nine Mile Point and James A. Fitz-

Patrick station operations,

Egg collections, which included up to six species during any one
year, were consisﬁently dominated by alewife and rainbow smelt; the eggs of
other species were collected infrequently and/or in relatively low numbers.
Larval samples, also dominated by alewife, included up to 22 species in a
given year. Although yellow perch, rainbow smelt, and Morone spp. (white bass
and white perch)'larvaeéwere consistently present over the years, they and
other species generaily%occurréd either in low numbers or were collected infre-
qﬁently during each yean These data indicate that significant sﬁawning in
the study érea is limited to the two introduced species, alewife and rainbow
smelt, and that the Nine Mile Point area is not a major spawning habitat for

the majority of the Lake Ontario fish community.

Two major periods of egg and larval occurrence and abundance were
observed in the Nine Mile Point vicinity during each of the 6 years studied:
a spring peak in late April or early May and a summer peak during July-—-August.
This temporél pattern, feflecting the seasonal abundance'qf dominant species,
was similar to patterns observed at other southeastern Lake Ontario locations
and could not be directly attributed to plant operations. Late fall and early
spring spawners, including burbot, yellow perch, and rainbow smelt, comprised
the majority of catches'during the spring peak period, while alewife, Morone
spp., and sometimes rainbow smelt accounted for the greatest portion of the

summer spawning peak.

Eggs and larvae were more abundant along the 20-foot than 40-foot
depth contour during at least the past 6 years. Additionally, egg and larvae
densities were usually lowest at the deeper (60-, 80-, and 100-foot) stations.

Older larvae consistently displayed a pattern of offshore migration to deeper
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waters; during the spawning season, however, no consistent spatial distribu-

tion patterns attributable to plant operation were discerned.

Relative to diel distribution in the Nine Mile Point vicinity, ale-

wife eggs were more abundant in night samples (generally near the bottom)

during the 6~year study. Alewife larvae also were more abundant during the

night (generally near the surface). These findings were consistent with data

[

from studies performed in other Great Lakes areas. Although the vertical

distribution of rainbow smelt eggs was not consistent from year to year, smelt

e

larvae proved more abundant more often near the bottom, especially at night.

In conclusion, analyses of egg and larval catches in the thermally
influenced and control areas along the 20- and 40-foot depth contours uncov-
i ered no consistent temporal or spatial patterns that indicate plant-induced
i alterations of normal spawning patterns or egg and larval abundance and dis-—
$Y tribution in the vicinity of the Nine Mile Point study area over the past 6

;% years (1973-78).

’ F. FISHERIES

1. Species Composition

RN

From the approximately 45,700 fish collected in the Nine Mile Point
vicinity during 1978, 37 taxa were identified (Table IV-24), The highest

[me—

number and diversity of fish were collected by beach seine and gill net, re-

spectively; box traps collected the least number of species and individuals,

Alewives dominatedrbeach—seine collections and were second most abundant in
gill-e~t and trawl catches. Spottail shiners and alewives accounted for 56
D percent of gill-net collections, while rainbow smelt and alewives comprised
almost 70 percent of trawl catches. The five most abundant species in the

Nine Mile Point area, ranked in decreasing order of abundance based on the

combined data from all gear, were alewife, spottail shiner, rainbow smelt,

white perch, and yellow perch (Table IV-24). Ten taxa — alewife, brown

;
i
i
{
L

trout, gizzard shad, lake chub, rainbow smelt, Salvelinus spp., spottail

shiner, white perch, white sucker, and yellow perch — were collected during

each month of the study; and 5 other species were collected during at least

seven of the nine months (Figure IV-8).
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Table IV-24
Numbers and Percent Composition of Fish Collected
by Each Sampling Gear, Nine Mile Point Vicinity, 1978
Gill Net Trawl Beach Seine Box Trap Total .
Species* No.. ] No. - % No. % No. 3 No. %
Alewife 4,216 23.7 1,172 23.9 22,578 98.4 27,966 61.1
American eel 8 TH* 1 T 9 T
Banded killifish 3 T 3. T
Black bullhead 1 T 1 T
Brook stickleback 1 T ] 1
Brown bullhead : 67 0.4 67 0.1
Brown trout n7 . 0.7 1 T n 129 0.3
Burbot 12 0.1 12 T
Carp 4 T 4 T
Chinook salmon 1 0.1 3 T 14 T
Coho salmon 4 T 2 T 6 T
Emerald shiner 1 T 12 T 13 T
Gizzard shad 258 1.5 4 0.1 10 T 272 0.6
- Golden shiner 3 T 3 T
|< Lake chub 123 0.7 _ ) 123 0.3
v Largemouth bass ’ i 3 T 3 T
o Longnose dace - 1 T 1 T
Northern pike 2 T 2 T
Pumpkinseed 6 T ¢ I
Rainbow smelt 2,031 1.4 2,246 45.9 i T 4,278 9.4
Rainbow trout 13 0.1 3 T 16 T
Rock bass 154 0.9 112 86.8 266 0.6
Sculpin n 0.1 95 1.9 1 0.8 107 0.2
Salvelinus spp. 189 1.1 189 0.4
Sea lamprey 3 T 3 T
Shorthead redhorse 1 T - 1 T
Smallmouth bass 126 0.7 3 T 1 0.8 130 0.3
'w Spottail shiner 5,777 32.5 12 0.2 192 0.8 7 5.4 5,988 13.1
- Stonecat 96 0.5 96 - 0.2
-y Tessellated dartert 242 4.9 242 0.5
3 - Threespine stickleback 3 T 894 18.3 72 0.3 3 2.3 972 2.1
Q Trout-perch 657 3.7 226 4.6 883 1.9
® walleye 8 T 1 T 9 T
.8 White bass 18 0.1 1 T 19 T
3 White perch 1,757 9.9 4 0.1 16 0.1 2 1.6 1,779 3.9
< White sucker 473 2.7 2 T 2 1.6 477 1.0
g Yellow perch 1,636 9.2 21 0.1 1 0.8 1,658 3.6
: Total . 17,782 . 4,898 22,939 ’ 129 45,748
;" **gommon ?ames according to the American Fisheries Society (Bailey et al 1970).
. *T = <0. . .
0 *Inc]udes%tesse’l]ated and johnny darters, previously considered as subspecies anc reported under the name of johnny darter in
3 earlier Nine Mile Point studies. :
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American eel AT T
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Brook stickieback T
Brown bullhead U T T i
Brown trout I TR T, T T T, ///% 7
Burbot T Wl i W T, T
Carp .
Chinock salmon T i,
Coho salmon
Emerald shiner T : i
Gizzard shad Y
Golden shiner .
Lake chub W, Y T T
Largemouth bass W
Longnose dace )
Northern pike i

Pumpk inseed

Rainbow smelt LTI
Rainbow trout

Rock bass i
Sculpin 7,
_Salvelinus spp.
Sea lamprey
Shorthead redhorse
_Smallmouth bass
Spottail shiner
Stonecat-
Tessellated darter*
Threespine stickleback
Trout-perch ' /
Walleye
White bass W
White perch 7
White sucker
Yellow perch

=
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£

*Includes tessellated and johnny darters, previously considered as subspecies and
reported under the name of johnny darter in earlier Nine Mile Point studies.

.‘ V77— Species present .

Figure IV-8., Monthly Occurrence of Fish Collected by All Gear,
Nine Mile Point Vicinity, 1978

2. Temporal and Spatial Distribution

a, Gill Net

The temporal distribution of fish collected by gill nets was charac-
terized by periods of peak abundance (catch per 12-hour set) during May-July
and October-November and low catch rates during April, September, and December
(Figure IV-9), Alewives, rainbow smelt, spottail shiners, white perch, and

yellow perch dominated monthly catches.
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Because of weather conditions and catch sizes, the time expended
setting and retrieving gill nets at all stations varied during the study
period, precluding the use of all gill-net data for describing day/night catch
differences (Appendix Tables F-1 through F-10); therefore, additional effort
was made at the 15- and 40-foot depth contours to insure better representation
of day/night catch rates at these locations. At stations along these two con-
tours, catch rates were considerably higher at night than during the day (Fig-
ure IV-10), In all cases, total catches as well as day/night differences were

greater along the shallower contour.

Based on catch data from both day and night collections (combined)
and equal effort at all four depth contours, fish were more abundant at sta-
tions along the 15-foot contour than along the 30—, 40-, and 60-foot contours
(Figure IV-11), Gill-net catch rates (catch per 12-hour set) for samples
taken at stations on the 20-foot depth contour are excluded from this dis-
cussion because catch data at this contour were based on two rather than four
samples of approximately. 12-hour duration, as were taken at the other four

depth contours. Catch data for the 20-foot depth contour and more detailed

_gill-net data for all contours appear in the 1978 Data Report (Texas Instru-

ments 1979).

Catch rates at stations along the 15-foot contour (Figure IV~11)
were frequently lowest gt control station NMPW (the westernmost stafion, which
was not subject to thermal influence from power plant discharges). Largest
catches along the 15-foot depth contour were usually at the station farthest
east (control station NMPE) in May, July, August, and December or at the sta-

tion near the James A. FitzPatrick plant (experimental station FITZ) in April,

Septeinber, October, and November,

Gill-net catches at statioms along the 30-foot depth contour ex~
hibited seasonal peaks in abundance (similar to that displayed in Figure IV-9)
during July and October-November. Distribution of largest catches along the
30-foot contour was variable during spring and summer; during October-December,

however, catches were larger in the eastern portion of the study area (FITZ and
NMPE transects).
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same seasonal abundance trend and fall dominance of eastern statioms (FITZ and

Catch data for the 40-foot contour displayed lower numbers but the
NMPE transects) that were observed at the 30~foot contour.

Abundances along the 60-foot contour were variable, displaying no
consistent temporal trend, but catches were largest at station FITZ during

eight of the nine months of the study.

b, Trawls

Trawl catches (catch per 15-minute tow) were largest during May,

- August, and September (Table IV-25). Threespine stickleback comprised the
majority of the catch during May, while young-of-the-year alewives and rainbow
smelt dominated August and September collections (Appendix Tables F-16 through
F-19).

A comparison of day and night trawl catch rates during the 9-month
study period revealed predominantly larger night than day catches for individ-
ual sampling dates along the threé depth contours.sampled. However, a compar-
ison of mean monthly catches revealed significantly larger night than day

catches during only five of the nine months (Appendix Table F-16).

Table IV-25

Temporal Distribution® of Fish Collected by Bottom Trawl,
Nine Mile Point Vicinity, 1978

Species ~ Apr May Jun Jul Aug Sep Oct Nov Dec**
Alewife 0 0.3 2.3 0.3 22.8 6.3 0.4 0.4 0.1
Rainbow smelt 0.5 0.2 2.6 5.8 13.3 37.8 0.8 0.1 3.7
Threespine stickleback 0.7 22.6 1.5 0.1 0 0 0 Q 0
Other : 0 0 5.6%** 6.5+ 1.3 2.6 - 0 0 0.2
Tota]icatch 1.2 23.1 12.0 | 12.7 37.4 46.7 1.2 0.4 4,0

*Mean monthly catch per 15-min tow.

. **Day samples in late December missed due to weather.
***Mostly tessellated darters.

+Mostly trout-perch.
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Trawl catches along the 20-foot contour were generally larger at
stations NMPW and NMPP/FITZ during May~August and at stations NMPP/FITZ and
NMPE during September. Catches during April and October-December were small

and sporadic, yielding no discernible spatial patterns (Appendix Table F-16).

Trawls captured highest numbers at stations NMPW and NMPP/FITZ along
the 40-foot contour during April-September. Monthly abundances were highest at
experimental station NMPP/FITZ during April-August and at control étation NMPW
during September., As at the 20-foot contour, catches during Octobgr—December

were small and sporadic, displaying no obvious trends.

Along the 60-foot contour, trawl catches were largest at experimental
transect NMPP/FITZ during May-July and in September and were equally large at
control transects NMPW and NMPE in August. No spatial differences were dis-

cerned from the small and sporadic catches taken during October-December.

¢. Beach Seine

Beach-seine catches were small from April through July, then in-
creased markedly in August and September as young-of-the-year alewives became
available to the seining effort (Table IV-26). Spottail shiners (both young—
'of-the4yeat and adults) were also common in August and September éeine catches.
Catches were again small from October through December. Threespine stickleback

and brown trout were relatively abundant in May and June catches,

Table IV-26

Temporal Distribution of Fish in Beach Seines,
Nine Mile Point Vicinity, 1978

Species ~ Apr May Jun Jul Aug -Sep Oct Nov Dec**
Alewife 0 0 0 0 286.5 2535.0 0.3 0 0
Spottail shiner -0 0.2 0.4 0 9.6 13.6 0.6 0 0
Threespine stickleback 0 2.4 6.4 0 0 0 0.3 0 0
Other | 1.2 37 1.0 1.2 39 07 0.6 0.3 0
Total catch 1.2 6.3 7.8 1.2 300.0 2549.3 1.8 0.3 0

*Mean monthly number of fish collected per seine haul.
**Samples not collected in Yate December due to weather.
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Annual mean catch rates (number of fish per beach-seine haul) were

highest at experimental station NMPP, primarily because of an extremely large

catch of alewives (15,575 fish) during September (Appendix Tables F-20 and 21).
As noted in TI's interpretive report. for 1977 data (TI 1978b), NMPP was located
on a section of shoreline that was visibly different from the other three sein-

ing sites; it possessed within its boundaries a relatively large, shallow vege-

tated area generally protected from the surf. However, an examination of

montﬁly catches indicates that fish were abundant also at NMPE. During three
of the 4 months when seine catches were relatively substantial (May, June,

August, September; see Appendix Table F-20), NMPE yielded larger catches than

did the other three seining stations,

d. Box Trap

Box~trap catches were largest in June, July and September (Appendix
Table F-24)., Rock bass, spottail shiners, and threespine sticklebacks ac-
counted for almost ?5 percent of all fish collected in trap nets (Table IV-24),
Frequency of capture was highest at control station NMPW, while experimental

stations FITZ and NMPP displayed the largest annual mean catches (Appeﬁdix

3. Selected Species Studies

Species selected for detailed studies of several of their bopulation
characteristics were alewife, rainbow smelt, smallmouth bass, white perch, and
yellow perch. They were chosen because of their classification as representa-
tive important species By Niagara Mohawk Power Corporationm, the Nuclear Regu-’
latory Commission, the Power Authority of the State of New York, EPA, and the

New York Department of Environmental Conservation.

This subsection discusses the temporal and spatial distributiom,

length-frequency distribution, spawning season, and fecundity of each species, .

as well as the age—-class structure, coefficients of maturity, length-weight

relationships, and stomach contents of white perch, yellow perch, and small-
mouth bass.
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a. Alewife

1) Temporal and Spatial Distributiomn

R

Gill-net catches (catch per 12-hour set) of alewives increased during

May and June, reached peak levels in July, then declined sharply during late

[A—

summer and exhibited a minor peak in the fall (Figure IV-9). Very few alewives
were collected by gill net in April and September. Alewives were usually most
abundant aiong the 15-foot contour. Annual mean catch rates were highest at
expefimental transect NMPP along the 15-, 30-, and 40-foot contours and at

experimental transect FITZ along the 60-foot contour (Appendix Table F-11).

éf | In bottom-trawl catches, alewife abundance peaked in August and

f declined through the fall; no alewives were collected in April (Tablé 1vV-25).
P Catches along the 20-foot contour were quite sporadic throughout the study
‘%_. périod. Greatest numbers occurred at éxperimental transect NMPP/FITZ and'

control transect NMPW in August and at easternmost transect NMPE in September

ey

(Appendix Table F-17). Alewife catches after September were quite small and .

o

displayed no discernible spatial patterns. Along the 40- and 60-foot contours,
Lk numbers of alewives were highest at transects NMPW and NMPP/FITZ during May-mid
H August and at eastern control transect NMPE during late August. Catches at the

40- and 60-foot contours after August were small.

Beach seines captured alewives only in August, September, and October
(Table IV-26 and Appendix Table F-21). Less than half the seine hauls in
August and September captured alewives, but they usually contained several

hundred individuals. This reflects recruitment of young-of-the-year alewives

into a cétchable size range, as well as the schooling nature of this typically

ag pelagic species.

— 2) Length-Frequency Distribution

Alewives collected by gill net during 1978 ranged from approximately
51 to 220 millimeters in total length and were primarily adult and subadult

fish (Appeﬁdix Table F-25). Modal lengths of alewives collected in June and

July were slightly greater than those collected during the remainder of the

study.

it
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Adult and subadult alewives were collected by trawl during May-
December and by beach seine during October (Appendix Tables F-30 and F-33),.
Young-of-the-year alewives first occurred in seine and trawl collections in
Avgust, the same month in which this age class appeared in impingement samples

at the Nine Mile Point and James A. FitzPatrick plants (Appendix Tables H-6 and
H‘].S) .

3) Spawning and Fecundity

Adult alewives in Lake Ontario reside in the open lake but migrate
inshore during spring and summer to spawn. Spawning occurs in streams or near-
shore shallows with sand and gravel bottoms generally when water temperatures
are between 16° and 28°c. Spawning females randomly broadcast from 10,000 to
22,400 (Scott and Crossman 1973, Norden 1967) eggs that are demersal and es-

sentially nonadhesive (Mansueti 1956).

Alewife spawning in the Nine Mile Point vicinity was first detected
on 12 June (when eggs were first collected) and continued through mid-August
(Appendix Tables E-3 and E-4). During this period, surface water temperatures
at the 20-foot depth contour ranged from approximatelyAl4.9° to 24°¢ (Appendix
Tables G-2 and G-3). Fecundity (total number of yolk eggs) of alewives selected
for analysis ranged from approximately 5,400 to 44,900 (Appendix Table F-38),
Alewife fecundity was extremely variable; however, data indicated a general in-

crease in fecundity with increasing specimen length.

b. Rainbow Smelt
1) Temporal and Spatial Distribution

Gill-net catches of rainbow smelt were largest in April and May,
declining during the summer and increasing somewhat in early fall (Figure
I1V-9). Few rainbow smelt were caught in gill nets during August. Smelt
abundance apparently shifted from nearshore stations (15-foot contour) in
early spring to offshore stations (30-, 40-, 60-foot contours) during June-
August, probably reflecting an offshore movement of postspawning adults (Ap-
pendix Table F-12). Catches along all contours increased during early fall,
possibly reflecting movement associated with lower water temperatures. Mean

monthly catches were generally largest at experimental station FITZ and control
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g% ' transect NMPE during the study period; annual mean catches were largest at

these two stations along all depth-contours (Appendix Table F-12).

"In trawl catches, rainbow smelt abﬁndance increased from April
g; through September (37.8 fish per haul) and fluctuated during October-December
l (Table IV-25). Along the 20-foot contour, catches were sporadic and displayed
\ no discernible abundance tréndg. Along the 40-foot contour, éatches were more
% } or less evenly distributed among the three transects throuéh Auguét, but were
significantly larger at control transect NMPW than at either NMPP/FITZ or NMPE

;?1 | (Appendix Table F-18) during September, the month of peak abundance. After

< September, catches became quite sporadic at all tranmsects along the 40-foot
;ﬁi contour., Based on relatively sporadic trawl catch data, rainbow smelt appeared
. to be most numerous along the 60-foot contour during Juiy—September, primarily
at control transect NMPW and experimental transect NMPP/FITZ. Aﬁter September,

catches of rainbow smelt declined sharply at all stations along this contour,

Only one rainbow smelt was collected by beach seine (Table IV-26),

suggesting that this species was not abundant in the vicinity of the seining
H .
L%} stations.

o 2) Length-Frequency Distribution
L Rainbow smelt collected by gill nets ranged from approximately 1ll1 to
'éj 260 millimeters in total 1ength. Duriﬁg the spring, the predominant size class

P - was from 131 to 160 millimeters in total length, plus a slight second peak in
,j%' the 181- to 220-millimeter length range. Few. specimens were collected during
.- " July or August but the predominant size range captured during late_summer was

151 ¢~ 180 millimeters (Appendix Table F-26),

i
5;% | Trawls collected rainbow smelt ranging from 21 to 200 millimeters in
L total length, During early spring, a slight bimodal length-frequency was ap-
parent in trawl catches, with individuals grouped in the 51- to 80-millimeter
ij and 151~ to 180-millimeter length ranges. Yearling (age I) and older fish
dominated trawl catches during late spring and early summer; young-of-the-year

D smelt dominated trawl catches beginning in August and continuing through Decem-
' ber (Appendix Table F-31). |
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3) Spawning and Fecundity

Rainbow smelt leave the open water of lakes in spring and spawn in
streams or shallow lakeshore waters over gravel shoals (Rupp 1965). Spawning
migrations or '"runs" of ripe smelt usually begin in March and continue through
May when water temperatures range from 8.9° to 18.3% (McKenzie 1964). The
number of demersal (and adhesive) eggs spawned depend on the size of the female

but ranges from approximately 8,000 to 30,000 eggs (Scott and Crossman 1973).

, Smelt spawning in the Nine Mile Point vicinity was documented by
small catches of eggs in ichthyoplankton samples duriﬁg May and sporadic
catches of prolarvae from 2 May fhrough 26 June (Appendix Tables E-11 and
E-12). Fecundity of smelt collected for analysis ranged between approximately
8,200 and 39,000 eggs for individuals in the 129- to 226 millimeter length
range. Increased fecundity estimates correlated well with increasing rainbow
smelt length (Appendix Table F-38).

c. White Perch
1) Temporal and Spatial Distribution

White perch, which comprised approximately 10 percent of the 1978
gill-net catch in the Nine Mile Point area, were most abundant during May-
August and least abundant during November and December (Figure IV-9). Abun-
dance was greatest along the shallowest (15-foot) dépth contour; catch rates
decreased with increasing depth (Appendi; Table F-13). Along the 15-foot depth
contour, the highest annual mean catch was at experimental station NMPP and con-

trol station NMPE. Along the 30-, 40-, and 60-foot contours, catch data indi-

cated no obvious spatial patterns with respect to experimental and control areas.

Seine hauls in 1978 took 16 white perch (0.1 percent of the total
seine catch). Trawling took only four individuals and trap nets only two:

| specimens. No temporal or spatial trends could be discerned from these low

catches (Table IV-24). . |

2) Length-Frequency Distribution

Adult and subadult white perch were collected by gill net during each
month of the study (Appendix Table F-27). Young-of-the-year white perch first
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appeared in gill nets during September, occurred in greatest abundance during

October, and remained in catches through December.

3) Age—Class Distributon

White perch collected at control (NMPW and NMPE) and experimental
(NMPP and FITZ) transects ranged in age from young~of-the-year to age XI
(Appendix Table F-39). Few age-11 perch were collected, Based on the mean
total length for each age class and the length—frequency distribution for

gill-netted fish (Appendix Table F-27), most fish in the Nine Mile Point

‘vicinity were in age classes III through V. Mean total lengths of fish from

control and experimental transects were similar for ages 0 through V. Based
on relatively few data points, mean total length at control transects was
greatest for ages VI through VIII, while at experimental transects it was

greatest for age X.

4) Spawning and Fecundity

Lake Ontario white perch,épawn in shallow water over a variety of
substrates from ﬁid-May through June (Sheri and Powers 1968). Spawning usually
occurs over a period of 1 to 2 weeks when water temperatures are 11° to 15%.
The number of demersal and adhesive eggs spawned depends on the size of the

female but may range from 20,000 to 300,000 eggs (Scott and Crossman 1973).

Spawning activity in the vicinity bf Nine Mile Point was documented
by the collection of Morome spp. (white perch and/or white bass) eggs during
late May and early June when water temperatures along the 20-foot depth contour
ranged between 9. 9 and 15.5 °c. Morone spp. prolarvae were collected from 5
June through 7-8 August (Appendix Tables E-9 and E-10) when surface-water tem—
peratures ranged between approximately 15.5° and 23.8% (Appendix Table G-3).

