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This study was designed to determine if impingement and entrainment by cooling
water intake at the Comanche Peak Steam Electric Station have an adverse impact upon
the Squaw Creek Reservoir fish population. The yearly impingement of fish was estimated
to be 262,994 of 14 species. The threadfin shad (Dorosoma petenense) accounted for
96% of this total. Entrainment of eggs and larvae for a five month period was estimated
to be 15,989,987 and 42,448,794 respectively. Two fish population studies were
performed on Squaw Creek Reservoir to help assess impact. It was determined that the
losses due to impingement and entrainment have no adverse impact upon the fish

population of Squaw Creek Reservoir.
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INTRODUCTION

The energy intensive activities of our modern society create an enormous demand
for electricity, the primary source of which is the steam electric station (SES). The
process of steam electric generation can potentially have various ecological implications,
one of which is the mortality of fish due to the intake of cooling water. Studies have
shown that the magnitude of fish loss at some sites can be sufficient to cause adverse
impact to the resident populations of the cooling water source (Jenson and Loftus 1976).
At other sites tmpacts are not observed due to the design, siting, and operation of the
cooling water intake, and/or the ability of the natural systems to compensate for losses
(NUS Corp 1979).

When awareness of the potential magnitude of intake related problems expanded,
intensive efforts were made by regulatory agencies, power utilities, and environmental
consultants to document the problem, and arrive at rational decisions regarding the
consequences. These efforts lead to the inclusion of Section 316(b) in the amendments to
the Federal Water Pollution Control Act (FWPCA) of 1972 (Public Law 92-500). Section
316(b) requires that "the location, design, construction, and capacity of cooling water
intake structures reflect the best technology available for minimizing adverse
environmental impact." Thus, the potential threat of SES cooling water intake to the

biological integrity of the water source has become a major focus of study.
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Studies of the environmental impact of intake structures can include any aquatic
organism, but most studies assess impact on fish populations. Fish are selected over other
aquatic organisms because they are easier to quantify, they are top end predators which
makes them good indicators of ecosystem health, and they have commercial and
recreational value. Understanding fish population responses to removal by natural

predation and commercial and recreational harvest is core to fisheries management.

Effects of Cooling Water Intakes on Fishes

The operation of cooling water intake structures can cause direct loss to fish
populations by impingement and entrainment. Impingement is the physical blocking, or
straining, of larger fish from waters being drawn into the SES. It can occur when intake
velocities are too fast for organisms to escape, and they become trapped against screening
structures. Here they may die due to exhaustion or asphyxiation. Fish that survive are
subjected to screen wash sprays which can cause scale loss and result in a weakened fish
prone to infection. Fish may also experience prolonged removal from the water resulting
in asphyxiation and desiccation.

Entrainment occurs when small organisms, such as fish eggs and larvae, pass
through the straining devices of the intake structure and into the SES. Entrainment of
fishes is the result of pumping water which contains suspended or passively moving
ichthyoplankton (fish eggs and larvae). Ichthyoplankton can pass through screening
devices and be drawn into the plant where they may be subjected to mechanical, thermal,

and/or chemical stressors (Schubal and Marcy 1978). Survival of ichthyoplankton after



passage through condenser cooling water systems has been intensely studied, but results
have been conflicting (USEPA 1976). Although it has been shown that one hundred
percent mortality does not always occur (Lawler and Englert 1977), most studies of
entrainment impact make this assumption as a worst case scenario.

The potential for SES's to impinge and entrain fish depends upon: 1) structural
factors, such as location and design of the intake, 2) environmental factors, such as water
temperature, and 3) biological factors, such as spawning and feeding strategies. The
potential for impingement and entrainment to adversely impact the fish population of the
water source depends upon the capacity for each species to compensate for losses
sustained (Goodyear 1977). The capacity for a species to compensate is dependant upon
the number and life stages of individuals lost, and the robustness of that species’

population in the cooling water source.

Assessing Impact on Fish Populations

Assessing the impact of the loss of organisms due to impingement and/or
entrainment at SES cooling water intakes has proven to be a complex problem. With the
passage of section 316(b) many studies were conducted which approached this problem
from numerous angles. The focus of these studies include estimating total numbers of fish
impinged and entrained by direct enumeration and extrapolation (Kelso and Milburn
1979), development of models for estimating fish impingement (Murarka et al. 1977) and
entrainment (Patterson 1987), and determining the impact of fish removal by SES intakes

upon the fish populations of the cooling water source (Goodyear 1977, Rago 1984,



Christensen et al. 1977). Evaluation of impact is best assessed with a combination of
several approaches. Most studies involve direct enumeration of impingement and
entrainment by sampling and extrapolation. This is essential information, but is of little
value without an analysis of the source waters fish population. This information along
with qualitative data, such as life histories, and physical attributes of the source water
body, provide a measure of the potential degree to which a species may be adversely
affected, which may, in many cases, be the only measure necessary to determine potential
impact of the intake (Cannon and Lauer 1976). In cases where potential risk is believed to
be serious, population dynamics techniques and statistical modeling can be used to

measure potential population response to impacts.

Objectives

This project was designed to determine if the intake of cooling water by the
Comanche Peak Steam Electric Station (CPSES) has an adverse impact upon the fish
population of it’s cooling water source, Squaw Creek Reservoir (SCR). The project
consisted of three studies: 1) analysis of impingement; 2) analysis of entrainment; and 3)
analysis of the SCR fish population. The objective of the first study was to determine the
impingement fish population at CPSES (estimate the numbers and sizes of each fish
species impinged during a year) and assess temporal trends. The objective of the second
study was to identify and estimate the number of fish eggs and larvae entrained and assess
temporal trends (100% mortality of entrained ichthyoplankton and maximum intake

operation was assumed as worst case conditions for the assessment of impact). The



objective of the third study was to evaluate SCR species composition, abundance,
conditions, and size ranges, and assess spatial trends. The data collected from each of
these activities were used in conjunction with life history information, a pre-operational
SCR lake survey, and the results of other impingement and entrainment studies to assess
the impact of CPSES cooling water intake upon SCR.

Statistical analysis’ were used to test the following null hypotheses:

1) Impingement is not correlated with water temperature.

2) There is no significant difference in ichthyoplankton densities between top,

middle, and bottom depths.

Site Description

The Comanche Peak Steam Electric Station is a nuclear powered facility located in
Hood and Somervall counties, Texas. Itis a two unit power plant with a net rating of
2,300 MW. Both units are served by one cooling water intake which is a standard,
recessed cove structure with eight cooling water pumps, four for each unit (Figure 1).
The pumps operate at 275 rpm, and each is capable of pumping 1041 m® (275,000 gallons)
per minute. The pumps are located behind a total of twelve FMC Link-Belt vertical
traveling screens (EBASCO 1993). A common debris trough and sump serves all screens
during washes. The operating site is located on a peninsula, and the intake is in a recessed
cove which opens to the main body of the reservoir. Water depth in front of the intake is
about 15 m. After use, the cooling water is discharged to SCR through a sluice on the

opposite side of the peninsula. The CPSES began operating in April 1990 with the
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completion of the first unit. Full capacity operation began upon completion of the second
unit in August 1993.

The cooling water source for CPSES is Squaw Creek Reservoir, which was
constructed by Texas Utilities. It is located in a fairly nutrient-poor watershed (EBASCO
1993). The reservoir was filled in May 1977, and has a surface area of 1324 ha (3,272
acres) with approximately 112 km (70 miles) of shoreline, and a shoreline development
index of 5.0 (Hellier et al. 1987). Maximum depth is 41.2 m (135 ft) with a mean depth of
14.05 m (46.1 ft) (Hellier et al. 1987). A constant water level is maintained by surface
runoff from a 165.8 sq. km (64 sq. mile) drainage basin, and supplemental inflow through

a pipeline from Lake Granbury (Sellers 1984 in Hellier et al. 1987).



CHAPTER ]
IMPINGEMENT STUDY

Materials and Methods

A total of 80 impingement samples were collected from October 19, 1993 through
October 12, 1994. Collections were made weekly from October through March, biweekly
April through August, and weekly again September through October. For each sampling
date, collection baskets were placed in the debris/fish sump at 8:00 pm, retrieved at 8:00
am for the night sample, replaced, and retrieved again at 8:00 pm for the day sample. For
cach sample collection, water temperature, conductivity, and dissolved oxygen were
measured from a water sample retrieved at the intake.

Sample processing began by grouping the fish collected by species. If the species
had <25 individuals, total length and weight were recorded for each individual. If the
species had >25 individuals, the number, lengths, and weights were estimated by sub-
sampling.

If sub-sampling was required, the species was checked for obvious size groups, as
between young of the year (y-o0-y) fish and mature adults. If the Spec.ies could not be
separated into size groups, the total weight of the species was recorded, and a
representative sub-sample of 30 individuals was processed. The lengths and weights of
the sub-sample were recorded and the total number in the group was estimated. If the

species was separated by size group and a group had <25 individuals, length and weight
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were recorded for each individual. If the species was separated by size group and a group
had >25 individuals, the total weight of the size group was recorded and a representative
sub-sample of 30 individuals was processed.

