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AbstraqE

The objective of this two-year study was to document the occurrence
of impingement and entrainment of fishes at two of Dairyland Power Coop-
erative's cooling water intakes on Navigation Pool 5 of the Upper Mississ-
ipp1 River during 1979 and 1980.

Impingement at the 208 MW Alma units 1-5 intake during 1979-1980
consisted of 33 species from 13 families. During 1979 sampling, 586
fishes were impinged. During 1980 sampling at Alma 1-5, 1165 fishes
were impinged. The weekly 24-hour impingement samples were used to pro-
ject the two-year annual mean impingement of 10,735 fishes. Gizzard shad
(40.0%) and black crappie (23.1%) were the most commonly impinged species
during the study. The annual entrainment of larval fishes at Alma 1-5
was estimated at 125,000 during 1980.

Impingement studies at the 350 MW J. P. Madgett Station intake be-
gan with its operation in November 1979 and continued through 1980.
During sampling, 29 species from 9 families were impinged, including 3

crystal darters (Ammocrypta asprella), which had not been previously

recorded in Pool 5. A total of 3980 impinged fishes were sampled during
the 11 months of the study. The weekly 24-hour impingement samples were
used to project the total impingement of 33,791 fishes for the J. P.
Madgett intake during the study period. Gizzard shad comprised 63.87%
of the total numbers and 14.0% were freshwater drum.

Annual variations in impingement were attributed to varying densi-
ties of juvenile fishes in the vicinity of the intakes. This was likely
influenced primarily by spawning success. Over 90% of all fishes im-

pinged were juveniles.




A fish mortality study at the J. P. Madgett intake showed that
survival of impinged fishes was species-specific. Survival of all fishes
impinged during sampling was 16.6%. The efficiency of removal of fishes
from the fish trays on the vertical traveling screens by the low pressure
spray jets was calculated to be approximately 967%.

The combined estimated total biomass of fishes impinged at both
intakes during 1980 represented approximately 0.4% by weight of the total
annual harvest of Pool 5. Both intake structures were located in areas
that were not conducive to high fish densities. Differences between im-

pingement rates at the two intake structures was likely due, in part, to

the larger surface area and greater intake volume at the J. P, Madgett

intake.
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INTRODUCTION

Purpose

The three major impacts on the aquatic environment associated with
the cooling water systems of electric power generating plants are related
to thermal plume, entrainment, and impingement effects. 1In recent years,
the potential effects of entrainment and impingement have become a focus
of research by aquatic scientists.

An organism which is drawn into a water intake as part of the volume
it occupies is said to be entrained. Entrapment refers to the physical
blocking of larger entrained organisms by a barrier, usually an intake
screen. Impingement occurs when the entrapped organism is held in con-
tact with the intake screen (Hanson et al. 1977).

This study examined entrainment and impingement at the Dairyland
Power Cooperative Alma, Wisconsin power plants, units 1-5 and the J. P.

Madgett Station (Buffalo County, Wisconsin).

Rationale

The Dairyland Power Cooperative presently supplies approximately
640 megawatts (MW) continuously to its customers in western Wisconsin.
The monthly demand forecast for the year 2000 projects a demand for over
1800 MW (Dairyland Power Cooperative 1980). If this projection is to be
realized, the increasing power demand can only be met by an increase in
the number of power generating stations, and by replacement of existing
plants as they become obsolete.

The environmental effects of power plants on aquatic communities
arec a concern of many groups and agencies. The Upper Mississippi River

is now used as a cooling water source for power plants, and use is cer-




tain to increase as the demand forecast becomes reality.

The effects of entrainment and impingement at these power plants
are potentially detrimental. However, to accurately assess these effects,
the data should be evaluated as it affects the entire aquatic community.
The analysis of these data at the community level may be of value in det-
ermining the limits of power-~plant-induced exploitation of the fishery of

the Upper Mississippi River.




LITERATURE REVIEW

Factors Influencing Impingement

The density and distribution of fishes in the immediate vicinity
of an intake structure are the most important variables that affect the
mumber of fishes impinged on the intake screens (Sharma 1977). Other
factors are influential to a lesser degree, but are considered contribu-
tory when fish are present in the vicinity of the intakes. Among these
other factors are intake velocity, temperature, intake volume, photo-
taxis, and tactile responses.

Intake velocity and temperature parameters, and their relationships
to impingement, have been studied extensively. Conflicting reports exist
concerning the relationship between intake velocity and fish impingement.
The U. S. Environmental Protection Agency (Boreman 1977), along with
other authors (Sonnichsen et al. 1975), considered velocity to be an
important impingement factor. The EPA has recommended reducing
velocity to 0.15 m/sec or less to reduce impingement (Boreman 1977).
Other investigators (Edwards et al. 1974, Loar et al. 1977) concluded
from their results that there was no direct relationship between impinge-
ment and maximum intake velocities. Sharma (1977) has suggested that
fish impinged per unit time may decline at reduced velocities, although
fish impinged per unit volume of water may remain the same.

Hanson et al. (1977) and Loar et al. (1977) found that effects of
temperature were more influential than effects resulting from high in-
take velocities. The influence of temperature, however, does appear to
be somewhat species specific (Edwards et al. 1974, Loar et al. 1977).

Plant pumping rates have not been extensively studied in relation
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to impingement, but according to Grotbeck and Bechtold (1973), no clear
patterns of change in frequency of total species impinged were found.
There has been much experimentation with other suspected impinge-
ment factors including phototaxis and sensory responses. Sound and bubble
barriers, as well as artificial lighting, have been tried as deterrents
to fishes which could potentially be impinged. These devices are con-
sidered to be ineffective for reducing fish impingement (Alevras 1974,
Brett and MacKinnon 1953, Hanson et al. 1977, Latvaitis et al. 1976, Mayo

1974, Sonnichsen et al. 1975).

Impingement Damage and Survival

The amount of physical damage incurred by fishes at cooling water
intakes is variable with species, life history stage, and size of the
fish. Shad (Dorosoma sp.) are among the species that are more susceptible
to impingement and the resulting stresses, especially when cold tempera-
tures prevail (Edwards et al. 1974, Loar et al. 1977). Conversely, cat-
fishes, carp (Cyprinus carpio), and many salmonids appear to be relatively
less sensitive to impingement stresses (Hanson et al. 1977). In many
cooling water intakes, the majority of fishes impinged are young-of-the-
year (y-o-y) or juveniles (Crotbeck and Bechthold 1973, Loar et al. 1977,

Latvajitiset al.1976). Although it is well documented that

mortalitLy resulting from impingement is highest for small fish
(Haven and Ginn 1977, Prentice and Ossiander 1974, Skinner 1974),
this y-o-y and juvenile mortality should not necessarily be con-
sidered as deleterious to the fishery. Naturally high mortal-
ities are the rule with young fishes, particularly when they are

pelagic, such as some members of the Clupeidae, Hiodontidae,

Sciaenidae, and Percichthyidac (lLatvaitis et al. 1976).
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Because of this high mortality, the relatively low percentage of removal
by impingement of these species as compared to natural mortalities may be
of minor significance to the fishery concerned.

Impinged fish can be killed directly or they may suffer delayed
mortality due to exhaustion, suffocation, or external and internal injury.
Fnergy demands of swimming during entrapment result in an increased con-
centration of lactic acid in the tissues causing muscle fatique and suf-
focation (Dominy 1971). Probable causes of delayed mortality following
preimpingement excitement include acidosis and inadequate oxygenation of
blood due to the Bohr effect (Hanson et al. 1977). Little information
exists, however, on indirect delayed mortality in impinged fishes as a
result of increased susceptibility to disease or predation for those
fishes returned to the receiving waters.

