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ABSTRACT

The impact to the fishery of Navigation Pool No. 9 of the Mississippi

River from impingement and entrainment processes by two Dairyland Power

Cooperative power stations in Genoa, Wisconsin, was determined. Impingement

samples were taken once each week for a 24 hour period from 8 August

1978 through 30 June 1980 at both plants. Sampling devices, comprised

of galvanized hardware cloth, were used to strain screen wash water to

determine impingement rates. Entrainment sampling was conducted once

each week for a 24 hour period from 26 February 1979 through 10 September

1979 and 6 February 1980 through 30 June 1980. Entrainment rates were

determined by straining water from tapped intake pipes with plankton

nets. Impingement survival tests, stress tests, and ichthyoplankton

surveys were also taken to further define the impact of entrainment and

impingement.

An estimated 8,390 (127.1 kg) and 54,349 (2915.7 kg) fish were

impinged during this study at La Crosse Boiling Water Reactor.LACBWR)

and Genoa #3 (G-3), respectively. The two power stations collectively

impinged representatives of 53 species and 19 families of fish. The

most frequently impinged species of fish were bluegill (Lepomis

macrochirus), freshwater drum (Aplodinotus grunniens)., gizzard shad

(Dorosoma cepedianum) and channel catfish (Ictalurus punctatus). Young

of-the-year fish density, behavioral responses of some species of fish

and intake structure design were determined to be the most influential
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factors causing impingement at these plants. The impact to the Pool 9

fishery from impingement by these two power stations was judged

insignificant. Greater than 11 x 106 larval fish were entrained by G-3

during this study. Freshwater drum and Morone sp. larvae were the most

frequently entrained species of fish. Other larval fish taxa entrained

were Dorosoma sp., Hiodon sp., Pomoxis sp., cyprinids and catostomids.

The impact to the Pool 9 fishery from entrainment was probably insig

nificant with the possible exception of freshwater drum.

Recommendations for modification of screen washing procedures and

intake structures at the present plants were offered to the power company

to reduce the impac.t of entrainment and impingement. Placement of intake

structures in areas of lowest fish density was recommended to the power

company for their future power plants.
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INTRODUCTION

Purpose

The primary objective of this research was to determine the impact

to the fishery of Navigation Pool No. 9 (Upper Mississippi River) by

entrainment and impingement processes of Dairyland Power Cooperative's

steam-powered electrical generating stations at Genoa, Wisconsin. Other

objectives of this study included the determination of mortality rates

of impinged and entrained fish and the determination of the possible

causes of mortality. Recommendations based on this research will be

offered which could potentially reduce the effects of these and future

power plants.

There are three main processes whereby fish are affected at the

intake structure of power plants. Entrapment is the process whereby fish

have passed through trash racks, but cannot escape and, therefore, are

trapped in the intake bay. Impingement occurs when fish are forced upon

a physical barrier, usually a screen. Entrainment is the process whereby

small fish pass through the screens and are carried through the plumbing

of the plant.

Variables such as intake velocity, intake volume and the river

stage could have effects on impingement and entrainment rates, as well

as on the mortality caused by the processes. These effects will also be

discussed.
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Rationale

In 1980, the projected output by the electrical generating utilities

in the United States will exceed 2300 billion kilowatt hours, which is

an increase of 2.1% over. that in 1979. The rate of increase in the demand

for electrical power, however, has dropped significantly since the mid-

seventies (Anonymous, 1980). In the last decade water requirements for

11 3steam electrical plants in the United States amounted to 2.28 x 10 m

per year. This volume was equivalent to 15% of the total flow of the

rivers and streams in the United States. Other industries used an

10 3additional 3.8x10 m per year for cooling (Lauer et a1. 1975). It has

been projected that by 1985, 25% of the average rainfall in the United

States (excluding that returned to the atmosphere via evaporation and

transpiration) will pass through steam electrical plants (Zweiacker and

Bowles, 1976). By the year 2000, as much as 50% of the annual runoff

will pass through steam electric plants and during periods of low flow,

as much as 100% of the runoff would be used as cooling water for power

plants (Landry and Strawn, 1974).

Impingement at steam-powered electrical generating stations is

becoming a serious threat to the ecological balance to some aquatic systems

in the United States. Significant problems have developed at approximately

10% of the existing power stations due to impingement (Sonnichsen, 1975).

The impact to the aquatic environment could become more significant with

the increasing demand for water by industry.

The Mississippi River, which is used for both industry and

recreation, drains approximately 40% of the continental United States.

Navigation Pool No. 9 is the most productive pool in the Upper Mississippi

6River for commerica1 fishermen yielding over 19 x 10 kg of fish during
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1953-1977 (Rasmussen, 1979).

The probability of developing more power stations along the Mississippi

River in the future is very high. This and other similar studies should

provide useful information to facilitate improving the design of future

power plants, thus minimizing adverse effects on the aquatic environment.
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LITERATURE REVIEW

Provisions of the Federal Water Pollution Control Act Amendment of

1972 (Public Law 92.500) are administered by the United States Environ

mental Protection Agency (USEPA). Section 3l6(b) of this act states that

the location, design, construction and capacity of cooling water intake

structures must reflect the best technology available for minimizing

adverse environmental impact (Freeman and Sharma, 1977). No clear guide

lines or criteria are available, however, for determining adverse effects

to the environment. A major conflict exists in evaluating the losses of

fish resulting from impingement and entrainment and arriving at reason

able criteria for establishing the level of intake damage which is legal

ly acceptable. Each case must be reviewed separately due to the unique

ness of the species involved, the characteristics of the particular

aquatic ecosystem and the potential impact to it (Hanson et al., 1977).

Intake Design

Screening types. Three basic types of screens are used to keep

debris and fish from entering industrial complexes. The stationary

screen is very effective in keeping out fish and debris, but it lacks

moving parts and has to be cleaned periodically by hand. Therefore, it

is not used extensively by power plants (Mayo, 1974).

The second type of screen is the vertical traveling screen. Vertical

traveling screens, along with the associated trash racks made of a

series of vertical steel bars approximately 5-8 cm apart, were developed
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in the 1920's. They are still the major equipment used for removing

trash from the cooling water before it is pumped through the condenser

system. Traveling screens of most United States power stations are 0.95

2cm mesh (Lauer et al., 1975).

The major advantage of this type of screening system is that the

screens are self-cleaning. Fish mortality can be high, however, and

modifications have been made to reduce impingement mortality. Some intake

structures of power plants have angled traveling screens. This modification

provides a larger surface area resulting in reduced water pressure from

the intake. Increasing the speed at which the screen rotates will reduce

the time the fish will be exposed to the air before being guided via a

sluiceway back to the water. Placing a physical restraint on the

horizontal supporting member on the screen will prevent fish from falling

back into the intake bay and becoming reimpinged (Mayo, 1974).

A third type of screening system is the horizontal traveling screen

that has been used in hydro-electric dams. to divert migrating salmon.

Difficulties resulting from the buildup of sediments on the screens has

stalled development of this system for power plant intake structures.

Once these problems are solved, this screening system will provide several

advantages, including a complete physical barrier, high diversion efficiency

of juvenile migrant fish, and releasing of fish into a bypass without

passing .the air-water interface (Hanson et al., 1977).

All three screening types are effective in preventing juvenile .and .

adult fish from entering the plant, but eggs and larvae of fish can still

pass through and become entrained (Hanson et al., 1977).

Screening alternatives. Many alternatives other than screening

could. reduce impingement of fish. The best technique to avoid fish
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impingement is to eliminate the uptake. of cooling water. The second

stage heat exchanger, where the cooling water is used, can be placed

directly into the aquatic environment. Cooling towers or spray channels

are used by some power stations which recycle. water back into the plant.

A constant flow of make-up water is needed, however, to compensate for

water lost due to evaporation (Mayo, 1974).

Physical barriers other than screens are also used by some power

stations. Vertical and horizontal drums have similar efficiencies as

traveling screens as they are barriers for juvenile and adult fish, but

not for eggs and larvae (Hanson et al., 1977).

The use of perforated pipes is another method. designed to reduce

impingement. This method with modifications will reduce intake

velocities with a capacity of handling up to 380 m3/min. Other advantages

include the elimination of trash bars, trash rakes, and traveling screens.

Perforated pipes can be replaced where biological activity is at a

minimum, thus reducing the potential. for entrainment. They provide a

large screen surface and low intake velocity without the massive

structure required to achieve the same effect as with most other screening

methods. Disadvantages of perforated pipes include manual cleaning and

vulnerability to damage by heavy floating debris or boating activity

(Richards and Hroncich, 1976).

Rapid sand filters and leaky dam or coarse rock filters have the

potential to prevent entrainment, entrapment and impingement of all species

and life stages of fish. Water is drawn through the sand or rock, but

holes are small enough to keep fish and debris out (Hanson et al.,

1977; May, 1974).
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Behavioral barriers have been developed to guide fish away from

intake structures, but their success has been limited. Such devices

include the use of sound, light, electrical fields, bubble screens and

velocity gradients (Lauer et a1., 1975; Boreman, 1977; Hanson et a1.,

1977).

The use of sudden bright light has been used with limited success

as a deterrent. Its effectiveness decreases through time as fish become

adapted to it. Sudden bright light was successful in diverting chinook

salmon (Oncorhynchus tshawytscha (Wa1baum)) passage in the laboratory.

Gizzard shad (Dorosoma cepedianum) and striped bass (Morone saxita1is

Wa1baum), however, become accustomed to the bright illumination in a

relatively short period of time (Bibko et a1., 1974). High-frequency is

also partially effective because fish become accustomed to the sound as

they did with sudden bright light (Hanson et a1., 1977).

Velocity gradients or flow acceleration barriers have a high diver

sion efficiency. This method employs different current velocities, usu

ally higher than the intake velocity, to shunt fish away from the screens

back to the main water body. Studies show that velocity gradients .are

56-81% effective in diverting fish from screens (Hanson et a1., 1977).

Velocity caps have been developed which, when placed on top of vertical

intake pipes, are designed to draw water from a narrow portion of the

water column. Velocity caps also have reduced fish entrainment and

entrapment in both experimental and actual operating conditions (Boreman,

1977; Hanson et a1., 1977).

Bubble screens have been installed at several power plants in the

United States and have had variable success. Fish deterrence with

respect to air bubbles is a species-specific phenomenon. Some species
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were completely deterred whereas other species were virtually unaffected

(Bibko et a1., 1974). A1evras (1974) stated that air bubbles probably

do not repel fish, but probably attract them especially during the night-

time hours.

Electrical barriers, as with air bubbles, have not been very success-

fu1 for repelling fish from intakes. Again, they are specific as to

which species of fish would be deterred (Hanson et a1., 1977).

A fish diversion and transport system has been developed and is

scheduled to go on line at two power stations on Lake Ontario in 1979

and 1982. It consists of three major components: an angled, flush

mounted fish diversion screen, a pipe loop and a periphera1~type jet

pump. This diversion technique was 100% effective in the laboratory in

diverting alewife (A1osa pseudoharengus) to a bypass without any significant

mortality (Taft and Mussa1i, 1978).

Impingement

Related impingement studies. Many impingement studies have been

conducted at power stations in the United States during the past decade.

Results from these studies reveal varying degrees of fish losses due to

impingement. Ten thousand fish and 5,000 crabs were destroyed per month

in the spring and summer at Oyster Creek Power Station in Barnegat Bay,

New Jersey in 1971. In just one year (1969-1970), 7,191,785 fish were

impinged at the P.H. Robinson Plant near Galveston Bay, Texas. Indian

Point #1 and #2 power stations on the Hudson River, New York, were

6responsible for the impingement of 6.5 x 10 fish per year. In one

instance in February 1972, 175,000 fish were impinged at Indian Point

#2 in five days. The company was fined 1.6 million dollars by the state
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of New York for the fish kills (Boreman, 1977). In a span of three years,

612.7 x 10 fish representing 66 species were impinged at the Surry Power

Plant on the James River in Virginia (Adams et al., 1976a).

Freeman and Sharma (1977) reported on several impingement studies

at power stations that use water from the Mississippi River. Wood River

Generating Station, located at river mile 200 on the Upper Mississippi

River, had an estimated total impingement of 39,771 fish from December

1974 to November 1975. The 'total included 34,000 gizzard shad and 4,000

freshwater drum (Aplodinotus grunniens), The nuclear power station ,at

Quad Cities, Illinois, had an estimated total impingement of 215,746 fish

from February 1975 through January 1976. Gizzard shad impingement was

estimated at 178,000 fish while the impingement of freshwater drum was

estimated at 29,000. Prairie Island Nuclear Power Station located on

Pool 3 just north of Red Wing, Minnesota, had a total estimated impinge-

ment of 146,061 fish/year. Again, gizzard shad accounted for the major

portion of the fish impinged (93%). Water Pollution Research Associates

(WAPORA, 1976a)"reported that an estimated 32,040 and 2,785 fish,

respectively, were impinged from July 1974 through June 1975 and from

April 1975 through March 1976 at Dairyland Power Cooperative's Alma

Units 1-5 in Alma, Wisconsin. Eighty-five percent of the fish impinged

were gizzard shad.

Previous impingement studies at Dairyland Power Cooperative's Genoa,

Wisconsin site, were completed in 1976 (WAPORA, 1976b; WAPORA, 1976c;

Brimmer, 1976). The impingement rate at the G-3 station from 1 July

1974 through 30 June 1975 was estimated to be 70,724 fish. Bluegill

(Lepomis macrochirus), freshwater drum, emerald shiner (Notropis

atherinoides), white bass (Morone chrysops) and channel catfish (~ctalurus
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punctatus) were the most frequently impinged species of fish at G-3

(WAPORA, 1976b). Brimmer (1976) estimated the annual impingement rate

to be 80,588 fish/year at G-3 based on samples collected from August

1974 to June 1976. Bluegill, emerald shiner, freshwater drum, black

crappie (Pomoxis nigromaculatus) and gizzard shad were the most frequently

impinged species of fish. At the La Crosse Boiling Water Reactor (LACBWR),

also located at the Genoa site, an estimated 14,827 fish were impinged

from 1 July 1974 through 30 June 1975. Freshwater drum, bluegill, white

crappie (Pomoxis annularis), and channel catfish were impinged most

often (WAPORA, 1976c). Brimmer· (1976) estimated that 12,957 fish were

impinged per year from August 1974 through June 1976. Bluegill, fresh

water drum and black crappie were the most frequently impinged species

of fish at LACBWR.

Factors causing impingement. Fish impingement is reportedly

influenced by several factors such as water temperature, intake velocity,

illumination, the population density of fish and species-specific

behavioral patterns (Bibko et al., 1974). Water temperatures at the

intake were shown to be significant for a few species of fish at Surry

Power Plant in Virginia. Water temperature was not, however, a significant

factor for most impinged species at this station (Adams et al., 1976a).

Grimes (1975) states that an inverse relationship occurred between

temperature and impingement. Fish become less active in colder water,

thus increasing susceptibility to impingement. Observations over time

intervals of two to three hours indicated that the effective swim speed

or swimming endurance of young~of-the-year striped bass was greater at

ll.loe than at 4.50 C (Bibko et al., 1974).