The total numbers of each species collected was estimated for the 12 month
sampling period to assess impact and for comparison with other 316(b) demonstrations.
The following formula from NUS Corp (1977) was used to estimate the number of fish
impinged: 40

N; = erij * Tj
j=1
where: N, = estimated number of taxon I impinged during the 12- month study

X;; = the number of taxon I impinged during 24 hours on date j

T, = the number of days the plant operated during the period represented by j

40 = The number of dates sampled
Percent composition of impingement samples for each species by number and biomass
were determined, as well as size ranges. The relationship between temperature and
impingement rates was analyzed with regression analysis, and day and night impingement

rates were compared.

Results
A total of 262,994 fish representing 13 species was estimated to have been
impinged from October 19, 1993 through October 18, 1994 (Figure 2). The predominant
species impinged was threadfin shad(Dorosoma petenense), comprising 96% of the total.

Bluegill sunfish (Lepomis macrochirus) was second in abundance at 2% of the total,
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followed by inland silversides (Menidia beryllina) at 1.2%. The most common top-end
predator species was largemouth bass (Micropterus salmoides) at 0.35%. Of the
remaining 10 species, each accounted for less than 0.5%, and combined represented 2% of
the total fish impinged. Total biomass of these fish was estimated to be 614,047 kg
(Figure 3). Due to their high numbers, threadfin shad and bluegill sunfish were again
highest at 57% and 17% of the total biomass. Large individuals of gizzard shad
(Dorosoma cepedianum), white bass (Morone crysops) and freshwater drum (Aplodinotus
grunniens) were impinged, and, despite low numbers, they comprised 9%, 5% and 3% of
the total biomass. The remaining 9 species comprised 9% of the total biomass.

Size ranges were used to determine approximate age class composition of fishes
impinged (Figure 4). Approximately 75% of the threadfin shad were less than 61 mm,
and probably belonged to the first year age class. Impingement of bluegill sunfish was also
primarily juvenile fish with about 60% less than 90 mm. Inland silversides, and green
sunfish (Lepomis cyanellus) were more evenly distributed across size classes with the
approximate first year classes comprising 35% and 45% of impingements. All largemouth
bass impinged were juveniles with none over 136 mm. Impinged channetl catfish
(fctalurus puntatus) averaged about 120 mm in length, which indicates most were
Juveniles. The few white bass impinged were all adult size, ranging between 250 and 380
mm in length.

Seasonal differences in numbers of fish impinged were distinct (Figure 5). The
sampling data show that 92% of the total impingement occurred over a month and a half

period from July 27 to September 7. This trend was evident for most of the species
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collected. Threadfin shad impingements were the most variable, with a moderate increase
during the late fali/early winter, and a substantial increase during late summer.
Impingement of bluegill sunfish was fairly consistent from October 1993 through March
1994, with a daily average of about 5 for each month, but after March the daily average
per month increased and was variable, ranging from 5 to 30 per day. Impingement of
largemouth bass was almost exclusively limited to the period from May to August. It was
hypothesized that the numbers impinged was influenced by water temperature. A linear
regression analysis was performed on the temperature versus the log transformation of the
number impinged (Figure 6). The resulting r-squared value was 0.63. The plot of
temperature versus log impinged shows two extra high values above the best fit line at the
highest temperature reading.

Impingement numbers were greater at night for 36 of the 40 sampling days
(Figure 7). For 27 of these days, night impingement comprised at least 70% of the 24-hr
total. This was a trend exhibited by most of the species collected. Overall, 57% of the
impingements occurred at night, and 43% occurred during the day. This percent
comparison is skewed by the large number of threadfin shad collected during the day on
the dates of July 28 and September 7. Fifty-three percent of the threadfins were impinged
at night while all other species (with more than 50 collected) bad at least 70% of their

impingement at night.
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Discussion

This discussion will address the results of this study, but potential impact upon
SCR will not be addressed until the results of the entrainment and lake survey studies have
been presented.

The total estimated impingement of fish at the CPSES intake structure (249,852} is
low in comparison to the results of impingement studies at other warm water reservoirs.
Annual fish impingement estimates were as high as 30 million at the Arkansas Nuclear One
SES, and 900,000 at the Allen SES in South Carolina (Freeman and Sharma 1977).
Estimated impingement losses at the SES’s of the Tennessee Valley Association (TVA)
ranged from 20,000 to 5 million, and averaged about 700,000 (Freeman and Sharma
1977).

The species composition of the impingement collections was dominated by
threadfin shad, comprising 96% of the total. The remaining 4% of the species collected
were comprised mostly of bluegill sunfish, inland silversides, and green sunfish, Thus,
most fishes lost to impingement were species which are often preyed upon by top-end
predator species. Only 0.6%, of the fish collected were top-end predator species, the most
common of which was the largemouth bass. Identifying the species place in the food chain
is important when assessing impact because this often dictates the species capacity for
compensating for population loss. These results are very similar to many other
impingement studies performed at warm water lakes and rivers (Freeman and Sharma
1977). Species of forage fish were always most numerous, with threadfin shad, or gizzard

shad, typically comprising at least 90% of the total impingements. This is to be expected
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since forage species typically greatly out number predator species, but the degree of
difference here indicates that forage fish are more susceptible to impingement.

Most of the impinged fish collected were small, typically less than 120 mm in
length. For some species, individuals this size are juveniles, the loss of which is less
significant than the loss of mature, breeding age individuals. Largemouth bass followed
this trend with impingements exclusively limited to juvenile fish. The impingement of
bluegill sunfish and green sunfish was greater for fish less than 120 mm (75% and 95%),
and individuals less than 90 mm, which are more likely to be juvenile, comprised about
60% and 40%. Threadfin shad and inland silversides usually do not grow larger than 120
mm, and their impingements were of both adults and juvenile sizes. The reason greater
numbers of small fish were impinged may be the physical limitations of small fish to resist
intake currents, the presence of larger numbers of small fish in the vicinity of the intake, or
a combination of these factors. Visual observations of large numbers of adult sized
channel catfish and sunfish in the waters directly in front of the intake, and their absence in
the collections further indicates that impingement was size selective.

The seasonal variation of impingement rates observed in this study was different
from those reported in other impingement studies (Freeman and Sharma 1977). The
typical trend for fish impingement is for it to increase durin g the winter months, sometimes
by several orders of magnitude. For this study, impingement rates were highest during the
summer months of July, August and September. Impingement did increase slightly in late
December, but was two orders of magnitude higher during the summer. Although

threadfin shad were responsible for much of the increase of total impingement, all species
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had higher impingement rates at this time. The reason seasonal variation of impingements
were different for this study most likely involves water temperature range. All studies
used for comparison took place further north, where water temperatures ranged from 4 to
9°C in the winter and 27 to 32°C in the summer (Freeman and Sharma 1977). The water
temperature range measured in SCR for this study was 15 to 36°C .

Intolerance to the extreme water temperatures is one possible explanation for the
larger number of fish impinged during the summer. A regression analysis of water
temperature and the number impinged (Log) showed only a moderate relationship (R* =
0.63). A regression of water temperature and the real numbers impinged showed almost
no relationship (R* = 0.15). A plot of these data revealed two extra high values above the
best fit line at the highest temperature. It is possible that the fish were exhibiting a
threshold tolerance of temperature increases. This is especially possible for threadfin shad
which are sensitive to extreme ranges and fluctuations in environmental conditions such
as temperature and dissolved oxygen concentrations (Burns 1966).

Another possibie explanation of the observed seasonal trend is that young of the
year (y-o-y) fish were first reaching an impingeable size. Entrainment data show that the
Dorosoma larvae were already abundant on April I and were present until May 18. They
can grow approximately 25 mm per month until they reach 75 mm (Burns 1966)) The
first y-o-y threadfin shad (measuring about 50 mm) appeared in impingement samples on
June 1, and on July 13 they began to appear in large numbers, 4 to 6 times more abundant
than those measuring over 75 mm. It can not be concluded that the appearance of y-o-y

fish alone accounted for the drastic impingement increase, but it did contribute.
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Summary of Impingement Study

The objective of impingement sampling was to determine what was being
impinged, when and why, and to estimate the number lost in order to assess potential
impacts upon the fish populations. It was hypothesized that fish impingement does not
correlate with water temperature.

The estimated number of fish impinged from October 19, 1993 to October 18,
1994 was 262,994. Threadfin shad comprised 96% of this total. The remaining 4% was
primarily forage species as well. Largemouth bass was the most common top-end
predator species impinged with an estimated loss of 809. Impingement appeared to be
size selective with most fish measuring less than 120 mm. Impingement increased by
several orders of magnitude during the months of July and August, coinciding with the
highest water temperatures recorded during the study. The fish appeared to exhibit a
threshold tolerance of increasing water temperature.

The species composition and size classes of fish impinged was similar to those
recorded by other impingement studies at warm water reservoirs. The estimated number
impinged was lower than most other impingement studies. The seasonal variation was
very different from other studies which typically recorded the highest impingement rates

during the winter months.