The extent of physical damage to which a fish is subjected is
directly related to the duration of impingement, the technique of handling
impinged fishes, and the intake water velocities. Results have shown
that species-specific survival rates are higher for juveniles and adults
at lower impingement velocities and shorter impingement times (Congleton
1974, Congleton and Mayo 1975, Haven and Ginn 1977). Haven and Ginn (1977)
reported no survival for impingement times greater than 50 minutes on
vertical traveling screens. For this reason, continuously operating
screens to reduce impingement time have been recommended where impinge-
ment is a problem (Anonymous 1975). More frequent washing of screens
would also reduce accumulation of debris on trash racks and intake
screens. This debris not only serves to entrap and entangle fish, but
also effectively alters the hydraulic flow field and approach velocities

associated with each intake structure, thus compounding the time-velocity




problem (Farr and Prentice 1974, Prentice and Ossiander 1974). The tech-
niques employed in handling impinged fishes have advanced markedly in re-~
cent years. The trash lip on conventional traveling screens has the tend-
ency to flop the impinged fish back into the water once the fish is above
the water surface. Relmpingement can then occur several times compounding
the resulting deleterious effects (Anonymous 1975). In many intake struc-
tures this trash lip has been replaced by a fish tray which can elevate
captured fishes with less harm, keep them submerged in water retained in
the tray, and then return them to the receiving waters. Often, two comp-
limentary low-high pressure spraywash systems are incorporated on the new
screens to replace the conventional high pressure spraywash. The low pres-
sure spraywash facilitates transfer of the fish from the tray into a sluice
trough returning to the receiving water. The high pressure spraywash then
washes the remaining trash into another trough (Anonymous 1975, Taft et
al. 1976). Virginia Electric and Power Company has consistently reported
a fish survival rate of nearly 90% using this screening equipment (Anony-
mous 1975).

Impingement may also result in the fish being descaled. This can
disrupt the osmotic functioning of the fish, and may increase suscepti-
bility to disease and parasitism. High concentrations of suspended sedi-
meirts cau abrade eyes, gills, and epidermal tisgues of impinged fishes,

resulting in increased stress and its associated consequences.

The trend of impingement studies in recent years has been to docu-
ment the occurrence of fish loss. The trial-and-error basis formerly

used as design criteria has often yielded unacceptable results when
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extrapolations were made among sites. Minimizing deleterious effects on
aquatic life, in compliance with the Federal Water Pollution Control Act
of 1972, can only be accomplished if the environmental consequences of im-
pingement are evaluated in the context of impact on the aquatic community.
This substantiates the need to analyze each impingement situation individ-
ually (Gross 1976, Hanson et al. 1977).

The purpose and use of impingement data should be related to the
population dynamics of the fishery concerned (Murarka et al. 1977). To
determine the significance or acceptibility of organism loss, the number
of impinged fishes should be compared to the standing crop of the fishery
(Sharma 1977, Grotbeck and Bechthold 1973). In large bodies of water or
where open systems make standing crop estimates difficult to determine,
commercial and sport harvest fishing statistics can be used (Sharma 1977).
The power plant, in these estimates, can be considered as a fisherman
taking a portion of the total harvest (Latvaitis et al. 1976; Sigma
Research, Inc. 1975). VUsing these estimates in impact assessment of
power plant cropping, lLawler and Englert (1977) have applied two classical
approdaches considered to represent fish population dynamics. These are
the Ricker (1954) and Beverton and Holt (1957) models.

Ricker's stock-recruitment model (1954) shows the oscillatory prop-
erties of the population more readily then the Beverton-Holt model (1957)
because it is based solely on the density-dependent mechanisms of the
population. The Beverton-Holt model includes density-independent factors
in the evaluation and is, therefore, more readily dampened. To realisti-
cally view fishery population dynamics, the density-independent factors
must be considered. Lawler and Englert (1977) concluded that an in-

herent stability is present in aquatic systems. Canon and Lauer (1976)




saxatilis) in the Hudson River. Results show that the population would
be resilient, probably through increased survival, to severe impacts
whether due to power plant or nonpower plant factors.

The ability of a population to be resilient and persist, due to
power plant effects or otherwise, is described by McFadden (1977) as comp-
ensation. A limit to the population density is set by the carrying capa-
city of the environment. Interactions affecting population density at or
near this carrying capacity include both density-dependent and density-
independent mechanisms. Of primary importance are changes in natality
and mortality in response to a changing population density. TFor this
reason, high exploitation percentages may not endanger many fisheries
due to an increase in survival or reproduction rates to compensate for
the reduction in numbers, either in whole or in part. McFadden (1977)
warns, however, that this built-in mechanism, which serves as a protection
from perturbations, has its limits and cannot be pushed beyond these limits

without some resulting adverse effects.

Entrainment Damage and Survival

Organisms can be exposed to two types of entrainment involving once-
through cooling systems of power generating stations. Pump entrainment
involves organisms which are incorporated into the power plant cooling
system with the cooling water. Plume entrainment is concerned with effects
on organisms encountering the thermal plume as water leaves the power
plant at the discharge. The scope of this review will be restricted to
pump entrainment.

During entrainment by a power plant, there are three stresses which
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will invluence the survival rates of organisms involved. These are physi-
cal stresses, thermal stresses, and chemical stresses (Schubel and Marcy
1978). Thermal tolerance data for fry and larvae is highly variable among
species (Canon et al, 1977, Schubel and Marcy 1978). As might be expected,
this upper lethal temperature limit has also been shown to be time depend-
ent (Marcy 1975, Jensen and Loftus 1976). Schubel and Marcy (1978) have
proposed several recommendations for minimizing thermal effects of en-
trainment in once-through cooling systems. Plants should operate at the
lowest temperature change (AT) of cooling water that is technologically
practical. The transit time through a plant cooling system should also
be minimized. Design criteria should include devices to promote rapid
mixing of cooling water with receiving waters at the discharge.

Biocides, used to minimize fouling of condenser tubes, are used
to a greater extent in closed-cycle cooling systems, but are also used
in some once-through cooling systems. Time-dosage combinations are
critical to the survival of entrained organisms (Schubel and Marcy 1978).
Sensitivity is also variable among species and stage of development in
relation to thermal stress. Generally, the majority of fish species
appear to be affected at relatively low concentrations of chlorine (less
than 0.5 ppm) (Schubel and Marcy 1978). The recommendation of Schubel
and Marcy (1978) to reduce the effects of chemical stress is the use of
low flows with high AT's. This operational mode would require the use
of less biocide due to reduced water volume, and the increased tempera-
ture itself would be biocidal and prevent fouling.

Physical stresses of entrainment, unlike the thermal and chemical
stresses, are continuous as long as the plant takes in water. This con-

tributes to the fact that physical stresses have a much greater effect




s

AR T TR LT g R

i

on entrained organisms than thermal and chemical effects (Hoss et al.
1974, Marcy 1975, Schubel and Marcy 1978). Marcy (1971) has found that
mechanical injury increases with increasing size of entrained larvae,
although the species involved may be a variable factor (Kelso and Leslie
1979), along with considerations of life history stage susceptibility.
The critical post-yolk sac stage has been shown to be extremely fragile
and larval clupeids were also quite susceptible to high mortality (Marcy

1973).

Upon being entrained, organisms are exposed to pressure fluctuations,

velocity shear forces, abrasion, and mechanical buffeting (Schubel and
Marcy 1978, Ulanowitz 1975). Pressure changes can cause air embolism or
gas bubble disease in fry (Schubel and Marcy 1978). Negative pressures
appear to be more detrimental than positive pressures, most often result-
ing in the death of the entrained fish. Serious damage can apparently be
caused by excessive pressure from cavitation in inefficiently operating
circulator pumps (Schubel and Marcy 1978). Adverse effects of mechanical
buffeting are most severe when high acceleration forces are present.
These high acceleration forces often result in impact with solid surfaces
and are usually lethal. Shear forces develop when spatial differences

in velocity exist in a moving fluid. The greatest shear stresses occur
in close association with solid surfaces such as pipe walls, traveling
screens, and circulator impellers (Schubel and Marcy 1978). Abrasion
occurs when two surfaces move in contact past each other. High organic
load is usually associated with increased abrasion. These various com-
ponents of physical stresses of entrainment are difficult to separate and
qualify. However, ilL is the combination of these components that result

in physical damage contributing approximately 80% of the total entrain-

10



ment mortality (Marcy 1975).

Little information is available on synergistic effects of thermal,
chemical, and physical stress. This information, along with information
concerning latent effects of these stresses, would be indispensible in
impact assessment of entrainment.

Because physical stresses have been determined to be much greater
than thermal stresses (Hoss et al. 1974, Marcy 1975, Schubel and Marcy
1978), Schubel and Marcy (1978) have recommended that power plants should
operate at the highest AT that is biologically acceptable, or even higher.
This may involve some seasonal adjustment of AT; i.e., a higher AT in
winter and a somewhat lower AT in summer when more juveniles are present
and potentially entrainable. This high AT would result in a lower volume
of water used, and theoretically, fewer organisms being entrained. Com-
mnity structure is of importance in deciding whether to allow organisms
to survive passage through the power plant, or sacrifice the entrained

organisms {(Jensen and Loftus 1976, Schubel and Marcy 1978).

