January 7, 2019
U.S. Nuclear Regulatory Commission

ENCLOSURE 16
16_PECO_1977.pdf

[PECO] Philadelphia Electric Company.
1977. "Section 316(b) Demonstration for
PBAPS Units No. 2 & 3 on Conowingo Pond."
June 1977.



PEACH BOTTOM ATOMIC POWER STATION

Materials Prepared For The Environmental Protection Agency

-

316 (b) Demonstration
for PBAPS Units No. 2 & 3
on Conowingo Pond

Prepared By

PHILADELPHIA ELECTRIC COMPANY

June 1977



PEACH BOTTOM ATOMIC POWER STATION
MATERTALS PREPARED FOR THE ENVIRONMENTAL PROTECTION AGENCY
316(b) DEMONSTRATIQN
FOR
PBAPS Units No. 2 & 3

on Conowingo Pond

PHILADELPHIA ELECTRIC COMPANY

MAY, 1977




TABLE OF CONTENTS
Page
1.0 SUMMARY AND CONCLUSIONS « o ¢ o« o o o o o o o o« o ¢ « o o 1-1
1.1 INTRODUCTION . ¢ ¢ o o o o o o o o o o o o ¢ s o 0 a o & 1-5

1-2 DESCRIPTION OF STATION e 8 @ o © @ ¢ & o ® & @ 6 @ ©® O o 1-9

ENTRAINMENT OF ORGANISMS e e o o @ o ; e o o & ©® @ @ o o 2'1

PHYTOPLANKTON 4 o o »

2- e © 8 ® ® 06 ® O @ e a4 o © ¢ 2 @ © O 2-1
2:1.1 MethodS o+ s o« o ¢« ¢ ¢ « ¢ a s s s a s s s o » o o o o 2-1
2.1.2 ReSULES ¢ o o ¢ o s s o o o o 6 8 o 6 o s o s o & o o 2-2
2:1:3 Algal Composition. . .« « ¢ o ¢ ¢ o« o ¢ s « 5 o & s & & 2-3
2-2 ZOOPLANKEON ® © » ® © ¢ ® © 6 © © ° @® ® © @ & 6 6 o O o o 2‘8
2.2.1 Introduction o « ¢ ¢« o o« ¢« o ¢ o o o o s s 5 6 & o & 2-8
2.2.2 MEthOds ® ©¢ @ % ® 6 8 ®© ®» ®© © ® & @ @& 8 ® ®» 8 8 O ° @ 2‘8
20203 Results ® e o o ® ¢ ¢ o 6 » ® @ @& & o 5 © ° B o o 2'11
2.2,3.1 Species Composition o 8 5 8 o s s e s v B e » 2-11
2.2.3.2 Estimates of Mortality. ¢ 6 & 5 6 B a e w e e e 8 2-11
2.2.3.3 Impact of Zooplankton Entrainment ., o« ¢ o o o o o o o 2-12

ENTRAINMENT OF FISH EGGS AND LARVAE 2-21

2.3 ® ®© » o o ® 0 & ® & o

2.3.1 Introduction . o ¢ « o« o o o 5 o o o o o s o 0 o o » 2-21
2.3.2 MethodS o« o« o o« o s o o o 2 ¢ s o o o s 8 o« ¢ o o o & 2-21
2.3.3 ResUltS ¢ ¢ « o« o o e o s o s oo s 8 e o 06 0 a 2 o » 2-24
2.3-4 Projected Losses e € 8 8 © o ® ®» ®» @ ® o © & © B & ® 2'25
2.3.5 Impact of Entrainment . . « « o s s o ¢ o o s o o @« o 2-28

3.0 IMPINGEMENT OF FISHES e e o o o © @& ®» ® & o © & o o B 5 o 3'1
3-1 METHODS e © ®© ® 8 ® @ © & & @® © @ © ®© o » ©° @ o ©° o2 3 o 3'1
3-2 RESULTS s & @ © ®» @ ®» © @ & 0 €& ® © ® © 6 o s O ®w ¥ O ¢ ® 3'2
3.2.1 Species Composition and Frequency of Impingement . . 3-2
3e2.2 Statistical Analysts e 5 & ¢ © ¢ © & © ¢ © 8 5 8 o ® 3-5
3-203 ProjeCted losses- ¢ « © @ ®8 © ® ® @ o @ ® e © © ° © @ 3‘7
3.2.4 Impact”bf Impingement s » @ o ¢ °» o 6 & 8 o © 8 ® b @ 3-9

4.0 LITERAIURE CITED e e & ® @ § € e & @& e 8 © o & & O © o o 4'1

5.0 APPENDICES . o o o o ¢ o » o a o 2 » s o v © o ¢ s o o o 5-1
Entrainment of Fish Eggs and Larvae: 1973 . . . « « & 5-1
Entrainment of Fish Eggs and Larvae: 1974 . . . . . « 5-4
Intake Screen Velocity SULVEY o ¢ o « o o o o o o o 5-16



SECTION 1.0
Table

1.1-1

SECTION 2.0

2.1

.1l to
2. 1-2

2. 1'3 to
2.1-4

2'.2-1 to
2,2-2
2,2-3
2.2"4
2.3-1 to
’ 2.3-3
203-4

2.3-5

) 2'3-6

SECTION 3.0

3.2-1 to
3-2'3

LIST OF TABLES

SUMMARY AND CONCLUSIONS

Circulating water transit time at Peach
Bottom Station L ] L ] L ] L] [ ] [ ] L ] * L] L] L] ®

ENTRAINMENT OF ORGANISMS

Concentration of total chlorophyll a and per-
centage composition of common algal groups
at the intake and discharge of Peach Bottom

Station

Results of covariance and multiple regression
analysis on concentration of total chlorophyll

a in Conowingo Pond

Density and estimates of percent mortality of
zooplankters at Peach Bottom Station, 1974-1976 .

Results of covariance analysis on zooplankton in

Cono‘fingo Pond’ 1974-1976 e o ® 8 & @
Estimates of number of zooplankton lost
Bottom Station, 19741976

at Peach

Densities of larval fishes at the intakes of

Peach Bottom Station, 1975-1976€

Estimates of percent mortality of larval fishes

at Peach Bottom Station, May-July 1975

Estimated number of larval and projected adult

fish loss at Peach Bottom Station, 19735

‘1976 e & o

Comparison of the preoperational (1969-1973)
and postoperational (1974-1976) densities of

larval fishes in Conowingo Pond

IMPINGEMENT OF FISHES

Species composition of fishes impinged at Units No.

2 and 3, November 1973-December 1976

ii

Page

1-11

2-6
2-16
2-17
2-18
2-30
2-33

2-36

2-37

3-13




3-2-9

3.2-10 to
3.2-13

302'14

SECTION 2.0
Figure
2.1"1

2-1‘2

202'1

2.2-2

2.3'1

2.3-2 tO
2.3"8

Range and mean lengths of the common fishes
impinged at Units No. 2 and 3, November 1973~
Dec mber 1976 L ] L] L ] e - L] L] @ [ ] L ] . L ] L] L ] L] L ] L ] L] L]

Basic statistics for impingement of channel catfish
at Units No. 2 and 3, November 1973-October 1976 .

Frequency distribution of impingement of the
common fishes at Units No. 2 and 3, November
1973'D€Cber1976-uoaooooa..loooo
Stepwise multiple regression statistics for
impingement of fishes at Units No. 2 and 3,
Nwmber 1973'mcmber 1976 s ® @ o @ @ s e ® ¢ o @

Estimated losses of fishes at Units No. 2 and 3,
June 1974-mcmber 1976 L ] L] L] 'I [ ] e L ] L] L ] L ] L] e e L ]

Comparison of average daily catch of the common
fishes by anglers and the Peach Bottom Station . .

LIST OF FIGURES
ENTRAINMENT OF ORGANISMS

Sampling locations for total chlorophyll a at
the intake and discharge of Peach Bottom
S t ation L ] [ ] [ ] ® [ ] L] L] L] [ ] a L] e e [ ] a L] L ] a L] . L] -

Limnological sampling locations in Comowingo Pond .

Sampling locations for zooplankton at the intake
and discharge of Peach Bottom Station « « o « « o

Location of limmological statioms in Conowingo Pond
monitoredsmc51967 s e o o o0 o ® o ¢ o o e o o

Sampling locations for larval fishes at the intake
and discharge of Peach Bottom Station « o+ ¢ o s o »

Spawning locations of fishes in Conowingo Pond ., .

111

Page

3-16

3-18

3-20

3-21

3-22

3-26

Page

2-7
2-7A

2-19

2-20

2-38

2-39



SECTION 3.0 IMPINGEMENT OF FISHES

Figure Page
3.2-1 to Monthly impingement of three fishes at Units No.
3.2-2 2 and 3 L ] L] L] L ] ® e L L 2 o L] L] o - e L ] L[] L] [ ] L] - L L] 3-27

iv




1.0 SUMMARY AND CONCLUSIONS

Studies of the effects of impingement and entrainment on the aquatic

biota of Conowingo Pond have been conducted since 1973. Analysis of the

data indicate that no significant detrimental effects have occurred in
populations of organisms in the Pond between preoperational and postoperational
periods of study as the result of the operation of Peach Bottom Atomic Power
Station Units No. 2 and 3. The changes which have been observed in the
Pond are due to natural causes.

The concentrations of chloréphyll a and percent composition of the common
algal groups (greens, blue-green and diatoms) at the intake and discharge of
the Peach Bottom Atomic Power Station Units No. 2 and 3 (Peach Bottom) were
determined in May through early November 1976 to assess the impact of entrainment
on the phytoplankton community in Conowingo Pond. Overall the mean chlorophyll
a value at the intake was 1.43 mg/m3 higher than at the discharge but this
difference was not significant. Green algae and/or diatoms were most abundant
on all but one sampling date in intake and discharge samples. Blue-green algae
were most abundant only on 1 of 13 dates. No significant (P > 0.05) differences
were observed in the common algal groups composition between the intake and
discharge; no shift occurred from one group of algae to another in entrainment.
Visual examination of the phytoplankton cells in intake and discharge samples
indicated that little or no mechanical damage occurred during passage through

Peach Bottom.

The extent-of physiologiéal daﬁgge to phytoplankton cells is not known.
However, chlorophyll a concentrations between the intake and discharge were
not significantly different which indicates that physiological impact, if any,
may be small.

Results of analysis of covariance on preoperational (1970-1973) and post-

operational (1974-1976) chlorophyll a data show that no significant change

has occurred between years in the Pond due to the operation of Peach Bottom.
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Entrainment of zooplankton was studied at the Peach Bottom Station
from 1974 through 1976. The species of zooplankton entrained were similar
to those found in Conowingo Pond. Although'a large variation in mortality
occurred, a significant (P = 0.0l) mean mortality of 32% at the discharge
was observed. Cladocerans suffered a higher mortality than copepods.

No significant differences in mortality were detected between years.

The impact of zooplankton entrainment is minimal and non-detectable
in the zooplankton population. A statistical analysis indicated no
significant change in zooplankton densities between the preoperational and

postoperational periods with the exception of two stééibﬁg in 1975. These

stations were in the lower portion of the Pond, far removed from the influence

of Peach Bottom. The decrease in densities is attributed to predation by
the gizzard shad.

Studies of the entrainment of fish eggs and larvae indicate that 20
species, including all "representative, important species", are subject to
entrainment to a varying degree at Peach Bottom. Few fish eggs are
entrained. Larvae of the gizzard shad, carp and quillback (rough fishes)
comprised most of the entrained fishes. The greatest densities of larvae
were entrained from late May to early July. A 100% mortality rate was
assumed for all entrained eggs and larvae to calculate losses of adults.
Although extrapolation of entrainment losses indicated that different
numbers of adult channel catfish, white crappie, sunfish and walleye would
be lost each year as the result of the operation of Peach Bottam these
losses are within the compensatory reserve of the population. The primary
spawning areas are not affected by entrainment. The impact of entrainment

is therefore considered to be minimal,




The number and size of fishes impinged on the vertical traveling screens
at Peach Bottom Station were determined from November 1973 through December
1976. At Unit No. 2 a total of 16,859 fish (196.87 kg or 433.1l1 1lb) repre-
senting 37 species was impinged in 240 12-hr samples. At Unit No. 3, 42,088
fish (1172.95 kg or 2580.48 1b) representing 35 species were impinged in
137 12-hr periods. The channel catfish, white crappie and bluegill were
impinged most frequently at both units. Most were less than 120 mm. Impinge-
ment was higher in November through April. Most impingement occurred during
the start-up phase of each unit. Stepwise multiple regression analysis
revealed that the intake water temperature, daily river flow and Pond elevation
accounted for most ;f the variation in the impingement of fishes. However,

the variance explained by these variables was not large. The winter (January-

March) mortality of white crappie and bluegill at the screens was equivalent to

that of about five anglers over tﬁé game time period. The lmpingement losses
of such magnitude are insignificant and may not be detectable in the fish
populations in a body of water the size of Conowingo Pond. The impingement
losses were predicted to be negligible'and the field data have confirmed these
predictions,

The estimated effects of impingement and entrainment losses will be
no different due to the operation of the two additional cooling towers due
in service in the sumer of 1977, because (1) impingement of fishes is not '
a function of tower operation and (25 entrainment losses are based on 100%
wortality hence are not a function of the number of towers operating.