CHAPTER II

ENTRAINMENT STUDY

Materials and Methods

The entrainment study took place over the period of April 6, 1994 through August
24, 1994. Samples were collected weekly between the hours of 9:00 AM and 12:00 PM,
and again between 9:00 PM and 12:00 AM. During these time frames, sampling was
conducted in front of the intake of each unit for 30 minutes. There was a unit 2 outage
over the period of April 27 through June 21, during which water intake was reduced for
that unit. For the duration of the outage, sampling at the unit 2 intake was discontinued
while sampling at unit 1 continued, with multiple depth sampling added on a biweekly
basis. Atunit 1, a total of 63 samples were taken, with 41 at the 1 m depth, 12 at 7 m,
and 10 at 15 m. At unit 2, 26 samples were taken at the 1 m depth. Three replicates were
collected for each sampling event.

Sampling was conducted immediately in front of the trash racks. Here currents
created by the intake were sufficient for holding up the nets. A set of three
ichthyoplankton nets with flow meters mounted across their mouths were tied with ropes
to a bar mounted horizontally at the front of the boat. The nets were tied with one meter
ropes to flotation devices to maintain a constant depth. The bar to which the nets were
tied was detachable so it could be lowered to the desired depth for multiple depth

sampling. One of the four pumps per unit was randomly selected. The boat was
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positioned in front of the selected pump, and the nets were deployed for 30 minutes.
Upon retrieval, each net was washed down with a spray bottle and the sample was
concentrated in the bucket. The sample was transferred to a labeled sample container and
preserved with 10-percent formalin plus rose bengal stain. Water temperature, air
temperature, dissolved oxygen, weather condition, sunrise and sunset, and moon stage
were recorded. This procedure was repeated at the second unit

The volume of water filtered through the net was estimated by the following
formula provided by General Oceanics:

Volume filtered (m®) = [C/D (2.61) + 3.47]/100 * (A*D)
where: C = number of counts read from the flow meter
D = sample duration (sec)
A = area of net opening (m?)

Multiple depth sampling was performed at 1 m. (surface), 7 m. (mid), and 15 m
(bottom) depths. Two ropes were tied to the ends of the bar to which the nets were
attached, and the apparatus was lowered to the desired depth. All other sampling steps
were as described above.

The collected samples were returned to the Institute of Applied Sciences
laboratories at the University of North Texas (UNT) for processing according to
specifications given below.

Sample processing began by emptying the contents of the collection jar for a single
sample into a straining bucket with a 500 micron mesh and then rinsing with tap water to

remove excess Rose Bengal stain. If larvae were stained with excessive amounts of Rose
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Bengal the condition was remedied by treating the specimen with alcohol solutions of
different concentrations.

The sample was placed into a Petri dish and fish eggs and larvae were sorted into
taxonomic groups and counted. Identification of ichthyoplankton was to genera, and
sometimes family. References for identification included Hogue et al. (1976), Snyder et
al. (1977), Jones et al. (1978), and Hardy (1978). Each taxonomic group was stored in its
own vial and labeled accordingly. Representatives of each identified taxon were set aside
as vouchers for quality control. Damaged/unidentified larvae were classified as
"Damaged”, counted, and their number incorporated in the total number of larvae for the
sample. The density of fish eggs and larvae were then calculated for each collection.

Data analysis began by determining the percent composition of ichthyoplankton
collections by genus for eggs, larvae, and juveniles. Seasonal trends were noted. The
calculated densities and total volume of water withdrawn by the intake were used to
estimate total entrainment of eggs and larvae for each genera. As stated in McFarlane et
al. (1978), it has previously been shown that the best estimate of plankton density is
obtained by simply dividing the total number of organisms collected at a station by the
total volume of water sampled. This provides the best estimate of density, but gives no
indication of the variance associated with that estimate. Analysis of variance (ANOVA)
was used to determine significant differences of densities between depths.

Potential impact on fish populations was estimated with a simple population
modeling approach described by Horst (1975) and used by NUS Corp. (1976). In this

model the number of ichthyoplankton entrained is converted to an estimate of the number
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of adult fish that would have been produced had the ichthyoplankton not been entrained.
If the entrained stage is an egg, the estimate of the number of adults lost is calculated as

follows:

N =SN =3—N
a e e

where: N, = number of adults in mature age classes
S = survival from egg to adult stage

N, = number of eggs entrained

F = total life time fecundity of a female

2

number of adults needed to be produced by a breeding pair

to maintain a stable population

Horst (1975) described fish lifetime fecundity as the number of eggs produced in the
lifetime of a species. The average lifetime of a species can be estimated only roughly and
is determined by mortality rates among age classes as well as by life span. It is necessary
to make the assumption that the limited data available from various locations and times are
roughly representative of the indigenous populations of SCR. If the entrained stage is a

larva:

2
N =SN=
FS,

xN




26

where: N, 2, and F are defined as above
S, = survival from larva a to adult stage
N, = number of larvae entrained
S, = survival from egg to larva

The following assumptions are made in this analysis:

. There is 100% mortality of entrained eggs and larvae on passage through the plant.
. The populations are at equilibrium and the total lifetime fecundity produces 2
aduits.

. That 0.5% of the eggs produced by species with high fecundity and/or randomly
broadcast eggs and little parental protection survive to the larval stage.

. That 75% of the eggs produced by a species which exhibits nesting behavior and a
high degree of parental care survive to the larval stage.

These models were applied to all genera represented in the sample collections. If a genus

had more than one species present in SCR then the most prominent species was selected,

or all species were selected and the ichthyoplankton of that genera was attributed to each

species for calculation of the worst case scenario for each species.

Results
A total of 29,678,474 eggs, 44,427,723 larva, and 1,355,441 juveniles
representing six genera was estimated to have been entrained during the period of April 6,
1994 through August 30, 1994 (Figure 8). The density of ichthyoplankton in water

strained by the nets averaged 0.043 per m’, and ranged from 0 to 0.286 per m®>. No
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ichthyoplankton were present in 19 of the 67 sampling events. The average volume of
water filtered for all replicates was 50 m’ over each 30 minute period.

Eggs comprised 40% of the estimated ichthyoplankton entrained. More than half
(17.6 million) of the eggs were labeled damaged since they lacked characteristics for
identification. This was usually attributed to the fact they were unfertitized. Of the
remaining eggs, two genera were represented, with most of these eggs belonging to
Aplodinotus (10.6 million) and the rest to Menidia (1.5 million). Genus compositions for
units 1 and 2 were similar.

Fifty-eight percent of the estimated ichthyoplankton entrained was larval fish of 5
genera. The most common genera were Lepomis, comprising 23% (10 million), and
Dorosoma and Pomoxis at about 19% (8 million) each. An additional 11% (4 million)
were identified as Centrarchids because they were too small to be identified at the genus
level. Aplodinotus and Morone each comprised about 15% of the collections, and
Menidia 2%. Again, the units I and 2 genus compositions were similar.

The remaining two percent of the estimated ichthyoplankton entrained was
identified as juveniles of 3 genera. The species compositions were different for units 1 and
2 with no Lepomis juveniles collected at the unit 2 intake. The estimated entrainment of
juveniles was comprised of Lepomis at 33% (0.4 million), Dorosoma at 42% (0.6
million), and Pomoxis at 25% (0.3 million).

Sample collections showed distinct seasonality of ichthyoplankton densities,
species compositions, and life stages. Fish eggs were collected from April 6 through June

22, and on August 24 (Figure 9). Densities were highest from April 27 through June 15.
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Aplodinotus and Menidia eggs had similar patterns, both were collected over the period of
April 6 through May 18, then again on June 15 and 22. Aplodinotus eggs varied 1n
density, peaking on May 18 at about 50 per 1000 m3, while Menidia egg densities
remained consistently low at about 5 per 1000 m3. Damaged eggs often outnumbered
undamaged eggs.

The presence of larval fish in the collections can be separated into 3 periods
{Figure 10). The first period was April 6 through May 18. It was dominated by Dorosoma
for which densities were highest, at about 50 per 1000 m3, on the first collection date, and
gradually declined throughout the period after which they were not collected. Small
numbers of Menidia were recorded twice in this period, and once in the next period.
Pomoxis larvae in low densities were recorded once in this period.

There were no fish larva collected on May 25 and June 1. The second period began
on June 8 and ended July 13. The first part of this period was dominated by Aplodinotus
which were collected on the first 3 dates, peaking on June 22. This date also had a high
density of larvae identified as Centrarchids, along with a few Morone and Menidia. The
following three weeks, until the end of this period, only Lepomis and Pomoxis were
collected in low to moderate densities.,

Again, no larvae were collected for two dates, July 20 and 27. The third period
was the month of August. Aplodinotus larvae appeared in high densities on the first date,
along with low densities of Centrarchids. For the remaining three dates, only Lepomis,
Pomoxis, and Morone were collected. They all appeared on each date, and in densities

nearly equal to each other. Densities were high on August 10 and 17, and declined about
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50% on August 24.

Three species of juvenile fish were collected in low densities on three dates
throughout the sampling period (Figure 11). Dorosoma were collected on April 27 and
May 4, while Lepomis and Pomoxis juveniles were collected on August 17.

Multiple depth analysis revealed no significant difference in ichthyoplankton densities in
collections at 1 m, 7 m, and 15 m depths, so densities were assumed to be uniform across
all depths (Kruskal Wallis one-way multiple sample test, p = 0.05) (Figure 12) .