Intake volume and velocity have been considered as factors affecting
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impingement. Grotbeck and Bechthold (1975) reported that impingement

frequency of black crappie increased with increased pumping rates. Smaller

fish (88.5-137.5 mm) displayed sustained swimming speeds ranging from

0.27-0.67 m/sec while larger fish (150-212.5 mm) had sustained sWimming

speeds from 0.52-0.76 m/sec. Smaller fish (93.5-133.5 mm) were impinged

when water velocities approached 0.58-0.79 m/sec with an average of 0.6

m/sec, whereas larger fish (160.5-206.5 mm) were not impinged until

approach velocities approximated 0.79-0.94 m/sec. Striped bass and gizzard

shad constantly displayed preference for areas of lowest water velocity

when exposed to a horizontal water velocity gradient (Bibko et a1.,

1974). Fish generally exhibit positive rheotaxis by orienting themselves

upstream (Bowles, 1976). Intake velocities at most power stations

(0.15-0.30 m/sec) are less than the sustained swimming speeds recorded

above. Fish should sense the increased water velocities at intakes and,

therefore, escape. Other factors such as water temperature can effect

the physiological state of fish and modify the normal swimming behavior

of fish with respect to intake water velocity (Bibko et a1., 1974).

Grimes (1975) reported that weak swimming fish were most likely to

be impinged. Impingement by intake water pressure or a combination of

intake water pressure and floating mats of algae can trap sick and

weak swimming fish against the screens.

Another factor which can lead to impingement is the intake structure

itself. The intake basin could provide a habitat preferred by those

fish present. An abundant food supply is also carried into the intake

basin in river situations (Grotbeck and Bechthold, 1975). Page et a1.

(1977) reported that chinook salmon were impinged much more frequently

at Hanford Generating Project (HGP) than at 100-N Reactor. The two intake
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structures were only approximately 275 m apart in similar shoreline hab

itats. The intake volumes and velocities were 160 m3/min and 0.72 m/sec,

and 120 m3/min and 0.87 m/sec at HGP and 100-N Reactor, respectively.

The difference in impingement frequencies was attributed partially to

intake structure differences.

Adams et al. (1976b) stated that an increase in fish impingement

could be the result of an increase in the total number of juvenile fish

in the area and/or a result'of reimpingement of injured fish. Smaller

fish could also become impinged trying to escape predators which are

entrapped in the intake bay (Landry and Strawn, 1974).

Impingement has been determined to be species-specific. At a power

station in Monticello, Minnesota, black bullhead (Ictalurus melas) and

fish impinged, whereas carp (Cyrinus,carpio) and shorthead redhorse

(Moxostoma macrolepidotum) made up 2.5% and 1.8%, respectively, of the

impingement catch. Black bullhead and black crappie, however, made up

only 0.79%, and 0.5%,respectively; of the fish in the river itself. Carp

and shorthead redhorse, on the other hand, made up 25.3% and 35.9%,

respectively, of the fish population in the river (Grotbeck and Bechtold,

1975).

Daily and seasonal impingement. Recent studies showed that the

impingement rates throughout the day and year is not random. Tatham et

al. (1978) reported that 86.4% of the impingement at Oyster Creek Station

occurred at night. Smelt (Osmerus mordax) impingement was greater at

night than during the day at a Lake Ontario power station (Lifton and

Storr, 1978). At a Philadelphia electric power station, over 50% of

channel catfish, 72% of bluegill and 53% of pumpkinseed (Lepomis gibbosus)

impingement occured at night (Adams et al., 1976b). Mathur et al. (1977)
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reported little difference between day and night impingement rates although

impingement appeared to be slightly higher at night at Peach Bottom Atomic

Power Station.

Seasonal impingement rates have been shown to vary. Adams et al.

(1976b) stated tha~,impingement rates of channel catfish, white crappie,

bluegill and pumkinseed were highest in the months of December, January

and February. Other studies, however, showed that impingement was lowest

during the winter. Low impingement rates during the winter had been

attributed to the fact that fish can avoid low temperatures by over-

wintering in the heated discharge released from the plant (Loar et al.,

1978). Grotbeck and Bechthold (1975) reported that most impingement

occurred in June during high river flow. Mathur et al. (1977) stated

that impingement appeared to increase when the river discharge was greater

3than 8,400 m /sec, regardless of the time of day. Maximum impingement

rates occurred during the spring and fall at Oyster Creek (Tatham et al.,

1978). Brimmer (1976) reported that impingement was highest in the fall

and summer averaging 502 fish/day and 160 fish/day, respectively, at

Dairyland Power Cooperative's G-3 station. Impingement during the winter

and spring were the lowest averaging 67 and 70.7 fish/day, respectively.

WAPORA (1976b) reported that impingement rates at G-3 ranged from 55 fish/

day (March) to 693 fish/day (November). At LACBWR the highest impingement

rate was in the fall (averaging 64 fish/day) and was lowest in the summer

(averaging 4.3 fish/day) (Brimmer, 1976). WAPORA (1976c) reported that

the impingement rate at LACBWR was highest in November (137 fish/day)

and lowest in June (5 fish/day).

Impingement survival. The impingement process can reduce either

immediate or latent survival of fish due to exhaustion, suffocation,
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external or internal injury (Bowles, 1976; Hanson et a1., 1977). The

extent of physical damage is directly related to the duration of impinge

ment, techniques of handling fish and intake water velocities (Hanson

et a1., 1977).

Internal hemorrhage, eye loss and bent gill opercula have been

observed as a result of impingement. Impingement can also result in fish

being partially desca1ed. Loss of scales destroys the integrity of the

protective body covering, causing the disruption of essential osmotic

differentiation between the body fluids of the fish and their environment.

Loss of scales can also lead to increased susceptibility to disease such

as parasitism (Hanson et a1., 1977). Fish washed off the screen could

also become easy prey to predators (Bowles, 1976; Landry and Strawn,

1974).

Delayed mortai1ity of fish has been reported to be due to periods

of hyperactivity and the associated lactic acid accumulation in the

blood. Lactic acid accumulates in the circulatory system during periods

of excitement or intense swimming effort. The energy demands of swimming

during entrapment result in an increased concentration of lactic acid in

the tissues causing muscle fatigue and suffocation (Hanson et a1., 1977;

Bowles, 1976). Probable causes of delayed mortality following preimpinge

ment excitement include acidosis and inadequate oxygenation of blood due

to the Bohr effect (Hanson et a1., 1977).

Several factors can lead to increased mortality of fish due to

impingement. Generally, an increase in intake velocity and/or an increase

in time of impingement will increase the mortality of impinged fish

(Congleton and Mayo, 1975). Striped bass impinged at a velocity of

0.58-0.76 m/sec for five minutes recovered completely after one hour and
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displayed normal behavior after 24 hr. Fifteen minute impingement

resulted in the mortality of one of three specimens, whereas all of

three fish tested died when subjected to 30 min of impingement (Bibko

et al., 1974). Bowles (1976) did a similar experiment with striped bass.

She demonstrated that impingement of young-of-the-year striped bass at

an intake velocity of 0.67-0.85 m/sec for five minutes produced no

moxLali~y"but only 67% survived 15 min impingement at the same intake

velocity.

Field studies showed similar results. The immediate survival of

Atlantic menhaden (Brevoortia tyrannus) impinged in November and December

increased from 9% with intermittent screen rotation to 25% under continu

ous operation. Survival of Atlantic silverside (Menidia menidia) in

creased from 27% (intermittent operation) to 65% (continuous operation)

(Tatham et al., 1978). The latent survival of fish impinged for two and

four hours was significantly less for white perch (Morone americanus) at

Bowlin: Point Plant in New York than it was when the screen were washed

continuously. After 96 hr of holding, 56% of the fish survived after

being impinged for two hours and only 19% of the fish survived when

screens were washed every four hours. The latent survival of Atlantic

tomcod (Microgradus tomcod) impinged during continuous washing versus

being impinged for two and four hours was not significantly different

(King et al., 1978).

Screen wash pressure can also have an affect on mortality. Operation

of a low pressure screen wash (10-20 psi) system did not result in signi

ficantly greater initial or latent survival than operation of a higher

pressure system (30-50 psi) for white perch or striped bass. Each system

had accompanying high pressure sprays (100 psi) used to remove vegetation
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from the screens. Latent survival for striped bass was greater at the

higher screen wash pressure. The explanation given was that the low

pressure screen wash system did not effectively remove fish from the

traveling screens prior to their contact with the high pressure system

(100 pSi). White perch exposed to the 50 psi wash usually showed a

significantly higher initial survival rate than those exposed to 100 psi

wash. The same trend was apparent during the 84 hr latent survival

observation. Again, this was species-specific since the survival of the

Atlantic tomcod was not significantly different at the two screen wash

pressures (King et al., 1978).

Stressed alewives experienced high impingement mortalities immediately

after spawning during spring months. This also happened with smelt and

spottail shiners (Notropis hudsonius). The same stresses that induce

high mortality make fish more vulnerable to impingement (Lifton and Storr,

1978). It has also been shown that as the size of the fish increased,

mortality resulting from impingement decreased (Hanson et al., 1977).

Simple techniques for detection of stress.have been developed for

fish culture (Smith and Ramos, 1976). Application of these techniques

have been implemented at some power stations on the Upper Hudson River,

New York. Results indicated that recently killed fish from impingement

had a higher degree of stress than those which survived the impingement

process (Isaacson and Morrisson, 1980).

Entrainment

Related entrainment studies. The impact to fishery resources caused

by water withdrawal at some power stations could be greater than that

6caused by thermal pollution. Seven to 165.5 x 10 menhaden larvae were
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killed per day in the summer of 1971 by entrainment at Brayton Point

Plant in Massachusetts. Thirty-six million fish were killed in 16 days

by entrainment at Millstone Power Station in Niantic Bay, Connecticut in

November 1971. The Connecticut Yankee Station on the Connecticut River

6killed an average of 179 x 10 fish per year in 1969 and 1970 and a

6predicted 7.3 x 10 striped bass are killed per year at the Indian Point

Power Stations (Boreman, 1977). King (1978) reported that 2.1-12.4% of

the total larval population were entrained by the Fort Calhoun Power

Station on the Missouri River. Entrainment mortality averaged 86.4% over

a four year study. The limited data available concerning the passage of

eggs and larvae through power plants show mortalities of between 39% and

100% with the majority near 100% (Marcy, 1975). The impact of entraining

ichthyoplankton in cooling water flow depends upon the proportion of the

total volume of the receiving body diverted through the condenser. Potential

for a more serious impact to the aquatic environment is greater where a

large percentage of the total stream, estruary, or lake is used for

cooling than where the percentage is small (Coutant, 1970).

Distribution and abundance of fish larvae. Knowledge of the

distribution, abundance and the species of fish in an area is important

in developing methods to reduce the impact due to entrainment. Pelagic

species such as freshwater drum were found to be more common in entrain-

ment samples than those species which have demersal eggs. Eggs of nest

builders were also uncommon in samples at Fort Calhoun Station (King,

1978). Physostomous fish have to surface to take a bubble of air, and

therefore, essentially become planktonic. Conversely, physoclistous

fish do not surface for air and are less likely to become planktonic

(Gammon, 1976). Marcy (1976) reported that larvae were eleven times
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more abundant near the bottom than near the surface in the Salmon River,

Connecticut. In other tributaries of the Connecticut River, the distri-

bution was mixed. Larvae of American shad (Alosa sapidissima), yellow

perch (Perea flavescens) and shiners (Notropis sp.) were found more

frequently at the surface. Smelt, white sucker (Catostomus commersoni),

carp and white perch larvae were found with a greater frequency in bottom

samples. He also stated that larvae became more pelagic as they drifted

downstream.

Larvae fish tend to concentrate near the shoreline. Kelso and

Leslie (1979) found that the highest surface densities of larve (1.0

31.24 larvae/m ) were near shore on Lake Huron. Larvae tended to be more

abundant near shore in the Connecticut River (Marcy, 1976).

Fish appeared to be more abundant near the bottom during the day and

between midwater and surface at night, particularly in the intake cross

section at Connecticut Yankee Power Station (Marcy, 1973). Kelso and

Leslie (1979) found no significant differences in the vertical distribution

at night, but density at night was greater in May. No significant

difference was detected, however, b.etween day and night densities in

July and August. King (1978) found no significant difference between

day and night entrainment at Fort Calhoun Station, Missouri.

Kelso and Leslie (1979) reported that entrainment of larval fish

paralled peaks in abundance found in Lake Huron. Dominance shifted from

deep water sculpin (Myoxocephalus quadricornis) to smelt and then to

alewife between mid-April and late Septemb.er. Dominance of species en-

trained by a power plant followed the pattern observed in the lake

except for white sucker.

Relatively little bias occurred regarding size of larval fish at
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a Lake Huron Power Station (Kelso and Leslie, 1979). Gammon (1976)

reported that in the Ohio River most of the catch (77%) consisted of fry

less than 10 mm in total length. Larger fish (20-40 mm) seem to be more

available at night while the majority of fish entrained during the day

were less than 15mm long (Marcy, 1975).

Causes of mortality of entrained fish. The operation of power

stations has introduced several hazards which can alter entrainment

survival. Marcy (1975) listed seven such factors:

1. Ambient temperature and quality of the receiving water;

2. Seasonal densities, sizes, life stages and relative suscepti
bility to injury of the species involved;

3. Amplitude of the temperature rise (~T) as the water passes
through the condenser cooling system;

4. Duration of exposure to these temperatures;

5. Mechanical abrasions resulting from turbulence (shear forces)
and pressure changes through the system;

6. Exposure to biocides used for fouling control;

7. Gas bubble disease or the formation of air embolism caused
by pressure and temperature changes in the cooling system.

Much has been written concerning thermal effects on eggs and larvae

of fish. Studies on the thermal effects and larval fish mortality are

'conflicting. Survival of striped ,bass in Hudson River power plants was

significantly lower in the discharge collections than intake collections.

The degree of reduction was directly related to discharge temperature.

Discharge temperatures ranging from 33-360 C caused a 50%, 75% and 91%

survival reduction of striped bass larvae at Lovett, Bow1inP:Oint', and"

Roseton power stations, respectively.
o

At temperatures below 30 C,

mortality of white perch larvae was not significantly lower at Bowlin

Point, but was 32-49% lower at Roseton Power Station (Cannon et a1.,
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1978). Young striped bass showed little mortality with temperatures

increases of up to 100C until the maximum temperature reached 30oC. Hence,

mortality of entrained striped bass was probably caused by temperature

exceeding their maximum tolerance limit rather than by the magnitude of

the temperature increase (Stevens and Finleyson, 1978). Survival of

entrained fish was fairly high when the ~T was less than aOc and the

discharge temperature was 3loC or lower (Gammon, 1976). Blueback herring

(Alosa aestivalis), alewife,'American shad and striped bass eggs were able

to survive exposure to typical time excess temperature histories with

o
~T's of at least 10 C above the average temperature on the spawning grounds

without any harmful effects. Larvae were generally able to withstand

exposure to ~Trs as high as l20C above acclimation temperatures of SoC

oand 15 C for at least 40 min without any signficant increases in mortality

(Schubel, 1975). The average temperature change in condensers of most

plants is from 7.s-ll.0oC at freshwater power stations and l2-l6°C at

salt water power stations (Coutant, 1970). It has been shown in laboratory

experiments that heat-shocked fish were preyed upon significantly more

than control fish. Striped bass readily go into a state of shock after

exposure to a rapid rise in temperature and consequently, could show

increased susceptibility to predation (Coutant, 1970).

At Connecticut Yankee Atomic Power Plant, 20% of the mortality was

attributed to thermal effects, but aO% was due to mechanical abrasion

during the passage through the cooling system (Marcy, 1975). Increased

fish size (20-44 mm) was proportional to increased mortality due to

mechanical factors. Most fish entrained at Connecticut Yankee Power

Station were at the critical post yolk sac stage and were members of the

fragile herring family (Clupeidae) (Marcy, 1973). The mechanisms of
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mechanical damage can be detailed in terms of pressure change, acceleration,

and shear stress within the fluid-flow field. Much of the damage induced

in developing young probably would not be acute, but manifests itself

later as deformities that can lead to premature mortality. Distorted

heads, yolk sac deformation and vertebral damage has been shown to be

caused by mechanical effects (Ulanowicz, 1975). Suffern (1977) stated

that shear forces were not the probable cause of mortality in power plants.