Coefficients of maturity, an indication of gonad development, rose
from April to May, then declined through August or September, reflecting a peak
and general decline in spawning activity during this period (Appendix Table
F-35)., Coefficients increased through November, reflecting development of
white perch gonads for spawning the following spring., Predictably, coeffic-

ients of maturity during any given month were higher for females than for
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males, while male gonad development increased at a faster rate than females'
during the fall. Coefficients of maturity each month were similar at control

and experimental transects,

Fecundity (total number of yolk eggs) determined for fish ranging
from 204 to 321 millimeters in total length was 43,800-463,900 eggs. Fecundity
values displayed a general increase with increasing fish length, although some

variability was noted (Appendix Table F-38).

5) Length-Weight Relationships

Length-weight relationships were calculated for white perch males,
females, and male, female, and undefined sexes combined from gill-met samples
taken at control (NMPW and NMPE) and experimental (NMPP and FITZ) transects
(Table IV-27). Coefficients of determination (rz), a measure of the linear
association of length and weight, were generally high for length-weight rela-
tionships calculated for white perch during spring, summer, and fall,‘indi—

cating that a high degree of the variation in fish weight was due to variaton

in length. The low coefficient in spring for white perch males from the experi-

‘mental transects may have resulted from collecting fish in various stages of
gonad development during the spawning season, since mature, gravid,'ripe, and
spent white perch of similar lengths can vary considerably in weight, During
the spring, the slope (b) of the length-weight relationship for males from
control transects was steeper than the sloﬁe for males from the experimental
area, indicating that males takeﬁ at control transects proportionally grew

faster in weight per unit increase in length than those from the experimental
transects. This difference in length-weight relationships between control and
experimental areas may have been an artifact of collecting fish in different
stages of gonad development or collecting fish over a narrow range of lengths
(e.g., an adult population during the spawning season). Length-weight relation-
ships for females, males, and the sexes combined during summer and fall vere
similar (Table IV-27),.

‘ Condition factors, an indication of the relative plumpness or well-
being of the fish, were calculated for the same white perch used for length-
weight relationships. Condition factors for males, females, and the sexes

combined generally decreased from spring through fall. This seasonal pattern
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Length—-Weight Relationships and Condition Factors for White Perch Collected

‘Table IV-27

by Gill Net at Control and Experimental Transects, Nine Mile Point Vicinity, 1978

Season Sex

Spring Males
(Apr-Jun) Females
Pooled***
Summer  Males
(Jul-Sep) Females
Pooled
Fall Males
(Oct-Dec) Females
Pooled

Control Transects (NMPE and NMPW)

Length-Weight Relationship

log w
Tog w
log w
loé w
tog w
tog w
log w
log w
Tog w

==5.21 + 3.18 log
=-4.76 + 3.00 log
=-5.11 + 3.14 log
=.3.77 + 2.57 log
=-5.00 + 3.10 log
=-4.95 + 3.07 log

=-5.21 + 3,18 log
=-5.58 + 3,35 log
=-5,56 + 3,34 log

1L
i
i
L
1L
L

T
L
TL

No.

110
124
310

135
130
417
18
7
132

r
1]
0
0

0
0
0

0
1
1

¢ Ky g

.92 1.65=: 0.14
.88 1.77 + 0.43
91 1.70 £ 0.30
79 1.72 2 0.93
97 1,71 2 033
.92 1.67 x 0.54
.97 1.65: 0.1
.00 1.62 * 0.19
.00 1.47 = 0.23

log w
Tog w

Tog w
Tog w
log w
Tog w
log w
log w

‘Experimental Transects (NMPP and FITZ)

Length-Weight Relationship No. r2 KTL
log w = -2.82 + 2.17 log TL 126 0.65 1.8
-5.49 + 3.30 log TL 185 0.95 1.72
-4.17 + 2.75 log TL 409 0.82 1.76
-4.74 + 2.98 log TL 80 0.96- 1.64
-5.09 + 3.14 log TL 144 0.97 1.70
-4.74 + 2,98 log TL 303 0.92' 1.7
-5.55 + 3.33 log TL 22 0.99 1.54
-5.31 + 3.22 log TL 40 0.99 1,57
-5.50 + 3.30 log TL 141 1.00 1.43

S.D.
1.22
0.18
0.81

0.13
0.14
0.63

0.15
0.15
0.20

UOISIAIP SODJAI08 aD5Ud|08

* Coefficient of Determination.
** Condition factor.(based on total length in mm)tstandard deviation.
*** Males, females and undefined sex. .




was expected, since mature fish with gravid gonads (in spring) weigh more per

unit length than do spent or maturing fish during summer and fall. Condition

factors calculated for males, females, and pooled sexes were similar at control

and experimental transects during each season (Table IV-27)..

6) Stomach Contents

The stomach contents of 50 adult white perch ranging in size from 123
to 282 millimeters in total length were examined to determine what food items

were ingested by fish collected at control and experimental areas (Figure IV-12

and Appendix Table F-42). Numerically, Amphipoda comprised 95 percent of the

stomach contents of perch collected in the control and 62 percent in the exper-

imental areas. Dominant amphipods included Gammarus faciatus and unidentified
amphipods.

In experimental areas, amphipods, copepods, cladocerans, and chiro-

nomids accounted for the majority of stomach contents. -Gammarus faciatus and

unidentified amphipods, cyclopoid copepods, chironomid pupae, and bosminid and

chydorid cladocerans were the dominant forms encountered. In terms of fre-

quency of occurrence, Gammarus faciatus and filamentous algae were encountered

in 86 percent and 67 percent respectively, of the stomachs examined from con-

trol transects NMPW and NMPE, while Gammarus fasciatus, cyclopoid copepods,

filamentous algae, and unidentified fish each occurred in at least 40 percent
of the white perch taken'from experimental transects NMPP and FITZ. Importance
indices (Section III.A.6) calculated for food items in stomachs of white perch

from control and experimental transects were highest for Gammarus fasciatus and

postlarval and older fish (Appendix Table F-42).

In terms of volume occupied,
Gammarus fasciatus appeared to be more important to white perch at control than

at experimental transects (56.9 percent versus 24,3 percent); postlarval and

older fish were more important to white perch at experimental than at control

transects (46 percent versus 22 percent).

d. Yellow Perch
1) Temporal and Spatial Distribution

Catches of yellow perch increased steadily in number through spring

and early summer. Peak gill-net catches occurred in August and October, then

declined through late fall (Figure IV-9). Gill-net catches indicated that

yellow perch were more abundant along the nearshore (15-foot) depth contour
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CONTROL TRANSECTS
LENGTH RANGE (mm) 142-277
NO. OF STOMACHS EXAMINED 25
NO. OF EMPTY STOMACHS 4

AMPHIPODA 95%

OTHER 5% OTHER 3%

CONTROL TRANSECTS

NUMERICAL ABUNDANCE (%)

EXPERIMENTAL TRANSECTS
LENGTH RANGE (mm) 123-282
NO. OF STOMACHS EXAMINED 25
NO. OF EMPTY STOMACHS 0

AMPHIPODA 62%

_COPEPODA 13%

CHIRONOMIDAE 8%

CLADOCERA 8%
FISH 7%

EXPERIMENTAL TRANSECTS

IMPORTANCE INDEX (%)

AMPHIPODA 65%

- CONTROL TRANSECTS

AMPHIPODA
32%

FISH 46%

EXPERIMENTAL TRANSECTS

Figure IV-12,

1) Importance index = (% stomach fullness) x
(% stomach volume occupied by a particular food item).

Analysis of Stomach Contents of White Perch Collected
by Gill Net at Control and Experimental Transects, Nine
Mile Vicinity, 1978
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than along the deeper contours (Appendix Table F-14). Based on annual mean
catches, yellow perch abundance tended to increase from west to east at near-
shore stations., Catches were largest at the two control stations (NMPW and
NMPE) along the 30~ and 40-foot depth contours, but yellow perch were equally

abundant at all four stations along the 60-foot contour.

No yellow perch were collected by trawling during 1978 in the Nine
Mile Point area, and trap nets caught only one specimen. Seines caught 21
yellow perch, representing 0.1 percent of the total catch, during June-—Septem-—
ber (Appendix Table F-23); 10 of these occurred during August in a single haul
at control station NMPE,

2) Length-Frequency Distribution

Adult yellow perch were coliepted by gill net dﬁring each month
(Appendix Table F-28) of the study; the predominant total-length range during
the spring (April-June) was 181 to 210 millimeters; representing primarily
age-III and some age-1V fish. Bimodallpeaks were observed during July and
August, predominantly in the 81- to 140-millimeter and 171~ to 230-millimeter
size ranges.l The predominant total-length range in gill-net catches during
late summer and fall was 131 to 160.millimeters, primarily representing  age-II
and age-1II fish. Persisting throughout the study was a small group of fish

with a length-frequency range of 251 to 270 millimeters in total length, repre-
sentiﬂg ages IV through VI.

3) Age-Class Distribution

Ages of yellow perch collected at control and experimental transects
ranged from (young-of-the-year) to VII (Appendix Table F-40). Based on the
mean total length of each age class and the length-frequency distribution of
gill-netted fish (Appendix Table F-28), most yellow perch collected at control
and experimental transects were ages I, III, IV, and V. The mean total length
~of age~V perch collected at the control transects was somewhat greater tham for
fish of the same age collected at experimental transects, while age-I1 and age~
I11 fish were slightly 16nger at exper{mental transects. Age-1, -1V, and -VI

fish were similar in length at both areas.
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4) Spawning and Fecundity

Yellow perch migrate into the shallows of lakes to spawn during
spring (usually mid-April to early May) when water temperatures range from 8.9°
to 12.2°C, however, spawning may extend into July in some areas (Scott and
Crossman 1973). Yellow perch eggs are extruded in long gelatinous, accordian-
folded strings that usually become entangled in rooted vegetation or other sub-

strates over which gpawning occurs, Fecundity of yellow perch from the Bay of

Quinte, Lake Ontario, rangeé from approximately 3,000 to 61,000 eggs for fish
- 131 to 250 millimeters in fork length (Sheri and Power 1969). Hatching usually
%é takes approximately 8 to 10 days but has been reported to take as long as 27
days at -8.3°C (Scott and Crossman 1973),

siedls
Nt

No yellow perch eggs were collected in the Nine Mile Point study area

during 1978, but yellow perch larvae were collected from 15 Hgy through 20 June

[—
v

(Appendix Table E-21 and E-22) when surface water temperatures along the 20-
foot depth contour ranged from approximately 9.9° to 14.7°% (Appendix Table

1
o

.G-3). Highest concentrations of prolarvae occurred in late May (Texas Instru-
ments 1979).

' Coéffiéients of maturity were highest in April, declining steadily
through Ju1§ and August for males and females, respectively (Appendix Table
F-36). The apparent 1ag'between peak coéfficients of matuiity and peék larval
catches suggests relatively long egg incubation times because of the relatively
low water temperatures (as previously noted by Scott and Crossman 1973). 1In

1978, maturity values for both sexes generally increagsed through December; some

minor fluctuations reflected the development or maturation of yellow perch

gonasis for spawning early the following spring. Low maturity coefficients for

] yellow perch males and females during December at experimental and control tran-

sects, respectively, perhaps were the result of low specimen numbers. Overall,

k3
i coefficients of maturity at control and experimental transects were similar,

Fecundity estimates- determined for three yellow perch females ranging

from 146 to 270 millimeters in total length were approximately 6,700 to 33,800
%é yolk eggs (Appendix Table F-38)., Trends could not be established from this low
éé qumber of specimens. Four gravid yellow perch from impingement sampies exhib-
. ited a similar range in fecundity — from 10,600 eggs for a 118—mi11imeter—long
éé perch to approximately 54,700 for a perch of 255 millimeter (Appendix Table H-25),

) ' : 1V-69 science services division
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5) Length-Weight Relatiomships

All length-weight relationships calculated for yellow perch displayed
high coefficients of determination (r2), indicating that a high degree of the
variation in weight was due to variation in iength (Table IV-28) and that
gonadal weight differences due to spawning occurred prior to spring collections

. for length-weight analysis. All length-weight relationships displayed values
of more than 3 for the slope, indicating allometric growth; i.e., increasing
in weight (becoming plumper) faster than in length (becoming longer). Length-
weight relationships and condition factors calculated for yellow perch at con-

trol and experimental transects were similar (Table IV-28).

6) Stomachs Contents

The stomach contents of 50 yellow perch ranging from 102 to 286 milli-~

meters in total length were examined to determine the food items that had been
ingested by fish at control and experimental transects (Figure IV-13 and Ap-

pendix Table F-43). Numerically, amphipods (unidentified adult amphipods and

Gammarus fasciatus) were the dominant food items (94 percent) in stomachs of
yellow perch taken from control and experimental transects. These food {tems,
as well as filamentous algae, unidentified fish, and ostracods, occurred fre-
quently in fish taken from experimental transects NMPP and FITZ, while fila-
mentous algae, gastropods, and unidentified fish occurred frequently in fish
collected at control transects NMPW and NMPE. Importance indices (Section III,
A.6) ranked Amphipoda, fish, and crayfish as the most important food items in

stomachs of fish collected at both control and experimental transects.

e. Smallmouth Bass
1) Temporal and Spatial Distribution

Gill nets captured 126 smallmouth bass, comprising 0.7 percent of the
total catch (Table IV-24). Catches were small exéept in August and September,
and no smallmouth bass were caught in April or May (Appendix Table F-15).
Catches were largest along the nearshore (15-foot) contour and generally de-
creased with depth, No distinct distribution pattern at control and experi-
mental stations could be discerned because of the low catches, Beach seines
captured three smallmouth bass, and box traps collected a single specimen. No

smallmouth bass were collected by bottom trawl during the 1978 study.
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Table IV-28

Length-Weight Relationships and Condition Factors for Yellow Perch Collected .

at Conirol and Experimental Transects, Nine Mile Point Vicinity, 1978

Length-Weight Relationships'and Condition Factors (KTL) for Yellow Perch Collected py‘Gili Net at Control and Experimental Transects.

Control Transects (NMPE and NMPW)

Experimental Transects (NMPP and FITZ)

Season  Sex Length-Weight Relationship No. r2* KTL t S.D** Length-Weight Relationship No. rz KTL + S.D.
© Spring  Males Tog w = -5.75 + 3.37 log TL 21 0.98 1.21 + 0.18 Togw=-5.37 + 3.20 log TL .38 0.98 1.23 £0.13
(Apr-Jun) Females log w = -5.69 + 3.34 log TL- 67 0.99 1.29 £0.15 log w = -5.50 + 3.27 log TL 54 0.99 1.28 *0.14
Pooled*** jog w = -5.66 + 3.33 log TL 107 0.98 1.26-: 0.17 Tog w = -5.50 + 3.26 Tog TL 85 0.99 1.25 *0.15
Summer Males log w = -5.57 + 3.31 Tog TL 96 0.99 1.33 z 0.17 log w = -5.39 + 3.23 log TL 86 0.99 1.35 % 0.14
{Jui-Sep) Females log w = -5.46 + 3.27 log TL 262 0.98 1.38 + 0.65 log w = -5,64 + 3,35 Tog TL 193 0.92 1.41 £ 0.86
Pooled log w = -5.52 + 3.29 log TL 483 0.98 1.35 £ 0.49 log w=-5.63 + 3.34 log TL 356 0.95 1.36 + Q.64
Fall Males logw=-5.42 + 3.24 Tog TL 76 0.99 1.29  0.12 log w = -5.71 + 3.37 Jog TL 50 0.96 1.29 £0.15
(Oct-Dec) Females log w = -5.67 + 3.32 log TL 178 0.98 1.27 +0.14 log w = -5.41 + 3.23 10og TL 178 0.99 1,30 + Q.12
Pooled Tog w = -5.57 + 3.30 log TL 313 0.98 1.27 £0.14 log w = -5.50 + 3.27 log TL 261 0.98 1.30 +£0.13

*Coefficient of determination.
**Conditjon factor (based on total length in mm) +standard deviation.
***Males, females and_undefined sex.




NUMERICAL ABUNDANCE (%)

CONTROL TRANSECTS

LENGTH RANGE (mm) 102-286
NO. OF STOMACHS EXAMINED 25
NO. OF EMPTY STOMACHS 4

AMPHIPODA 94%

_ OTHER 6%
CONTROL TRANSECTS

EXPERIMENTAL TRANSECTS
LENGTH RANGE (mm) 105-285
NO. OF STOMACHS EXAMINED 25
NO. OF EMPTY STOMACHS 3

AMPHIPODA 94%

OTHER 6%
EXPERIMENTAL TRANSECTS

IMPORTANCE INDEX (%)

AMPHIPODA 44%

CRAYFISH 16%

AMPHIPODA 65%

OTHER 15%
CONTROL TRANSECTS

“CRAYFISH 10%
OTHER 10%

EXPERIMENTAL TRANSECTS

1) Importance index = (% stomach fu]]negs) X
(% stomach volume occupied by a particular food item),
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Figure IV~-13, Ahalysis of Stomach Contents of Yellow Perch Coll?cted-by
Gill Net at Control and Experimental Transects, Nine Mile
Point Vicinity, 1978
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2) Length~Frequency Distribution

Smallmouth bass captured in gill nets ranged from approximately 181
to 430 millimeters in total length (Appendix Table F-29). Few smallmouth bass
were - collected during spring and fall, but those captured during the summer
were distributed rather uniformly across a range of lengths (241 to 430 milli-
meters). Based on length-frequency distribution data all smallmouth bass

collected by gill net were yearlings and older.

3) Age—Class Distribution

Ages of smallmouth bass collected at control and experimental tran-
sects ranged from 0 (young-of-the-year) to XI (Appendix Table F-41). Based on
mean total length at a given age, the majority of smallmouth bass collected in
the vicinity of Nine Mile Point were ages III, IV, and V. NQ consistent mean
length differences in a given age class were observed at either control or ex-
perimental transects, and in both areas mean total lengths of males, females,

and pooled sexes, ages III through VIII, were similar (Appendix Table F-41).

~ Small catches of ages 0, I, II, and IX through XI precluded their comparisom at

control and experimental areas.

4) Spawning and Fecundity

Smallmouth bass spawn in late spring and early summer (usually from
late May to early July) in 2 to 20 feet of water over a sandy, gravel, or
rocky-substrate often near rocks or logs and sometimes in dense vegetation

(Scott and Crossman 1973). Nest-building occurs over a wide range of temper-

. atures (12.8 to ZO.OOC); but actual spawning most often occurs when temperatues

range from 16.1° to 18.3°%. The number of eggs spawned (fecundity) varies with

the size of the female, ranging from 5,000 to 14,000 eggs.

During the 1978 study, no smallmouth bass eggs or larvae occurred in

ichthyoplankton samples from the Nine Mile Point vicinity (Section IV.E). Al-

though relatively few smallmouth bass were captured in 1978, coefficients of

maturity for these specimens appeared to peak during June and decline through
November and September for males and females, respectively (Appendix Table
F-37). Maturity coefficients for females increased through October and Novem-

ber, based on single specimens taken during each month. No smallmouth bass
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were processed for coefficients of maturity during December. During months in
which smallmouth were collected at both control and experimental transects,

coefficients of maturity were similar.

Fecundities for four females (333 to 398 millimeters in total length)
collected from Lake Ontario ranged from approximately 2,500 to 7,300 yolk eggs
per female (Appendix Table F-38). Fecundities for an additional 12 females col-
lected during impingement sampling at the James A. FitzPatrick plant ranged

from approximately 5,300 to 33,800 yolk eggs per female (Aﬁpendix Table H-25).

5) Length-Weight Relationships

Length-weight relationships were calculated for males, females, and
both sexes combined (Table IV-29). No smallmouth bass were processed for
length-weight relationships analysis during the spring. The high coefficients
of determination for smallmouth bass collected during summer and fall indicated
that the variation in weight for males, females, and pooled sexes was due to
variations in length. All length-weight equations for bass collected during'
the summer displayed slopes higher than 3, indicating allometric growth, i.e,

increasing in weight faster than in length, Length-weight relationships and

- condition factors (K, ) for bass collected at experimental and control

transects were similar during the summer and fall (Table IV-29),

6) Stomach Contents

The stomach contents of 15 adult smallmoufh bass ranging from 250 to
382 millimeters in total length were examined to determine what food items had
been ingested by fish at control and experimental transects (Figure IV-14 and
Appendix Table F~44), Of the 15 stomachs examined, three were empty. Uni-
dentified postlarval and older fish and crayfish (Astacidae) were the only food
items encountered in bass stomachs., Although fish were found more frequently
than crayfish in bass taken at control stations NMPW and NMPE, fish ranked
second to crayfish in numerical abundance. This pattern was reversed at ex-—
perimental transects NMPP and FITZ, where crayfish occurred more frequently
but fish numerically dominated the contents (Figure IV-14), Importance index
patterns_displayed by fish and crayfish food items at countrol and experimental

transects were the opposite of numerical abundance trends, showing that fish

-,
[EN— :

FRRPRRE

P
P—

Az

P

P
(RS

i}

v-74 4 . science services division J



SL-AT

UOIS|AIP S9D|AI08 BDUS|OS

Lengﬁh—Weight Relationships and Condition Factors for Smallmouth Bass

Table IV-29

Collected at Control and Experimental Transects,

Nine Mile Point Vicinity, 1978

Control Transects (NMPE and gggy) Experimental Transects (NMPP and FITZ)
Season  Sex Length-Weight Relationship No. r KTL + 5.D.** Length-Weight Relationship Na. r2 KTL + S.D.
Spring Males NC . NC
(Apr-Jun) Females NC NC
Pooled*** NC NC
Summer Males logw=-5.21 + 3.17 log TL 25 0.98 1.61 + 0.18 log w=-5.30 + 3.20 log TL 20 0.97 1.59 + 0.16 -
(Jul-Sep) Females log w = -5.19 + 3.15 log TL 21 0.99 1.80 + 0.11 logw=-4,94+ 3.06 log TL 21 0.98 1.65 = 0.15 ,
Pooled logw=-5.25+ 3,18 Tog TL 55 0.98 1.61 + 0.15 log w = -5.00 + 3.08 log TL 49 0.99 1.61 = 0.15
Fall Males ’ NC log w = -4,80 + 3.00 log TL 6 1.00 1.64 £ 0.15
(Oct-Dec) Females logw = -5.24+ 3.18 log TL 4 0.95 1.68 + 0.24 Togw=-5.13+3.137og TL 4 0.99 1.56 % 0.10
Pooled NC ) NC

* Coefficient of determination.

** Condition factor (based on total length in mm) *standard deviation

*** Males, females, and undefined sex.

NC= Relationship was not calculated because of low catches.




NUMERICAL ABUNDANCE (%)

EXPERIMENTAL TRANSECTS
LENGTH RANGE (mm) 250-382
'NO. OF STOMACHS EXAMINED 8
NO. OF EMPTY STOMACHS 1

CONTROL TRANSECTS

LENGTH RAMGE (mm} 250-342
NO. OF STOMACHS EXAMINED 7
NO. OF EMPTY STOMACHS 2

CRAYFISH 38%

CRAYFISH 67%

FISH 63%

FISH 33%

- CONTROL - TRANSECTS EXPERIMENTAL TRANSECTS
IMPORTANCE INDEX (%)

CRAYFISH
27%

CRAYFISH 66%

OTHER 17%  OTHER 6%
CONTROL TRANSECTS EXPERIMENTAL TRANSECTS

1) Importance jndex = (% stomach fullness) x
(% stomach volume occupied by a particular food item).
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Figure IV-14, Analysis of Stomach Contents of Smallmouth Bass Collected

by Gill Net at Control and Experimental Transects, Nine
Mile Point Vicinity, 1978
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were more lmportant volumetrically at control transects NMPW and NMPE and that
crayfish were more important at experimental transects NMPP and FITZ. This
finding, which indicates that numerical abundance is not necessarily important
in terms of stomach volume occupied, emphasizes the need for more than a single

analysis method to fully describe food habits via stomach contents.