Calculations of possible adult fish loss due to entrainment based on the model are
listed in Table 1. Since entrainment estimates are for the genus level, representative
species for each genus entrained were selected for each sample collection to show
seasonal trends over the sampling period. However, the two species belonging to
Dorosoma have fecundities which are very different, so adult loss was calculated for each
species using the half of the estimated Dorosoma entrained. Also, the larvae which could
not be identified past Centrarchidae were assumed to be each Centrarchid species for
which adult loss was calculated. Thus, the estimated number of Centrarchids entrained
was added to the estimates for Lepomis and Pomoxis. The Micropterus genus was
included in this model, although none were collected, because of the possibility that the

larvae identified as Centrarchidae may have belonged to this genus.

Discussion
The objective of the entrainment study was to determine what was being entrained,

when it was happening, and the factors involved, and to estimate the loss of eggs, larvae,
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and juveniles in order to assess potential impacts on the SCR fish populations.

The estimates of ichthyoplankton entrained by the CPSES are similar to those
calculated in entrainment studies at other power plants. The Prairie Island Nuclear
Generating Plant on the Mississippi River entrained 8.3 million eggs and 61.6 million
larvae (NUS 1976), and the Allen S. King Generating Plant on Lake St. Croix in
Minnesota entrained 43.6 million eggs and 23.5 million larvae (NUS 1977). Slightly lower
entrainments were recorded at the Savannah River Plant in South Carolina with a loss of
13.7 million eggs and 39.2 million larvae (McFarlane 1978).

The entrainment estimations for this study represent a worst case scenario since
they are based upon continuous operation of all eight pumps. Pump operation varied
throughout the sampling period with 6 pumps operating before the unit 2 outage on April
27, and all 8 operating during the warmer months after the Unit 2 outage. The accuracy
of the estimates are, however, affected by various biotic factors. Sampling gear avoidance
by post larvae and juveniles may have affected accuracy by lowering the estimates. The
accuracy of estimates are also affected by the inherent patchiness of ichthyoplankton
populations due to spatial and temporal variations in densities (Jenson and Loftus 1976).

The proper solution for dealing with high variability is to increase sampling and the
number of replicates, especially during peak periods. However, sampling ichthyoplankton
is very labor intensive, from collection to laboratory analysis, and this is not practical for
most studies. The recommended sampling procedure is weekly sampling over 24-hr
periods, and possibly biweekly during peak periods and monthly during periods of very

low densities (Jude 1976).
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Extrapolating the few larvae collected to the total number that s entrained is an
uncertain calculation. The amount of water filtered with sampling nets each 24 hr period
was about 0.0001% of the average 24-hr intake volume. Even increasing the sampling by
a factor of 10 would not change that number significantly.

The collection of fish eggs was largely dependant upon the reproductive strategies
of the different genera. As would be expected, fish which broadcast semi-buoyant eggs
mto the open water will have eggs entrained as opposed to those which lay adhesive eggs
over vegetation or are nest builders. Two genera in SCR are open water spawners and
they were the only ones for which eggs were collected in samples. One of these was
Aplodinotus, which is an open-water spawner whose successful reproduction depends
upon the release of massive numbers of gametes. The eggs contain oil globules which
makes them semi-buoyant, and capable of dispersing with the water currents. Their eggs
were the most numerous in the collections. Menidia are also open water spawners. They
are less prolific than Aplodinotus, but their egg survival is better ensured by filaments
which cling to substrate. This substrate may be free floating which accounts for their
presence in the collections.

The presence of larvae and juveniles in the intake waters and sample collections
depends upon factors such as their movement patterns, where they were spawned in
relation to the intake, and their mobility. Larvae tend to move into the water column to
feed, regardless of where they were as eggs. Thus, it is understandable that larvae of
almost all major genera in SCR were collected in entrainment samples.

The cove where the intake structure is located is lined with riprap which is suitable
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spawning habitat for many species. Fortunately, the shallow areas are limited by the
steeply sloping shoreline, reducing the amount of spawning activity that occurs. Larval
collections were predominantly of the genera Lepomis and Pomoxis. The rocky
outcroppings provided by the riprap of the intake cove are particularly attractive spawning
sites for Pomoxis (Goodson 1966). Lepomis can also find suitable spawning areas here.
Micropterus would find suitable spawning sites here, but they were not collected unless
some of their early stage larvae were identified as Centrarchidae. In reservoirs where
tributary streams, or rivers, are nonexistent, as is the case at SCR, white bass (Morone)
will spawn where wind driven currents occur over riprap (Chadwick et al 1966.). These
requirements are met at the mouth of the intake cove, which helps explain the presence of
their larvae in the collections. Another genus which will spawn in rocky areas is
Ictaluridae, but these were not collected.

The presence of larvae of the open water spawners, Aplodinotus and Menidia, is
dependant upon water currents, and they were collected in numbers slightly less than their
egg collections. The Cyprinid and Dorosoma genera typically spawn over aguatic plants.
The waters near the intake are void of plants which explains the absence of Cyprinid
larvae, but raises questions about the abundance of Dorosoma larvae. One possible
explanation may be that Dorosoma are open water fish, while Cyprinids are bottom
oriented. The larvae may follow these patterns which subjects Dorosma to higher
entrainment and/or collection rates.

The sharp reduction in numbers of juveniles in sample collections was probably

due to their increased mobility, enabling them to dodge sampling nets. The avoidance of
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sampling gear may result from visual cues or hydrostatic pressure cues (Bowels and
Merriner 1977). While juveniles may detect and avoid sampling gear they may not detect
danger with intake currents and will continue to accrue losses which will reduce the
accuracy of entrainment estimates (Cannon and Lauer 1976).

The entrainment of ichthyoplankton is inherently seasonal because it is limited to
the time period from when they are spawned until they grow to an impingeable size.

Thus, the entrainment of each species is dependant upon the time it spawns and it’s early
growth rate. This leads to distinct seasonality of ichthyoplankton species compositions, as
was exhibited by the results of this study.

Early sample collections were dominated by Dorosma larvae. Their presence on
the first sampling date indicates spawning occurred before sampling started. This is
supported by the fact that their typical spawning temperature is 20°C, which was recorded
three weeks prior to sampling (Burns 1966). They grow approximately 25 mun per month
until they reach 75 mm (Burns 1966). They were collected in entrainment samples until
May 18, while y-0-y Threadfin shad, measuring about 50 mm, were first collected in
impingement samples on June 1 and in large numbers on July 13.

Aplodinotus eggs were also collected early in the study, and larval collections
followed a few weeks behind. Low densities of Menidia eggs and larva were recorded
unti]l June 22 which is in agreement with their spawning behavior. Menidia have daily
spawns of 200 to 1200 eggs per female starting in April and lasting until temperatures
reach 31°C, which occurred after June 15 (Hubbs 1982). The second half of the study

was dominated by Lepomis, Pomoxis, and Morone larvae. The collection of Morone
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larvae in August does not relate well with the fact they prefer spawning temperatures of
14 to 24°C, and usually grow about 90 mm by early August (Chadwick et al. 1966).
Larval Pomoxis coliections in August were also in disagreement with the preferred
spawning temperatures of 14 to 20°C, which were not recorded after March 16 (Emig
1966). Lepomis spawn throughout the summer which relates to collection data showing

them to be present from June 22 till the end of the study.

Summary of Entrainment Study

The estimated entrainment of ichthyoplankton for the period of April 4, 1994
through August 31, 1994 was 29.7 million eggs, 44.4 million larvae, and 1.3 million
juveniles. These estimates are similar to those recorded in other studies. More than half
the eggs were labeled damaged, most because they were unfertilized. The remaining eggs
were mostly freshwater drum, and a few inland silversides. Larvae of seven genera were
collected, with the Lepomis, Pomoxis, and Dorosoma genera each accounting for about
20% of these collections. Modeling for equivalent adult loss due to entrainment resulted
in estimates which ranged from 22 for largemouth bass to 300,000 for threadfin shad.
Entrainment rates and species compositions exhibited definite seasonal trends. Dorosoma
larvae and Aplodinotus eggs were collected early in the sampling period, while Lepomis,

Morone, and Pomoxis larvae were collected toward the end of the period.



CHAPTER Il

LAKE SURVEY

Materials and Methods

Fishery surveys of SCR involved gillnet and electrofishing sampling , and were
performed November 15-17, 1993 and again June 21-23 1994. Locations of sampling
sites are shown in Figure 13.

Gillnet sampling was performed with 200 ft monofilament experimental gill nets
with 25 ft panals. Mesh size ranged from 0.5" to 4.0". The first evening of the sampling
period, gill nets were deployed overnight (12 hrs) at three of the five pre-established sites.
The following morning, the nets were retrieved, and the fishes collected were identified,
measured (standard length to the nearest millimeter) and weighed (to nearest 50 g). The
evening of the same day, gill nets were deployed overnight at the two remaining sites. The
nets were retrieved the following morning and the fish were processed as above. For each
of the taxonomic groups collected, a representative was retained as a voucher specimen.

Electrofishing was conducted the first night of each lake survey sampling period
between the hours of 10:30 PM and 3:30 AM. Each of the five sites was sampled for a 30
minute period. Fishes collected were processed with the same preservation and recording
procedures as utilized in gillnet collections.

The data collected was analyzed to determine the percent composition of each

spectes. Minimum, maximum, and average lenghts ranges were determined for each
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species collected by each sampling method. Spacial distrubutions of species collected
were evaluated by comparisons of specics compositions at cach site. The results were

compared to those of an earlier fishery study conducted by Hellier et. al (1987) on SCR.