He observered low mortality of carp larvae in simulated condenser

conditions although the larvae experienced extreme torsion, some being

bent double, by fluid forces. The fish were lethargic and unresponsive,

but when placed in contact with predator fish (bluegill) no significant

selection over control larvae was. observed.

Pressure change can be another cause of entrainment mortality.

Pressure induced mortalities were attributed to swimbladder injury and

gas bubble disease. Mortalities occurred within 0.2-15.0 min after

rapid release from acclimated pressure when swimbladder damage was

involved. Damage involved gas bladder rupture. The behavior of gases

under pressure is described by Boyle's Law where the volume of gas changes

inversely with pressure. The rate of adjustment by fish to changes in

hydrostatic pressure is dependent on the type of gas bladder (physostome

or physoclist). Physostomous fish will adjust more rapidly than physo

clistic fish. The ability of fish to tolerate changes in hydrostatic

pressure is dependent on the pressure at which the fish is acclimiated

and the direction, the magnitude and the rate of change (Beck et al.,

1975). Studies have shown the pressure changes of the magnitude found

in the Indian Point power stations were not damaging to striped bass

eggs and larvae and others added that turbulence and shear forces should
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be considered as possible causes of mortality (Ulanowicz, 1975). Suffern

(1977) stated that pressure change was probably not the cause of entrain

ment mortality, but that discharge temperatures approaching tolerance

levels caused an increase in mortality.

Biocides, especially chlorinated biocides, are used by many power

plants to prevent fouling of the condenser tubes and these could have

an effect on entrainment mortality. Sodium hypochlorite is the most

commonly used biocide. Chlorine residuals of 0.1 mg/l or less had no

effect on menhaden larvae while residuals of 0.8-1.5 mg/l incapacitated

them within minutes in a discharge canal (Marcy, 1975). Mortality due

to biocides was negligible when compared to thermal and mechanical

causes at Connecticut Yankee Power Station (Marcy, 1973).

Reduction of entrainment impact. Some suggestions have been made

in the literature to reduce entrainment and entrainment mortality.

Skimmer walls which have been designed to prevent the entrance of floating

material may also reduce the entrainment of larval fish which tend to

stay near the water surface (Potter et al., 1975). If studies continue

to show that entrainment mortality due to mechanical damage is higher

than thermal or chemical effects, an alternative such as raising the

condenser ~T while lowering the intake volume will decrease the number

of organisms entering the plant and, therefore, reduce the impact of

entrainment (Marcy, 1975).
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METHODS AND MATERIALS

Study Atea

Dairy1and Power Cooperative's Genoa site is located on the eastern

shore of Navigation Pool No.9 of the Mississippi River (river mile 678.5),

approximately 1.2 km south of Genoa, Wisconsin, and 0.8 km south of Lock

and Dam No.8 (Figure 1). Pool 9, bordered by Minnesota, Iowa and Wis

consin is one of the largest pools in the Upper Mississippi River with

a length of 50.4 km and a surface area of 14,232 ha (Rasmussen, 1979).

Three electrical power generating stations are located at this site.

Each station, when operating, draws its cooling water from and discharges

into the Mississippi River. Genoa #1 is a fuel oil-fired plant constructed

in 1940, but is now used on1y·in emergency situations. It has a maximum

electrical output of 11.6 Megawatts (MWe). This plant was not involved

in the present study.

The La Crosse Boiling Water Reactor (LACBWR) is a nuclear-powered

electrical generating station with a maximum electrical output of 52 MWe.

It began operating in 1969. The maximum intake volume of the once

through cooling system is 115 m3/min which is drawn into the plant by

two pumps.

The intake structure at LACBWR consists of two sets of two trash

racks with metal bars 5-8 em apart that are connected at each corner by

two metal walls (Figure 2). "I" beams are placed across the intake

structure to support the structure and prevent trash from reaching the

screens. Two vertical travelling screens, lacking fish saving devices,



Figure 1. Location of Dairy1and Power Cooperative's power stations
with respect to the Mississippi River and Genoa, Wisconsin.
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Figure 2. Diagram (top view) of the intake structures of LACBWR
and G-3 at Dairyland Power Cooperative's Genoa site.
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are located inside the screen house. Each screen (0.9S-cm mesh) is washed

once every hour for five minutes at 90-120 psi except in the winter when

the screens are washed only once or twice per week depending on the

amount of accumulation on the screens. The screen wash is drained via

a sluiceway into the river.

Chlorination of the condensers is not done at LACBWR. The conden-

ser tubes are cleaned from organic buildup using high pressure water and

brushes.

Genoa #3 (G-3), completed in 1969, is a coal-fired plant with a

maximum electrical output of 350 MWe. The maximum intake volume for the

once-through cooling system is 420 m3/min. The intake structure is

different in several ways from that of LACBWR (Figure 2). The intake

structure of G-3 has two sets of three trash racks with metal bars 5-8

cm apart. A large metal wall originates from the shore on the upstream

side of the intake structure. This wall angles several meters out into

the river, then bends parallel to the shore in front of the intake

structure. Attached to this :wall is a floating log boom which'is

connected to a barge tie-on. This wall combination creates a back

current on the downstream side of the intake structure. Inside the crib

house are three vertical travelling screens (lacking fish saving apparatus)

in three separate compartments. They lead into a single large basin

where two large pumps are located.

The washing of the screens at G-3 was controlled by a flow-different

ial from 8 August 1978 to June 1979. When the accumulation of debris

on the screens reached a point whereby the flow reached a set minimum

level, the screens washed automatically. From June 1979 until completion

of this study, the screens were automatically washed every four hours
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for 35 min at a spray pressure of 82-100 psi. The screen wash exists

through a pipe that empties into the river.

Condensers are cleaned daily (at 1430 hr) for 15 min from organic

buildup by chlorination.

Impingement Sampling

LACBWR. Samples were taken once each week from 8 August 1978

through 30 June 1980. Each sampling period lasted 24 hr. A basket,

1.5 m long, was constructed of galvanized hardware cloth (0.64-cm2 mesh)

which fit flush with the sides of the sluiceway that lead to the river

2(Figure 3). A nylon bag (0.32-cm mesh) was attached to the end of the

basket. Two nylon bags, 1.0 and 2.4 m long,·were used during this study.

G-3. Samples were taken once each week from 8 August 1978 through

30 June 1980. Samples were not taken from 16 September through 16

October 1978 because G-3 was shut down for maintenance and from 1 May

through 20 May 1979 because of mechanical problems at the intake structure

and very high water conditions.

Two sampling devices were constructed to accommodate varying river

water conditions, weather and sampling site conditions. A rectangular

basket (1.2 X 1.2 X 3.1 m) was used from 8 August through 13 November

1978, 13 April through 5 December 1979 and 12 March through 30 June 1980

(Figure 4A). The frame of the basket was assembled with 5.1 X 10.2-cm

wood planks with a 5.1 X 25.4 cm plank on the bottom for walking. The

frame was wrapped with 0.65-cm2 mesh galvanized hardward cloth covering

the bottom, sides and ends. Styrofoam was placed on the bottom for

floatation. The basket was placed, floating, under the screen wash pipe

and held in place with nylon ropes (0.96-cm diameter).



Figure 3. Impingement sampling device used at LACBWR from 8 August
1978 through 30 June 1980.
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Figure 4. Impingement sampling devices used at G-3 from 8 August
1978 through 30 June 1980.
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From 26 December 1978 through 26 March 1979 and from 12 December

1979 through 5 March 1980, a different sampling device was used because

of ice conditions (Figure 4B). Two hardware cloth hoops (0.5 m and 0.7

m) were installed into the funnel in the screen house (Figure 2). This

method was extremely tedious as it required the presence of someone at

the site for the entire 24 hr sampling period.

Impingement Sampling Processing

Fish were weighed to the nearest gram using a triple beam balance,

a platform scale (1,000 gm) or a hanging scale (5 kg) and total length

was measured in millimeters. Fish were also examined for damage.

Most fish were identified, measured and released at each site.

Fish which could not be identified in the field were preserved in 10%

formalin and later identified in the laboratory. Manuals of Becker and

Johnson (1973), Eddy (1969), Eddy and Underhill (1974) and Pflieger

(1975) were used for identification of unknowns. Taxonomic nomenclature

for the fish impinged was obtained from Bailey et a1. (1970).

Voucher specimens of most of the impinged species of fish were

collected and are currently stored in the fish museum in Cowley Hall,

UW-La Crosse, La Crosse, Wisconsin.

Impingement Estimation

Total impingement rates and biomass were estimated for both plants

by summing the calculated impingement number and biomass between each

sampling period. Estimates were made for 8 August 1978 through 31 July

1979 (first year of study), 1 July 1979 through 30 June 1980 (second

year of study) and 8 August 1978 through 30 June 1980 (the entire study).

This was also done for the most frequently impinged species of fish from
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both plants.

The impingement estimates for both years of study include the month

of July 1979. This was done so that 12 months of data would be included

for each year. Comparisons then could be made between the two years of

study.

Juvenile-Adult Analysis.

Fish were given young-of-the-year, juvenile and adult status to

further determine the impact of impingement. The relative age was obtained

for impinged fish based on lengths reported from Carlander (1969, 1977),

Swedburg and Walburg (1970) and Trautman (1957). This was done for all

species collected from LACBWR and G-3.

Percentages of the relative age were derived from estimations of

young-of-the-year, juvenile and adults of each species. Calculations

were done exactly as the impingement estimations, provided that adequate

numbers were collected. If adequate numbers were not available for a

particular species, percentages of relative ages were based on the number

of individuals collected in the samples.

Impingement Survival

LACBWR. Survival samples were collected only on 13 April 1979 and

6 and 13 August 1979 because so few fish were impinged. The nylon bag

was emptied after each screen washing and fish were immediately transferred

to a horsetank (450-1) containing fresh river water. Fish from the April

sample were held for 12 hr and fish in the August samples were held for

96 hr when an agitator was available. Initial, 12-hr, and 96-hr survival

rates were determined.

G-3. Thirty-one survival samples were taken from 26 February 1979
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through 25 June 1980. Fish were removed from the screen wash at the

funnel with a dipnet and immediately transferred to a horsetank (450-1).

The water used in the horsetank was brought from the river with buckets

to minimize thermal stress.

Twelve-hour survival tests were conducted from 26 February through

23 April 1979. After an agitator was obtained (30 April 1979 through

31 October 1979) fish were held 96-168 hr. A continuous water flow system

was then used for survival tests from 13 December 1979 through 25 June

1980 (Figure 5). River water was obtained from a 5-cm hose tapped into

one of the main intake pipes which in turn was fed into the horsetank

(720-1). The water exited the horsetank through a smaller, elevated hose

(1.3-cm diameter) which could be adjusted to varying heights in the horse-

tank. Therefore, a large volume of fresh river water could be maintained

(0.5 m in depth). Fish were held 168 hr using the continuous flow system.

Initial, l2-hr, and 96 to l68-hr survival rates were determined using

these systems.

Stress Testing

Smith and Ramos (1976) developed a simple technique for a qualitative

indication of stress using commercially available hemoglobin test strips

(Hemastix~ Miles ~aboratories, Elkhart, Indiana). These test strips

are extremely sensitive to hemoglobin and myoglobin as positive reactions

occur in solutions as dilute as 0.3 mg/IOO ml (Anonymous, 1974).

Test strips were immediately applied to the skin of impinged fish

at G-3. Thirty seconds after application, the strip was compared to a

color chart accompanying the strips. Readings can vary from 0 (no

stress) to +3 (greatest stress). Stress tests were done only at G-3 in



Figure 5. Diagram of the continuous flow system used for impingement
survival tests at G-3 from 13 December 1979 through 25
June 1980.
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June 1980.

Fish used for the control were caught by angling. Smith and Ramos

(1976) reported that two to four minutes are required for occult hemoglo

bin to enter the dermal mucus after stressful conditions were applied.

The time required to collect and apply test strips to fish caught by

angling was less than one minute.

Entrainment Sampling

LACBWR. Entrainment samples were collected once each week for 24

hr from 7 May through 10 September 1979 and from 12 March through 17

June 1980. One of the many intake pipes was tapped with a S-cm pipe.

River water acquired through this pipe was strained with a plankton

net (SOO-u) placed in a 190-1 drum. The drum had a drain on the bottom

so that a continuous flow of water could be received. Fish found in the

entrainment samples, however, were mangled beyond identification. In

1980, an overflow pipe was added to create a baffle and reduce possible

mangling from sampling (Figure 6). A constant flow of sample water could

not be obtained either year and quantification of entrainments was not

attempted at LACBWR.

G-3. Samples were taken once each week for 24 hr from 26 February

through 10 September 1980 and from 6 February through 30 June 1980. The

method used at G-3 was similar to that used at LACBWR in 1980 (Figure 6),

except that a constant flow of sample water was obtained. The total

sample volume was estimated by measuring the time required to fill a

large pail (20-1).



Figure 6. Entrainment sampling devices used at LACBWR and G-3 from
26 February 1979 through 10 September 1979 and 10 February
1980 through 30 June 1980.
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Estimation of Entrainment
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Estimation of entrainment rates were calculated in a similar fashion

entrained fish
day

Ichthyoplankton Survey

Snyder et al. (1977) and Wallus and Voightlander (1979).

and journal articles used in identification were Fuiman (1979), Fuiman

and Witman (1979), Hogue et al. (1976), Mansueti (1964), Morgan (1954),

The cod-ends of the plankton nets were brought to the laboratory

Entrainment Sample Processing

where fish larvae and eggs were picked from the contents. The larvae

were preserved in 10% formalin and later identified and measured. Keys

as impingement rates. Daily entrainment rates were estimated by the

following equation:

# entrained fish in sample X volume entering plant =
sample volume day

Ichthyoplankton tows and grab samples were collected to survey the

larval fish composition in the immediate area and to determine the major

ichthyoplankton drift areas in the river.

Ichthyoplankton tows were done once each week from 21 May through

25 June 1980. Two sampling stations were in the main channel (red and

black channel markers) and a station was located at each shore directly

in front of the plants (Figure 7). Sampling times varied from 10-45 min

depending on the current velocity. Samples, were taken during the day,

using 500-g plankton nets (0.5-m diameter), except on 25 June when two

daytime and one nighttime samples were taken. Current velocities were

estimated by measuring the time required for a bottle to float a fixed

distance.



~igure 7. Location of the ichthyoplankton tow sampling sites with
respect to Dairyland Power cooperative's Genoa site.

~S denotes west shore.

2BB denotes black c.hannel marker.

3RB denotes red channel marker.

4 ES denotes east shore.
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Grab samples were taken on 18 June 1979 and once each week from 20

May through 25 June 1980. A plankton net (500-~ mesh) and/or a bucket

were used for grab sampling. Samples were taken only along the shorelines

of the river.

Water Temperature and Intake Volume

Intake and outlet water temperature and intake volume data were ob

tained by contacting the control office of each power plant. Data was

recorded every week from 8 August 1978 through 30 June 1980.

Intake Velocity

LACBWR. Intake velocity data was collected periodically from 11

December 1978 through 26 March 1980. A current meter (Price AA) was used

to obtain intake velocities. The meter was placed in front of each screen

in the LACBWR intake basin where two velocity readings were taken, approx

imately one and two meters off the bottom. The four velocity readings

were averaged to give an average velocity.

G-3. Intake velocity data was collected from 12 November 1978 through

26 March 1980. Similar techniqueS were used for G-3 as for LACBWR, except

at G-3 three screens were used instead of two. Correspondingly, six

velocities were averaged to give a final velocity reading.

