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Summary of EVALUATION OF 316(b) DEMONSTRATION--DETROIT EDISOR'S MONROE
POWER PLANT

1. In response to a request from the U.5. Fish and Wildlife Service's
East Lansing Field Office/Office of Ecological Services (ELFO), the

Great Lakes Fishery Laboratory undertook an evaluation of Detroit Edisen‘'s
316(b) demonstration for its coal-fired power plant at Monroe, Michigan.
The evaluation was to serve (1) as a detailed critigue of the Monroe plant
316(b) demonstration, for use by the field staff and other agencies res-
pensible for reviewing that document, and (2) by way of exaszple, as a
guide to assist the field staff in their review of 316(b) demonstraticns
for other Great Lakes region power plants.

2. The 316(b) report states that an estimated 861,000 fish of various
species, including 122,000 yellow perch, were impinged on the intake
screens of the Monroe plant from June 1975 through May 1976 whan the
plant was operating at 57% of maximum capacity. These estimates differ
substantially from those in the present report, which are based on Detroit
Edison data for the same period of time and show a potential impingement
of 4.7 million fish, including 626,000 yellow perch.

The higher estimates given in the present repert result mainly from
two scurces. First, on most days when impingement data were collected,
fish were counted from only & maximum of half of the plant's 16 intake
screens. These count data were not expanded correctly to yield an
ispingement estimate for the whole plant that represented the number of
fish impinged on the other screens from which no count data were collected.
Secondly, the 316(b) did not consider as impinged any fish removed from
the plant intake by the “fish collectors® (a prototype systes for pumping
live fish from the screenwells) installed in front of two of the plant's
intake screens. In the present report, the fish removed by the collectors
were considered to be impinged, because the 3l6(b) did not present
evidence that these fish were returned unharmed to Lake Erie.

3. The 316(b) estimates that 21.4 million fish larvae (including about 5
million yellow perch larvae) and 13.1 million fish eggs were entrained at the
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Moriroe plant during mid-May 1975 through mid-May 1976. Using Detroit
Edison's data, the present report estimates that 20.7 million fish larvas
and 27.5 million fish eggs were entrained during that same periocd. The
discrepancy between the two annoal fish egg entrainment estimates is
apparently due to an error in the 316(b) whereby mean egg density in the
cooling water passing through the Monroe plant was calculated by diwviding
the number of eggs found in samples from stations in the plant intaks
canal by the combinsd volume of water passing through the sampling pumps
at stations in the intake canal and at stations in the plant discharge
canal.

Although the present report verifies the procedures used to calculate
the entrainment estimates presented in 316(b) for fish larvae and provides
a corrected estimate for egg entrainment at the Monroe plant, the entrain-
ment of eggs and larvae may even have been substantially higher than
indicated. This possibility arises because the samples used for estimating
the numbers of larvas and eggs entrained were collected only at l-m and
3-m depths in the 5-7 m deep intake canal and bocause information not
presented in 316(b) indicates most entrainable eggs and larvae would have
boaen more abundant near the bottom of the Monroe plant intake canal than
noar the surface.

4. The 316(b) presents no estimates of the numbers or biomass of macro-
zocbenthos or zooplankton entrained annually at the Monroe plant. The

present report estimates, on the basis of Detroit Edison data, that 55.6
million macrozocbenthic organisms, most of which (77% by number} were
chironomids, wers entrained during May 1975 through April 1976. This estimate
of the numbers of macrozcobenthos entrained at the Monroe plant may be

low because these organisms would normally be found at highest densities

on or near the bottom, and because the Detroit Edison samples on which

this estimate is based were collected at depths of 1 m and 3 m in the

5-7 m deep intake canal.

An estimate of zooplankton entrainment was developed using ecoling
vater flow data from the 316(b) and published information on the density
of zooplankton at the plant intake. According to this estimate about
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153,000 kg (175 tons) of zooplankton were probably entrained during
1975-76. The most abundant zooplankton entrained were probably rotifers
{77% of the total by number) and cladocerans (74% of the total by weight) .
5, The 316(b) pressnts several estimates of the impact of impingement and
entrairment losses of fish at the Monroe plant on the source populations
in western Lake Erie. Impingement impact was assessed on the basis of the
simple ratic of the number of fish impinged of a given species to the
number of individuals of that species in the source population; a similar
assessment was prosented for the impact of entrainment of larval fish

on the source population of larvae. The impact of larval entrainment

was also evaluated by projecting the loss of entrained larvae to an
equivalent loss of adults. The impact of fish egg entrainmant was
evaluated by considering the estimated nunber of entrained eggs as the
equivalent number of adult females reguired to produce the eggs. The
adequacy of these 316(b) impact assessments is subject to the concerns
expressed abowve regarding the accuracy of the 316(h) estimates of the
numbers of fish and fish eggs entrained and impinged and to other concems
detailed in the main body of the presant report.

No estimate of the impact of macrezocbenthos or zooplankton entrain-
ment at the Monroe plant is given in the 316(b) report. The available
information suggests that large numbars of organisms that are food for
fishes are entrained and that zooplankton may have a high portality
becauss most are entrained when condenser discharge temparatures have
risen to the acutely lethal level.

&. The 316(b) contains no discussion of the impact of the plant on the
Raisin River even though the entire flow of the river is diverted through
the Monroe plant for cooling water during most of the year. Although
resident fish populations in the upper river would probably be little
affected by the plant, those fish populations that required access to
both the ppper river and to Lake Erie would be denied this access by the
Monroa plant.

7. The impact of the combined entrainment and impingement losses of
yollow perch at the Monroe plant was estimated by means of & model
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formulated for the U.5. Environmental Protection Agency by R. L. Patterson.
This model projects the annual loss in potential yield of yellow perch

to commercial and sport fisheries of western Lake Erie due to impingement

and entrainment losses of that species at the Monroe plant. On the basis

of the estimated impingement and entrainment losses of yellow perch given

in the present report (approximately 626,000 and 5 million fish, respectively)
and the assumption of 70% mortality of entrained larvae (as in Patterson's
model) , the annual loss in potential yield of yellow perch to the fisheries
is about 265,000 pounds; if it is assumed, as in the 316(b), that the
mortality of entrained larvae is 1008, the loss is approximately 267,000

pounds.
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I. INTRODUCTION

A. Background

The Federal Water Pollution Control Act Amendments of 1972, PL 92-500,
require utilities in the Great Lakes region, as elsewhers in the United States.
to conduct 316(b) studies demonstrating that their cooling water intake
structures reflect the best available technology for minimizing adwverse
environmental impacts. Most of these adverse impacts result from the
entrainment of small aguatic organisms, such as invertebrates and larval
fish, and the ispingement of larger organisms, usually adult fish. The
objectives of the 316(b) intake study are (1] to accurately gquantify entrain-
ment and impingement losses at a power plant and (2) to predict the associated
impacts of these losses on source populations in the water body from which
that plant draws cooling water. If the responsible state or federal agency.
by reviewing a particular 316(b) demonstration study and associated data,
finds that entrainment and impingement losses are adversely affecting the
gource populations, that agency could require that the utility prowvide
"batter technology” to minimize these impacts.

In response to & request from the U.5. Fish and Wildlife Service's
East Lansing Field Office/0ffice of Ecological Services (ELFO, East Lansing,
Michigan), the Great Lakes Fishery Laboratory (GLFL) undertoock an evaluaticon
of Detroit Edison's recently completed 316(b) demonstration (Detroit
Edison 1976a) for its coal-fired powsr plant at Monroe, Michigan. The
evaluation was to serve (1) as a detailed eritique of the Monroe plant 3l&(b)
demonstration, for use by the field staff and other agencies responsible for
reviewing that document, and (2) by way of example, as & gulde to assist the
field staff in their review of 316(b) demonstrations for other Great Lakes
region power plants.

The work agreement between ELFO and GLFL (Appendix A) became effective
on April 1, 1977, and an evaluation of Detroit Edison's 316(b) demonstration
was initiated on April 4, 1977. An interim progress report was submitted to
USFWS Regicnal Office, Twin Cities, Minnesota, and to the East Lansing Field
office on June 2, 1977, as required in the work agreement; a draft copy of
the prasant report was submitted to the Twin Cities and East Lansing offices
for review on February 27, 1%78.



B. Procedures and Materials Used in the Evaluation

This evaluation, conducted according to the specifications of the
work agreement (Appendix A}, involved consideration of the following major
elements of Detroit Edison's 316(b) demonstration: (1) the kinds of sampling
gear and the manner in which that gear was esployed to collect samples from
which impingement and entrainment losses of aguatie organisms at the plant
could be estimated, (2) the mannar in which the impingement and entrainment
samples and data wers processed and analyzed to provide estimates of entrain-
ment and impingement losses at the Monroe plant, and (3} the manner in which
the estimates of impingement and entrainment losses and the other available
information were used to arrive at an estimate of the impact of plant operation
on the source populations of various aguatic organisms in western Lake Erie
and the Raisfin River, which serve as cooling water sources for the Monros
plant.

This evaluation reguired examining many of the original data bases
summarized by Detroit Edison in their 316(b) demonstration. Included among
these data bases are the following:

s Daily Impingement Data Sheets--Copies of the records listing
the total numbers of each species impinged at the Monroe plant from June
1975 through May 1976 were furnished by Detroit Edison.

e Impingement Tally Sheets--Copies of the sheets upon which
the numbers of fish collected from the test screenwells were recorded
were cbtained from Detroit Edison for 20 of the 164 test days. The totals
from these tally sheets were transferred by Detroit Edison to the daily
impingement data sheots.

s Length Data Sheets--Copies of the records of length measure=-
ments of fish from the test screenwells were furnished by Detroit Edisen.

s Monthly Impingement Susmary Sheets--Coples of Detroit Edison
records summarizing the mmber of each species counted each month from the
intaks screens and the number of sampling days each month for 1972-76 were
furnished to us by the Michigan Department of Natural Resources [(MDNR].

e Daily Entrainment Data Sheets--A set of entrainment data
collocted at the Monroe plant from mid-April 1975 through mid-May 1976 was
furnished to us by MDNR, which in turn obtained it from Detroit Edison.



A complete set of the above data bases is on file at GLFL.

As specified in the work agreement, this evaluation also presents
an "alternative® evaluation of the impact on the source populations of
western Lake Erie and the Raisin River of cooling watar use at the Monroo
plant. This alternative evaluation, designed to update and otherwise
supplement the impact evaluation presented in the 316(b}, was based, in part,
on materials and data from the 316(b) demonstration, but also included other
availsble information that seemed appropriate for a state-of=-the—art impact

evaluation.

¢. Description of the Cmce-Through Cooling System at the Monroe Plant

This section, describing the general engineering and operating
characteristics and site specific features of the Monroe plant cooling
system, is presented to facilitate discussion of impingement and entrain-
ment at the Monroe plant and to provide a general orientation for the reader
whio may mot have a copy of the Monroe plant 316(b) demonstration (Detroit
gdison 1976a) available for ready reference.

The Detroit Edison Company plant at Monroe, Michigan, has four generating
units with a total rated capacity of 3,150 MW and is the largest generating
facility on western Lake Erie. The plant has a once=through cooling system
that draws water from the Raisin River via an intake canal at a point about
650 m upstream from the river mouth (Fig. 1). When the plant is operating
at full capacity, the cooling water requirement is 3,248 cfs, which is
considerably greater than the average flow of the Raisin River (698 cfs;
USG5 1977). Throughout most of the year the entire flow of the Raisin River
is diverted through the Monroe plant's cooling system and the additional
cooling water demand is met with water from Lake Erie, which is drawn
"gpstream” to the plant's intake canal through the Raisin River's lower
channel. When the Raisin River is at peak flow {usually in February or
March; USGS 1976, 1977) or when the plant is operating at sharply reduced
capacity, the cooling water requirements of the plant may be met entirely
with Raisin River water; at these times, surplus river water flows into
Lake Erie via the river's lower channel.



Figure 1. Location of Monros Power Plant with respect to Lake Erie
and the Haisin River (not to scale).
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The intake canal branches and directs the cooling water flow into
two screenhouses located immediately adjacent to the plant. In the
screenhouses, the cooling water passes first through trash racks (fixed
vertical metal bars 3 in. apart] and then through 3/B-in. mesh vertical
traveling screens. Circulating pumps then force the water through the
plant's heat exchangers,and the temperaturs of the cooling water rises
about 22°F. The heated water passes out of the plant into the overflow
canal and then into the discharge canal that espties into Lake Erie at
a point about 2.5 km S5W of the mouth of the Raisin River. The prevailing
lake currents at the plant site, which move along the shoreline from the
mouth of the discharge canal towards the mouth of the Raisin Fiver, may
cause some recycling of the cooling water.

Organisms drawn into the plant's intake canal with the cooling water
will be prevented from entering the plant if they are unable to pass through
the 3-in. spacings between the bars of the trash rack. Those organisms
that pass through the trash racks but are unable to pass through the 3/8-in.
traveling screens will be impinged on these Screens and killed. Detroit
Edison is testing a prototype device designed to pump fish from immediately
in front of the traveling screens and return them alive to Lake Erie.
During June 1975-May 1976, a portion of the fish that would ctherwise have
been impinged in Scroenhouse 1 were pumped into holding pools outside the
plant for study and return to Lake Erie. Organisms that are not retained
by the 3/8-in. screens (small fish, invertebrates. and phytoplankton] pass
cospletely through the plant and return to Lake Erie via the discharge

canal.



11, IMPINGEMENT AT MONROE POWER PLANT

A. Sampling Methods Used by Detroit Edison

The methods used for impingement sampling are stated on p. 4.3-1 of the
316(b) as follows (Detroit Edison 1976a):

Fish lspingesent monitoring began for Onita 1, 2, 3, snd & in kpril 1972,

June 1§72, March 1573, and HMay 1978, respectively. Ais stated in Subsecticn

3,2.2.1.3, the traveling scresns are rotated and washed autosatically

svery 24 hours, and sore frequeatly when increased loading dictates. Im

order to obtain s representative sasple, st the end of a daily waahlng &

basket was placed in positlon at the ent of the sluiceway. After a 28-

hour pericd, all the fish collected in the basket were counted and

f{dentified. Repressntative specimens were weighed, measured, and checked

for deformities. Attespts were sade Lo collect & minisus of one sample

each weel.

1. Location

The Monroe plant has 16 intake screenwells, each containing & 3/B-in.
pesh traveling screen (Fig. 2. petroit Edison divided the impingemsnt
data from these screenwells into two categories: counts from 2 Test screens
wolls and counts from 14 npontest screaenwells. The test screenwells were
those in Unit 2 in which prototype fish punping systems (referred to on the
impingemant data shoets as ths "north collector® and the "south collector™)
were installed to remove fish before they were actually impinged. The fish
impinged on the two test BCTEAns wWore counted and recorded separately from
those impinged on the 14 nontest screens. Tha impinged fish from the nontest
screens [the remaining six screens in Sereenhouss 1 and the eight screans
in Screenhouse 2) were washed into a comman slulceway in each screenhouse
and collected en masse in a collection basket at the end of sach slulceway.

2. Gear

The mesh size of the collection baskets is not given in the 316(b),
but according to Detroit Edison, it was approximately 1/4-in., which would
be sufficiently fine to retain the smallest fish washed inte it from the
1/8-in. mesh of the traveling screans. The above excerpt from the 316(b)
says only that “representative® gamples were collected and that all the
fish washed into the basket were counted. It does not specifically state

that all of the fish impinged on the traveling screens during a 24-h period
were washed into the collection basket. Therefore, all of the impinged f£ish

may not have been counted.
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x = test screenwell
o= girculating pump

Figure 2. Monroe Power Plant, indicating location of test screenwells.
Adapted from 316(b) Figure 4.4-1.



The above excerpt from the 316(b) states that representative specimens
were measured but pressnts no data to ghow that these specimens were actually
representative of the collection basket catch. The specimens must be
represantative of the impinged fish in order to ghow what age classes are
being impinged. The 31E&(b) also presents no length-frequency distribution
of the impinged fish to demonstrate the size selectivity of the traveling
gcreens (i.e., the smallest size figh that is impinged) and to show that
all age classes of impingeable fish are being sampled.

The 316(b) presents no description of the procedure for cleaning the
trash racks in front of the traveling screans and no report of the kinds and
numbers of fish, if any, removed from the trash racks (vertical steel bars
spaced 3 in. apart}., Some large fish therefore could have been impinged
o these racks but not considered in the impingemont estimates.

3. Bchedule

The daily impingement data sheets obtained from Detroit Edison show
that during June 1975-May 1976 {the year analyzed for impact in the 316(bB))
the test scresns were checked almost daily, Monday-Friday. The nurber of
counts from the nontest screens, howevar, ranged from enly 2 in August 1975
to 10 in November 1975 and April and May 1876. The screens were not monitored
during the weak of February 15-21. Otherwise, fish were usually counted
from sither the test or nontest SCreens more often than once a week, the
minimum frequency stated in the above 3116(b) excerpt. The 316(b} does
not state that the screéens were ponitored on a pre-established schedule:
thus, the monitoring schedule may not have been established in advance
of ghserved screen loadings.

The daily impingement data sheats suggest that a major deficiency
of Detroit Edison's monthly impingement estimates is that most of them are
based on samples taken from only half of the plant's 16 scresns. On 51%
of the saspling days, counts were takon from only the two test SCISEns.