Results

Electrofishing was hampered by the high conductivity of the water in SCR which
allows electric currents to pass around fish instead of through them. Many fish were seen
fleeing the boat and dodging the nets. Most collections were made near the shore in very
shallow water (<1 m). The two sampling periods had very different sample compositions.
During the November period, 171 fish of 10 species were collected, with sunfish
comprising 79% of the total (Figure 14). During the June period, 469 fish of 5 species
were collected with threadfin shad comprising 76% and inland sitversides 19% of the total.
Minimum, maximum, and average lengths of fish collected in electrofishing samples are
shown for each species in Figure 15. Most of the fish were smali, with weights below the
minimum capacity of our measuring equipment so biomass is not reported. Contrary to
this were carp and gizzard shad for which adult sizes were collected. All Threadfin shad
and inland silversides collected in November were adult size, but in June, adult and
Juvenile sizes were recorded. The sunfish collected averaged about 100 mm which is a
borderline adult size, meaning many were juvenile size.

During the November period, species compositions were similar between sites 1,
2,4, and 5, with 4 to 6 species collected at each site (Figure 16). The largest collection

was made at Site 2, with large numbers of bluegill and green sunfish. Site 3 was different
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from the rest with only inland silversides and bluegill sunfish collected, and much lower
numbers. During the June period, species collected were similar between sites (Figure
17). Numbers varied, decreasing from site { to site 5. Threadfin shad were mostly
responsibie for this trend with about 200 collected at site 1, about 50 at sites 2, 3, and 4,
and almost none at site 5.

Gill net sampling collected a total of 367 fish of 12 species with a total biomass of
231 kg (Figure 18). The two sampling periods were very similar in species composition
with all but one species collected during both periods. Numbers were higher for the first
period by about 50 fish. The numbers collected for each period were almost equal for
more than half of the species, while catches of largemouth bass, white bass, white crappie,
and carp were 2 to 5 times higher during the first period. The smallmouth bass was the
only species with considerably higher catch rates during the second period.

This sampling technique was effective for the collection of adult size fish.
Maximum, minimum, and average lengths of species collected for each period are shown
in Figure 19. The average lengths of each species were very similar for both collection
periods, while size ranges varied according to differences in numbers collected in each
period.

During the November period, species compositions were very similar for each site
(Figure 20). The numbers collected varied by less than 10 for sites 1, 2, 4, and 5. Site 3
had less than half of the numbers collected for the other sites. During the June period,
species compositions varied more, as did the numbers collected (Figure 21). Site 5 had

the highest numbers, while site 3 had very low numbers and only 2 species.Largemouth



48

"AQAINS SILIBYST YOS unf 3y) Surmp pa)osqos sepdwes Suiysjonoa9ps Ioj ans urjdures yoeo 1e suonisoduwods seadg 71 a3

— $OPISIaA|S PUBIUIR) PRYS UYPEeJYL ] PRSY(ING MOLIBA Y USIHBD [PUUBYD () USHUNS UBeID K

G B8NS $ 9US € a)g c elg I 838 0
\\ w1/ X~ = OO s et
- 05 =
5
PN TR
. o
NN T 4 |ooL @
=
1T »
RRSERuEEN Q
.................. .cm_.m
K o
o)
~—
(1]
...................................... 002 Q.
W...l S
.............................. R P 0S2

v661 aunp
suosliedwo) a)g Buiysiyo109|3




49

“A3AIns sauIRys1y YOS yoes 1oj Surpdures 12u[[13 Aq pa10a[[03 s1aquinu pue suonsodwod saldadg ‘gt aindig

Ll = pa3j0ejio) saioedg 2| = seloadg Jo jaquinN
851 = P8l0gjloD Jequiny jejo) 602 = Pe}09jj0D Jequiny [ejo]
¥¢ sseq g ysyung
aluym nBen)
g L wniq seemysery _ a....fAmw siddesd epum
sseg | 9 . | "~ 4 elddeiq »oelg
unowebie - 6 ysmes jeuueyn FHIA S T L1 sseg
. T T SN
14 Wg oo oS So v\ /,,.Ezoscma._
eiddes) enum | | ie7em _wwﬁkm%_f _ Y v sseg
_ oy szl g, 09 uswien ST T ginowyews
> ) <) d CINTETS S NN N
ysyung ben|g L 183 WO NN Y48 peus
) o€ ; FAl Tl Y prezzig
v 1| ~ Peus piezzio sseg sseg =T .
Peus E__umef A __ exym HnowyeLLg 9 pByS uypeesy) £ Qmw P e e
18uUIyg |lepioelg
66l sunp £661 AON

P108||10) seioadg |1y

sisquinN Bumsujin




50

"AaAIns SaLIaYsty YOS yoes 10 Suipdures 1ou[18 AqQ patos[0o SIYSTJ [[ JO SIZIS 98eIoAR pUe ‘WINUHXEW ‘WNWUIN 6] Indinf

o > & & > 0 © &
NS ¥ PN N O P QO
F F SRR A R R
& o@ﬁ ,”,VAVO@V .,m,o&v <8 N /@.9 ,m“? & o.a%, & ;mv%/_u%u Oo..v %o & N ,.a“r /.%.@
(5} ¥ o 0 N W O Q. 3 N oY O N o Q¥
F O PR TR LS o%e,v@ o PP F P R P o@vo R
90«@0@9@00@9%000 @%%@o@.%%o@?ooc
- - - -~
-
.............. - . 100z e 002
T
¥ ]

o
]
s
(=]
(=]
<t
(ww) Ybue
e
e
e
-
fa
—

o
3
(ww) yibue

11 1= S O O 009

ebesoAy . wnWiuW | wnwixepy T | eBrisAy « WINWILIW [ wnwpxey | *
008

v661 sunp €661 AON

008

pe1o8||0) salvads ||y
sabuey az1g Buaujjin




*K2AINS SIS YOS JoquuasoN 2y Jutmp Surdures jouyyis Joy ayrs Furdures yors e suopisoduwiod sapads 07 amgiyg

51

peus uypesiyL[’] PBUS PIRZZIDR] WNIQ J81BMYSalS ]
dieD ] uS|BD IBUUBYDOR]  usyung ___mo_.._mEu ejddesd yoelg )
giddesn UM Y sseg QUM ] ssed yinowjewsyy) sseg yinowebieq [

€ 8lg c aus L &g
/

_________ |0z

/
¢
4
F44
H
ug!

| GE

M\ ~|ov

- log

|
pa108]|00) SISqWNN

09

€66 J9QUIBAON
suosuedwon aug dBuiauyjin




52

"ASAINS saL1aysty YO§ sung oy Surnp Suydures (i3 fog ays Suridures yoes ye suonisodwod soradg

“1¢ 281y

PBUS UBPROIYL[7]  PRUS PIRZZID| ]
diBOEY useD leuueyo S usyung WBenig y))
sseg oYM sseq Winowews ) sseq .._SoEmmbm._n

wnig Je1emysel &l
eldde1) enym )

v eug g 8lig ¢ olg I 8lg

0
I

..\Aﬁ”,_f__ _ﬁ.ﬁw O—- N
0z 2
@
{oe @
X O
o S NGRS or &
TR L] e &
,/ .//., .......... . WI y m

./. / ............ om

Bty
[ ZA—

¥661 eunp

suosuedwo) ayg Bumsujy




thn
L8]

bass, white bass, and white crappie were collected only at sites 1 and 2, while a large

number of smallmouth bass were collected at site 5.

Discussion

The physical characteristics of SCR hamper the collection of fish for population
surveys. The steep shorelines are not conducive to seining, and the conductivity of the
water is too high for effective electrofishing. The lack of seine sampling and the limited
success of electrofishing restricted the analysis of the young and small fish populations of
SCR. Adult populations of the Jarger species were successfully sampled by gillnetting.

Electrofishing is typically a successful collection technique for sampling large and
small fish to depths of 3 m. The conditions at SCR, however, limited our electrofishing
success, with most collections made in shallow (< 1 m), near-shore water. It should be
noted that in November many sunfish were seen in the shallows fleeing the boat, and in
June large schools of shad were seen throughout the lake.

Gillnetting was, for the most part, successful in sampling the adult populations of
SCR’s larger species. When analyzing the sampling data, it should be noted that this is a
passive capture technique, and fish which are more mobile are more likely to be collected.
Also, gill nets are set on the bottom of the reservoir leading to bias toward bottom
oriented fish.

The sample collections included 16 species of fish compared to 26 species
collected in the 1986 lake survey. Part of the reason for this difference is that there was 4

sampling periods In the previous survey, and there was an extra sampling technique,
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seining, which accounted for 4 species of forage-type fish which were not collected by
gillnetting or electrofishing during that study. Two species of sport fish for which sizable
populations were reported in 1986 were missing from the recent collections. These were
the walleye (Stizostedion vitrewm) and the hybrid striped bass (Morone chrysops x M.
saxatilis). Their disappearance is probably not intake related and will be discussed
individually later. The black bulthead (Ameiurus melas) was collected in large numbers in
1986, mainly by gillnetting, but it was totally absent from the samples of this survey. The
black crappic and the blacktail shiner were the only species prescnt (in very low numbers)
in this survey and not recorded in the 1986 survey.