It is the conclusion of Philadelphia Electric Company that no further

impingement and entrainment studies are warranted. In' view of the extensive

~ studies conducted to date, either referenced or set forth in this document,

it is the view of the Philadelphia Electric Company that ample evidence exists



to support the conclusion that the intake structure at Peach Bottom reflects
the best technology available for minimizing adverse environmental effects,
This takes into consideration the date of design, construction and completion

of the cooling water intake structures.
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1.1 INTRODUCTION
This document is prepared in accordance with the "Special Conditions;
Environmental Studies' of the U.S. Environmental Protectiom Agency (EPA)
National Pollutant Discharge Elimination System (NPDES) Permit Number Pa.
00097733 issued 31 December and revised 1l April 1977.
The document includes the items discussed at the meeting of
personnel from Fhiladelphia Electric Company (PECO), Pennsylvania Department
of Environmental Resources and Ichthyological Associates, Inc. (IA) at
Hershey, Pennsylvania on 28 April 1976, and in a subsequent letter of 19 May
1976 from Mr. H. Ronald Preston, EPA, Wheeling Office to Mr, Walter E.
Rosengarten, Jr., Environmental Engineering Section, PECO. The following
is a verbatim copy of portion of the letter addressing the Peach Bottom
Station:
"On April 28, 1976, a meeting was held at the Hershey Motor
Lodge in Hershey, Pennsylvania to discuss 316(b) require-
ments at nine Philadelphia Electric Company power generating
stations. Representatives from Philadelphia Electric,
Ichthyological Associates, the Pennsylvania DER, and the
U.S. EPA were in attendance (see the attached list for
those in attendance). The following items were discussed

at the meeting:

1. Peach Bottom Atomic Power Station, Susquehanna River:

We discussed the impingement program and frequency that
had been conducted during 1973-75 for the Nuclear Regulatory
Commission and it appears to be satisfactory to meet the 316(b)
program. The entrainment program appeared satisfactory
except for three areas: (1) Data was not collected on
zooplankton during the period of chlorination on units 2 & 3.
Ichthyological Associates did uot assume 100% mortality on
the entrained zooplankton but attempts to show the amount
of survival of zooplankton passing through the condensers.
Therefore, some sampling during chlorination should be
conducted. (2) No phytoplankton studies involving entrainment
and its impact have been initiated.
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Since phytoplankton plays a majoxr role in the
trophic dymamics of Conowingo Pond, it is important
that the cooling water impact on this community is
evaluated. Such an evaluation may require additional
acquisition of data or the impact may be evaluated
by examination of peripheral type information. If
the latter course is taken, the rationale of doing so
should be adequately documented. (3) Current data
tabulations do not summarize entraimment data for £ish
eggs and larvae for unit 3 and for certain months on
unit 2. Future proposals should include this information.

It is suggested that the water user address these
points in the proposed 316(b) monitoring program and/or
in the final impact evaluation of the cooling water
intake."

IA, the PECO biological consultant, provided the field studies and
analysis for the biological sections of this document., It has conducted
a monitoring program of the cooling water intake of the Peach Bottom Atomic
Power Station Units No. 2 and 3 (Peach Bottom) since November 1973. The
"Operating Environmental Technical Specifications and Bases of the Nuclear
Regulatory Commission [NRC] for Peach Bottom Station" required samples of
impinged fishes to be taken during four 12-hr periods a week for three
months after the full operation of Unit No., 2 which began commercial
operation in June 1974. Although the NRC requirements were completed in
September 1974, additional impingement sampling has been conducted through
December, 1976,

Entrainment sampling was conducted at least twice a month for zooplankton
during the peak production period. During the spawning season, fish eggs
and larvae were sampled weekly. These studies were conducted through December
1976, although NRC requirements state "studies will be terminated after the

first year of Unit No. 3 operation (12 months after commercial operation begins)",

Unit No. 3 began commercial operation in December 1974,
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At the Hershey meeting, EPA determined that the present impingement
sampling frequency and design were satisfactory to obtain data for the 316(b)
demonstration evaluation. The sampling design used by IA to determine the
impact of the entrainment of fish eggs and larvae and zooplankton was also
considered acceptable by the EPA. However, it was suggested that entrainment
samples, particularly for zooplankton (designated 'representative, important
species'"), be taken at the time of chlorination and data be obtained on
the entraimment of the phytoplankton commnity. The standing crop of phyto-
plankton in Conowingo Pond has been monitored since 1970 by measuring the
concentrations of total chlorophyll a. Total chlorophyll 2 had been designated
as a "'representative, important species" for Conowingo Pond. The entrainment
of phytoplankton at Peach Bottom was monitored by sampling total chlorophyll
a at the intake and discharge. Because chlorination is not done on a fixed
schedule and is unpredictable it was not possible to obtain samples at the
time of chlorinatién.

The designated "representative, important species" of fish are the’
following: white crappie, channel catfish, bluegill, spotfin shiner, bluntnose
minnow, gizzard shad (introduced in 1972), largemouth bass, smallmouth bass
and walleye.

In this document the following subjects are discussed: (1) the results of
impingement and entrainment studies at the Peach Bottom Station; (2) the
relationships between physical factors and impingement; (3) an evaluation of the
overall effects of impingement and entrainment on the resident biota, (4)
consideration of the present cooling water intake structure as the best
avallable technology for minimizing adverse environmental impact considering

the dates of design, comstruction and completion of the cooling water intake
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structure, and (5) intake screen velocity survey by Environmental Devices
Corporation, PECO's thermal monitoring consultant (see Appendix C).

In compliance with the NPDES "Special Conditions" requirement, copies of
reports submitted to the NRC in fulfillment of Sections 6.l.b "Impingement
of Organisms" and 6.l.c "Entrainment of Planktonic Organisms" of the
Environmental Technical Specifications for the Peach Bottom Atomic Station
Units No. 2 and 3 accompany this document. They include the following:

(1) Peach Bottom Atomic Power Station Postoperational Reports 1 through 3
which were sent to the EPA with the 316(a) submittal in July 1975 and (2)

Postoperational Reports 4 through 7 enclosed with this 316(b) submittal,
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1.2 DESCRIPTION OF STATION

Peach Bottom Atomic Power Station Units No. 2 and 3, operated at PECO,
is located on the west shore of Conowingo Pond, a 9,000 acre impoundment on
the lower Susquehanna River in southeastern Pennsylvania. Rach unit is rated
at 1065 megawatt (electrical). Both units have operated at varying loads up
to full power.
Cooling water for Units No. 2 and 3 is provided by three 250,000 gpm
(557 cfs) pumps per unit, for a total of six pumps with a capacity of
1,500,000 gpm (3350 cfs). The water is drawn directly from Conéwingo Pond
through an intake structure approximately 500 ft in length and parallel to
the Pond (Figure l.1-1). The intake is protected from heavy debris and ice
by 32 sets of vertical steel trash racks. ~Behind the trash bars are 24
vertical traveling screens of 3/8 in. mesh., The total intake area was
designed to be large enough to maintain & maximum velocity through the
screens of less than 0.75 fps at the normal Pond level of 108.5 ft (Conowingo
Datum). The set of 24 screens (12 for each unit) removes debris from the
incoming cooling water before it enters two separate intake ponds which are
approximately 3 acres each. A jet water spray dislodges the debris
and carries it into a sluiceway. Under normal operating conditions
the screens rotate only when a specified pressure gradient is reached across
the screens., However, the screens ;an be washed continuously when large
amounts of trash accumulate and in the winter months to eliminate ice. The
debris is dewatered as it passes over a vibrating screen at the end of the
sluiceway and i{s collected in a trash bin.

The cooling water emnters the intake ponds and travels:to.the pump intake
facility where it is again screened by a 3/8 in. mesh traveling screen before

passing through the condensers. During the passage through the condensers
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the water temperature is increased up to 21 F at full load. Approximately
60% of the heated water is pumped to three forced draft helper cooling
towers. The remainder of the heated water passes directly into a 470d ft
discharge canal where it mixes with the water cooled by the three towers.

It is then discharged into Conowingo Pond via a discharge structure, Transit
times of the cooling water through the Peach Bottom Station are given in

Table 1.1-1.
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TABLE 1.1-1

Circulating water transit time through plant cooling system. Data
taken from Philadelphia Electric (1975).

Flow directly
to discharge

Flow through
cooling tower

Description canal system
Retention in intake structure 24,3 min 24,3 min
Circulating water piping to condenser 0.7 min 0.7 min
Condenser 14 sec 14 sec
Condenser to cooling tower pond 1.3 min 1.3 min
First cooling tower pond 24,3 min
Second cooling tower pond 16,3 min
Piping from pond to cooling tower 22 sec
Retention in cooling tower 64 sec
Cooling tower discharge to canal 87.5 sec
Transit in discharge canal 38.9 min 38,9 min
Bypassing of cooling tower, time in 22,6 min
discharge canal
Total 88 min 109 min
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2.0 ENTRAINMENT OF ORGANISMS

2.1 PHYTOPLANKTON

A portion of the phytoplankton population found in Conowingo Pond is
affected by entrainment from the operation of the Peach Bottom. To determine
the effects qf entrainment, the phytoplankton biomass and percentage composi-
tion of the common algal groups (diatoms, green and blue-green) were compared
between samples collected at the intake and discharge. The principal method
used to indicate the standing crop of algae in Comowingo Pond has been by
measurement of plant pigments, particularly chlorophyll a. Determination of
chlorophyll a provides an indirect measure of algal biomass (Richards and
Thompson, 1952) and has been used by other investigators to eliminate some
of the problems associated with cell counts (Brooks, Smith and Jensen, 1974,
Glooschenko and Moore, 1973 and Glooschenko, et al., 1974). A reduction or
increase in the concentration of chlorophyll a or a shift in the percent
composition of the algal groups at the discharge of Peach Bottom would indicate

an effect of entrainment on the phytoplankton community.

2.1.1 Methods

Chlorophyll a concentrations were determined according to Strickland
and Parsons (1972) on water samples at the Iintake (Station 690) and discharge
(Station 692) of Peach Bottom on fourteen dates between 17 May and 2 November
1976 (Figure 2.1-1). Percent composition of the algal groups was determined
from samples collected for zooplankton entrainmen; studies. Phytoplankters were
counted by units; 1 unit equals 1 cell, 1 filament or 1 colony. The units for
each group were summed and percentages calculated, In addition, the overall

condition of cells (i.e., broken frustules, disrupted colonies, color and
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shape of chloroplasts) was observed. Samples for chlorophyll a analysis and PN

zooplankton were collected on the same day.

2.1.2 Results

Total chlorophyll a values ranged from 1.04 to 58.78 mg/m3 (i = 20,75)
at the intake and 1.22 to 52.48 mg/m; (X = 19.32) at the discharge (Table
2.1-1). Values at the discharge were not consistently lower or higher than
those at the intake. Although the mean value at the discharge was 1.43 mg/m;
lower than that at the intake, the difference for the period sampled was not
significant (P = 0.05). These results are similar to findings of other
investigators. Tox and Moyer (1973) noted that although chlorophyll a
concentrations in phytoplﬁnkton passing through the condenser and discharge

canal of a fossil fuel-fired plant at Crystal River, Florida varied widely

~,

with time of day, no decline in chlorophyll a was detected. Verduin (mno date)
noted similar results at the Waukegan Nuclear Statiom. Brooks, Smith and
Jensen (1974) found slight changes in chlorophyll a concentrations in the
cooling water after passage through the Indian River Station, Delaware. They
reported that the slight increase and decrease in concentration may have

been related to sampling and analytical variance rather than any definite
effect of the power plant, Elier and Delfino (1974) reported no decline in
chlorophyll a in the discharge canal during periods of non-chlorination

as opposed to periods of chlorination at the Quads Cities Nuclear Station.
Beeton and Barker (1974) noted no obvious influence on concentrations of
chlorophyll a between the intake and discharge at the QOak Creek Power Plant
on Lake Michigan. No significant change in chlorophyll a occurred due to

entrainment of phytoplankton at Peach Bottom.
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In order to detect the effects, if any, of the operation of Peach
Bottom on chlorophyll a in Conowingo Pond, an analysis of covariance was
conducted in which the preoperational (1970-1973) and postoperational
(1974-1976) means at 1l stations (Figure 2.1-2) were compared after being
adjusted for variation due to a control station. The analysis is described
by IA (1977a). In addition, a regression model was described from preoperational
and postoperational data for January through December to isolate the thermal
and/or entraimment effects from those due to natural causes. Results of both
analyses indicated that no significaant change in chlorophyll a concentrations
occurred in the postoperational years due to the operation of Peach Bottom

(Tables 2.1-3 and 2.1-4).

2.1.3 Algal Composition

Algal composition, althbugh not a part of the NRC required monitoring
program for Peach Bottom, was determined along with chlorophyll a measurements.
Three common algal groups in the intake and discharge gamples (taken
for zooplankton studies) were greeas, diatoms and blue-green. Overall,
the percent composition revealed that green algae were dominant im both the
intake (50.6%) and discharge (53.0%) samples, followed by diatoms (38.9 and
35.4%, respectively) and blue-green algae (9.5 and 11.4%, repsectively)
(Table 2.1-2). Although the percent composition of each group varied between
the intake and discharge, the d;fferences were slight and not significant
(P = 0.05).

Bush, et al. (1974) indicated that if light and nutrientg ere sufficient,
a shift from one algal group to another could occur if the temperature
change is great enough and the retention time long enough. Although the
temperature change (A T) ranged from 1 to 20 F during the study (Table 2.1l-1),

the retention time of water through Peach Bottom was short and no algal
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succession was observed in the discharge canal. The common élgal group in

the intake sample was also the common group in the discharge sample on all

dates except 3 August 1976 when diatoms were more abundant in the discharge
(Table 2.1-2).

Examination of the phytoplankton cells did not reveal any evidence of
visible mechanical damage (i.e., broken frustules, disrupted colonies, dis-
colored chloroplasts, cell membrane separation from cell wall) from entrain-
ment. The number of damaged cells appeared to be similar in both intake
and discharge samples. Similar observations have been noted by other investi-
gators such as Patrick (1969), Howell (1969), Verduin (no date) and Brooks,
Smith and Jensen (1974). However, physiologic impairment of some phytoplankton

may occur, but the extent (if any) is not known.