Entrainment lmpact Assessment

An entrainment loss of up to 30% of the larvae of a fish species
may be acceptable on the basis of population dynamics, since the primary
concern for aquatic organisms is based on populations and not on individ-
uals (Canon ct al. 1977, Schubel and Marcy 1978). Therefare, any mortal-
ity due to entrainment by power plants should be viewed in the context
of predicting losses of individuals in regard to recruitment to a popu-
lation size (Polgar 1977, Schubel and Marcy 1978).

The superposition of power-plant-induced mortality on natural

mortality should be considered at the community level. The high fecun-

11



dity of many fishes implies that an extremely high mortality rate must be
experienced by some year-classes. Most of this mortality occurs during the
larval stage (May 1973), often exceeding 99% (Cushing 1973). The vari-
ability of recruitment is low as compared with loss in numbers due to this
mortality.

The significance of entrainment-induced mortality depends on a comb-
ination of variables. A longer generation time will mean that a population
of organisms is more susceptible to the effects of a given cropping rate
(Schubel and Marcy 1978). Generation time is dependent on environmental
conditions and existing productivity of the system, as well as being vari-
able among species. These biotic and abiotic factors can influence early
survival and may dictate the significance of power plant entrainment.

Stock-recruitment theory has been widely used in predicting effects
of fisheries exploitation, and has also been used to assess other human
impacts on fisheries including power plant entrainment. DeAngelis et al.
(1977) have analyzed entrainment through use of a multiple age-class stock-
recruitment curve. The analysis indicated that increased density-indepen-
dent mortality on y-o-y fishes will usually tend to increase the stability
of the population, although this usually results in a smaller equilibrium
density of adult fish. The oscillations of the population are dampened.
However, this applies only to stability in the vicinity of an existing
equilibrium point. If the equilibrium point itself is drastically reduced
and the population density becomes too small for effective social inter-
actions, then the population can tend toward extinction. This is known
as the "Allee effect.'" This model is presented as a theoretical possi-
bility demonstrating potential effects of power plant entrainment on a

population.

12



Siting and Design of Water [ntakes

Proper siting and design of cooling water intake structures appear
to be the best method of avoiding entrainment and impingement problems at

proposed power plants. A summary of design and siting recommendations

from Gross (1976), Schubel and Marcy (1978), and Sharma (1974) is pre-
sented below:

1. Areas within a body of water known to have high concentrations
of fish during any significant time period during the year should be
avoided.

2. Water should be withdrawn from a portion of the water column
where organisms are least abundant.

3. Intake canals should be avoided when possible.

4. Intake sizes should be large enough to achieve low intake velo-
cities as a measure to reduce entrainment and impingement.

5. TIntakes should not be sited near underwater structures or other
features that may act as an attractant to fishes.

6. Skimmer walls should be avoided if possible, and kept to a mini-
mum depth if necessary.

7. Intakes should be designed with minimum recirculation require-
ments to avoid the attraction of fishes by a warm water plume. The dis-
charge should also be located a sufficient distance from the intake.

8. Intake water screening methods should be carefully selected and
should include fish removal systems. The entire cooling system should be
reliable and effective from both an engineering and biological point of

view.

9. Cooling water systems should be designed with variable operational

modes with respect to volume and AT.

13
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10. Each proposed site should be carefully evaluated in all respects

on an individual basis.

14
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METHODS AND MATERIALS

Study Area and Description of Intake Structures

Alma 1-5. Dairyland Power Cooperative's Alma plant, units 1-5, is located
on Navigation Pool 5 of the Upper Mississippi River (river mile 751.5).

The plant is approximately 2.4 km downstream from the U. S. Army Corps of
Engineers Lock and Dam No. 4 at Alma, Wisconsin. The intake structure for
units 1-5 is located on the east bank of the Mississippi River and draws
cooling water directly from the main channel of the river at this site

(Fig. 1). The intake structure and the cooling water discharge associated
with Alma 1-5 are located adjacent to a steel bulkhead which makes up the
entire river shoreline at the power plant site. The cooling water discharge
is located about 100 m downstream of the intake structure (Fig. 1).

The intake structure for units 1-5 consists of six vertical travel-
ing screens, each with 7.8 m? of surface area (Fig. 2). The combined total
surface arca for all six screens is 46.8 m2. Mesh size of the screens is
0.95 cm?. Before reaching the traveling screens, water must first pass
under a skimmer wall, and then through trash racks that are spaced ap-
proximately 10 cm apart. The screen house has one circulator pump located
directly behind each screen (Fig. 2). Pumps 1, 2, 3 are each rated at
64,400 L/min (liters per minute), and pumps 4, 5, and 5A are each rated at
112,000 L/min, resulting in variable pumping rates from 64,400 to 528,500
L/min. During normal operation the screens are operated by manual controls
three times each day. Excessive debris is present in the river on a seas-
onal basis and during these times the screens are operated as often as

necessary. Fish and debris arc washed from the moving screens into a

sluice trough which transports them back to the river (Fig. 2). Spray-jets
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Figure 1. The site of the Dairyland Power Cooperative Alma, Wisconsin

power plants on Navigation Pool 5 of the Upper Mississippi
River.

3
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Figure 2.

The floor plan (A) of the Dairyland Power Cooperative Alma
units 1-5 intake structure and a lateral view of a convent-
ional vertical traveling screen (B) found at this intake on
Pool 5 of the Upper Mississippi River.
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Figure 3. The floor plan (A) of the Dairyland Power Cooperative J. P. i
Madgett intake structure and a lateral view of a vertical '*
traveling screen with fish saving devices (B) found at this |
intake on Pool 5 of the Upper Mississippi River near Alma, ‘
Wisconsin. ’
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which wash the screens operate at 100-110 pounds per square inch (psi).

J. P. Madgett Station. Dairyland Power Cooperative J. P. Madgett Station

is located approximately 400 m downstream from units 1-5. The J. P.
Madgett intake structure is located on the east bank of the river and
draws water from the main channel (Fig. 1). The intake structure is built
into the steel bulkhead which continues as the river. shoreline from the
Alma 1-5 site. The J. P. Madgett cooling water discharge is located ap-
proximately 50 m downstream of the J. P. Madgett intake.

Water entering the J. P. Madgett intake must first pass under a
skimmer wall and then through four vertical traveling screens (Fig. 3).

2

Each screen has a surface area of 123.6 m“ with a combined total surface

area for all four screens of approximately 494 m2. Mesh size of the
screens is 0.95 cm?.

The traveling screens for the J. P. Madgett intake have been designed
with a high-low pressure wash system coupled with fish trays on the screens
in an effort to minimize impingement mortality (Fig. 3). As the fish
trays on the moving screens reach the fish sluice trough, low pressure
spray~jets (25 psi) wash impinged fish from the screen fish trays into
the fish sluice trough, which returns the fish to the river. The travel-
ing screens then pass high pressure spray-jets which remove all remaining
debris from the traveling screen. Thls debris 1s returned to the river
via the trash sluice trough. The high pressure spray-jets can operate at
pressures from 60-85 psi. The traveling screens were operated by power
plant personnel three times each day.

Two circulator pumps, each rated at 424,242 L/min, draw the cooling

water for the J. P. Madgett Station. FEach circulator pump is served by

19
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one intake bay and two traveling screens (Fig. 3).

Impingement Sampling

Alma 1-5. Sampling for impinged fishes at the intake for Alma units 1-5
began on 12 January 1979 and continued through December 1980. Sampling
was done once each week for a 24-hour period. A 0.64 cm2 wire mesh
basket was used to collect impinged fishes during traveling screen opera-
tion by placement in the return sluice trough (Fig. 2).

The fishes collected during each 24-hour sampling period were weighed
and measured after being identified, and then returned to the river.
Specimens not readily identified in the field were returned to the labor-
atory and identified. Voucher specimens of all species were preserved
and returned to the University of Wisconsin--La Crosse collection.