Differences in the numbers and species collected between the November and June
sampling periods was negligible for the gillnetting samples, but substantial for the
electrofishing samples. One factor may be water temperature which was about 18°C in
November and about 30° in June. In the deeper water where gill nets were placed, the
higher temperatures in June apparently did not affect species composition, but may have
been responsible for the lower catch rates by reducing fish movement. The higher
temperatures appeared to affect the species composition of the shallow waters where the
electrofishing collections were made. Sunfish apparently moved to deeper habitats when
the water temperatures rosc because they were abundant in the November samples, but
almost totally absent in the June samples. Shad were much more abundant in the June
sample collections, and large schools were seen near the surface throughout the reservoir.
Part of the reason for their abundance at this time is the new crop of y-o-y individuals

which by November would be reduced by predation. Another rcason more threadfins
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were collected in June may have been differences in their schooling depths, from near
surface in June to deeper waters in November.,

Sample collections for cach sitc show there 1s some variation in species and
numbers of fish at different parts of the reservoir. The most notable aspect of site
comparisons is that collections at site 3, which was closest to the intake, were consistently
much lower than those at the other sites. The reason for this 1s most likely due to
inadequate fish habitat. The gillnetting site sloped steeply from the shoreline into deep
water, lacking adequate shallow areas 1o attracted forage fish. The electrofishing site
sloped gently from the shoreline to deeper water, but it lacked structure and quick access
to deep water.

The lake survey data provide information for analyzing parameters of SCR fish
populations, such as size structure, number present, and general condition. Analysis’ of
population stze structure and number are made with consideration of the potential bias of
sampling methods, as discussed above. The data collected can not be used to estimate
population numbers, but they should give good indications of the populations robustness
and stability. The following is an assessment of the populaitons of the prominant species
of SCR.

Major Predator Species
Largemouth bass Largemouth bass are a major predator and sport species in the
reservoir. The 1986 study reported a decline in catch per unit effort since 1981. This
study, however, recorded higher gillnetting collection rates than in 1986. The stocking of

over 160,000 Florida strain largemouths in 1990, may have reversed the wend. Catches
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of juvenile bass by clectrofishing and in the impingement samples indicated reproduction is
OCCUITIng.

Smallmouth bass A total of 209,830 smallmouth bass were stocked in 1979, 1980, and
1982. The 1986 study reported low numbers and marginal reproduction. This study
recorded much higher collection rates, nearly as high as the largemouth bass. Although no
juveniles were collected, reproduction must occur since there have been no stockings since
1982. Their strong presence is surprising since smallmouths prefer cool water habitats
(Emig 1966 ). Genetic analysis in the 1986 study revealed some smalimouth x largemouth
hybrids, but these hybrids would be sterile and could not account for their continued
presence. In Hellier (1977), the report by Johnson and Hale (1977) that walleye are
capable of out competing smallmouth bass was given as a possible reason the SCR
smallmouth bass was low. Thus, the increase in the SCR smallmouth population since the
1986 survey may be due to the loss of the walleye population

Hybrid striped bass Nearly 300,000 hybrid striped bass were stocked in 1979, 1981, and
1983, In the 1986 study, many of these fish were collected and they were considered a
major predator and designated a key piscivore. However, reservoir management changed
and stocking was discontinued. None were collected during the 1993 and 1994 surveys.
Without reproductive capabilities, these fish have disappeared due to natural attrition and
fishing pressure.

White bass White bass stockings in SCR have not been reported, but they currently have
a strong presence. Collection rates for this study were much higher than in 1986. Their

numbers were apparently held in check by the hybrid striped bass population, and, as the



hybrids declined, the white bass filled the niche.
White Crappie Catches of white crappie were much higher than in 1986 when they were
not even considered a major predator species for SCR. Condition factors were slightly
higher than the 1986 study, and presence of all size classes indicate a robust population.
Channel Catfish About 17,000 channel catfish were stocked in 1986. The 1986 study
reported that their populations were becoming increasingly successful. The collection ratc
for this study was much higher than the [986 study. Condition factors were lower than
those recorded in 1986, but size classes were robust. The presence of large numbers of y-
o-y fish indicate good reproductive success.
Walleye Over 4 million walleye were stocked in 1979, and the 1986 survey reported a
healthy, reproducing population. In the 1986 survey it was speculated that power plant
operation might threaten this species since water temperatures might exceed their thermal
tolerance limits, It seems that this prediction was correct since the walleye’s thermal
tolerance limit of about 32° (Goodson 1966 } is exceeded by several degrees in the
summer, and no walleye were collected in this survey or have been reported caught by
fishermen in recent years (personal communication with SCR park manager Bill Phillips).
Major Forage Species
Threadfin Shad The fact that threadfin shad were collected in large numbers in spite of
poor conditions for electrofishing is testimony to their abundance in SCR. These fish were
seen in very large schools during the night-time electrofishing in June. The 1986 survey
reported only a few threadfins. This spectes has probably bencfited from thermal

enrichment by the CPSES which has increased phytoplankton production upon which
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these fish feed. Threadfins are an effective prey species, and their abundance has no doubt
benefited the SCR fishery.

Bluegili sunfish Bluegill sunfish were collected in large numbers, but were seen in even
greater numbers fleeing the boat and dodging our nets. They were collected in both large
and small sizes which is a good indication of a stable fishery. Too many small blue gills
would indicate stunting due to lack of predation, and too many large ones would indicate
over predation and a declining fishery.

Gizzard Shad Gizzard shad are an excellent forage fish for predators when small, but
they can grow too large to serve as prey. The results of this survey show there is large
population of adult size gizzard shad, but there were no smail ones collected. However,
some small gizzard shad were collected in impingement samples, so the large fish are
contributing the production of forage for the predators.

Inland Silversides Inland silversides were considered to be the primary prey species in
the 1986 survey, but the results for this survey indicate they may have been replaced in
promincnce by the threadfin shad. They were collected and seen in good numbers, and

their size range indicates reproductive success.



CHAPTER IV

IMPACT ASSESSMENT

The operation of the CPSES intake structures can cause significant negative
impact to SCR fish populations if losses due to impingement and entrainment decrease
population numbers and/or stability. To determine if SCR fish populations have been
adversely affected, impingement and entrainment estimates for each species are evaluated
according to the species’ ability to compensate for it’s losses. Compensatory ability is
dependant upen the number lost, the life stage at which loss occurs, the species’ fecundity
and the strength of the species presence in SCR. Impact is further assessed by evaluation
of SCR population trends since the 1986 lake survey (Heiler 1987). Below are
discussions of selected species and their potential to be adversly affected by the CPSES

cooling water intake.

Selected Species
Threadfin shad This was the primary species of fish impinged with losses estimated to
be 251,269. Entrainment losses were estimated to be about 7 millton larvae for the
Dorosoma genus. The prolific gizzard shad may have accounted for a large percentage
these larvae. The Horst population model estimated the equivalent adult loss to be about
150,000. These losses are substantial, but there are several factors which lead to a

conclusion of no significant impact. These fish are a forage species which have low
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survival rates even as adults, and they are adapted to compensating for enormous iosses to
maintain their populations (Burns 1966). These fish are very abundant in SCR. The total
number collected in the lake surveys was 375 despite the fact none of the coliection
methods were condusive to their capture. Large schools were observed at the lakes
surface during night sampling, and directly in front of the intake during impingement and
entrainment sampling. Lastly,it appears their population has increased when compared to
the results of the 1986 lake survey when very few were captured.

Bluegill sunfish These fish were the second most common species impinged with an
estimated total of 4,921. Some adult sized individuals were collected, but most were a
Juvenile size with the average less than 100 mm. The total estimated entrainment for the
Lepomis genus was just over 10 million larvae. When the mode] was applied, all the
Lepomis larvae and the 4.4 million larvae identified at Centrarchidae were assumed to be
the bluegill species. The equivalent adult fish loss was 409. The impact of these losses
was not considered significant for reasons similar to those for threadfin shad. Bluegill
sunfish are forage for top-end predators, and are adapted to compensating for large
population losses. Most impingements were of juvenile fish which is of less consequence
than the loss of adult individuals capable of spawning. Also, bluegills are present in great
numbers in SCR. Many of adult size were seen in front of the inake during screen washes.
Largemouth bass This was the only top-end predator species that was impinged in
significant numbers. Total estimated impingement was 805. None over 120 mm in length
were impiinged, which means losses were limited to juvenile fish. Micropterus larvae

were not collected in entrainment samples, but if the estimated 4.4 million larvae identified
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as centrarchidae were all largemouth bass, the total adult loss model would give an
esttmate of 22. The lake survey indicates this specics is present in substantial numbers,
and catch rates were higher than they were in the 1986 lake survey. These results

indicate the intake structure has no significant upon the largemouth bass population.

Interaction of the Intake and the Fish Community

Observations of the fish community around the intake structure itsclf offers further
ingight into it’s impact upon SCR. Fish are attracted to the outflow of the screen wash
which pours into an area directly adjacent to the intake screens. The 2" mesh of the sump
basket allows small fish to pass through during the screen wash attracting large schools of
fish during the summer months when impingements are high. Channel catfish and bluegill
sunfish were seen in particular abundace. This observation and the pressence of few large
fish in the impingement samples indicates that cooling water intake poses little threat to
the larger-sized fish community. Also, passage of impinged fish through the sump basket

and out the outflow returns biomass to the system, lowering the net energy loss.