The test screens are located adjacent to one another in Screenhouse 1

{Fig. 2), and the 11&(b] presents mo evidence that impingement on these

two screens was representative of impingemant on the other 14 intake SCTEENS.
Counts from the nontest Screans were usually made for only Screenhouse 1



because, according to a Detroit Edison representative, the collection
basket for Screenhouse 2 was often under water. Of B2 basket counts from
nontest screens, 66 sampled fish only from Screenhouse 1 and 11 sampled fish
only from Screenhouse 2. Sampling of impinged fish from Screanhouse 2 occurred
only from January-May 1976. Fish were sampled simultaneously from both
scresnhouses and, therefors, impingement throughout the entire plant was
measured on only 5 days during the year, and these 5 days cccurred only during
the month of April 27-May 27, 1976é. Detroit Edison did not demonstrate
that impingement data from the two screenhouses could be used interchangeably
to estimate impingement eccurring in the whole plant. The estimate for
impingement at the Monroe plant is consequently heavily woighted to reflect
ispingement in Screenhouse 1. The effect of this bias on the estimate is
not known.
B. Data Analysis
1. Verification of 31&(b} impingoment estimates
Although the 316(b) presents impingement data from the Monroe plant for
1872-76, we attempted to verify only the 1975-76 data because these wers
the data considered in the 316(b) impact analysis. Also, the plant did not
become fully operational uwntil mid-1974 and ispingement in the garlier
years would not be directly comparable to that occurring during full operation.
Table 4.3-1 from the 316(b) shows Detroit Edison's estimates of impinge-
ment at the Monroe plant from June 1975-May 1976.
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The above astimates were caloulated according to the mothod described
below frosm 316(b) p. 4.3-1.

The total potential nusbar of fish impinged per day was estimated BY
dividing the actual nusber of flah gollected per month bY the nusber of
h-hour sampling pericds during the month. This nusber was then pultiplied
by the nusber of days in that particular month o gbtain & senthly
gstimate. Data reducticn for derivation of an estizate of porential
sonthly impingesent inyolved the application of the following formulal

1= HH (8.3.1)
B

whars

» potential nusber of organisss impinged on & monthly basis

& pusber of each categoTy of organisss or specles ispinged during
the monthly saspling effort

s nusber of days in the particular month of sampling effort

i = pusber of Z4-hour sampling perisds during the ponthly ispingesent

saspling.

petroit Edison's daily impingement data sheets from the Monroe plant
were used to verify the estimates presented in Table 4.3-1 above. The analysis
rovealed that the extrapolations shown in Table 4.3-1 are major underestimates
of impingement at the Monroe plant for the following reasons:

al Separate estimates of the numbers of fish impinged per day [w/H
in Equation 4,3.1 above) were apparently calculated for the test and the
nontest Screens, although this was not explained in the 316(b). These Two
estimates wore then added together to calculate monthly impingement (I}
for the plant as follows:

I= lllﬂtfﬂt] + {Icnﬂin'pl X M {1}

where 1 = nusber of £ish impinged during month

= sum of fish counted from test SCreens

= pumber of days fish were collectad from test screens
sum of fish counted from nontest screens

= number of days fish were collected from nomtest BCOTeEns
= pusber of days in month

x = Hn“ H
L]
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Although Equation 4.3.1 is correct for calculating extrapolated monthly

totals, Detroit Edison used the term N incorrectly for estimating impingement
on the 14 nontest scresns. In most cases, the term N for the nontest scresns
did not egual the total mumber of fish impinged on all the nontest screens

but only the number of fish counted, although on most sampling days only

the fish on the screens in Screenhouss 1 were counted (refer to Section II-A-3).
The 316(b} estimates do not consider that the actual daily counts from the
nontest screens usually represent impingement occurring in only a portion of
the plant.

A freguency distribution of the number of circolating pumps operating
on the days when impingement samples were collected (Fig. 3) indicates
that almost 70% of the time the plant was operating at more than 508 capacity
[more than six circulating pusps operating). Therefore, when fish were
counted from only half of the intake screens and the term N was incorrectly
used, as described above, impingesent was seriously underestimated.

b) Notations by Detroit Edision on several of the impingement data
sheets suggest that large numbars of young fish appearing in the impingement
samples were at times not even counted (Table 1). The failure to count
these small fish and to include them in the data base from which impingament
was calculated further reduces the accuracy of the 316(b) impingement estimates
shown in Table 4.3-1.

2] According to the daily impingement data sheets, tha prototype
fish eollectors, located in front of the two test screens, were in operation
during most of the 316(b) impingemsnt sampling and were removing up to 95%
of the fish from the test screenwells. Fish removed from the two test screen-
wells by the prototype fish collectors wers provented from being impinged
and therefore were not used by Detroit Edison in caleulating impingement
for these two screenwells or for the entire plant. This practice is not
explained in the 316(b) because, according to a Detroit Edison representative,
the collectors were considersd a permanant part of plant operation and only
the screen counts were considered to represent true impingement. The
exclusion of the fish pumped fromthe two test screenwells, from which tha
majority of the impingement data were cbtained, contributes to a serious
underestimate of impingement for the entire plant.
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Table 1. Detroit Edison daily impingement data sheets from the Monroe plant for
July 22, 1975,and September 9, 1975, indicating large numbers of young fish

in the test a:mnunlh which were not included in the totals.
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Even without ths major problems discussed above, the acouracy of the
316 (b) estimates would be in doubt because of numercus discrepancies found
on the daily impingement data sheets (refer to Appendix B). Most of these
discrepancies are simple addition errors or errors that occurred when
numbers were transposed from one column to another on the test screenwell
tally sheots or transferred from the tally sheets to the daily impingement

data sheets.
2. Alternative impingement estimates and statistical analysis

a. Calculation of estimates. We estimated daily impingement at the Monroe

plant for 1975-76 by means of the following formula. For each sampling
day, the formula corrects for the portion of the plant for which no data
were collected and for the fish pumped out of the test screenwells by the
prototype collectors.

i +
Daily estimate = Il':‘,_+1::p :n} X Esufsn} X t?Pn"'! ()

where C,_ = figh counted from test screens

:: = figh pumped from test screenwells

:n = fish counted from nontest soreens

s' = pumber of screens from which fish ware collected

su = total number of screens in unit(s) whose screens were checked
r' = pumber of circulating pumps operating in unit(s) whose screens

were checked

PP = total number of circulating pumps operating in entire plant

This yielded an estimate of impingement that could have occurred in the
ahsence of the fish collecters.

Three assumptions were made to use the above equation:

a) Fish were impinged equally on all intake screens. The maximum
water velocity in the intake system is apparently 120 c=m/s (3.9 ft/s] in the
secondary canal leading to Screenhouse 2 (Detroit Edison, undated). The
potential for impingesent may therefore be greater in Seresnhouse 2 than in
Screenhouse 1. If impingement is indeed higher in Screenhouse 2, impingement
estimates for the entire plant are likely to be low because they are based
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primarily on data from Screenhouse 1. Data with which impingement in
Seresnhouse ? could be related to that in Screenhouse 1 are available for
anly 5 days during 1 month of the year (Section II-A-3) and are not suf-
ficiesnt for a reliable comparison.

B] All fish pumpad from the test scresnwells would have been impinged.

c) Mo fish were impinged by a circulating pump that was not operating.
on 1 sampling days during the year, fish were collected from the intake
screens when no circulating pumps were operating. This impingement could
have been due to operation of the general service pumps, but, because each
pump has a capacity of only 11 cfs, the pumps were not considered in the
calculation, and the 3 sampling days were excluded from the analysis.

The manner in which Equation 2 was used to calculate daily impingement
estimates can be demomstrated by using the data for gizsard shad collected
by Detroit Edison in August 1975 (Table 2. The estimate for August 1 is:

(360 +# 0 + 1938) X (4/2) ¥ (12/3) = 1E,384

Estimates for the other 10 sampling days were similarly calculated.
Monthly estimates were calculated from the daily estimates for sach
species according to the eguation below:

Sum of daily impingement estimates each month
Humbar of sample days each month

Humber impinged each month =

A MHumber of days in month {3)

Using Equaticn 3 and the data in Table 2, the August estimate for gizzard
shad impingement therefore is:

(148,583.4/11) ¥ 31 = 418,735

This is approximately eight times the 316(b) estimate of 49,814 (Table 4.3-1)
which was calculated by Equation 1 as follows:

[nmausi + usm.rz:-] X 31 = 49,814
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The annual impingement estimate for all species cosbined, shown in
Table 1, is approximately 4.7 million fish, which is considerably higher
chan the B6L,000 fish estimated in the 316(b).Y/ The species composition
shown in Table 3 (52% gizzard shad, 18% shiners, 13% yellow pearch, A
white bass, and &% freshwater drum) is about the same as that shown in
316(b) Table 4.3-1.

ROTE
Estimates in figures and tables are based on Detroit
Edison's impingement and entrainment data and are
subject to the guesticns raised im the present report
concerning the sampling methods.

b. Frecision of impingement estimates. The monthly impingement
estimates and assocliated 95% confidence intervals presented in Table 1
are illustrated in Figure 4 for all species combined and in Figures 5-9
for each of the five most commonly impinged species (gizzard shad, shiners,
yellow perch, white bass, and freshwater drum) 2 ps shown in Pigure 4
and Table 3, the sampling error (at P = 0.05 significance level) for each

y:n most cases, the daily impingement estimates could be normalized by
a lngm {x + 1) transformation (refer to Appendix D). Because, however,
the 316(b) estimates were based only on the untransforped arithmetic
data, our estimates are also based om the untransformed counts for com=
parisen. [Impingement estimatas based on the .'mgm {x + 1) transformation
are prasented in Appendix E; the transformation reduces the annual estimate
by approximately 40n. ]

Z""'I'Im confidence interval is the interval of values on either side of the
estimate which is expected to include the true population valus (v).
The 95\ confidence interval (95% CI) defines the interval which, from
repeated samples, will include the population value 95 times out of 100
and oguals ¥ 4ts , where t is Student's t-statistic and 5 is standard
error. The absolute value of ts can also be referred to as sampling error
and defines the precision of the sstimate; the smaller the sampling error,
the better the estimate.
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of the monthly impingement estimates for all species cosbined is approxi-
mately 50% or less of the estimate, except for November (67%) and February
{774} . The sampling error is 15v of the annual estimate (Table 4). The
sampling errors for the annual estimates of the commonly impinged species
(Table 4) are also relatively small (26% For gizzard shad, 22: for shiners,
2% for yellow perch, 308 for white bass, and 24% for drum); however, the
sampling errors for the monthly estimates are at times quite large (109%

for shiners in August and 98% for yellow perch in December; Table 3, Figures
6 and 7).

For infrequently impinged species such as coho and chinook saleon,
the sampling errors are greater than 100% of the annual estimates and
include zero (Table 4); thus, based on the data as cbtained by Detroit
Edison, the numbers of these species impinged are not significantly different
from zerc. However, we do not believe that impingement of these species
has been adegquately estimated because of the limitations of the sampling
methods (see Section IT=h).

c. Correlation of ippingement estimates with intake temperatures and
flow. Based on 316(b) Figure 4.3=-1 (below), Detroit Edison states that
“"there does not appear to be a strong correlation between the total numbers
of fish impinged and the intake water flows or intake water temperatures®
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The 316(b) does not discuss the effects on impingement of this
deliberate recirculation, which returned up to 20% of the plant discharge
directly to the river during the winter to prevent icing of the intake screons.
Bowever, according to Detroit Edison representatives, the recirculation of
heated efflusnt was discontinued because gizzard shad were being impinged
in such large numbers when this practice was esployed during the winter
that operation of the plant was being impeded.

The 316(b) also does not consider the effects on impingement of the
unintenticnal recirculation of plant effluent (from the discharge canal back
to the plant intake via Lake Erie]. The effects of residual chlorine in
the discharge or of supersaturation of the discharge waters during the winter
could increase the vulnerability of fish in the intake srea to impingement.

3. Length and age of impinged fish

The 316(b) data base does not contain the information on the lengths
and ages of the impinged £ish required for a description of the segment of
the population impinged, an assessment of the sampling methods, and an
evaluatien of the impact of impingement losses. According to the impingement
sampling methods described on p. & of this report, "representative specimens”
from the collection basket were measured and weighed, but these data are not
prasented in the 316(b). Instead, only general statements are made, such
as the following examples from p. 4.3-4 of the 316(b) ¢

. s » 1D
general, the majority of rainbou smelt ispinged during t2e spring and
sumser were young-of-the-year (5-8 cml.

. . . Golarish ispinged during the late winter and sarly spring
were generally large adults (30 c& or longer) or smaller juveniles (5 to
W oea).

A few length data (for 7-14 individuals each month) were included with
the ponthly ispingement summary sheets. According to a representative of
Detroit Edison, the fish from which these data were taken were collectsd
primarily to determine their state of sexual maturity. We did not find
any length information for fish collected from the nontest screens. Some
measurements were recorded by Detroit Edison on length data sheets for fish
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pumped from the test screenwells, but sufficient data with which to formuolate
even provisional length-frequency distributions are available only for yellow
perch (458 length measurements for June 1975-May 1976). According to a
Detroit Edison representative, these parch were selected randomly from the
holding pool into which fish from the test screenwells were pumped and these
were the only length measurementa taken during the year. The length-freguency
distribution for these yellow perch (Fig. 10} shows that 51% were in the

7-8 in. (18-20 cm) range. This does not agree with the statement on p. 4.3-5
of the 316(b) that:

+ » «1n general, small young-of-the-year yellow perch
(5 to 8 em) were oollegted during the warm summer months, while those
impinged during the spring were small adults (15 to 20 cam).

The data available to us do not demonstrate such a seasonal difference.
Only one of the 458 perch represented in Figure 10 was in the 5-8 cm range,
and this fish was collected in May. The mean length of seasured perch from
the holding pool was in the 16-20 cm range for every month. The absence of
length-frequency data for perch just large enough to be retained on the
3/8-in. mesh soreens indicates that few of these were measured despite the
fact that Table 1 suggests that many were impinged.

No evidence was found in the 316(b) that any fish were aged according
to the scale method. Consequently, we assigned ages to the yellow perch
in Figure 10 on the basis of the following age-length relation for Lake Erie
yellow perch obtained from W. L. Hartman (personal communication) ; Hartman,
Van Meter, Wolfert, and Busch (1974); and Hart=man, Nepszy, and Scholl (197711

YO = <3.9 in. (approximately 10 cm)
Yearlings = 4.0-6.9 in. (spproximately 10-17.9 cm)
Adults = >7 in, (approximately 18 cm)
Thus, according to our calculations, the perch represented in Figure 10
were <1\ young-of-the-year (YOY), 29\ yearlings, and 70% older indiwviduals.
4. Biomass estimate of impinged fish
The 316(b) presents no estimate of the biomass of Fish impinged at
the Monroe plant, and, because Detroit Edison did not collect sufficient
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Figure 10. Length-fregquency distribution of yellow perch. This distribution
is based on measurements from Detroit Edison's length data sheets for
fish pumped from the two test screenwells at the Monroe Power Flant
(June 1975-May 1976).



weight or length data for all species of fish in their impingement samples,
we cannot estimate the total biomass of fish that were impinged.

We wers, however, able to develop an estimate of the biomass of yellow
perch impinged using the leangth-frequency data presented in Figure 10 and
the following length-weight relationship (Lake Erie Committee on Yellow
Parch, lﬂiﬁly ]

W= 0.3729 x 1072 1)-2826 (4)
where W = weight (oz)
L = length (in}

The length distribucion in Figure 10 was assumed to be represontative of
the ispinged population, and & weight was ealculated for each length class
in the distribution. A total blomass was determined according to the egquation

below:
13
Porch Bicmass = | [W X (8 X )] t5)
L=3
where L = length of perch [in) in Figure 10
W, = weight of an average perch of length L
% = percentage of impinged perch cosposed of individuals
of length L
% = total number of perch impinged = 625,580 (refer to
Table 3 of this report)

The astimate of the annual biomass of impinged yellow perch is 108,932 1b,
with & 954 CI of 79,607-138,377 1b. This estimate, however, is baped solely
on Detroit Edison's measurements recorded on the length data sheets, which

Ef‘m welights recorded on Detroit Edison's length data sheets could not be
used becauss they were usually reported for groups of 10 fish (regardless
of their lengths), instead of for individual fish, and because we do not
know that these groups were representative of the impinged population.



we bellieve are blased toward the larger fish as discussed in Secticn II-E=3,
The biomass estimate might therefore be high.
C. Evaluation of 316(b) Impact Analysis

1. WVerification of trawl data used in the 316(b) for population

estimates

The trawl data presented in 316(b) Tables 4.2-8 through 4.2-16 were
taken directly by Detroit Edison from three sources: 1) an Chio Department
of Katural Resources (ODNR) report (Van Vooren, Davies, and Emond 1975},
2) unpublished MDNE index station computer printouts (MDNR 19%70-75), and
3) a Michigan State University technical report (Cole 1976). MNuserous minor
disagreemants (listed in Appendix F) exist, however, between the dats pre—
sented in 316(b) Tables 4.2-8 through 4£.2-16 and the data as presented in
the original works cited above. One major error is incorrectly labeling
a spring gillnet catch as a trawl catch in Table 4.2-10 and later including
these gillnet data in the total column for trawl catch, thus making all of
the values for total catch and catches per unit of effort (CPE} incorrect.
The affect of these errors is discussed in Section II-C-2.