Water temperatures and intake volumes were obtained from Dairyland
Power Cooperative records during each 24-hour sampling period. River
level and flow data from Lock and Dam No. 4 were recorded for each sampl-
ing period. Intake velocities were measured in front of each intake

screen at approximately b6-week intervals during the study period.

J. P. Madgett Station. The J. P. Madgett Generating Station at Alma,
Wisconsin began operational testing late in 1979. Sampling began in
Movember 1979 with the first preliminary scrcen opcration. A 0.64 cm
wire mesh basket was constructed to fit tightly inside the fish sluice
trough (Fig. 3) as a means for taking the 24-hour impingement sample
each week. This sampling method was used through 10 January 1980. At

this time, the J. P. Madgett Station ceased operation for maintenance

and did not resume operation until May 1980. Sampling for impinged

20
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fishes was not possible during this maintenance period.

A fish mortality study at the J. P. Madgett intake included fishes
collected with the sampling basket from November 1979 through January 1980,
These fishes were placed into holding tanks as they were collected and
held for observation for a minimum of 96 hours. A sampling trough was de-
signed to facilitate the fish mortality study and was used from May 1980
until the termination of this study in December 1980. This sampling trough
diverted the water from the fish sluice trough and held the impinged fish
from each screen operation in 10 c¢m of water which the trough maintained
during the 24-hour sampling period (Fig. 4). The fishes were collected
from the sampling trough at the end of each 24-hour sampling period. Live
fish were placed in holding tanks where they were held for observation for
a minimum of 96 hours. Fish that had lost equilibrium and could not swim,
either immediately after impingement or after the 96-hour observation
period, were considered dead.

Water intake vdlume at the J. P. Madgett intake was recorded from
power plant records during each 24-hour sampling period. Temperature,
river stage, and river flow data was also recorded. 1Intake velocities
were measured in front of each intake screen at approximately 6-week inter-
vals during the study period.

The efficiency of the low pressure-high pressure spray wash system
at the J. P. Madgett intake was estimated by collecting all fish in the
trash sluice trough. These fishes were not successfully removed from the

traveling screens by the low pressure spray wash system.

Impingement Projection

Monthly impingement estimates of biomass and numbers of fishes were

21



Figure 4. The impingement sampling apparatus used at the Dairyland
Power Cooperative J. P. Madgett Station intake on Pool 5
of the Upper Mississippi River near Alma, Wisconsin.
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calculated from weekly sampling data collected in 1979 and 1980. The
following formula was used to determine the estimated monthly impingement:
Number of fish impinged/Number of 24-hour samples x Number of days in that
month = monthly impingement. Similar ratios were used to calculate the

total biomass of fishes impinged.

Entrainment Sampling and Projection

Entrainment samples were collected at both intakes simultaneously
with impingement samples from | April through 4 September 1980 when the
power plants were operating. Samples were collected once each week for
a 24-hour sampling period. Sampling for entrained fishes was accomplished
at both intake structures by tapping into an intake water line. This
river water was filtered through a plankton net (mesh size = 500u) col-
lected fish fry, larvae, and eggs. Flow of water through the plankton net
was monitored by use of a weir box designed specifically for this study
(Fig. 5). Flow was maintained at 380 L/min at the Alma 1-5 sampling site,
whereas 285 L/min were filtered at the J. P. Madgett intake. At the end
of each 24-hour sampling period, entrainment samples were preserved with
70% ethyl alcohol and returned to the laboratory for examination. Larval
fishes were preserved and placed in the University of Wisconsin--La Crosse
collection.

Total entrainment for each sampling period was projected for both
power plant intakes using the formula: Number of organisms in entrain-
ment sample/Volume sampled x Total plant intake volume = Total number
entrained.

Total annual entrainment was estimated with the assumption that a

24-hour estimate would approximate a weekly value of total entrainment

23



figure 5. The weir box and plankton net used to sample for entrained
organisms at the Dairyland Power Cooperative Alma units 1-5
and the J. P. Madgett Station intake on Pool 5 of the Upper

Mississippi River near Alma, Wisconsin.
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when multiplied by seven. Weekly estimates were then added to obtain

the total annual entrainment estimate.

Data Analysis

A total annual fish harvest for Pool 5 was estimated and was used to
compare the biomass of fish removed by the Dairyland Power Cooperative
Alma intakes to the total annual harvest of Pool 5. Commercial fishing
statistics from 1978 and 1979 (Fernholz and Crawley 1978 and 1979) re-
corded annual commercial fish harvest by pool on the Upper Mississippi
River. These annual totals yielded 22,000 kg per year as a recent aver-
age annual commercial harvest of Pool 5. Annual sport fish harvest from
Pool 5 was estimated from angler use surveys by the Minnesota Department
of Natural Resources (Watson and Hawkinson 1979, Sternberg 1974). The
annual estimated total sport fish harvest from Pool 5 during the 1972-
1973 study was 168,937 fish weighing 77,652 kg (Sternberg 1974). During
the 1978 survey, sport fishermen harvested an estimated 628,560 fish
(Watson and Hawkinson 1979). No estimate of weight was made for the lat-
ter study. Therefore, the weight was estimated by assuming a ratio of
0.46 kg/fish (Sternberg 1974). An estimate of 289,000 kg resulted and
was considered to represent the weight of the 1978 sport fish harvest
from Pool 5. The total annual fish harvest for Pool 5 was estimated by
combining the annual average commercial harvest (22,000 kg) and the aver-
age annual sport harvest (289,000 kg) to yield 311,000 kg/year as the
total average annual fish harvest. The total Pool 5 harvest was com-—
pared to the biomass of fishes harvested by impingement at the power
plant intake sites on Pool 5.

Fisheries sampling data obtained on a regular basis near the Alma
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sites by Dairyland Power Cooperative (1980) were examined for any relevant
comparisons with impingement and entrainment data from this study. Annual
fishery surveys, biweekly electro-fishing, biweekly seining, and weekly
fry tows were the methods used.
Total lengths of all fishes impinged during sampling were compared
to data from the literature (Carlander 1969 and 1977, Trautman 1957,
Swedburg and Walburg 1970) to determine which impinged fishes were mature.
All of the impinged fishes were then classified as adults or juveniles.
Correlation coefficients and p-values were calculated for the number
of fish collected at each intake during each sampling period with intake
volume, river pool level, river flow, and intake temperature on each
sampling date. Compilation of the sampling data included determination

of 957 confidence intervals.
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RESULTS

Alma 1-5. Velocities at the intake of Alma 1-5 were highest near the bot-
tom of the intake structure and were approximately 0.50 m/sec. The intake
velocities decreased from the bottom to the surface where they were less
than 0.10 m/sec. Velocities were constant when circulator pumps were op-
erating. When one or more of the circulator pumps were not operating,

the intake velocity in front of the screen associated with that particular
pump was not detectable., Therefore, intake velocity was not a variable

associated with impingement.

J. P. Madgett Station, Intake velocities at the J. P. Madgett intake

structure were not detectable at the surface and increased with depth,
reaching 0.15 m/sec at the bottom of the intake. Intake volume and velo-

cities were constant throughout the study period.

Correlations

Alma 1-5. Determination of correlation coefficients and p-values for the
numbers of fish impinged during each sampling period and intake tempera-
tures, river flow, intake volume, and river pool level showed no signifi-

cant correlations at the «=0.05 level.

J. P. Madgett Station. Determination of correlation coefficients and
p-values for the numbers of fish impinged during each sampling period

and intake temperatures, river flow, and river pool level showed no sig-

nificant correlations at the «=0.05 level.
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Species Composition and Impingement Estimates

Alma 1-5. Fishes impinged during sampling at the intake of Alma 1-5 dur-
ing 1979 and 1980 consisted of 33 species from 13 families (Table 1).

There were 586 fishes impinged during the fifty 24-hour sampling periods
in 1979 (Table 2). Of the total number of fishes impinged during sampling,
30.2% were gizzard shad (Dorosoma cepedianum), 27.6% were black crappie

(Pomoxis nigromaculatus), 8.4% were freshwater drum (Aplodinotus grunniens),

and 7.3% were yellow perch (Perca glgvescens) (Table 2). Fishes impinged

during 1980 sampling totaled 1,165 and were collected in 51 sampling
periods (Table 2). 1In 1980, gizzard shad accounted for 45.0% of the total

number in the impingement sample, black crappie contributed 20.8%, 8.0%

were bluegill (Lepomis macrochirus), 5.7% were yellow perch, and 4.1%
were freshwater drum (Table 2).
The six species most commonly impinged (over 25 individuals) were

gizzard shad, flathead catfish (Pylodictus olivaris), bluegill, black

crappie, yellow perch, and freshwater drum. The total number of these
species impinged during sampling in 1979 and 1980 accounted for approxi-
mately 80% and 867 of the annual totals, respectively.