TABLE 2.1-1

' Comparison of tota.l chlorophyll a concentracion (mg/m3) and water
temperature at the intake (Station 690) and discharge (Statiom 692) of
tha Peach Bottom Station, 17 May-2 November 1976,

==
Chlorophyll a (mg/m3)
Station 690 692 Temperature (F
Intake Discharge 690 692 AT
Date
17 May 15.37 14.06 67.0 79.0 12.0
27 May 23.62 24,97 63.0 64.0 1.0
15 Jun 24.90 25.56 76.0 91.5 15.5
28 Jun 10.27 9.36 77.0 90.5 13.5
6 Jul 58.78 52.48 77.0 90.5 13.5
28 Jul 32.62 27.92 78.5 87.0 8.5
3 Aug 12.45 12.66 77.0 90.0 13,0
10 Aug 16,41 16.08 76.0 84.0 8.0
17 Aug 32.82 26.82 75.0 88.0 13.0
31 Aug 26.74 23.67 75.0 89.5 14.5
21 Sep 11.02 10.22 71.5 84.5 13.0
6 Oct 20.88 21.14 61.0 77.0 16.0
18 Qct 3.63 4.26 50.0 61.0 11.0
2 Nov 1.04 1.22 4.0 64.0 20.0
Mean 20.75 19,328 - 69.1 81.5 12.4
Min. 1.04 1.22 4.0 61.0 1.0
Max. 58.78 52.48 78.5 91.5 20.0

NS = Nonsignificant, t = 0,28, df = 24

TABLE 2,1-2
Percent composition of the common algal groups found in samples

collected at the intake (Station 690) and discharge (Station 692)
at the Peach Bottom Station, 17 May-19 October 1976.

Station Station 690(Intake) Station 692(Dlscharge)
Graens Diatoms Blue-greens Greens piatoms ue-gre

[vA) [v2Y (%) (eA) (%) (%) _

Date
17 May 16.7 83.3 0.0 18.4 81.6 0.0
27 May 15.2 83.8 1.0 32.7 66.8 0.5
15 Jun 8.2 1.9 .59.9 15.2 19.3 65.4
28 Jun 15.7 83.3 0.0 18.6 78.5 1.6
6 Jul 63.0 1.0 5.9 54,2 21.7 2.1
28 Jul 50,7 9.8 19.4 57.0 9.0 34.0
3 Aug 47.0 47.0 3.0 43.4 52,7 3.9
10 Aug 80.8 17.9 1.3 82.0 16.5 1.5
17 Aug 81.2 12.0 1.6 74,9 18.8 6.3
31 Aug 92.6 6.9 0.5 90.7 9.3 0.0
21 Sep 92,8 5.0 1.9 91.0 5.0 4.0
6 Oct 71.5 25.5 3.0 7.4 21.9 6.7
19 Oct 22.2 68,1 3.9 39.9 59.7 0.3
Mean 50.6 38.9 9.5 53,0 NS® 35.4 NS® . 11.4 Ns©
Min. 8.2 5.0 0.0 15.2 5.0 0.0
Max. 92.8 83.8 59.9 91.0 81.6 65.4

NS® = Nonsignificant, t = 0.21, df = 24
NS® = Nonsignificant, t = 0,30, df = 24
NS¢ = Nonsignificant, ¢t = 0,26, df = 24
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TABLE 2.1-3

Summary of covariance analysis for total chlorophyll a (Log
December for preoperationmal (1970-1973) and postoperational

in Conowingo Pond.

+1) from January-
1974-1976) periods

Year 1974 1975 1976
Postop Preop Prob* Postop Preop Prob* Postop Preop Prob*
Station January-December
604 1.021 1.028 0.851 0.952 0.984 0.335 0.943 1.007 0.052
605 1.057 1.048 0.736 0.978 1.013 0.111 1.030 1.034 0.885
607 1.082 1.038 0.336 0.954 0.977 0.579 1,008 1.012 0.907
611 0.960 0.938 0.614 0.986 0.913 0.080 0.975 0.935 0.389
604-611 1,054 1.009 0.021 0.966 0.972 0.722 0.987 0.995 0.674
* All values are nonsignificant at P = 0.01
TABLE 2.1-4
Number of total chlorophyll a values in January-December in 1974-1976 outside (X) the
90 percent confidence interval by station for all statienms.
Year 1974 1975 1976
n X* n X* n X*
Station January-December
604 19 3 23 1 17 4]
605 20 3 23 1 17 1
607 19 4 23 1 17 1
611 20 4 22 3 17 2
604-611 78 14 91 6 68 &

% All outliers are

nonsignificant at P = 0,90
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N _ ~Condenser Discharge

. ! Unit No. 2
A N _cunit Na 3
ov? L{Unit No. 3 Intake
C B B Unit No. 2 Intake
] Cooling Towers  Cooling Towers Station 690
— Station 692 D+*E (Unc_ler
Discharge construction) Primary Discharge Pond
FICURE 2.1-1

Sampling locations for intake (Station 690) and discharge (Btation 692) samples at the
Peach Bottom Station.
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2.2 ENTRAINMENT OF ZOOPLANKTON

2.2.1 1Introduction

Studies on the entrainment of zooplankton in the cooling water system 7
of Peach Bottom began in June 1973. The initial objectives of the study
were determination of the species, numbers and life stages affected;
estimation of the entrainment mortality and evaluation of the effects of
entrainment on the zooplamkton population in Conowingo Pond. Collections
taken in 1973 established the feasibility of sampling the intake ponds and
discharge canal (Figure 2.2-1). The studies were refined in 1974 and the
entrainment densities and mortalities were determined. The impact of entrain-
ment on the zooplankton was evaluated from the 1974, 1975 and 1976 data.

Studies by others (see below) indicated that mortality estimates could
be biased due to settlement and disintegration of injured zooplankton in the
discharge canal. The possibility that avoidance of the sampling gear by
zooplankters could be greater in the intakes than the discharge was considered
in program design. Gear was selected that would minimize avoidance in the

intake.

2.2.2 Methods

Densities of zooplankton in January through May and in October through
December were too low (less than 1L animal/liter) to determine mortality. Mortality
and species comp&sition of zooplankton was determined only for the period June
through September when samples were taken at least every two weeks. Attempts
were made to obtain samples at the time of chlorination but the automatic
chlorinator had operational difficulties gnd‘chlorination was conducted manually
on an un-scheduled basis. However, for determination of impact 100% mortality
has been assumed for entrainment.

A total of 106 samples of known volume was collected with a VanDorn bottle

in 1974 and a Schindler plexiglass plankton trap in 1975 and 1976 at
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the intake and discharge structure from June through September. Samples

from different depths (surface to bottom) were integrated and filtered th:ough
a No. 20 mesh plankton net to represent zooplankton density in the entire
water columm.

Samples were placed in one pint jars; Carmine Red and Neutral Red dyes
were added until dye concentrations were 1% and 5%, respectively. The samples
were maintained at ambient temperature in styrofoam containers for one hour
or longer to allow stain te concentrate in the live organisms before sorting.
Cladocerans and copepods ingested the Carmine Red and concentrated it in their
digestive tract while the Neutral Red stained the tissue of live organisms
deep red. Dead organisms remained clear or turned a pale pink. Motility
also indicated if an organism was alive at the time of collection. Organisms
were sorted in the laboratory within two hours after collection. A portion of
the sample was placed in a four chambered petri dish and the dead organisms
removed by micropipette to a separate vial. This process was repeated until
the entire sample was sorted. After sorting, the live and dead organisms were
preserved in 40-507 isopropanol in separate vials for later identification
and enumeration,

The vial of live organisms was concentrated to a known volume from which
successive l-ml subsamples were placed on a Sedgewick-Rafter counting cell
until 200-400 organisms were identified and counted. The total number of live
organisms was calculated from the number per volume in the subsample. All
dead zooplankters were identified and counted.

In June 1976 a breach was made in the berm separating the primary discharge
pond from Conowingo Pond. Most of the heated effluent entered directly into

the Pond while the remainder went through the cooling towers and the discharge
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canal. The breach did not prevent estimation of zooplankton mortality.
The current in the canal was sufficient to prevent the build-up of a
large resident population of zooplankton. Thus, the mortality estimate
for June 1976 should be comparable to other mortality estimates.

Some investigators have reported that densities in discharges from
power plants were lower than at intakes and attributed this to the settling
of zooplankton in the discharge. Carpenter, et al. (1974) reported that
zooplankton in the discharge of the Millstone Point Nuclear Power Stationm,
Northeastern Long Island Sound exhibited a settling rate of 2-1/2 times that
of zooplankton in the receiving water. Lauer, et al. (1974) concluded that
organisms settled out in the discharge canal at the Indian Point Nuclear
Power Plant on the Hudson River. However, Davies and Jensen (1974) reported
no significant densities at the Marshall Steam Station, Lake Norman, North
Carolina and Chesterfield Station, James ﬁiver, Virginia. The discharge samples
at the latter two stations were collected within or immediately below the discharge
conduit from the condenser. This indicates that disintegration of zooplankton
in the condenser may not be significant in estimating mortality. However,
settling is considered important in calculating mortality.

In the present study mortalities for all taxa, except nauplii, were
calculated from the densities of live and dead animals at the intake and discharge.
Densities were adjusted for settling or disintegration of dead animals in the
discharge by adding the difference in densities between the intake and the
discharge (when this difference was positive) to the densities of the dead
animals at the discharge. Thus, the estimate of percentage mortality is maximized.

Since nauplii are too small to be accurately sorted into live and dead categories,
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mortality was calculated by expressing the difference in density between
the intake and discharge as a percentage of the density at the intake.
This estimated mortality is due to disintegration and settling.
The percentage dead in the discharge was calculated as the ratio of
the density of total dead to the adjusted total demnsity of animals in the
discharge. Percentage dead at the intake was subtracted from the percentage

dead in the discharge to obtain the percentage mortality due to entrainment.

2.2.3 Results
2,2.3.1 Species Composition

Over 100,000 zooplankters were collected on 37 dates from June through
September in 1974, 1975 and 1976. The common taxa and life history stages

collected were: Diaphanosoma leuchtenbergianum, Daphnia spp., Bosmina

longirostris, nauplii, cyclopoid copepodids and Cyclops vernalis. Others

were: Leptodora kindtii, Moina spp., Ceriodaphnia lacustris, Eubosmina coregoni,

Ilyocryptus spinifer, Pleuroxus sp., Leydigia cilliata, L. leydigid, Alonella

sp., Chydorus sp., Camptocercus rectirostris, Tropocyclops prasinus, Diaptomus

sp., calanoid copepodids and Harpacticoida. No evidence of selective mortality
of species was observed. Common taxa in the Pond were most frequently entrained.
Total zooplankton density during the study, exclusive of nauplii, ranged from
1.68 (15 July 1976) to 371.34 per liter (26 September 1974) at the intakes and
1.35 (3 July 1974) to 94.85 per liter (20 August 1974) at the discharge (McManus,
1975 and 1977). Total zooplankton density at the intakes was lowest in 1976
(Table 2.2-1).

2.2.3.2 Estimates of Mortality
Estimates of morcality on each date showed a large variation (McManus,

1975, 1976 and IA, 1977b) for the common taxa and all other taxa combined (indicated
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herein as “others'). They ranged from ~1007 for "others" on 16 September

1975 to 100% for Bosmina longirostris on 5 September 1975 and 15 July 1976

for Cyclops vernalis on 18 September 1975. Mean annual estimates ranged from

-6% for “others" to 50% for Bosmina longirostris (Table 2.2-2).

Generally, cladocerans suffered greater mortality than copepods (Table
2.2-2). Combined mean mortality of total zooplankton from 1974 to 1976,
exclusive of nauplii, was 327%. A paired t-test indicated that zooplankters
entrained suffered a significant mortality (P < 0.01) in each year. Analysis
of variance was run on percent mortality data transformed by the arc sime.

No significant differences (P > 0.05) occurred in the percent mortalities of

total zooplankton between the three years (F = 2.39, df = 2,33).

2.2.3.3 TImpact of Zooplankton Entrainment

Entrainment of zooplankton at Peach Bottom may have some impact on the
zooplankton commmity of Conowingo Pond. However, the impact was not detectable
in the Pond by statistical techniques. Any loss in zooplankton populatio; in
the Pond would be greatest in the discharge canal and the immediate vicinity of
the plume. Enhancement of zooplankton production by the heated effluent,
particularly in perlods of low (see below), can compensate for losses due to
entrainment. Recrulitment of zooplankters from upriver sources occurs quickly
in the thermal plume.

A zooplankton monitoring program designed to detect changes in the zoo-
plankton population has been conducted since 1967. Zooplankton samples were
taken at 1l selected locatiomns throughout the Pond, including the thermal plume
(Figure 2.2-2). Data obtained at these stations at about two week intervals were

used to make comparisons between the preoperational (1967-1973) and postoperational
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(1974-1976) pericds. The density of zooplankton at a control station was

used as a covariate in analysis of covariance. The aim of the analysis was

to isolate the natural variations from those caused by Peach Bottom. The
results of the analysis of covariance indicated no significant (P > 0.01)
changes in the Pond between the preoperational and postoperatiomal periods
except in 1975 (Table 2.2-3). The observed densities at most statioms in

1975 were not significantly different than in the preoperational period. The
exceptions were Statfons 610 and 611 in the lower portion of the Pond, an axea
far removed from the influence of Peach Bottom. The probable reason for signi-
ficant differences at these two stations may be attributed to predation by a
strong year class of gizzard shad. The highest density of gizzard shad larvae
was observed near these stations. Glzzard shad larvae are known to feed
extensively on zooplankton. Thus, it is concluded that operation of the Peach
Bottom has had no detectable effect on the zooplankton population of the Pond.
Consequently, the zooplankton losses estimated as a result of entrainment, at
most, represent a minimal impact on the Pond.