2. Verification of J1&(b) population estimatss

Population estimares in the 3l&6(b} were derived by Detrodt Edison from
the MDNE and CDNR trawl data (discussed above) using a calculation described
by the following eguation:

catch/trawl

araa/traml X area of available habitat = population estimate (&)

or
catch/unit area X area of available habitat = population estimate

Although this equation permits calculation of an acceptable approximation
of population size and was used consistently in the 316(b), inconsistent
and erroneous descriptions of the calculation occur in the 316(b) text
and tables:
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{1} Indices of total population slze of the major [ish apecles in weatarn
Lake Erie were derived fros trawl aurvey data (Michigan DNE, unpubliahed
data; Van Vooren et al. 1§75). Trawl catches were coaverted to calch per
unit area trowled, which was then gultiplied by the area of available
Babitat in the western basin to estimate total population aize.

{p. 4.2=-23)

(Z) fThe populaticn estimates were determined in the following manner. ine
trawl catch dats were first expresaed in Lerms of catch per unit area.
The area coversd by one wnit of effort was detersined by multiplying the
width of the tow, calculated from the boat speed (6.8 kph or & mph) and
the length of time of the tow. ke population size was then determined
froe the produst of the oatch per ugn ares the ratic of the area of
the total available habitat (553 k=® or 365 mi®) to the ares coverad by
one unit of travl effort.

{p. 4.2-23)

{1] Estimates derived by multiplying catch per hour (Table §.2-8)
the area covered in one hour of trawling {15=t wide trawl
by & mph) m! dividing this into the area of habitat in Lake
Eris {36k mi® or 303 of the weatern basin).

{Table 4.2-17:
Table 4.2-18 is similar)

{4) Estisates derived by sultiplying catch per effort t;ahlll §,2-9 through §.2-1%)
by ratic of ares of total avallable habitat (364 m1® or 30% of western basinl
to ares covered by one unit of trawl effort (33-ft wide trawl towed for 10 minutes).

{Table 4.2-19]

Examples 1 and 4 are correct descriptions and result in total catch; examples

7 and 3, however, yleld catch and hz srespectively.

ares per effort catch
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Despite the above inconsistencies, all but one of the population
estimates, or population eize indaxes, presented in Tables 4.2-17 through
4.2-20 appear to have been correctly calculated. The one calculation error
we found (in Table 4.2-18B) overestimates the YOY shiner population by an
order of magnitude (40,633,000 instead of 4,063,000) .

The mislabeling in Table 4.2-10 (discussed in Section I1-C-1) results
in erroneous 1970 estimates in Table 4.2-19. Most of the 1970-75 mean
astimates presentsd in Table 4.21-19 are thus also in error but by no more
tham 5%. Sewveral other errors, most of which arise from errors made in
Tables 4.2-B through 4.2-16 are listed in Appendix F.

Although most of Detroit Edison's population estimates were calculated
according to the correct formula using the data presented in the 316(kb)
ard are free of arithmetic error, we believe that the estimates are hiased
in several ways:

al The use of trawl catch data as the basis for population estimates is
guestionable and likely results in underestimates of true population size.

The trawl data gathered by the MDNR (and probably also those collected by ODNR}
wers intended only as indexes of year-to-year relative abundance (R. C. Haas,
MDNE, personal communicatien, August 10. 1977). Although we believe trawl
catch data could have been adequate for estimating the population of age I

and older yellow perch, we do not beliewe its use results in accurate estimates
for all species. Detroit Edison acknowledges some of the limitations of using
trawl cateh data for population estimates on p. 4.2-23 of the 316(b):

s w & Use of
this type of dats &s & sanagesent tocl is highly gueationable becauze ef
natursl variapility in the data and the selective nature of the sampling
gear. Since gill net and trapnel cals canmot be gquantified, these catch
data could not be used in standing orep estimates. However, uslng
conservative sssumptions, such estimates can be used to prediot einisal
or copservative total populstion size for cosparison with power plant
fiah ispingesent/entrainsent data.

The key conaervative slesents of this estisating technigue are (1) the
sampling gear was masused to collect all of the fish in the area covered,
and (2) the ares covered waa ooly a portlon of the available habitat.
Travling, like most fish collection gear, 12 highly selective; that is,
many fish are able to avcld or escape the met. The trawls used ip these
studies saspled only & small propartion of the watier column near the
bottog. Thus, use of trawl data te eatimate denaity of fiah-per-water=
body ares results in @ significant undersatimate of Lrue population aize.
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b} The values used to calculate “area per trawl® (area of lake bottom
covered per trawl tow] are incorrect and underestimate the standing stock
of fish. The width given in the 316(b) for the MDNR trawl (33 ft) is the
length of the trawl headrope (R. C. Haas, MOMR, personal communication,
August 10, 1977). The width of the trawl opening while it is being fished
would be smaller than the length of the headrope. The 316(b) calculations
thus oversstimate the area trawled and underestipate the population size
{refer to Equation 6). The population estimates based on the ODNE data
are probably similarly biased.

el The value used in the 316(b) for "area of available habizat,”
stated to be 304 of the western basin ares, or 364 square =i, also results
in an underestimate of population size. Our planimetry readings of Lake
Survey Chart No. 39 (National Oceanic and Atmospheric Administration 197&)
for the west end of Lake Erie indicate that the area between & and 24 fr,
defined in the 316(b} as available habitar, is approximavely 40% of the
basin area, or 485 sguare mi.

d) The manner in which Detroit Ediscn used the MDNR trawl data results
in overestimates of the abundances of some species impinged at the Monroa
plant. The 116(b] calculates mean CFE using data from two MONR stations
{Monroe and Sterling State Park) close to the Monroe plant site. Discussion
with an MOMR official (W. Bryant, personal communicatien, August 17, 1977)
revealed that during 1970-75 trawling by the MDNE could have been conducted
at as many as three other stations in the Michigan waters of Lake Erie, in
addition to the two used in the 316(b). During 1975 (the year considered
in the impact analysis), trawling was conducted by the MDNR at & third
staticn, near the Woodtick Peninsula approximately 10 mi scuth of the
Monroe plant, but these data were not used in the 316(b). Inclusicn of
the data from this station would have lowered the 1975 mean CPE and population
astimates for species including yellow perch, walleyes, shiners, alewife,
spelt, trout-perch, and logperch.



1. Impingement impact as assessed in the 316(b) by percentage of

source population lost

The 316(b) annual impingement impact assessment (Table 5.2=3) assumes
1008 mortality of impinged fish and is based on the simple ratio of the
number of fish impinged of & given species (Table 4.3-1) to the number
of individuals of that species in the source population (Tables 4.2-17
through 4.2-20, Table 5.2-2). This approach requires that the impinged
population be representative of the source population with which the
cosparison is being made (i.e., have the same size, age, and sex composition,
ete.). In the 316(b}, the values used for the numbers of fish impinged
and the population estimates include fish of differvnt combinations of
age classes. Detroit Edison evidently made the assumption that the age
distributions of the impinged population and the scurce population were
identical, but this is not demonstrated in the 316(b). The age classes
used in the population estimates are also not consistent (refer to Table
5.2=-2) . For example, the 31&(b) population estimate for gizrzard shad is
the mean of the ODHR estimate which includes only ¥YOY and the MNDR estimate
which combines YOY and yearlings. The alewife population estimate is the
mean of the MDNR estimate which combines YOY, yearling, and adults and
the CONR estimate which includes only YOY.

In addition to the concerns expressed above and in Section II-B-2
regarding the reliability of the values presented in Tables 5.2-2 and 5.2-3
of the 316({b)}, these tahles alsc contain some values (transferred from
Tables 4.2-17 = 4.2-20) that were previously identified as incorrect
(refer to Appandix F).

Because Detroit Edison underestimated the numbers of fish impinged
and failsd to compare age-eguivalent segments of the impinged and source
populations, we do not bellewve that the effect of impingement losses at
the Monroe plant is adegquately assessed in the 316(b).
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III. ENRTRAINMENT AT MONRDE POWER PLANT

A. Sampling Methods Used by Detroit Edison
The methods uwsed by Detroit Edison for entrainment sampling are stated
on p. 4.4-1 of the 316(b) as follows:

Sasples of [iah egga and larvae were collected during a SB-week pericd:
April 1975 through Hay 1976, The annual entrainsent estimate is based
wpon the last 52 weeka of sampling.

Samples wers collected at two depths () = and 3 =) at each of thres
stations in 1975 and at seven of the nine stations sampled in 1975
(Figure %.%-1 and Table B.4=1), Samples were collected uwsing high
capapity, Kemco Model 13% submersible sump pusps. The pusps wvere fitted
with 5.1=ce flexible hoses, and vater was pusped through a lex-3 =
oceanographic plankton net with & sesh size of 571 v. A five-foot

bead wvas uwsually maintained, and provided a seasured llow of approximately
530 1/min. This flow yielded a 763,200-1iter sasple for the 24-hour
ocollesting pericd. Flcw wea occasionally reduced when the pusp becase
elogged with fish, and sasple pericds were started again if flows were
significantly impeded. Since no lnhose measuring device ecould ba ueed,
it was impoasible to continuously sonitor flow, and thus the assusption
was made that all samples collected were based on the rated flow of

530 1l/min.

1. Gear

The Michigan Water Resources Commission (MWRC) recommends a pump
system for sampling nonscrecnable organisms because such a system can
be automated for continucus coperation and the filtering of large, readily
quantified sample volumes of cocling water (MWRC 1975a) . Despite their
usefulness, pump systems, like other sampling systems, have inherent
disadvantages (MWRC 19758; Brooks et al. 1975; U.5. EPA 1977),none of
which was mentioned in the 316(b). One major disadvantage is the possible
destruction of fragile organisms or life stages causing them to be undetected
in the samples. Cole (1977} found that 40% of fish larvae collected by the
K-m:u'y pump were damaged and that 10% were so badly damaged that they
could not be identified. A high incidence of damaged organisms would
perhaps indicate sose specimens were also lost and not counted.

Cole (1977) found that the Kenco pump is less effective for sampling
fish larvae in the wvicinity of the Monroe plant than either a 1-m plankton

ifﬂlfi“ﬂl‘."' to trade nases or manufacturer's names in this report does

not constitute endorsement of any commercial product.
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net (571 u) or a high speed plankton sampler. The lower afficiency of

the pump system suggests that organisms are possibly being destroyed and

not counted. It could alse be due to avoidance of the pusp intake by larger,
more motile organisms or life stages, thus leading to an underestimate of
the abundance of these forms. To prevent avoidance by fish larvae, the

Lake Michigan Cooling Water Intake Technical Committes (1973) recommends
that the sampling pump capacity be 100-200 gpm. The capacity of the pumps
used by Detroit Edison {approximately 530 1/min or 140 gpm) was within

this recommended range.

The 316(b) does not demonstrate, however, that the voluma of water
that passed through the Kenco sampling pumps was large encugh to provide
a reliable estimate of the target populaticms. When the Monroe plant was
operating at full capacity (cooling water flow of 3,248 cfs) and eight
sampling pumps were operating simultaneously [the maximes number used for
sampling the cooling water flow in the main intake canal), 0.08% of the
cooling water flow passed through these pusps. puring periods of minimum
cocling water flow (listed in Table 31.3-1 of the Jl6(b) as B70 cfs on
May 1, 1975}, the portion of tha cooling water passing through the eight
sampling pumps increased to O.3%. Although the pump system used at the
Monroe plant sampled a relatively large yolume of water, the sample wvoluse
may not have been sufficient to adequately estimate the cooling water
densities of less abundant organisms.

Detroit Edison states in the above excerpt from p. 4.4-1 of the 316(b)
that Fflow through the sampling pumps was occasionally reduced by clogging
and that “sample periods wers started again if flows were significantly
impeded.” Detroit Edison did not state what they considered to be &
significant reduction in flow, and samples therefore may not have been
collected at the continueus rated flow of 530 1/min upon which the estimates
are based. Any reduction in flow through the sampling pumps would result
in an underestimate of the numbers of organisms being entrained through
the plant.
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The 571-u mesh used in the plankton nets was probably satisfactory
for the collection of eggs of any Lake Erie fish species. However, 351-u
mosh is approximately the largest that will permit collection of the smallest
Great Lakes fish larvae (Broocks et al. 1975}, and the youngest larvae of
some species may therefore have been lost through the 571-u net. The 571-u
mesh is also too coarse to provide adequate sampling of the smaller zoo-
plankton, such as rotifers and copepod nauplii. Brooks et al. (1973)
recommend a maximum mesh size of 160 p for sampling zooplankton and also
antrainable benthos. Netting of 76 p has previously been used to concen-
trate zooplankton from west-central Lake Erie (Heberger and Reynolds 1977).

2. Location

During the period of April 1975 through May 1976, entrainment sampling
was conducted At stations A-M in the intake canals and stations W-Z in the
discharge canal, as shown below in Pigure 4.4-1 of the 316(b).

\\u':!.-r

DETROIT EDEBON
MONROY MOWER PLANT
P 441
W e
R e, ]
Wfatem e S BER Lakas
T R
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These sampling locations do not permit an accurate estimate of the kinds
and numbers of organisms entrained by the Monroe plant as discussed below.

a. BSampling depths. hAccording to Table 4.4-1 {below) of the 31&6(b),
entrainment samples were taken only at 1 m (3 ft) and 3 = (10 fr), although
Figure 3.2-2 of the 316(b) shows that the canal is 7 m (23 fr) deap at
normal high water and 5 m (17 ft)] deep at normal low water.

TABLE M.A-1 ENTRAIKMENT SAMPLING SCHEDULE AT THE MONKDE POVER PLANT
o ¥ITH RFFEEVECE T0 STATION LOCATION

station®)  Location ame Depen Samnling Scheduls
Cosmercesent Iermizaiico
i (Intakes =1 and 3a) 50T 12413778,
B {intake north sxtra - =) 1218475 05/15/76
c {irtake north - 1=} 121278 0571576
b (1ntake north = Im) 1212075 05,1576
E {Intake centar = 1=} 1271275 515076
F {1ntake center - 3m) 12712475 B5/15/TE
[ {Intake mouth - 1=) 129275 o5/ 15076
# {intake mouth - 3=} 122175 BEAETh
1 {Intake acuth exira - 1=} 12715775 BEA1EITE
] {Secondary west = 3m) 1292/75 05/ 1576
[} (Sacendary west = 1=} 12I2ITS 051578
L {Secondary east - 12) 120275 0515778
H {Secondary east = 3=) 124120715 05/15/Th
[ {Fish pusp pool dischargadt®! 11113473 05415476
¥ {Discharge weat - 3=) 04/ 1BITS 1271575
o ﬂmg: usnsgi
I (Discharge weat = 1 0415 1257
oAF1S/TE 054157k
1 {Discharge east = 1=} OhF15/TS 12/15/T5
OR/15/TE 05/15/Th
1 (Diacharge esat - 3=} BEANESTS 12575
CR/15ITE 05/15/76

%, Corresponds to sampling statlons on Figure Nk,
b, May 15, 1976, 13 last day of dats used for peried ef record.
e. Data mot used in ssirainsent estlmatle.

The depths at which these samples werse taken are of concern because
the available evidence shows that most entrainable organises are more abundant
near the bottom of the water colusn than near the surface. Collections
by Cole {1977) with a 571-u mesh net fished near the bottom included many
more larvae of important fishes than did collections nearer the surface.
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Cme-way analyses of variance (ANOVA) were conducted on data from Datroit
Edison's daily entrainment data sheets [transformed by lugln {x + 1) to
help normalize the dnuyl to determine whether daily entrainment estimates
based on samples collected at a depth of 1 m were significantly different
fromestimates based on samples collected from 3 m in the main intake canal.
The mean nusber of fish larvae entrained from 31 m was higher than that
from 1 m {except for smelt), although our ANOVA's show no significant
differences at P = 0.05 (Table &).

The mean number of fish eggs entrained (all species combined) was
higher based on collections made from 1 m than from 3 m, although the
difference was not significant at the P = 0.05 level (Table 7). The presence
of large numbers of eggs at the 1- and 3-m depths is surprising becauss
most species in western Lake Erie have demersal or semi-demersal eggs
{Scott and Crossman 1973). Many of these eggs could have been drum eggs,
which are pelagic (Davis 1959, refer to p. 104 of this report), or burbot
eggs, which are semi-pelagic [Scott and Crossman 1873), but this cannot
be stated with certainty because less than 1 percent of the eggs collected
during the period of the ANOVA (December 1975-May 1976; refer to Table 4.4-1
on p. 43 ) were identified to taxon.