Total biomass of fishes impinged during sampling in 1979 and 1980

was approximately 16 and 24 kg, respectively (Table 2). Gizzard shad

contributed 34.97% of the total 1979 biomass. Freshwater drum, black
crappie, and yellow perch comprised 34.6%, 6.8%, and 6.87% of the total
weight, respectively (Table 3). Gizzard shad made up 34.1% of the total
biomass during 1980. Yellow perch, freshwater drum, black crappie, and
bluegill contributed 15.3%, 15.3%, 7.5%, and 6.8% to the total biomass,

respectively (Table 3).
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Table 1. A list of fish species impinged during sampling in 1979 and 1980 at the
Dairyland Power Cooperative Alma 1-5 intake and the J. P. Madgett Station
(JPM) intake on Pool 5 of the Upper Mississippi River.

Taxa Common name Alma 1-5 JPM

Petromzontidae - lampreys 7

Ichthyomyzon unicuspis Silver Lamprey X

Hubbs & Trautman

Hiodontidae - mooneyes

Hiodon tergisus LeSueur Mooneye X
Umbridae ~ mudminnows

Umbra limi (Kirtland) Central Mudminnow X
Clupeidae - herrings

Dorosoma ceEedigggE (LeSueur) Gizzard Shad X X
Esocidae - pikes

Esox lucius Linnaeus Northern Pike X
Cyprinidae - minnows and carps

Cyprinus carpio Linnaeus Carp X X

Hybopsis storeriana (Kirtland) Silver Chub X X

Notemigonus crysoleuca§ (Mitchill) Golden Shiner X

Notropis atherinoides Rafinesque Emerald Shiner X X

Notropis hudsonius (Clinton) Spottail Shiner X X

Notropis cornutus (Mitchill) Common Shiner X

Notropis spilopterus (Cope) Spotfin Shiner X

Pimephales vigilax (Baird & Firard) Bullhead Minnow X
Catastomidae - suckers

Carpiodes sp. . Carpsucker sp. X

Catostomus commersoni (Lacépede) White Sucker X

6¢




Table 1. (CONT.)

Moxostoma anisurum (Rafinesque)
Moxostoma macrclepidotum (LeSueur)

lctaluridae - catfishes and bullheads
lctalurus melas (Rafinesque)

lctalurus natalis (LeSueur)

[Ltalurus Eunctatuq (Rafinesque)
Noturus flavus Rafinesque

Noturus gyrinus (Mitchill)

Pz}odlctus olivaris (Rafinesque)

Percopsidae - trout-perches
Percopsis omiscomaycus (Walbaum)

Percichthyidae - sea basses
Morone chrysops (Rafinesque)

Centrarchidae - sunfishes
Ambloplites rupestris (Rafinesque)
Lepomis gibbosus (Linnaeus)
Lepomis macrochirus Raflnesque
Micropterus dolomieui (Lacepede)
Micropterus salmoides (Lacépede)
Pomoxis nigormaculatus (LeSueur)

Percidae - perches and darters
Ammocrypta asprella (Jordan)
Etheostoma asprigene (Forbes)
Perca flavescens (Mitchill)
Percina caprodes (Rafinesque)
Percina shumardi (Girard)
Stizostedion canadense (Smith)
Stlzostedlon vitreum (Mitchill)

Sciaenidae - drums
Aplodinotus grunniens (Rafinesque)

Common name

Silver Redhorse

Shorthead Redhorse

Black Bullhead
Yellow Bullhead
Channel Catfish
Stonecat

Tadpole Madtom
Flathead Catfish

Trout-perch

White Bass

Rock Bass
Pumpkinseed
Bluegill
Smallmouth Bass
Largemouth Bass
Black Crappie

Crystal Darter
Mud Darter
Yellow Perch
Logperch

River Darter
Sauger

Walleye

Freshwater Drum

Alma 1-5 JPM
X X
X X
X
X
X X

X
X X
X X
X X
X X
X X
X
X X
pe X
X X
X X

X
X X
X X
X X

X
X X
X X
X X

og
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Table 2.

Numbers and biomass of fish species impinged during 101 24-hr.

sampling periods in 1979 and 1980 at the intake of the Dairy-
land Power Cooperative Alma units 1-5 on Pool 5 of the Upper
Mississippi River.

1979 1980

Species No % Biomass(g)% No. % Biomass(g) %
Silver Lamprey 1 0.1 66 0.3
Mooneye 2 0.3 17 0.1
Central Mudminnow 1 0.2 20 0.1
Gizzard Shad 177 30.2 5617 34.9 524 45,0 8153 34.1
Northern Pike 2 0.3 866 5.4 10 0.9 1459 6.1
Carp 4 0.7 23 0.1 25 2.1 432 0.1
Silver Chub 1 0.1 37 0.2
Golden Shiner 1 0.2 9 0.06
Emerald Shiner 2 0.2 3 0.01
Spottail Shiner 3 0.5 12 0.07 8 0.7 72 0.3
Common Shiner 1 0.1 30 0.1
White Sucker 4 0.7 39 0.2 1 0.1 6 0.03
Silver Redhorse 3 0.3 17 0.1
Shor thead Redhorse 19 3.2 164 1.0 10 0.9 108 0.5
Black Bullhead 1 0.2 60 0.4 6 0.5 557 2.3
Yellow Bullhead 1 0.1 30 0.1
Channel Catfish 21 3.6 168 1.0 11 0.9 80 0.3
Tadpole Madtom 1 0.2 48 0.02
Flathead Catfish 16 2.7 88 0.5 26 2.2 359 1.5
Trout-perch 5 0.9 33 0.2 22 1.9 145 0.6
White Bass 14 2.4 219 1.4 18 1.5 436 1.8
Rock Bass 5 0.9 192 1.2 8 0.7 318 1.3
Pumpkinseed 2 0.3 15 0.09 1 0.1 17 0.1
Bluegill 20 3.4 400 2.5 93 8.0 1620 6.8
Smallmouth Bass 2 0.3 26 0.2 1 0.1 154 0.6
Largemouth Bass 13 2.2 134 0.8 9 0.8 146 0.6
Black Crappie 162 27.6 1100 6.8 242 20.8 1796 7.5
Mud Darter 1 0.1 6 0.03
Yellow Perch 43 7.3 1100 6.8 66 5.7 3661 15.3
Logperch 15 2.6 87 0.5 15 1.3 137 0.6
Sauger 4 0.7 139 0.9 5 0.4 214 0.9
Walleye 6 0.5 208 0.9
Freshwater Drum 49 8.4 5563 34.6 48 4.1 3652 15.3
Total 586 16,095 1,165 23,919




Figure 6. Total monthly impingement estimates of biomass and numbers at
the Dairyland Power Cooperative Alma 1-5 intake on Pool 5 of
the Upper Mississippi River during 1979 and 1980.
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One mud darter (Etheostoma asprigene) was impinged at the
Alma 1-5 intake on 9 April 1980. This species has been placed
on the threatened species list in Wisconsin (Les 1979).

Total impingement was estimated using data collected during
weekly sampling at the Alma 1-5 intake. During the 1979-1980
study, the greatest monthly impingement occurred during April
1980 when a monthly estimate of 11,670 fish were impinged (Fig.
6). The greatest biomass of fishes (312 kg) was impinged dur-
ing April 1980 (Fig. 6).

The annual mean estimate of total fishes impinged was 10,

735 and the annual mean biomass estimate was 270.5 kg (Table 3).

J. P. Madgett Station. Fishes impinged at the J. P. Madgett

intake during 1979 and 1980 consisted of 29 species from 9 fam-
ilies (Table 1). The total number of fishes impinged during

the thirty-seven 24-hour sampling periods in 1979 and 1980 was
3980 (Table 4). Gizzard shad made up 63.87% of the total number.
Fourteen percent were freshwater drum, 4.47 were bluegill and
4.3% were white bass (Morone chrysops). Total biomass of fishes
impinged during the ll-month study period was approximately 84

kg (Table 4). Gizzard shad comprised 59.87% of the biomass with

freshwater drum and white bass contributing 20.9% and 6.5% of
the total, respectively (Table 4).