4, Overview of Year—to-Year Results

The temporal and spatial distribution of fishes in the vicinity of
Nine Mile Point in Lake Ontario were monitored at varying levels of effort from
1969 through 1978, Preoperational and early postoperational studies (1969-72)
ugsed fathometric techniques, gill nets, and traps. Subsequent higher—intensity
postoperational surveys (1973-78) employed a combination of gear (gill nets,.
trawls, seines, and traps), depending on sample location and desired infofma-
tion. Thesé studies examined data from a thermally influenced area and control

regions to the east and west of the discharge area.

Fish coﬁmunity structure in the Nine Mile Point vicinity varied
seasonally during any given year, changing from a.simple system in winter and
early spring to a highly complex community in late spring, summer, and fall.
Data providéd by preoperational and postoperational studies indicated that the
fish community in this area of Lake Ontario is not diverse; rathér, for most of
the year, it is dominated by one or two species and has a small number of other

species in low and intermediate numbers, ‘Species diversity proved to be high-

‘est in spring because of an inshore movement of a number of lake fish species.

During months in which alewives are most abundant, typically June—August, diver-
sity values remain low. Diversity usually rebounded in the fall, coinciding

with the offshore movement of alewives.

v

During the past 10 years, sampling in the vicinity of Nine Mile Point
has collected 72 fish species. During a typical sampling year, alewives com-

prised a majority of the total catch at lake stations, with rainbow smelt,

~spottail shiners, yellow perch, and white perch accounting for the majority of

the remaining catch.

Overall, normal life-cycle development patterns were observed for

species designated as representative of the area (e.g., alewife, rainbow smelt,
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smallmouth bass, white perch, and yellow perch). Temporal and spatial distri-
bution patterns have depended on the species, the stage of development, and the

temporal and longitudinal temperature patterns and gradients.

Seasonally, fish have been collected in greatest numbers during the
spring, coinciding with the shoreward migration of the two most abundant
species, alweife and rainbow smelt. Abundances typically decline during the
warmer summer months and rise during the fall, corresponding to increased

catches of young~of-the~year fish.

During 1973-78, the shorezone fish community typically remained low
in abundance and was dominated by young-of-the-year alweives. Cypfinids, pri-
marily forage species such as spottail and emerald shiners, centrarchids, and
white perch, comprised the other major community constituents. In the lake,
fish concentrations were highest at the two easternmost transects, control
transect NMPE and experimental transect FITZ, and lowest at control tramsect
NMPW§ typically, abundances at experimental transect NMPP were intermediate
between these high and low values.

Yearly gill-net catch data for rainbow smelt, white perch, and small-
mouth bass in the Nine Mile Point vicinity displayed no significant changes
among years (1969-78). Alweife abundance oécillated,_displaying highest num-
bers in 1974 and 1976 and declining through 1977 and 1978; abundance trends
.based on gill-net data generally mimicked the patterns displayed for impinge-
ment catches at the Nine Mile Point and FitzPatrick plants, The yellow perch
population declined from 1969 through 1974‘but rebounded threefold in 1975,
‘then declined slightly from 1977 through 1978. Data on gizzara shad indicated
a generally increasing population in the Nine Mile Point vicinity through 1975
aﬁd a decline during 1977 and 1978; greatest concentrations were at the NMPP
and FITZ transects (vicinity of plant thermal'discharges) during the fall.
Salmonids such as brown trout, chinook, and coho salmon appeared infrequently

in gill-net catches through the years-and typically reflected stocking inten-

sity for any given year,

To date, no incidents of cold-shock fish mortality due to plant shut-

down at either the Nine Mile Point or the James A. FitzPatrick stations have
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been reported; nor have rare, endangered, or threatened fish species been col-
lected in the Nine Mile Point area since the onset of preoperational studies.
In summary, comparisons of temporal and spatial abundances based on catch-per-
effort data as well as length-frequency distribution, age and growth, fecun-
dity, gonad maturity, and diet analysis between experimentél and control areas
in the Nine Mile Point vicinity for 1969-78 have revealed no distinct or con-
sistent alterations to the normal seasonal 1ife—cyc1é patterns of the fish com-
munity directly attributable to operations at the Nine Mile Point or James A.

FitzPatrick nuclear stations.

G.. WATER QUALITY

During 1978, water was sampled and temperature measured in Lake
Ontario in the vicinity of Nine Mile Point to monitor and evaluate the effects
of operation of the Nine Mile Point and James A. FitzPatrick power plants on

nearshore water quality.

1, Lake Ontario Thermal Profiles

Thermal profiles were obtained at the 100-foot contour of the NMPW,
FITZ, and NMPE transects each week during the study (Appendix Table G-l1). Ex-
amination of these profiles and of the temperatﬁre of surface (3-foot) and bot-.
tom (100-foot) strata at these three transects revealed the presence of cold,
hypolimnefic water intrusions during the summer (Figure IV-15). vComparisons
of ﬁeekly temperature profiles among the three transects révealed'that surface
water temperatures at the FITZ transect (nearest the discharges) exceeded
those at either or both the NMPW and NMPE transécts by 1°C or more om only

four o.casions (once each in May, July, August, and September).

Surface temperatures taken during collection of monthly and semi-
monthly water quélity samples at the FITZ transect (near the James A, Fitz-
Patrick discharge) were elevated only on one occasion at the 20-foot contour
and on four sampling days at the 40-foot contour, and maximum elevation was
énly 3% (Appendix Appendix Tables G-2 and G-3.) At the NMPP transect near
the Nine Mile Point discharge, surface temperatures exceeded by at least 1%¢
those of one or both control transects, NMPW and NMPE, on 15 of 18 and 7 of 18

sampling dates at the 20-foot and 60-foot contours, respectively. The maximum
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Seasonal Variation in Water Temperatures at Surface and
Bottom Strata along the 100-Foot Depth Contour
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thermal difference between experimental and control transects occurred on
April 11, when the NMPP 20-foot contour surface temperature was 5% higher
than that recorded at the NMPE transect (Appendix Tables G-2 and G-3). The
thermal plume at the NMPP transect is more pronounced, probably because of the
difference between the Nine Mile Point and James A, FitzPatrick discharge

structures (jet diffusion at the FitzPatrick plant).

2. Temporal and Spatial Distribution of Selected Parameters,
Including Radiological Data
Three water quality sampling programs were conducted during the 1978
study. (Refer to subsection III.A.7 for a complete description of the sampling
programs,) To describe spatial and temporal trends in the water quality param-

eters, the 20- and 25-foot contour surface data were compared with combined

"surface data from the 40-, 45-, and 60-foot contours for each transect. Bottom

samples from the 25- and 45-foot contours were evaluated individually inasmuch
as no bottom samples were collected at the other contours., The groupings were
made in order to compare inshore versus offshore areas in the Nine Mile Point
vicinity. Of the water quality parameters measured, nine are discussed in de-
tail — dissolved oxygen (DO), nitrate nitrogen, total and orthophosphorus,
silica, calcium, sulfate, and total and suspended solids — because of their
roles in the biological processes in the waters around Nine Mile Point or their
importance in general water quality evaluations. Also briefly discussed are.

toxic and trace metals, organic contaminants and radicactivity data.

a. Dissolved Oxygen

Dissolved oxygen concentrations were lowest during July and August,
droppiug to 7.4 milligrams per liter (mg/1) during the latter month (Table
IV-30). At no time was DO low enough to stress aquatic organisms. Oxygen
levels were lower during summer because of decreased solubility of dissolved
oxygen in the warmer water and not because of increases in oxygen demand from
organic or reduced metals contamination.

There were no observed differences between inshore (20- and 25-foot)

and offshore (40-, 45-, and 60-foot) or between control and experimental areas
(Table IV-31).
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Table IV-30
Monthly Variation in Selected Water Quality Parameters Collected
in the Vicinity of Nine Mile Point, 1978
Parameter Unit Apr Hay Jun Jul Aug Sep oct Nov Dec
i mg/2-00 Mean 14.9 15.1 13.1 8.8 8.6 9.3 9.1 10.7 13.6
Dissolved oxygen_» o/ Range 14,2-15.5 14,2-16.7 12.0-14.6 8.3-9.7 7.4-9.0 8.5-11.1 8.8-9.7 10.2-11.3 13.3-14.0
Std dev* 0.5 0.6 1.0 0.5 0.6 1.0 0.3 0.4 0.2
: No 18 18 18 18 18 18 18 18 18
i Ni ‘mg/2-N Mean 0.31 0.26 0.18 0.03 <0.04 0.13 0.14 0.18 0.29
| Nitrate 9/ Range  0.26-0.38  0.20-0.35 0.15-0.27 <0.01-0.06  <0.08 0.05-0.17  0.12-0.19 0.16-0.22 0.27-0.33
‘ Std dev 0,04 0.05 0.03 0.02 0.00 0.04 0.02 0.02 0.02
! No 16 16 16 16 16 16 16 16 16
: Total ph h‘orus mg/L-P Mean 0.021 0.018 0.024 0.028 0,012 0.013 0.027 0.012 0.038
otal phosp s Range . 0.005-0.048 0.008-0.033  0.018-0.033  0.017-0.044 0.004-0.022 0.008-0.020 0.016-0.048  0.005-0:022  0.008-0.110
Std dev  0.009 0.008 0.005 0.007 0.005 0.003 0.010 0.004 0.030
No 22 22 22 22 22 22 22 22 22
Orthophosphorus mg/%-P Mean 0.009 0.011 0.004 0.004 0.004 0.003 0.002 0.004 0.008
phose Range 0.004-0.019  0.006-0.018 0.003-0.006 <0.002-0.008 <0.002-0.012 <p_002-0.004 <0.002-0.006 0.002-0.006 <0.003-0.022
Std dev  0.004 0.005 0.001 0.002 0.004 0.001 0.001 0.002 0.007
= No 16 16 16 16 16 16 16 16 16
< : . 0.19 0.18 .
Silica mg/2-S103 Mean 0.37 0.08 0.11 . . 0.21 0.14 0.18 0.29
& o s Range 0.31-0.49 <0.05-0.13 <0.05-0.17 0.09-0.30 0.11-0.30 0.13-0.27 0.10-0.17 0.11-0.25 0.14-0.37
N Std dev  0.08 0.03 0.05 0.08 0.07 0.05 0.02 0.04 Q.07
No 16 16 16 16 16 16 16 16 16
Calcium mg/e-Ca  Mean 37.0 41.3 41.9 44.7 40.9 33.0 36.7 41.0 34.6
o Range 33.1-38.4 36.4-50.6 39.2-45.3 37.5-53.8 38.8-43.8 30.7-37.8 30.5-50.0 36.4-47.0 28.6-43.0
Std dev 1.9 5.7 2.1 4.6 2.0 2.2 7.1 3.6 6.0
No 10 10 10 10 10 10 10 i0 10
Sulfate mg/%-S0, Mean 33.4 : 31.5 '27.9 25.0 25.8 27.9 28.8 31.1 27.6
9 4 Range 27.7-40.7 27.2-42.0 25.8-30.9 24,3-25.9 23.7-28.2 24.6-30.7 27.6-29.7 29.9-32.9 25.8-30.8
Std dev 5.9 5.8 ° 1.7 0.5 1.8 1.9 0.8 1.2 1.7
No 10 10 10 10 10 10 10 10 10
Total solids " mg/s-TS  Mean 204 51 212 168 185 233 202 226 217
9 Range 146-248 176-419 167-251 136-222 147-211 163-316 -160-225 196-266 178-249
Std dev 29 62 20 25 34 55 14 17 18
(] No 22 22 22 22 22 22 22 22 22
Q Total suspended solids  mg/2-TSS Mean 1.6 3.1 1.4 4.8 1.1 0.3 1.1 2.0 7.3
a- . P Range <0.1-4.0 0.8-15.8 0.2-4.0 0.6-7.4 <0.1-4.0 <0.1-1.2- <N.1-3.8 <0.1-7.6 <0.1-21.0
3 Std dev 1.3 3.5 0.9 2.3 1.0 0.5 0.9 2.2 8.0
0 No 22 22 22 22 22 22 22 22 22
® * Standard deviation
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Table IV-31

Spatial Di§tribution of Selected Water Quality Parameters Collected
from Experimental and Control Areas, Nine Mile Point Vicinity, 1978

Surface (20- and 25-ft contours)

Surface (40- to 45- and 60-ft contours)

' . West Control™ Experimental East Control West Control Experimental East Control
Parameter Unit (NMPW) (NMPP-FITZ) (NMPE) (NMPW) (NMPP-FITZ) (NMPE)
Dissolved oxygen mg/£-D0 Mean n.3 1.5 - 1.6 11.4 11.4 11.6
Range 8.2-14.8 8.2-15,5 8.1-15.4 8.2-16.7 7.4-15.5 8.3-16.6
Std dev** 2.5 2.6 ’ 2.7 2.8 2.7 2.7
No. 27 27 27 27 27 27
Nitrate mg/e-N Mean 0.17 0.18 0.17 0.17 0.18 0.17
Range _ <0.01-0.33 <0.01-0.37 <0.01-0.34 <0.01-0.37 0.01-0.37 , <0.01-0.37
Std dev 0.10 0.1 0.10 0.10 0.10 0.10
No. 18 27 18 18 27 18
~ Total phosphorus mg/2~P Mean 0.021 0.622 0.018 0.019 0.025 : 0.019
Range 0.009-0.044 0.005-0.047 0.009-0.033 0.004-0.052 0.005-0.110 0.004-0.044
Std dev .0.010 0.010 0.008 - 0.0N 0.025 0.010
No. 27 36 27 27 36 27
Orthophosphorus mg/2-P Mean 0.005 6.006 0.004 0.004 0.005 0.005
: Range <0.002-0.017 <0.002-0.022 <0.002-0.012 <0.002-0.012 <0.002-0.016 <0.003-0.016
Std dev 0.005 0.006 0.003 0.003 0.004 0.004
No. .. 18 27 18 18 27 18
Silica mg/£-5i0, - Mean 0.19 0.20 0.19 0.20 0.19 0.19
Range - <0.05-0.44 <0.05-0.48 <0.05-0.46 <0.05-0.49 <0,05-0.45 0.05-0.44
Std dev 0.1 0.11 0.11 0.1 0.10 0.10
No. 18 27 18 18 27 18
Calcium mg/2-Ca Mean 37.6 © 39.5 36.0 38.2 39.2 37.0
Range 29.2-48.8 29.2-50.6 28.6-41.9 29.9-53.8 31.1-43.8 30.7-48.8
Std dev 6.5 5.7. 4.3 7.6 4.5 5.8
No. 9 18 9 9 18 9
Sulfate mg/e-S0;  Mean 27.8 29.4 27.7 28.0 28.7 27.4
) Range 25.0-30.7 24.4-42.0 24.4-30.2 24.6-30.9 24.4-39.9 24.6-31.7
Std dev 1.9 4.7 2.1 2.0 3.9 2.6
. No. 9 18 9 9 18 9
Total solids mg/%-TS Mean 216 223 212 207 203 206
Range 153-337 139-419 154-300 139-282 144-300 153-294
Std dev 42 57 35 36 39 30
No. 27 36 27 27 36 27
Total suspended solids mg/2-TSS Mean 2.0 2.6 2.2 2.0 2.3 2.1
. . ' Range <0.1-10.6 <0.1-19.0 <0,1~15.8 <0.1-21.0 <0.1-15.8 <0.1-6.6
© Std dev 2.6 4.2 ’ 3.2 4.0 3.6 2.0
No. . 27 36 27 27 36 27

* .
See section III.A.7 for details of sampiing lTocations.

£ 2 3
Standard deviation.




b. Nitrate

Nitrate concentrations at all transects decreased from April through

August and increased from September through December (Table IV-30). Monthly

mean values were highest in April and December. There were no observed differ-

ences between control and experimental areas or between inshore (20- and 25-

foot) contours and offshore (40—~ 45-, and 60-foot) contours (Table IV-31 and
Appendix Tables G-3 and G-4).

c. Phosphorus

Highest total phosphorus occurred in December, lowest in August and
November (Table IV-30). The December values (maximum, 0,110 mg/l) came from
samples collected at the 45- and 60-foot contours on the experimental tran-
sects (Appendix Tables G-3 andAG-h). These high values at the offshore con-
tours produced a higher annual mean at the experimental transects than at the
control transects. These higher experimental tramsect levels could not be

directly attributed to power-plant operation.

Orthophosphorus was low throughout 1978, with April, May, and Decem—
ber exhibiting highest values (Table IV-30). There were no observed spatial
differences among transects, between inshore and offshore groups, or with

depth (Table IV-31 and Appendix Table G-4).

d., Silica

Silica values were lowest during May and June, and many wereiat or
near the 0.05-mg/1 detection limit (Table IV-30). No differences could be
seen between inshore and offshore samples or between control and experimental
transects (Table IV-31). Temporal changes and variability in silica could not

" be attributed to power-plant operation.

e, Calcium and Sulfate

Only small monthly variations occurred in the concentrations of
these two parameters. No specific temporal trends were apparent (Table
1V-30). Levels of both were only slightly elevated from the 1977 data base,
(Table IV-31, Appendix Tables G-2 and G-4, and TI 1978b). The levels found
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during the 1978 program were well within ranges expected for Lake Ontario and

no effects of plant operation could be determined.

f. Solids

In 1978, total solids were lowest during July and August; during the
rest of the year, mean monthly values exhibited only slight variation (Table
IV-30). Mean monthly suspended solid concentrations were at a low in Septem-
ber and reached a high in December (Table IV-30). Relatively calm weather in
Septembef and winter storms in December played a major role in creating these
extremes. Winter storms with high winds were sighificant because the absence

of the usual shoreline ice cover created extreme wave—action, which increased

the suspended sediment load,

Total and suséended sediments in nearshore transect saﬁples (20~ and
25-foot contours) were only slightly higher than in offshore transect samples
(Tablé IvV-31), and there were no apparenf differences between experiqeﬁtal and
control transects, indicating that plant operation had no effect on suspended

or totalysolids’(Table IV-31 and Appendix Tabies G-2, G-3, and G-4).

g. Common, Trace, and Toxic Metals

Concentrations of nickel and magnesium relative to the other common
metals were very uniform throughout 1978, while sodium, iron, and ﬁanganese
were somewhat-ﬁore variable_(Appendix Table G-2 and G—A)._ Sodium levels were
highest in May and December at the 25- and 45-foot contours. Iron was gener-
ally more variable from sample to sample than were the other metals, but there
were no apparent temporal trends. Manganese concentrations fluctuated monthly

and were below detection ( 0.001 mg/1) in June (Appendix Table G-3).

Of the trace metals, beryllium and vanadium had levels during the

entire year that were at or below the detectability limit. Selenium was de-

 tectable only during August, September, and December (Appendix Table G-4).

Cadmium and silver concentrations never exceeded their detection limits.
Chromium levels at or only slightly above detection limits were noted only in
November and December; during all other months, concentrations were below de-

tection. Detectable levels of mercury were very low (Appendix Table G~4) and

1v-85 science services division



occurred only in December. Copper, lead, zinc, and arsenic were commonly en-
countered at levels above those of minimum detection but never at levels harm-

ful to organisms in the area or exceeding EPA standards (USEPA 1976b).

No spatial trends could be determined among tramsects, since metal
analyses were conducted only on samples from the NMPP/FITZ transect (Appendix
Table G-4). No inshore-offshore or surface-bottom differences were found for

any of the trace metals.

h. 1Indicators of Organic Pollution

No temporal or spatial trends among transects were apparent for bio-
logical oxygen demand (BQDS)’ chemical oxygen demapd (cop), total coliform
bacteria, or carbon chloroform extract (CCE). Phenols and MBAS (analysis for
anionic surfactants) were at or below limits of detection except during August

when phenols were slightly elevated (Appendix Table G-4).

N
Total coliform bacteria counts were slightly higher in nearshore
than in offshore samples. No pollution problem was indicated from either
coliform or COD analyses, because no monthly value exceeded either state or

federal regulations. No effects of plant operations on these parameters were

observed.

i, Radioactivity
- Gross alpha and gamma radiation values were below detection limits
except for some very low gross alpha counts in October. Gross beta counts and

tritium concentrations were low and did not exceed ambient Lake Ontario levels,

No differences were determined between experimental and control areas (Appendix
Tables G-2 and G-4).

3. -Overview of Year—-to-Year Results

Monthly and semimonthly water quality sampling programs conducted in
the Nine Mile Point vicinity from 1973 through 1978 included weekly thermal
profiles at the 100-foot depth contour, Although many of the parameters ana-

lyzed fluctudted monthly and.annually, there were no persistent trends. During
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any given year, there were temporal cycles for many of the parameters, partic-
ularly nutrients (nitrogen and phosphorus compounds) and water temperatures.

For gxample, inorganic nitrogen and phosphorus characteristically increased
during winter and decreased during summer with a corresponding summer increase
in organic nitrogen and organic phosphorus compounds., Annual and monthly param-
eter means were typical of those reported by other investigators for the Nine
Mile Point area of Lake Ontario. Data collected over the past 6 years showed
no short—ter@ or long-term effects from operation of the Nine Mile Point Unit

1 and James A. FitzPatrick power plants. The Oswego River, west—to—east long-
shore currents, and hypolimnetic upwellings of cold,‘often nutrient-rich waters

exert the most influence on the physicochemical parameters at Nine Mile Point.
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SECTION V
RESULTS AND DISCUSSION — IN-PLANT STUDIES

A. INTRODUCTION

When a natural water body such as Lake Ontario is used by an electric
power station for once-through cooling, debris, fish, larger invertebrates, and
small planktonic ofganisms are drawn into the cooling-water system. The de-
bris, fish, and large invertebrates are impinged on the bar racks and traveling
screens and consequently removed from the cooling water. The small planktonic
organisms, on the other hand, pass through the screemns and subsequently through

the entire cooling-water system (entrainment).

Both ﬁhe Nine Mile Point and James A. FitzPatrick power stations have
once~through cooling sysfems with offshore submerged intakeé and discharges
(see Section I1). At maximum operation, the Nine Mile Point plant requires 597
cubic feet per second (cfs) of cooling water, while the James A, FitzPatrick

plant requires 825 cfs.

Water from Lake Ontario enters the cooling-water systems at the Nine
Mile Point and James A. FitzPatrick plants through separate submerged intake
structures at velocities of approximately 1.8 and 1.2 feet per second (fps)
respectivley, with all circulating pumps running. The intakes are located
dirgctly offshore of each plant near the 25—foot depth contour. Fish'entering
- the cooling-water systems are impinged on traveling screens and subsequently
backwashed from the screens into washwater sluiceways where‘tﬁe impingement
collection baskets are located. The impinged fish are removed from the Lake

Ontario ecosystem since neither plant has facilities for returning them to the
lake. '

Phytoplankton, zooplankton, and fish eggs and larvae in the cooling
water pass through the tréveling_screens and subsequently through the circu-
lating pumps, condenser tubes, and discharge'structures. These organisms are
exposed to such stresses as temperature changes,.mechanical abrasion, shear
forces, pressure changes, and exposure to biocideé, which act independently or
synergistically to affect the entrained organisms. Although entrainment kills

some of the aquatic biota in the cooling water, it may also produce subtle
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nonlethal short- or long-term effects, benefits, or in some cases no identi-
fiable response, Phytoplankton, as a group, can survive higher temperatures
than can zooplankton and ichthyoplankton (Marcy 1975) and are less vulnerable
ﬁo mechanical damage because of their smaller size. Not only are phytoplankton
more tolerant to entrainment effects, but they also have the greatest capacity
‘to regenerate losses following entraimment (Morgan and Stross 1969). Zooplank-
ton also have relatively short regeneration times and can replace entrainment

losses quickly (Churchill and Wojtalik 1969, Heinle 1969).