The total number of organisms entrained was calculated from multiplication
of the voluwe of water which entered Peach Bottom and the average demsity at
the intake (Table 2,2-3). It was assumed that (1) all six circulating water
pumps were operating at all times with a capacity of 250,000 gpm each and (2)
the efficiency of the Clarke-Bumpus plankton sampler used to collect zooplankton
at Station 602 and 612 was 60% compared to the Schindler plexiglgss trap
(Schindler, 1959), The density of zooplankton at Stations 602 ox 612, located
closest to the intake structure, was used to estimate the demsity of zooplankton
entrained in May because no data on zooplankton were available from the entrain-

ment study. Stations 602 and 612 are above and directly offshore from the
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Peach Bottom in*akes, respectively. A Clarke-Bumpus plankton sampler fitted
with a No. 20 mesh net was used to collect the sample in a manner similar to
that reported by Earle (1974).

The loss of zooplankton differed between the three postoperational years
(Table 2.2-4). The greatest loss of zooplankton (1.4 x 1014 organisms)
occurred in 1974 and the least was inm 1976 (1.1 x 1013 organisms). The
relatively high estimated loss in 1974 resulted from a patchy distribution
of B. longirostris in Septembei 1974 and of nauplii in August, Both organisms
were not abundant either in the samples taken for the NRC monitoring program,
particularly at Station 602, or at the discharge. However, inclusion of these
data increased the estimates substantially. Consequently, the actual loss was
probably much less than that indicated. As mentioned above, these losses were
not detectable in the zooplankton commmity in the Pond.

Even though one may assume that the entrained zooplankton are lost to the acin,
food chain, in reality they are available as food for detrital feeders.
Consequently, the energy tied up in the live zooplankton is retaiﬁed in the
ecosystem after mortality occurs. This is one of the mechanisms that will
compensate, in part, for losses due to Peach Bottom operation.

Increased water temperature enhances the reproductive rate of zooplankton
and decreases the time (turnover rate) between succeeding generations of
zooplankton (Pratt, 1943; Hall, 1964; McLaren, 1966; Hutchinson, 1967; Heinle,
1969; Carlson, 1974), Thus, the addition of heated water to Conowiﬁgo Pond
should stimulate production of zooplankton. This effect has been noted at
power plants on Lake Michigan and Lake Malaren, Sweden (McNaught, et al., no

date; Lanner and Pejler, 1973).

At
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A potential exists for an increase in the zooplankton population
in the Pond (Philadelphia Electric Company, 1975). Thié prediction is made
with the knowledge that in the Pond production of zooplankton population
generally increases at water temperature greater than 60 F and when river
flow is low (< 13,000 cfs). This has been observed both in the preoperational
and postoperational periods. At the time (November through May) when low
temp erature occurs, the river flow is generally high; the zoopldnkton popu-
lation is low. 1In Conowingo Pond high zooplankton production has been observed
with a flushing rate of seven days or more when water temperature is suitable
for population development, The flow through the Pond must be below 25,000 cfs
before the exchange rate will ekceed 7 days. Thus, when the release of the
heated effluent will raisg the ambient water temperature above 66 F and river

flow is low, IA predicta an increase in zooplankton production.
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TABLE 2.2-1

The density of zooplankton (number per liter) at the intake
and discharge of Peach Bottom Station, Jume-September 1974,

1975 and 1976.

Taxa 1974 1975 1976 Mean
Cladocerans Intake

Diaphanosoma leuchtenbergianum 9.18 16.23 2.12 9.18
Daphnia sp. 14,24 0.37 0.74 5.12
Bosmina longirostris 28,31 1.15 1.05 10.17

Copepods
Nauplii 60.25 16.75 7.78 28.26
Cyclopoid copepodids 14,53 4,86 3.57 7.65
Cyclops vernalis 6.10 0.55 0.66 2.44
Others 8.16 0.83 0.56 3.18
Total Zooplankton¥ 80,51 23,87 8.66 37.68

Cladocerans Discharge
Diaphanosoma leuchtenbergianum 9.10 9.62 1.64 6.79
Daphnia sp. 10.61 0.32 1.16 4,03
Bosmina longirostris 2.64 0.69 0.81 1.38
Copepods .

Nauplii 33.35 16.19 9.00 19,51
Cyclopoid copepodids 10.47 4.9 3.70 6.37
Cyclops vernalis 4.49 0.89 0.75 2.04
Others 4,35 0.99 0.57 1.97
Total Zooplankton* - 41.66 17.46 8.63 22,50

* Exclusive of nauplii

TABLE 2.2-2

Estimated percent mortality of zooplankton entrained at the Peach Bottom
Station, June-September 1974, 1975 and 1976.

Unweighted

Year 1974 1975 1976 Mean

e} ) (%) @)

Taxa

Diaphanosoma leuchtenbergianum 33.87 33.03 19.66 28.85
Daphnia sp. 39.20 23.63 28,86 30.56
Bosmina loncirostris 46,18 48,39 39.64 48,07
Cyclopoid copepodids 23.59 17.85 16.82 19,42
Cyelops vernalis 35.68 18.45 12.17 22.10
Others 43,31 5.96 30.55 22.63
Nauplii 47.89 12.34 17.60 25.94

Total Zooplankton*

44,08+x8 28,66%kD 23, Q4rkC

31.93

*  Exclusive of nauplii
*k Significant at P = 0,01
a t=4,38, df = 14

b t=6,09 df = 10

e t= 4,48, df = 10
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TABLE 2.2-3

Comparison of the preoperational (1967-1973) and postoperational (1974-1976) adjusted

means of zooplankton densities in Conowingo Pond, January-December.

1974 1975 1976

Station Postop Preop P Postop Preop P Postop Preop P
602 .835 .897 .387 .831 .861 .654 774 724 .532
603 1.068 .891 .005% .973 .854 .059 .883 .749 .041
604 1.148 1.013 .049 .980 .979 .991 .994 .925 401
605 .981 1.000 .786 .966 .962 .959 .906 .869 .618
606 .986 .954 .568 .995 912 191 .928 .844 .233
607 1.29). 1.158 .110 1.062 1,118 .506 1.063 1.026 .630
608 <949 .977 .684 .907 .929 .736 .939 .842 .168
609 1,061 1,037 771 .906 .998 .225 1.021 .992 .732
610 1.276 1.246 .682 .929 1.226 »0001% 1.069 1,215 .081
611 1.370 1.267 .186 971 1.268 .0003% 1.342 1.217 124

602-611 1.088 1.035 .015 .940 1.001 .0072% .990 .938 .029

% Significant at P < 0.01
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TABLE 2.2-4
|

Eaéimnted zooplankton losses due to entrainment at Peach Bottom Station, May~September 1974-1976.
Year
1974 1975 1976
Amt. of'water used per day in the cooling system (liters) 8.176x109 8.176x109 8.176x109
Amt. of water used (liters) from Mayl-august 15 (107 days) 1.251x102 8.748x1011 8.748x10!1
Total no. of animals entrained 1.385x1014 2.280x1013 1.089x1013
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2.3.1 Introductioﬁ

Studies on the entrainment of fish eggs and larvae in the cooling water
system of Peach Bottom began in May 1973. The initial objectives of the
study were: (1) determination of the species, numbers and life stages affected;
(2) estimation of the entrainment mortality and (3) evaluation of the effects
of entrainment on the adult fish populations in the Pond. Collections in
1973 were taken to establish the feasibility of sampling in the intake ponds
and discharge canal (Anjard, 1974)., The studies were expanded in 1974 and
the determination of entrainment mortalities was emphasized. These mortality
estimates may be biased due to differential avoidance of the sampling gear
by the larvae. The ability of larvae to avoid sampling gear was apparently
reduced after passage through the cooling system, thus increasing sampling
efficiency in the discharge relative to the intake. Since unbiased estimates
of entraimment mortality depend on the uniform efficlency of the sampling
gear, further attempts to refine estimates of entrainment.mortality were
considered futile. Consequently, in 1975 and 1976 estimates of entrainment
mortality were obtained without the determination of collection mortality.

Although the densities and entrainment mortalities determingd from the
1973 and 1974 data may be biased, they are included herein as Appendices A
and B. The impact of entgainment, however, 1s evaluated from the data

collected in 1975 and 1976.

2.3.2 Methods
Weekly samples were taken at three locations (Figure 2.3-1) within the
cooling water system from May through July (spawning season). Intake samples

were taken by towing a 1.0 m plankton net in the Units No. 2 and 3 intake
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ponds. Samples were also taken in the discharge canal, approximately 400 m
dowvnstream from cooling tower C with 0.5 m or 1.0 m plankton nets suspended
from anchored buoys. All nets had a mesh size of 0.4 x 0.7 mm. In 1975,
the U;xit'No. 3 intake was sampled only when Unit No. 2 was not operating.
Tn 1976, both intakes were sampled whenever possible (see below). Two
surface and two bottom collections were taken at each location in the daytime
and at night.

A Ceneral Oceanics Model 2030 flow meter mounted in the mouth of each net
was used to determine the volume of water filtered in each sample. In 3%
of the collections the meter became clogged with debris and the exact volume
could not be determined. 1In these cases, the sample was assigned the average
volume per collection for the entire season. Densities were expressed as
the number of larvae per 1000 m,

The nets were set or towed for 10 minutes, retrieved and the samples
processed. Intake samples were immediately preserved in 10% formalin and
the larvae sorted at a later date. Fish eggs or larvae collected in the
intake ponds were considered to be entrained. Discharge samples were emptied
into individual, aerated styrofoam containers and live and dead laxvae were
separated on site. Specimens that showed movement when placed in 10% formalin
were considered alive, The time from collection to sorting of live and dead
larvae was usually less than one-half hour but never more tham one hour.
Specimens were initially preserved in 107 formalin and later transferred to .
40% isopropanol, counted and measured. Eggs and larvae were identified to
species where possible., Larvae of bluegill and pumpkinseed could not be
separated, thus data for these larvae were combined and categorized as

sunfishes. Because of the low numbers of eggs and larvae in individual

S
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samples, the data from all collections on a given date and location were
pooled for analysis.

Temporary shutdowns or construction activities at Peach Bottom occasionally
precluded sampling. Intake samples were not taken for a given unit if the
circulating water pumps for that unit were not operating. Discharge samples
were not taken if fewer than three pumps (of a total of six) were operating.

In addition, discharge samples were not taken in June 1976 when most of the
cooling water bypassing the discharge canal and was discharged directly into
Conowingo Pond through a break in the berm of the primary discharge pond.

The distribution and abundance of fish larvae in the Pond were determined
from data collected in 1969 through 1976 ichthyoplankton monitoring programs.
These data are used herein to identify spawning patterns and locations in
the Pond, and to evaluate the impact of entrainment.

Since the results of the 1973 and 1974 programs indicated that attempts
to determine collection mortality would be futile, only estimates of the minimm
and maximum entrainment mortality were calculated for the 1975 and 1976 data.
The minimm estimate of mortality was defined as the percentage loss due to
settling and disintegration of larvae between the intake and discharge.

The maximm estimate of mortality combined settling and disintegration losses
together with the mortalities observed in the discharge collections.

Minimmn mortality = Density at the intake - Density at the discharge
Density at the intake

Maximum mortality = Density of dead larvae at discharge + Density at
the intake - Density at the discharge
Density at the intake
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2.3.3 Results

Few eggs are taken in ichthyoplankton tows because most fishes in the
Pond are nest builders or demersal spawners with adhesive eggs. A total of
seven eggs was collected in entrainment samples over the two year period.
Thus, entrainment of fish eggs is not considered a potential problem at
Peach Bottom.

Larvae of 20 specles were entrained in the cooling system in 1975 and
1976. The most common were larvae of the gizzard shad, carp, quillback,
channel catfish and tessellated darter (Table 2.3-1). The gizzard shad, carp
and quillback (rough fishes) made up over 807% of the entrained larvae while
larvae of sunfishes (bluegill and pumpkinseed), smallmouth bass, white crappie
and walleye (pan and game fishes) comprised 27%. The mean density of larvae in
the 1975 and 1976 spawning seasons was 131.6 per 103m3 of which 57.97 per
1033 (447) were gizzard shad.

Differences in the entrainment at Units No. 2 and 3 were evaluated using
the densities of fish collected at the intakes on dates when both units were
sampled in 1976 (Table 2.3-2)., Unit No. 2 was shutdown for much of the
sampling season, and data from four sampling dates were available for comparisons.
The densities of larvae at each unit were similar, and Spearman rank correlations
indicated that the species rankings at the two intakes were the same (N = 11,
rg = 793, P< .01). Since the samples from tl"le two intakes apparently
represented samples drawn from the same population, the data from both intakes
were combined and mean intake densities calculated,

Entraiomment varied over the three month sampling season. The highest
densities of the commonly entrained fish larvae occurred between the last

week in May and the first week in July (Table 2,.3-3)., From May through early
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June larvae of the carp and quillback were abundaﬁt, while from mid-June
until mid-July the gizzard shad and channel catfish predominated. The léurvae
of sunfishes were usually entrained in June and July; the shield darter and
tessellated darter in June.