The same six most commonly impinged species accounted for
approximately 877% of the total number of fishes impinged dur-

ing sampling at the J. P. Madgett intake.
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Table 3. Estimated monthly impingement of fish at the intake
of the Dairyland Power Cooperative Alma 1-5 on Pool
5 of the Upper Mississippi River during 1979 and
1980.

ngg Estimated Number Estimated Biomass(kg)

January 827 41

February 196 10

March 242 21

April 380 14

May 39 2

June 12 1

July 31 0

August 167 1

September 120 7

October 1352 14

November 653 11

December 341 5

1980

January 130 5

February 102 3

March 178 5

April 11,670 312

May 37 7

June 45 3

July 143 5

August 233 2

September 330 1

October 264 2

November 1013 21

Decemberx 2964 48

Total 21,469 541

Annual Mean 10,735 270.5

Monthly Mean 895 22.5
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Table 4.

Numbers and biomass of fish species impinged during
the 37 24-hr. sampling periods in 1979 and 1980 at

the intake of the Dairyland Power Cooperative J. P.
Madgett Station on Pool 5 of the Upper Mississippi

River near Alma, Wisconsin.

Species No /A Biomass(g) Z
Gizzard Shad 2538 63.8 50,019 59.8
Carp 107 2.7 3,295 3.9
Silver Chub 2 0.05 50 0.06
Emerald Shiner 1 0.03 6 0.007
Spottail Shiner 2 0.05 17 0.02
Spotfin Shiner 1 0.03 2 0.002
Bullhead Minnow 1 0.03 8 0.01
Carpsucker sp. 2 0.05 86 0.1
Silver Redhorse 1 0.03 1 0.001
Shorthead Redhorse 33 0.8 1,097 1.3
Channel Catfish 40 1.0 190 0.2
Stonecat 2 0.05 4 0.005
Tadpole Madtom 1 0.03 8 0.01
Flathead Catfish 93 2.3 715 0.9
Trout-perch 6 0.2 36 0.04
White Bass 172 4.3 5,401 6.5
Rock Bass 5 0.1 7 0.008
Bluegill 176 4.4 930 1.1
Smallmouth Bass 3 0.08 290 0.3
Largemouth Bass 7 0.18 316 0.4
Black Crappie 19 0.5 91 0.1
Crystal Darter 3 0.08 47 0.06
Mud Darter 1 0.03 1 0.001
Yellow Perch 72 1.8 2,152 2.6
Logperch 113 2.8 152 0.2
River Darter 1 0.03 8 0.01
Sauger 9 0.2 610 0.7
Walleye 13 0.3 671 0.8
Freshwater Drum 556 14.0 17,495 20.9
Total 3980 83,705
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One mud darter was impinged at the J. P. Madgett intake

on 29 July 1980. Two crystal darters (Ammocrypta asprella)

were impinged at the J. P, Madgett intake on 25 September 1980.

i
:

A third specimen was impinged on 2 October 1980. This species

is listed as endangered in Wisconsin (Les 1979).

i, 5, LT e A B R

Total impingement estimates, based on weekly sampling at

the J. P. Madgett intake, indicated that the greatest number

e R T

of fishes were impinged during December 1980 (16,608; Fig. 7).
However, the greatest biomass was impinged in November 1980
(378 kg; Fig. 7). Total impingement estimates for fish numbers

and biomass during the ll-month study period were 33,791

fishes and 754 kg (Table 5). Mean estimates for the 11 months
of the study were 3072 fish per month and 68.6 kg per month

(Table 5).

Size Distribution of Impinged Fishes

Alma 1-5. Of the 33 species impinged during sampling, 17

species were determined to have at least one mature individ-

ual (Table 6). Logperch (Percina caprodes) and yellow perch

were the only species to show significant numbers of mature
individuals impinged. Total length measurements indicated

that 96.7% of the logperch impinged were mature, and that

T ———

41.37% of the yellow perch impinged were mature (Table 6).

i
1 During the two-year study, 7.3% of the total fish impinged
] during sampling were mature (Table 6).
!
|
{
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Figure 7. Total monthly impingement estimates of biomass and
numbers at the Dairyland Power Cooperative J. P.

Madgett intake on Pool 5 of the Upper Mississippi
River during 1979 and 1980.
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Table 5. Estimated monthly impingement of fish at the intake
of the Dairyland Power Cooperative J. P. Madgett
Station on Pool 5 of the Upper Mississippi River

near Alma,

Wisconsin.

1979

Estimated Number

Estimated Biomass (kg)

November
December

August
September
October
November
December

Total

Monthly Mean

566
641

140

31

30

614
362
1,095
2,984
10,720
16,608

33,791

3,072




Table 6. A summary of mature fishes impinged at the Dairyland Power Cooperative Alma
1-5 intake on Pool 5 of the Upper Mississippi River during 1979 and 1980.

No. of mature Total number %2 of mature 957 Confidence

fishes of fishes fish Interval (%)
Species
Silver Lamprey 0 1 0 --
Mooneye 0 2 0 --
Central Mudminnow 1 1 100 -—
Gizzard Shad 1 701 0.1 0-0.3
Northern Pike 0 12 0 ~--
Carp 0 29 0 -
Silver Chub 0 1 0 --
Golden Shiner 1 1 0 -
Emerald Shiner 2 2 100 -
Spottail Shiner 10 11 90.9 --
Common Shiner 1 1 100 --
White Sucker 0 5 0 -—
Silver Redhorse 0 3 0 --
Shorthead Redhorse 0 29 0 --
Black Bullhead 5 7 7.4 -
Yellow Bullhead 0 1 0 -
Channel Catfish 0 32 0 --
Tadpole Madtom 1 1 100 ~-
Flathead Catfish 0 42 0 -~
Trout-perch 3 27 11.1 --
White Bass 0 32 0 -—
Rock Bass 5 13 38.5 -—
Pumpkinseed 2 3 66.7 --
Bluegill 11 113 9.7 4.2-15.2
Smallmouth Bass 0 3 0 --
Largemouth Bass 0 22 0 --
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Table 6. A summary of mature fishes impinged at the Dairyland Power Cooperative Alma
1-5 intake on Pool 5 of the Upper Mississippi River during 1979 and 1980.

{(Continued)

No. of mature

Total number

%2 of mature 95% Confidence

fishes of fishes fish Interval (%)
Species

Black Crappie 4 404 1.0 0.03-2.0
Mud Darter 1 1 100 --
Yellow Perch 45 109 41.3 32.1-50.5
Logperch 29 30 96.7 90.3-100
Sauger 0 9 0 -—
Walleye 0 6 0 -—
Freshwater Drum 6 97 6.2 1.4-11.0
Total 128 1,751 7.3 6.1-8.5

0%
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J. P. Madgett Station. One hundred fifteen mature fishes of
five species were collected during sampling at the J. P. Mad-
gett intake, accounting for 2.97%7 of the total number impinged
during the sampling period (Table 7). On the basis of total
length measurements, 91.2% of the impinged logperch and 9!7%

of the impinged yellow perch were mature (Table 7).

Survival of Impinged Fishes

Fishes impinged during the 1979-1980 study period at the
J. P. Madgett intake were held for a minimum of 96 hours to
determine percent survival. Survival of the 2,790 fishes ob-
served for impingement mortality was 16.6% (Table 8). Ap-
proximately 78% of the fishes observed during the mortality
study were gizzard shad and none of these survived impingement.
The remaining 22% of the fishes observed (26 species) exhib-
ited a combined survival rate of 75.67%. More than 907 of the
members of the families Ictaluridae and Percidae survived im-

pingement (Table 8).

Efficiency of Fish Saving Devices

Those fishes not removed by the low pressure spray wash
systcm werce rcmoved from traveling screens by high pressure
spray jets and were collected from the trash sluice trough.
A total of 152 fishes were collected in the trash sluice
trough during sampling. The efficiency of the low pressure

spray wash system with fish trays was approximately 96%. This

efficiency was calculated by comparing the number of fishes col-



lected in the trash sluice trough with the total number of

fishes collected during impingement sampling (3,980).