Specific studies of fish impingement at Nine Mile Point Unit 1 began
. in the spring of 1972 and were inigiated at FitzPatrick when the plant began
operating in 1975. The impingement of fish on the traveling screens at these
two plants has been monitored in ofder to estimate total loss of fish, in terms
of numbers and weights, each year. In addition to estimating anhnuallimpinge-

ment, the principal objectives of the 1978 impingement program were to:

e Determine species composition of impinged fish
"o Describe seasonal patterns of impingement rates

¢ Characterize daily variations in impingement rates

Entrainment studies at the Nine Mile Point and James A, FitzPatrick
plants were initiated about the same time as the impingement.studies, with com-
prehensive results appearing in the 1973 Nine Mile Point Report (QLM 1974) and.
"~ the 1976 Annual Report for Nine Mile Point (LMS 1977a). The 1978 entrainment
program at Nine Mile Point was conducted to document the species composition
and seasonal variation in entraimment of ichthyoplankton, Previous entrainment
studies at Nine Mile Point on phytoplankton and microzooplankton (QLM 1974 .and
LMS 1975a), established no significant'impact on these two biotic groups. At
the James A, FitzPatrick plant, the 1978 program included both entrainment and

viability (mortality) studies on phytoplankton, zooplankton, and ichthyoplank-

ton, The major objectives were to:

e Determine entraimnment rates for the zooplankton and
ichthyoplankton communities at the FitzPatrick plant

e Describe the potential effect of entrainment on the
phytoplankton community by monitoring chlorophyll a
levels and primary production (14C tracer method) at
several locations at the plant and in the lake
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e Estimate the percent mortality due to entrainment in
the zooplankton and ichthyoplankton components of the
aquatic biota

Since plant operations have a direct impact on the effects of impinge-
ment and entrainment (i,e., changing intake velocities and discharge tempera-
tures), certain parameters describing plant operation for each day of 1978 are

pfesented in Appendix Tables H-1 and H-2.

The results. presented in this section of the. report document the en-
trainment and impingement at both power stations during 1978, satisfying the
NRC and NPDES. permit requirements to monitor the plants for potential effects

on the aquatic biota.

B. IMPINGEMENT
1. Nine Mile Point Unit 1
a. Specles Composition

Impingement sampling at Nine Mile Point during 1978 resulted in the
collection of 41 fish taxa, 36 of which were identified to speciés (Table V-1).
Of the total number of fish collected, threespine sticklebacks and rainbow l
smelt comprised approximately 74 percent (Appendix Table H-3); threeépine
sticklebacks dominated February-July sampleé, while rainbow smelt were dominant
in mid-winter (January and December) and late summer (August and September). '
Threespine sticklebacks were absent only during September. During October and
November, alewife was the most abundant species in impingement collections.
Eight species — alewife, gizzard shad, rainbow smelt, smallmouth bass, spdttail
shiner, trout-perch, white perch, yellow perch — and specimens of the genus
Cottus were consistently present in impingement samples and seven other species

were found during at least 10 of the 12 months,

Gizzard shad, alewife, and rainbow smelt comprised 77 percent of the
total fish biomass collected (Table V-1 and Appendix Table H~4) during impinge-~
ment sampling: gizzard shad dominated during January-April and October-Decem-
ber. Alewife were dominant during May and June, and rainbow smelt during Sep-
tember. White sucker and burbot were the dominant species, respectively, in

July and August.
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Table V-1

Number and Weight of Fish Collected during Impingement Sampling
and Estimated Annual Impingement, Nine Mile Point Umit 1, 1978

Weight Estimated
Number Collected Estimated Weight
Common Name* Collected (9) Number . (g)
Alewife 8,074 218,728.2 18,252 488,260.9
American eel 39 17,472.2 : 90 490,827.7
Black crappie 1. 3.0 2 7.2
Bluegill 16 178.7 38 426.1
Brook stickleback 17 27.3 4 66.3
Brown bullhead 28 2,128.1 65 5,024.1
Brown trout 5 12,477.5 11 29,754.1
Burbot 29 32,604.4 68 76,773.2
Central mudminnow 28 . 135.9 68 333.3
Cisco 1 74.7 15 502.3
- Cottus sp.** 2,098 7,254.3 4,919 17,011.9
Cyprinidae 3 7.3 7 17.4
Emerald shiner 1,312 © 3,456.5 3,051 8,017.1
Fathead minnow 4 15.5 10 35.6
Freshwater drum - N 3,005.6 25 © 6,793.9
Gizzard shad 4,282 1,047,236.7 10,167 2,487,502.2
Golden shiner 2 12.3 5 30.0
Goldfish 18 618.5 43 1,411.5
Lake chub 39 598.1 79 1,079.6
Largemouth bass 2 28.5 5 68.0 -
Lepomis sp. 1 1.3 2 3.1
Longnose dace 1 17.9 2 41.8
Longnose gar, 1 131.3 2 313.1
Oncorhynchus sp. 1 865.7 2 . 2064.4
Pumpkinseed 24 152.3 _ 57 -363.2
Rainbow smelt 25,331 155,338.6 . 59,866 366,469.5
Rainbow trout 2 1,407.0 4 3,309.7
Rock bass 176 22,218.0 417 52,579.6
Salvelinus sp.*** 44 4,807.7 103 11,232.2
- Sea lamprey ' 20 3,177.5 47 7.522.3
"Smalimouth bass 136 27,159.5 320 63,622.4
Spottail shiner 1,325 " 6,296.1 3,097 14,754.0
Stonecat 68 3,656.1 159 8,568.9
Tessellated dartert 375 712.9 867 1,630.4
Threespine stickleback 57,857 83,821.7 139,579 201,788.7
Trout-perch 1,027 6,910.2 2,349 15,743.2
Walleye - N 715.4 27 1,694.7
White- bass 2,350 34,308.0 5,550 80,631.6
White perch 3,784 96,655.3 8,830 226,053.3
White sucker 58 24,168.9 137 57,608.4
Yellow perch 3,992 29,055.9 8,951 67,600.0
Unidentified 3 NA 7 NA
Total 112,596 1,847,640.6 267,336 4,347,536.9

*Common names are according to the American Fisheries Societ
fishes from the United States and Canada (Bailey et al 1970).

**Primarily mottled sculpin.

Tist of common and scientific names of

***Species identification of lake trout and splake remains tentative because of overlapping

identifying characteristics of native and stocked populations.

+Includes tessellated and johnny darters; previously considered as subspecies and reported
under the name of johnny darter in earlier Nine Mile Point studies.
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b. Temporal Distribution

The temporal distribution for total catch rate (number collected per

1000 cubic meters cooling of water used) during 1978 was characterized by peak

periods of abundance (Figure V-1) in spring (April) and winter (January and
December). Threespine sticklebacks accounted for 96 ﬁercent of the fish im-
pinged during the April peak and were a major component of impingement samples.
from January through June. Rainbow smelt were most abundant during the winter
(January and December) but also exhibited a minor peak in abundance during

September. The catch rate for alewife was highest during May (Figure V-1).

Diel variations in catch rates (number impinged per hour) were
observed in day and night samples collected each Wednesday during 1978,
Generally, catch per hour was greater at night than during the day but the
magnitude of this difference varied from month to month (Figure V-2). Du;ing
the peak in impingement rates in April when threespine sticklebacks dominated

catches, catch rates were higher during the day than at night.

c. Estimated Impingement

The total number of fish impinged at Nine Mile Point Unit 1 during
January-Decémber 1978 was estimated to be approximately 267,000 (Table V-1)
over half of which were-threespine sticklébacks. Total weight was estimated to
be approximately 4,350 kilograms, with gizzard shad contributing 57 percent of
the total biomass. The esfimated numbers and weights of fish impinged during

each month of 1978 are presehted in Appendix Table H-5.

d. Length Frequency.

Alewife, réinbow smelt, smallmouth bass, threespine stickleback,
white perch, and yellow perch length-frequency distibutions (Appendix Tables
H-6 through H-11) showed thét adults- and subadults generally were impinged
during January-July. Young—of;the—year were first encountered during summer
(usually July or August) and dominated samples from September through December.
Bimodal length-frequency distributions of alewives during May and June suggest-—

ed that impinged alewives were predominantly yearlings with an adult contingent.

V-5 ~ science services division
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Figure V-2. Diel Variation in Impingement Rates at Nine Mile Point
Unit 1 during 1978 :

Total lengths of impinged threespine sticklebacks fell within a range of 31 .to

80 millimeters (Appendix Table H-9), but most sticklebacks were between 50 and
64 millimeters.

2, James A, FitzPatrick Nuclear Station
a. Species Composition

V Impingement sampling at James A, FitzPatrick in 1978 resulted in the

collection of 45 fish taxa, 42 of which were identified to species (Table V-2).
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Of the total number of fish collected, threespine sticklebacks, rainbow smelt,
and alewives comprised approximately 86 percent. Threespine sticklebacks domi-
‘nated impingement samples from February through June, rainbow smelt in January
and September-December, and alewives in July and August (Appendix Table H-12).
Two species — rainbow smelt and spottail shiner — and specimens of the genus
Cottus were consistently present in impingement samples, and 11 other species

were found during at least 10 of the 12 months.

_ Gizzard shad and alewives comprised approximately 65 percent of the
total fish biomass collected at FitzPatrick (Table V-2 and Appendix Table
H-13). Gizzard shad was the dominant species collected during January~April
and was a major component of the biomass in November and December. Alewives
 dominated samples from May through July and contributed much of the biomass
‘during September and December, Smallmouth bass dominated in August, American

eel in October; alewives and rainbow smelt were equally dominant‘iﬁ September,

b. Temporal Distribution

The temporal distribution of impingement rates (number of fish im~

pinged per 1000 cubic meters of water sampled) was characterized (Figure V-3)

by highest catch rates during the spring (March and May) and lowest rates in
| late summer (July). Although catch rates vere also low during October and
November, cooling-water flow rates were down at least 50 percent during these
months while fhe reactor was being refueléd. Impingement rates were inter-—
mediate during the fall (September) and winter. Most of the fish impinged
during the spring maxima were threespine sticklebacks. Catch rates for rainﬁow
smelt were highest during the winter (January) and during the late fall (Sep-
tember through December). Although alewives were common in catches from May
through August and in December, impingement rates for alewives were highest
in August. Since the traveling screens were inoperable from 8 to 13 November,

the November catch rates are based on approximately 3 weeks of data.

Diel variations in catch rates (number impinged per hour) were ob-
served in day and night impingement samples collected each Wednesday during
1978 (Figure V~4). Although catch per hour was greater at night than during
the day during 10 of the 12 months, day/night differences were frequently
small, The noticeably higher night than day catch rates during September,
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Table V-2
Number and Weight of Fish Collected during Impingement Sampling and the

- Estimated Annual Impingement, James A. FitzPatrick Nuclear Station, 1978
) Weight Estimated
Number Collected Estimated Weight
- Common Name* Collected (g) Number (g)
Ll Alewife : 28,691 580,593.5 67,311 1,354,300.5
) American eel 12 3,863.3 28 9,174.5
£ Black crappie 4 307.5 9 766.6
i Bluegill 20 468.5 47 1,116.0
B Bowfin 1 350.8 2 836.5
Brook stickleback 30 40.6 74 100.9
1 Brown bullhead 24 2,430.8 56 5,747.9
i Brown trout 21 51,957.1 49 122,816.8
o Burbot , 12 6,013.4 28 14,333.1
Carp 5 305.1 1 724.5
Central mudminnow . 44 203.2 105 487.4
i Channel catfish 2 80.3 4 177.9
i Cisco 1 36.2 2 : 86.3
N Cottus sp.** 1,452 4,502.7 3,425 10,627.0
o Cyprinidae 9 - 19.8 21 47.8
il Emerald shiner 2,416 5,488.4 5,715 12,984.4
(o Fathead minnow : 13 30.1 30 68.4
Lo Freshwater drum ‘ 20 4,988.0 47 . 11,802.6
. Gizzard shad 6,497 1,185,250.1 15,468 2,805,680.3
- Golden shiner 17 61.2 4 . 106.4
Goldfish 27 1,744.6 64 4,197.6
g Lake chub 8 422.3 193 1,001.5
Lake chubsucker 1 524.Q - 2 1,209.2
Logperch . - ) 4 : 24.8 10 59.1
Longnose dace 10 103.3 24 243.5
1 Longnose gar 2 141.3 5 326.1
N Northern pike 3 3,088.8 7 7,134.9
Pirate perch 1 . 12.9 3 -32.3
- Pumpkinseed ) 38 3,474.5 90 8,280.3
; i Rainbow smelt 31,992 152,700.6 74,962 359,488.7
T Rock bass : 529 98,569.4 1,258 233,910.2
= " Salvelinus sp.*** 28 , 1,876.9 65 4,472.4
| © Sea lamprey 10 1,059.6 24 2,512.7
" Smallmouth bass 478 1 231,498.3 1,135 549,622.0
Spottail shiner 2,732 11,805.9 6,459 27,954.9
Stonecat 58 1,834.2 135 4,313.2
Tadpole madtom 5. 13.4 12 - 32.0
Tessellated dartert 917 1,390.2 2,157 3,253.9.
Threespine stickleback 98,347 167,216.6 222,837 378,514.8
. Trout-perch 1,510 ' .11,262.0 3,479 25,815.6
1 Walleye v 20 1,446.5 47 3,449.4
; White bass : 1,197 18,152.7 2,843 43,047.7
i White perch 2,488 81,447.1 5,863 190,309.0
. . White sucker 72 26,372.5 172 63,322.9
a Yellow perch 4,403 39,624.2 9,874 ©93,157.3
o
[ -
- Total 184,244 2,702,797.2 424,193 6,357,647.0
L *Common names are according to the American Fisheries Society list of common and scientific names of
A fishes from the United States and Canada (Bailey et al 1970).
**Primarily mottled sculpin.
o ***Species identification of lake trout and splake remains tentative because of overlapping
-} 5 identifying characteristics of native and stocked populations.

+Includes tessellated Aandbjohnny darters, previously considered as subspecies and reported
under the name of johnny darter in earlier Nine Mile Point studies.
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December, and January probably were related to the high relative abundance of
rainbow smelt during these 3 months. Although the very high night impingement
rate in April occurred when threespine sticklebacks dominated samples, day/

night differences were negligible during May and June when sticklebacks again

dominated catches.

c. Estimated Impingement

The total number of fish impinged at James A. Fitzﬁatrick during 1978
was estimated to be approximately 424,000 (Table V-2), over half of which were
threespine sticklebacks. The total weight of all impinged fish was estimated
to be approximately 6,400 kilograms, with gizzard shad contributing 44 percent
of the total biomass. The estimated numbers and weights of fish impinged dur-

ing each month of 1978 are presented in Appendix Table H—lh).

d. Length Fréquency

Alewife, rainbow smelt, smallmouth bass, threespine stickleback,
white perch, and yellow perch length~frequency distributions (Appendix Tables
H-15 through H-20) showed the general trends that have already been discussed

for these same species in Nine Mile Point plant impingement samples.

e, Age Composition

During each season of impingement sampling, the two most abundant
species were chosen for age analysis to define the relative sizes of the fish
in the age classes observed, These data, combined with length-frequency data,
provided an estimation of ages for the more frequently iﬁpinged fish. Rainbow
smelt and threespine sticklebacks were chosen for age analysis for winter (Jan-
uary-March) and spring (April-June). The most frequently impinged species dur-
ing summer (July-September) were alewife and threespine stickleback; and during
fall (October-December), alewife and rainbow smelt. As noted by Eddy (1969),
sticklébacks have no scales so they are typically aged by examining otoliths
(Jones and Hynes 1950, cited in Scott and Crossman 1973) or length frequencies
(Greenbank and Nelson 1959, cited in Carlander 1969)., The latter methdd was

used to age threespine sticklebacks impinged at the James A, FitzPatrick plant,
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Alewives collected for age analysis ranged during the summer from
young-of-the-year (age class 0) to age class IV and during the fall from young;
of-the-year to III. The seasonal age-class distributions (Appendix Tables
H-23 and H-24) and the length fréquency for impinged alewives (Appendix Table
H-15) indicated that ages 0, I, and II dominated impingement samples during the
summer and that young-of-the-year (age 0) and age III dominated in the fall.
The étrong contingent of youﬁg—of-the-year alewives in August and September
was the result of young-of-the-year recruitment into an impingeable size range
(Appendix Table H-15).

Rainbow smelt from impingement collections ranged from yearlings to
age VI during winter and spring and from young-of-the-year to age IV in the
fall (Appendix Tables H-21, H-22, and H-24). Length-frequency distributions
during the winter (January-March), sprihg (April-June), and fall (October-Decem—
ber) were distinctly bimodal (Appendi§ Table H-16), with large numbers in the
51- to 100-millimeter and 131- to 180-millimeter length ranges. Age-class data
indicated that fish in the 51~ to 100-millimeter length range were predomi-
nantly yearlings during winter and spring and young-of-the-year (age 0) during
the fall (Appendix Tables H-21, H-22, and H-24)., Individuals in the 131- to

180-millimeter length range during winter and spring were mostly ages.II and

III; in -the fall, yearlings and 2-year-olds (age classes I and II) comprised

most of the smelt in the larger category (131 to 180 millimeters), -

Length frequencies of threespine stickleback, a dominant species in

impingement catches at FitzPatrick from January through September, ranged from .

-about 25 millimeters to 84 millimeters, representing young-of-the~year'(age 0)

to age-IV fish [Jones and Hynes 1950 (for Alaskan waters) and Greenbank and
Nelson (for English waters), cited in Carlander 1969]. The predominantlﬁhree-
spine stickleback year classes impinged during the winter through summer were a
mixture of predominantly age-II and yearling (age-1) fish plus some age-III and
possibly age-IV specimens, Otolith data from English waters indicate that
sticklebacks probably don't live longer thén 3.5 years., Alﬁhough 2.5 years is
the typical lifespan in Alaskan lakes, some age-IV threespine sticklebaéks (ap-
proximately 75-millimeter mean fork length) have been reported, with all age-IV

specimens being females (Rogers 1962, cited in Carlander 1969). Therefore, the
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impinged threespine sticklebacks that were longer (total length) than 75 milli-

meters may have included some age-IV individuals (probably females).

f. Fecundity

Alewives generally spawn in late spring when water temperatures are
between 16° and 2800. Spawning females randbmly broadcast from 10,000 to
22,400 (Scott and Crossman 1973, Norden 1967) demersal and essentially non-
adhesive eggs (Mansueti 1956). During the 1978 study; fecundity estimates of
impinged alewives were extremely variable; however, larger specimens generally
possessed the most yolk eggs. Fecundity estimates for alewives collected by

gill net from the lake ranged from 5,400 to 44,900 eggs (Appendix Table F-38),

" Estimates for lake-caught specimens were also highly variable, but data indi-

cated a general increase in fecundity with increasing fish length.

Rainbow smelt spawn iﬁ streams or shallow lakeshore waters (Rupp
1965) over gravel éhoals. Spawning runs of ripe smelt ﬁsually begin in March
and continue through May when water temperatures range from 8.9° to 18?3°C
(McRenzie 1964). The number of demersal and adhesive eggs spéwned depends on
the size of the female but generally ranges from approximatel& 8,000 to 30,000
(Scott and Crossman 1973). 1In 1978, the fecundity (total number of yolk eggs)
of impinged rainbow smelt 133 to 224 millimeters in total 1ength_raﬁged from

approximately 6,000 to 30,600 eggs. Fecundity estimates displayed some varia-

. tion among individuals of comparable sizes but generally followed a pattern of

increasing numbers of yolk eggs with increasing length and weight (Appendix

Table H-25). Fecundity of smelt 129 to 226 millimeters'in length collected

from the lake ranged from approximately 8,200 to 39,000 eggs and displayed a

positive coxrelatioﬁ between increasing fecundity and total length (Appendix
Table F-38).

White perch usually spawn ovef a period of 1 to 8 weeks in the spring
when water temperatures range from 11° to 15°C. The number of eggs produced
per female may rangé from 20,000 to 300,000 (Scott and Crossman 1973). At the
James A, FitzPatrick station in 1978, the total number of yolk eggs.for im—
pinged white perch 205 to 305 millimeters in total length ranged from approx-~
imately 35,400 to 267,400 (Appendix Table H-25). Although fecundity estimates

for certain fish of comparable lengths varied, there was generally an increase
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with increasing length and weight., Estimates of fecundity for lake-caught
white perch 204 to 321 millimeters in total length varied from 43,800 to
463,900 yolk eggs. '

Yellow perch spawn from mid-April to early May when water tempera-
tures'range from 8.90 to 12.2°C (Scott and Crossman 1973). Yellow perch eggs
are extruded in long, gelatinous masses that frequently become entangled in
aquatic vegetation., Fecundity of four yellow perch 118-255 millimeters im—
pinged at the James A, FitzPatrick plant ranged from approximately 10,600 to
54,700 yolk eggs (Appendix Table H-35)., Fecundity of three yellow perch
ranging from 146 to 270 millimeters in total length taken from Lake Ontario
during the 1978 study ranged from approximately 6,000 to 33,800 yolk eggs
(Appen&ix Table F-38). Fecundity of Lake Ontario yellow perch from the Bay of
Quinte (131425? millimeters ;n fork length) ranged from 3,035 to 61,465 eggs
(Sheri and Power 1969). Fecundity of Maryland yellow perch 147 to 254 milli-
meters in total length was 36,600 to 109,000 eggs (Scott and Crossman 1973). ‘

Smallmouth bass spawn in late spring and early summer, often near
rocks, or logs and sometimes in dense vegetation (Scott and Crossman 1973).
Nest building takes place over a wide range of temperatures (12.9° to 20.0°C),
but actual spawning usually occurs at temperatures between 16.1° and 18.3%,
The number of eggs spawned (fecundity) per female ranges from 5,000 to 14,000
and is reported to average 7,000 eggs per pound of feméle (Scott and Crossman
1973). The total number of yolk eggs for 12 smallmouth bass impinged at the
Fitzpafrick station in 1978 ranged from approximately 5,300 to.33,800 (Appendix

. Table H-25)., Fecundity for 58 percent of these fish were between 11,000 and

16,000. Fecundity estimates for four smallmouth bass 333 to 398 millimeters
for total length, collected from Lake Ontario in the vicinity of Nine Mile

Point during 1978 ranged from approximately 2,500 to 7,300 eggs (Appendix Table
F-38)-

3. Overview of Year-to-Year Results

Fish have been collected from the traveling screens at Nine Mile
Point Unit 1 since 1972 and at the James A. FitzPatrick plant since late 1975,
Sampleé have been taken every Monday, Wednesday, and Friday since June 1973 and

at James A. FitzPatrick since January 1976, On Mondays and Fridays impingement
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was monitored for a 24-hour period; Wednesday sampling was divided into day and
night photoperiods. Nine Mile Point impingement collections have yielded be-
tween 37 and 48 species of fish each year since 1973; the James A. FitzPatrick
power plant has yielded between 43 and 54 species each year since 1976. Ale-
wives consistently dominated impingement samples at both plants through 1977:
they comprised at least 80 percent of the fish impinged annually at Nine Mile
Point durihg 1973-76 and 90 percent of the i976 catch at James A, FitzPatrick.
Rainbow smelt have been second in abundance at both power plants except.in 1976
when threespine sticklebacks were second at Nine Mile Point. Rainbow smelt
were relatively more abundant in 1977 than in earlier years, accounting for 27
percent and 30 percent; respectively, of the fish impinged annually at Nine
Mile Point and J.A. FitzPatrick; alewives comprised 48 pércent and 56 percent
of the annual catch respectively at the plants in 1977. 1In 1978, threespine
sticklebacks were very abundant in impingement samples, replacing alewife as

the ﬁominant species, while smelt again were second in abundance; e.g., stickle-
‘backs, smelt, and alewives cémprised;SZ, 22, and 7 percent, respectively, of

the total 1978 éatch, at Nine Mile Point.