Estimates of entrainment mortality were determined for seven species
(Table 2.3-4). Since cooling tower construction (break in the berm) prevented
sampling at the discharge in June of 1976, only the 1975 results were used
for mortality estimates. In general, smaller, more fragile larvae experienced.
higher mortalities than did larger, more robust larvae. Gizzard shad larvae
(mean length 4 mm) experienced the greatest mortality (98-1007%) and channel
catfish (mean length 17 mm) the least (75-79%). "]:he entrainment mortality
for all species combined was between 85 and 93%. Since these estimates did
not include consideration of delayed mortalities resulting from thermal or
mechanical shock, 1007 mortality was assumed for all species in assessment of
impact. This is in accordance with studies cited by Marcy (1975) where, in
all but one case, the mortality of entrained larvae was placed between 90 and
100%.

Mechanical damage rather than heat shock appeared to be the common cause
of entraimment mortality at Peach Bottom. The reductions in numbers of larvae
between the intake and discharge accounted for about 907 of the estimated
mortality. These reductions were believed to have resulted from the mechanical
destruction (disintegration) of larvae in the pumps, condensers or cooling
towers, since sufficient turbulence is present throughout the cooling system

to permit suspemsion of dead (although intact) larvae,

2.,3.4 Projected Losses
Estimates of the numbers of fish larvae lost each year through entraimment

(assuming 1007% mortality) were calculated from the mean intake densities over
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the sampling season (Table 2.3-5) and ;'maximum water intake of 3350 cfs
(1,500,000 gal/min). Entrainment losses were estimated for a 100 day period,
which approximates the period fish larvae would be vulnerable to entrainment.
These estimates were used to calculate the average number of adults lost

per year (Téble 2,3-5).

The most conservative (although unrealistic) estimates of the impact of
entraimment on the populations of adult fishes would assume that the losses
of adults were directly equal to the losses of larvae. A more reasonable
estimate, however, would take into account that only a fraction of the
numbers of larvae entrained would have survived to adulthood under natural
conditions, This larval to adult survival rate can vary by several orders of
magnitude depending on the fecunqity and.spawning habits of the species of
concern as well as the geographic locality and year. Data on survival rates
are not available for Conowingo Pond but are available from other studies k-
for some species. Survival rates have been reported as low as 0.005% for
the gizzard shad from egg to age II+ (Bodola, 1966) or as high as 2% for
carp sucker from larvae to age III+ (Jester, 1972). Some environmental
impact studies have based survival rates on fecundity estimates (Houston
Lighting and Power Co., 1974) while others have assigned a "realistic"
survival rate of 0,17 (Potomac Electric Power Co., 1973). Herein, a survival
rate of 0.017% was assumed for larvae of species with high relative fecundities
(gizzard shad, carp and quillback), while 0.1% survival was assumed for the
larvae of the remaining species with low relative fecundities (Table 2.3-5),
Given the above assumptions, the estimated annual losses of adult pan and sport

fishes would be as follows: 3,450 channel catfish, 1,130 sunfish (mostly blue-

gill), 490 walleye and 380 white crappie (Table 2.3-5),
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These lossces of adults, however, should be placed in some perspective by
comparison with other knmown sources of mortality. For example, the estimated
losses of adults resulting from the entrainment of larvae might be compared
to losses which result from angler exploitation. In the present study angler
exploitation data were only available for the white crappie. Generally,
the white crappie supports the fishery in Conowingo Pond (Whitney, 1961)
and is taken primarily in the winter months. The angler exploitation rate
for white crappie during the winter of 1973 was estimated at 9% (Euston, et
al., 1974). The bluegill was also caught in the winter fishery but ob-
servations indicate that its exploitation was lower than that of the white
crappie. Although the exploitation rate may vary greatly between years
due to several factors including fluctuations in year class strength, 9% is
the best available estimate of present angler exploitation. Data from
Euston (1976) indicated that anglers took approximately 28,000 bluegill and
25,000 white crappie from Conowingo Pond in the winter of 1975. The loss
of 380 adult white crappie and 1,130 sunfishes (mostly bluegill) due to
entrainment of larvae would represent an additional exploitation of less
than 17. The total exploitation rate (angler plus entraimment) would then
approach 10%. Although exploitation rates are not available for the channel
catfish and game fishes, McFadden (1975) indicated that exploitation rates
of 257 and higher are common for freshwater fishes such as the channel catfish,
bluegill, smallmouth bass and walleye. The fish populations in Conowingo Pond
should therefore be able to compensate for the increased exploitation repre-
sented by Peach Bottom without significant reductions.

In addition to the losses of pan and game fishes, the yearly losses of

rough fishes would approach 4,770 gizzard shad, 2,010 carp and 2,240 quillback
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(Table 2.3-5). These specles are present in large numbers throughout
Conowingo Pond and, in their larval and juvenile stages, are used to some
degree as forage by predatory fishes. However, the large adult populations
and high fecundity of these species (together with the dramatic increases
in the gizzard shad populations in recent years) indicate that the expected

loseses should be well within the compensatory reserve of the populations.

2.3.5 Impact of Entrainment

To detect the possible impact of entrainment on the Pond, comparisons
were made bet&een the preoperational (1969-1973) and postoperatiomal (1974-1976)
densities of fish 1;rvae. The mean preoperational demsities of larvae were
calculated and compared to the postoperational densities. Consistent decreases
from the preoperational mean were noted for the white crappie and sunfishes
(bluegill and pumpkinseed) indicating decreased larval densities in the
postoperational period (Table 2.3-6). Since the introduction of the gizzard
shad and Tropical Storm Agnes occurred late in the preoperational period
(1972) and may have influenced these reductions, the period prior to 1972 was
compared to 1973 and the postoperational years (Table 2.3-6). The initial
reductions in the populations of white crappie and other sunfishes occurred
in 1973; the year following Tropical Storm Agnes but prior to initial start-up
of Peach'Bottom. No further declines were noted in subsequent years, despite
the operation of Peach Bottom.

The location of cooling water intakes in relation to the known spawning
areas is an important consideration in determining the impact of entrainment.
Spawning locations (Figures 2.3-2 to 2.3-8) were determined from the catches

of newly hatched larvae at stations throughout the Pond. The presence of
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these larvae in a given area was considered evidence of spawning. The catch

per tow of newly hatched larvae was then expressed as a density index:

Catch per effort at a station or area
Average catch per effort at all other stations or areas

An index of less than one indicated areas of less than average importance
while an index greater than one indicated areas of greater tham average
importance (Robbins and Mathur, 1976b).

All the "representative, important species! spawn to some degree in
the vicinity of the intake (Figures 2.3-2 to 2,.3-8). However, each uses other
areas in the Pond as prinecipal spawning sites. The creeks and coves in the
southern section of the Pond are used extensively by the gizzard shad, sun-
fishes (bluegill and pumpkinseed) and white crappie and walleye while the
smallmouth bass and spotfin shiner concentrate in the northern sections or along
the eastern shore. The channel catfish spawns primarily alq?g the eastern
shore, north of Peach Bottom and south of the discharge along the western shore.
In each case larvae in the primary spawning areas are not subject to entrain-
ment, In at least one species (smallmouth bass) construction of Peach Bottom
may have increased the area available for spawning. The rip-rap used to
surface the sides of the berm provided a spawning habitat for this species.
This appears to be one of the-few areas in the central or scuthern sections
of the Pond where the smallmouth bass spawns (Figure 2.3-5) although the

densities of la}vae are low and few are entrained.
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TABLE 2.3-1

Mean densities of larval fishes (< 25 mm) per 103n3 at the intakes

of Peach Bottom Station, May-July, 1975-1976,

Year 1975 1976 Mean
Volume Sampled (103 m3)  14.9 16.7 _15.8
Species
Gizzard shad 34.78 78.57 57.97
Unidentified Minnows 3.30 0.60 1.87
Carp - 6.93 35.31 21.95
Golden shiner 0.00 0.06 0.03
Comely shiner 0.07 0.06 0.06
Spottail shiner 0.07 0.06 0.06
Spotfin shiner 0.07 0.12 0.10
Creek chub 0.00 0.06 0.03
Unidentified Suckers 0.13 0.00 0.06
Quillback 27.58 25.73 26,61
White sucker 0.27 0.66 0.48
Yellow bullhead 0.00 0.12 0.06
Channel catfish 4.71 4,13 4.40
Rock bass 0.13 0.00 0.06
Redbreast sunfish 0.07 0.00 0.03
Smallmouth bass 0.40 0.00 0.19
White crappie 0.34 0.60 0.48
Sunfishes 1.48 1.44 1.46
Tessellated darter 5.79 . 8,68 7.32
Log perch’ 0.07 0.00 0.03
Shield darter 5.25 1.62 3.33
walleye 0.74 0.30 0.57
Unidentifiable 0.54 8.14 4,56
Total 92.70 166.24 131.64
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TABLE 2.3-2

Densities of larval fishes (< 25 mm) per 103m> at the Peach
Bottom Station Units No. 2 and 3 intakes on 28 June, 6, 19
and 26 July 1976.

s === e v

Unit No. 2 Unit N%.03

Volume Sampled (103m3) 6.0

Species
Glzzard shad

TUnidentified Minnows

Carp

Comely shiner
Spottail shiner
Spotfin shiper
Quillback
Yellow bullhead
Channel catfish
White crappie
Sunfishes
Shield darter
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.Total 16.80 13.93
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TABLE 2.3-3

Mean densities of common larval fishes (< 25 mm) per 103|n3

Station from May through July, 1975-1976.

at the intake of the Peach Bottom

“anth __May June July
Week Ssmplad 1st 2nd 3rd 4th lst 2nd Ird arh Sth 1lst 2nd 3rd 4th
Species
Glxzexd shad .
1975 0.00 0.00 - 7.11 62,65 0.00 1.60 120.36 41.41 153.71 14.26 7.51 0.00
1976 17.88 - 21.10 13.07 79.53 35.67 503.42 298.98 8.84 0.68 4.8 1.30 1.60
Carp
1973 0.00 0.00 - 32.00 14.86 7.9 1.60 4,09 14.05 0.00 5.87 3.00 0.00
1976 3.58 = 0.00 458,40 4.54 0.78 20,55 4.87 .12 3.78 3.54 0,00 0.00
Quillback
1973 0.00 0.00 o 15,90 22,68 237.63 16.02 4.09 b.4h 1.36 0.00 0.00 0.00
1976 11.44 - 4,92 219.61 82,56 25.37 7.90 0.70 0.3% .00 0.00 0.00 0.00
Channel catfish
0.00 0.00 - 0.00 0.00 0.00 0.00 1.64 27.36 20.28 2,51 0.73 0.75
1976 0.00 - 0,00 0.00 0.00 0.00 0.00 0.00  13.43 12.59 15,24 4.53 1.92
Sunfishas
1975 0.00 0.00 - 0.00 1.56 0.72 0.00 0.82 6.65 0,78 5.87 0.00 0,00
1976 0.00 - 0.00 0.87 0.00 0.00 1.58 8.3 1.06  0.68 .77 0.00 1.18
Teasallated darter
1975 0.00 7.33 - 28.50 10.95 8.57 8.01 0.82 5.91 0,00 0.84 0.00 0.00
1976 16.45 - 0,00 3.23 8.33 4,65 15.02 55.62 a,00 0.00 0.00 0.00 0.00
shield darter
1975 0.00 0.9 - 2.67 7.82 .72 29.64 3.27 .22 0.00 0.84 0.00 0.00
1976 0.72 - 2,11 0.00 9.85 1.53 0.79 3.48 0.7 0.34 0.69 0.32 0.00
Totel Density
(A1l Lsrvae)
1975 3.98 13,99 - 96,00 130,59 290,33  64.08 139,99 104.26 176.33 39.58 11.26 0.75

1976 56,37 - 28,13 792,17 207.54 71.35  557.16  379.65 29.69 21.09 31.16 6,47 5.12



TABLE 2.3-4

Denaicies (cumber per 1000 n’) of fah larvas (< 25 ma) in the incake and discharg canale, macionm
and minimms estimacas of entralmeant mortality together with station operating conditions at Feach
Bottom Station, from May-July 1973,

————

Weck of b Moy 1l Moy 25 Maye Ljund B Jdun 15 dun
AMr Tump (F) 54,0-68,0 61,5-72,0 72,5-82,0 66.0-72,0 59.0-76.5 69,0-79.0
Water Temp (F)
Intaka 56.0-58.0 60,0-62,0 72.5-74,0 7%.0-75.0 65.0-66.0 72.0
DPlscharge 73.0-73,5 75.5-76.,0 81.5-84,0 76.0-78,0 73.0-75.0 80,0-81.0
AT (P) 16.25 14,8 9.5 2.5 8.5 8.5
Porcent Power 188 199 98-99 52 91-115 108-119
No. Circulating
Pumps 6 6 & 4 [} [}
No., Cooling Towers 2 3 2 3 2-3 3
Species
D cepedisnum
Density .
Incake - - .11 62,65 0.00 1.60
Discharge - - 0,00 0.00 0.73 0.00
% Moxtality
Haximm - - 100,00 100,00 - 100.00
Mintoos - - 100.00 ° 100,00 - 100,00
€. carplo
Density
Intaks 0.00 0.00 32,0 1%,.86 7,9% 1.60
Dischargs .03 1.66 6.51 4,39 .93 0.00
% Mortalicy
Maxelsmm 93.22 100,00 T 100,00 100,00
Mindexm 79,66 70.46 63,10 100,00
.c_' mdlﬂl’
Densicy
Intaks 0,00 0,00 16.90 22,68 237.63 16,02
Dischargs 5413 0.83 3.26 4,39 52,06 1,17
% Mortality
Maxionga 100,00 80,64 87.66 92,70
Miolom 80,71 80,66 78,09 92,70
1. punctatus
Dansicy B
Incake - - 0,00 0,00 0.00 -
Discharge - - . 1,09 1,09 5.86 -
% Yortality
Hax{emom - - -
Minimm - -
Lapomis sppe
Density
Intaks - - 0,00 1,36 0.72 -
Discharge - - .09 0.00 0,00 -
% Mortality
Maxieum - - 100,00 100,00 -
Wnimm - - 100.00 100,90 -
Eo olmstedd
Density :
Iataks 0,00 7.38 8.5 10.95 8,67 8,01
Discharge 3.09 1.68 0.00 2.19 0.00 0,00
% Mortalicy
Haximm 88,98 100,00 80.00 100.00 100.00
Hinimm 77,61 100,00 80,00 100,00 100.00
P, pelraca
Density
Iotake 0.00 0.94 2.67 7.82 1,72 29,64
Discharge L.03 0.00 0,00 2.18 5.13 0.58
1 Mortality
. Maximua 100,00 100.00 86.06 83,97 98.04
Mioicum 100,00 100,00 72,12 62,61 98,02
Others
Density
Intake J.98 7.52 8,89 10.%6 21.65 7,21
Discharge 3.09 4.99 1.09 0.00 7.31 0,00
% Mortality
Maximo 76,12 68,96 87.74 100,00 719,72 100.00
Minimm 22.36 33,64 87,74 100.00 66,24 100.00
Total
Density
Intake 3.98 13.99 96,00 130.59 290.33 64,08
Uischarge 19,58 9.97 13,06 15,26 74,02 1,75
% Mortality
Max tmum . 89,62 95,47 93,29 85,61 97.27
Minimum . * 37.65 86.62 89.10 74,50 97.27
eontinued '
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TABLE 2,3~