Entrainment

Alma 1-5. Low numbers of larval and post-larval fishes were

entrained at Alma from mid-April through July during 1980

(Table 9). Post-larval fishes were entrained on two dates in
April. lLarval fishes were entrained on one occasion in June
and on two sampling dates in late July. Total annual entrain-

ment, based on the 23 weekly samples, was approximately 125,000

(Table 9). Numbers of fishes in the samples were too small
to be analyzed statistically. Entrained individuals could
not be identified because of severe physical damage to the

organisms.

J. P. Madgett Station. Entrainment at the J. P. Madgett Sta-
tion occurred during 9 sampling periods in 1980. Entrainment
began during the last week of May and continued through the

first week of August (Table 10). Peaks in mid~June and mid-

July were apparent after the total numbers were estimated

(Table 10). Total annual entrainment during 1980 was esti-
mated at 2,446,000. Low numbers of larvae in the samples
prevented any statistical analyses. Entrained individuals

could not be identified because of decapitation and severe

physical abrasion due to high pressure.
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Table 7. A summary of mature fishes impinged at the Dairyland Power Cooperative J. P.
Madgett intake on Pool 5 of the Upper Mississippi River during the 1979-1980
study period.

No. of mature Total no. %Z of mature 957 Confidence
fishes of fishes fish Interval (%)
Species

Gizzard Shad
Carp

Silver Chub
Emerald Shiner
Spottail Shiner
Spotfin Shiner
Bullhead Minncw
Carpsucker sp.
Silver Redhorce
Shorthead Redhorse
Channel Catfish
Stonecat
Tadpole Madton
Flathead Catfish
Trout-perch
White Bass

Rock Bass
Bluegill
Smallmouth Bass
Largemouth Bass
Black Crappie
Crystal Darter
Mud Darter
Yellow Perch
Logperch
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Table 7. A summary of mature fishes impinged at the Dairyland Power Cooperative J. P.
Madgett intake on Pool 5 of the Upper Mississippi River during the 1979-1980
study period.

(Continued)

No. of mature Total no. 7Z of mature 957 Confidence

fishes of fishes fish Interval (%)
Species
River Darter 0 1 0 --
Sauger 0 9 0 -
Walleye 0 13 0 --
Freshwater Drum 0 556 0] --
Total 115 3,980 2.9 2.4-3.4
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Table 8. Survival of fishes impinged at the intake of the Dairyland Power Cooperative
J. P. Madgett Station on Pool 5 of the Upper Mississippi River during the
1979-19830 study period.

% 957 Confidence

Specizs Number Surviving Total No. Survival Interval (%)
Gizzard Shad 0 2175 0 --
Carp 37 46 80.4 68.9-91.9
Emerald Shiaer 1 1 100 --
Spottail Shiner 1 1 100 --
Spotfin Shiaer 1 2 50 -
Bullhead Minnow 1 1 100 ~—-
Carpsucker sp. 0 1 0 --
Silver Redhorse 1 1 100 -
Shorthead Radhorse 18 20 90 --
Channel Catfish 31 33 93.9 85.7-100
Flathead Catfish 72 84 85.7 78.2-93.2
Stonecat 2 2 100 -
Trout-perch 1 5 20 -——
White Bass 1 17 5.9 -—
Rock Bass 5 5 100 -
Bluegill 126 159 79.2 72.9-85.5
Largemouth Bass 4 5 80 -
Smallmouth Bass 2 2 100 -—
Black Crappie 7 18 38.9 -
Mud Darter 0 1 0 -
Crystal Darter 3 3 100 --
Yelliow Perch 25 31 80.6 66.7-94.5
Logperch 101 104 96.2 92.5-99.9
River Darter 0 1 0 -—
Sauger 4 9 44 .4 -

Gy
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Table 8. Survival of fishes impinged at the intake of the Dairyland Power Cooperative
J. P. Madgett Station on Pool 5 of the Upper Mississippi River during the
1979-1980 study period.
(Continued)
% 95% Confidence
Species Number Surviving Total No. Survival Interval (%)
Walleye 5 5 100 -
Freshwater Drum 14 58 24.1 13.1-35.1
Total 463 2,790 16.6 15.2-18.0
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Data Analysis

The annual mean estimate of fish biomass impinged at the
Alma 1-5 intake (270.5 kg; Table 3) was compared to the total
annual fish harvest estimate of Pool 5 (311,000 kg). Accord-
ingly, the Alma 1-5 intake harvested less than 0.09%Z by weight
of the total annual harvest for Pool 5.

The estimate of fish biomass impinged at the J. P. Mad-
gett intake during 1980 (743 kg; Table 5) was compared to the
total annual fish harvest estimate of Pool 5 (311,000 kg).
These data revealed that the J. P. Madgett intake harvested
less than 0.3%7 by weight of the total annual pool harvest dur-
ing 1980.

Because the fishery of Pool 5 was subject to the syner-
gistic effects of both power plant intakes during 1980, the
combined effect was calculated. The combined estimated total
biomass impinged at both intake structures during 1980 was
1,157 kg/year. This estimated intake harvest represented ap-

proximately 0.47 by weight of the total annual harvest.
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Table 9. &Entrainment of fishes during 1980 at the Dairyland
Power Cooperative Alma units 1-5 on Pool 5 of the
Upper Mississippi River.

Number entrained during Estimated daily
Date 24-hr. sampling periods entrainment

April 1
10
17
24
May 1
6
13
20
28
June 4
11
19
24
July 1
8
16
22
29
August 6
13
20
28
September 4

OO0 O0OO—WOoOOOoOOWOoOOoOODOoOoOoOoooOoMMULO
N
(o)}
w
W

Annual Estimate 125,000
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Table 10. Entrainment of fishes during 1980 at the Dairyland
Power Cooperative J, P. Madgett Station on Pool 5
of the Upper Mississippi River near Alma, Wisconsin

Number entrained during Estimated daily

Date 24-hr., sampling periods entrainment
May 20 0 -
28 1 2,987
June 4 0 -
11 4 11,947
19 19 56,747
24 1 2,987
July 1 0 -
8 4 11,947
16 24 71,680
22 48 143,360
29 14 41,814
August 6 2 5,973
13 -- ~--
20 0 --
28 0 --
September 4 0 -

Annual Estimate 2,446,000




DISCUSSION

Intake Velocities and River Correlations

Intake velocities at Dairyland Power Cooperative's Alma
1-5 and J. P. Madgett intakes were not considered to be pri-
mary factors influencing impingement because they were constant
even when the numbers of fishes impinged were variable. TIn-
take temperatures, river flow, intake volume, and river pool
level were not determined to be significant factors influenc-
ing impingement at these intakes. An impingement study on
Pool 9 of the Upper Mississippi River during 1979 concluded
that these factors did not significantly influence rates of

fish impingement (Mclnermy, 1981).

Species Composition

The six most commonly impinged species during the study
were gizzard shad, flathead catfish, bluegill, black crappie,
yellow perch, and freshwater drum. During 1979 and 1980,
these species accounted for 80 and 867%, respectively, of the
total number of fishes impinged during sampling at Alma 1-5.
During the 1979-1980 study at the J. P. Madgett intake, these
species accounted for 87%Z of the total number impinged. This
suggested that these species were the most abundant fishes in
the area immediately surrounding these intakes. These six
species were all classified as abundant or common in Pool 5

(Rasmussen 1979).

The abundance of the same species in the vicinity of
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both intakes was supported by similar habitat descriptions

for the aquatic habitat immediately in front of each intake.
The substrate was described by WAPORA, Inc. (1976) as sand
and rock bottom with little habitat conducive to high fish
densities, Both intakes were located directly on the main
navigation channel of the river. Depth in this area averaged
7 m with little or no preferred habitat for fish in the vi-
cinity of the intakes. A steel bulkhead ran between and to
either side of the intakes. This area, used for unloading
coal from barges, was not considered good fish habitac.

The differences in total number of fishes impinged at
the Alma 1-5 intake and the J. P. Madgett intake were likely
influenced by factors other than the physical locations of
the intakes, because the locations and surrounding habitat
were similar. Impingement during the period of June-December
1980 was approximately 6.5 times greater at the J. P. Madgett
intake than at Alma 1-5. Intake volume at J. P. Madgett dur-
ing this period averaged approximately twice the volume of
cooling water used at Alma 1-5. The surface area of the J.
P. Madgett intake was approximately twice that of the Alma
1-5 intake. Intake volume or intake size alone could not
account for the greater impingement. However, the combined
influences of greater volume and greater surface area may
have contributed to higher impingement at the J. P. Madgett
intake.