Cole [1%77) found in studies at the Monroe plant that cladocerans,
copapods, and chironomids are also more abundant near bottom. Our AROVA's
carried out for the most commonly entrained macrozoobenthic organisms show
that significantly higher numbers (P = 0.03) of Chircnomidae and all species
combined were entrained from 3 m than from 1 m (Table 8). For Sisuliidae,
Hydropsyche, and Gamsarus mean entrainment estimates based on 3-m samples
were much higher than those based on l-m samples, although the difference
was not significant at the P = 0.05 level.

yﬁlﬂiﬂuqh our ].ngln {x + 1) transformation did help to normalize much of
the Detroit Edison entraimment data, the ANOVA tables indicate that in
some cases this transformation did not make the variances completely
homogeneous and that the reguirements for parametric statistics tests
might not have beon mat.
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Cole {1976, 1977) also found that most fish larvae concentrate at the
bottom at least during the day. Larvae of some species move towards the
surface at night, while others, such as yellow perch and shiners, tend to
always remain near the bottom. During the routine 316(b) entrainment
monitoring, Detroit Edison conducted diurnal sampling {12-h day and night
eollections) at four stations in the main intake canal on 5 days during
April and May of 1976 (Tables 9 and 10). Faired t-tests conducted on the
counts in Tables 9 and 10 [transformed by lnqln {x + 1}] show that sig-
nificantly more (P = 0.01) fish larvae (of all species conbined) and
inwertebrates [of all species combined) were collected at night than during
the day. The larger catches of fish larvae at night may reflect increased
sampling effectiveness due to reduced gear avoidance and to migration of
the larvas toward the surface where more of them became vulnerable to capture
in the sampling gear; the larger catches at night may also indicate that
greater nusbers of larvae were entrained at night. GSamples taken in only
the upper strata of the intake canal, especially during the daylight
hours, were therefore probably not repressntative of the kinds and numbers
of organisms that were actually being entrained.

b. Stratification of intake water. The difficulty in obtaining
representative entrainment samples in the intake canal because of incomplete
mixing of river and lake water in the canal is discussed by Cole (1978}

as follows:

The intake was particularly difficult to saeple at the Monroe Power
Flant because the actual fntake canal was too short to allow complete
mixing of Rafsin River and lake waters before the water passed into the
condensers (see Figure 3-2). Depending on the variation in river dis-
charge, the intake water would have fmperfectly mized portions of river
and lake water which would be difficult to sa=nle representatively with
& ressonable sampling intemsity.

Both the vertical and horizontal stratification in the intake canal can
vary seascnally as the portions of river and lake water in the intake flow
change. The problem of vertical stratification may be accentuated by the
presence of skimmer walls in both screenhouses, which extend from the
surface tospproximately mid-depth in the water colusn.
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Table 9. Diurnal variations in numbers of total fish larvae collected
during 12-h periocds at stations in main intake canal (actual
counts from Detroit Edison's daily entrainsent data sheets].

IC = intake center, IM = intake north, I5 = intake south.

DATE STATION AND DEPTH DAY NIGHT
4/09/76 IC - Im 1 1
&/20/76 IN - = [7] 0

B 1€ - 1m o 3
b Ic - 3= 1} 2
" 15 - 1m [t} 2
4f27/76 IN - 3= 11 [
" 1€ - 1= 3 24
» 1€ - 3m 9 B
b 15 -~ 1= 1 5
570476 IN - = [ 30
" 1€ - 1= 11 2
ks IC - 3= 9 25
L 15 = 1= 1 16
51176 IN - Im 3 1]
H € - 1m 1] 3
" 1t - 3= i} 3
" 15 = 1= 1 k]

Table 10. Diurnal variations in numbers of total macrozoobenthic
organisms cellected during 12-h perieds at stations in main intake
canal (actual counts from Detroit Edison's daily entrainment
data sheets). IC = intake center, IN = intake north, IS =
intake south.

_DATE STATION AND DEPTH DAY NIGHT
4108176 IC - 1m 4 10
4/20/76 IN = 3m 1 5
o IC - 1m ] 2
" Ic - 3m 4 9
i 15 = 1m 2 5
427176 IN - 3m 3 20
" ¢ - 1m 3 13
" IC = 3m 12 16
I 1§ - 1m [ 11
/0476 N - 3o 30 40
n 1c - 1m 15 2
5 1 - Jm 19 27
" IS - 1= 2 25
5/11/76 ¥ - 3m 15 45
i Ic - 1= 12 16
s Ic - 3= 26 40
i 1§ - 1= 7 18
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c. Location of sampling pumps in relation to intake screens. Most
or all of the problems associated with the vertical stratification of flow
and organisms probably could have been avoided by locating the pump intakes
behind the traveling Scrogns as suggested by R. 5. Benda [1975) =

Cosrent of R.5, Bends, Aguinay College, Grand Rapids, Michigan:
Pump Location = Pumos should be Tocated behing the traveling screens 17 at

a1l possible to avoid the problem of purging adult fish in the collecting

pats. e have esperienced several pump cloggings whan mumergus adult fish

fnhabit the intake bays.

The location of the sampling pumps in front of the screenhouses probably
accounts for much of the clogging problem discussed in section III-A-1

of this report because of the pumping of adult fish, primarily shiners.
The Monroe data base often lists adult fish as being found in the entrain=
mant samples (see Table 11}. tocating the sampling pusy intakes in the
turbulent areas immedistely behind the intake screens would also probably
result in reduced gear avoidance and more effective gampling of entrainsd
organisms.

d. Sampling in the secondary intake canal. The reason for conducting
gampling in the secondary intake canal at stations A and J-M (refor to
Figure 4.4-1} is not explained in the 316(B). One-way ANOVA's [based on
petroit Edison's counts transformed by lu-gm {x + 1)) show that for fish
larvae of all species combined there is a significant difference (P = 0.05)
betwesn daily entrainment estimates based on samples from the main intake
canal and those based on samples from the secondary canal (Table 12).

Mean estimates for the entrainment of larvas of other commonly entrained
species, except catfish (Table 12), and for the entrainment of eggs of all
species cosbined (Table 13} were alse considerably greater from the main
intake, although the differences were not significant at the F = 0.05 lovel.
For macrozoobenthos, the mean gstimate from the secondary canal was nigher
thar that from the main intake, but this difference was also not significant
at P = 0.05 (Table 1l4). The differences in the kinds and numbers of
organisms collected in the two intake canals may have besn due to the
horizontal stratification of the intake water previously discussed.
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e. Sampling in the discharge canal. Sampling for entrained organisms
in the discharge was done by Detroit Ediscn at stations W-2, which were
approximately 305 m (1,000 ft) downstream from the point of condenser
discharge at the junction of the overflow canal with the discharge canal
(see Figure 4.4-1). NKo reascn was given in the 316(b) for selecting this
sampling location. The 316(b) assumes 100% mortality of entrained organisms;
discharge samples therefore were not necessary for estimating mortality
through the plant. If discharge samples were taken to estimate the kinds
and numbers of organisms entrained, the samples should have been taken
close to the point of condenser discharge before the organisms in the
discharge water began to stratify vertically. This is especially critical
because, as discussed previously, the greatest depth at which 316(b) samples
were collected was 3 m (10 fr); but according to Cole (undated (a) and
Detroit Edison 1976(b)), dapths in the upper discharge canal vary from
approximately 5 m (15 ft) to B m (25 ft). ©Cole (1977) calculated that
at full plant cperation the passage time through the overflow canal is
20 min. At a mean plant capacity of 55.8% (Table 3.3-2 of the 316(b)),
the passage time is approximately 36 min. An organise that was discharged
into the surface waters at the head of the overflow canal would only nead
to settle at & rate of approximately 0.3 ft/min (10 ft/356 min) to be below
the 3-m (10-ft} depth at the end of the overflow canal and to be invulnerable
to collection in the entrainment samples.

Counts from Detroit Edison's daily entrainment data sheets for the 13
days in April and May 1976 when all four discharge stations weare sampled
sipultaneously (Table 15) show that the average number of fish larvae
collected from 3 m was higher than that collected from 1 m. This suggests
that vertical stratification may have occurred in the overflow canal upstream
from the sampling stations, and a paired t-test (one-tailed) conducted
on the counts [transformed by 1’“‘1# {x + 1}] supported this interpretation
at P = 0,07, but not at P = 0.05.

3. Schedule

The entrainment data in the 316(b) is based on sasmples taken from
mid-April 1975 through mid-May 1976 (refer to 3l6(b) Table 4.4-1 presented
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Table 15. Variations in numbers of fish larvae

collected at l-m and 3-m depths in diszcharge
canal (actual counts from Detroit Edison's
daily entrainment data sheets).

Depth

Date i1m im
4/20/76 20 30
4/27/7% 13 11
4/28/78 5 20
4/30/76 B 43
5/04/76 3 105
5/05/76 o 8
5/07/76 2 34
5/08/76 73 16
5/09/76 12 B
5/11/76 7 8
5/12/76 6 3

5§/15/76 2 [
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on p. 43). Detroit Edison's daily entrainment data sheets show

that an average of four samples (range of 1-6) were taken each week from
April to December 1975; an average of two samples (range of 1-4) sach weak
from December 1975 to mid-April 1976; and an average of three each weak
{range of 1-5) during the month of mid-April to mid-May 1976. No samples
wers collected during the weeks of December 7-13, 1976, and February 15-21,
1876.

A major concern with the 316(b) entrainment sampling schedule shown
in Table 4.4-1 is the nonsystematic manner in which the sampling effort
was distributed among the stations: from April to December 1975, samples
were collected only in the discharge canal (stations W, X, ¥, Z) and at one
station (A} in the secondary intake canal (seo Figure 4.4-1 on p. 42 for
station locations); from December 1975 to April 1976, samples were collected
in both the main and secondary intake canals;and from April 15 to May 15, 197&,
sampling was conducted sisultanecusly in both intake canals and the discharge
canal.

Cme-way ANMOVA's of daily estimates calculated from the daily entrain-
ment data sheets [counts transformed by lugm {x + 1}] show that estimates
based on discharge samples differed significantly (P = 0.05] from those
based on intake samples for many of the taxa considered (Tables 16-18)
and that the direction of the variation differed among groups of organisms.
Entrainment estimates for the larvae of perch and freshwater drum are
significantly higher from the intake samples than from the discharge
samples, while estimates for catfish larvae are significantly higher from
the discharge (Table 16). The mean estimates for the larvae of smelt,
clupeids, and all species combined were lower from the discharge than from
the intake, but the differences were not significant at P = 0.05. The mean
estimate for the eggs of all species combined was significantly higher
from the discharge samples at the P = 0.06 level but not at the P = 0.05
level (Table 17). &All of the commonly entrained benthic organisms except
Hydropsyche were significantly more abundant (P = 0.05] in samples from
the intake (Table 18).
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puring the period of April to Decembar 1975 when the main intaks canal
was not sampled (refer to Table 4.4-1), Detroit Edison based entrainment
estimates on samples from the secondary intake canal and the discharge
canal. As discossed above, entrainment estimates for several specias of
fish larvae based on samples from the secondary intake and the discharge
are lower than those from the main intake (Tables 12 and 16) . Thus, when
only these two groups of stations are used, entrainment is underestimated.
fven when ths main intake canal was sampled during spring 1976, the monitoring
esnded in mig-May. RAvailable avidence, including 316(b) Figure 4.4-2 shown
hulw‘—"". indicates that the larvas of BOSt westemrn take Erie fishes are

- LY o e s, P T Tk TR
| m
:
1%
I FrT =
B
! prero
H-‘.lp—'lu-"ql-ullhl :-hl:i - |M-Ihrur |-u-l
wm w
AT L, RO, TR
S
DETROIT EDISON
___Hl:llf-l.ﬂE POWER PLANT
FigusL 463

TOTAL TNTRARILATIO sumARE R1 DF
PEIN LARYAT ENTRAISTD DN & WETALY
BALE AT THE MONROE FOWER FLANT

E"'Hr'l‘l'm data in Figure 4.4-21 are displaced to the right by 2 weaks. For example,
gable 4.4-2 of the 316(b) (shown on the following page) and the daily
entrainment data sheets indicate that peak larval entrainment pecurred
during the first 3 weeks of June 1975; whereas Figure 4.4-2 shows that
peak entrainment occurred during the last 2 weeks of June and the first

week of July 1975.
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most abundant after mid-May and therefore would not be adegquately represented

by samples taken according to the 316(b) schedule (Cole 1977, Cole, undated (b);

Patterson, undated; Herdendorf et al. 1976).

The reliabilicy of the 3116(b) estimates of egg entrainment is also
in gquestion. Detroit Edison stated that they only used data from intake
stations in the calculation of egg entrainment (refer to Section III-B=2)
because they were concerned that spawning may have taken place in the
discharge canal. Therefore, during the period of peak egg abundance, the
316(b) estimates of egy entrainment are based on samples from only Station A
in the secondary intake canal (refer to Figure 4.4-1 on p. 42 and Table 4.4-1
on p. 43 ). We consider this to be inadequate because the mean dafily
estimate of egg entrainment from the secondary canal was lower than that
from the main intake canal, even though the ANOVA (Table 13) failed to
support this argument at the P = 0.05 level. Tha 3116(b), however, did not
demonstrate that collections made at the one location in the secondary
canal accurately represented the entrainment of fish eggs.

B. Data Analysis
l. Fish larvae
a. Verification of 316(b) estimates. The method used for calculating
the numbers of larvae entrained is given on 316(b) p. 4.4-1 as follows:

In order to ately describe larval fish sntraineent, nusbers collected
for all ape nd for selected individual species at each atation were
graphed againat time. WYarlability fros station to station was such that
trends were obscured. If was therefore decided that a mean density of

all sampling ataticna would best describe actual entrainsent within a
particular saspling week. Therefors, nusbera of Tish larvae collected at
each station for each 24-hour saspling perlcd were pooled to caloulate a
total for each saspling week. The tobtal was divided by the number of
eollscticons and by the voluse of water filtered. Flant [low for the
sampling week was then multiplied by the denaity to give total entrainment
for sach week. This procedure waa repeated for each species.

This reduces to the following formula:

Musber of fish larvas sntrained _ Musber of larvas collected
werk mumber of stations sampled X [volume saspled/station)

I plant flow for weak

L)
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Our estimates of the numbers of fish larvae entrained, based on the
316(b) ealculation above and on counts from the entrainment data sheocts
(Table 19), agree closely with those in Table 4.4-2 of the 316(b), shown
ocn page 62 of this rﬂwrl:.y piffersnces botween the two sets of weekly
gstimates in Table 19 and Table 4.4-2 are minor, and the annopal estimates
differ by only 0.7 million, or approximately 3% (Table 20). Any discrepancies
between the two sets of estimates in Table 20 are probably due to illegibiliry
of the daily entrainsent data sheets or to a minor difference in the method
used to calcolate weekly plant flow, To determine the weekly flow, we
caloulated the mean plant flow {cfs) for the sample days in the given
week and extrapolated that value to a weekly total flow, whereas the manner
in which Detroit Edison calculated its plant flow walue is not given in
the 316(b). The estimates, however, presented by week in Figure 11, show
the same general pattern as that in Pigure 4.4-2 of the 316(b). The most
apparent difference occurs in the second week of June, when our estimate
is 19% lower than the 316(b) estimate. The 316(b) shows the entrainment
peak in the firat wesk in June (refer to Table 4.4-2), whereas our estimates
show the greatest entrainmant occurring during the third week in June.

Cole's {1977) estimate of annual larval entrainment at the Monroe
plant during 1975 (144.5 million larvae with 95% confidence limits of 59.4
million and 232.2 million) is almost seven times the 316(b) estimate for
May 1975-May 1976. Cole's estimate may be higher because it is based
on samples collected throughout the entire water column rather than only
in the upper 3 m (refer to discussion of Detroit Edison’'s sampling depths
in Section III-A-2).

Il”ll'.u most cases, the daily entrainment data for all groups of organisms
(Fish larvae, fish eggs, and macrozocbenthos) could be normalized by a
lm;m {x + 1) transformation (refer to Appendix D). However, in order
to verify the 316(b) estimates, which were based only on the untransformed
arithmetic data, entrainsent estimates in the present report are also
based on the untransformed counts for comparison. Larval entrainment
estimates based on the log, . (x + 1) transformation are presanted in
appendix E, Table E-2. The transformation reduces the annual estimates
by approximately 60%.
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Table 20. Copparison of woekly and annual estimates of entrainment of
fish larvae, as shown in Table 4.4-2 of the 316(b) and Table 19 of the

present report. H.5. = no sampling.

pmber of fish larvas entrained

Shpber of Ti8% LATVAS — ————
Fresent Teport

BAMTFLING WIEX A6(b) + sampling erres
April 06-12 L) L]
13-1% n,An 1), k6B L]
10=-28 ] o
17-03 BE9 26,159
Fay 4-10 12,316 LAi 61,970
11-17 431,131 495,769 634,435
;g:;i E.Tll 261,517 136,373
1 2,901 [T 57
Tome OLOT | TESA 07 T H.s:s’:Tﬁ%:%!T_
OB-14 4,713,216 1,822,850:1,730,172
15-21 4,620,597  4,924,918=2,519,0&2
22-28 1,851,750  1,831,6772 995 .328
19-05 1,881 BE3  1.881,633=1,05
July O8-if 667,512 75,430z 497,718
13-1% 301,287 303,645 207,185
20-26 741,408 137,958 123,872
27-02 105,95 g81= 78,323
dug. 009 015 b9,.80l= 83,709
10-18 LTS &S, GA6: 42,583
17-23 10,428 10,578 16,462
4-30 33,788 55,780= 50,755
31-06 50,208 50,202= 51,883
Fepr. O-1 10,893 10,535z 24,083
1k=20 ] Q
21-27 ] o
28-04 ] o
Oet. G5-11 [F] [
13-18 5,980 6,510 18,7M
18=23 L] o
26-01 <] o
. 02=04 a []
08=1% o ]
18-22 o ]
1315 o o
=04 o L]
Dwc. Q7-11 W5 -
1é=20 ] ]
n-1 o L]
TE=00 ] 1]
. oe-10 [] ]
11-17 [] Q
18=24 [] ]
511 ] o
[1] [
DE-14 ] o
15-21 M.5. =
1318 ] ]
%-04 a ]
Faxch 0i-1] [] []
14-10 o o
21-27 ] L]
28-03 282 253,002 119,017
April Da-10 ~ 7,008 8,57k b,097
11-17 6,439 7,725 8,448
18-24 241,888 241,996 79,802
2800 __M__w.f.gﬁ_gi};——
Bay 0i-08 365,158 57,2752 u.um
p5-1 &1.6%1 o0, B5I: 13,030
Total — FI,910,487 1,017,182:5 819, 6es
Last 51 weeks 21,992,679 20,741 ,473e4 581,350
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B. Statistical analysis of larval entrainment astimates. According
to our annual estimates for Hay 1975-May 1976, approximately 44% of tha fish
larvas entrained were clupeids, 24% wers yellow perch, 9% were freshwater
drum, and By were unidentified (Table 21}.

