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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
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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



56
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

hpril 06-12 ‘
1319

0-76

1 0

Fay  04- FETLTE] 57093 6,590,708
1-17 | 109,08 344, 851s 713,183
w2 | 11380 366,300s  BET 678
25-31 o

June O
o8-14
15-21
-8
29-05

July 06=13
1319

7,038,114 B,535, 156z 18,979,478
o
o
a
12,539,198:33,0456,157

i
M
5

20-26
2702

nﬂﬂﬂﬂﬂnunbﬂnﬂﬂﬁﬁﬂﬂﬂﬂﬁﬁﬁﬂﬂﬂ

g
.

olooa ilooocoolcocoioooooooo@OOD

a

]

0

o
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EL] 16,738 AR
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[
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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

u
i
*a
-
S I—

o L]
15=01 195 &0& 533,178 133,663
o208 ] ) 2
W oeas | mae DAY, UB0E 1,637,693
13, 039 a8, B LT 315,412

Toral
Last 52 weeks 13,083,111 37,528,176 29,291,283
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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.