CONCLUSION

This project was designed to assess impact of CPSES cooling water intake upon
the SCR fish population through analysis of fish impingement and entrainment, and a
fisheries survey of SCR. Two hypothesis were tested: 1) Numbers of fishes impinged is
dependant upon water temperature; and 2) Densities of ichthyoplankton are not
significantly different between depths.

The loss of fishes due to impingement was estimated to be 262,994 of 14 species
over the period of a year. This is much lower than many impingement studies. Threadfin
shad comprised 96% of this total. Impingement appeared to be size selective with most of
the fish collected measuring less than 120 mm. This means loss for most species is limited
to fish of a juvenile age class. The highest rates of impingement occurred during the
summer, with 92% taking place between July 27 and September 7. Impingement and
water temperature had a moderate logarithmic relationship (Linear regression, r* = 0.63).
The fish were probably exhibiting a threshold tolerance to increases in water temperature.

The entrainment of eggs, larvae and juveniles was estimated to be 29.6 million,
42.5 million, and 1.3 million, respectively, of 6 genera over a five month period. These
numbers are similar to those recorded in other entrainment studies. The highest losses
were recorded for sunfish and freshwater drum at about 10 million each. Genera
compositions of entrainment collections had distinct trends which corresponded with each

genera’s spawning period. Differences in ichthyoplankton densities between depths was
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found to be significant for 2 out of 11 sampling periods (Kruskal Wallis one-way, multiple
sample test, p=0.05). Thus, it was assumed densities were uniform across all depths.

A total of 1006 fish of 16 species was collected during the fisheries surveys. There
appeared to be a good balance of forage species, insectivores, and piscivores. The
collection rates of almost all species were higher than those recorded in a 1986 survey.
Fishes of all species collected showed indications of good health: plumpness, good
coloration, and lack of external parasites and abnormalities. Reproductive success is
evident for all species collected. The primary forage species is probably threadfin shad for
which numbers have increased since the 1986 survey. The primary top-end predator
species are channel catfish, white bass and largemouth bass. The disappearance of walleye
and hybrid striped bass is attributed to thermal intolerance and the lack of recent stockings
respectively, and is not intake related.

The overall conclusion of this thesis is that losses due to impingement and
entrainment at the CPSES intake structure are not sufficient to cause adverse impact to
the fish community in SCR. There are several basis for this conclusion. The number of
fishes lost were much lower than those estimated for many studies similar to this one. The
species which accounted for most of the losses occur low on the food chain, and are thus
adapted to compensating for large losses to their population. The small size of most fish
lost indicates many were in a juvenile size class, the loss of which is less significant than
the loss of reproductive size fish. Lastly, the fish populations of SCR appeared to be
balanced and stable, or increasing in comparison to the previous fishery survey, and most

fish exhibited indications of good health.
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It 1s recommended that future studies have an impingement sampling scheme in
which sampling frequency increases during the summer because fish impingement rates are

highest at this time.
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Table 3. Water conditions and air temperature for sach impingement sampling event.

Sample {Water Temperature  Conductivity Madmm Alr Temperature
—Date # | Mom'  Ewe’ Eve  Mom Eve
1019 1 26 2 2100 77 82 22 24
10028 2 23 25 2000 80 93 13 2
11/02 3 19 1800 8.1 14 13
1100 4 20 19 1800 85 86 9 13
1116 5 18 19 1900 82 8.9 9 12
1123 6 17 19 1800 88 85 7 21
11730 7 15 16 1700 78 78 é 18
12/08 8 18 18 1800 90 95 19 2
1216 9 16 16 1900 82 82 4 9
1/08 10 | 18 18 1750 04 94 10 10
1113 1 19 20 1800 88 9.6 8 16
1120 12 18 17 1800 87 04 L 9
127 13 20 18 1800 9.0 04 8 10
22 14 18 18 1800 26 8 -1 8
20 15 7 8
216 16 19 2 1800 98 10.6 8 17
223 17 18 19 1600 90 28 3 1
2 18 18 19 1700 88 100 3 17
k7 19 19 19 1750 90 94 2 8
a6 20 2 4] 1800 82 10.1 9 2
¥y23 21 23 24 2000 9.0 103 17 24
Y30 2. 20 2 1800 86 92 7 18
48 23 20 2 1800 84 13 té
420 24 26 y. 2150 55 102 21 2
54 25 24 2 1950 74 118 18 y.
518 26 17 27
en 27 2 29 2250 84 04 24 80
815 28 30 2 2300 82 80 2 ]
6/28 . 32 35 2300 83 76 28 28
73 0 B » 2 M
{rig 31 36 36 34 31
8/10 32 28 38 2600 78 84 34 34
824 33 34 34 2750 74 80 3t 28
831 34 34 34 2150 88 768 K 1 30
907 35 34 K < 2750 65 70 y. 28
/14 % 34 34 2600 66 72 27 28
@21 37 3 34 2750 78 82 26 30
28 38 2 34 2650 70 84 23 34
105 39 K7 32 2700 88 78 3 33
1012 40 28 p.. 2500 70 78 1 21

* Mam = ~8:00 am, Eve = ~ 8:00 pm
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Table 8. Numbers of all species callected by electrofishing for SCR lake surveys.

Nov 1993 June 1994
Total Numberof | Total Number of
Comenon Name Scientific Name Number  Fish/15 miny Nuomber  Fish/15 mm
Threadfin Shad ~ Dorosoma peisnense 7 0.7 3s8 358
Gizzard Shad Dorosoma cepadianum 4 04
Inland Silverside  Menidia beryilina 2 0.2 87 8.7
Blackiail Shiner  Notropis atherinoides 1 0.1
Bhegill Sunfish  Lepomis macrochirus 104 10.4
Green Sunfish Lapomis cyanslius 23 23 3 03
Longear Sunfish  Lepomsis megalotis 9 09
Largemouth Buss  Micropterus salmoides S 0.5
Channel Ctfish  Jeialurus punctatus 13 1.3 19 19
Yellow Bulthead  Amerius natalis 2 02
Carp Cyprinus carpio 3 03
Total] 171 17.1 469 46.9

77



REFERENCES

Anderson, R. O. and S. J. Gutreuter. 1983. Length, weight, and associated structural
indices. In: Neilsen and Johnson, eds. Fisheries Techniques. American Fisheries
Society. Bethesda, Maryland: 468 pp.

Bowles R. R. and J. V. Merriner. 1977. Evaluation of ichthyoplankton sampling gear
used in power plant entrainment studles In: Jensen, ed. Fourth National
Workshop on Entrat E.A. Communications,
Melville, New York, pp.33-43.

Bugbee, S. L. 1977. Implementation of Section 316 of the Federal Water Pollution
Control Act. In: Jensen, ed. Fourth National Worksh inment and
Impingement. L.D. E.A. Communications, Melville, New York, pp.3-5.

Burns, J. W, 1966. Threadfin Shad. In: A. Calhoun, ed. Inland Fisheries
Management.State of California. Dept. Of Fish and Game. 1966.

Cannon, T. C. and G. L. Lauver. 1976. Conceptual approaches for the evaluation of
biologic impact from entraiment and impingement at power-generating stations.

In: Jensen, ed. Third National Workshop on Entrainment and Impingement. E.A.

Commumications, Melville, New York pp 221-239.

Chadwick, H. K., C. E. Von Geldern, Jr, and M. L.Johnson. 1966. White Bass. In: A.

Calhoun, ed. Inland Fisheries Management. State of California. Dept. Of Fish and
Game. 1966.

Christensen, S.W., D.L. DeAngelis, and A.G. Clark. 1977. Development of a stock-
progeny model for assessing power plant effects on fish populations. In: W. van

Winkle, ed. edings of ce Assessin wer- -
Induced Mortalitiy on Fish Populations. Pergamon Press, New York, NY, pp 196-
226.

EBASCO. 1994. Proposal to conduct Comanche Peak Steam Electric Station section
316(B) demonstraion program. Report presented to Texas Utilities Services by
EBASCO Environmental, Dallas, Texas.

78



79
Emig, . W. 1966. Bluegill Sunfish. In: A. Calthoun, ed. Inland Fisheries Management.
State of California. Dept. Of Fish and Game. 1966.

Emig, ] W. 1966. Smallmouth Bass. In: A. Calhoun, ed. Inland Fisheries
Management.State of California. Dept. Of Fish and Game. 1966.

Ensearch Environmentat. 1994. Comanche Peak Steam Electric Station Section 316(B)
Demonstraion Program, Standard Operating Procedures for sampling and analysis
of imingement, entrainment, and Squaw Creek Reservoir studies. Presented to
Texas Utilities Generating Company by Glenn Piehler, Ensearch Environmental.
Lyndhurst, New Jersey.