Although the 95% CI's for many of the weekly larval entrainment
gstimates include zero [refer to Tables 19 and 20}, the annual ostimates
for many taxa show a fairly high degree of precision. sampling erroxs
{(at P = 0.05) as percontages of the annual entrainment estimates for total
larvae and for clupeids, cCarp. and channel catfish (sampling errors of
22, 29, 47, and 35%, respectively; Table 22) meet the EPA [1977) recom—
mendation that such estimates have sampling errors that are no larger than
g0y of the estimate. For all other taxa, shown in Table 22, the sampling
errors are larger than 50% of the estimate, and several exceed 100W.

The confidence intervals indicate that the portions of the population
of entrained larvas (all species combined] present at l-m and 3-m depths
in the intake water were sampled intensively enough to provide reliable
estimates of the nusbers entrained from these strata. However, weo do not
believe that these samples are representative of the population entrained
at depths greater than 1@ in the intake canal (refer to section ITII=-A-2].

Correlation analyses were conducted to compare our daily entrainment
estimates for fish larvas [based on counts from the daily entraimment
data sheets transformed by lngm {x + 1}) with the river and lake components
of intake flow (Table 23). The only significant (F = 0.05) correlations
found wers those of clupeid larvae and the larvae of all species combined
with the lake component of intake flow.

2. Fish eggs

a. WVerification of 316(b) estimates. The method used by Detroit
gdiscn for calculating the numbers of eggs entrained was similar ta that
used for larvae (Eg. 7], &8 gtated on 316(b) p. 4.4-1:

ldentical caleulations were made for Tish egEA, with one exception: flah
egz samples included in the analyses were from the Intake sampling only.
Thne sxclusion of discharge sssples waa neceasary because of probable
contasination of these sasplea By fish decompoaition at the intake and
sluiceway baskets and by the spasning of certain species ip the diacharge
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Table 21. Percentage composition by taxen of fish larvac entrained annually.

Composition of entrained

Taxon larvae (porcent)
Clupeidae 43.6
Smelt 3.4
Northern pike 0.1
Goldfish 1.5
Carp 2.3
Emgrald shiner 0.8
Spottail shiner 0.1
White sucker 0.1
Channel catfish 3.5
Brindled madtom 0.1
Brook silverside <0.1
Trout-perch 0.1
White bass 1.8
Lepomis sp. <0.1
Yellow perch 23.9
Walleye 1.8
Logperch 0.2
Freshwater drum B.B

Unidentified 8.1
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Table 22. Sampling errors for annual fish larvae entrainment estimates,
expressed as percentages of those estimates. Sampling error =
absolute valus of t.v at P = 0,05 significance lewvel, where t =
Student's t-statistic, .- standard error.

Taxon Sampling error (percent)
Clupeidae 29
Smelt 78
Norchern pike 135
Goldfish 76
Carp &7
Emerald shiner 91
Spottail shiner 200
White sucker 200
Channel catfish 35
Brindled madtom 200
Brook silverside 200
Trout=perch 95
¥White bass 35
Lepomis &p. 142
Logperch B5
Yellow perch bé
Walleye 71
Freshwater drum 80
Unidentified 59

Total larvae 22
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iIn many cases, the estimates af the numbers of eggs entrained {Table 19},
as caleculated in the present report from the daily entrainment dats sheets
by the method deseribed in the above 316(b) excerpt, differ considerably
from the estimates in Table 4.4-2 of the 316(b). For example, as shown
in Tablas 24, the estimate for the last week in June i{s three times the
316(b) estimates and the astimate of annval egg entrainment {27.5 million
eggs) is more than twice the 316(b) estimate (13.1 million eggs)Y. The
disagreement betwean the two estimates has been traced to an apparent error
in the sample volume used by Detroit Edisen to calculate mean egg density
in the intake water. Detroit Edison conducted entrainment sampling in both
the intake and discharge canals {refer to Section II1-A-2}, but because
of concern that spawning in the discharge canal might have contaminated
the discharge samples, only samples fros the intake canal were used in
estimating egg entrainment (refer to above excerpt from p. 4.4-1). The
data in Table 25 suggest, however, that Detroit Edison calculated mean egg
density by dividing the number of eggs found in samples from the intake
gtations by the volume of water collected at all statiocns (intake plus
discharge stations). When entrainment is computed in this mannez, the
results obtained correspond closely to those presented in the 316(b), as
shownm by the examples in Table 25. The 316(b) estimates are thus serious
mdsrestimates of egg entraimment. For the weeks when the estimates are
fairly similar, no data were collscted at the discharge statioms, and the
error did not occur.

petroit Edison's assumption that the sntrainment samples collected
at the head of the discharge canal were contaminated by spawning in the
discharge canal does not seem o be supported by the Monroa data base.
Although ripe, spawning, and spent £igh and large numbers of fish larvae
have been cbserved in the upper discharge canal (Cole 1976; Melson 1975},
none have been reported for the overflow canal upstream from the point
where the discharge entrainment samples were taken (refer to discussion
of sampling locations in saction III-A-2).

Eﬂ"t:r_l.mr.u are based on Detroit Edison's untransformed coumts in order To
wverify the 316(b) estimates. Egg entrainment estimates based on the
counts transformed by lugm (% + 1} are presented in Appendix E, Table E-2.
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Table 24. Comparison of weekly and annual estimates of entrainment of
fish eggs as shown in Table 4.4-2 of 316(b) and Table 12 of the
present report. M.5. = no sampling.

Eﬁyntﬂﬂluﬂauﬂnhﬂ
Pressht report

SAMPLING WEEK &bl # sampling esror
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1319

0-76

1 0

Fay  04- FETLTE] 57093 6,590,708
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w2 | 11380 366,300s  BET 678
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15-21
-8
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o
o
a
12,539,198:33,0456,157

i
M
5

20-26
2702

nﬂﬂﬂﬂﬂnunbﬂnﬂﬂﬁﬁﬂﬂﬂﬂﬁﬁﬁﬂﬂﬂ

g
.

olooa ilooocoolcocoioooooooo@OOD

a

]

0

o
1-17 ' 10,413 10,798 11,587
EL] 16,738 AR
15-31 B ATH 9,194 19,174

[

16,740 17,358 34,73

a

<85

21-28 [ o
o
Q []

14-30 PRLTR] a.n‘l.u:: 5,008,534
[

58,990 45,850:  B&,400

85,3573 B3, 1 1,
] a
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i
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-
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The ANOVA conducted to compare the total numbers of eggs collected
at the intake and discharge stations showed more eggs at the discharge than
at the intake, with the difference significant at F = 0.06 but not ac
§ = 0.05 (refer to Section ITI-A-3 and Table 17). The data presented in
Table 26 as average numbers of eggs collected for each station at the
intake and discharge demonstrate the greater numbers of eggs found at the
discharge stations. If spawning occurred in the discharge canal, however,
eggs should have been collected when the temperature of the water in the
discharge canal was within the range for spawming of the given species
and that spawning temperature would occur earlier in the discharge canal
than in the intake canal, Clupeid eggs, however, were not found earlier
at the discharge (Table 26). When they did appear in the discharge collections
the water temperatures were B3-83°F, which are above the maximom spawning
temperatures for either alewife (82"F) or gizzard shad (72°F), while intake
temperatures during this period were within the normal spawning range for
these species (Edsall 1970; Bodola 1966). Smelt and yellow perch oggs were
collected first in the discharge; however, water temperatures in the
discharge canal were BO°F and above, while maximum ppavning temporatures
for perch and smelt are approximately 55°F and 65°F, respectively (Cole 1976;
MWRC 1975a: Scott and Crossman 19731). The intake temperatures listed in
Table 26 for 1975 were alsc above the maximum spawning temperature for perch
and in late May were also abowve that for amelt. Intake temperatures, hOWeVer,
may have been measured at a point where warmer river water had mixed with
lake water from which the perch and smelt eggs would have originated.

Although some species undoubtedly spawned in some portions of tha
discharge canal downstream from the discharge sampling locations, the
evidence in Tahle 26 suggests that the eggs cbserved in the discharge
samples are not the result of spawning upstream from the sampling points.
More eggs may have boen cellected at the discharge stations because the
water mass at the saspling stations in the discharge canal was more thoroughly
mixed and therefore a greater portion of the entrained eggs Was in the
upper 3 m of the water column where they could be collected (refer to
Section TII-A-2). If the samples taken at the head of the discharge canal
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Tabls 26, NWuosbar of eggs collected per station at intake (2] and discharge (0],
from Detroit Edison's dally entrainsant data shests. Dashes = Cespearatore
mot peported in Table 3.3-1.

u:t::;nl Husber of egol
(*F] Clupaids Yellow perch Emalt
pats & 1 o 1 ] 1 o

1975

May 1 56 80 Q o o o o 2400

3 o = ] [ o o a o

7 &2 a7 o o o L 47 230

13 = - & o o 4 a L]

14 - - ] o ] ] ] 0

15 =) = a4 o Qo a o o

16 €3 83 o o o 171 o 43

0 L] Bd -] 270 a 141 o ]

n L] 87 L o o 1) a o

a & a3 4 867 4z 170 o o

23 4 LLJ i 7 ] o o -]

FL] 70 83 ] n7 o -] o o

o T2 85 @ 18 o o o o

0 73 s o 105 ] 2 o ]

June 3 L 8 p A L] ] 205 B 625

4 69 LE] 24 70 a 240 o ]

5 70 B3 ] ki L] w2 o Q
1976

April 10 54 n o ] o o 270

Hay 4 LT3 -n [ o o o 675

gﬁuitlbh 1.3-1

yni.m tempuraturel are actually tesperatures at the condenser outlet.
pigures 1.7-4 through 1.7=6 of the Thermal Discharge pesonstration for the
Monros plant (Detroit Edison 1976b) show that there is little temperaturs
decay betwean the point of condenser outlet and the saspling locations at
the head of the discharge canal .
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(see Figure 4.4-1 on p. 42 ) were used in addition to those taken at the
intake stations in order to calculate egg entrainment, the annual estimate
for total egg entrainment would increase from 27.5 million to 96.9 million.
The larger number of eggs in the discharge may have also bean due, in part,
to decomposition of fish in the screenwells as mentioned on p. 4.4-1 of the
316(b) and to the release of eggs from impinged fish.

b. Statistical analysis of egg entrainment estimates. Of the approxi-
mately 27.5 million fish eggs entrained during May 1975-May 1976, about
18.7 million or &8% of the total were not identified taxonomically (Tables
19 and 27). ©One large group of unidentified eggs (about 4.7 million) were
entrained during January-March 1976 (Table 12) and, as indicated in the
316(b) ; may have boen the eggs of burbot, smelt, or walleyes. A second,
larger group of unidentified eggs (about 12.5 million) was entrained
during the last week of June 1975 (Table 19}; many of these may have bean
the eggs of freshwater drum. Although no drum eqgs were identified, approxi-
mately 9% of the entrained larvae were drum (Table 21), suggesting that
drum eggs may have been presant in the Monroe area. Because drum eggs
are buovant (Davis 1959), they are probably guite vulnerable to sntrainment
and to capture by the sampling methods used by Detroit Edison.

Based on calculations from Detroit Edison's dalily entrainment data
sheats, 31% of the annual total number of eggs entrained were identified
as clupeid eggs (Table 27). Yellow perch eggs comprised only 1% of the total
and were collected at the intake on only 1 day (May 22, 1975) during the
sampling period (Table 19; 316(b) Table 4.4-2). Because perch eggs are
demersal and embedded in large, gelatinous masses that help anchor them
to the substrate, none were likely to be in the upper 3 m of water where
the intake samples were collected. Howewver, several notations on the
test screonwell tally sheets (for April 1976) indicate that ripe perch and
eggs (presmmably yellow perch) were found on the traveling screens and
in the collecting pool (see examples in Table 28). Entrainment of perch
eggs could probably be estimated fromthe number of egg masses impinged
an the intake screens.
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Table 27. Percentage composition by taxon of fish eggs entrained annually.

Composition of

Taxen &ggs entrained (percent)
Clupeidas 1.0
Carp <0.1
Burbot 0.1
Yellow perch G.9

Cnidentified 67.9
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Table 78. Examples of Detroit Edison's test screenwell tally sheets
showing eggs cbserved on test Scresns and in holding pool. * =
correction made by GLFL.
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A1l of the 95% CI's for the weakly entrainsent estimates for total
fish eggs (refer to Tables 19 and 24} and for the annual estisates for each
taxon (Table 29) include zero and do not mest the EPR (1977) criterion of
8 maximum sampling error of 50%. The great variability in the estimates
of weekly numbers of eggs entrained is further illustrated by Figure 12.
These measures of precision are based on petroit Edison's data which are
gubject to a degree of error due to the limitations of the collection
methods (see Section ITI-A).

correlation analyses conducted to compare daily estimates of total
egg entrainment [based on logm {x + 1) transformation] with the river and
lake components of intake flow showed no significant correlations with
either component (P = 0.03).

3. Macrozoobenthos

a. WVerification of 316(h) estimates. The 316(b) presents daily
estimates only for the period of April-Septesber 1973 (Table 4.4-3).

The method used by Detroit Edison to calculate the estimates apparently

was similar to that used for fish larvae (Eg. 7)., except it was based

on daily, instead of weekly, counts. In most cases, the estimates, based
on the counts from the daily entrainment data sheets, agree closely with
the 316(b} estimates (Table 30). Both sets of estimates, however, are
subject to the limitations of the sampling methods discussed in Section
III-A. The greatest number of discrepancies between our estimates and those
of the 316(b) occurs in the estimates for chironomids, where only 74%

of our daily estimates are within 5% of the 316(b) estimates. The remaining
gstimates are up to 1364 higher than the 316(b) estimates. Also, in some
cases whers Detroit Edison shows that no organisms were entrained, the
daily entrainment data sheets revealed that organisms actually were collected
in the entrainment samples (refer to Table 30, August 12-13).

The 316(b) presents no monthly or anfual estimates for the entrainment
of macrozoobenthos. These estimates were calculated for 1975-76 (Table 31)
using the following equation:

Sum of daily estimates/month
Sum of daily eStimARes/EOR=" y pymber of days in month = Numbsr entrained
Kumber of sampling days/month ¥ -——-—-—-—*mth

(3]
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Table 29. Saspling errors for annual fish egg entrainment estimates,
expressed as percontages of those estimates. Sampling error =
absolute value of ts  at P = 0.05 significance level, where t =
Student's t-statistie, a' = standard error.

Taxon Sampling error (percent)
Clupeidae 136
Carp 200
Burbot 200
Yellow perch 200
Unidentified 133

Total eggs 106
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Estimates, based on counts from petroit Edison's daily entrainment data
sheets, show that 55.6 million organisms were entrained from May 1975-
april 19762, Of these, 77% (42.7 million) were chironomids. Chi ronomid
entrainment was highest im July {14 million) and lowest in Movember
(0.2 million) -

cole (1977) ostimated chirenomid entrainment at 700,000 a day or 155.5
million a year, which is six times pur estimate based on Detroit Edison’s
data. Cole's estimate is probably higher because he sampled deeper in the
water colusn than Decroit Edison did [refer to Section III-A-2 of this
report). Cole states that even his estimate is low because his deepest
samples, in which most of the chironomids were collected, were still 2 m
or more above the bottom.

b. sStatistical analysis of macrozoobenthos entrainment estimates.
The annual totals for the most commonly entrained taxa can be astimated
with fairly high degressof precision (Table 32). For exampple, the sampling
arror for the total of all species cosbined is only 12% of the estimate
and that for chironomids is 15% of the annual estimate. However, for
uncommon organisms, such as Pelecypoda, the 25% CI's include zeroc (Table 31].
These confidence intervals, however, apply only to the population sampled
at the 1-m and 3-m depths and, considering the sampling deficiencies discussed
in Section III-A, are probably not representative of the entire entrained
population.

Correlation analyses were conducted to compare daily estimates of
the macrozocbenthos commonly entrained [based on lagm {x + 1) transformation|
with the river and lake components of the intake flow (Table 33). Simuliidae
(plack flies) show a highly significant (F = 0.01) positive correlation with
river flow and a highly significant negative correlation with the lake
component. This suggests that the black fly larvae, filter feeders which

ymn gstimates are based on untransformed data. The estimates based on
counts transformed by lugm {x + 1) are presented in Appandix E, Table E-3
and are approximately 30% lower than those based on untransformed data.



rable 32. Sampling errcrs for annual macrozocbenthos entrainment estimates,
expressed as percentages of those estimates. Sampling error = absolute
value of ts , at P = 0.05 significance level, whers t = Student's
t-statistie, ., - standard error.