Estimated annual 1974-78 impingement at Nine Mile Point Unit 1 ranged
. between 135,000 and 3.4 million fish wifh 1976 exhibiting the largest impinge-
ment. James A. Fitzpatrick also had its largest estimated annual impingement
in 1976 (comparéd with other years), when 4.3 million fish were impinged on the

traveling screens. Additionally, FitzPatrick has had higher impingement rates
than Nine Mile Point since 1976.

Both power plants exhibited a major spring peak in impingement,
corresponding with the onshore movement and spawning season of many of the
major species. Impingement rates typically decreased through the summer and
increased to a minor peak in the fall., Alewives and rainbow smelt character-
istically dominated the spring peak. Alewives were most abundant in the
vicinity of the power stations (and therefore in impingement samples) from
April or May through the summer, Rainbow smelt, in contrast, were most abun-
dant in late fall and winter (December-March). Impingement rates were usually
higher at night than during the day. During several years, the day/might dif-

ference was statistically significant for rainbow smelt.
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Several methods were used to assess the impact of impingement on
selected fish species, including comparing annual impingement estimates to

standing-stock estimates, lake-stocking data, and commercial-fishing harvests.,

Based on individual species analysis using the above comparisons, the numbers

of fish impinged at Nine Mile Point Unit 1 and James A. FitzPatrick represent
a negligible portion of the Lake Ontario fish community and the existing fish

populations are not expected to be altered by power plant operatioms.

C. ENTRAINMENT/VIABILITY

1. Nine Mile Point Unit 1

The éooling—water system at the Nine Mile Point power station was
sampled at the intake forebay from April through October 1978 to determine the
abundance and composition of entrained fish eggs and larvae. Eggs, mostly
those of alewife,iocéurred only during June and August (Table V-3). Larvae
were collected from early May through late August, with peak abundance oc-
éurring in early August. Except for some. tessellated darters in early July,
alewives comprised the entire July and August catches. The entire early June
catch was rainbow smelt, and the May catch was yellow perch. Except for some
prolarval tessellated darters, postlarvae predominated larval catches [Table

V-3 and Section VI.A of the 1978 Data Report (TI 1979)].

The abundance of eggs and larvae in entrainment samples did not
correspond closely with periods of peak ichthyoplankton abundance in Lake
Ontario. Day catches of both eggs and larvae in Lake Ontario peaked in July,

whereas entrainment sampling yielded eggs only in late June and early August,

with the peak in abundance occurring in early August.

Although egg densities were slightly higher in entrainment samples
thén along the 20-foot depth contour in Lake Ontario, larval densities were
usually lower inside the plant intakes than in the lake. Lake samples from the
20-foot contour were chosen for comparison with intake (entrainment) samples
because the submerged offshore intakes for both stations are located near the
24-foot depth contour. Lake egg densities along the 20-foot contour ranged
between 0 an& 5 eggs per 1000 cubic meters on 26 June and between 0 and 43 per

1000 cubic meters on 7 August compared with densities of 87 and 47 per 1000
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Table V-3

Occurrence of Fish Eggs and Larvae in Entrainment Samples from the
Cooling-Water Intakes of the Nine Mile Point and James A, Fitzpatrick
Nuclear Stations, Lake Ontario, 1978

Apr May Jun Jul Aug Sep** Oct
Location* 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Alewife NMP [ Rkt S E/L L }
JAF : E/L E/L gL ®L ©
Carp NMP No carp caught at NMP
JAF L
Goldfish NMP No goldfish caught at NMP
JAF L L
Herring, unid.# NMP No herring caught at NMP
JAF ®©® 06 O 0
Minnows unid. NMP No minnows caught at NMP
JAF L
Rainbow smelt NMP L
: JAF L © L
Sculpin NMP No sculpin caught at NMP
JAF L
Sunfish NMP No sunfish caught at NMP
- JAF . ©
Tessellated darter NMP L
© JAF ®rn
Trout-perch NMP No trout-perch caught at NMP
) ) JAF L ,
White perch NMP No white perch caught at NMP
: JAF
Yellow perch NMP L L
JAF L
Unidentified eggs NMP E
JAF ®. ¢

* Nine Mile Point or James A. FitzPatrick Power Plant.

*k

JAF shut down in late September and intake velocity was insufficient for sampling.
***  F=eqgs, L=larvae.

+ Eggs or larvae collected during viability studies but not in intake samples.

++ Most were probably alewife.

., cubic meters in entrainment samples on 27 June and 8 August, respectively

(Table V-4 and Appendix Table E-1). In early and late August when larval

abundance peaked in entrainment samples at 383 and 140 larvae per 1000 cubic

meters, larvae densities in the lake ranged from about 50 to more than 400 per

1000 cubic meters in early August and from 5 to more than 650 per 1000 cubic

meters in late August (Appendix Tables E-5 and E-13). 1In addition to differ-

“ ences in densities, entrainment samples contained only a few taxa in contrast

to the 20 taxa of eggs and larvae identified in Lake Ontario samples.
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Table V-4

Density of Eggs and Larvae Entrained at the Nine Mile Point
Nuclear Station, Lake Ontario, 1978

t

Life Stage Apr May Jun Jul Aug Sep Oc
3 17 9 23 16 27 11 25 8 22 13 2910 24
Eqgs ' O o 0 O ©o0 8 0 047 0 O 00 O
Larvae O 0 10 26 132 0 16 1138 140 0 0 0 O

*Mean density of two daytime samples per date, expressed as No./1000 m3.

2. James A, FitzPatrick Nuclear Station
ae }Phytoplankton

‘ The pbténtial effect of the James A. FitzPatrick power station opera-
tion on the phytoplankton community in the vicinity of the station was moni-
tored by determining chloréphyll_g concentrations and primafy production levels
inside the power station (intake and discharge) and within the thermal plume
(actual lake samples or simulation of the thermal plume; refer to Section
III.B.2 and LMS 1977a). Concentrations of chlorophyll a, a photosynthetic
pigment, were measured as an estimate of phytoplankton abundance. Also deter-
mined were levels of phaeophytin a (a degradation product of chlorophyll a),
which optically interferes with the quantitative measurement of chlorophyll a,
and also provides an estimate of chlorophyll molecule loss due to either en-
trainment effects or oxidation during cellular respiration. A radioactive
carbon tracer (14C) technique was used to determine the amount of carbon that

the phytoplénkton community can incorporate (primary production) per unit of

time,

Chlorophyll a and primary ﬁroduction samples were collected within
the intake forebay to monitor the relationship between in-plant samples and
monthly lake phytoplankton samples. Discharge samples were compared with
intake samples to measure the potential effects of passage of the phytoplankton
through the powér station. In addition, simulation studies were conducted to

estimate the effects of entrainment in the thermal plume out to the 3°F and 2°F
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isotherms. These simulation studies were made by collecting phytoplankton
samples at the intake and subjecting them to temperature changes simulating the

temperature regime within the thermal plume. The methods are further described
in Section III.B.2.

1) Chlorophyll a and Phaeophytin a
a) Temporal Distribution

Chlorophyll a concentrations in the cooling-water intake, based on
the average of two replicate samples incubated at ambient intake temperature
for 7 hours, ranged from a low of 0.47 micrograms per liter in February day
collections to a high of 13.72 in May night samples (Appendix Table J-1).
Chlorophyll a concentrations were low in the winter (December-February) and
mid-summer (July) and peaked in May. April-December lake surface samples ex-
~ hibited similaf seasonal changes, with chlorophyll a concentfations'ranging
from 0.73 micrograms per liter in September to 9.08 in June (Appendix Table
A-9). Estimates of chlorophyll a concentrations at the intake forebay were
comparable with results from lake surface waters. Chlorophyll a concentrations
for intake samples incubated for 24, 48, and 72 hours revealed a temporal dis-
tribution pattern and concentrations similar to the 7-hour incubation samples

(Appendix Tables J-2 through J-4),

Phaeophytin a concentrations in the samples collected semimonthly
(twice per month) and incubated for 7 hours (Appendix Table J-5) ranged from
beiow detection limits (<0.10 microgfams per liter) in early March, April, and
early November to a_high;af_3;7l in early-June. Phaeophytin a monthly mean
concentrations from surface lake sémples ranged from a low of 0.24 micrograms
per liter inFSeptember to a high of 1.73 in November, A comparison of the
monthly means of lake (Appendix Table A-10) and intake (7-hour incubation)
samples indicated no consistent pattern among them. Intake phaeophytin a
results for the 24—, 48~, and 72-hour incubation periods indicated a temporal
distribution pattern similar to that of the 7-hour incubation samples (Appendix
Tables J-6 through J-8). There was no significant increase in phaeophytin a

concentrations with increase in incubation time.
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There were no consistent differences among day and night samples col-
lected at the intake or discharge for chlorophyll a and phaeophytin a during

any of the incubation periods.

b) Plant Entrainment

Discharge and intake concentrations of chlorophyll a and phaeophytin
a were compared (as a ratio of discharge to intake) to evaluate the entrainment
effect of the plant on the phytoplankton community. Discharge samples were
collected after intake sémples at a specific time interval, depending on the
time required for the water to pass through the plant, to insure that the same
mass of water would be sampled at both the intake and discharge. A ratio of
less than 1 represents a decrease in chlorophyll during plant passage while a
ratio‘greater than 1 indicates potential stimulation of the phytoplankton com—

munity.

Chlorophyll a discharge/intake ratios for the 7-hour incubated sam—
ples revealed that approximately 60 percent of the sampling periods showed a |
small reduction in chlorophyll a concentration at the discharge (Appendix Table
J-1). 'Aithough dischargé/intake ratios were frequently less than 1, the loss
to the phytoplankton community was not great, as indicated by the frequency of
rétios that fell within-the range of 0.80-0.99. Results of the chlorophyll a
discharge/intake ratios for the 24~ and 48-hour incubations revealed a trend
that was similar to that of the 7-hour incubation pefiod (Appendix Tables J-2
through J-3).. However, only about 54 pércent of the samples incubated for 72
hours exhibited a reduction in'chlorophyll;g concentrations at the discharge
(Appendix Table J-4). These results may indicate that phytoplankton losses to
entrainment are small and that possibly, over a long incubation period, the

phytoplankton begin to partially replace chlorophyll a lost during entrainment.

Throughout the 1978 study, discharge/intake ratios for phaeophytin a
concentrations were variable for the four incubation periods. A majority of
the discharge/intake ratios were greater than 1 (Appendix Tables J-5 through
J~8). The ratios showed that there was an increase in phaeophytin concentra-
tions in the discharge, indicating that the phytoplankton community had lost

some chlorophyll a as a result of passage through the plant.
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c) Plume Entrainment

To estimate the effect of entrainment of lake phytoplankton into the
thermal plume, 3° and 2° simulation/intake ratios were determined. A ratio of
less than 1 indicates a decrease in chlorophyll a due to entrainment into the
thermal plume; a ratio greater than 1 indicates that entraihment of phytoplank-
ton in the thermal discharge may stimulate the production of more chlorophyll

and/or increase cell reproduction because of the elevated water temperatures.

Chlorophyll a results based on 7-hour incubation indicated that
approximately 60 percent of the 3° simulation/intake ratios and 50 percent of
the 2° simulation/intake ratios were greater than 1 (Appendix Table J-1).

Ratios from the 24—, 48-, and 72-hour incubation periods showed similar results
(Appendix J-2 through J-4). The 3° and 2° simulation/intake ratios for the
four incubation periods suggested no affect or only a slight increase in chloro-

phyll a values in the plume area.

The 3° and 2° simulation/intake ratios for the four incubation
periods indicated that phaeophytin a increased in approximately 57 percent of

the thermal-plume samples (Appendix Tables J-5 through J~8).

.Comparison of chlorophyll a samples collected in the 3% and 2° AT
areas of the thermal plume in Lake Ontario indicated an overall slight increase
.in chlorophyll a concentrations, as was observed in the simulation studies.

These comparisons also indicated an overall small loss in phaeophytin a

concentrations,

Discharge/intake'rétios indicated a small overall decrease in chloro-
phyll a concentrations, which may have been indicative of a slight depression
in chlorophyll a in the phytoplankton community due to entrainment through the
plant or into the thermal plume. The slight increase in phaeophytin a concen-
tration tends to support the chlorophyll a observations. Although this depres-
sion may represent a loss of phyﬁoplénkton cells, the phytoplankton community
typically exhibits rapid regeneration, which probably negates any entrainment

effects within a few hours to several days.
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Simulation/intake ratios for the 3° and 2° simulations (or the 3° and
2% 1ake plume samples) indicated an overall increase in chlorophyll a and

phaeophytin a as a result of the temperature increase in the plume area.

2) Primary Production (140)
a) Temporal Distribution

Primary productivity samples were collected to determine the amount
of carbon the phytoplankton community incorporates per unit of time, and to
estimate plant and plume entrainment effects. .These samples were collected
and incubated at ambient intake temperatures for periods of 7, 24, 48, and 72
hours, The temporal distribution of primary production values for intake sam-

ples incubated for 7 hours showed that lowest production occurred during Jan-

' uary—early March and again during early September. Production peaked during

April-August (Appendix Table J-9).

Surface samples collected in the lake during phytoplankton surveys
exhibited peak primary production values in June and secondary peaks in May,
August, and November. Lowest monthly values for lake phytoplankton production
were observed in September. The peaks and valleys observed in the lake samples
were reflectéd in the intake samples duriﬁg April-December. This indicated
tﬁat the samples collected in the forebay area were representétive samples for

the viability studies.

Comparisons of day and night primary production data at the intake
were méde, considering,éach of the.four incubation perieds individually. ' Sam-.
ples from the 7-hour incubation period indicated that day values were higher
than night values on 60 percent of the sampling dates‘(Appendix Table J-9).
For the 24—, 48~, and 72-hour incubation periéds, prbduction was higher during
the day on 67, 71, and 79 percent of the sampling dates respectively (Appendix
Tables J-10 through J-12). The trend for higher carbom uptake during the day
would appear to be a natural phenomenon since phytoplankton utilize sunlight
for their emergy source and have their highest rate of respiration &uring the .
day. It should be noted, however, that during both short and long incubation

periods the samples were incubated under a continuous light source.
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b) - Plant Entrainment

About 70 percent of the discharge/intake ratios from the 7—hour‘in-
cubation series over the 12-month study were less than 1, indicating a loss in
phytoplankton abundance and/or productivity, probably because of plant entrain-
ment (Appendix Table J-9). For the 24—, 48-, and 72-hour incubation periods,
65 percent of the discharge/intake ratios were less than 1 (Appendix Tables
J-10 through J-12). However, the results for the longer incubation periods
tended to be more variable than for the 7-hour incubation and therefore may
not reflect actual depression in the rates of phytoplankton production as ac-
curately as the 7-hour incubation. Data from all four incubation periods

suggested that primary production was slightly lower in the discharge than

in the intake.

¢) Plume Entrainment

Approximately 55 percent of the 3° and 2° simulation/intake primary.
production ratios.for the 7-hour incubation period were less than 1 (Appendix
Table J-9). The plume simulation studies showed a slight decrease in produc-
tion in the 7-hour incubation period, For the 24— and 48-hour incubatiom
periods, 50 percent of the 3° and 2° simulation/intake ratios were less than 1,
while about 63 percent. of the 72-hour incubation ratios were less than 1.

These data indicate th&t entrainment in the plume for a long period tends to
decrease production. In many natural systems, entrainment in slightly higher
water temperatures would stimulate phytoplankton production; however, if a loss

" in phytoplankton cells occurs, a decrease in production should also occur.

Primary production samples collected from the lake in the 3° and 2°
AT plume areas exhibited rates of production that vere similar to those of the
'siﬁuiation samples. An average of 63 percent of the 3° and 2° lake/intake
ratios for thé four incubation peribds were less than 1. As in the simulation
studies, entrainment in the actual plume area during 1978 decreased the rate of

production.
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b. Zooplankton
1) Entrainment (Intake)

Entrainment sampling (day and night) at the James A, FitzPatrick
Power station intake during 1978 yielded 79 zooplankton taxa comprising
primarily Rotifera, Copepoda (Calanoida, Cyclopoida, and copepod nauplii),
Cladocera, and Protozoa (Appendix Tables J-13 and J~14), No single group of

organisms dominated 1978 collections, Three calanoid copepods — Diaptomus

oregonensis, D. sicilis, and Limnocalanus macrurus — were most numerous during

January-April, and rotifers began to dominate samples in April, maintaining

this dominance through- September., The numerically dominant rotifers were in

the genera Asplanchna, Keratella (most species), Polyarthra, and Szgchaeta. A

cladoceran, Bosmina sp., was abundant in July and became the dominant taxon in
October. A vafiety of rotifers — primarily Keratella sp., Polyarthra spp., and

Synchaeta spp. — dominated the remainder of the year (November and December).

The temporal distribution of total zooplankton density (Figure V-5
and Appendix Table J-15) was characterized by an initial period of slightly
fluctuating low levels from January through the first of April, followed by a
sharp increase in late Abril and early May. High densities were sustained from
June-through August, After a secondary ﬁeak in late September, densities de-
creased through the remainder of the study. Density estimates ranged from a
low of 1945/m3 in February (night samples) to a high of l,721,938/m3 in June "’
(day samples).. Temporal distribution of zodplankfonvdeﬁsities in day and night

collections were quite similar through the study.

A comparison of zooplankton entrainment densities with Lake Ontario
microzooplankton densities along the 20-foot depth contour (chosen as a basis

for comparison because the intake structure is located in water approximately

24 feet deep) indicated close similarity in seasonal distributions although

actual densities were often quite-different (Figure V-5). A comparison of
intake zooplankton denéity with operational data for the main circulating water
pumps (Figure V-5) indicated no consistent cause/effect relationship between
the number of pumps running and zooplankton density at the intake; i.e., den-

sity peaks at the intake occurred during periods of both high and low plant

circulating-water intake,
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Figure V-5. Temporal Distribution of Total Zooplankton Density in Day and
Night Entrainment Samples and in Lake Ontario Samples from the
- 20-Foot Depth Contour, Nine Mile Point Vicinity, 1978
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2) Viability (Intake and Discharge)

Intake and discharge samples at the James A. FitzPatrick Power Sta-
tion were examined to determine the number of live and dead organisms. The
temporal distribution pattern of zooplankton mortélity (percent dead) was
characterized by a series of peaks and valleys occurring irregularly through-
out the year (Table V-5 and Appendix Table J~16). Periods of highest zooplank-
ton percent dead at the inﬁake, a reflection of natural and sampling-induced
mortality, occurred in July, August, and September in both day and night sam-
ples. Loweét intake percent dead generally occurred in late winter and early
spring (February-May). In most respects, estimates of percent dead at the dis-
charge, a reflectiou of natural and sampling-induced mortality and mortality
due to plant passage, followed a temporal paﬁtern similar to that described for
intake samples., Estimates of percent dead at the discharge were similar for

both day and night samplés; however, at the intake, mortality was greatest
during the daytime. '

To estimate the impact of thermal-plume entrainment upon zooplankton,
a series of experiments were conducted to simulate thermal-plume effects in
Lake Ontario at the 3°F and 2°F isotherms (Section II1.B). In general, no
salient differences in mortality (percent dead) between the two isotherm simula-
tions were observed (Table V-5). Seasonal distribution of zooplankton percent
dead in simulation samples followed that of intake and discharge, with major
peaks occurring im August and September. A comparison of day and night simu- '
lation data revealed no consistent trends in the 2° simulations, but mortality
(percent dead) was‘frequently higher during the day in the 3% gimulations. A
comparison of discharge mortality (percent dead) with plume-entrainment mor-
tality (percent dead) indicated that mortality was higher in the diséharge sam~
ples than in either the 2° or 3° simulation samples throughout 1978, This
indicated that mortality (percent dead) due ﬁo plant entrainment in 1978 was

higher than mortality due to entrainment into the lake thermal plume.

As an estimate of zooplankton mortality due to plant passage, mor-

tality was computed as the difference between intake and discharge survival

divided by intake survival. This method of estimating zooplankton mortality

" was used because it compensates for the effects of sampling-induced mortality,
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Tabie V-5

Percent of Zooplankton Dead® in the Zooplankton Collections Taken at the
Intake and Discharge, or Subject to Thermal Plume Simulation,
James A. FitzPatrick Plant, 1978

Jan Feb Mar Apr May Jun Jul . Aug Sep Oct Nov Dec Jan=v

Sample _ocation Period 17-18 25-26 7-8 21-23 7-8 21-22 6-10 21-22 ]I—J? 25-26 18-19 27-30 13-14 .7-28 10-11 24-25 15-17 27-28 12-13 26-27 8-9 29-30 20-21 4-6

Intake ° qu 63 56 43 27 23 .49 39 n 30 37 58 29 43 53 79 56 69 7% 44 69 44 36 24 70

Night 50 47 43 17 40 34 15 27 19 kY 50 37 13 59 n [ 79 57 35 2t 41 39 kY| 41

Discharge Day 63 65 752 29 713 61 3 61 57 47 66 84 98 92 90 81 70 63 51 90 62 66 84

'< Night 68 80 7% 21 74 61 44 64 62 56 78 66 84 96 98 66 84 73 62 28 75 56 60 77
N 3° Simulation Day S3 66 53 53 25 67 32 18 56 34 58 42 51 61 86 59 67 65 35 49 49 54

(] _Night n ) 46 81 34 64 35 28 18 20 35 45 43 46 48 68 63 82 64 37 38 38 4 g? gg

2° Simulation D@y 76 60 56 58 7 43 45 23 52 46 n 54 61 63 34 61 (1) 72 3] 44 65 48 53 71

. Night 58 77 62 27 56 49 49 3s 22 47 57 52 64 54 77 69_ 78 70 61 23 56 54 42 6&

* Number dead

Tota x 100

+* Samples for late December were collected in early January 1979 because of heavy détrital loads and niant operations.
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Percent mortality within the major zooplankton groups was generally highest
among the Protozoa (Table V-6); Rotifera and Cladocera were intermediate and
total Copepoda lowest. Within the Copepoda group, cyclopoids reflected the
lowest percent mortality. In general, the percent mortality among the major
zooplankton groups exhibited no consistent trend in day/night differences.

Highest mortality for each of the major groups occurred in July and August.

Temporal distribution in percent mortality due to plant passage for

all zooplankton taxa combined was characterized by several peaks (Figure V-6,

which plots combined day and night mean values because of their close simi-—

larity). Total zooplankton percent mortality ranged from negative values in
June, September, and October (a result of the intake percent dead exceeding the
discharge percent dead), to a high of 95 percent in July (Figure V-6 and Table
V-6). A close relationship between zooplankton mortality and plant operation
was observed only during late June-September and December., Most noticeable was
the sustained peak in total zooplankton mortality that occurred during July and
August when discharge temperatures exceeded 30°C. No real relationship existed

between AT and zooplankton mortality,

_ It should be noted that thermal stress was not the only factor affect-
ing zooplankton mortality at the James A, FitzPatrick power statiom. During
October and November when there was no increase in temperature (Figure V-6),
mortality was high simply because of mechanical stresses due to plant passage'
and sample collection, Additiondlly, on November 7 and 8 no circulating-water
pumps were operating, thereby stranding entrained zooplankton in the intake

forebay and discharge aftbay; this, combined with sampling, resulted in higher

than expected mortality.