Freeman, R. F., IIl, R.K. Sharma. 1977. Survey of fish impingement at power plants in
the United States. Bolume II Inland Waters. Argonne National Laboratory.
Argonne, Il

Goodson L. F., Jr. 1966. Crappie. In: A. Calhoun, Ed. Inland Fisheries Management.
State of California. Dept. Of Fish and Game. 1966

Goodson L. F., Jr. 1966. Walleye. In: A. Calhoun, Ed. Inland Fisheries Management.
State of California. Dept. Of Fish and Game. 1966

Goodyear, C. P. 1977. Assessing the impact of power plant mortality on the
compensatory reserve of fish population. In: W. Van Winkle (Editor), Proc. Conf.

Assessing the Effects of Power-Plant Mortality on Fish Population. Pergamon
Press, New York, NY, pp.186-195.

Goodyear, C. P. 1980. Compensation in fish populations. In: Hocutt and Stauffer (Eds.).
Biological Monitoring of Fish. Lexington, MA, pp. 253-280.

Hanson, C. H., J. R. White and H. W. Li. 1977. Entrapment and impingement of fishes
by power plant cooling-water intakes: An overview. U.S. National Marine

Fisheries Service Marine Fisheries Review. 39:7-17.
Hardy, J. D. Jr. 1978. Development of Fj Mid-Atantic Bj (optional An

Atlas of Egg, Larval, and Juevinie). Volume (Vol.) III (or 3) (opt:
Aphredoderidae thru Rachychentridae). Biological Services Program, U.S. Fish
and Wildlife Service. (opt. (order #) FWS/OBS 78/12) 394 pp.

Haven, K. F., and T. C. Ginn. 1977. A mathmatical model of the interactions of an
aquatic ecosystem and a thermal power station cooling system. In: Jensen, ed.
h National Wor on Entrain Impin



80
Communications. Melville, New York, pp.3-5.

Heiler, Jr., T. R., D. H. Whitmore and T. H. Chrzanowske. 1987. Final report on Sguaw
Creek reservoir: Preoperational monitoring program. The University at Arlington,
Arlington, Texas. Final Report submitted to TU Electric, Dallas Texas. 12 pp.

Hocutt, C. H., J. R. Stauffer, Jr., J. E. Edinger, L. W. Hall Jr., and R. P. Morgan II (eds.).

1980. Power plants: effects on fish and shellfish behavior. Academic Press. New
York, NY: 346 pp.

Hogue, J. J. Jr, R. Wallus, L. K. Kay. 1976. Preliminary guide to the identification of
larval fishes in the Tennessee River. Tennessee Valley Authority. Division of
Forestry, Fisheries, and Wildlife Development. Norris, Tennessee 37828 Technical

Note B19 December 1976

Horst, T. J. 1975. The assessment of impact due to entrainment of ichthyoplankton. In:
Saila S. B. (Ed) 1975. Fisheries and energy production, a symposium. D.C.
Heath and Company, Lexington, Mass,

Hubbs, C. 1982. Life history dynamics of Menidia beryllina from Lake Texoma.
American Midland Naturatist. 107: 1-12.

Ichthyological Associates, Inc. 1975. An Ecological Study on the Susquehanna River in
the vicinity of the Three Mile Island Nuclear Station. Report presented to

Metropolitan Edison Company by W. A. Potter, Ichthyological Associates, Inc.,
Etters, Pensylvania.

Jensen, A. L., S. A. Spigarelli and M. M. Thommes. 1982. Use of conventional fishery
models to assess entrainment and impingement of three Lake Michigan fish
species. Transactions of the American Fisherjes Society. 111:21-34.

Jensen, C. D., and M. E. Loftus. 1976. Ecological and regulatory issues associated with
316(b) entrainment studies at electric power stations: a biologist’s point of view.
In: Jensen, ed. Third National Workshop on Entrainment and Impingement. E.A.
Communications, Melville, New York pp 37-58.

Jones, P. W., F. D. Martin, and J. D. Hardy Jr. 1978. Development of Fishes of the Mid-
Atlantic Bight. (optional An Atlas of Egg, Larval, and Juevinle). Volume (Vol.) I
(or 1) (Acipenseridae thru Ictaluridae). Biological Services Program, U.S. Fish
and Wildlife Service. (opt. (order #) FWS/OBS 78/12) 366 pp.

Jude, D. J. 1976. Entrainment of fish larvae and eggs on the Great Lakes, with special
reference to the D. C. Cook Nuclear Power Plant, Southeastern Lake Michigan.



81

In: Jensen, ed. Third National Workshop on Entrainment and Impingement. E.A.

Communications, Melville, New York pp 37-58.

Kelso, }. R. M. and G. S. Milburn. 1979. Entrainment and impingement of fish by power
plants in the Great Lakes which use the once through cooling process. Journal of
Great Lakes Research. 5:182-194.

Lawler, I. P. And T. L. Englert. Models useful for the estimation of equilibrium
population reduction due to power plant cropping. In: Jensen, ed. Fourth National

Workshop on Entrainment and Impingement, L.D. E.A. Communications,
Melville, New York, pp.103-113.

Krouse, C. A. 1977. The power plant program: A congressional dilemma. In: Jensen,
Fourth Nati Workshop on Entrainment and Impin
Communications, Melville, New York, pp.7-9.

Kumar K. D. and J. S. Griffith. 1977. Temporally stratified sampling programs for
estimating of fish impingement. In: Jensen, ed. Fourth National Workshop on
Entrainme Impinge L.D. E.A. Communications, Melville, New York,
pp.281-289.

McFarlane, R. W., R. F. Frietsche, R. D. Miracle. 1978. Impingement and entrainment of
fishes at the Savannah River plant: An NPDES 316b demonstration. Report
presented to the U.S. Department of Energy by McFarlane, R. W, R. F. Frietsche,
R. D. Miracle, Savannah River Laboratory, Aiken, South Carolina.

Milburn, G. S. and G. C. Ginsberg. 1977. Regulatory developments inSection 316(b).

In: Jensen, ed. Fourth National Workshop on Entrainment and Impingement. L.D,

E.A. Communications, Melville, New York, pp.11-20.

Murarka, 1. P., S. A. Spigarelli, and D.J. Bodeau. 1977. Statistical comparisons and
choices of sampling designs for estimating fish impingement at coolin g water

intakes. In: Jensen, ed. Fourth National Worksho op on Entrainment and

Impingement. L.D. E.A. Communications, Melville, New York, pp.267-280.

NUS Corporation. 1976. Section 316(b) demonstration for the Prairie Island Nuclear
Generating Plant on the Mississippi River near Red Wing, Minnesota. Prepared by
Dahlberg, M. D., L. K. Davis, J. W. Ericson, V. R. Kranz, and M. R. Oblad for
Northern States Power Company, Minneapolis Minnesota.

NUS Corportaion. 1977. Section 316(b) Demonstraion for the Allen S. King generating
plant on Lake St. Croix, Bayport, Minnesota. Report Presented to Northern
States Power Company by Kranz, V.R., et al., NUS Corporation, Pittsburgh, Pa.



82

Patterson, R. L. 1979. Production, mortality, and power plant entrainment of larval
yellow perch in western Lake Erie. United States Environmental Agenc search
Report EPA-600/3-79-087 Washington District of Columbia, USA.

Patterson, R. L. 1987. Revised estimates of power plant entrainment of ichthyoplankton

in Western Lake Erie in 1975-77. Journal of Great Lakes Research 13(1):78-83.

Pikitch, E. K., R. A. Alevras, J. M. HillegasJr., and D. T. Logan. 1977. Possibilities for
assessment of the effects of power plant operation at the ecosystem level. In:

Jensen, ed. Fourth National Workshop on Entrainment and Impingement, L.D.
E.A. Communications, Melville, New York, pp.315-320.

Rago, P.J. 1984. Production forgone: An alternative method for assessing the
consequences of fish entrainment and impingement losses at power plants and

other water intakes. Ecological Modeling, 24(1984) 79-111.

Ray, S. S., R. L. Snipes, and C. A. Tomljanovich. 1976. State-of-the-art report on intake
technologies. EPA-600/7-76-020, 83 pp.

Schubel, J. R., and B. C. Marcy, Jr. (eds.). 1978. Power plant entrainment; a biological
assessment. Academic Press. New York, NY: 271 pp.

Sharma, R. K. 1977. Perspectives on fish 1mp1ngement In: Jensen, ed. Fourth National

Workshop on Entrainment and Impingement, L.D. E.A. Communications,
Melville, New York, pp.351-386.

Snyder, D. E., M. B. M. Snyder, and S. C. Douglas. 1977. Identification of Golden

Shiner, Notemigonus Spotfin Shiner, Notropi 1 rus. and
Fathead Minnow, Pimephales promelas, Larvae. Journal of Fisheries Research

Board Canada. 34:1397-1409.

Spegarelli, S. A., A. L. Jensen, and M. M. Thommes. 1981. Assessment of the impacts of
water intakes on alewife, rainbow smelt, and yellow perch populat.lons in Lake
Michigan. United States Envi tion A
Series. EPA-905/3-81-001 Chicago, Ilhnms, USA.

United States Environmental Protection Agency. 1976. Development document for best
technology available for the location, design, construction and capacity of cooling
water intake structures for minimizing adverse environmental impact._USEPA

Effluent Guidelines Division. Office of Water and Hazardous Materials.
Washington, D.C.

Wyman, R. L. and R. S. Dischel. 1984. Factors influencing impingement of fish by Lake



Ontario power plants. Journal of Great Lakes Resources. 10(4):348-357.

83