Taxon Sampling error (percent)
Gamrarub 44.8
Chironomidae 15.2
Chaoborus 49.0
simuliidae 16.3
Ephemeroptera 14.5
Hydropsyche 17,3

Total macrozoobenthos 11.9
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anchor themselves to the substrate in areas of strong current (Fennak
1953), became detached from the substrate during pericds of high river
flow and were thus vulnerable to entrainment. The other taxa examined
show significant positive correlations with the lake portion of the intake
flow [total macrozocbenthos, chironomids, and Hydropsyche at P = 0.01;
Gammarus at P = 0.05). The only surprizing result is the highly significant
correlation betwsen the lake component of intake flow and the entrainment
of the caddisfly Hydropsyche, a genus usually classified as an obligate
stroam form (Hynes 1970; Wiggina 1977; Borror and Delong 1964). Detroit
Edison did not identify the particular species of Hydropsyche entralned:
however, according to Wiggins (1977), one species (H. retrocurva) has been
found along the shore of Lake Michigan, and Y. retrocurva is possibly the
species that was entrained.

4. Zooplankton

The 316(b) pressnts no data on the entrainment of zooplankten by the
Monroe plant. However, Detroit Edison's daily entrainment data sheets
indicate that Leptodora was frequently cbserved in the samples collected
from mid-June to mid-ODctober 1875, but no guantitative informatiom is
given on the entrainment of any zooplankton species.

The zooplankton present in the vicinity of the Monroe plant (Cole
1976, 1977) and probably entrained are listed in Table 34. FRotifers were
9 of the 12 most abundant taxa listed by Cole (1976). The most recent
gquantitative density data for the intake site are 1975 estimates from
Cole (1977) which show that the zooplankton were composed of 77% rotifers,
12% cladocerans, and 11a copepods (Table 35). These data are in reasonable
agreement with 1974 data, presented in Detroit Edison’s Thermal Discharge
pemonstration for the Monroe Power Plant (Detroit Edison 1976b), which
show that the zooplankton was 73v rotifers, 19% copepods, and 8% cladocerans.
Although rotifers were numerically dominant in the zooplankton, cladocerans
comprised 74% of the blomass (Takle 15).

An estimate of the biomass of total zooplankton entrained annually,
made on the basis of a mean biomass of 85.5 ug/l at the plant intake
{Table 35} and the mean cooling water use rate of 2,086 cfs during
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Table 35. Mean annual abundance of zooplankton at the Monroe plant intake
in 1975. Data from station 1B of Cole [1977) .

Number/ FPercentage ug/ Percentage

Taxon liter of total liter of total
Rotifera 108.0 76,9 10.2 11.9
Cladocera 16.5 11,6 61.4 74.2
Copopoda 16.2 11.5 11.9 11.9

Total 141.7 B5.5
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April 1975-May 1976 (Table 3.3-1 of the 116(b)}}, is approximately 159,000 kg

{175 tons). At the maximum eooling water use rate of 3,248 cfs, approximately

247,000 kg (273 tons) of zooplankton would be entrained.

Zooplankton density is negligible in the winter, and nearly all
entrainment occurs from April to Hovesber (Malepa 1972; Cole 19771 . MHost
of the entrainment would ccour during summer and early fall when the popu=-
lation peaks (Halepa 1972; Cole 1977) and when intake flows are highest
{316(b) Table 3.3-1).

According to Cole (1977), the gooplankton entrained by the Monroe
plant could originate anywhere in the western basin, but the majority
is probably drawn from the southwastern coImer.

C. Evaluastion of 3l6(b) Impact Analysis

1. Fish larvae

petroit Edison used two approaches for analyzing entrainment impact
in the 316(b}.

a. The first approach assumes 100% mortality of entrained larvas
and estimates the percentage of the larval population entrained by the
following equation:

inad annual number entrained
peficentacs: WILER: = standing stock estimate

{1

The standing stock estimates of fish larvae were calculated in the
316(b} using data from CLEAR, the Center for Lake Erie Area Research
(Herdendorf et al. 1976), and from MONR (M4RC 1975b, MWRC unastedt) ,
We compared the data in 316(b) Tables 4.2-21 through 4.2-31 with that

in the above references, and the few discrepancies found are listed in

H:'-"":'hlau WoME data are referenced in the 116(b) as 1976 unpublished data from
the Institute for Fisherles pasearch. The Institute, however, has no
record of these data, and the report forwarded to us by the MINR as
the source of these data {in addition to the computer printouts) is

undated.
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Appendix P. These discrepancies result in only minor errors in the popu-
lation estimates pressnted in Tables 4.2-21, 4.2-29, and 5.3-1 af the 316(L) .
Four points of concern, however, were uncovered in relation to the 316(b)
standing stock estimates:

1] MDNE and CLEAR used nets with different mesh sizes (471-u and
760-u , respectively) for collecting larval samples (MWRC undated;

C. E. Herdendorf, personal communication, August 31, 1977}, and these nets
may have sampled the populations of larvae with different efficiencies.

2} Detroit Edison compared its entrainment data, which were collected
with ¥enco pumps, to the MONE and CLEAR data, which were collected with
plankton nets. Becaupse Xenco pumps have been found less effective than
nets for collecting fish larvae (refer to p-40), the percentage of the
larval population entrained is probably underestimated.

3) The 316(b) used data from only six stations (Stations B-10 on a
transect north of the plant and Stations 11-13 scuth of the plant) of the
17 offshore stations sampled by the MDNR. Figure 13 shows the six stations
considered in the 316(b) in relation to all of the stations used in the
sonR larval fish survey. The transect south of the plant included all three
dopth zones sampled by the DMRE (0-12, 12-24, and 24-30 ft). The northern
transect, however, includes one station (10} in the 24-30 £t zone and two
staticns (B and 9) in the 12-24 £t zrone, but not Station 7 in the 0-12 ft
zone. The lake voluses for the aresas represented by MDHR Stations 7 and B
were probably combined to yield the Station B volume in 316(b) Flgure 4.2-5.
The densities of larvae at MDNR Station 7, however, were not included in
the data presented in 316(b) Tables 4.2-22 through 4.2-27. If the data
from Staticn 7 had been used to estimate larval densities at 316(b) Station
8 (mean of densities at MDONR Stations 7 and B), the densities and therefore
the abundances in that gquadrant would have been lower for all the species
considered except yellow perch, which would have increased very slightly.
The saximum reducticn would be for the larvae of freshwater drum, none
of which were collected at MDNE Station 7.
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4) Detroit Edison presents data on larval fish densities from Cole
{1976) in Tables 4.2-30 and 4.3-31. Cole‘'s survey was the only one to
include stations in the Raisin River and the mesh of the collection not
used by Cole (541-y) was more similar in size to that used in Detroit
Edison's entrainment monitering {§71-p} than the mesh used by gither MDNR
or CLERR. Cole's data, however, were net used for estimating standing
stocks or entrainment impact, and no reason Was given in the 316(b)for
sxcluding his data.

b. The second approach used by Detroit Edison to evaluate entrainment
impact assumes 100% mortality of entrained larvae and projects this loss
to an equivalent loss of adults by means of the following fecundity-based
model presented on p. 5.3-2 of the 31&6(b):

LL = !] I]i,m_—ul.-

2L = LE
LA

whare:
LA = larvae producing one spavning adult °
F = fecundity of a speclea (ser Secticn 8.2)

M = percent egg mortality sapressed as & decimal
84 = spawning mdults potentially lost through entrainsent

of larvae
LE & larvas sntrained.

The sbove model, a variation of the Horst eguivalent adult model (Horst 1975) ,
is very simplistic and considers only egg mortality. LA, which is calculated
from fecundity and egg mortality values, is in fact only the proportion of
eggs hatching and thus represents only the youngest larval stage. LA is

then compared to the number of larvas entrained, which includes all larval
classes. Decause the mortality of larvas between the time of hatching and
the time of entrainment is not econsidersd, the analysis is not valid, and

sh is likely to be an extreme underestimate of the number of adults lest

dus to the entrainment of larvae.
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petroit Edison does not describe how the fecundity (F) values used
in its model were derived. The fecundity value should be equal to the
total number of eggs produced by an average adult female throughout her
lifetime (Goodyear 1877, Horst 1975). Apparently, the fecundity valuo
used in the 316(b} ecalculations represents only the number of eggs spawned
by an average adult female in 1 year. Also, because fecundity values are
specific to a given population, some of the values apparently used in the 31&(b).
which were taken from the literature and presentedon pp. 4.2-1 through 4.2-15
of the 31&6(b), might not be representative of the fish populations in
wostern Laks Erie.

2. Fish eggs )

pDetroit Edison evaluates the impact of egy entrainment by considering
the estimated numbers of eggs entrained as the equivalent number of adult
females required to produce the eggs according to the following equation:

number of eggs entrained
equivalent number of spavning females = mumber of eggs/spawning female

{11}

The 316(b) estimates of the numbers of spawning famales are low for two
reasons. First, ths erzor made by Detroit Edison in calculating the
nurbers of eggs entrained resulted in an underestimate of egg entrainment
(refer to Section III-B-2)} and secondly, the natural mortality of the
eggs from the time of spawning to the time of entrainment was not considered.
Also, the 316(b} does not give the source of the fecundity wvalues used
in the calculation (refer to Saction I1I=-C=1-b above) .

1. Macrozoobenthos

Although the 316(b) presents daily estimates of pacrozocbenthos entraln-
ment for April-September 1975 (see Table 30), it does not discuss the
impact upon the macrozocbenthos communlity. Significant mortalities of some
benthic organisms can oCcur as a result of exposure to chlorine, olevated
temperatures, and mechanical stresses during entrainment (Malco Environmental
sciences 1976, King and Mancini 1976, Ginn et al. 1974, Lauer et al. 1974).
Mortality can be guite high for mayfly larvas, which comprised 5% of the
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macrozocbonthes entrained at the Monroe plant (Takle 31]) and are important
food organisms for some fish species in Lake Erie (Frice 1963) . For example,
Stenonema sp., a mayfly entrained at Monroe, has been found to suffer 25%
entrainment mortality {King and Mancini 1976). The asphipods Gammarus sp.
and Pontoporeia affinis, which together comprised about 4% of the macro-
goobanthos entrained at the Monroe plant, are also killed by exposure to

high cooling system temperatures and to chlorine in the cooling water

(Ginn et al. 1974, Laver ot al. 1974, Nalco Eavironmental Sciences 1976} .
OF the 18 most abundant benthic organisms in the vieinity of the Monroe
plant, 14 were oligochaetes of the crder Tubificidae, as shown below in

Table 3-46 from Cole 1976.

Tabla 3-462 Liat of rochenthic snimaiy in
wrder of relative abuniisce.

Taxgeamic categary

Classitication

_ Foelor Clags. DEderoo

Bdmnodeilus hoffmaistari
Criroasus 4.
Lisnocdei lus perviz variont
Llmnadeilus namernais
Frocladic 15,
Bdemade] laa ourvis
Eammote ln il barrionas
bleodrilea ploperadioua
Coslatamge=s 0.
Bronchiunn amariyl
Liemadri lur profemdisels
Petatheir modmleais
Crypiashirmarsy LR
Ll low plurisata
Potamrthris wfdovaiyi
lodriles omerisows
Lot Lan plypessi
Bypasadem lar pocrinfud
Elossiphoni idas

Sphaeri idie

gy

Razagemia L7

[imldar

Asel 1 ider

Uit e

Bl imidin

Asnalidss Olipechests, Tubificidas
Arimropeda:  Insecta, Diptess
Anpalider Cligocharta, Tubificidas
assalidss  Cligocharts. TuBlfloidss
Arthropodss  Irsscis, Diptaras
Bexalife: Oligochasts, Tosificllss
Besalidey Oligochasta, Taslfisides
Sarwlida; Oligochasia, TuRificifss
&r podai Is e
Aanelida: Olipechasta, Tohifioidss
Annslidar Oligechasta, Tubificides
hnnelidas Oligschasts. Tekificidss
Mrihrogesls:  Insscna. Dipters
bnnslidsn Dligschasts. Tdificidss
Appaligs: Oligochasts. Tubificidss
bhenmlids: Cligschests, Tebdficldas
aeswlides Cligochasts, Tebificides

hapalide) OGligochests. Tablfiridss
Arraiida) Miradines, Eyyschobdeilids
mollsscs: Pelecypodsa, Pulassllibranchis
Arthropoda)  Crastspes, bephipods

LY N £
Arusrepods)  lrascta. Colesprers
Arthropods: Crastaces, lsopods
Mollesss: Pelerypods, Eulise]librasshis
Mollusss: Cavtropods, Memhusifsiels

Mpuspa 1-46 from cols, 9T
Hﬁlllllllﬂl.- wdded by GELFL.
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The oligochaetes comprised over 708 of the standing stock of macrozochenthos
in the vicinity of the Monroe plant (Table 36) but less than 0.1% of the
total organisms entrained (Table 31) and wers not used as food by any of
tha fish examined by Kensga and Cole (1375).

on the other hand, comparison of our annual entrainment estimates
{Table 31} with the most recent density estimates for macrozochenthos in the
wicinity of the Monrce plant [Table 36) shows that, although chironomids
make up less than 308 of the organisms in the area, they comprise 7% of
the total macrozoocbenthos entrained, which indicates that they are particularly
vulperable to entrainment. Chironomids are a major food for older fish
{Pennak 1951, Price 1963}, and in western Lake Erie juveniles (longer thas
30 mm) specifically select tWwo larger chironomids, Chironmomus and Procladius
{Cole 1977, Kenega and Cole 19753). The chironemids in the 316(b) were not
identified to genus; therefore, we cannot determine what proportioms of
these two genera wWere entrained. Mortality of chironomids at the Manroe
plant could reduce the amount of food available locally to fish: howaver,
chironomid mortality due to entrainment appears to be minimal (Jensen
et al, 1968; King and Mansini 1976).

4. Zecoplankton

The 31&(b) inclodes no discussion of the impact of zooplankton
entrainment at the Monroe plant {refer to Section ITI-B-4). tnder soms
operating conditions, mortality of entrained zooplankton is size related,
with a greater proportion of the large organisms, such as cladocerans,
being killed than the smaller forms (Cole 1977, Commonwealth Edison 1876} -
cole (1977) found that only cladocerans were peasurably affected by passage
through the plant. The largest cladocerans, such as Leptodora kindtil,
wore most severely affected because of thelr greater susceptibility to
mechanical damage and relatively long regeneration time. Cole [1977) found
that 60% of the Leptodora in the Monroe discharge were dead, while only 10%
were dead at the intake. This mortality estimate was based on samples taken
during July &9, 1976, when the discharge temperature was probably higher
than S0°F. Temperature data for the Monroe plant in 1975 (316(b) Takle 3.2-1)
shows that on July 3l-Rugust 1, 1975, the temperature of the cooling water
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Tahle 36. Density of benthic invertebrates in the vicinity of the

Monroe plant (Kelly and Cole 197%).

Dligochaeta

Chironomidae

Pelecypoda
Hiruvdinea
Elmidas
Gammaridae
Asellidae

Total

Mean Dansity {nunbar!mzl

1974
214.3 (76.54)

65.9 (23.5w%)

0.01
0.00

280.3/m2

1970-74
324.2 (70.8w)

133.9 [29.2W)
0.03
0.03
0.01
0.01
_o.00

2
458.2/m
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reached a maximum of 99°F. Zooplankton mortality at temperatures near 100°F
can approach 100% (Carlsen 1974, pends and Gulvas 1976, Storr 1374). The
time of the year when cooling water temperatures rise to acutely lethal
levels coincides with the time when most zooplankton are entrained {(refer
to Section 11T-E=-4) ; therefore the mortal ity of zooplankton due to elevated
temperature alone is high. At other times, when temperatures are not
acutely lethal, mortality of entrained zooplankton may be dus primarily

to mechanical and hydraulic stresses (Commonwealth Edison 1976,

Carpenter et al. 1974); however high portalities due to chlorination

of the cocling water have also been observed (Polgar et al. 1976,

pavies and Jensen 1974).

The large cladocerans, such as Leptodora, Diaphancsoma leuchtenbergiana,
and Cericdaphnia sp., are relatively rare among the zooplankton (refer to
Tahle 34). MAccording to Hubschman (1960), Leptodora comprised only 1n
or less by nusber of the zooplankton in western Lake Erie on 31 of 52
sampling days during June-August 1959 and more than 5% (maximum of 7%)
on only 2 days. Reutter and Reutter (1975) found that Leptodors was even
less abundant during 1973-74, when it cosprised less than C.18 of the
mean zooplankton density in the summer and fall months when it was eollected.
Although they are not common in western Lake Erie, the large cladocerans,
especially Leptodora, are highly favored as food by fishos in the area,
such as yellow perch and white bass (Nalepa 1972; Kenaga and Cole 1975).
According to Cole (1977}, 60-95% of the food volume of fishes over 30 mm
long was composed of Leptodoza and the two chironomids Procladius and
chironomus (refer to Section ITII-C-3 abovel. The high susceptibility of
the large cladocerans to destructicon in the cooling system could have an
adverse impact on the food supply of fishes in the area of the Monrce plant.
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1IV. ENKDANGERED OR THREATENED SPECIES

The 316(b) does not specifically discuss the potential impact of the
Monroe plant intake on threatened or endangered species. No species of fish
appearing on the federal endangered or threatened species list (U.S. Fish
and Wildlife Service 1977) were reported in Detroit gdison's impingement and
entrainment records, but muskellunge and burbot, classified by the MWRC (1975a)
as threatened in Zone B, which includes take Erie, were reported in the
records. Our extrapolations show that an estimated B9 muskellunge were
impinged at the Monroe plant during June 1975-May 1976 (Table 3}, and that
17,358 burbot eggs were sntrained by the plant during February 13-14, 1976
{Table 19]).
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V. IMPACT OF MONROE POWER PLANT INTAKE ON FAISIN RIVER

The entire flow of the Raisin River is diverted through the Monroe
plant for cooling water, except during periods of very high runcff when
some flow can escape through the old river mouth {Cole, 1976). Yet, the
316(b) contains no discussion of the impact of the plant on the river.