Screen Wash Debris

Debris collected with the impinged fish was weighed (wet weight) at

both plants using a hanging scale (5 kg) at each impingement sampling

period. Aquatic plants found among the debris were identified to genus.

River Stage and Discharge

River stage and discharge data were collected from the U.S. Army Corps
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of Engineers Office at Lock and Dam No.8. Data was collected every week

during 8 AUgust 1978 through 30 June 1980.

Statistical Analysis

Comparisons between young-of-the-year fish hatched in 1978 and fish

hatched in 1979 were analyzed with the Mann-Whitney U test (Mosteller and

Rourke, 1973). This test was also used to test significance between

impingement rates of LACBWR and G-3.

One factor analysis of variance (ANOVA) was used to show relation

ships of temperature, river discharge and intake volume with impingement

rates of freshwater drum, bluegill, gizzard shad and channel catfish from

both plants plus the impingement rates of black crappie, flathead cat

fish, white bass and yellow perch at G-3 (Soka1 and Rohlf, 1973; Zar,

1974). Because the two years of study were considerably different,

statistical tests were applied for each species for each year of the study.

Day-night impingement at LACBWR was also analyzed with one factor ANOVA.
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RESULTS

Impingement Rates

LACBWR. An estimated 8,390 fish weighing 127.1 kg were impinged at

LACBWR from 8 August 1978 through 30 June 1980. The impingement rate from

8 August 1978 through 31 July 1979, the first year of sampling, was 1,601

fish weighing 52.9 kg. The impingement rate from 1 July 1979 through 30

June 1980, the second year of study, was 7,292 fish weighing 77.8 kg

(Table 1). Thirty species of fish representing 12 families were found in

the samples during this study (Table 2).

Impingement rates ranged from 0 fish/day on several dates to 32

fish/day on 6 November 1978 during the first year of study (Figure 8).

Twenty black crappie were impinged on 6 November to influence the high

peak. During the second year of study impingement rates ranged from 0

fish/day on several occasions to 165 fish/day on 13 August 1979. Peaks

in August 1979 were caused by high impingement rates of freshwater drum

(25.4 fish/day) (Table 3). Maxima in October 1979 and January through

February 1980 were influenced mostly by high impingement rates of bluegill

and channel catfish, respectively.

Freshwater drum was the most frequently impinged species of fish at

LACBWR. An estimated 3,969 freshwater drum (47.3% of the total number)

were impinged from 8 August 1978 through 30 June 1980. Channel catfish,

gizzard shad, bluegill, flathead catfish and black crappie were also

frequently impinged. The impingement rate was greater in the first year
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Table 1. Estimated total impingement for the eight most frequently
impinged species of fish at Dairyland Power Cooperative's
LACBWR station from 8 August 1978 through 31 July 1979 (1978
1979), 1 July 1979 through 30 June 1980 (1979-1980) and 8
August 1978 through 30 June 1980 (1978-1980).

Species 1978-1979 1979-1980 1978-1980

Freshwater drum 480 3,784 3,969
Channel catfish 40 1,321 1,358
Gizzard shad 203 542 629
Bluegill 113 487 600
Flathead catfish 69 418 481
Black crappie 179 206 366
White bass 72 206 209
Yellow perch 98 24 122
Others 347 302 656

Total Impingement 1,601 7,292 8,390
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Table 2. Taxonomic list of fish impinged at Dairy1and Power Cooperative's
LACBWR station from 8 August 1978 through 30 June 1980.

Petromyzontidae - lampreys
Ichthyomyzon castaneus Girard

Acipenseridae - sturgeons
Scaphirhynchus p1atorynchus (Rafinesque)

Clupeidae - herrings
Dorosomacepedianum (Lesueur)

Hiodontidae - mooneyes
Hiodon tergisus Lesueur

Cyprinidae - minnows
Cyprinus carpio Linnaeus
Notemigonus cryso1eucas (Mitchi11)
Notropis atherinoides Rafinesque
Notropis hudsonius (Clinton)
Hybobsis storeriana (Kirtland)

Catostomidae - suckers
Catostomus commersoni (Lacepede)
Moxostoma erythrurum (Rafinesque)
Moxostoma macro1epidotum (Lesueur)

Icta1uridae - freshwater catfishes
Icta1urus me1as (Rafinesque)
Icta1urus nata1is (Lesueur)
Icta1urus punctatus (Rafinesque)
Noturus gyrinus (Mitchi1l)
Py10dictis olivaris (Ra~inesque)

Percopsidae - trout - perches
Percopsis omiscomaycus (Walbaum)

Percichthyidae - temperate basses
Morone chrysops (Rafinesque)

Centrarchidae - sunfishes
Ambloplites rupestris (Rafinesque)
Lepomis gibbosus (Linnaeus)
Lepomis macrochirus Rafinesque
Micropterus sa1moides (Lacepede)
Pomoxis annu1aris Rafinesque
Pomoxis nigromacu1atus (Lesueur)

Percidae - perches
Perca f1avescens (Mitchi11)

chestnut lamprey

shove1nose sturgeon

gizzard shad

mooneye

carp
golden shiner
emerald shiner
spottail shiner
sliver chub

white sucker
golden redhorse
shorthead redhorse

black bullhead
yellow bullhead
channel catfish
tadpole madtom
flathead catfish

trout-perch

white bass

rock bass
pumpkinseed
bluegill
largemouth bass
white crappie
black crappie

yellow perch



Table 2. (Continued)

Percina caprodes· (Rafinesque)
Percina shumardi (Girard)
Stizostedioncanadense (Smith)

Sciaenidae - drums
Aplodinotus grunniens Rafinesque

logperch
river darter
sauger

freshwater drum

43



Figure 8. Daily impingement rates at LACBWR from 8 August 1978 through
30 June 1980.
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Table 3. Average daily impingement rates per season at Dairy1and Power
Cooperative's LACBWR station for 1978-1979 and 1979-1980.

Species

1978-1979

Freshwater drum
Channel catfish
Gizzard shad
Bluegill

All Species

MAM
d

0.9 1.4 0.2 0.4
0.0 0.0 0.2 0.3
0.0 0.7 0.0 0.2
0.0 1.1 0.1 0.2

5.7 6.0 0.9 3.2

1979"'"1980

Freshwater drum 25.4 4.1 4.4 5.7
Channel catfish 0.5 0.1 9.2 3.3
Gizzard shad 1.5 2.2 2.1 0.0
Bluegill 0.6 4.6 0.1 1.3

All Species 31.5 15.7 16.7 13.8

aJJA denotes June, July and August.

bSON denotes September, October and November.

cDJF denotes December, January and February.

~ denotes March, April and May.



46

of study than the second year for every frequently impinged species except

yellow perch (Table 1).

Freshwater drum accounted for the highest biomass (52.9 kg; 42%) of

all species of fish impinged during the study (Table 4). Black crappie

was another significant contributor to the total impingement biomass (18%).

During the first year of study, black crappie accounted for the highest

impingement biomass (17.4 kg; 33%) at LACBWR, but freshwater drum was by

far the most dominant contributor to the impingement biomass (45.1 kg;

58%) during the second year. Larger biomasses of yellow perch and black

crappie were impinged during the first year of study than the second year.

The opposite was true for the remaining frequently impinged species of

fish.

G-3. An estimated 54,349 fish weighing 2,915.7 kg were impinged at

G-3 from 8 August 1978 through 30 June 1980 (Table 5). The impingement

rate during the first year of study was 10,366 fish weighing 1,721.6 kg.

Impingement during the second year of study was 45,886 fish weighing

1,387.9 kg. Fifty-two species of fish representing 19 families were col

lected in the samples during the study period (Table 6).

Impingement rates ranged from 1 fish/day (25 June 1979) to 196 fish/

day (5 September 1978) during the first year of study (Figure 9; Table 7).

Peaks during the first year were due mostly to impingement of freshwater

drum and were as high as 123 fish/day (5 September). Impingement rates

ranged from 9 fish/day (17 September 1979) to 838 fish/day (22 October

1979) during the second year of study (Figure 9; Table 7). Peaks in August

1979 were caused by high impingement of freshwater drum (61.8 fish/day).

High impingement of bluegill (120.2 fish/day) were responsible for peaks

in October and November 1979. Peaks in January and February 1980 were
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Table 4. Biomass estimations (kg) of the eight most frequently impinged
~pecies of fish at Dairy1and Power Cooperative's LACBWR station
from 8 August 1978 through 31 July 1979 (1978-1979), 1 July 1979
through 30 June 1980 (1979-1980) and 8 August 1978 through 30
June 1980 (1978-1980).

Species 1978-1979 1979-1980 1978-1980

Freshwater drum 10.7 45.1 52.9
Black crappie 17.4 5.7 23.1
Gizzard shad 3.2 9.7 9.9
Bluegill 2.0 4.5 6.5
Yellow perch 4.2 2.7 5.2
Flathead catfish 0.4 4.4 4.8
Channel catfish 0.2 3.8 4.0
White bass 0.2 1.1 1.1
Others 14.6 0.8 19.6

Total impingement biomass 52.9 77 .8 127.1
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Table 5. Estimated total impingement for the 19 most frequently impinged
species of fish at Dairy1and Power Cooperative's G-3 station
from 8 August 1978 through 31 July 1979 (1978-1979), 1 July
1979 through 30 June 1980 (1979-1980) and 8 August 1978 through
30 June 1980 (1978-1980).

Species 1978-1979 1979-1980 1978-1980

Bluegill 1,170 14,225 15,375
Freshwater drum 4,514 8,732 12,619
Gizzard shad 454 5,686 5,872
Channel catfish 526 4,674 5,136
Black crappie 748 2,784 3,360
White bass 178 2,007 2,084
Flathead catfish 288 1,414 1,632
Yellow perch 793 324 1,117
Spottai1 shiner 390 571 788
Emerald shiner 34 702 728
Silver chub 83 591 674
Logperch 206 470 650
Mooneye 216 456 482
Sauger 110 264 374
Shorthead redhorse 149 227 372
River darter 143 268 372
Rock bass 121 182 289
Tadpole madtom 27 246 270
Walleye 64 214 265
Others 152 1,849 1,890

Total impingement 10,366 45,886 54.,349
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Table 6. Taxonomic list of fish impinged at Dairy1and Power Cooperative's
G-3 station from 8 August 1978 through 30 June 1980.

Petromyzontidae - lampreys
Ichthyomyzon unicuspis Hubbs and Trautman

Acipenseridae - sturgeons
Scaphirhyncus platorynchus (Rafinesque)

Lepisosteidae - gars
Lepisosteus osseus (Linnaeus)

Amiidae - bowfins
Amia calva Linnaeus

C1upeidae - herrings
Dorosoma cepedianum (Lesueur)

Hiodontidae - mooneyes
Hiodon tergisus Lesueur

Sa1monidae - trouts
Sa1mo gairdneri Richardson
Sa1mo trutta Linnaeus

Umbridae - mudminnows
Umbra 1imi (Kirtland)

Esocidae - pikes
Esox lucius Linnaeus

Cyprinidae - minnows
Cyprinus carpio Linnaeus
Hybobsis storeriana (Kirtland)
Notemigonus cryso1eucas (Mitchi11)
Notropis atherinoides Rafinesque
Notropis b1ennius (Girard)
Notropis hudsonius (Clinton)
Notropis spi10pterus (Cope)
Rhinichthys cataractae (Valenciennes)

Catostomidae - suckers
Carpiodes cyprinus (Lesueur)
Catostomus commersoni (Lacepede)
Cyc1eptus e10ngatus (Lesueur)
Ictiobus buba1us (Rafinesque)
Ictiobus cyprine11us (Valenciennes)
Minytrema me1anops (Rafinesque)
MOxostoma anisurum (Rafinesque)
Moxostoma erythrurum (Rafinesque)

silver lamprey

shove1nose sturgeon

longnose gar

bowfin

gizzard shad

mooneye

rainbow trout
brown trout

central mudminnow

northern pike

carp
silver chub
golden shiner
emerald shiner
river shiner
spottail shiner
spotfin shiner
longnose dace

quillback
white sucker
blue sucker
sma11mouth buffalo
bigmouth buffalo
spotted sucker
silver redhorse
golden redhorse



Table 6. (Continued)

Moxostoma macrolepidotum' (Lesueur)

Ictaluridae - freshwater catfishes
Ictalutus melas (Rafinesque)
Ictalutus natalis (Lesueur)
Ictalurus punctatus (Rafinesque)
Noturus flavus Rafinesque
Noturus gyrinus (Mitchill)
Plyodictis olivaris (Rafinesque)

Percopsidae - trout-perches
Percopsis omiscomaycus (Walbaum)

Atherinidae - silversides
Labidesthes sicculus (Cope)

Gasterosteidae - sticklebacks
Culaea inconstans (Kirtland)

Percichthyidae - temperate basses
Morone chrysops (Rafinesque)

Centrarchidae - sunfishes
Ambloplites rupesttis (Rafinesque)
Lepomis gibbosus (Linnaeus)
Lepomis macrochirus Rafinesque
Micropterus dolomieui Lacepede
Micropterus salmoides (Lacepede)
Pomoxis annularis Rafinesque
Pomoxis nigromaculatus (Lesueur)

Percidae - perches
Etheostoma asprigene (Forbes)
Etheostoma nigrum Rafinesque
Perca flavescens (Mitchill)
Percina caprodes (Rafinesque)
Percina shumardi (Girard)
Stizostedion canadense (Smith)
Stizostedion vitreum vitreum (Mitchill)

Sciaenidae - drums
Apoldinotus grunniens (Rafinesque)

shorthead redhorse

black bullhead
yellow bullhead
channel catfish
stonecat
tadpole mad tom
flathead catfish

trout-perch

brook silversides

brook stickleback

white bass

rock bass
pumpkinseed
bluegill
smallmouth bass
largemouth bass
white crappie
black crappie

mud darter
johnny darter
yellow perch
logperch
river darter
sauger
walleye

freshwater drum

50



Figure 9. Daily impingement rates at G-3 from 8 August 1978 through
30 June 1980.
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Table 7. Average daily impingement rates per season at Dairyland Power
Cooperative's G-3 station for 1978-1979 and 1979-1980.

Species JJAa SONb DJFc MAMd

1978-1979

Bluegill 1.3 10.2 0.0 1.6
Freshwater drum 18.6 21.6 3.8 7.7
Gizzard shad 1.1 0.5 1.7 0.0
Channel catfish 2.9 0.2 1.5 1.0
Black crappie 3.8 2.3 1.2 1.9
Flathead catfish 1.4 0.8 0.0 0.5
White bass 0.7 0.0 0.2 0.1
Yellow perch 0.6 0.2 0.0 7.0

All Species 62.0 39.0 9.8 25.6

1979-1980

Bluegill 11.4 120.2 5.1 9.8
Freshwater drum 61.8 13.1 17.7 20.8
Gizzard shad 15.6 17.1 22.5 0.2
Channel catfish 6.2 0.6 43.2 5.7
Black crappie 5.5 5.4 0.7 16.2
Flathead catfish 6.5 5.4 2.5 1.8
White bass 6.9 3.3 1.1 1.8
Yellow perch 0.1 0.3 0.0 3.1

All Species 110.2 170.3 102.4 80.6

aJJA denotes June, July and August.

bSON denotes September, October and November.

cDJF denotes December, January and February.

dMAM denotes March, April and May.
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due to high impingement of channel catfish (42.3 fish/day), gizzard shad

(22.5 fish/day) and freshwater drum (17.7 fish/day). The lone peak on

9 April 1980 was caused by the impingement of black crappie (136 fish/day)

and bluegill (93 fish/day).