Continuad,
cak of: 22 Jun 29w _6Jgul  13Jul 20 Jul Jul
:lr Tomp (F) 74.0-89,0 72,0-81.0 70,0-82.0 75,0-80,0 76,0-88.0 72.0-85,0
Water ¥
nInu::nP L 79.0-79.5 75.0 79, 5-80,0 77.,0-78.0 80.5 81.0-82.0
Discharge 81,5-83.0 84.0-85.0 85.0-86.0 83,0-84.0 87,0 86,0-89,0
AT (F) 3.0 9.5 5.8 6,0 6.5 6.0
Percent Power 48 162 100 100 100 106
No. Civculating
Pumps 4 6 6 6
No. Cooling Towars 2-3 3 2 2 Mean
Species
D. cepedianum
Dansicy
Intaka 120.36 41,641 153,71 16,26 7.51 -
Discharge 0,00 3,73 0.81 1,56 2.18 -
% Morecality
Max{imum 100.00 100,00 100.00 100.00 100.00 - 100,00
Miniom 100,00 90.599 99.47 89,06 70,97 - 97.61
€. carpio
Densicy
Intake 4.09 14,05 5.87 3,00
Discharge 0,00 3.73 4,68 0.72
% Mortalicy
Maxisum 100,00 89,40 - 73.42 100.00 93,07
Minimum 100.00 73,45 . 20.27 76,00 71.00
€. cyprinus
Deasity
Intake 4,09 [N 1.56 - -
Discharge 1,46 0.74 0.81 - -
% Mortality
Maximom 64,30 100.00 100,00 - 86,95
Mnimm 64,30 83.33 4B.08 - 77.63
I« punctatus
Deasity .
Intake 1.64 . 27.36 20.28 2,51 0.75 0.75
Discharge 0.00 2.98 0.81 0.78 0.72 0,00
% Mortality
Maxioums 100,00 91.01 100,00 68,92 100,00 100,00 79.41
Min{om 100.00 89.11 96,01 68,92 4,00 100,00 74495
Lepomis spp.
Density
Intaka 0,82 6.65 Q.78 5.87 - 0.00
Discharge 0.00 2.26 0,00 1,56 - 0,67
% Mortality
Maximm 100.00 100.00 100.00 100,00 - 100,00
Miniwem 100.00 66.32 100.00 73.42 - 65.96
E. olmstedi
Dansity
Intake 0.82 5.91 - 0.86 - -
Discharge 0.00 0.74 - 0,00 - -
% Mortalicy
Maximum 100,00 100,00 - 100,00 - - 93,96
Minimm 100,00 B7.48 - 100,00 - - 90,50
P. pelzata
Denaity
Incake 3.27 2.22 - 0.84 - -
Discharge 0.00 0,74 - 0.00 - -
% Mortalicy
Maxinus 100.00 100,00 - 100,00 93,33
Hinimum 100,00 66,67 - 100,00 84,19
econtinued
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TAELE 2,3-4

Contiaued,
Waek of: 22 Jun 29 Jun 6 Jul A3 Jul 20 Jul 27 Jul
Alr Temp (F) 74.0-89.0 72,0-81.0 70.0-82,0 75.0-80.0 76.0-88.0 72.0-85.0
Water Temp (F)
Intake 79.0-79.5 75.0 79.5-80.0 77.0-78.0 80.5 81.0-82.0
Discharge 81.5-83.0 84,0-85.0 83.0-36.0 83.0-8%.0 87.0 86,0-89.0
AT (F) 3.0 9.5 S.8 6.0 6.5 6.0
Percent Power 48 142 100 100 100 106
No, Circulacing
Pumps 4 [] 6 6 § 6
No, Cooling Towers 2-3 3 3 3 2 2 Mean
Specias
Others
Density
Intake 4.90 2.22 - 8,39 - 0.00
Discharge 0.00 0.00 . 0.78 - 0.67
% Mortalicy
Maxcimm 100,00 100.00 - 90,70 - 91.32
Minioum 100.00 100.00 - 70,70 - 65.60
Total
Density
Incake 139.99 104,26 176.33 38,58 11.26 0.75
Discharge 146 14.90 2.43 9,36 J.62 1.34
2 Mortality
Maximm 98.96 96,42 100,00 93.93 100.00 - 93,13
Mloizum 98.96 85.71 98,62 715.74 67.83 84,68
Minimm Movtality = Density at the {ntake - Dansity st the discharze ]
Density at che intake .

Maximmm Mortality = Density of dead larvae at discharge + Densicy st the intake - Density at the dischazge
Density at the intakas
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TABLE 2.3-5

Estimsted number of larval fishes (< 25 mm) entrained mnd projected losses of adults at Peach Bottom Station {n

1975 end 1976.

1975 1975 AND 1976
No. Entrajned#® 28E No. Entrajned¥ 28E No. Eatrajned Adulte Larvae to adult
X1 X 106 X1 x 106 X 10 lost survival rate
Species
Gizzard shad 27.91 30.23 67.40 74.17 47.66 4,770 0.01
Carp 5.70 4.49 34.57 62.08 20.14 2,010 0.01
Spotfin shiner 0.05 0.03 0,10 0.07 0.08 80 0.1
Quillback 20.72 31.87 24.16 . 30.44 22,44 2,240 0.01
Channel catfish 3.64 15.10 3.26 2,88 3.45 3,450 0.1
Smallmouth baass 0.30 0.59 0.00 0.00 0.15 150 0.1
White crappie 0.27 0.43 0.59 0.37 0.38 380 0.1
Sunfish spp. 1.12 L1 113 111 1.13 1,130 0.1
Walleye 0.72 1.01 0.23 0.25 0.49 490 ‘0.1

No. adults lost = (No. larvae lost) X (larval to adult survival rate)

Ho. Entrained par Year = (Avarage* no./m’) X (93.8 m3/s) X (.64 x 10%s/day) X (100 days/year)

# Computed using weekly mean densities
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TABLE 2.3-6

Comparison of the preoperational (1969-1973) and postoperational (1974-1976) densities
(per 103m3) of some larval fishes (< 25 um) at tramsect atations in Conowingo Pond.

Year 1969-1971  1969-1973! 1973 1974 1975 1976 1974-76
Mean
Species
Gizzard shad> . = 1.16 - 0.23 156.10 210.03  122.12
Spotfin shiner 0.35 0.28 0.08 1.02 0.43 0.48 0.64
Channel catfish 11.70 10.52 6.98  5.65 18.22 10.32 11.40
Smallmouth bass 0.19 0.15 0.02  0.04 *  0.20 0.08
White crappie 4.50 3.49 - 0.45 0.87 0.18 0.47 0.51
Sunfishes 14.13 11,10 1.98 1.52 2.04 2,23 1.93
walleye 0.10 0.11 0.11 0.0+ 0.29  0.04 0.12

1 -~ 1972 not included because of incomplete sampling
2 - Gizzard shad were not present prior to 1972
* - < 0.01
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—Condenser Discharge

Unit No.'2
. -Unit No. 3

Unit No. 3 Intake
Unit No. 2 Intake

Cooling Towers
D ¢« E (Under Cooling Towers

Discharge . construction) Primary Discharge Pond

FIGURE 2.3-1

Diagram of the cooling water system of Peach Bottom Atomic Power Station, Units
No. 2 and 3, on Conowingo Pond, Ichthyoplankton sampling stations are indicated
as dote. :




GIZZARD SHAD
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Flgure 2,3-2
Location of spawning areas of the glzzard shad, Conmowingo Pond.
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SPOTFIN SHINER
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Figure 2.3-3

Location of spawning areas of the spotfin shiner, Conowingo Pond.
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CHANNEL CATFISH
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Figure 2.3-4

Location of spawning areas of the channel! catfish, Conowingo Pond.
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-SMALLMOUTH BASS
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Figure 2.3-5

Location of spawning areas of the smallmouth bass, Conowingo Pond.
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WHITE CRAPPIE
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Figure 2.3-6

location of spawning areas of the white crappie, Comowingo Pond.

2-43




SUNFISHES
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Figure 2.3-7
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3.0 IMPINGEMENT STUDIES

3.1 METHODS

Fish samples at traveling intake screens for Unit No. 2 were collected
twice a week from November 1973 through December 1976. From July through
September 1974 sampling frequency was increased to four 12-hr samples a
week to comply with the Environmental Technical Specifications (NRC, 1973).
ﬁeekly sampling at Unit No. 3 commenced in December 1974. Screens were
surveyed for impinged fishes during two successive 12-hr periods (day and
night). Prior to the start of each survey the screens were washed for
about 15 minutes. Then a removable aluminum basket with a mesh size of
5/16 in. was placed in a trash bin that receives the screen wash. Fishes
which accumulated in the basket constituted a sample.

. During the start-up tests of Peach Bottom not all circulating water
pumps were in service. Pumps were occasionally operated at the request
of TA to determine impingement during maximum water intake. After Peach
Bottom began commercial operation all six circulating water pumps were
usually in service. Occasionally, samples could not be téken due to mechanical
problems and/or accumulation of trash.

Fishes were identified, measured and weighed. Total number and weight
were estimated from a random subsample when & large number of fishes was
impinged. Intake water temperature, ;verage Pond elevation, number of
circulating water pumps in operation, average daily river flow, time of

day and date were recorded with each sample.
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3.2 RESULTS
3.2.1 Species Composition and Frequency of Impingement
In 240 samples of 12-hr duration 16,859 £ish (total weight 197 kg
or 433 1b) of 37 species were impinged at the screems for Umit No. 2
from November 1973 through December 1976 (Table 3.2-1), At Unit No.
3 between December 1974 and December 1976 some 42,088 specimens (total
weight 1173 kg or 2580 1b) of 35 species were impinged in 137 samples
(Table 3.2-2). The species composition of impinged fishes at both units
were similar., Many species were rarely impinged and occurred in less
than 107 of the samples. Of the 37 species impinged at Unit No. 2, the
rate of impingement of 31 species (84%) averaged less thamn 1.0 £ish/12-hr.
At Unit No. 3, 20 specles (577) were impinged for an avérage of less than
1.0 fish/12-hr. Data for both units are summarized in Table 3.2-3 , N
The channel catfish, white crappie and bluegill were impinged most
frequently at both units (Tables 3.2-1 and 3.2-2 ). Most of these fishes
were small and averaged less than 120 mm in length (Tables 3.2-4 and
3.2-5 ). These fishes comprised 82% by number and 73% by weight of the
total catch at Unit No. 2 and 78% by number and 84% by weight at Unit No. 3.
The channel catfish was the most frequently impinged fish and occurred in 97%
of the samples at Unit No. 2 and 997 of the samples at Unit No. 3. It
formed the bulk of the biomass at Unit No. 3. The gpite crappie composed
most of the biomass at Unit No. 2. The carp, although impinged.infrequently
and in low numbers, comprised 167 of the biomass at Unit No. 2. Game fishes
such as the smallmouth bass, largemouth bass, walleye and muskellunge were
rarely impinged, particularly at Unit No. 2. Most of the yellow
perch and smallmouth bass at Unit No. 3 were impinged during two days SO,
of high river flows in February 1975. The gizzard shad which was accidentally

introduced into the Pond in 1972, was seldom impinged.
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The rate of impingement of the common fishes (channel catfish, white
crappie and bluegill) differed considerably between months (Figures 3.2-1
and 3.2-2). Impingement of the white crappie and bluegill was highest in
November through February and negligible in March through October. The
impingement of the channel catfish was highest in November through April.
However, in 1975 a large number of channel catfish was impinged in Jume
through September. The impingement of the channel catfish was consistently
higher than that of bluegill or white crappie. In most months the impinge-
ment of fishes was greater at Unit No. 3 than at Unit No. 2.

Since two distinct periods of impingement were evident, the data were
pooled into high impingement (November through April) and low impingement
(May through October) periods. The day-night differences were then examined
(Tables 3,2-6 and 3.2-7 ), The data shown are only for the channel catfish;
similar analyses were run for'the white crappie and bluegill. Little
difference existed between day and night samples between periods although_
the impingement appeared to be slightly higher at night. Impingement increased
when river flows were greater than 200,000 cfs, regardless of time. When
data obtained above the latter flow were excluded, a marked change was noted
in the basic statistics. For example, in May through October at Unit No. 2
the number of channel catfish impinged during the day averaged 36 per 12-hr (with
a coefficient variation of 438%) when all samples were included. When the
samples during the high river flows were excluded the mean was reduced to 16
per 12-hr (with a coefficient of variation of 1027). Similarly the mean day and
night i{mpingement of chanmel catfish in November through April at Unit No. 3
was reduced from 479 to 57 and 312 to 73 per l2-hr, respectively. The coeffi-
clents of variation were reduced from 434 and 397 to 159 and 111%, respectively.