The increase in impingement from 1979 to 1980 at Alma



1-5 was due largely to the increase in gizzard shad impinge-

ment. This was possibly due to a stronger 1980 year class of
gizzard shad as was suggested by electro-fishing data from
1979 and 1980 (Dairyland Power Cooperative 1980). This fluc~
tuation of gizzard shad impingement at Alma 1-5 was also evi-
dent during a two-year study by WAPORA, Inc. (1976). Because
annual fluctuations in impingement were caused primarily by
juvenile fishes (particularly gizzard shad), year class stre-
ngth may have been a major factor contributing to these fluc-
tuations. Annual variations in numbers of impinged fishes
have also been attributed to juveniles densities in Pool 9

of the Upper Mississippi River (McInerny 1981). Adams et al.
(1976) concluded that one of the fundamental factors influ-
encing impingement rates was the density of juveniles in the
vicinity of the intake.

Mud darters, impinged during the study, are considered
threatened in Wisconsin (Les 1979). However, biweekly sein-
ing surveys in Pool 5 (Dairyland Power Cooperative 1980) de-
monstrated that in specific areas, mud darters were found on
a regular basis.

Crystal darters, impinged at the J. P. Madgett intake,
are considered endangered in Wisconsin (Les 1979). This
species was not previously found in any part of the Upper
Mississippi River above Pool 6 (Rasmussen 1979). On the
dates of impingement, high river flow and flash flooding in

the Alma area may have been factors contributing to the re-
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sulting impingement.

Fish Survival and System Efficiency at the J, P. Madgett Intake

The fish survival study at the J. P. Madgett intake in-
dicated that impingement mortality was species-specific. Most
catfishes, percids, and centrarchids were relatively tolerant
of impingement stresses and a higher percentage (83%) of these
individuals survived impingement. Gizzard shad and freshwater
drum, however, were relatively intolerant to impingement
stresses and showed a low survival (0.6%Z). The life history
stages of these individuals were considered as important fac-
tors because juveniles are more easily stressed to a point
where death results than are adults (Bibko et al. 1974).

The low pressure-high pressure spray wash system at the
J. P. Madgett intake operated quite efficiently during this
study (96%). Timing adjustments were made on the low pres-
sure jets by J. P. Madgett Station personnel as this study

approached completion, hence the efficiency may improve.

Entrainment
The projections of total annual entrainment of fishes
should be used only for comparison with previous and forth-
coming entrainment studies at these sites because the volumes
sampled and numbers of larvae in the samples were too small
for statistical analyses. Furthermore, assumption that one
24-hour sample, multiplied by seven, represented one week of

entrainment may be invalid. Daily and weekly variations of




larval drift have been documented in the vicinity of the Alma

intakes (Dairyland Power Cooperative 1980).

A Perspective

Insufficient data on the Pool 5 fishery make it difficult
to accurately assess the impact of power plant intakes. How-
ever, two methods were employed in an attempt to assess im-
pingement and entrainment at the Alma sites.

The first of these methods was to consider power plant
intakes as a means of fish harvest. Impingement during 1979
and 1980 at Alma 1-5 and the J. P. Madgett intake represented
approximately 0.09% and 0.3% by weight of the combined sport
and commercial annual harvest estimate of Pool 5 on the Upper
Mississippi River. An analysis of the combined effects of
these intakes during 1980 showed that these intakes jointly
harvested approximately 0.47 by weight of the total annual
sport and commercial harvest estimate. These latter esti-
mates were considered to be conservative because the number
of commercial fishermen reporting their success has been less
than 100% (Rasmussen 1979). Therefore, these power plant
harvest estimates may appear higher than they actually are.

Another method of evaluation was to calculate the rate
of adult replacement. This method utilizes fecundity data
from the literature to determine the number of spawning fe-
males that would theoretically be required to replace those
fishes removed by power plant intakes. This method loses

validity when natural mortality is considered as older fish



are analyzed. Entrained larvae were not amnalyzed with this
method because they could not be identified. Greater than
90% of the fishes impinged during sampling were juveniles;
therefore, this method was considered wvalid. The six most
commonly impinged species during 1980 were analyzed using
minimum fecundity estimates (Table 11). A significantly
small portion of the spawn from a single female could the-
oretically replace individuals in their respective populations
for all species analyzed, except gizzard shad. Gizzard shad
would require the spawn from approximately 1.3 females to re-
place those individuals lost to impingement (Table 11). This
analysis demonstrated the maximum "replacement costs" because
minimum fecundity values were used. Actual values were prob-
ably lower than those presented here,

The two analyses presented above did not account for the
special characteristics of power plant intakes that should be
considered when evaluating fish impingement. The foremost of
these considerations is the fact that impinged fish are not
removed from the aquatic system, but are returned to the re-
ceiving water after impingement. These fish, whether dead or
alive, will be used by decomposers or scavengers, or will
resume preimpingement activity. Furthermore, the high per-
centage of juvenile fishes impinged should not necessarily be
considered deleterious to the fishery since naturally high
juvenile mortality is the rule with many fish populations.

Comparisons were made between the impingement and entrain-
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Table 11. An analysis of the number of spawning females of
the six most commonly impinged species at Alma 1-5
and the J. P. Madgett intake during 1980 that would
theoretically be required to replace those impinged
fishes in their respective populations.

Total Esti- No. of
mated No. Minimum spawning
Species Impinged Fecundity Source Females

Gizzard Shad 28,488 22,000 M 1.3
Flathead Catfish 1,125 7,000 Mi 0.2
Bluegill 2,803 60,000 R 0.05
Black Crappie 3,722 30,000 R 0.1
Yellow Perch 1,562 10,000 R 0.2
Freshwater Drum 5,263 43,000 R 0.1

M - Miller 1960.
Mi ~ Mickley and Deacon 1959.
R - Rasmussen 1979,

56



L

57

ment data gathered during this 1979-1980 study and two other
Missisgsippi River impingement-entrainment studies. Annual im-

i pingement and entrainment estimates at the Alma 1-5 and J. P.

Madgett intakes were compared with studies by WAPORA, Inc.
(1976) at Alma 1-5 during 1975 and Mclnerny (1981) at Dairy-
land Power Cooperative's Genoa site on Pool 9 during 1979
(Table 12). Annual variations in impingment and entrainment

along with variations at different intake locations were ap-

parent.
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A summary of impingement and entrainment studies
on the Upper Mississippi River.

Source

Annual

Impingement
Estimate

Annual
Entrainment
Estimate

Madgett,

present study
present study
WAPORA 1976

present study

McInerny 1981

4,360
17,109
15,980
32,584

45,900

125,000
2,428,000
2,446,000

9,000,000




Bl st s S S A i

SUMMARY

Intake velocities, intake temperatures, intake volumes,
river flow, and river pool level data exhibited no sig-
nificant correlation with fish impingement at Alma 1-5

or the J. P. Madgett intake.

The six most commonly impinged species at Alma 1-5 were

gizzard shad, flathead catfish, bluegill, black crappie,

yvellow perch, and freshwater drum. These species ac-
counted for 80% and 86% of the annual totals impinged
during sampling in 1979 and 1980, respectively. These
species accounted for 877 of the total number of fishes
impinged during sampling at the J. P. Madgett intake.
During the two-year study at Alma 1-5, 7.3% of the fishes
impinged during sampling were adults. During sampling at
J. P. Madgett intake, 2.9%7 of the total number of fishes
impinged were adults.

Survival of impinged fishes at the J. P. Madgett intake
was 16.67. Impingement mortality was species-specific.
The efficiency of the low pressure-high pressure spray
wash system at the J. P. Madgett intake was approximately
96%.

The combined estimated total biomass of fishes impinged
at both intakes during 1980 represented approximately
0.4%7 by weight of the total annual pool harvest.

Both intake structures were located in areas that were

not conducive to high fish densities.

59



T R

Differences between impingement rates at the two intakes
may be due, in part, to the larger physical size of the

J. P. Madgett intake and the greater volume of water en-
tering this intake.

Year class strength reflected in juvenile densities may

be a major factor contributing to wide annual fluctuations

in impingement.
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