Bluegill and freshwater drum were the most frequently impinged species

at G-3. They accounted for an estimated 15,373 and 12,619 individuals,

respectively, from 8 August 1978 through 30 June 1980. Other fish commonly

impinged were gizzard shad, channel catfish, black crappie, white bass,

flathead catfish and yellow perch. Impingement was greater for all fre

quently impinged species except yellow perch in the second year of sampling

as compared to the first year. Freshwater drum impingement (4,514 fish)

was the highest during the first year of study whereas bluegill impingement

(1,170 fish) was the second highest of all species impinged. The opposite

was true for the following year as bluegill impingement (14,225" fish) was

the highest of all species impinged (Table 5).

Freshwater drum accounted for the highest estimated impingement bio

mass (1,242.2 kg; 43%) throughout the entire study at G-3. Gizzard shad

and northern pike were also significant contributors to the total impinge

ment biomass with 343.5 kg (12%) and 205.8 (7%), respectively. During

the first year of study freshwater drum accounted for the highest impinge

ment biomass (1,036.4 kg; 60%). Gizzard shad biomass (318.2 kg; 23%) was

highest of all species impinged during the second year of study. Fresh

water drum impingement biomass dropped to 234.4 kg (17%) in the second

year. Eight of the 14 largest contributors to the total biomass had higher

impingement biomasses in the second year than the first year of sampling,

whereas the opposite was true for the other six species (Table 8).
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Table 8. Biomass estimations (kg) of the 14 most frequently impinged
species of fish at Dairy1and Power Cooperative's G-3 station
from 8 August 1978 through 31 July 1979(1979-1980), 1 July
1979 through 30 June 1980 (1979-1980) and 8 August 1978
through 30 June 1980 (1978-1979).

Species 1978~1979 1979-1980 1978-1980

Freshwater drum 1,036.4 234.4 1,242.2
Gizzard shad 25.7 318.2 343.5
Northern pike 78.3 158.0 205.8
Bowfin 67.6 51. 7 119.3
Bluegill 71.0 45.5 116.1
Black crappie 61.5 40.6 100.3
Yellow perch 74.5 24.6 99.1
Sauger 23.7 68.1 91.8
Flathead catfish 68.3 73.0 75.8
White bass 15.7 44.0 59.4
Shorthead redhorse 28.0 19.7 47.7
Walleye 7.2 39.1 46.3
Shove1nose sturgeon 15.3 29.7 45.0
Channel catfish 2.0 21.9 23.8
Others 146.4 219.4 299.6

Total impingement biomass 1,721. 6 1,387.9 2,915.7
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Juvenile-Adult Analysis

LACBWR, At least 90%' of the freshwater drum, channel catfish, gizzard

shad, bluegill, flathead catfish and white bass impinged in the entire

study were young-of-the year (Table 9). Only black crappie and yellow

perch had more adults impinged than young-of~the-yearor juveniles. The

same situation was observed during the first year of study except that

only 75% of the bluegill impinged were young-of-the~year. All of the

frequently impinged species except yellow perch had higher numbers of

young-of-the-year impinged than juveniles or adults during the second year

of study (Table 9).

Of the 22 species of fish which were infrequently impinged at LACBWR

(fewer than 16 individuals of a species during both years), ten species

were represented only by adults, such as silver chub and tadpole madtom

(Table 10). Conversely, impingement samples of six species were comprised

entirely of young-of-the-year, such as largemouth bass, yellow bullhead

and shorthead redhorse.

G-3. Over 90% of the bluegill, gizzard shad, channel catfish, white

bass, flathead catfish and mooneye and over 70% of the freshwater drum

impinged from 8 August 1978 through 30 June 1980 were young-of-the-year.

Over 90% of the yellow perch, emerald shiner and silver chub impinged

during this study were classified as adults.

Percentages of young-of-the-year, juvenile and adult based on the

total estimation of each relative age class were calculated for 19 of the

most frequently impinged species of fish (Table 11). The young-of-the

year, juvenile and adult ratios were quite different in the first year of

study as compared to the second year. Only gizzard shad, channel catfish,

flathead catfish and spottail shiner had more young-of-the-year impinged
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Table 9. Young-of-the-year, juvenile and adult percentages of the eight
most frequently impinged 'species of fish at Dairy1and Power
Cooperative's LACBWR station from 8 August 1978 through 31 July
1979 (1978-1979), 1 July 1979 through 30 June 1980 (1979-1980)
and 8 August 1978 through 30 June 1980 (1978-1980) based on the
total estimated impingement for each relative age class.

0.0
0.0
0.0

24.9
0.0

95.6
0.0

54.9

0.7
0.0
0.0
4.3
0.0

15.3
0.0

58.3

0.7
0.0
0.0
8.2
0.0

50.5
0.0

55.6

0.0
0.0
0.0
0.0
0.0
4.4
0.0

0.0
0.0
0.0
0.0
6.7
0.0
0.0

0.0
0.0
0.0
0.0
5.8
1.9
0.0

100
100
100

75.1
100

0.0
100

45.1

99.3
100
100

95.7
93.3
84.7

100
41. 7

99.3
100
100

91.8
94.2
47.6

100
44.4

1978-1980

Freshwater drum
Channel catfish
Gizzard shad
Bluegill
Flathead catfish
Black crappie
White bass
Yellow perch

Freshwater drum
Channel catfish
Gizzard shad
Bluegill
Flathead catfish
Black crappie
White bass
Yellow perch

1979-1980

1978-1979

Species

Freshwater drum
Channel catfish
Gizzard shad
Bluegill
Flathead catfish
Black crappie
White bass
Yellow perch

ayOY denotes young-of-the-year.

bJ denotes juveniles.

cA denotes adults.



Table 10. Young-of-the-year,juveni1e and adult percentages for the
most frequently impinged species of fish at Dairy1and Power
Cooperative's LACBWR station from 8 August 1978 through 30
June 1980 based on individuals collected in the impingement
samples.

Species (no) %YOya

Chestnut lamprey (1) a
Shove1nose sturgeon (1) 100
Mooneye (5) 80
Carp (1) a
Golden shiner (2) a
Emerald shiner (3) 67
Spottail shiner (5) 80
Silver chub (16) a
White sucker (2) 100
Golden redhorse (2) 100
Shorthead redhorse (5) 100
Black bullhead (5) 60
Yellow bullhead (5) 100
Tadpole madtom (3) a
Troutperch (1) a
Rock bass (3) a
Pumpkinseed :(2) a
Largemouth bass (6) 100
White crappie (4) 50
River darter (3) 33
Sauger (1) a
Logperch (1) a

8yOY denotes young-of-the-year.

bJ denotes juveniles.

cA denotes adults.

a
a

a

a
a
a
a
a

a
a
a
a

a

100
a

20
100
100

33
20

100
a
a
a

40
a

100
100
100
100

a
50
67

100
100

57
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Table 11. Young-of-the-year, juvenile and adult percentages of the 19
most frequently impinged species of fish at Dairyland Power
Cooperative's G-3 station· from 8 August 1978 through 31 July
(1978-1979), 1 July 1979 through 30 June 1980 (1979-1980) and
8 August 1978 through 30 June 1980 (1978-1980) based on the
total estimated impingement for each relative age class.

Species

1978-1979

Bluegill
Freshwater drum
Gizzard shad
Channel catfish
Black crappie
White bass
Flathead catfish
Yellow perch
Spottail shiner
Emerald shiner
Silver chub
Logperch
Mooneye
Sauger
Shorthead redhorse
River darter
Rock bass
Tadpole madtom
Walleye

1979-1980

Bluegill
Freshwater drum
Gizzard shad
Channel catfish
Black crappie
White bass
Flathead catfish
Yellow perch
Spottail shiner
Emerald shiner
Silver chub
Logperch
Mooneye
Sauger
Shorthead redhorse
River darter

29.4
14.6
83.3
96.2
0.5

30.5
97.0
3.5

78.3
0.0
0.0
5.3

11.3
0.0
9.6

45.4
0.0

48.1
0.0

98.3
96.4
97.0
99.2
94.3
95.3
94.6
9.6

53.7
7.1

11.3
8.4

94.9
0.0

82.6
23.1

0.0
40.4
0.0
3;8

29.7
0.0
3.0

15.9
19.9

0.0

65.0

0.0
1.3
0.0
0.3
0.0
0.0
4.9

23.1
0.0

70.6
45.0
16.7

0.0
69.8
69.5
0.0

96.5
21. 7

100
100
94.7
88.7
84.1
70.5
54.6

100
51.9
35.0

1.7
2.3
3.0
0.5
5.7
4.7
0.5

90.4
46.3
92.9
88.7
91.6
5.1

76.9
17.4
76.9
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Table 11. (Continued)

Species %YOya %Jb %Ac

1979-1980 Continued

Rock bass 50.8 0.0 49.2
Tadpole madtom 75.8 24.2
Walleye 49.0 25.5 25.5

1978-1980

Bluegill 93.1 0.0 6.9
Freshwater drum 70.3 13.6 16.1
Gizzard shad 96.7 0.0 3.3
Channel catfish 98.9 0.6 0.5
Black crappie 78.3 5.1 16.6
White bass 94.4 0.0 5.6
Flathead catfish 94.9 4.7 0.4
Yellow perch 7.4 92.6
Spottai1 shiner 61.2 38.8
Emerald shiner 6.8 93.2
Silver chub 9.8 90.2
Logperch 13.5 86.5
Mooneye 90.7 9.3
Sauger 0.0 23.0 77 .0
Shorthead redhorse 54.0 7.8 38.2
River darter 29.3 70.3
Rock bass 32.0 0.0 68.0
Tadpole madtom 72.8 27.2
Walleye 41.3 32.0 28.7

~Oy denotes young-of-the-year.

bJ denotes juveniles.

cA denoes adults.
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than adults during the first.year. Sixty-five.percent of the impinged

walleye were juveniles. At least· 50% of the remaining 14 frequently im

pinged species of fish were adults during this period.· Over 90% of the

bluegill, freshwater drum, gizzard shad, channel catfish, black crappie,

white bass, flathead catfish and mooneye impinged during the second year

were young-of-the-year. Only yellow perch, emerald shiner, silver chub,

logperch, river darter and sauger had a higher percentage of adults than

juveniles or young-of-the-year during the second year •.

Of the 35 infrequently impinged species (fewer than 30 individuals

collected in both years), four were represented entirely by young-of-the

year at G~3 (Table 12). Fifteen species, on the other hand, were com

prised entirely of adults.

Impingement Survival

LACBWR. One 12-hr and two 96-hr survival tests were attempted with

impinged fish at LACBWR. Of four fish held during the 12-hr test, only

one rock bass survived. None of the 149 fish, including 135 freshwater

drum, were alive after the 96-hr tests were completed (Table 13).

G-3. Forty-two fish were held for 12 hr and 1,135 fish were held

for 96-168 hr to determine survival rates after impingement at G-3.

Survival appeared to be species specific in both types of testing. None

of 17 freshwater drum were alive after 12-hr tests were completed, but

channel catfish and yellow perch survivals were 100% and 71%, respectively,

after 12-hr tests were completed (Table 14).

Survival percentages were lower in 96 to 168-hr tests than in 12-hr

tests. No freshwater drum, white bass, tadpole madtom and mooneye survived

the 96 to 168-hr test. None of the young-of-the-year and only 4 of 15
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Table 12. Young-of-the-year, juvenile and adult percentages for infre
quently impinged species of fish at Dairy1and Power Cooperative's
G-3 station from 8 August 1978 through 30 June 1980 based on
the individuals collected in the impingement samples.

Spedes (No.) %YOya

Silver lamprey (7) a
Shove1nose sturgeon (26) a
Longnose gar (7) 42
Bowfin (9) a
Rainbow trout (1) a
Brown trout (1) a
Central mudminnow (3) a
Northern pike (17) 12
Carp (11) 82
Golden shiner (20) 65
River shiner (3) a
SpotHn shiner (4) a
Longnose dace (1) a
Quillback (2) a
White sucker (1) 100
Blue sucker (10) 100
Sma11mouth buffalo (1) a
Bigmouth buffalo (1) a
Spotted sucker (6) a
Silver redhorse (1) a
Golden redhorse (6) 100
Black bullhead (10) 80
Yellow bullhead (6) 83
Stonecat (8) 25
Troutperch (21) a
Brook silversides (3) 33
Brook stickleback (7) a
Pumpkinseed (7) a
Sma11mouth bass (1) 100
Largemouth bass (12) 92
White crappie (30) 80
Mud darter (3) a
Johnny darter (1) a
Fathead minnow (3) a
Bullhead minnow (19) a

~OY denotes young-of-the-year.

b
J denotes juvenile.

cA denotes adult.

71
81
29
a

100
100

a
a

50
a
a

100
a
a
a
a
a
a

a
a
a

29
19
29

100
a
a

100
88
18
35

100
100
100

50
a
a
a

100
100
100

a
20
17
75

100
67

100
100

a
8

20
100
100
100
100
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Table 13. Percent survival of impinged fish at Dairy1and Power Coopera
tive's LACBWR station on 13 April 1979 (12-hr. survival test)
and 6 and 13 August 1979 (96-hr. survival test).

Species (No.)

Channel catfish (2)
Yellow perch (1)
Rock bass (1)

12-hr Survival Test

Initial %

o
o

100

12-hr. %

o
o

100

96-hr. Survival Test

Species (No. ) Initial % 12-hr % 96-hr. %

Channel catfish (2) 0 0 0
Freshwater drum (135) 89 29 0
Flathead catfish (2) 50 0 0
Bluegill (3) 67 67 0
White bass (4) 50 25 0
Emerald shiner (2) 0 0 0
Mooneye (1) 0 0 0
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Table 14. Percent survival of impinged fish at Dairy1and Power Coopera
tive's G-3 station from 26 February through 23 April 1979
(12-hr survival test).

Species (No.) Initial % 12-hr %

Freshwater drum (17) 100 0
Channel catfish (4) 100 100
Shorthead redhorse (1) 100 0
Carp (1) 100 100
Black crappie (2) 100 0
Troutperch (1) 100 0
Brook si1verside (1) 0 0
Bowfin (1) 100 100
Flathead catfish (3) 67 67
Yellow perch (7) 100 71
River darter (2) 100 100
Logperch (1) 100 100
Bluegill (1) 100 100
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adult gizzard shad survived the 96 to l68-hr. test. Seventy-four percent

and 51% of the flathead catfish and channel catfish, respectively, were

alive after 96 to l68-hr. (Table 15).

Damage to Impinged Fish

Fish that were impinged at Genoa experienced descaling, hemorrhaging,

inflammation, fin damage, eye damage and other types of injury. Forty-

nine and 67% of the channel catfish and black crappie, respectively, had

inflammation on the sides and fin bases. Signs of descaling were present

on 26%, 20% and 19% of the freshwater drum, bluegill and yellow perch,

respectively. Fifty-four percent of the gizzard shad sampled were

hemorrhaging from the gills and sides. The majority of the freshwater

drum, white bass and flathead catfish (78%, 60% and 88%, respectively) had

no observable external damage.

Stress results, using the

Stress Testing

Hemastix® test, indicated that all white

bass, bluegill, black crappie, sauger, and silver chub tested had suffered

the greatest stress (+3). A freshwater drum indicated a moderate stress

(+2) and a flathead catfish had only slight stress (+1). The flathead

catfish survived the l68-hr survival test, but the others did not

(Table 16).

Indications of stress were also found in the control fish. Three

smallmouth bass and two black crappie showed moderate stress (+2). The

three bluegill collected indicated slight, moderate, and great stress (+1,

+2, +3). Only slight stress (+1) was exhibited by two freshwater drum

and the only control flathead catfish tested indicated no stress (0).
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Table 15. Percent survival of impinged fish at Dairyland Power Coopera
tive's G-3 station from 30 April 1979 through 25 June 1980
(96 to l68-hr survival tests).