Similar reductions were observed for the other species. These differences were
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more pronounced at Unit No. 3 than at Unit No. 2 and for the channel
catfish than for the bluegill and white crappie.

The channel catfish was most frequently impinged; however only in
31% of the samples taken at Unit No. 2 were more than 25 catfish impinged
per 12-hr period (Table 3.2-8 ). An impingement of greater than 200 catfish
per 12-hr occurred in only 27 of the samples. The impingement, of bluegill
and white crappie was more than 25 specimens per 12-hr in only 8 and 6% of the
samples, respectively. The rate of impingement of the channel catfish at
Unit No.' 3 was more than 25 fish per 12-hy in 39% of the samples. The impingement
of the white crappie and bluegill at Unit No. 3 was like that at Unit No. 2.

The number of these two fishes impinged rarely exceeded 50 fish per 12-hr.

The impingement of fishes differed with the operating conditions at Peach
Bottom. For example, high impingement at Unit No. 2 (particularly of the
channel catfish) occurred during the early part of the sampling program when
Peach Bottom was partially operational and circulating water pumps were operated
at the request of T A. Of the first 34 samples taken at Unit No. 2 during the
start-up phase in winter, 24 samples (717)contained more than 25 channel
catfish per 12-hr and 20 (597%) contained more than 50 fish per 12-hr. It is
likely that the fishes concentrated in the vicinity of the screens prior to
the start-up and thus were more vulnerable to impingement, particularly in winter..
This became apparent when the 206 samples taken subsequent to the initial 34
were examined. Of these, 52 samples (227%) contained more than 25
channel catfish per 12-hr and 57 contained more than 50 channel catfish per
12-hr. The same pattern was observed for the white crappie and bluegill,
although the numbers were lower. This pattern was also observed during the

start-up of Unit No. 3.



3.2.2 Statistical Analysis

Although some loss was expected due to the operation of the Peach Bottom,
we have attempted to iselate Peach Bottom operational factors from environ-
méntally related factors or conditions that may modify impingement. The
relationship between number of fish impinged and physical factors was
examined., The data on the number of fish impinged (log Y+l1) per 12-hr
period were analyzed by stepwise multiple regression. The
independent variables (Xj) were water temperature, daily river flow (obtained
from Holtwood Dam), number of circulating water pumps in operation, Pond
elevation, time of day, week after unit commenced operation and season.

The number of each species impinged was the dependent (Y) variable. Models
containing the varlous interactions of the independent variables were also
developed. However, in most cases the simple models (without interactions)
were equally informative, Therefore the simple models are discussed. The
analysis was run separately for the channel catfish, white crappie and bluegill
and total number of fish impinged at Units No. 2 and 3. All data were used

in the analysis,

Together the average daily river flow, week and Pond elevation accounted
for 26% of the wvariation (Rz) in the impingement rate of the ;hannel catfish
at Unit No. 2 (Table 3.2-9). A total of 60% of the variation (R%) was
accounted for at Unit No. 3 by week, average daily river flow and temperature.
Season was the factor which most affected the impingement rate of white crappile
at both units. River flow and Pond elevation were important in affecting the
impingement rate of the bluegill.

When the data for all fish combined were examined, the daily river flow,

Pond elevation and season were found to be significant factors at Unit No. 2.



Daily river flow was also most important at Unit No. 3 but Pond elevation
and season were replaced by week and temperature.

The percent variation (R?) explained by the factors examined at the
two units differed considerably. For example, for all fishes 687 of the
variation was explained at Unit No. 3, but only 39% at Unit No. 2.

Differences of similar magnitude were also observed for the channel catfish
and bluegill, but more variation (Rz) was explained at Unit No. 2 than No.

3 for the white crappie. The reason, in part, for these differences is the
greater number of observations taken at Unit No. 3 at river flows in excess of
200,000 cfs than at Unit No. 2. It should be noted that a large portion of the
variation (Rz), particularly at Unit No. 2, is unexplained.

In all the analyses the sign of the regression coefficient indicated that
the impingement rates increase with (1) an increase in river flow, (2) decrease
in water temperature and (3) lowering of the Pond elevation. Impingement was -
higher in the winter at the time of high river flows and low water temperatures.
Impingement was also higher on occasions when the Pond elevation was lowered
about five feet below the mean normal elevation of 108 £t (Conowingo datum).

The analysis showed that time of day and number of circulating water
pumps did not substantially affect the rate of impingement. S5ix circulating
water pumps were usually in operation when the samples were taken; however,
less were operated in early 1974 and occasionally when a unit was not at full
power. Under normal operating conditions one would not expect the number of
pumps to substantially affect the impingement of fishes because this variable
was more or less constant during most of the sampling period. The sign of the
regression coefficient for the variable "pump" was positive and indicanted
that impingement may increase with an increase in the number of pumps

operating. However, inclusion of these variables in this analysis did not
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significantly improve the RZ value or reduce the standard error. Therefore
the inclusion of the two variables time of day and number of pumps in the
present analysis is of doubtful significance in assessing the impingement
rate.

Intake design may be a major factor involved in low impingement rates
at some power stations., The impingement rate at Peach Bottom was negligible.
The dgsign of the screens at Peach Bottom was based on the knowledge of the
difficulties which were experienced elsewhere and the swimming speed of
fishes in Conowingo Pond, The criteria for the design at Peach. Bottom were
as follows: (1) a mesh of 3/8 in. was used in the vertical traveling screens;
(2) upstream and downstream escape routes were provided for fishes; (3) the
screens were continguous with the shore so that no trap was formed in front
of the screens; and (4) the approach velocity of the water was reduced in
front of the screens to 0,75 fps at a low water stage (104.5 ft Conowingo
datum). s;:udies were done on swim speed of resident fishes by IA (Hocutt,
1973 and King, 1969) to determine the criteria of 0_.75 fps in front of the

screens,

3.2.3 Project Losses

The total monthly losses in number, weight and volume of fishes due
to impingement were projected from mean number, weight and volume of fi;hes
impinged at scree:;s for Units No, 2 and 3 (Tables 3,2-10 to 3.2-13). The
monthly means were multiplied by the ;:orresponding number of 12-hr periods
in a menth to estimate the total losses for the month. The calculations

were made only for the period June 1974, when Unit No. 2 began commercial



operation, throuéﬁ December 1976. An example of the calculations is given
at the bottom of Table 3.2-10, Of 1,526 possible 12-hr periods in June

1974 through December 1976, 184 (12%) were sampled at Unit No. 2. Some

9% (137 of 1,462 periods) were sampled at Unit No. 3 between December
1974 Cbeginniné of commercial operation) and December 1976. Projected
losses were not calculated for months in which samples were not taken.
due to unit shutdown or mechanical problems, The estimates were made (1)
including the data ;btained during the high river flows (> 200,000 cfs)
and (2) excluding them, The impingement increased substantially at high
river flows gsee Section 3.2.1). It must be noted that the estimates
contain projections for continuous operation of Peach Bottom since June
1974. However, Peach Bottom did not operate consistently throughout the
sampling period thus the estimates shown in Tables 3.2-10 to 3,2-13 are
considered conservative (high in some months).

The estimated 1os§es of fishes exceeded 100 kg (220 1b) only in seven
months (excluding high flows) for Units No. 2 and 3 combined., Most of the
projected monthly losses were less thanm 50 kg (110 1b) particularly at
Unit No. 2. Sectiomns 4,1 of the Environmental Technical Specifications for
Peach Bottom states that the number, ;ize and species of fish impinged should
be determined if more than 4 £t3 of fish are collected in a single 12-hr
period. This level was exceeded only in February 1975 at Unit No. 3. The
high (322 ft3) projected loss for February 1975 at Unit No. 3 occurred at
river flows in excess of 300,000 cfs which prevailed over a period of 2 to
3 days. These conditions inflated the projected loss for the month. If the
samples taken at high river flows are excluded the total loss for February

1975 would be reduced from 322 ft> to 4.9 ft3. Based on these data it is

3-8



believed that the impingement at.Peach Bottom is of potentially low impact
and the design of the intake structure is consistent with the concept of best

technology available for minimizing adverse environmental impact.

Peach Bottom is not located in an area of unique biological value. The
vicinity of the intake structure does not represent either the primary
spawning or nursery area. Fishes feed throughout the Pond and thus neo
specific areas for feeding exist. No rare and endangered species occur in
the Pond. No commercially important fish or shellfishes reside in Conowingo
Pond., The fishery is primarily for the white crappie and is extensive in
the lower portion of the Pond in winter. The white crappie moves seasonally
in the Pond (Robbins and Mathur, 1974) but does not concentrate in front of

the screens at any seasomn.

3.2.4 1Impact of Impingement

Since th; population estimates of fishes, particularly in large ponds
and reservoirs, show extremely wide confidence intervals and thus are rarely
reliable, the impact of iﬁpingement of fishes at cooling water intakes of
power plants may be measured on a relative basis, such as angler or commercial
harvest. If reliable population estimates are not available, it is not
possible to determine what percentage of the total fish population is
lost due to impipgement. ‘

The impact of impingement at the Peach Bottom is quantified on a
relative basis. Peach Bottom acts as a predator and the magnitude of
predation varies with season. Thus, the impingement loss may be considered
as fishing mortality and compared with that of angling mortality (Table

3.2-14)0
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The angling mortality data used here were obtained from a creel census p—
conducted in 1973 through 1976 by I A to determine the extent of the winter
fishery (December-March) in Conowingo Pond. Creel census data were not taken
in other months in the present study, but Plosila (1961) conducted a creel
census on Conowingo Pond from April through October in 1958, 1959 and 1960.
From the winter fishery survey conducted by IA it was determined that
more than 28,600 anglers fished the Pond in the winter of 1974, 1975 and
1976. They fished an average of five hours per trip. The average angler
fishing time was multiplied by the catch per hour to obtain the daily harvest
per angler, The average daily (5 hr period) harvest was them compared to
the average daily impingement (24 hr period) of Peach Bottom (Table 3.2-14),
The fishes removed by Peach Bottom were much smaller in length than those
kept by anglers (Robbins and Mathur, 1976a). Also, since most of the fishes
taken at Peach Bottom were young, omly a relatively small percentage would N
have grown to a harvestable size. Because adjustment for natural mortality
was ﬁot made , the number of fish harvested by Peach Bottom is conservative.
The average daily catch of white crappie by an angler fishing in December,
January, February and March 1974 through 1976 ranged from 1.3 to 19.2. The
Peach Bottom harvest ranged from 0.4 to 386.0 for the same time period.
The maximum harvest occurred in December 1974; less than 60 fish were
taken per day on all other occasions. 1In all but two months the daily
harvest at Peach Bottom was less than that of five fishermen.
The daily harvest of bluegill was higher at Peach Bottom than that
of an angler for several seasons. First, Unit No. 3 was in a start-up
phase in late December 1974 and January 1975 and it is likely that a

concentration of bluegill occurred in front of the screens. Secondly,

the exceptionally high exploitation by Peach Bottom in January and February
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(Table 3.2-14) occurred when either the river flows were high or the Pond
elevation was substantially lowered (see Statistical Analysis). The latter
two conditions occurred only over a period of 2 to 3 days. However, the
1976 data indicate that impingement has declined considerably; less than

2 fish were taken per day. As of 1976 the impact was equal to that of one
fisherman.

Few channel catfish are taken by anglers during the winter because its
activity (vulnerability) decreases at water temperatures less than 50 F.

The channel catfish.population.in Conowingo Pond is stunted and few large
fish are available (Robbins and Mathur, 1974). However, it may be pointed
out that the 1975 (postoperational) year class of chamnnel catfish was the
strongest and about 43 times more abundant than the weakest 1967 (preopera-
tional) year class (Robbins and Mathur, 1976a).

Creel census data on white crappie, bluegill and ghannel catfish from
other seasons are not available for 1974 through 1976. However, data.
gathered by Plosila (1961) in April through October 1958 to 1360 may be
examined to identify the broad trends of the fishery in Conowingo Pond.

His data were obtained 17 to 19 years ago. Plosila's (1961) data adjusted
for 5 hour fishing trip for the catfishes, sunfishes and crappies are
shown in Table 3.2-10. Plosila did not distinguish the catch rates
between species of the same genus; consequently, the data shown herein are
for groups of fishes, viz. catfishes, crappies and sunfishes.

The data indicate that the number of crappies and sunfishes taken by
both angler and Units No. 2 and 3 is low from April through October. Peach
Bottom exploited crappies and sunfishes at a rate slightly more than a
single angler in most months. The data show that in general the impingement

is lower in summer than in winter, as is the angler exploitation. The
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exploitation of the catfish population by Peach Bottom was much higher than
that of a single angler throughout the year. However, as indicated above
channel catfish is not fished extemsively relative to its abundance in the
Pond. The additional f£ishing mortality on the chamnnel catfish population
" attributable to Peach Bottom is not expected to have a detrimental effect.
because removal of a segment of this stunted population may even benefit its

growth rate.
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TABLE 3.2-1

Prequency of occurrence, total aumber, weight and percentage composition of fishes
impinged in two hundred-forty l2-hr periods at the Paach Bottom Station Unit No. 2,
November 1973-December 1976.