¢. Ichthyoplankton
1) Entrainment

To monitor entrainment of fish eggs and larvae in the cooling-water
system at the James A, FitzPatrick power station, samples were collected from

the intake forebay day and night twice monthly throughout 1978,
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Table V-6

Perc'ent: Mortality* of Major Zooplankton Groups Due to Plant Passage,
' James A. FitzPatrick Plant, 19'78

. Jan . Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec  Jan*¥
Taxa Period  17-18 25-26 7-8 21-23 7-8 21-22 6-10 21-22 1112 25-26 18-19 27-30 13-14 27-28 10-11 24-25 15-17 27-28 12-13 26-27, 8-9° 29-30  20-21 4-6
Protazoa Day N 17 N NO ‘N N N ND 48 1] N 57 N D XD 100 HD N 75 WD 100 40 . 50 N
Night N 26 66 ND 8 12 N 53 N N 50 N ND ND ND ND 100 14.3 78 100 100 100 . 100 14
Rotifera Day 61 12 . 62 n N 29 27 28 44 36 N 63 ‘17 94 54 82 30 H 79 27 87 43 57 48
’ Night 84 20 78 N 60 24 64 61 54 33 61 59 N 95 94 41 78 61 75 24 78 35 65 62
Cladocera Day 100 N 50 ND ND 100 ND 33 ND ND 5 26 24 54 83 34 N 2 14 N 68 ND 33 N
Night 58 N 100 ND ND 100 ND ND N ND 22 23 68 79 86 44 13 8- 13 4 17 10 N 33
Calanoida Day N N 23 28 1 59 N 9 N 100 100 0 - 0 100 100 ND N 100 0 0 0 ND 0 ND
|< Night 65 N 21 [ 52 1 2) 33 0 N ND ND 100 75 100 100 N 40 100 n ND 0 0 ND
[ Cyclopoida Day 26 18 79 N N - N 49 33 N 43 N 33 51 94 87 42 45 3 18 N 68 29 0 50
o Night N 43 89 N N 54 73 62 7 N 46 44 68 84 95 27 5 9 37 43 25 7 i3 59
Copepoda nauplii Day. N 1 50 33 10 60 44 - N N 43 2 21 91 100 67 85 63 N~ 5 52 67 39 100 N
Night 59 47 51 5 55 48 3 46 42 60 52 67 74 90 86 7 20 51 N N 1 53 78 37
Total Copepoda Day N N 52 N n N 7 N N 46 N 33 74 97 51 78 42 N 14 N 67 34 22 9
!tht 74 78 N N 59 55 59 28 53 76 56 78 73 100 94 63 16 28 18 12 20 N 12 59
Total Zooplankton Day 21 19 .49 34 7 46 36 22 44 k]| N 52 73 95 59 76 38 N 35 N 82 41 55 45
: Night 36 62 58 5 57 ] k) 50 83 35 56 46 40 9 93 42 24 37 42 8 57 29 42 61

1 L'iveI - % L1veD -
*% Mortality = —{Tver I = intake sample; D = discharge sample.
T, .

rvSamples for late December were collected in early January 1979 because of heavy detrital loads and plant operations.

N = Intake/discharge comparisons not possible; intake mortality > discharge mortality.
ND = No organisms collected at discharge.
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ples from early July through early August (Table V-3); also during the same

Alewife and unidentified eggs occurred in entrainment (intake) sam-

months, tessellated darter, white perch, and alewife eggs occurred in viability
samples (from the discharge or intake). Almost all of the eggs in entrainment
samples were those of alewife (Table V-3). Egg densities were highest in late
July (Table V-7). '

Table V-7

Densities®of Eggs and Larvae Entrained at James A, FitzPatrick
Nuclear Station, Lake Ontario, 1978%**

Life Stage May - dun Jul Aug

S 23 16 27 11 25 8 22
Eggs 0 0 0 5 87 n o
Larvae E 10 79 4 90 34 54 159

*Mean density of two dayt1me and two n1ghtt1me samples per sampling date,
expressed as No. /1000 m

**No fish eggs or larvae were collected in entra1nment samples dur1ng
January through April and September through December.

Larvae occurred in entrainment samples from late May thfough August.,
In addition to the nine taxa identified in entrainment samples, some herring
and sunfish larvae were present in viability samples during late July through
early September (Table V-3). Alewives dominated entrainment collections,
eséecially in Juiy and August. Larval density peaked in late August and was
made up entirely of alewives. Rainbow smelt larvae made up the entire catch
during the first half of June and were present also in early July (Table V-3).
Yellow perch comprised the smaller May catch. Carp, sculpin, some unidentifi-

able minnows, tesselated darter, goldfish, and trout—perch larvae were col-

lected in small numbers in late June and early July.
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The monthly occurrence of eggs in entrainment samples reflected a
period of peak abundance in Lake Ontario; during that period (July and early
August), densities within intake samples and lake collections were not appar-
ently different (Table V-7 and Appendix Tables E-1 through E-4). The temporal
distribution of larvae in entrainment samples also generally coincided with
changes in larval densities in lake samples, but densities ip the lake were
usually higher. For example, the peak density of yellow perch in entrainment
samples in late May (10 larvae per 1000 cubic meters) coincided with the high-
est yellow perch densities in the lake (average of 72.8 larvae per 1000 cubic
meters along the 20-foot depth contour); likewise, rainbow smelt densities were
highest during mid-June in both lake and entrainment samples (Table V-7 and
Appendix Tables E-19 and E~20). During July and early August, lake samples
(from along the 20-foot depth contour) had significantly higher densities of
alewife than did entrainment samples, but lake and entrainment densities of
alewife were similar in late August (Table V-7 and Appendix Tables‘E-7, E-8,
E-15, and E-16). Surprisingly, the larval density reported in entrainment
samples'in late August was the highest observed for larvae during 1978 en-
trainment sampling. In addition to the lower densities of larvae ‘in entrain-

ment samples compared with lake samples, egg and larval diversity (number of

species) also was lower in entrainment samples. -

2) Viability

A.cbmparison of the percent mortality of eggs and larvae, primarily
alewife and rainbow smelf, in intake and discharge samples during 1978 was made
to estimate the effect of entrainment. In addition, eggs and larvae from in-
take samples were subjected to temperature changes to simulate the potential
impact of entrainment in the thermal plume in Lake Ontario. These mortality
data have been pfesented in the 1978 Data Report for the Nine Mile Point
aquatic ecology studies (TI 1979). Unfortumately, the numbers of eggs and

larvae in viability samples were quite low, precluding any conclusions with

respect to mortality or survivability following entrainment.
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3. Overview of Year—-to-Year Results
a, Ichthyoplankton Entrainment at Nine Mile Point

Entrainment of ichthyoplankton at the Nine Mile Point Uait 1 plant
has been monitored either weekly or twice per month since 1973. Genérally,
the species in entrainment samples reflected the lake's species composition,
except that species occurring infrequently or in low numbers often were not
observed in entrainment samples., The temporal abundance of eggs and larvae
in intake sémples was génerally similar to temporal patterﬁs observed in Lake
Ontario samples., However, densities in entrainment samples were sometimes
lower than corresponding demsities in lake samples, particularly larval den-
sities in 1977 and 1978. Also, the diversity (number of species) of eggs and
larvae was frequently lower in entrainment than in Lake Ontario samples. Al-
though 100 percent mortality of entrained ichthyoplankton was assumed for the
purposes of impact evaluation, station operation over the past 5 years had a

~minimal effect on ichthyoplankton populations in the vicinity of Nine Mile
Point, For example, cropping estimates for larvae indicated that only about
0.26 percent of the alewives and rainbow smelt in Lake Ontario that were avail-
able for entrainment during 1976 were actually entrained, assuming both Nine

Mile Point and the James A, FitzPatrick plant to be operating at full intake
flow.

b, Phytoplankton Entrainment/Viability at James A, FitzPatrick

Phytoplankton entrainment and viability studies have been conducted
at the James A, FitzPatrick plant siﬁce 1976. These studies used estimated
phytoplankton éell densities (1976 only), chlorophyll a concentrations, and
primary production rates (14C tracer method), to measure potential effects on
the phytoplankton community of entrainment through the power plant or into the
thermal plume. To determine both short-term and longer-term effects of entrain-

" ment, viability studies have been conducted using incubation periods of 7, 24,
48, and 72 hours,

Each year, temporal changes in chlorophyll a concentrations were
similar. Chlorophyll a concentrations in intake samples were generally low
.during January-March, then exhibited a spring peak in late April and May and

smaller peaks in mid-summer. Chlorophyll a concentrations were low during
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October-December, The temporal trend of intake concentrations was similar to
that of chlorophyli.i concentrations in Lake Ontario, Overall, 1976-78 sam-
pling results indicated lower chlorophyll a concentrations in the discharge
compared with the intake. Concurrently, slightly higher concentrations of
phaeophytin a (a degradation product of chlorophyll a) were observed in the
discharge area. These results indicated that entrainment through the plant had
some adverse impact on the entrained phytoplankton. The 3° and 2°F simulation
samples and samples from the thermal plume itself (conducted to measure the
effect of plume entrainment) revealed no noticeable differences in chlorophyll
a concentrations between intake and plume samples. Although plant entrainment
had an adverse effect on phytoplankton, the lake phytoplankton community has
the pofential to regenerate losses quickly and therefore negate the possible

adverse affects of plant entrainment.

Priﬁary production rates at the intake were low during March and
exhibited peaks during late spring (May) and late summer (August), Temporal
distribution patterns for intake production rates were similar to those in the
lake. During all 3 years of sampling there was an overall yearly reduction in
productivity in the discharge aftbay relative to intake rates prior to plant
entrainment; however, when water temperatures were low, there was é tendency
for production to be stimulated in the discharge area. The 3° and 2°F simula-
tion and thérmal plume studies in 1976 and 1977 showed that entrainment of lake
phytoplankton in the thermal plume increased production; in 1978, however, in-
creased productibn rates were not observed. ‘

In summary, entrainment and viability study fesults showed that the
power plant had little -lasting effect on the phytoplankton community in the
vicinity of Nine Mile Point. The ability of the phytoplankton community to
quickly replace cells lost to either plant or plume entrainment resulted in

negligible overall impact.

c. Zooplankton Entrainment/Viability at James A. FitzPatrick

Samples taken from the power—plant intakes contained zooplankton
populations that were generally similar to those in lake samples collected
during the same time period., Zooplankton entraimment typically increased from

spring to summer, then decreased from fall to winter, following the temporal
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trend in the lake. Densities of entrained zooplankton during a typical year
ranged from less than 104 to more than 106 organisms per cubic meter, with a
maximum usually occurring in late summer (July or August). ' Entrainment samples
were dominated by rotifers, followed by copepods, cladocerans, and protozoans.

The latter three groups varied in numerical importance from year to year.

Mortality of zooplankton passing through the plant ranged from near
0 to almost 100 percent. Mortality after plant passage was generally less than
50 percent and was typically greatest during summer. Evaluation of plume en-
trainment mortality showed it to be considerably less than plant mortality.
The greatest overall mortality was exacted upon the protozoan group.. From the
overall stability of the zooplankton population, as measured in lake samples,
oﬁeration of the power plants had no discernible effects on these organisms,

regardless of mortality caused by plant passage.

d. Ichthyoplankton Entrainment/Viability at James A. FitzPatrick

Entrainment of iéhthyoplankton at the James A. FitzPatrick plant has
been thoroughiy monitored since 1976. During the first 8 months of 1976, repli-
cate samples were collected every 6 hours on sampling dates twice per month.
Replicate day and night samples have been collected twice per month since late
September 1976, 1In addition to collecting samples from the intake to determine

entrainment densities, samples were collected from the discharge and lake
| thé}mal plﬁmé (or thermal plume conditions were simulated) and compared with

intake samples to determine egg and larval viability.

The number of species oBserved in entrainment samples in 1976 was
similar to the diversity reported in Lake Ontario ichthyoplankton samples;
also, peak densities of eggs and larvae in entrainment samples corresponded
closely with those in lake samples. During 1977 and 1978, the temporal dis-
tribution of eggs and larvae in entrainment samples continued to reflect the
temporal abundance in Lake Ontario, but the entrainment samples generally had
fewer species. A comparison of egg and larval densities in entrainment and
lake samples during 1976-78 indicated that egg concentrations within the intake
were similar to or higher than those in the lake but that larval densities

within the intake were frequently lower than in the lake. The number of eggs
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and larvae in viability samples was low during all 3 years of monitoring, pre-
cluding any conclusions with respect- to mortality or survivability following
entrainment, Assuming 100 percent mortality, the impact of cropping eggs and
larvae of alewife and rainbow smelt (the two most abundant fish species in

g At AN
entrainment samples) has been estimated to represent an extremely small per-

centage of the reproductive potential of Lake Ontario populations. Thus,

normal compensatory mechanisms should offset these minimal losses.

-
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Taxonomic List of Phytoplankton Collected in Whole-Water .
Samples in Vicinity of Nine Mile Point, April-December 1978
Cyanophyta - Chlorophyta {Contd) Bacillariophyta-Centric
Chroococcales Pseudochlorella sp. - Euxottijiscale? i
Agmenellum sp. uadrigula chodatii ctinocyclus normanii
f’f‘i .t Eanoca sa sp. . uvadriqula closterioides Coscy scus aCUSFY"IS
7 Aphanothece sp. uadrigula Tacustris CycTotelTa menegniniana hiniana
: j Chroococcus 1imneticus uadrigula sp. Cyclotella caspia
& Chroococcus sp. Scenedesmus acuminatus Cyclotella sp.
Gomphosphaeria aponina Scenedesmus acutus MeTosTra granulata
! omphosphaeria Tacustris Scenedesmus arcuatus - Melosira Isiandica
M omphosphaeria naegelianum cenedesmus armatus eTosira Ttalica
£ 3 : . omphosphaeria sp. ]ceneaesmus bicaudatus elosira sp.
ot ﬂarssonge”a Sp. Scenedesmus denticulatus " SkeTetonema potamus
3 Microcystis sp. - cenedesmus ecornis - Skeetonema subsalsa
Chroococcales unid. Scenedesmus ntermedius SkeTetonema sp.~
v Oscillatoriales Scenedesmus opoliensis . tep! 3_"037_5‘?"5 astraea
P . Lyngbya contorta . Scenedesmus ‘ﬂﬂ}?{m’a tephanodiscus astraea var. minuta
3 Lyn Eﬁ /a sp. Scenedesmus spinosus _EEF:‘%.‘,&E Binderana
Oscillatoria 1imnetica Scenedesmus sp. : &Eﬁ%},ﬁ%w
L Oscillatoria sp. Schroederia setigera ) &?EEPM tenuis
OsciTTatoriales unid. Schroederiz sp. Stephanodiscus sp.
. Nostocales Selenastrum sp. _Eupodiscales unid.
T Anabaena circinales Sphaeracystis schroeteri Bacillariophyta-Pennate
B Anabaena sp. %gﬁaeroc stis sp. . Fragilariales
Aphanizomenon flos-aquae straedron caudatum Asterionella formosa
5.4 Rphanizomenon Sp. Tetraedron minimum Diatoma tenue
Cyanophyta unid. Tetrastrum staurogeniaeforme Fragilaria capucina
P Chlorophyta Tetrastrum sp. Fragilaria crotenensis
. Volvocales Treubaria setigerum Fragilaria sp.
; Carteria sp. Treubaria triappendiculata Meridion circulare
Chiamydomonas sp. Treubaria sp. . Synedra uTna
L Eudorina sp. WesteTTa sp. : Synedra sp.
Pandoring sp. Chlorccaccales unid. ’ Tabellaria flocculosa
- Pedinopera sp. Ulotrichales Tabellaria sp.
Volvocales unid. Ulothrix zonata Fragilarfales unid.
Tetrasporales Chﬂloiﬁn’x sp. Aclgnanthales
i Elakatothrix gelatinosa aetophorales occoneis sp.
S Elakatothrix sp. Chaetophora sp. Rhoicosphenia curvata
Gloeocystis sp. tigeoclonijum sp. Naviculales
L Stylosphaeridium sp. Oegugom'a'Ies n hora sp.
~ Tetrasporales unid. . dogonium sp. ella sp.
_! Chlorococcales Zygnema%ales. P Gomphonema sp.
} . Actinastrum hantzschii lygnematacese yms1§ma sp.
Actinastrum sp. ougeotia sp. : Navicula sp.
Ankistrodesmus convolutus ra sp. Pinnularia sp.
ro- nkistrodesmus falcatus Desm;%iaceae Naviculales unid.
Ankistrodesmus sp. . Closterium moniliferum Bacitlariales
KH‘L_Era sp. Closterium sp. tzschia acicularis
Chiorella sp. Cosmarium botryis tzschia holsatica
ChTorococcum sp. . Cosmarium c¥c1¥cum tzschia sigmoidae
hodatella ciliata Cosmarium sp. zschia sp.
. ChodateTTa Yongiseta Staurastrum 1ongiradiatum SuE rellales X
Chodatella quadriseta taurastrum paradoxum ymatopleura solea
Chodatella subsaTsa Staurastrum tetracerum urireila gvata
- Chodatella sp. . Staurastrum sp. : urirella sp.
Closteriopsis langissima : ChTorophyta unid. BaciiTariophyta-Pennate unid.
. Tlosteriopsis Sp. Euglenophyta . Rhodophyta-Florideophycidae
y - ' CoeTastrum cambricum Euglenales . Nemalionales
.- Coelastrum micraperum Euglena sp. Batrachosgemmn sp.
. Toelastrum sp. Phacus sp. . Pyrrhophyta-Dinophyceae
: : Trucigenia apiculata Xanthophyta Gynﬁmodig:ales
rucigenia quadrata Heterococcales ymodinium fuscum
e ruc genE_ rectanqularis Peroniella-sp. mnodinium helveticum
.. Crucigenia tetrapedia Heterococcales unid. . BGymnodinium sp.
PO Crucigenia sp. Rhizochloridales Per1§1na|es
cellula sp. Stipitococcus sp. Ceratium hirundinella
Dictyosphaerium ehrenbergianum Chrysopgyta ’ PerTdinium aciculiferum
i Dictyosphaerium pulchellum Chrysomonadatles Peridinium gatunense
hand Dictyosphaerium sp. Lhrysochromulina parva Peridinium gymnodinium
.. Franceia druescheri Chrysochromulina sp. Peridinium inconspicuum
. France 12 sp. 5_i_l‘ﬁrsnct)ccus sp. eridinium sp.
i Golenkinia radiata nobryon cyliadricum Pyrrhophyta-Dinophyceae unid.
— BoTenkinia sp. Tnobryon divergens Cryptophyta
'y rschnerfella contorta inobryon sertularia Cryptomonadales
F rschneriefla Tunaris Dinobryon sociale Chroomonas sp.
rschneriella chesa Dinobryon sp. Cryptomonas erosa
rschneriella subsolitaria Keph *on sp. Cryptomonas marssonii
Kirschneriella sp. ’ Mallamonas tonsurata Cryptomonas ovata
cractinium pusillum Mallamonas sp. . Cryptomonas sp.
licractinium Sp. Synura uvella Cyangimonas sp.
Oocystis borgei Synura sp. Rhodomonas lens
, Oocystis novae-semliae Chrysomonadales unfd. Rhodomonas minuta
Docystis sp. Rhizochrysidales Rhodomonas sp.

Paradoxia multiseta
ediastrum biradiatum
Ped{astrum boryanum
Pediastrum dy iex
edastrum simplex

Pediastrum tetras
lastrum tetras
ediastrum sp.

9]

Lagynion sp.

Rhizochrysis sp.
IsochrysidaYes

Isochrysidales unid.
Monosigales

Stelexomona dichotoma
Chrysophyta unid.

Cryptomonales unid.
Cryptophyta unid.

Alga unid.

A-1

sclence services division



1_"hw
S

MONTHLY RANGE

UOISIAIP SOO|A108 SDUS |08

D ——

% STANDARD ERRCR .
%% MEAMS ARE FOR SURFACE SAMPLES ONLY; CONTROL REPRESENTS

; APR MAY
! DEPTH  TRAN-

'CONTOUR SECT MEAN S.E.% MEAN S.E.
10 NMPK 761.5 587.7 780.4 780.4
NMPP 0.0 0.0 0.0 0.0
FITZ 0.0 0.0 667.1 667.1
NMPE 0.0 0.0 1841.6 1685.4
CONTOUR MEAN 190.4 150.4 822.3 380.9
20 NMPI 0.0 6.0 1418.5 780.9
NMPP 0.0 0.0 2788.1  1689.4
FITZ 0.0 0.0 640.6 640.4
NMPE 11.8 11.8 0.0 0.0
CONTOUR MEAN 3.0 3.0 1211.7 600.2
40 NMPW 41.0 41.0 392.5 327.6
NMPP 22.9 22.9 966.2 707.7
FITZ 0.0 9.0 30.3 30.3
NMPE 0.0 0.0 0.0 0.0
" CONTOUR MEAN 16.0 9.9 342.3 220.2
41% NMPE 502 0.0 0.0 1282.6 1282.6
257 0.0 0.0 10.1 10.1
.17 58.4 58.6 0.0 0.0
60 NMPW 0.0 0.0 289.8 . 106.9
NMPP 0.0 0.0 6.0 0.0
FITZ 11.0 11.0 667.5 310.0
NMPE 31.6 31.6 134.9 134.9
CONTOUR MEAN 10.7 7.4 273.1  144.2
?CONTROL MEANX** 105.7 93.8 607.2 243.5
D EXP. MEAN:* - 4,2 3.0 717.4 323.3
- MONTHLY MEAN 55.0 47.2 662.3 196.0

0.0- 761.5 0.0- 2788.1

Table A-2 (Page 1 of 2)

Abundance - (Cells/mg) of Phytoplankton in Whole Water Collections,
Nine Mile Point Vicinity, 1978

Cyanophyta
JUN
MEAN S.E.
1002.6 894.5
777.4 777.4
264.9 264.9
37.6 37.6
520.6 223.0
821.4 385.4
2158.2  2158.2
1624.1 168.1
T 91.9 91.9
1123.9  435.4
205.7 205.7
957.0 502.8
128.9 62.4
0.0 0.0
322.9 215.6
418.4 418.4
1571.0  1571.0
940.3  940.3
866.1 401.0
238.3 143.2
177.3 84.2
1149.7  507.4%
607.4 238.3
521.6 170.3"
765.8 256.7
643.7 152.1
0.0- 2158.2

NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ
# 40-FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS

» ot "o

et
l .

=

T

A aansed e e

.