Species (No. ) Initial % l2-hr .%: 96 to l68-hr %:,

Channel catfish (336) 93 69 51
Freshwater drum (274) 61 20 0
Gizzard shad (223) 40 8 2
Bluegill (99) 59 26 23
Flathead catfish (38) 95 89 74
White bass (31) 29 13 0
Yellow perch (31) 97 84 35
Black crappie (14) 21 0 0
Tadpole madtom (14) 64 14 0
Troutperch (13) 54 8 8
Mooneye (12) 8 8 0
Others (50) 58 40 16
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Table 15. Percent survival of impinged fish at Dairy1and Power Coopera
tive's G-3 station from 30 April 1979 through 25 June 1980
(96 to l68-hr survival tests).

Species (No. ) Initial % 12-hr, %: 96 to 168-hr. %~,

Channel catfish (336) 93 69 51
Freshwater drum (274) 61 20 0
Gizzard shad (223) 40 8 2
Bluegill (99) 59 26 23
Flathead catfish (38) 95 89 74
White bass (31) 29 13 0
Yellow perch (31) 97 84 35
Black crappie (14) 21 0 0
Tadpole madtom (14) 64 14 0
Troutperch (13) 54 8 8
Mooneye (12) 8 8 0
Others (50) 58 40 16
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Table 16. Results from occult hemoglobin stress tests (Smith and Ramos
1976) for impinged fish.at Dairy1and Power Cooperative's G-3
station in June 1980.

Species (No.)

Impirtged Fish

Freshwater drum (1)
Black crappie (1)
Flathead catfish (1)
Silver chub (1)
White bass (11)
Bluegill (2)
Sauger (1)

Control

Bluegill (3)
Black crappie (2)
Flathead catfish (1)
Freshwater drum (2)
Sma11mouth bass (3)

Stress Test Resu1ts*

+2
+3
+1
+3

11(+3)
+3,+3

+3

+1,+2,+3
+2,+2

o
+1,+1

+2,+2,+.2

* 0 denotes no stress, +3 denotes greatest stress.
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Day-Night Impingement

Day-night impingement analysis was conducted at LACBWR. Results

showed that an estimated 84% of all fish impingement occurred during the

night. An ANOVA revealed that this was significant at the 99% confidence

level (F. Ol (l,36)=7.38; Fs=8.85).

Reimpingement of Fish

One case of reimpingement was documented during this study. On 18

September 1978, a carp with a large lesion on its side was collected in

the impingement sample. It was weighed, measured and was released alive

12 hours after sampling began. The next morning, after 24 hr_of,sampling~_

the same carp was found alive in the impingement sample.

Entrainment Rates

LACBWR. Entrainment rates were not calculated because a constant

flow of sample water was not obtained. The flow of water varied consider-

ably through the pipe tapped for entrainment sampling and at times no

water flow occurred. Entrainment did occur as larval fish were found in

some entrainment samples in the spring of 1979 and 1980. All larval fish

except for one freshwater drum were mutilated beyond identification.

G-3. An estimated 9 x 106 larval fish were entrained at G-3 from

26 February 1979 through 10 September 1979 (Table 17). The first entrain-

ment sample containing fish larvae was taken on 29 May 1979. Peak

entrainment occurred on 18 June 1979 (70 fish/IOO m3 of intake water) and

10 July (40 fish/IOO m3 of intake water). The last sample containing

fish larvae was collected on 30 July 1979 (Figure 10).

6 6
An estimated 5 x 10 freshwater drum and 1 x 10 Morone sp. were

entrained in 1979. Other fish taxa entrained were mooneyes (Hiodon sp.),
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Table 17. Estimated total entrainment of fish larvae and eggs at Dairy
land Power Cooperative's G-3 station for 1979 and 1980.

Species 1979 1980

Hiodon sp. 8 x 104
0

Morone sp. 1 x 106 6 x 105*

Freshwater drum 5 x 106
2 x 105*

Dorosoma sp. 2 x 105 3 x 104

Pomoxis sp. 2 x 105 0

Stizostedion sp. 0 5 x 105

Catostomidae 3 x 105 8 x 104

Cyprinidae 3 x 105 7 x 105*

Total larval fish 9 x 106
2 x 106*

Total eggs 0 0

*Evidence was found that entrainment of these species of fish probably
occurred after 30 June 1980 when sampling was curtailed, therefore
estimated were probably lower than would be expected for the entire year.



Figure 10. Daily entrainment rates at G-3 from 26 March 1979 through 13
August 1979 and 5 March 1980 through 30 June 1980.
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shad (Dorosoma sp.), crappie (P6moxis-sp.), suckers (Catostomidae) and

minnows (Cyprinidae) (Table 17).-

The total environment was slightly greater than 2 x 106 larval fish

for the period of 6 February 1980 through 30 June 1980 at G-3. Approx-

imately 7 x 105 minnows, 6 x 10sM6t6ne sp., 5 x 105 Stizostedion sp.,

and 2 x 105 freshwater drum has been entrained by 30 June 1980 (Table 17).

Shad and sucker larvae were also entrained.

The first sample to contain fish during the spring of 1980 was taken

on 19 March. No fish appeared in subsequent samples until 13 May. One

peak (30 fish/lOO m3 of intake volume) occurred on 10 June 1980. Fish

larvae were collected up to and including the last sampling date (30 June

1980).

Entrainment Survival

No living larval fish-were found in any of the samples at either

plant. Mortalities were estimated to be 100% for each species of fish

entrained.

Miscellaneous Entrainment

Large numbers of phytoplankton, zooplankton and aquatic insects

were entrained at G-3. Estimated daily entrainment rates as high as

1 x 106 organisms/day were observed for aquatic insect larvae (Hexagenia

sp.) on 13 and 16 April 1979 at G-3. Insufficient time was available to

permit further analysis of entrainment rates for these organisms.

Ichythyoplankton Tow and Grab Samples

Ichthyoplankton tows were made to determine major drift peaks and
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cross-sectional drift regions in the river in the vicinity of the Genoa

site. The highest drift of fish larvae was recorded on 25 June 1980

which was also the time of highest recorded drift of freshwater drum and

minnow larvae. The maximal drift of sucker larvae was recorded on 3

June 1980. Other fish taxa collected in tow samples were Morone sp.,

shad, crappie, carp and bowfin.

Ichthyoplankton drift was apparently greatest in the main channel

for minnows, but was greatest on the east shore for suckers. The drift

of freshwater drum appeared to be distributed quite evenly across the

river (Table 18). Only suckers were collected on the 18 June grab sample.

Similarities were noted in samples collected in 1980 as virtually all

larval fish (99%) were suckers (Table 19).

Water Temperature

LACBWR. Water temperature at the intake at LACBWR ranged from

_l.loC on 6 and 13 November 1978 to 24.4°C on 14 and 28 August 1978

(Figure 11).

The ~T at the condenser during the primary entrainment season (May

through mid~August) ranged from 0.0 to 6.loC with the maximum outlet

temperatures ranging from 10.0 to 28.90 C in 1979 at LACBWR. In 1980, the

o
~T's ranged from 0.0 to 5.6 C with maximum outlet temperatures varying

from 17.2 to 25.6oC (Table 20).

G-3. The water temperature at the G-3 intake ranged from 1.10C on

°6 and 13 February 1980 to 26.1 C on 23 July and 6 August 1979 (Figure

12).

During the primary entrainment season the ~T at the condensers

varied from 6.7 to 11.6oC with maximum outlet temperatures ranging from
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Table 18. Ichthyop1ankton surface drift (number/100 m3) on the Mississippi
River adjacent to Dairy1and Power Cooperative's Genoa site from
21 May through 25 June 1980.

Date WS 2 BBb RBc ESd

Cyprinidae

21 May 0.0 0.0 0.0
3 June 2.8 1.5 0.0 0.0

10 June 7.4 4.6 0.0 3.7
19 June 0.9 0.0 0.0 0.0
25 June 5:00 pm 29.8 309.1 119.9 0.9
25 June 12:00 am 29.0 594.6 670.6 81.5
25 June 8:00 am 5.1 55.3 66.9 28.9

Catostomidae

21 May 0.0 0.0 0.0
3 June 0.0 0.0 0.0 51.6

10 June 0.0 0.0 0.0 1.2
19 June 0.0 0.0 0.0 0.0
25 June 5:00 pm 0.0 0.0 0.0 0.0
25 June 12:00 am 0.0 0.0 0.0 0.0
25 June 8:00 am 0.0 0.0 0.0 0.0

Freshwater drum

21 May 0.0 0.0 0.0
3 June 0.0 0.0 0.0 0.0

10 June 0.0 0.0 0.0 0.0
19 June 0.0 0.0 0.0 0.0
25 June 5:00 pm 25.5 42.0 5.1 0.0
25 June 12:00 am 0.0 81.1 9.3 28.9
25 June 8:00 am 2.6 57.4 13.4 150.1

Total Drift '('all· species)

21 May 0.0 0.0 0.0
3 June 2.8 1.5 1.1 51.6

10 June 7.4 4.6 0.9 4.9
19 June 0.9 0.0 0.0 0.0
25 June 5:00 pm 63.8 363.1 127.6 0.0
25 June 12:00 am 29.0 708.7 766.4 115.5
25 June 8:00 am 7.6 114.9 82.2 198.9

~ denotes West shore. cRB denotes red bouy.
bBB denotes black bouy. dES denotes east shore.
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Table 19. Ichthyop1ankton grab sample results from the Mississippi River
adjacent to the Dairy1and Power Cooperative's Genoa site in
1979 and 1980.

mean % of
Date Site Species No. length grab

1979

18 June ES
a Catostomidae 11 15.8 100

1980

20 May ES Catostomidae 7 13.4 100

3 June Wsb Lepisosteus sp. 1 19.0 100
ES Catostomidae 105 12.8 99

Pomoxis sp. 1 6.0 1

10 June WS Catostomidae 25 16.1 100
ES Catostomidae 27 16.1 100

19 June ES Catostomidae 4 22.2 100

a ES denotes east shore.

bWS denotes west shore.



Figure 11. Intake water temperature data at LACBWR from 8 August
1978 through 30 June 1980.
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Table 20. Maximum temperatures and 4T's (oC) at Dairy1and Power Coopera
tive's LACBWR station from 7 May through 13 August 1979 and
7 May through 30 June 1980.

Date 4T MaxT

1979

7 May 0.0 10.0
14 May 0.0 14.7
21 May 0.0 12.2
29 May 2.2 16.6
4 June 5.6 22.8

12 June 5.0 22.8
18 June 4.5 22.8
25 June 5.6 25.6
3 July 6.1 27.2

10 July 5.6 26.7
16 July 6.1 28.9
23 July 6.1 28.3
30 July 6.1 28.9
6 August 6.1 28.9

13 August 5.5 24.4

1980

7 May 5.0 17.2
13 May 5.5 18.3
20 May 5.6 20.6
27 May 5.5 26.1

3 June -
10 June 5.5 23.3
17 June 5.6 25.6
25 June 0.0 22.8
30 June 2.7 23.3



Figure 12. Intake water temperature data at G-3 from 8 August 1978
through 30 June 1980.
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10.0 to' 37.2oC in 1979 at G-3. From 7 May through 30 June 1980, the ~T

oat the condenser ranged from 7.8 to 11.6 C with maximum outlet temperatures

ranging from 25.6 to 35.0oC (Table 21).

Intake Velocity and Volume

LACBWR. Intake velocities varied from 0.0 m/sec on several dates

to 0.39 m/sec on 11 December 1978 (Figure 13). Intake velocities were

usually between 0.15 and 0.25 m/sec during periods of plant operation.

Intake volumes were either 0 m3/ min, 115 m3/min or 230 m3/min

During warmer months the intake volume was 230 m3/min while winter intake

volume was usually 115 m3/min. During operation LACBWR utilized 0.0-0.06%

of the volume of the river that flowed past the plant (Figure 13).

G-3. Intake velocities ranged from 0.09 m/sec on 13 April 1979 to

0.62 m/sec on 29 May 1979. Intake velocities averaged 0.20 m/sec in

the winter and 0.35 m/sec in the warmer months (Figure 14).

Intake volumes ranged from 115 m3/min on 20 November 1978 to 420

m3/min on several occasions. As with LACBWR higher volumes of water

were used at G-3 in the warmer months and lower intake volumes were used

in the winter. While operating G-3 utilizing 0.1-1.1% of the river volume

that flowed past the plant (Figure 14).

Screen Wash Debris

LACBWR. The debris that accumulated on the screens consisted mainly

of uprooted aquatic plants, drfitwood, paper and leaves. The types and

amount of debris accumulated on the screens was variable throughout the

study.

During the winter months (11 December 1978 through 26 March 1979 and

13 December 1979 through 19 March 1980), debris accumulation was negli~
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Table 21. Maximum temperatures and AT's (oC) at Dairy1and Power Coopera
tive's G-3 station from 7 May through 13 August 1979- and 7 May
through 30 June 1980.

Date AT MaxT

1979

7 May 10.0
14 May 11.4 25.6
29 May 10.8 28.9
4 June 11.6 32.3

12 June 8.7 29.4
18 June 8.8 29.9
25 June 7.2 29.4

3 July 10.5 34.4
10 July 9.9 34.5
16 July 10.1 36.1
23 July 6.7 32.8
30 July 9.4 35.0
6 August 11.1 37.2

13 August 11.4 32.9

1980

7 May 11.2 25.6
13 May 11.0 24.9
20 May
27 May 11.6 34.4

3 June
10 June 8.0 26.9
17 June 10.0 31. 7
25 June 10.0 35.0
30 June 7.8 30.0



Figure 13. Intake volume and velocity data at LACBWR from 8 August
1978 through 30 June 1980.



79

200

o

100

300

JJMA
1979

MF

take ~eloclty

take volume

~

• •......"i " --..--\ .. , \ --, ,
" .-,..- l ' " : ' "• , : '...._........-..-_.., , .
I •

"
, . •, .

/ l ' ••
/ ' ,

--In

D

,/\
/' \

\
\.......- ..,

\
No

1978
5

1.2

1.0

0.8

...•~
E-;0:6
1::

•••

0.2

0
A

1.0

0.8

0.2 ......"' ....../"\ /

\i

--.... Intake velocity

--Intake volume

....--.._--_..-----..- .._-....... , .."................

200

~c
i!
3"
-!"

100 3
2:

o L--CA;--'-T~;--'--'N7·
1979

"--;D;-"'-·--;J"-"'--;F:-"'-""M:--r--!A-L-r-M~-r--'J-..J0
1980



Figure 14. Intake volume and velocity data at G-3 from 8 August
1978 through 30 June 1980.
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gib1e. During the spring (13 April through 15 June 1979 and 26 March

through 17 June 1980) the debris contained mostly driftwood, leaves and

decaying aquatic plants, but accumulation was small (negligible to 24.6

kg/day). In the summer (8 August 1978 through 11 September 1978 and 15

June through 1 October 1979), the debris collected on the screens ranged

from 4.9 to 31.4 kg/day. The debris accumulation on the screens reached

80 kg/day (23 October 1978) during the fall senescence of aquatic plants.

Debris accumulation was lower in the fall of 1979. Ceratophyllum

demersum, Vallisneria americana, Potomogeton sp. and Elodea sp. made up

the majority of the aquatic vegetation. Ninety percent of the total bio-

mass accumulated on the screens during the summer was Potomogeton sp.

V. americana and C. demersum accounted for approximately 90% of the total

accumulation during the autumn (Figure 15).

G-3. Similar trends in debris accumulation were observed at G-3, but

the amounts were greater. The maximum accumulation of debris (up to

4,800 kg/day) occurred in the spring of 1979. The same plant types and

percent composition occurred at G-3 as at LACBWR during this study (Figure

15).