A detailed evaluation of the impact of the Monrcoe plant operation on
the aguatic rescurces of the Raisin River is probably not possible until
more information becomes available on these resources. Although resident
fish populations in the upper river would be little affected by the Monroe
plant, those populations that required access to both the upper river and
to Lake Erie would be denied this access by the Monroe plant. Fish attempt=
ing to migrate downstream to take Erie would be drawn into the plant's intaks
canal, and those attespting to migrate from the lake to the upper river would
probably enter the plant’s discharge canal (rather than the river mouth) and
be blocked by the plant from reaching the upper river. During pericds whan
river flow exceeds the plant’'s eooling water requiresents and excess river
water enters the lake via the lower river channel, some movement of fish
petween lake and river could occur. Howover, USGS records for the years 1975
and 1976 show that flows in the Raisin River in excess of the maximum 3,248
cfs cooling water requirement of the Monroe plant occur in late winter when
little movement of fish would be expected between the lake and the river.

Plans for the management of the fishery in the Raimin River were not
available at the time of this writing. but MDNR has constructed a fishway
on a dam above the City of Monree and has gtocked Pacific salmon smolts in
the river above the Monroe plant.
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V1. IMPACT OF THE MONROE POWER PLANT OM
YELLOW FERCH IN WESTERN LAKE ERIE

The 316(b) report for Detroit Edison's Monroe plant appears to greatly
underestimate the impingement and entraimment losses of some groups of orga-
nisme (refer to Sections IT-A and IIT-B) and therefore also underestimates
the impacts of plant operation on the source populations in western Lake Eris
(refer to Sections II-C and III-C). An example of o more satisfactory approach
to estimating the impact of plant operation on these source populations is the
one developed by Patterson (1977) for the U.S. Environmental Protection Agency
(EFA}. Patterson's approach, which involves the use of a population model,
pProjects the annual loss in potential yield of yellow perch to commercial and
sport fisheries of western Lake Erie dus to impingement and entrainment losses
of that species at the Monroe plant. Patterson estimated an annual loss in
Yield of approximately 98,000 pounds to the vellow perch fisheries of western
Lake Erie but based this estimate on the impingement and entrainment losses
of yellow perch reported in the 316(b) for the Monroe plant. Conseguently,
EPA provided us with the following forsula (Nelson Thomas, personal communica-
tion, September 2, 1977) to calculate the increased annual loss in potential
yield resulting primarily from the higher estimated impingement lossas of
yellow perch given in the present report (Table 3):

Loss in yield [number of Fish) = 0.766639 lI“!I + 0.529527 :IMI
{12}
+ 0.132382 + E

3 {I}, !f'lr

+ 0.010591 Itr}

where: I, = number of adults impinged
I, = nusbar of yearlings impinged
Iy = pumber of YOY impinged
Zr = pumber of ¥YOY entrained

EI_ = pumber of larvae entrained
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This equation applies under the =average" conditions of:
survival fraction of larvae {c} = 0.08
survival fraction of YOY (s) = 0.25
reproductive potential of adult {y) = 25.0
natural mortality rate {m) = 0.37
fishing mortality rate [£) = 0.37

The division of the calculated loss in numbers by 1.5 fish per pound
(the weight used by Patterson 1877) gives the loss in yield in pounds.

The values for the variables in Equation 12 wers determined from the
impingement and entrainment estimates of Tables 3 and 19 for 1975-76. The
total estimated impingement of 625,580 yellow perch (Table 3} was divided
into age classes according to the distribution calculated in Section II-B-1.
Thus, I, = 441,159; IAl = 1B1,668; and IY = 2,75%3. The age-class companents
of the total number of yellow perch entrained (4,963,524 from Table 19), cal-
culated from Detroit Edison's daily entrainment data shests, Are: zy = 3,611,638;
E.\‘. = 1,351.BB6.

The above values may still be underestimates of the numbers of yellow
perch impinged and entrained by the Monroe plant because of the deficiencies
of the sampling methods used by Detroit gdison to collect the data (refer to
gections II-A and ITI-A) and the biases present in the length distribution of
the impinged perch (refer to gection IT-8-3); these values, however, are the
best available for use at this time.

According to Eguation 12 and the above impingement and entrainment
estimates, the additional loss in potential yield of yellow parch to the
fisheries is:

Loss (numbers) = 0.766639 (441,159) + 0.529527 (181,668)
+ 0.132382 (2,753 + 3,611,638)
+ 0.010591 (1,351,886}
= 927,206 yellow perch
Loss (1b) = 927,206/3.5 fish per 1b
= 264,916 1b
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Patterson's model and Equaticn 12 assume that 70% of the entrained
larvae will be killed during passage through the plant. If 1008 mortality
of entrained larvae is assumed, as in the 316(b), the annual loss in
potential yield of yellow perch to the fisheries increases to 266,669 pounds.
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Work Agreement
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MR INTH GOTTRON
SRk FERE 1 CrEy VRS

- *  UNITED STATES GOVERNMENT
Memorandum

70  : Director, Great Lakes Fishery Laboratory DATE: AFR 5 w17

i .‘ﬁggﬂi

*" Regfonal Director, FWS, Twin Cities (RE-LWR})

sujEcT:  316(b) Work Agreement : ;

This agreement is to establish the res ective roles and responsibilities
of each party with regard to the 31E{hg coniract between the East
Lansing Field Office (ELFO}, Ecological Services, Region III, and the
Great Lakes Fishery Laboratory (GLFL), U.5. Fish and Wildlife Service.

A copy of the 316(b) contract, {ncluding a description of the work to
be performed, is included in Appendix A attached to this agreement.

The East Lansing Field Office shall provide the materfals and/or access
to the materials associated with the 316(b) review for the GLFL Review
Team. This includes the Monroe 31€{a) and (b} demenstraticn reports
which have previously been delivered to the GLFL. Mr. Vern Lang has
been designated as the ELFO Project Investigator.

The Great Lakes Fishery Laboratory shall review and analyze selected

316(b) demonstration studies as described under the Scope of Work of

this contract in Appendix A. The Monrce 316(t) demonstration study

shall be the first 316(k) to be reviewed uncer the terms of this ccn-

:::5:' Mr. Thomas Edsall has been designated as the Laboratory Project
r.

The results of the analysis performed on each 36(b) shall be submitted
to the ELFO for review in draft form prior to being finalized by the
GLFL. The report shall contain the data analysis as described under
the Scope of Work. The format shall contain the necessary information
in a narrative form as well as appropriate tables, graphs etc.

Payrent for work completed under the terms of this agreement will be
submitted as monthly billings not to exceed $50,000 total. Each billing
should include a description of the wark or progress corpleted and 2
breakdown of the man-hours of effort expended. The ELFO then will com-
plete a PFMIS redistribution data sheet 10 shift dollars and man-days
from the Laboratory account to the ELFO station account.

Buy U.5. Savings Bends Rigularly on the Payroll Savings Flan
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An fnterim report shall be furnished to the EIFD by the GLFL, with a
copy to the Regional Office, by June 1, 1977, for purposes of evalu-
ating procedures utilized by this contractual approval which shall
consist of:

1. Criteria based on confidence levels, sampling, compu-
tatiens, design, and metpudutngies.

2. :;e11minary findings and additional information needed,
any.

. 3. Problems assocfated with implementing the methodoleogy.

The final report shall be prepared and submitted to the East Lansing
Field Office by December 15, gﬂ??. with a copy to the Regionzl Office.
If you concur with the terms of this agreement, plezse sign in the
appropriate block and return a conformed copy to this office.

%ﬂgga.w %-5-17
gned ....~- Regional ijyector, Region 111

ES;Zﬂfﬂfﬁ‘4 JF'K{JC::;;EEFLJfL_ jﬁﬁfiféia.

“5igned Director, Great Lakes Fishery Laboratory
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Lo FY-77 CONTRACT PROPOSAL-- - *°
INTRODUCTION ;

The FY-77 Annual Work Plan Advice for the East Lansing Field Office-
Ecological Services contained a specific coinitment requiring this
station to test and analyze contract methodologies in the.permits and
1icenses progran. After considerable discussion among the East Lansing
Field Office staff, 1t was decided that 316(b) demonstration studies
should be the target project, BDoth Section 10 and NPDES programs are
directly affected and, to a lesser degree, Nuclear Regulatory Comnission
projects are related to the proposed contract.

STATEMENT OF WORK

Uti1ities in the Great Lskes Megion, as in the rest of the United States,
are required undar Section 316 of the Feceral Water Pollution Control

Act Amcndments of 1972 to conduct 316{1:-] demanstration studies on cooling
water intake structures. Section 316(b requires that cooling water
fntake structures refiect the best avaiiable technology for minimizing
adverse environmental {mpacts. These adverse impacts generally result
from cntrainment of small aguatic organisms such as macrobenthos and

Yarval fish and impingement of larger organises, usually adult Tish.

The objective of conducting intake studies §5 to obtain the most accurate
quantitative estimate of entrainment and {mpingement Josses or damages
occurring at a plant. It 1s then possible to determine what, 1f any,
botter technologies exist to minimize adverse {moacts 2t a particular
stean electric generating station recognizing thot certain impacts may

be acceptable to the long-tern maintenance and productivity of the

aguatic ccosystem in question. Obviously, the real problems are twofold:
{1) quantifying intake impacts anc {2) predicting the associated impacts
on the water body from which cooling water iz withdrawn. If the U.S. Fish
and Wild1ife Service can deronstrate that items 1 and 2 above are adversely
fmpacting the fishery and other aguatic resources by reviewing a particular
316(b) demonstration study and associated data, it may be possible to
recorménd that a utility provide "better technology® at ong Oor more plants
utilizing the Section 10 and NPDES routes. The objective now becomes clear. |
Is it possible to build a sound case out of a Section 316(b) demonstration
study given our statutory responsibilities?

SCOPE OF WORK

The scope of work for this contract {ncludes the review and analysis of
selpcted 316(b) demonstration studies on steam electric power plant intake
structures conducted pursuant to PL §2-500, the Federal Water Pollution
Act Amendments of 1972, Work under this contract shall be performed as
described below:

*
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_Phase 1 .

Phase I involves the review and analysis of the sampling technigues employed
by the uiility to gather the entrainment and fmningement data presented in
the 316(b) report. Sampling design and methodologies for fish including
eqgs, larva, fry, young-of-tho-year and other snagi fish, adult or larga
fish, macrobenthos, and zooplankton shall be given a detailed scientific
analysis to determine §f appropriate methods were employed to gather
unbiascd data and if the sampling program sought answers to the right

uestions. In each instance cited above, the contractor shall specify

f the methods employed by the applicant (utility) are scientifically valid.
If the methods employed contain biases, these shall be described. The
effects or influences that these biases have on the results (data) shall
als0 be defined.

Phase 1T

Phase II involves the review and analysis of the data obtained by the appli-
cant (utility) and presented in or as a part of the 316(b) study. Functions
to be poerformed include the verification of the accuracy of the data pre-
sented, calculation of and/or verification of confidence intervals or limits
of the data presented. Appropriate statistical testing methods shall be
utilfzed to verify accuracy of results and to determine the magnitude of

the sampling variation. The analysis conducted in this phase should determine

the real vaiue of the data in terms of biological and statistical sfonificence.

Do these data accurztely reflect the magnitude of the losses involved due to
impingement and entrainment? Delayed or latent mortalities and sublethal
effects as a result of entrainment or impingerent should be fully discussed.

Phase 111

Phase II1 fnvolves the analysis of data to detormine or predfct the impact of
the cooling water {intake on the Tish, macrobenthos, and zooplankton populations
of the cooling water source(s). The contractor will, in most instances, nood
to utflize dats sources in addition to the 316(b) study to verify these pre-
dictions if rade by the applicant andfor to predict the {mpacts 1f not done

by the applicant.

It will be necessary to determine both the local and far-field effects on the
water body from which cooling water s withdrawn. In some instances, two or
more cooling water sources such as a river and a lake must ‘be considered.

The contractor should determine if the fntake is located in a sensitive bio-
Togical area such as an important spawning or nursery area for any species
affected by the intake. Entrainmont and impingement {epacts caused by the
ntake under study should be related 1n 2 total ranner to fmpacts caused by
other power plant intakes on the same body or region of water on sensitive

or otherwise important fish stocks 1f sufficient data is available to permit
meaningful predictions.



REPORT

The results of the analysis performed shall be provided to the East
Lansing Field Office and the Regional Office in draft form for review
prior to being accepted as a final product. The report shall contain
the data analysis s described under the Scope of Work. The format

shall contain the necessary information in a narrative form as wall as
appropriate tables, graphs, etc.

Time frames for the report are:

Date Project Inftiated: 9/1/76

Date of Interim Report: 6/1/77
Date of Final Report: _12/15/77- =
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AFPEHDIX B

Errors found on Detroit Edison's daily impingement
dats sheets (IDS) and test screenwell tally sheets

{listed by sampling date).
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This is not an exhaustive list. All the daily impingement data sheets
for the nontest screens were checked, but the tally sheets (for the fish on
the test screens and the fish pumped into the holding pool] were checked
for only 20 of the 164 test scresnwell sampling days. On these 20 days, we
found 22 discrepancies between the data recorded on the tally sheets and
the data summarized on the daily impingement data sheets.

pata sheets for 9-24-75, 11-26-75, 4-1-76, and 4-2-76 are included as

axamples. * = corrections made by GLFL.



6=19-75:

6-24=-75:

6-26-75:

T=8=752

I=16=15:

B8=14-751

9=-5=75;

9-23-751

9=-24=T5;

§=25=-75:

9-26-75:

10=7=75:
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4 channel catfish are not entered in total columm on IDS for non-
test screens.

4 shad are not recorded in total column on IDS for nop-test Screens;
2 alewives counted in pool were not recorded on IDS for test
ECTEENS.

Shiner total on IDS for non-test screens equals 328, not 344.

The number of shiners counted in pool eguals 419, not 424.

The IDS for non-test screens should list 1 logperch in the total
column instead of 1 rock bass. 1 trout perch counted in pool

was not recorded on IDS. 3 trout-perch and 1 sunfish counted on
test screens were not recorded on IDS. The shad counted in pool
egual 1020, not 1030; those counted on test screens egqual 345 not 245.
Shad total on IDS faor non-test scresns eguals 796, not 836,

1 trout-perch was counted on test screens, not 2 as recorded on

ID5; 1 logperch was counted on test screens, but it was not recorded
on IDS; white basa counted on test screens total 3158, not 338.
White bass total on IDE for non-test screens is 373, not 353.

Yellow perch total on IDS for non-test screens is 147, noc 113
vhite bass total for non-test screens is 220, not 202.

White bass total on IDS for non-test screens is 326 instead of 361:
shad total for non-test screens is 279, not 259,

White bass counted on test screens total 52, not 5l.

Drum counted on test screens total 28, not 27.
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10-14=75: Yellow perch total om 1ps for non-test screens equals 81, not BO:
shad total eguals 291, not 651.

10-29-75; Drum total on IDS for non-test screens eguals 98 not B8.

11-4=75; FPerch total em ID5 for non-test screens is 37, not 36y alewife
total is 89, not 88; shad total is 357, not 362.

11-11-75: 10 channel catfish and 1 smallmouth bass were not recorded in total
column on IDS for non-test screens; smelt total is 9, not 56
walleye total is 34, not 11; logperch total is 17, not 5.

11-13-75: 1 gar and 19 gmallmouth bass were not entered in total column on
IDs for non-test Screens) white bass total eguals 13 instead
of 16; smelt total is 204, not 222.

11-14-75: Smallmouth total on IDS for non-test screens is 7, not 4.

e e

11-18-75: Shad total on IDS for non-test screens is 189, not 269.

11=26-75: Shad total on IDS for non-tost screens is 398 instead of 298.

13-3-75: Perch total on 1D5 for non-test screens eguals 340, not 190:
northern pike total eguals &, not 1; crappie total equals 4, not 13
and shad total equals BBE60, not 6240.

12-11-75: 1 channel catfish was not recorded in total column on IDS for
non-test SCTEEns.

1-23=T6: Shiner total on IDS for non-test screens is 560, not 520.

1-27-76: 1 northern pike was not recorded in total columm on IDS for nom-
test SCreons.

2-12-76: 2 smalt were not recorded in total colusmn on IDS for non-test
SCIEENE.

3-10-76: Goldfish total on IDS for non-test screens is 26, not 27.



3-23-T6:

4=1=T&:

4-2-T6:

4=7=76:

4=-B-76:

4-9-T&:

4-14-76;

4=15=T6:

4-16-76:

§=20=-762

§=21-76:

S=d=Th1

5=25=Thz

5=-27=T61
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Perch total en IDS for non-test screens is 52, not 50.

85 trout perch counted in pool and 39 counted on test screans
were not recorded on IDS for test screens; the number of shiners
counted in pool eguals 652, not 552.