R

it

S| PSR

- o e o o ey e o e 7 e e i o = o

JuL AUS SEP

MEAN S.E. MEAN S.E. MEAN S.E.
3587.7 2321.4% 2562.7 811.0 0.0 0.0
42.9 42.9 2236.9  1069.8 378.8  378.8
119.4 26.9 5070.7  102.3 217.9  191.3
1109.2  513.3 1276.8  920.5 87466.9 87.7
1214.8  527.4 -  2786.8  808.7 2335.9  2138.4
326.1 . 326.1 1370.0  1276.6 240.7 37.1
0.0 8.0 7970.6  5036.5 3723.0 1713.5
366.9  346.9 1003.5  657.4 1213.5 1213.5
0.0 0.0 13.4 13.4 19.9 19.9
168.3 97.2 2589.4  1816.5 1299.3  848.5
49.0 49.0 1731.5  356.1 95.0 39.9
0.0 0.0 1077.9 7.3 77.0 77.90
0.0 0.0 568.3  568.3 156.7 5.5
91.7 91.7 303.6  263.7 453.0  G53.0
35.2 22.1 $20.3  314.6 194.9 87.6
91.7 91.7 303.4  2643.7 59.0 59.0
260.8  260.8 284.5  258.5 171.5 27.5
13.3 13.3 616.5  618.5 32.4 32.6
126.6  126.6  16965.1 15486.8 219.8 62.0
1922.6 917.0 1466.3 791.5 490.1 135.0
174.8  174.8 626.2  372.4 3880.4  3740.3
15.7 15.7 488.0  428.3 76.7 3.8
559.4  455.6 4885,9 4032.2 1166.3  908.8
663.0 43_7.5 3088.9 2004.0 1231.3 1074.9
3125.8  232.0 2502.3  937.2 1266.9  567.1
494.4  243.1 2795.6  1071.3 1249.1  587.1

0.0~ 3587.7 13.4-16965.1 0.0~ 8746.9
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Table A-2 (Page 2 of 2)

*%* MEANS ARE FOR SURFACE S

AMPLES ONLY; CONTROL REPRESENTS
NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ
# 4O0-FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS

Cyanophyta .
ocT NOV DEC
DEPTH  TRAN-

CONTOUR  SECT MEAN S.E.% MEAN S.E. MEAN S.E.
10 NMPK  3196.7  120.7 1996.8 1996.8 563.6 46.3
NMPP 7333.8  1569.1 4G2.0  4642.0 236.7  234,7
FITz  1316.3  1119.7 354.5  190.1 925.8  925.8
NMPE 753.7 . 355.8 276.0  275.0 0.0 0.0
CONTOUR MEAN  3150.2  1489.2 767.3  411.2 431.0  201.4
20 NMPH  5157.7 5043.5 1370.4 1197.4 40.7 40.7
NMFP  4677.8 1439.0  15065.0 14532.5 1028.9  775.9
FITZ  2873.6 2572.3 2188.9 2188.9 109.2 9.7
NMPE  5535.8 4232.4. 1570.0 1570.0 78.9 78.9
CONTOUR MEAN  4561.5  589.4 5048.6 3343.3 314.4  238.6
40 NMPW - 2634.9  1169.4 907.7  $07.7 192.6 165.6
NMPR  1377.5  1377.5 252.2 252.2 1643.8  163.8
FITZ  2035.3 82.9 3792.4  2326.4 1796.9  652.5
NMPE 0.0 0.0 1673.¢  186.1 527.8  527.8
CONTOUR MEAN  1461.9  533.8 1606.4  770.2 665.3  386.7
41#  NMPE 502 0.0 0.0 1473.4  1864.1 . 527.86  527.8
2521248.5  908.8 1473.4  184.1 527.8  527.8
176123.6  2258.9 0.0 0.0 1!m.5 1.8
60 NMPH  1585.4  1565.4 1326.0 1324.0 350.0  301.1
: NMPP 330.7 - 74.7 926.1  926.1 173.4 64.8
FITZ 287.5  265.4 169.4  169.4 17.6 17.6
NMPE 739.6  674.7 . 1443.4  1443.4 381.5  381.5
CONTOUR MEAN 730.8  296.3 95,7  287.5 230.6 84.5
'CONTROL MEAN®**®  2423.1  731.9 1295.2  186.1 266.9 77.8
EXP. MEANN 2529.1  852.7 2598.8 1793.7 553.8  224.0
HONTHLY MEAN 2476.1  543.0 2097.0  895.1 410.3  120.4

MONTHLY RANSE 0.0- 7333.8 0.0-15065.0 0.0~ 1796.9

% STANDARD ERROR .
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Table A-3 (Page 1 of 2) - o s
Abundance (Cells/m&) of Phytoplankton in Whole Water Collections,

Nine Mile point Vic1nlty, 1978
Chlorophyta
APR MAY JUN JuL AUG SEP
DEPTH  TRAN-
CONTOUR  SECT MEAN S.E.% MEAN S.E. MEAN S.E. MEAN = S.E. MEAN S.E. MEAN S.E.
10 NMPUW 378.8 152.9 3837.1 2015.8 1747.0 147.5°  1116.5  522.8 1278.8  104.5 811.5 152.6
NMEP 136.5 19.5 1207.7  567.9  464.8  186.6 . 23.8 23.8 1707.9  109.8 59.7 5.2
FITZ 133.7 20.1 1007.7 68.3 800.4  231.7 454.2 90.8 13%8.9 40.8 %4.8 1.8
NMPE 77.5 15.0 1000.2 167.9 1187.9  159.4 367.8 17.2 1538.1 837.3 657.1 2593.8
CONTOUR MEAN 181.6 67.1 1763.2  693.0 1050.0 275.3 485.6 229.4 1480.9 92.4 405.8  192.4
20 NMPW 125.1 53.5 589.8  210.1 1013.8  212.4 1036.6 240.9 478.1 338.5 588.6 192.0
NMPP 67.9 58.4 2405.9  511.7 2067.5  467.2 236.2 . 33,7 2789.2 358.2 878.0 125.2
FITZ 75.5 30.0 1557.0 153.5 1298.2 41.6 448.2 240.0 1216.4 387.7 303.1 133.8
NMPE 29.9 26.9 548.4 64.5 1440.4  300.6 99.0 17.7 1345.3  1027.5 396.9  188.0
CONTOUR MEAN 74.6 19.6 1275:3 463.1 1455.0 222.6 455.0 206.7 1457.2  483.3 541.6 126.9
40 N4oR 25.8 13.2 286.0 46.5 167.6 123.9 421.5  205.4 1347.2 74.9 66.7 6.0
NMPP 27.6 10.4 820.8 338.9 958.0  525.5 238.3 53.6 791.7  490.8 496.6 119.0
FITZ 116.1 31.5 33.4 15.8 796.2 277.2 59.8 21.6 3210.2  590.9 163.9  136.4
NHPE 102.1 33.2 117.6 4.7 662.4 77.2 162.5 36.0 501.4  192.0 502.2 75.7
CONTOUR MEAN 67.9 26.0 313.9  176.8 6G6.1 170.6 220.5 76.3 1462.6  608.4 307.4  112.7
1%  NMPE 507 102.1 33.2 187.3 59.0 316.3  256.6 162.5 36.0 501.4 192.0 217.6 208.6
257 28.0 6.0 . 77.2 16.8 147.1 63.6 161.6 64.8 559.8  382.0 90.4 57.6
1% 36.5 21.9 199.0 42.7 627.9  262.9 186.3 84.1 689.5 182.0 357.9  195.7
60 HAPUW 134.7 40.7 85.1 52.0 150.3 16.0 285.6  122.1 1731.8  704.4 322.6 121.3
NMPP 33.1 3.5 140.6 80.2 402.8  284.1 $54.1 181.6 1218.7 706.9 ¢08.1 26.0
FITZ 55.0  31.8 38.1 12.1 411.9  255.0 66.1 19.5 1120.7  389.9 252.6 135.8
NHPE 28.5 15.9 88.% 4.4 1048.6 56.2 269.7 36.0 1327.8  1062.8 153.0 7.5
CONTOUR MEAN 62.8 24.7 88.0 21.0 503.4  191.6 328.9 . 131.6 1349.7  13%.2 2586.1 54.0
CONTROL MEAN»X* 112.8 41.0 £18.8  445.6 927.2  201.6 467.4  137.7 1193.5 162.1 437.3 89.5
EXP. MEAN®x 80.7 15.3 501.4  295.3 980.0 199.1 277.6 83.8 1681.7  304.2 332.1 9.2
MONTHLY MEAN 96.7 21.6 850.1 258.4 313.6 136.9 372.5 81.7 1637.6 173.0 3864.7 64.2
HONTHLY RANSGE 25.8- 1378.8 33.4- 3837.1 147.1- 2067.5 23.8- 1116.5 478.1~ 3210.2 59.7- 878.0
% STANDARD ERRCR
%% MEANS ARE FOR SURFACE SAMPLES ONLY; CONTROL REPRESENTS
NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ '
# GO-FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS
M o I, e o e by mvsan
U S S R

- « - P e csiad .
f v . . . - - X ! J —— [e——;
[S—— -_,,.__.J" P .,_._J-ﬁ» [ \ . — g S ——— —




S-v

UOISIAIP SOD(AIOS BOUBIOE

frtadicn i Y oy N

emmd

Table A-3 (Page 2 of 2)

Chlorophyta
ocT Nov DEC
DEPTH  TRAN-

CONTOUR SECT MEAN S.E.% MEAN S.E. MEAN S.E.
10 NMPW © 1769.5 1610.2 612.9  255.3 224.9 3.9
KMPR 584.6  141.5 988.1  582.0 209.3 82.0
FITZ 261.0 105.5 409.3 30.4 407.5 155.2
NMPE 564.86  350.4 357.8  195.1 151.1 8.1
CONTOUR MEAN 765.0 333.2 592.0 143.1 248.2 55.4
20 RPW 263.6 10.6 842.3  626.1 525.8  288.7
NMPP 407.0 40.2 1277.3 - 976.0 92.9 0.8
FITZ 795.2 - 439.2 478.8  152.6 150.0 41.8
NMPE  1323.5  918.0 377.2  112.1 385.6 22.4
CONTOUR MEAN 697.3  237.0 743.9  203.9 '288.5  101.3
40 - NMPW 316.1 118.0 593.8 432.3 2649.8 11.0
NMPP 867.8 5.0 690.0 49.7 247.8 97.1
FITZ  1c22.3  355.7 473.0  269.1 315.3 25.4
NMPE 547.6 84.4 980.3  269.9 154.9 29.7
CONTOUR MEAN 693.5  160.6 684.3  108.2 2641.9.  33.0
41%  NMPE 50X 547.6 86.4 980.3  269.9 156.9 29.7
252 421.3 73.4 980.3  269.9 154.9 29.7
1% 811.1  413.7 1888.6  1225.6 165.9 21.6
60 NMPUW $48.8 235.0 752.4% 9.9 197.7 91.7
NMPP 255.2  136.3 493.2  180.3 219.2 1.9
FITZ 659.9 6.9 315.7  315.7 409.8 88.8
NMPE 486.4  153.4 1660.5  319.2 214.0  1l6.1
CONTOUR MEAN 460.3. 80.8 805.5 298.8 260.2 50.1
CONTROL MEANXX  740.0 -  186.5 772.1  147.8 263.0 45.6
EXP. MEANx: 583.0  102.7 640.7  116.8 256.5 40.4
MONTHLY MEAN 661.5 104.8 706.4 92.5 259.7 29.5

MONTHLY RANGE  255.2- 1769.5

* STANDARD ERROR

315.7- 1888.6

92.9- 525.8

%% MEANS ARE FOR SURFACE SAMPLES ONLY; CONTROL REPRESENTS
~ NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ
# 4O-FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS




‘Table A-4 (Page 1 of 2)

Abundance (Cells/m%) of Phytoplankton in Whole Water Collectioms,
Nine Mile Point Vicinity, 1978
Bacillariophyta-Centric
: APR MAY JUN JUL AUG SEP
DEPTH  TRAN~- :
CONTOUR SECT MEAN S.E.% MEAN $.E. MEAN S.E. MEAN S.E. MEAN S.E. MEAN S.E.
10 NMPW  2370.8  129.2 4381.0  1147.9 914.9 93.1 330.6  259.2 40.3 4.6 175.4 23.5
NMPP 398.1 18.0 1546.1  221.3 672.1 79.7 82.9 15.1 89.4 50.7 0.0 0.0
FITZ 736.8 12.5 1167.3 44.5 544.1 72.7 23.64 23.4 4.1 3.2 0.0 0.0
NMPE 501.8 84.1 450.9 60.2 822.7  135.3 149.2 89.6 0.0 0.0 0.0 0.0
CONTOUR MEAN  1001.9  461.8 1886.8  861.9 738.5 81.9 146.5 66.5 35.9 19.7 43.9 43.9
20 NMPW  1098.7  187.1 1371.7  685.6 970.3 9.3  12.7 1.4 28.0 22.2 127.3  127.3
NMPP 179.2 - 10.2 1500.8  184.3 1246.7  622.2 7.8 7.8 15.8 15.8 0.0 0.0
FITZ 651.1  237.7 1729.6 35.3 1213.4  501.6 40.3 8.3 13.0 13.0 134.8 21.5
NMPE 357.5 49.7 486.9 68.6 815.0 98.1 . 0.0 0.0 51.3 51.3 49.2 49.2-
CONTOUR MEAN  571.6  200.8 . 1271.7  272.5 1061.4  102.6 15.2 8.8 27.0 8.7 77.8 32.4
’>_ .
o 40 NMPU 139.8 0.9 . 533.2 88.3 391.3 82.7 3726 21.4 5.3 5.3 38.6 38.6
NMPP 146.9 43.4 940.9 68.4 378.5  16l1.4 18.7 5.5 19.7 19.7 50.0 63.9
FITZ 568.1  110.3 60.9 6.9 204.6 33.3 144.0 86.6 0.0 0.0 76.7 76.7
NMPE 469.3 13.2 156.9 0.9 129.8 13.0 51.7 36.8 0.0 0.0 37.1 37.1
CONTOUR MEAN 331.0 ~ 110.2  423.0 - 200.5 276.0 84.7 63.0 27.9 6.3 4.7 60.6 13.4
41%  NMPE 507 469.3 13.2 238.6 46.2 421.7  421.7 51.7 6.8 0.0 0.0 0.0 0.0
257 291.3 83.6 139.3 4.3 168.3 49.7 77.4 38.5 0.0 0.0 4.0 4.0
1% 272.3 60.6 233.8 64.6 281.6 - 127.2 102.6 35.3 14.1 14.1 0.0 0.0
o
Hy 6U NMPU 376.3  128.1 - 135.4 31.8 240.9  128.9 14.8 8.5 36.1 12.1 0.0 0.0
3 NMPP 198.8 49.64 120.6 11.9 272.6 39.0 25.1 7.5 22.1 9.1 122.7  103.0
o FITZ 203,90 96.9 41.2 27.8 182.1  101.7 14.3 2.4 66.5 25.0 16.2 16.2
® NMPE 231.6 65.2 74.1 21.2 675.0  142.1 0.0 0.0 7.5 7.5 9.3 2.2
’ N . -
5 CONTOUR MEAN 252.4 41.9 92.8 21.6 3¢2.7  112.4 14.5 5.9 33.0 12.6 37.1 28.7
'8 'CONTROL MEAN®X  693.2  260.4 -  948.5  511.4 620.0  114.0 74.5 40.4 21.1 7.2 54.6 22.6
® EXP. MEAN%# 385.3 84.0 888.7  253.2 589.3  151.7 45.0 16.4 30.1 10.9 55.0 20.4
a MONTHLY MEAN 539.2  138.0 918.6  275.8 604.6 91.8 59.8 21.4 25.6 6.4 54.8 164.7
< MONTHLY RANGE  139.8~ 2370.8 41.2- 4381.0 129.8- 1246.7 0.0- 330.6 0.0- 89.4 0.0- 175.4
e ¥ STANDARD ERROR :
g %% MEANS ARE FCR SURFACE SAMPLES ONLY: CONTROL REPRESENTS
) _ NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ
‘ #  40-FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS
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Table A-4 (Page 2 of 2)

Bacillariophyta-Centric

ocT NOV
DEPTH  TRAN- .

CONTQUR SECT MEAN S.E.% MEAN S.E. MEAN
10 NMPK 6.0 0.0 176.8  178.8 278.8
NHPP 9.8 9.8 83.2 41.1 159.0

FITZ 4.5 4.5 236.8  236.8 260.5

NMPE 5.3 5.3 361.4  233.0 423.8

' CONTOUR MEAN 4.9 2.0 215.1 58.2 280.5
20 - NMPM 0.0 0.0 180.5  180.5 277.7
NMPP 0.0 0.0 19.7 19.7 191.3

FITZ 31.2 23.3 1529.9 - 182.8 279.9

NMPE 0.0 0.0 428.2 61.2 489.6

CONTOUR MEAN - 7.8 7.8 539.6  340.6 309.6
40 . NMPR 0.0 0.0 547.6  478.4 316.6
NMPR 0.0 0.0 215.7  133.5 267.4

FITZ 0.0 0.0 836.0  305.8 498.4

NMPE 26.3 1.2 625.1 36.1 781.0

CONTOUR MEAN 7.1 7.1 556.8  128.9 460.9
41#  NMPE 507 28.3  11.2 628.1  36.1 761.0
252 2.7 2.7 628.1 36.1 781.0

17 0.0 0.0 498.1  238.6 186.5

60 NMPW 0.0 0.0 0.0 - 0.0 291.4
NHEP 0.0 0.0 408.2  239.8 178.2

FITZ 5.6 5.6 399.9  399.9 159.8

NMPE 0.0 0.0 T21.7 21.7 211.2

CONTOUR MEAN 1.4 1.4 207.5  113.6 210.1
'CONTROL MEAN%x 4.2 3.5 293.3 82.9 383.8
EXP. MEAN¥® 6.4 3.8 466.2  176.1  246.8
MONTHLY MEAN 5.3 2.5 379.7 9.7 315.3

MONTHLY RANGE 0.0- 31.2 0.0- 1529.9 159.0-

¥ STANDARD ERROR
%% MEANS ARE FCR SURFACE SAMPLES ONLY; CONTROL REPRESENTS

NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ
# 40~FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION L

169.3
59.2
8.5
18.7

63.4

16.6
10.5
2.5
206.5

119.1

206.5
206.5
60.0

36.9
8.1
112.8
45.7

29.1
64.9
39.6

40.7
781.0

EVELS
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Table A-5 (Page 1 of 2) - -

(Cells/mi) of Phytoplankton in Whole Water Coilections,
Nine Mile Point Vicinity, 1978

Bacillariophyta-Pennate
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Abundance
APR
DEPTH  TRAN-
CONTOUR  SECT MEAN S.E.%
10 NHPW 706.0  110.7
NMPP 192.5 84.9
FITZ 50.7 16.1
NHPE 103.1  103.1
CONTOUR MEAN 263.0  150.5
20 NMPM 101.5 57.2
NMPP 46.0 21.9
FITZ 13.3 0.3
NMPE 12.6 8.1
CONTOUR MEAN 43.4 20.9
40 NMPW 3.8 0.1
NMPR 1.4 1.4
FITZ 26.6 5.5
NMPE 28.5 77.0
CONTOUR MEAN 30.1 29,3
418  'NMPE 507 88.5 77.0
257 44.2 36.7
17 16.1 7.3
60 NMPI 0.0 0.0
NMPP 11.6 11.6
FITZ 4.9 6.9
NMPE 33.7 30.1
CONTOUR MEAN 12.5 7.4
'CONTROL MEAN®%  131.1 83.5
EXP. MEANN¥ 43.6 22.2
MONTHLY MEAM 87.3 63.3
MONTHLY RANGE 0.6- 706.0

* STANDARD ERROR
*¥% MEANS ARE FOR SURFACE SAMPLES ONLY; CONTROL REPRESENTS
NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ

s

% GO~FT SAMPLES C

—

[,

MAY JUN

MEAN S.E. MEAN S.E.
5773.0  354.9 434.9 67.3
1648.5 24.0 688.3 350.8
1243.9 115.2 487.0 99,0
1260.5 294.6 793.7 4850.1
2481.4  1101.2 601.0 84.3
1530.3 972.7 1180.7 238.2
2383.8  815.4 797.6 157.5
1543.6 468.1 426.8 148.8
402.2 102.1 1659.3 859.1
1465.0 406.6 1015.6 264.3
855.4 258.5 401,3 133.9
1293.2 " 21.8 604.5 239.0
91.8 8.8 275.2 18%.4
201.4 2.3 1291.2 51.8
609.7 . 282.6 643.0 226.4
391.3 95.0 673.4 472.6
204.9 73.5 1812.5 %26.6
507.3 102.2 413.7 162.3
- 224.2 56.7 739.5 272.6
247.6 73.6 §91.5 283.2
46.0 20.5 838.0 264.1
107.2 52.0 1235.6 72.8
156.2 47.9 926.2 107.9
1294.2 666.2 967.0 157.4
1061.9 300.2 625.9 77.0
1178.1 354.2 796 .4 95.4

46.0- 5773.0

OLLECTED AT VARIOUS LI
gt PR fu” -j

EHT PE

eI

[

NETR

275.2~ 1812.5

ATION LEVELS

——

e

AUS
MEAN S.E
16.4 5.2
19.3 19.3
4.5 4.5
102.8 83.9
35.8 22.6
0.0 0.0
15.6 6.2
20.8 20.8
5.4 6.%
10.7 4.6
0.0 6.0
88.8 88.8
162.8 162.8
0.0 0.9
62.9 39.3
0.0 0.0
0.0 0.0
0.0 0.0
16.0 8.0
13.0 13.0
3.1 3.1
0.0 0.0
8.0 3.8
17.7 12.4
41.0 15.9
29.3 11.7
0.0- 1l62.8
-

SEP

MEAN S.E
13.1 0.7
2.4 2.4
9.3 9.3
0.0 0.0
6.2 3.0
452.4 73.6
23.7 8.7
6.5 6.5
165.9 36.6
162.1 103.2
0.0 0.0
6.0 0.0
170.0 161.5
22.1 22.1
48.0 41.0
7.9 7.9
0.0 0.0
0.6 0.6
163.8 104.6
38.3 20.9
8.1 8.1
25.0 25.0
58.8 35.5
105.3 5.4
32.3 20.2
68.8 30.0

0.0~ 4&32.4
e o, 4: Fovame

P [, [N




UOIS|AIP S9D)AI08 90UB|OS

DEPTH  TRAN-
CONTOUR  SECT
10 NMPW
NI4PP

FITZ

NMPE

~ CONTQUR MEAN

20 NMPY
NMPP
FITZ
NMPE

CONTOUR MEAN
40 NMPW
NMPP
FITZ
NMPE

CONTOUR MEAN

G1% NMPE 50%

60 NMPR
NHMPP
FITZ
NHPE

CONTOUR MEAN

CONTROL MEAN%*
EXP. MEAN
MONTHLY MEAN
MONTHLY RANGE

257
%

Table A-5. (Page 2 of 2)

Bacillariophyta-Pennate

156.3
166.7

.179.1

147.6

162.4

32.9
64.0
450.8
682.0

©307.4

682.0
84.5
68.0

591.2
166.5
116.4
530.8

351.2

284.9
171.3
228.1
4.3~

% STANDARD ERROR

*3# MEANS ARE FCR SURFACE

ocY

156.3
152.9
102.2
134.5

6.8

32.9
11.4
265.9
668.2

156.9

95.7

42.2

52.6
€82.0

NOV
MEAN S.E.
21.7 21.7

233.3  238.3
52.9 29:3
15.6 15.6
82.1 52.7
21.6 21.6

0.0 0.0
42.1 42.1
210.0 6.1
68.4 48.0
0.0 0.0
276.2  111.8
0.0 0.0

136.7  136.7

103.2 66.1

136.7  136.7

136.7  136.7
18.4 18.64

260.8  260.8
22.3 22.3

357.86  357.8

0.0 0.9

160.2 88.4
83.3 37.0°

123.7 50.7

103.5 30.7

0.0- 357.8

DEC

MEAN S.E.
108.1 5.4
184.2 25.3
194.2 3.6
302.3 140.5
197.2 40.0
177.2 - 65.4
143.9 5.2
199.2 165.2
269.7 188.1
197.5 26.6
417.3 124.8
386.9 323.9
133.0 31.8
318.9 16.5
314.0 63.7
318.9 16.5
318.9 16.5
126.8 93.0
68.1 27.7
138.1 37.2
$0.8 69.2
253.6 105.7
142.6 38.7
241.9 39.4
183.8 31.8
2l2.8 25.6

88.1- 417.3

'SAMPLES ONLY; CONTROL REPRESENTS

-NMPW & NMPE, EXPERIMENTAL REPRESENTS NMPP & FITZ
# GO-FY SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS




vTable'A-64(Page 1 of 2). 