River Stage and. Discharge

The river stage varied more than three meters during this study. It

ranged from 620.68 ft, above msl on 16 October 1979 to 630.97 ft. above

ms1 on 30 April 1979. Spring flooding was much greater in 1979 than in

1980. Other peaks of river stage were caused by large amounts of

precipitation (Figure 16).

3
The discharge from Lock and Dam No. 8 ranged from 270 m / sec on

34 December 1978 to 3,470 m /sec on 30 April 1979 (Figure 16).



Figure 15. Daily screen wash debris accumulation at LACBWR and G-3 from
8 August 1978 through 30 June 1980.
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Figure 16. River stage data for tai1waters of Pool 9 and river discharge
from Lock and Dam No. 8 from 8 August 1978 through 30 June
1980.
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DISCUSSION

Impingement

Impingement rates. A comparison of impingement data at LACBWR by

Brimmer (1976), WAPORA (1976c) and the present study (shown below) indicate

that impingement was much less during the present study then the previous

studies.

Date

1974-76
1974-75·
1978-79
1979-80

Number of Fish

12,975/yr
14,827/yr
l,601/yr
7,292/yr

Biomass (kg)

35.4
195.1

52.9
77 .8

Source

Brimmer (1976)
WAPORA (1976c)
Present
Present

A similar situation occurred comparing impingement data at G-3 from Brimmer

(1976), WAPORA (1976b) and the present study (shown below).

Date Number of Fish Biomass (kg) Source

1974-76 80,588/yr 1~109.2 Brimmer (1976)
1974-75 70, 724/yr 1;'624.4 WAPORA (1976b)
1978-79 10,366/yr 1,721.6 Present
1979-80 45, 886/yr 1,387.9 Present

The impingement rates observed at LACBWR and G-3 were considerably

lower than some stations on the Mississippi River, e.g. power stations

at Quad Cities (215,746 fish/yr) .. and Prairie Island Nuclear Power Station

(146,061 fish/yr), The impingement rates at G-3 were similar to impinge-

ment rates at Wood River Generating Station (39,771 fish/yr) (Freeman

and Sharma, 1977).

Species composition. Species composition of LACBWR varied among

studies from Brimmer (1976), WAPORA (1976c) and the present study (shown
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below).

Brimmer (1976)·

Bluegill
Freshwater drum
Black crappie

WAPORA (1976c)

Freshwater drum
Bluegill
White crappie
Channel catfish

Present

Freshwater drum
Channel catfish
Gizzard shad
Bluegill

Variations were also observed in species composition data at G-3 from

Brimmer (1976) WAPORA (1976b) and the present study (shown below).

Brimmer (1976)

Bluegill
Emerald shiner
Freshwater drum
Black crappie

WAPORA (1976b)

Bluegill
Freshwater drum
Emerald shiner
White bass
Channel catfish

Present

Bluegill
Freshwater drum
Channel catfish
Gizzard shad

Endangered and threatened species. No species of fish impinged at

the Genoa site were on the Federal Endangered Species List, but three

species of fish impinged at Genoa that have special status in either

Wisconsin, Minnesota or Iowa. Ten blue suckers, three mud darters and

one chestnut lamprey were collected in the impingement samples from LACBWR

and G-3.

In Wisconsin, the blue sucker is classified as "a species that may

or may not be holding its own at the present time." The blue sucker is a

species that " ••• merits special consideration in Minnesota and at some

times, merit special management because of unusual or unique values,

special public interest, or vulnerability of habitat." (Rasmussen 1979,

pp. 36-37). The mud darter and chestnut lamprey are on the threatened

species list .inIowa (Rasmussen 1979).

Unusual species. Several species of fish that were impinged during

this investigation are normally not found in the main channel of the

Mississippi River. Several central mudminnows, brook sticklebacks, stone-
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cats and fathead minnows were impinged. at G-3. Fathead minnows and brook

sticklebacks are usually found in pools of smaller streams. The central

mudminnows prefer bogs, ditches and streams with muddy bottoms often

choked with aquatic vegetation, whereas stonecats prefer swift water

found in the tributaries of the Mississippi River (Eddy and Underhill,

1974). One longnose dace, one brown trout and one rainbow trout were

also found in the impingement samples. Longnose dace, brown trout and

rainbow trout are all cold water species of fish (Pflieger 1975; Eddy and

Underhill, 1974). The above mentioned species were impinged in the spring

of 1980 and were probably washed out of their normal habitats during the

spring floods. Brook sticklebacks and fathead minnows could have been

introduced as leftover bait fish that were dumped into the river by fisher-

men.

Impingement survival. Evidence indicated that survival after the

impingement process was a species-specific phenomenon. Flathead catfish

and channel catfish experienced the highest survival rates (74% and 51%,

respectively), while yellow perch and bluegill had lower survival rates

(35% and 23%, respectively) at G-3. Fresh~ater drum, young-of-the-year

gizzard shad, black crappie or white bass showed no survival at G-3. Also,

no survival was observed for any species offish at LACBWR, but in most

cases (except freshwater drum) too few individuals were tested to show any

conclusive survival rates.

Survival rates could be influenced by the intake velocity. The

intake velocity at G-3 usually exceeded the USEPA recommended velocity of

0.15 m/sec. (Boreman,. 1977). This could have had an affect on impingement

survival.

The pressure exerted from the sprays used for screen washing have
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been shown to be detrimental to the survival ot some tish species (King

et al., 1978). The screen wash'pressure.ranged trom 90-120 psi at LACBWR

and 82-100 psi (averaging 92 psi) at G-3. King et al. (1978) reported

that washing screens with high pressure sprays above 100 psi decreased

survival of some species of fish. Reduction of pressure to 50 psi showed

a significantly higher initial survival for white perch.

Studies have indicated that long periods of impingement reduce

chances of survival for many species of fish. At LACBWR, screens were

washed hourly and screen washing intervals at G-3 during 8 August 1978

through June 1979 ranged from 8-10 hr. or more. After June 1979, screens

were washed every four hours at G-3. Tatham etal. (1978) reported that

immediate survival of Atlantic menhaden increased from 9% (intermittent

screen washing) to 25% (continuous screen washing). Similar results were

shown with Atlantic silvers ide as immediate survival increased from 27

to 65% after continuous washing procedures were used. Latent survival of

white perch impinged for two and four hours was significantly less than

the latent survival when screens were washed continuously. No significant

difference was detected at any washing procedure (two hours, four hours

or continuous wash) when Atlantic tomcod were tested. The length of time

between washings probably affected the survival rates for some species

at G-3 and LACBWR.

The combination of high intake velocities, high screen wash pressure,

long impingement time and stress caused by sampling probably all contribu

ted to the low survival rates observed at the two power stations in this

study.

Stress testing. Fish impinged at G-3 were stressed according to the

method described by Smith and Ramos (1976). Stress from impingement has
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been documented at other power stations (Isaacson and Morrisson, 1980).

Most control fish also exhibited stress even though equal fishing effort

was expended (less than two minutes) for control and impinged fish. The

Hemastix~used could have been too sensitive (0.3 mg. hemoglobin/lOa ml).

Moreover, the time required for hemoglobin to enter the mucus could have

been less than 2-4 min. for the species sampled. Also, the method used

for the control could have been inadequate.

Juvenile-Adult analysis. At least 90% of the impinged freshwater

drum,channel catfish, gizzard shad, bluegill, flathead catfish and white

bass were young-of-the-year at LACBWR in this study. At G-3, over 90%

of the bluegill, gizzard shad, channel catfish, white bass, flathead cat-

fish and mooneye and over 70% of the freshwater drum impinged in this

study were young-of-the-year. Several studies reported that young-of-the-

year were more susceptible to impingement because swimming speed and

endurance are inferior to.larger fish (Bibko et al., 1974). Smaller fish

could also become. impinged trying to escape predators (Landry and Strawn,

1974). Healthy adults were impinged, however, at both plants during this

study.

A large percentage of·young-of-the-year and a low percentage of adults

were collected in the impingement. samples for the seven most frequently

impinged fish species. Impingement could have been random since similar

proportions exist in natural fish populations.

Causes of impingement. Water temperature, intake volume, river

discharge, and intake structure design were tested for any relationship

between these parameters and the observed impingement rates.

Some evidence that water temperature influenced the impingement

rate of some.species of fish was shown at both plants. At LACBWR, in
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the first year of study there was evidence that bluegill impingement was

influenced by water temperature at the intake (Fs =3.53; F. 05 (4,39)=3.l4).

No impingement of bluegill occurred when water temperatures were less

othan 5 C. Not enough evidence was available to show any significant

influence of water temperature affecting impingement rates of freshwater

drum, gizzard shad, or channel catfish for either year of study or for

bluegill in the second year. During the first year of study not enough

evidence was shown to reject the null hypothesis regarding water tempera-

ture influencing the impingement rates of bluegill, freshwater drum, gizzard

shad, channel catfish, black crappie, flathead catfish, white bass or yellow

perch at G-3. Significant evidence was found indicating a possible in-

fluence of water temperature to the impingement rates of channel catfish

(FS=6.80; F. 05 (4,39)=3.l4), black crappie (Fs=5.00; F. 05 (4,40)=3.l3), and

yellow perch (Fs=6.73; F. 05 (4,39)=3.l4) during the second year of study.

Channel catfish impingement was highest (31.5 fish/day) when the tempera-

ture was less than 50 C, but no impingement occurred when temperatures were

from l5-l9.90 C. Black crappie impingement was highest (44.2 fish/day)

when temperatures were from 5-9.90 C and lowest (0.8 fish/day) when tempera

tures were l5-19.90 C. Little impingement (0.1 fish/day) of yellow perch

o 0occurred when temperatures were greater than 20 C or less than 5 C, but

impingement was highest (4.0 fish/day) when temperatures were 10-14.90 C.

The influence of water temperature apparently had little significant

effect on the impingement rates of the other fish species tested at G-3.

The influence of water temperature could likely effect only a few

species of fish impinged at Genoa. Adams et al. (1976a) support the

results of this study in that water temperature was not a significant

factor for most impinged species at Surry Power Plant in Virginia. The
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influence of cold water on channel catfish could have caused them to be

more sluggish and, therefore, more.susceptib1e to impingement as suggested

by Bibko et a1. (1974). The impingement rates of yellow perch and black

crappie were not highest at temperatures below SoC. The influence of

water temperature could be a species-specific phenomenon, although changes

in water temperature may induce a behavioral response which could explain

the impingement of yellow perch and black crappie.

At LACBWR, the different intake volumes had no significant influence

on the impingement rates of any of the four species of fish tested. Chan-

ne1 catfish, freshwater drum, bluegill, black bullhead, rock bass, tadpole

madtom, yellow perch and black crappie were found in impingement samples

when intake volumes were zero. Intake volumes could have had a possible

influence on the impingement rates of freshwater drum and black crappie in

the first year of study at G-3. When pumping rates were 420 m3/min, the

impingement rates of freshwater drum were higher (28.9 fish/day) than when

pumping rates were 190 m
3

/min (3.4 fish/day) (Fs = 9.04; F. 05 (1,25) = 5.69).

Impingement rates of black crappie averaged 4.3 fish/day and 1.0 fish/day,

respectively, at pumping rates of 420 m3/min and 190 m3/min (F = 7.64;s

F. 05 (1,25) = 5.69). Impingement rates of the other species of fish tested

at G-3 were not significantly affected by different intake volumes in the

first year of study. Contradicting evidence was shown with channel catfish

impingement rates during the second year of study. The impingement rate

of channel catfish averaged 23.1 fish/day and 3.1 fish/day at 190 m3/m

and 420 m
3

/min, respectively (Fs = 12.5; F. 05 (1,42) = 5.40). The other

species of fish, including black crappie and freshwater drum were not

significantly influenced by different intake volumes during the second

year.
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Grotbeck and Bechthold (1975) reported that the impingement ~requency

of black crappie increased· with increased·pumping rates~ During the first

year of this study increased volumes resulted in significantly higher

impingement rates of black crappie and freshwater drum. Similar results

could not be repeated, however, during the following year for either species.

The impingement rates of channel catfish were highest at the lower intake

volumes. Bibko et al. (1974) suggested that some species of fish (e.g.

gizzard shad and striped bass) probably avoid higher water velocities.

Channel catfish could be exhibiting this type of behavior, but impingement

rates of gizzard shad were not significantly different at either pumping

rate in either year of study.

Grotbeck and Bechthold (1975) and Mathur et al. (1977) stated that

impingement rates were highest when the river discharge was highest. No

significant influence concerning river discharge could be detected for any

of the species of fish tested at LACBWR or G-3.

The intake structures at the Genoa site could have been attractive

to those fish species found there. In river situations a continuous food

supply would be brought into the intake basin. The intake structures

themselves, could have influenced impingement rates observed at Genoa.

The differences in intake structure design probably influenced impinge

ment rates at Genoa. The impingement rates at G-3 were 6.9 and 6.3 times

higher than LACBWR during the first and second years of study, respectively.

This was significant (P(ul = uZ) < .001, m = 4Z, n = 31; P(ul = uZ) < .001,

m = 47, n = 46) using the Mann-Whitney U test. Intake velocities were

slightly higher at G-3, but fish should be able to escape or avoid these

velocities according to Bibko et al. (1974). The intake structure at G-3

was also larger than the structure at LACBWR. Eddies were created at G-3,
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whereas a steady current flowed past. the intake atLACEWR•.. The intake

structure at G-3 probably was more suitable as a habitat for the fish in

the area than the intake structure at LACBWR. Page et al. (1977) reported

that chinook salmon were impinged·more frequently at one power station

than another 275 m away, yet the intake volumes and velocities were similar.

The difference in impingement rates was partially attributed to the

different intake structure design of the two plants. It is likely, there

fore, that the intake structure design at Genoa partially accounted for

the sixfold difference in impingement rates.

During the winter months the slightly warmer intake water at G-3

could have been attractive to fish. Recirculated water from the condensers

at G-3 was used to prevent ice formation in the intake basin by raising

othe water temperature. The intake temperature at G-3 was 2-3 C warmer

than at LACBWR. Also, large schools of gizzard shad were observed in the

thermal discharge of the plants, but were not observed anywhere else along

the shoreline in the vicinity of the plants. Behavior caused by thermal

effects, therefore, could influence impingement. This could partially

explain the high impingement rates of channel catfish in the winter.

The previously discussed factors did not explain the great differences

between the impingement rates from the first and second year of study.

The influence of water temperature and intake volumes cannot sufficiently

explain the impingement rates observed at G-3 and LACBWR because of the

lack of repetition of statistical analyses of the first and second years.

Impingement rates probably depended mostly on the particular behavior

of a species of fish and the spawning success of the individual species.

Impingement rates for yellow perch were greatest at G-3 in March, April

and May of each year of the study. This was also the time of the year
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yellow perch made their spawning runs (Eddy and Underhill, 1974). Many

other species which spawn· at this time such as walleye, sauger, logperch

and river darter, experienced the highest impingement rates in the spring.

Impingement rates of bluegill were highest in the fall. Perhaps

the association of young-of-the-year··bluegill with mats of aquatic plants

(y. americana and C. demetsum) uprooted in the fall senescence would

explain this trend. When aquatic plants accumulated on the screens, young-

of-the-year bluegill associated with the macrophytes would have become

impinged. Casterlin and Reynolds (1978) stated that immature bluegill

preferred to be associated with Myriophyllum sp. than with no cover at

all.

The reason for the great variation between the first year of study

and the second year was the great difference in young-of-the-year densities.

Impingement rates for young-of-the-year freshwater drum, gizzard shad

and channel catfish were significantly different when comparing the first

year of the study to the second year at LACBWR.(shown below).