1 bowfin counted in pool was not recorded cn IDS for test screens;
the number of shad counted in pool equals 273, not 43.

1 lamprey counted in pool and 1 white bass counted on Screens
were not recorded on IDS for test screens.

Alewife total on IDS for non-test screens is 182, not 184; 2 sunfish
were not recorded in total column on IDS for non-test SCreeans.
155 shad were not recorded in total column on IDS for non-test
SCreans.

445 shiners were counted in the pool, not 425.

28 trout-perch were counted in the pool, not 30.

34 shad were counted on the test-screens, not 25.

spelt total on IDS for non-test screens is 41, not 3.

63 perch were counted in pool, not 64 as recorded om ID5S for test
SCreEens.

Alewife total on IDS for non-test screens (Screenhouse 1) is 44
not 43; 1 walleye was not recorded in total coluen (Scresnhouse 2.
Alewife total on IDS for non-test screens is 22, not 21.

Shad total on IDS for non-test screens (Screenhouse 2) is 65, not &0.
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APPENDIX T

petroit Edison daily impingement dats sheets for the

Monroe plant for August 1975.
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AFPENDIX D

Examples of effect of lnqm {x + 1) transformation on the
normality of estimates based on counts from Detroit Edison's
daily impingement and gntrainment data sheets. FPlots
computed by Tektronix 4051 graphic calculator.
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APPENDIX E

Impingement and entrainment estimates for the Honroe Power
Plant based on 1oqm (% + 1) transformation and counts from
petroit Edison's daily impingement and entrainment data sheets.
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Table E-1. Estimates of impingement at the Monroe Power Plant
for June 1975-May 1976 based on hg.'ltl- {x + 1) transformation
of daily estimates calculated from Detroit Edison's daily
impingement data sheets.

Table E-2. Estimates of entraimment of fish eggs and larvae at
the Monroe Powsr Plant for April 1975-May 1976 based on lu-gm
{% + 1) transformation of counts from Detroit Edison's daily
entrainment data sheets.

rable E-3. Estimates of entrainment of macrozcobenthos at the
Monroe Power Plant for May 1975-April 1976 based on luqm x + 1)
transformation of counts from Detroit Edison's daily entrainment
data sheets.
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RFPERDIX F

Additional errors found in the 316(b).
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Chapter 3
P« J.2=3: There is no Figure J.1-3 or any detailed fllustration of the
discharge structure as indicated below in Section 3.2.:4.

J.2.0 Discharge Sirocture

The comdenser cocling water from all four umits L3 dissharged to & common
everflev canal, Inﬁﬂ-'llii 1|i !i long with wvarying widths and
eorpLant botbem -]Ihli-lﬂ'h"lzlili [!E Jdust north of the Essl Freot
Strest bridge, the cver{lcw cafi L naten At the recirculaticn gates.
Hera the heatsd effluent cam e directed either scuth throogh the discharge
cansl {approximately 5,800 fr m 560 ft) to Lake Erie or merth theough the

MacMilian Eoad canal (spproximstely 1,800 It loag by 160 Ft wide) to Lhe
Raisin Niver.

Table 3.3-1: 2328 MW is given as the maximum net capacity. The table,
however, 1lists several capacity values that sxcesd 2328 MW. It appears

that the maximm is 2528 MW, not 2328 MW.

Table 3,.3=3: The area of 1251.0 E1:2 given for caloulating velocity
in front of the screens is incorrect. (572.27-546.0)(8)(10) = 2101.& ftz.

The velocity of 0.77 ft/sec is correct however.

TS 1,31 DNTEEE VELOCITE CALOWATION BT LACK BIRDENEOUM,
—  ECNPCL PONED FLANT

Mame hpril WFE-dpril WTE wmter Jewl &«  $TRET R

Berees blloe aleralies = So N N
Silmser wall Botise sleviism = 0 N

@ Flos p o NPT M iees

Bemtar mf meresss " L]

Barwrs wiOLE L we

Barvesesll wiolh L] AT fu

V. Calsulwiies of Veloelty Biresily i1a Fromt af Jereasa
dres o Lt Bgreen LS Sareen
A s lotake w i - Betice af Wit
(¥, 5] Lawnl () Eiewwiion (FE) FEELE g
—p ha VR - WS ) (0 O R BT E D)

LR ! s 077 Miwes
3 A3 b
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2. Ealeulailss of Talsciiy Parl Silessr Wall

& & Crpas-seciine of soresssall (F1') o
Sulmesr wsil Beresn L Eerenmwiil
BetLon - Beilsn af LTt
(I'.‘I.lnu- ind Eiwewtlon lhl) (hn—dh)( rl )
&% (N0 = $AE} (B) (V19T M) e 12800 R
s G w W » 000 Flesa.
12518 L
Chapter 4
p. 4.2=17: According to the Literature Cited section, the reference to

"Hartman (b}" should be "Hartman f(a)”.
p. 4.2-26: Clupeid density in paragraph #1 is 900/100 m>, not 900/m".

p. 4.2=27t The smelt data mentionsd is not listed in Tahle 4.2-31.

p. 4.2=27: The Cole (1975a) reference is not listed in the Literature

Cited section. The correct reference is evidently Cole (1978a).

p. 4.3=4: It is stated that:

is indicated im Table ¥.3-3, yellow perch ispingesent in 1972 was charac-
Lerized by two peaks: in October (36,708), and in dpril (28,3500,

whereas, Table 4.3-3 (shown below) indicates that impingement peaked

in October and Aogust.

TARE 4,3} mumm:mnmmmn—n
—— - AFML TNB(RCR DECDOE T

Gingare shad 3] w0 L] 1ONNTE] 30 LA 0 T
P — i - ¥
Ealrard 1,000 11,7 1,40y BATT 1800 ™
Walieye i w

— 3 Yellew peren W 1AM T.Ma d:ﬁ T, w41
WhiLe Saas ny L L 1, 4e o L
Cugnral ealflan § i L] ]
Cons salsos ¥ L
Bos Bamw a ] Lk L]
Baalineuin B » L b "
Trosheatler Gl " [ L] = s »n H i
White cragpls L] mE L] L] L] - [ ] L1 "
Sunfinh LE " n 1] " " L " $
arifeen ples ] [ 1 ) L)
Brows balinesd L] i ¥ n i
i i858 1,30 ol ] n » n n L
Carp 3 ] LH) L} ¥ L] 1] "
Steslnend trowi 3
e " [
froyeiad R - [ [ ——— e —_—2

Tatals AT TIEAE 1L,EFT T W LY WY FNLEN TS
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p. 4.4-2: The volume of the entrainment sampling pusps is listed as

2.016 x 10° gal/day. 530 1/min = 2.016 x 10° gal/day, mot 2.016 x 10°.

Table 4.1-1: According to 3é(b) p. 4.1-5, this table lists “all species
whose presence was noted one or more times during the monitering period

sampling effort” from 1972-1976.

BARLE N.%=1 EMESIED OF FIER [SENTIFLED @Y THR DNTANE OF THE ORRSE
— EIR P

Sesscr cams Seleriific GREk
Eilver laspray Jebirp=aTRar GLicading
Sas Lamgref BireEnian RriTal

ol
zu g
Wewifs LAV ENEISATELELN
BEwserd afad SErnpcn ERsElliild
Coba muimos Erareaciion RLE.IrS
Cxlmoca maless EEILrINIT.d R3EaailiiE
Mainsow Lrewl Jaleg GALIEIREL
Bairsos msalt Casrran Eardad
Castiril Eedminzos Imars liat
Boriders ples Eacs lusles
Salarias EATBIAL-d dotilal
ary Eazrizoay sasdcd
Gelies BRLmar o e
Emernis gUiBEr MElisied LiLEritiacid
Spatiall akimer Beirosiy Balaic %
Mantises sirss Elewezaies Liiliad
Eravh £l Smillet -
Quilisace ANrEizies ERLTasal
WL paEees Catpriegs prrTaracel
Blazh bullbesd Lrlalares gkl
Tallew Bulinasd Lrialaras Bala
Brem Bslltasd EEALLTEE EEFeiiisE
Chanmal caiflas LEthiurud fooiiiled
dnerdnar Batorsa Dlaees
Tidpale madiow Butaray Eeliod
Beindles mafios Racoray aloii
Trowi-pernk Bezzoraa miziiseszon
Barsel Lais Lt
Broce alisereiis TR AT SR
Wiy Eogang ARariiacy
wite Horses EATyEscE
[ Aatlzaliled FRSEILTLE
Green wenlish P e
[Puspuinssed Leponil ELRIniel
Meagill LY RAZIEEELEGE
e Lamuh i Blergsberay Soliilel
Largemcath hans MLITZSLNred BA.CZLLNE
Wit oreEpie Py aEia.iTlE
Blssn gragpin BeEsats miprroacoliles
Jukany dartar Linraaiiss kil
Tullew parzi Feroa flampisens
L FEFLifh GRITIIED
wallepe Siissaiedizs sliifias plirsss
Fradiwsier gru MELELITILLE Kkl

Betan Bpscian DLt isalwden Flon insinged asd srlralssd) &okz thooe
peved by aels &F by pemg. For Base pEllsstlaas, sly presp
oo Basds were ueel Nuding wraggle, Mlaek bass, gAF, BUCREF,
mid menflsh. Bsssuss Lheds EFoup Cemed wore geselimes uled,
siditiioes LE Ghe BSsTe speries LLe% are mL pasaidle,
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Comparison of the table with the Honroe data base, however, revealed
several discrepancies. For exasple, the creek chub is listed in the table,
but neither the impingement nor the entrainment records show it occurring
at the intake. According to the data base, the common shiner, muskellunge,
and blue catfish were impinged, but these species are not listed in Table
4.4-1. Three additional species--shorthead redhorse, slimy sculpin, and
silver chub--are listed in the 316{a) demcnstration (Table 3-51, cole

1976; Tahle 4.2-5, Detroit Edison 1976) but are not listed in the table.

Table 4.2-5: According to the Literature Cited section, the reference

to "Hartman (b)" should be “Hartman (a)".

Table 4.2-8: 316(b) fails to indicate, as done in VanVooren et al.,
1975, that the 1974 YOY yellow perch catch is hoavily weighted.
98\ of the catch for the entire season came from one tow at the Cedar

Point station (personal communication, D. H. Davies, 9=6-T77).
Table 4.2-%: The life stage labeled "young" should be "young=of=-the-year”.
Table 4.2-11: Gill net total catch for longnose gar is 3, not O.

Table 4.2-13: The spring collection labeled as a gill net is really
a trawl that was mislabeled. Most of the values, however, wera added

into the correct total colwmn.
Table 4.2-13: Mean CPE for rainbow smelt is 0.6, not 0.8.
Table 4.2-13: Mean CPE for white crappie is 1.4, not 0.B.

Table 4.2-14: The yellow perch catches by age class for station 12

do not add up to 1283.
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Tahle 4.2-14: On the computer printouts wa received fros the DN, the
freshwater drus total for station 14 had been changed from 330 to 410.
This changes the CFE from 78 to 82, the catch over all age groups from

662 to 682, and the mean CPE from 66 to 6B.

Table 4,2-14: One of the 1230 young-of-the-year gizzard shad in the
station 14 trawl should be listed as a yearling or possibly an adult.

Table 4.2-14: All 54 smelt in station 12 trawl should be listed as YOY.

Table 4.2-15: All totals are displaced from the correct species by

one lina.

Pable 4.2-15: Station 12 trawl data for smelt should include 10 adults

not listed in the table.

Table 4.2-15: Station 14 trawl for smelt ¥YOY should be 9, not 1. This
yields a total catch of 9, not 2, and a CPE of 3.0, not 0.4. The totals

and mean CPE over all age groups are therefore also wrong.

Table 4.2-15: 316(b) shows all 5 trout-perch in station 12 trawl as

Yo¥. The DNR printouts show both YOY and yearlings.

Table 4.2-15: 25 trout-perch caught in station l4 trawl have been
omitted. The trawl total thus is 30, not 5, and mean CPE is 4.7, not

0.5.

Table 4.2-16: 3J16(b) indicstes no sampling was done in the fall. Cole's
data, however, show that there was sampling done in the fall and that

shiners and white bass were caught.
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Table 4.2-19: The 1970 estimates are incorrect because of the mislabeling
error in Table 4.2-10. Most of the 1970-75 means are therefore alsoc

wrong, but enly by l-dw.

Table 4.2-19: The 1973 smelt estimate is wrong (should be 61,000 not

70,000) because of the incorrect CPE value in Table 4.2-14.

Table 4.2-19: The 1974 sstimate for freshwater drum is incorrect

{should be 5,953,000 not 5,761,000} because of the error in Table 4.2-14.

wable 4.2-19: The 1975 smelt estimate is low (should be 532,000 not

419,000) because of the error made in Table 4.2-15.

Table 4.2-19: The 1975 trout-pearch estimste is greatly underestimated

{410,000 not 44,000) because of the 25 figh omitted in Table 4.2-15.

Table 4.2-20: 1974 freshwater drum estimate is incorrect (from Takle

4.2-19).
Table 4.2-20: 1975 smelt estimate is incorrect (from Table 4.2-19).
Table 4.3-20: 1975 trout-perch estimate is wrong (from Table 4.2-19).

Table 4.2-20; There are several other errors in the age class divisions

arising from errors in Tables 4.2-14 and 4.2-15.

Table 4.2-21: Auvgust 1-4 estimate for gizzard shad is reported by CLEAR
as 9.5 x lns. not 9.5 x lng. The mean value, however, is correct.
Peak shad population thus appears to be in early Juns instead of in

August as Teported on p. 4.2-35.
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Table 4.2-25: July 2 count for station B (bottom) is 0.4, not 1.4.
Table 4.2-26: July 2 count for station 10 (surface} is 35.0, not 33.8.

Table 4.2-31: All data for station P-16 is displaced from the correct

species column.

Figure 4,2=-1: HAocording to 316(k) Literature Cited, the reference

should be Hartman {a), not Hartman (b).

Chapter 5

p. S.2=11 Gizzard shad are said to make up 51.8% of the impingement loss.

Caleulations of extrapolated iepingement losses of [ish at the Mooroe
fowsr Plant over 8 12-sorth pericd are presented in Subseztlion §.3.2. An
tigated total of 851,000 fisk wers impinged during this tise, of which
—_—F and 8.2 percent ware yellow perch. The
soat freguently lEp fiah were shiners, which coeprised 12.7
parcent of the calculated 12-sonth total.

However, according to p. 4.3-1 and Table 4.3-1, glzzard shad comprised S8.1%

of impinged fish.

Impingesent at the Mcarce Power Plant was extrapolated to 861,000 Fish
the 1od fros June 197 o May 1976 (Table &.3=1). OF this
(EF.7 percent wers gizsard shad) 18.7 percent wers yellow perch,
12.7 parcent were anlnera [EZircill 3pF. )y 7.0 percent were freafvaler
drus, and 8.1 percent were white bass, Other species wera ispinged lasa
fregusatly.
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pe 5.3-3: Maximum standing crop of gizzard shad is 2.9 X lﬂg. not 9.5 X 105.

dus to error in Table 4.2-21.

p. S.3-4: Minimem percent of gizzard shad larvae lost is 0.3, not 0.1,

due to srror in Table 4.2-21.

Table 5.2-2: Ohio fall 1974 astimate for shiners is overastimated

(46,343,000 instead of B2,913,000) by an apparent errof in Table 4.2-18.

Table 5.2-2: Host of the Michigan 1970-75 moans Are incorrect because

of transfer from Table 4.2-19.

Table 5.2-2: Michigan £all 1975 estimates for trout-perch and smelt

are incorract by transfer from Table 4.2-20.
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Table 5.2-21 Michigan fall 1975 astimate for shiners is not the same

as listed in Table 4.2-20 from which it supposedly cams.

Table 5.2-3: Estimates listed for smelt and freshwater drum are incorrect
by transfer from Table 5.2-2. The percentage impinged is therefore

incorrect for these 2 species.

Table 5,.3=-1: CLEAR weekly maximum for shad is 2.9 x lﬂg not 9.5 x .'lb“.

Percentage entrained is thus 0.3, not 0.1.
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Table 5.3=1: CLEAR mean value for walleye should be 2.5 x 105 from

Tabla 4.2-21 below. This results in the tabulated percentage entrained

of 163.7%. The 2.2 x 10° value yields 186.08.

2237 4,021 TOTAL LAWAL POPULATION ABUNTASCE ESTDMTIR FoW &2 w” (1,611 m)
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b - by et (o] e P
=i .nl Abai a4 lad Aeld duk ma. L -
[ T— il ' W osrew pae it tamw Liswl
b w0y [T w' W W - e w Lis W
Bmraid shisas - w W AW e W Taaw rae
Btiall whlemr - ' ' — - - RS
Frossmaler ares —- ' W oLyE W R — B w W
Wraben [ - - - - TR
:u T - =: " hl-l- L3 - = w
ey - - AW I SD Ve




245

rable 5.3-3: The nusbers of alewife and shad larvae entrained are not

the same as those in Table 5.3-1

Wmmmﬂmmw

Fopulsties
§u. of Larvas AUl Estimste § Laat to Tasls
Sssciis _Emtraiess . Leaaea'™ Lis Thoussesa) '™ pafsranzs'®!
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e 1,000 T 456 0.0k

Cramesl satfish 719,958 3,800 1,851 0.2
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Tellow persh LA w000 LML B0

wallers R e 5,500 8,003

Freshuaier gres 1079575 e 8 200 0008
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