Abundance (Cells/mf) of Phytoplankton in Whole Water Collectionms,
' Nine Mile Point Vicinity, 1978
Cryptophyta
AFR MAY JUN JuL : AUG SEP
DEPTH  TRAN- :
CONTOUR SECT MEAN S.E.* . MEAN S.E. MEAN 5.E. MEAN S.E. MEAN S.E. HEAN S.E
10 NMPI 200.5 37.6 651.1  246.3 299.7 35.6 207.6  122.0 201.5 42.5 64.9 9.7
NMPP 176.4 37.7 283.3 7.7 164.1 24.4 262.0 95.5 160.2 24.8 36.7 20.5
FITZ 195.9 53.9 252.2 75.2 7.1 58.7 149.2 22.1 459.8 48.0 92.0 71.6
NMPE 254.7 4.1 334.7 9.0 254.2 44.4 _ 579.3  314.5 601.7  118.1 1%0.2  122.7
CONTOUR MEAN 206.9 - 16.8 381.6 91.4 197.3 50.6 299.6 96.1 355.8  105.4 96.0 33.4
20 NHPW 260,2  122.9 622.4  152.3 271.2 1.3 141.3 6.3 202.0  178.1 93.0 17.3
NMPP 69.8 24.9 225.8 9.1 175.5 14.8 71.4 2.9 361.1  114.0 140.9 20.9
FITZ 139.5 - 58.1 210.9  123.2 190.3 43.8 362.3  316.3 510.6 69.4 64,9 0.2
NMPE 130.5 0.3 156.2 51.9 192.3 8.4 103.9 1.8 561.8  413.0 47,1 100.3
CONTOUR MEAN 145.0 35.3 303.8  107.2 207.3 21.6 169.7 65.8 416.4 79.9 111.5 19.7
¥
5 40 NHPiW 138.6 34.4 396.2 13.5 99.4 12.0 53.4 5.4 284.9 26.0 0.0 0.0
NP 128.1 5.1 439.2 74.6 302.8 | 108.1 183.8 58.4 452.5 86.2 85.2 7.1
FITZ 217.6 70.0 48.7 3.2 390.1 89.5 122.2 84.0 532.7  222.0 20.7 20.7
MPE 297.5 77.0 172.4 7.2 325,5 21.0 188.3 20.6 347.9 80.3 185.1 74.6
CONTOUR MEAN 165.5 39.4 264.1 92.6 279.4 62.8 136.9°  31.7 404.5 55.0 " 72.8 41.6
41%  NHPE 507 297.5 77.0 280.2 43,0 290.8  21l.2 '188.3 20.6 347.9 80.3 9.4 77.3
257 161.9 12.8 76.2 9.1 309.8 10.1 262.3 59.5 461.1  115.9 31.9 7.9
n 17 118.6 35.3 326.6  113.9 364.9  113.5 283.0  190.6 698.1  342.1 9.1 9.1
8 .
e 60 NMPW 172.9 - 4l.4 158.9 56.7 335.6  131.5 167.5 23.2. 305.5  127.8 56.3 2.4
3
4 EMPP 211.5 58.6 45,2 23.8 232.5 85.4 220.8 15.4 665.1  363.3 164.6 26.4
1 FITZ 70.6 45.8 51.1 14.8 303.0 33.5 79.7 26.2 477.2  163.7 68.6 60.8
® NAPE 172.8 51.4 162.5 15.1 429.1 8.0 290.8  141.3 424.6 33.6 91.5 56.9
$ 4 ,
b CONTOUR MZAN 157.0  36.2 161.9  40.8 325.1 40.8 189.7 44.5 473.1 79.3 105.2 20.7
§' _
o CONTROL MEANN¥  201.0 20.8 335.6 72.7 275.9 35.0 216.5 57.5 366.2 53.8 108.5 22.5
a EXP. NEAN®% 151.2 20.9 220.2 44.8 228.7 = 35.5 181.4 4.8 458.6 52.4 84.2 17.2
T MONTHLY MEAN 176.1 15.6 277.9 43.8 252.3 26.8 199.0 32.8 . 412.4 38.2 - 96.4 14.0
5 MONTHLY RANGE  69.8~ 297.5 48.7- 651.1 71.1- 429.1 53.4- 579.3 160.2- 698.1 0.0~ 190.2
) % STANDARD ERROR .
3 %% MEANS ARE FOR SURFACE SAMPLES ONLY; CONTROL REPRESENTS
"NMPW & NMPE, EXPERIMENTAL REFRESENTS NMPP & FITZ
% 40-FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS
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TI-V

DEPTH  TRAN-
CONTOUR SECT
10 NMPR
MPP

FITZ

NMFE

CONTOUR MEAN

20 NMEW
NMPP
FITZ
NMPE

CONTOUR MEAN

40 NMPW

NMFP

FITZ.

. NMPE.

CONTOUR MEAN

G1%  NMPE
60 NMPW
NMPP
FITZ
NMPE

CONTOUR MEAN

CONTROL HEANX*
EXP. MEAN¥#
MONTHLY MEAN
MONTHLY RANGE

507

439.8
283.4
265.0

498.8
143.9
276.2
234.4

288.3
452.1

345.8
398.9

143,9-

* STANDARD ERROR
- %% MEANS ARE FOR SURFACE SAMPLES ONLY; -CONTROL REPRESENTS
NMEN & NMPE,

# 4GO~FT SAMPLES COLLECTED AT VARIOUS LIGHT PENETRATION LEVELS

839.

NOV

Cryptophyta
S.E.* MEAN
84%.4 1489.4

130.3 2478.0
27.3 770.5
120.9 1232.7
18.8 1492.7
197.4 2573.5
130.1 1757.2
217.% 2450.5
337.2 2314.2 -
111.6 2273.8
166.4 928.0
184.8 1378.1
151.5 1916.6
143.5 3314.9
27.5 1884.4
143.5 3314.9
53.3 3314.9
- 14.9 1744.5
176.8 2839.64
69.4 1775.7
76.4 1665.8
223.6 3269.6
75.4 2393.6
63.1 2047.7
39.2 1774.5
38.4 2011.1

6

Table A-6 (Page 2 of 2)

475.7
1025.0
664.4%
438.4

160.2

374.3
453.5
570.9
5%2.0

517.9
592.0

592.0
1017.9

972.1
796 .4

649.4 °

206.9
398.8
388.2

195.9
194.5

770.5- 3314.9

186.1
68.5
75.5

203.2

133.3

103.6

7.2
244.9
133.0

138.4

133.0
133.0
136.5

134.2
129.4

81.8
174.9

130.1

155.9

99.1

127.5
46.0-

EXPERIMENTAL REPRESENTS NMPP & FITZ

98.0
23.5
18.6
33.5

35.6

14.1
14.7
31.3
43.5

37.6

20.3

22.5

16.3
244.9
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‘Table A-7 (Page 1 of 2)

Abundance (Cells/mf) of Phytoplankton in Whole Water Collection,

Nine Mile Point Vicinity, 1978

Total Phytoplankton

Depth ' Por May Jun "l g Sep
Contour . .
(ft) Transect Mean S.E.* Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E.
10 VPN 4526.6  862.3  15979.3 1205.9  4943.2 1067.8  5364.9 1357.8  4223.4 1081.1  1088.1  128.4
NMPP 976.0  98.8 4727.3 7583  77.1 1141.8 485.8 - 128.9  4456.0 881.0  482.1  396.2
FITZ 1214.8  68.7 4620.2 238.9  2519.9  291.5 792.6 . 84.1  7041.2 5.5 - 464.5  204.3
NMPE 1013.5  186.5 5044.4 1018.8  3600.6  670.5  2285.3  339.7 - 3787.1 1906.9 9664.0  506.7
Contour mean 1932.7 866.2 7592.8 2797._0 3635.2 498.4 2232.2 1115.8 4876.9 734.6 2927.2  2250.4
: y ‘ . 582.1  326.9
20 KMPN 1836.5  685.3 5640.4 2843.8  5043.1  1490,8  1552.5 -s46.0  2078.1 1815.3 1
WPP  © 370.6 107.7  9707.1 3l0l.9  6948.]  335.1  380.3 137 119627 58628 4796.7  1869.5
FITZ 918.9 3.2 5766.6 222.8  5979.2  859.8 123.2 4.6 2178.0 1136.2  1786.1 1304.3
NMPE 551.6  60.3  1668.6 128.2  4807.5  1027.0  223.3 4.4  2312.8 1765.7 52813
Contour mean  919.4  326.3  5695.7 1641.1  5694.5  483.5  847.6 323.3  4787.9 24027 2237.1  B80.2
- 2220 4.1
40 NMPH 369.7 78.6 2526.9  571.4  3460.2 959.2 830.6  550.6  3402.7  438.7 . .
PP 3304 413 45040 2155 48929 10759 422 %64 0.6 10500 974" 4555
FITZ 983.8 . 188.6 285.2 7.9 2494.6  502.8 443.4  264.7 1?68' 3?“-5 Dos.o 3981
NMPE 1039.9 12.3 693.2 4.7  3726.4 353.4 662.4  150.6 68.6 5121 . .
Contour mean  683.2  190.2  2002.3  95.9  3643.5  493.4  607.1 8.1  3235.7 910.0  76A.2  232.0
gree MWE-S0X  1039.9 123 2592.2 1051.6  2737.4  1352.6  662.4 150.6  1168.6  512.1  388.8  242.6
-25¢ 540.3  126.5 538.7 91.2  4624.7 1727.2 868.1  275.1 1390.2  841.3 315.8 24,3
- 1% 516.5  175.6 1356.2  230.7 3746.9  1318.8  1450.7  166.6 2026.9 1150.0 459.8  166.5
60 NMPW 755.6 99,6 958.5 81.2 3967.1  1764.9 625.5 67.4  19106.5 16357.2 809,2 9.5
NNPP 4907 9.5 904.8  B82.7  2825.9  454.4  2903.9 1126.2  3528.4 1978.5 1251.0  224.9
FITZ 356.6  174.2 846.3  236.7 2559.7 236.8 351.6 194.6 2930.1 0.4 42540 3981.6
RWPE  514.0 - 165.4 593.9  199.5  5453.6 1126,4 . 678,1. 178.3  2355.1 1559.7  360.7  83.2
Contour mean 529.2 83.0 825.9 80.6  3701.6 ¢50.0  1139.8  592.4 6980.0 4049,3  1668.7  880.7
Control mean*+ 1325.9 485.3 4138.2 1825.3 4375.2 272.0 1527.8 594.3 4804.3 2073.4 1978.3  1109.8
Experimental mean** 706.4  124.6 3920.2 1119.3  3962.2  620.8  885.5 - 306.3  5136.0 1115.1 1821.3  @12.6
Monthly mean 1016.1  254.9  4029.2 1034.5 4168.7  331.7  1206.7 333.4  4970.1 1138.0 1899.8  612.6
Monthly range 339.4- 4526.6 285.2-15979.3 24946~ 6948. | 223.3-5364.9  1168.6-19106.5 222.1— 9664.0

*Standard error.

f’leans are for surface samples only; control represents NMPW and NMPE, experimental represents KMPP and FITZ.
**40-ft samples collected at various Vight pemetration levels.
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Table A-7 (Page 2 of 2)

Total Phytoplankton

Oct Nov De
Depth- : ¢
- Contour )
(ft) Transect Mean S.E.* Mean S.E. Mean S.E.
10 NP 5401.9 1650.5 4364.7 27111.0 1333.3 183.8
NMPP 8366.0 1886.6 4457.7 319.9 1019.7 428.1
- FITZ 2090.8 1014.6 1835.8 541.5 1989.7 1176.2
NMPE 1986.1 327.1 2243.5 109.2 1403.9 428.0
Contour Mean 4461.2 1524.2 3225.4 689.9 1436.7 202.4
20 NMPW 6106.3 5052.9 4988.3- - 2458.1  1474.3 486.3
Rmpp 5592.1  '1502.1 18273.9 16635.3 1687.6 922.0
FITZ2 4288.1 3363.5 6690. 2 2865.2 1119.7 150.8
urE 7847.5 5353.2 4899.5 1311.0 1559.7 337.7
Contour Mean 5958.5 736.8 8713.0 3213.5 1460.3 121.7
40 NP 3155.3 1461.9 3016.5 2232.2 1427.7 91.4
NMPP 2817.2 1635.4 2812.2 901.5 1212.2 293.2
FITZ 4037.5 803.6 7058.8 2891,2 3164.6 688.1
. NWPE 1716.3 714.9 6710.7 nez.3 2049.5 617.9
Contour Mean 2931.6 4759.9 4899,5  1149.1 1963.5 437.9
L) bl NMPE-50% 1716.3 714.9 6710.7 712.3 2049.5 617.9
<25% 2040.4 1116.7 6710.7 712.3 2049.5 617.9
« 1% 5251.0 2620.9 4168.0 67.7 1047.7 233.4
60 NMPY 3304,2  1891,1 5250.2  2573.4 1163.8 - 3727
NMPP 938.2 13.4 3629.5 1640.6 = 1032.0 61.9
FIT? 11377 196.7 2992.8 1637.6 814.1 145.4
NMPE 2036.3 1452.4 6503.3 1392.9 1396.2 399.)
" Contour Mean 1854.1 539.1 4594.0 793.3 1101.5 121.8
Control mean*** 3944.2 796.4 4747 .1 545.9 1476.1 91.4
Experimental mean#»+ . 3658.5 880.1 5968.9 1874.8 1505.0 273.7
Monthly mean 3801.3 574.4 5358.0 956, 2 1490.5 139.4
Monthly range 938.2- 8366.0 ., 1835._8— 18273.9 814.1— 3164.6

'Standard error.
&
40-ft samples collected at various light penetration levels.
k.

Means are for surface samples only; control represents NMPW and NMPE, experimental represents NMPP and FITZ.

.
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Table A-8 (Page 1 of 2) . :
Chlorophyll a Concentration (ug/%) in Whole Water Collectionms,

Nine Mile Point Vicinity, 1978
f . . . .
Depth Apr May Jun Jul Rug Sep
Contour B . .
(ft) Transect Mean S.E.* ‘Mean S.E, . Mean S.E. Mean S.E. Mean S.E. Mean S.E.
10 NMPW 6.45 0.12 14.77 0.41 12.32 1.21 3.83. 0.69 7.32 0.54 0.51 0.14
NMPP 2.82 0.10° 11.99 0.03 8.79 0.30 1.44 0.16 6.09 0.06 0.86 0.06
FITZ 3.48 0.00 . 2.95 0.00 10.41 2.5} 2.01 0.51 5.82 0.96 0.72 0.08
NMPE 5.37 2.21 6.76 0.19 11.57 4,25 4.36 0.52 3.58 0.80 1.20 . 0.03
Contour iean 4.53 0.84 9.12 2.64 10.77 0.77 2.84 0.67 5.70 0.78 0.82 0.14
20 NMPW 4,01 1.01 13.57 1.61 6.57 0.43 3,37 0.17 6.86 0.83 0.45 0.08
NMPP 2.76 0.12 12.18 1.82 14,07 0.88 1.26 0.30 4.49 0.70 0.64 0.11
FITZ 2.82 0.06 12.02 2.30 11.83 1.15 1.74 0.19 4.86 0.86 0.62 0.03
NMPE 2.68 0.32  8.28 0.70 16.00 - 2.81 2,27 0.03 4.03 1.15 1.04 0.24
Contour mean 3.07 0.32 1.8 1.3 12,12 2.04 ‘2.16 0.45 5.06 0.62 0.69 0.12
40 NMPN 2.486 0.06 14.85 8.92 7.53 1.18 2.70 0.14 6.38 0.19 0.56 0.03
NMpP 2.44 0.12 15.51 0.83 8.84 0.46 1.66 0.27 6.1 0.24 0.51 0.14
FITZ 2.68 0.16 10.08 1.09 7.53 1.76 1.63 0.51 4,04 0.30 0.24 0.14
NMPE 2.68 0.12 2.43 0.19 5.40 0.1 2.56 0.16 3.98 0.14 1.23 0.06
Contour mean 2.57 0.07 10.72 3.02 7.33 0.71 2.14 0.29 5.13 0.65 0.64 0.21
[ bt NMPE-50% 2.68 0.12 2.22 0.19 6.94 0.75 2.56 0.16 3.98 0.14 1,50 0.00
-25% 2.60 0.20 2.51 0.05 8.68 0.78 1.63 0.08 2.30 0.22 - 0.75 0.16
- 1% 2.48 0.36 2.51 o.n 7.9 0.06 2.24 0.16 2.70 0.14 0.48 0.05
60 NMPW 1.86 0.38 5.55 0.16 6.§2 0.43 1.77 c.11 5.26 0.24 0.56 0.08
NMPP 2.30 0.14 2.86 0.19 7.51 0.14 2.21 0.67 5,58 0.13 0.70 0.22
FITZ 1.36 1.20 2.81 0.14 6.30 0.64 1,98 0.16 3.10 0.96 0.59 0.16
NMPE 2.00 0.56 2.46 0.32 4.03 0.67 2.19 0.05 . 2.64 0.56 1.20 0.08
Contour mean 1.88 0.20 3.42 0.72 6.12 0.74 2.04 0.13 4.15 0.724 0.76 0.18
Control mean** ‘ 3.44 0.59 8.58 1.84 8.76 1.45 2.84 0.30 5.01 0.60 0.84 0.12
Experimental mean** ’ 2.58 0.21 8.80 1.81 9.41 0.91 1.74 0.12 5.01 0.38 0.61 0.06
Monthly mean 3.01 . 0.32 8.69 1.28 9.08 0.82 2.29 0.21 5.01 3.35 0.73 0.07
Monthly range 1.36 — 6.45 2.43- 15,51 4,03 — 16.00 1.26—4.36 2.64— 7.3 0,24 1.50
*Standard error. _ .
**Means are for surface samples only; control represents NMPW and NMPE, experimental represents NMPP and FITZ.
* **40-ft samples collected at various 11ght penetration levels.
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Depth
Contour

(ft)

20

40

e

Table A-8 (Page 2 of 2)

Transect

NMPW
NMPP -
FITZ
NMPE

Contour Mean

NPy
NMPP
FITZ
NMPE

Contour Mean

NMPW
NNPP
FITZ
NMPE

Contour Mean

NMPE-50%
-25%
- 12

NMPN
RMpPp
FITZ
NMPE

. Contour Mean

Control mean***
Experimental mean¥**
Monthly mean

Monthly range

.Standard error.

Chlorophyll a

Oct
Mean S.E.*
2.39 0.12
2.34 0.29
.3.03 0.18
3.75 0.19
2.88 0.33
2.82 0.08
1.72 0.50
1.99 0.64
1.27 1.17
1.95 0.33
2.3 0.93
2.55 0.24
2.39 1.24
2.16 0.40
2.35 0.08
2.16 0.40 -
1.03 0.93
3.16 0.40
2.53 0.13
1.95 0.16
2. 1.65
1.60 0.03
2.20 0.26
2.35 0.27
2,34 0.15
2.34 0.15
1.27-3.75

Nov

Mean S.E.
4.49 0.04
4:29 0.32
2.89 1.17
4,23 0.6
3.98 0.37
4.7 0.51
3.64 0.04
2.60 0.13
1.48 0.97
m 0.69
4.15 0.02
6.23 0.98
4.31 0.47
5.21 0.34
4,98 _0.48
5.21 0.34
5.21 0.34
2.97 0.31
5.03 1.06
2.75 2.59
5.29 1.03
3.86 0.37
4,23 0.58
4.15 0.41
4,00 0.46
4.07 0.30

1.48-6.23 *

A
40-ft samples collected at various Vight penetration levels,

hh ‘
Means are for surface samples only; control represents NMPW and NMPE, experimental represents NMPP and FITZ.

Dec
Mean S.E.
4.66 1.4
5.09 0.43
5.30 0.31
5.64 . 0.26
5.17 0.20
4.94 0.03
5.72 0.23
5.90 0.12
5.21 0.14
5.44 0.22
6.39 0.63
4,15 0.29
4,46 0.25
4.97 0.70
4.99 0.50
4,97 0.70
4.97 0.70
5.99 0.18
4.9 0.00
3.37 0,26
4.56 0.10
4.64 0.03
4,37 0.34
5.7 0,2}
4,82 0.30
4.98 0.18
3.37-6.39
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Table A-9 (Page 1 of 2)

Phaeophytin a Concentration (ug/2) in Whole Water Collections,

Nine Mile Point Vicinity, 1978

o .
Depth © Apr May Jun Jul Auq Sep
Contour
(ft) Transect Mean S.E.* Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E.
10 : NMPW . 0.20 0.10 4,90 0.05 2.09 1.99 2.77 0.36 1.47 0.46 0.24 0.14
NMPP <0.10 0.00 2.80 0.18 <0,10 0.00 . 0.86 0.4 1,99 0.10 0.12 0.02
FITZ - <0.10 0.00 0.53 0.07 2.717 2.67 1.00 0.21 1.55 0.91 0.16 0.03
NMPE 0.53 0.43 1.58 0.00 2.82 2.72 298 0.4 0.95 0.10 0.50 0.14
Contour mean - 0.23 0.10 2.45 0.94 1,95 . 0.64 ' 1.90 0.56 1.49 0.21 0.26 0.09
20 - NMPW o,'93 0.83 <0.10 0.00 3.04 0.28 1.77 0.2} 1.67 0.09 0.37 0.12
NMPP 0.18 0.08 0.22 0.12 0.47 0.37 0.95 0.12 1.40 0.22 0.35 0.02
FITZ <0,10 0.00 0.28 0.18 .10 0.00 1.56 0.12 1.14 0.40 0.20 0.10
NMPE <0,10 0.00 0.34 0.24 ~ 0.10 0.00 1.15 0.12 0.94 0.20 0.2 0.11
Contour mean 0.33 0.20 0.24 . 0.05 0.93 0.7 1.36 0.19 1.26 0.4 0.28 0.04
40 NMPW <0.10 ' 0.00 0.45 0.35 0,28 0.18 1.40 0.04 1.98 0.51 <0.10 0.00
NMPP 0.13 0.01 . 0.50 0.40 -<0.10 0.00 0.93 0.19 1.55 0.02 0.1 0.01
FITZ 0.21 0.01 2.17 0.56 1.02 0.92 1.06 0.09 1.02 0.11 0.73 0.24
NMPE <0.10 0.00 0.22 0.12 2.63 1.29 1.03 0.4 1.03 0.17 <0.10 0.00
Contour mean 0.14 0.03 0.84 0.45 1.01 0.58 (IS R 0.10 1.40 0.23 0.26 0.18
4]0 NMPE-50% <0,10 0.00 0.18 0.08 0.38 0.28 1.03 0.41 1.03 0.17 <0.10 0.00
-25% 0.14 0.04 0.44 0.06 .10 0.00 1.36 0.07 0.64 0.03 0.43 0.10
- 1% <0, 10 0.00 0.35 0.06 ©.10 0.00 1.85 0.16 0.92 0.04 0.31 0.02
60 NMPH <0.10 0.00 0.64 0.05 0.10 0.00 1.1 0.02 1.43 0.21 L 0.12 0.01
NMPP 0.11 0.01 <0.10 0.00 0,42 0.32 1.60 0.10 1.19 0.23% 0.17 0.07
FITZ 2,24 2.14 <0.10 0.00 0.63 0.36 1.21 0.24 1.06 0.39 0.23 0.13
NMPE <0.10 0.00 0.22 0.12 4.87 0.26 1.61 0.16 0.37 0.10 0.13 0.02
Contour mean 0.64 0.53 0.27 0.13 1.51 1.13 1.39 0.12 1.01 0.23 0.16 0.02
Control mean** 0.27 0.11 1.06 0.57 1.99 0.61 1.73 0.27 1.22 0.18 0.22 0.0%
Experimental mean** 0.40 0.26 0.84 0.37 0.70 0.32 1.15 0.10 1.36 0.12 0.26 0.07
Monthly mean 0.33 0:14 0.9 0.