Species P(Vl ~ VZ) M N

Freshwater drum 0.016 45 44
Gizzard shad 0.082 44 41
Channel catfish 0.012 43 42
Bluegill 0.569 41 41

No significant difference was detected, however, when comparing young-of-

the-year bluegill at LACBWR.

A significant difference could not be detected in adults since so

few were impinged either year. At G-3, additional evidence supported the

hypothesis that impingement rates depended largely on the density of young-

of-the-year fish in the area. The difference between impingement rates of

young-of-the-year between the first year and the second year was significant
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for bluegill, freshwater drum, gizzard shad, channel catfish, flathead

catfish and white bass using theMann-Whitney U test (shown below).

Species P (n,"' ).\2) M N

Bluegill 0.001 41 30
Freshwater drum <0.001 43 27
Gizzard shad <0.001 46 25
Channel catfish 0.015 45 28
Flathead catfish <0.001 43 29
White bass <0.001 43 26

freshwater drum, gizzard shad, channel catfish, flathead catfish and white

bass, respectively. Insufficient evidence was available to reject the

null hypothesis (Ho : ).\1"' ).\2) when. comparing young-of-the-year black

crappie or adults of all species tested. The main reason for not rejecting

the null hypothesis was that too few samples contained any young-of-the-

year black crappie or adults. Results reported by Brimmer (1976) and

WAPORA (1976b, 1976c) were indicative of high percentages of young-of-the-

year. This was based on the average weight of the fish impinged during

those studies. Brimmer (1976) reported that average weights were 2.7 and

13.8 gm at LACBWR and G-3, respectively. WAPORA (1976b, 1976c) reported

that average weights of impinged fish were 13.2 and 22.9 gm at LACBWR and

G-3, respectively. Adams et al. (1976b) stated that one of the determining

factors affecting impingement rates was the density of young-of-the-year

in the vicinity.

Impingement rates at Genoa, therefore, could have depended on the

spawning success of freshwater drum, gizzard shad, bluegill, channel cat-

fish, flathead catfish and white bass in the vicinity of the power plants.

A successful spawning season would have resulted in higher impingement

rates than a poor spawning season. Yellow perch impingement, and to some

degree bluegill and channel catfish impingement, was probably caused by
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the particular behavioral responses of each respective species. The power

plants at Genoa could have.been·random "predators", with impingement rates

having been influenced only by the density of fish in the immediate area.

Impactort the fishery of Pool 9.· Because population estimates of

fish populations in Pool 9 were not available, the impact to the fishery

by G-3 and LACBWR was difficult to determine. An indirect methods was

used by comparing commercial fisheries data from Pool 9 with the estimated

impingement biomass at LACBWR and G-3. An average of 882,265 kg/yr of fish

were harvested from.Poo1·9 from 1973-1977 by commercial fishermen (Rasmussen,

1979). An estimated 52.9 kg of fish were impinged at LACBWR during the

first year of study and 77.8 kg during the second year. These impingement

losses were 0.006% and 0.009%, respectively, of the average annual com

mercial harvest from 1973 to 1977. The G-3 power station, which impinged

1721.6 kg of fish during the first year of study and 1387.9 kg of fish

during the second year, would only remove 0.20% and 0.16%, respectively,

of the average annual commerica1 harvest from Pool 9 (1973-1977).

the freshwater drum fishery ranks third in abundance and value to

commercial fishermen of the Upper Mississippi River (Butler, 1965; Rasmussen,

1979; Merz, 1975). Pool 9 was the most productive pool for freshwater

drum in the Upper Mississippi Rivet with an average annual harvest of

91,344 kg/yr from 1960-1973 and 179,234 kg/yr from 1973~1977 (Merz, 1975;

Rasmussen, 1979). The biomass of freshwater drum impinged at LACBWR was

10.7 kg during the first year of study and 45.1 kg during the second

year. This was 0.006% and 0.25%, respectively, of the five-year average

commercial harvest (179,234 kg/yr) from 1973-1977. At G-3, the biomass

of freshwater drum impinged was 1036.4 kg during the first year of study

and 234.4 kg during the second year. This was 0.58% and 0.13%, respectively,
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of the five-year average commercial harvest (1973-1977).

The commercial harvest of freshwater'drum has decreased each year

from 1973 (267,000 kg/yr) to 1977 (87,000 kg/yr) (Rasmussen, 1979). Merz

(1975) reported that the catch/effort by commercial fishermen for fresh

water drum increased slightly from 1960-1973. The total fishing effort,

however, has declined. This was indicated by a decrease in linear feet

of seine which was most efficient method for catching drum during 'the four

teen year"stud)u "The",decrease in:effor,t"could, be:..continuing, thus explain-

ing the reduced, ',commerci,a1 ha'(vest:"oLfres\!water drum.:in Pool 9.

The impingement biomass of gizzard shad at G-3 during the second year

of study was higher (318.2 kg) than that of any other species impinged

that year. Gizzard shad, an important forage fish, is considered trash

as commercial fish, although in some places it has been used as animal

food (Bodola, 1965; Miller, 1960).

It is unlikely that the impingement processes at Dairyland Power

Cooperative's Genoa site had any significant impact to the fishery of any

species in Pool 9 during this study. The impact of the two power stations

in this study was probably less than the above data indicated since the

majority of the fish impinged were young-of-the-year. Mortality studies

also indicated survival after impingement for many species. No survival

occurred, however, for freshwater drum or young-of-the-year gizzard shad,

two of the most frequently impinged species of fish at both plants.

Entrainment

Entrainment impact. Approximately 9 x 106 fish were entrained in

1979 and greater than 2 x 106 fish were entrained by 30 June in 1980

when research was completed. No eggs were found in the entrainment



97

samples at G-3 or LACBWR. Estimates of entrainment at LACBWRwere not

made due to faulty sampling.teGhniques. The impact to the fishery was

difficult to determine because little is known concerning survival rates

from egg to adult. It would be expected that the mortality was extremely

high for larval

estimated 39-55

fish (GOodyear, 1978). Clady (1976) reported that of an

9 9x 10 eggs spawned, 0.95-8.3 x 10 yellow perch survived

to the larval stage, a survival rate of 1.6-18.4%.

The estimated entrainment rate of freshwater drum was over 5 x 106

fish in 1979. This was over 60% of the total larval fish entrainment that

year. Although only 2 x 105 freshwater drum were entrained by 30 June in

1980, a major drift of larval freshwater drum was beginning to appear when

sampling was curtailed. The last ichthyop1ankton tow on 25 June 1980

contained a large concentration of freshwater drum sac fry and eggs. Very

few freshwater drum post1arvae were found in tow samples. Chances were

good, therefore, that freshwater drum entrainment. would have been greater

than 2 x 105 fish in 1980.

The destiny of ichthyop1ankton is virtually guided by the flow of the

river in which they reside. If determinations of peak periods of drift

and major drift areas would have been established, a direct assessment

could have been made regarding the impact by G-3. Plankton tows, however,

were too infrequent to accurately assess peak periods of drift and major

drift areas in the vicinity of Dairy1and Power Cooperative's Genoa site.

The impact, therefore, was not directly determined.

One indirect method used to assess the impact to the fishery was to

associate entrainment rates with commercial fisheries data. As previously

mentioned, the total annual harvest of freshwater drum decreased every

year from 1973 to 1977 (Rasmussen, 1979). The entrainment of freshwater
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drum at G-3 could have been signifi:cant:c,enpugh: to 'af'f'ect"this ,t<I',end. "This
, '

decrease, however, could also be'attributed to the decreased fishing effort

by commercial fishermen (Merz, 1975).

Another indirect method used:was the estimation of the number of sex-

uallymature adults needed to replace the larval fish lost by entrainment.

An assumption was made that survival from egg to larvae was 1.6-18.4%

based on Clady (1976). By using fecundity estimates as reported from

Carlander (1969), Eddy and Underhill (1974), Ruelle (1977) and Swedburg

and Walburg (1970) and assuming a 1:1 male:female ratio, an estimation

of the number of adults needed for replacement was calculated. The impact

caused by entrainment would have eliminated the successful spawning of

100-1,,000 mooneye, 30-1,000 white bass, 1,01')(')-10,000 freshwater drum, 40-500

gizzard shad and 10-2;0-00 crappie in 1979. By 30 June in 1980, the impact

caused by entrainment would have eliminated the successful spawning of

20-600 white bass, 40-5,000 freshwater drum, 10-100 gizzard shad and 100

2l000walleye and/or sauger. The estimates of freshwater drum and possibly

gizzard shad and white bass were likely higher in 1980 because research

was completed in the middle of the major entrainment season.

It is likely that fish eggs were entrained by both plants although

none were found in the entrainment samples. Eggs could have been destroyed

during the entrainment process or could have been missed during the

picking process. If eggs were found in the entrainment samples, they would

probably be from freshwater drum as they are pelagic spawners with semi-

bouyant eggs (Eddy and Underhill, 1974; King et al., 1978). Entrainment

of eggs of other fish species of fish was not probable because eggs were

either adhesive, protected ina nest or the adults did not spawn in the

open river (Eddy and Underhill, 1974; Pflieger, 1975; King et al., 1978).
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Young freshwater drum are unique from young of other species of fish

in that, even when young freshwater drum are abundant,. they are not us",d

to any extent as a food source (Edsa11,·1967; Butler, 1965). Butler (1965)

concluded that because young freshwater drum are not used as a food source

and fecundity is high, it would be probable that the strength of a given

year class would be determined during the egg and larval stages. In

other words, a larger numbe.r of·· eggs and larvae would lead to a larger

year class of fish.

The impact to the fishery of Pool 9 caused by entrainment was probably

insignificant for most species of fish. The entrainment of freshwater

drum·by G-3 could have had a significant impact to the fishery of Pool 9,

but more intensive research is required to comprehensively answer this

question.

Entrainment survival. No living larval fish were found in the

entrainment samples at G-3 orLACBWR. The sampling method at G-3 probably

was not a factor in the mortality of the larvae because of the baffle

produced by the large volume of water in the drum. Mortality caused by

thermal effects was ruled out because the samples were taken ahead of the

condensers. Mortality, therefore, was probably caused by mechanical

damage when fry passed through the pumps. Marcy (1975) stated that 80%

of the entrainment mortality at Connecticut Yankee Power Station was due

to mechanical effects.

If some larval fish survive after passing through·the pumps, strainers,

etc., they would eventually pass through the condensers. The average

8T for LACBWR was 4.3 and 4.4oC during the primary entrainment season in

1979 and 1980, ·respective1y. The maximum temperature in the condenser was

o28.9 and 25.6 C in 1979 and 1980, respectively, at LACBWR. The average
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liT's and maximum tempe,atUl:eswe,e highe, at G-3.. The aye,age AT du,ing

othe primary ent,ainment season was ·..9.8 and 9.9 C with maximum temperatures

of 37.2 and 35.0oC in 1979 and 1980, .respectively. Larval fish were shown

to survive tempe,ature changes of::up to 120 C (Gammon, 1976; Schubel, 1975;

Stevens and Finleyson, 1978). When maximum temperatures exceeded 30oC,

however, survival of larval fish declined significantly (Cannon et al.,

1978; Gammon, 1976; Schubel, 1975; Stevens and Fin1eyson, 1978). Therefore,

when larval fish passed through-the condensers survival probably decreased

at G-3, but not at LACBWR.

Biocides apparently had little effect on the survival of larval fish

at G-3 because chlorination was done only 15 min/day.

:Recortnnended:Improvemerits

Several improvements could be implemented at the Genoa site. The

intake structure probably created a habitat situation attractive to fish

in the immediate area. Also, the backcurrent created by the intake

structure at G-3 probably influenced the high entrainment rates by drawing

water from the rip-rap shoreline instead of the main channel, especially

during high water conditions. Marcy (1976) and Kelso and '.Leslie :(1979)

stated that larval fish concentrations were greatest near shore, but

insufficient data from plankton tows was available to assess major drift

areas in the vicinity of G-3. Modification of the intake structure at

G-3 could reduce the impingement and entrainment rates at G-3. At Dairy- -

land Power Coope,ative's Alma site, the intake structure does not extend

out into the river, and neither slows the current nor creates eddies.

Impingement rates at Alma Units 1~5 were less than half of that at G-3

f,om 1 July 1974 through 30 June 1975 (32,040 fish and 70,724 fish, re-
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spectively) (WAPORA 1976a, 1976b). The differences in impingement probably

had been attributed partially to the intake structure design.

The survival of impinged fish at the Genoa site was low. Modifications

such as a low (50 psi) and a high«100-120psi) pressure wash system and

a continuous washing system were shown to significantly increase survival

of many species of fish (Bibko et al., 1974; Bowles, 1976; Congleton and

Mayo, 1975; King et al., 1978). A continuous washing system can be

incorporated immediately at both plants. Installation of a low pressure

spray (50 psi) in addition to the high pressure system present can also

be done. The implementation of these two processes would probably increase

the survival of many species at each of the plants. Furthermore, the

addition of restraints on the horizontal supporting members attached to

the screens would probably reduce reimpingement and increase the survival

of impinged fish (Mayo, 1974).

Dairyland Power Cooperative has tentative plans for building more

power plants. Evidence from this study showed that the main factor

influencing impingement rates was the density of young-of-the-year in

the area. Placement of future power stations should be in areas of low

fish densities. The intake structures of the power stations at Alma were

placed in an area of high current velocity where little or no attractive

fish habitat was available. A tall vertical steel wall was placed along

the shore to further reduce suitable habitat near the intake structure.

At Genoa, however, the power plants are located along a rip-rap shoreline

with intake structures extending out into the river resulting in the

reduction of current velocity which provided an excellent habitat situation

for many fish species in the vicinity. The differences in intake struct

ure placement probably is an explanation for lower impingement rates at
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Alma Units 1-5 that at G-3 in 1974-1975.

Proper placement of the intake structures at new power stations is

probably the most important factor in the reduction of impingement and

entrainment. Research should be· oriented toward locating areas of lowest

density of larval, juvenile and adult fish.
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CONCLUSIONS

1. The impact to the fishery of Pool 9 by impingement at Dairy1and

Power Cooperative's Genoa site was probably insignificant.

2. The impact to the fishery of Pool 9 by entrainment at Genoa

could be significant for freshwater drum, the third most important species

in the commerical harvest. The impact to other species of fish by entrain

ment was probably insignificant.

3. Further intensive ichthyoplankton research should be conducted

to better assess the impact of entrainment.

4. During various periods, intake temperature and pumping rates

could have influenced the impingement of certain species of fish, but

strong evidence was lacking. No significant evidence was found concerning

river discharge influencing impingement rates.

5. Significant evidence was found that impingement rates were deter

mined by the concentration of young-of-the-year fish in the immediate area.

Behavioral responses by some species of fish were likely influential in

determining impingement rates.

6. The intake structure at G-3 was probably attractive to fish in

the area and probably contributed significantly to the higher impingement

rates observed at G-3.

7. Low impingement survival of many species of fish was probably

caused by the combination of high intake velocity, high screen wash pressure

and relatively long periods of time between screen washes.
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8.. Recommendations such as the modHication of the· intake strucutre

at G-3, were offered to DairylandPowerCooperative to reduce the impact

of impingement and entrainment.' Recommendations include the installation

of low pressure sprays (50 psi) in addition to high pressure sprays, the

addition of restraints on the horizontal supporting member of the travel

ing screens, and the implementation of a continuous washing of screens.

9. The most important factor regarding new power plant design seems

to be the placement of the intake structure at a site where the density

of larval, juvenile and adult 'fish are at a minimum. Furthermore, the

intake structure should not, in itself, be attractive fish habitat.
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