Species Frequencs of Total Mean % No. Total Mean WEt, % Wt.
Occurrence No. No. Wwe. (kg) (kg) )

American eel 1 2 * * 2.19 0.01 1.3
American shad 5 5 * * 0.03 ke *
Alewife 2 2 * * 0.01 S *
Gizzard shad 45 675 2.8 4.0 7.23 0.03 3.8
Muskellunge 2 13 * * 0.33 ke *
Carp 29 96 0.4 0.6 30.76 0.13 16.5
Golden shiner 3 7 * * 0.05 ik *
Comely shiner 14 14 0.1 0.1 0.09 ke *
Spottail shiner 31 121 0.5 0.7 0.87 % 0.4
Shallowtail shiner 1 2 * * 0.01 e *
Rosyface shiner ‘1 12 * * 0.04 T *
Spotfin shinar 35 238 0.9 1.4 0.50 , AR 0.3
Bluntnose minnow 1 1 * %* 0.01 i *
Fathead minnow 1 1 * * ol ke @
Blacknose dace 1 1 * * L sl *
Quillback 4 5 * * 0.59 ok 0.3
Whita sucksr 1 1 #* ¥ 0.01 *h *
Northern hogsucker 1 1 % * sk ok *
Shorthead redhorse 1 1 * * 0.01 L *
White catfish 17 17 0.1 0.1 0.98 doke 0.5
Yellow bullhead 44 83 0.3 0.5 1.51 0.01 0,8
Brown bullhead 8 8 * * 0.10 ok *
Chatnel catfish 232 8070 33.6 47.9 58.40 0.24 29.7
Margined madtom 1 1 * W 0.01 ok *
Mumrd chog 2 2 * * 0.01 ik *
Rock bass 4 4 w* * 0.04 o *
Redbreast sunfish ' 23 366 1.5 2.2 1.19 doke 0.6
Green sunfish 26 180 0.8 1ol 0.86 Yol 0.4
Pumpkinseed ’ 62 743 3.1 4.4 2.13 0.01 1.1
Bluegill 9% 3686 15.4 21.9 19.12 0.08 9.7
Smallmouth bass 12 17 0.1 0.1 0.82 dok 0.4
Largemouth bass 13 47 0.2 0.3 0.40 W 0.2
Whita crappie 119 2136 8.9 12,7 66.08 0.28 33.6
Black crappie 26 51 0.2 0.3 1.04 i 0.5
Tessellated darter 33 188 e.8 1.1 0.24 ke 0.1
Yellow perch 9 60 0.3 0.4 0.64 e 0.3
Walleye 2 2 * * 0.57 e 0.3
Totals 16,859 70.2 196.87 0.82

* Less than 0.1
** Leas than 0.01
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TABLE 3.2-2

Prequency of occurrence, number, weight and percentage composition of fishes
‘{iginged in one hundred thirty-seven l2-hr periods at the Peach Bottom Station

t No. 3, December 1974-December 1976.

Spacies Frequence of Total Mean % No. Total Mean % Wt.
Occurrence No. No. We. (kg) wWe. (kg)

AmaTican eel 2 2 * * 3.490 0.03 0.3
American shad 2 2 L % 0.009 sk *
Alewlfe 2 2 2 * 0.007 ik 2
Gizzard shad &4 235 1.7 0.6 3.229 0.02 0.3
Muskellunge 2 19 0.1 * 0.924 0.01 0.1
Goldfish 1 1 % v *0.255 dek *
Carp 12 80 0.6 0.2 21.856 0.16 1.9
Riverchub 3 4 * * 0.024 bdad %*
Golden shiner 11 48 0.4 0.1 0.220 - Wk ¥
Comely shiner 10 141 1,0 0.3 0.478 e *
Spottail shiner 30 2438 17.8 5.8 15.239 0.11 1.3
Swallowtail shiner 1 1 & ¥ 0.002 Jke *
Rosyface shiner b 36 0.3 * 0.180 ak *
Spotfin shiner 26 116 0.8 0.3 0.458 Wk *
Bluntnose minnow 6 8 L %* 0.029 ., ik ¥
Quillback 9 116 0.8 0.3 4,296 0.03 0.3
White sucker 7 343 2.5 0.8 1.742 0.01 0.1
Shorthead redhorse 1 126 0.9 0.3 1.9%08 0.01 0.2
White catfish 10 10 0.1 * 0.518 e *
Yellow bullhead 26 249 1.8 0.6 3.173 0.02 0.3
Brown bullhead 20 . 462 3.4 1.1 51.033 0.37 4.3
Channel catfish 136 26,966, 196.8 64.1 921.165 6.72 78.5
Margined madtom 2 3 * * 0.014 i *
Rock bass 14 106 0.8 0.2 0.658 sk *
Radbreast sunfish 26 673 2.7 1.6 3.965 0.03 0.3
Green sunfish 12 421 3.1 1.0 3.087 0.02 0.3
Pumpkinseed 41 1135 8.3 2.7 6.112 0.04 0.5
Bluegill 53 4820 35.2 11.5 36,485 0.27 3.1
Smallmouth bass 28 554 4.0 1.3 5.070 0.04 0.4
Largemouth bass 9 69 0.5 0.1 - 0.491 ok e
White crappie 71 1070 7.8 2.5 30.657 0.22 2.6
Black ciappie 17 53 0.4 0.1 1.102 dede ok
Tessellated darter 24 632 4,6 1.5 1,247 Wk 0.1
Yellow parch 9 1146 8.4 2.7 53,811 0.39 4,5
Log perch 1 1l * * 0.011 Wk *
Totals 42,088 307.2 1172,945 8.56

% Less than 0.1
%% Less than 0.0l
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TABLE 3.2-3

Frequency of occurrence, number and weight of fishes impinged in three hundred
seventy-seven 12-hr periods at the Peach Bottom Station Units No, 2 and 3,
Dacember 1974-December 1976.

Species Freq. Total Maan % No. Total Mean % Wte
No. No. we. we.
American eel 3 4 *  ° * 5.68 0.02 0.4
Alevifs 4 4 * * 0.02 L1 *
American shad 7 7 % * 0.04 ke *
Gizzard shad 89 910 2.4 1.5 10.46 0.03 0.8
Muskellunge 4 32 0.1 0.1 1.25 sk 0.1
Goldfish 1 1 * * 0.26 ok *
Carp 41 176 0.5 0.3 52.62 0.14 3.8
River chub 4 3 4 * * 0.02 Wb *
Golden shiner 16 55 0.1 0.1 0.27 w* *
Comely shiner 24 155 0.4 0.3 0.57 *k *
Spottail shiner 61 2559 6.8 4.3 16.11 0.04 1.2
Swallowtail shiner 2 3 0.01 *k *
Rosyface shiner 2 48 0.1 0.1 0.22 Wk *
Spotfin shiner 59 354 0.9 0.6 0.96 sete 0.1
Bluntnose ninnow 7 9 * * 0.04 deke *
Fathead minnow 1 1 ¥ * o ke *
Blacknose dace 1 1 * * ke ke %*
Quillback 13 121 0.3 0.2 4.89 0.0l 0.4
White sucker 8 344 0.9 0.6 1.75 L 0.1
Northern hogsucker 1. 1 L ik ik
Shorthead redhorse 2 127 0.3 02 1.92 0.01 0.1
white catfish 27 27 0.1 * 1.50 Lo 0.1
Yellow bullhead 70 as2 0.9 0.6 4.68 0.01 0.3
Brown bullhead 28 470 1.2 0.8 51.13 0.14 3.7
Channel catfish 368 35036 92.9 59.6 979.56 2.60 71.5
Margined madtom 3 4 o * 0.02 ik &*
Mutmichog 2 2 * * 0.01 ** *
Rock basa 18 110 0.3 0.2 0.70 e 0.1
Redbreast sunfish 49 1039 2.8 1.8 5.15 0.01 0.4
Green sunfish 38 601 1.6 1.0 3.95 0.01 0.3
Pumpkinsead 103 1878 5.0 3.2 8.24 0.02 0.6
Bluegill 147 8506 22,6 14.4 55,60 0.15 4,1
Smallmouth baass 40 571 1.5 1.0 5.89 0.02 0.4
Largemouth bass 22 116 0,3 0.2 0.89 ke 0.1
White crappie 190 3206 8.5 5.4 96.74 0.26 7.1
Black crappie 43 104 0.3 0.2 - 214 0.01 0.2
Tessellated darter ‘57 820 2.2 1.4 1.49 ke 0.1
Yellow perch 18 1206 3.2 2.0 54.45 0.14% 4.0
Logperch 1 1 * * 0.01 i *
Walleye 12 2 * * 0.57 Lo *
Totals 58947 156.2 1369.81 3,62

* Less than 0.1
** Lass than 0.01

3-15



91-¢

TABLE

3.2-4

seen fork leaths and range of the cowmon fishes impinged at the Peach Bottom Station Unit Mo, 2, Fovember 1973-Decasber 1976.

1973 1974

Spacies Dec Jan Feb ’Hac Apr Hay Jum Jul Aug Bep Oct Nov Dec
white csappie 86 114 138 129 150 93 69 1a9 9 12 114 109 107 116

(63-109) (51-240) (51-230) (57-220) (130-170) {51-99) (162-211) (48-193) (65-80)  (100-129) (79-124) (70-129) (41-230)
Channel esatfiah 7 62 62 82 64 T4 87 L] 119 94 9 97 72 78

(41-274) (41-220) (11-270) (31-297) 31-173) (61-240) (48-243) (51-214) (35-225) (38-300) (31-280) (43-176) (48-129) (61-130)
Bluagiil 56 9 7 a2 69 58 5 - - - 54 33 o] 70

(43-83) (31-180) (39-161) (41-207) (39-79) (40-89) (33-64) (43-70) (44-103) (&1-170)

N 1973

Specias Jon Yeb Maz Jun Jul Aug Sep Oct Dee
White crepple 126 192 106 - 143 17% 187 78 154

(80-242)  (103-232) (78-133) (135-151)  (160-204) (93-250) (s1-170) (71-230)
Chaanel cotfish 84 83 )Y 96 113 79 7 74 9

(21-220)  (41-243)  (81-170)  (41-220)  (45-190)  (31.230)  (A1-210) . (41-200)  (31-230)
sluegtll 14 68 107 79 62 - 30 58 109

{61-185) (41-90) “47-171) (52.106) (28-78) (31-140)

1976

Specles Jen Tab Her Apr Hay Jua Jol Aug Sep gct Hov Dec
thite crapple 163 - - - - - - 02 - 3] [1] 108

(81-221) (201-204) (38-192) (61-210) (63-186)
Channsl eatfish 11t 3 n - - - 80 80 L] 62 76 3

{61-290) {41-200) (51-196) (8-179) (31-210) {31-23%0) (31-200) {61-240) (44-184)
Blueglll - - 33 - - - 43 &3 51 36 9l -

(43-61) (43-48) (40-63) (31-180) (40-140)
: ) ;
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TABLE 3.2-3
Moathly mess fork lengths and range of the cowmon fishes {mpinged at the Peach Bottom Station Unit Mo, 3, Dscembet 1974-Ducembar 1976.

9t 1915
Specias Dec Jan Teb Har Apr Hay Jua Jul Aug Sep oct Nov Dec
Vhite crapple 122 127 133 107 163 176 163 173 166 - 61 72 146
(31-260)  (91-230) (102-221)  (78-139)  (99-243) (129-223) (125-220) (161-208) (50-77) (64-90)  (36-270)
Chanasl cat(fsh 0 75 a7 96 107 109 109 112 84 106 79’ 9% b1
(41-260) (41-130) (31-230) (41~200) (3L-232) (41-210) (51-213) (A1-210) {A1-202) (31-131) (37-150) (31-160) {41-270)
Blueglll n (3] 62 75 63 &6 62 - - - 51 67 76
(31-170)  (31-110)  (31-120)  (AO-184) (31-88)  (48-136) (44-92) (h2-61) (85-9%)  (43-104)
1926
Speciae Jaa Feb Har Apr Hay Jun Jul Aug Sap 3 Nov Dec
white erapple - 154 n 2354 - 168 202 216 127 82 30 146
(W7-161) - - (150-193) - (182-238)  (76-227)  (S1-115)  (62-110)  (90-202)
Channel catflah - 90 69 a0 107 143 ” 80 - 62 83 63 7%
(%1-260) (61-140) (b1-160) (54-230) (71-220) (29-138) (31-200) (41-200) (31-200) %7-113) (41-230)
.
Sluegtll - - 63 - - . n - 53 47 37 72 -
(5-110) (43-93) (31-180) (}l-ll)
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TABLE 3.2-6

Basic statistics for impingement of channel catfish (no./12-hr) at the Peach Bottom Station
Unit No. 2, November 1973~October 1976.

Nove‘mber-Aprﬂ

May-October

) November-QOctober

High values®

High values?

High values®

Time . Item All Data excluded All Data excluded All Data excluded
Day No. 53 53 64 62 117 115
Mean 41.7 41.7 36.3 16.1 38.8 27.9
std. dev. 60.0 60.0 159.3 16.3 124,1 44,1
cv (%) 143,7 143.7 438.3 101.6 320.0 158.2
Night N 51 51 63 63 114 114
Mean 48,1 48.1 16.9 16.9 30.9 30.9
Std. dev. 57.1 57.1 17.0 17.0 42.9 42.9
cv (%) 118.8 118.8 100.6 100.6 139.2 139.2
Overall N 104 104 127 125 231 229
Mean 44.8 44.8 26.7 16.5 34,9 29.4
std. dev. 58.4 58.4 113.7 16.6 93.2 43.5
cv (%) 130.2 130.2 425.7 100.7 267.3 148,1

a - Values obtained at river £lows > 200,000 cifs
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TABLE 3.2-7

Basic statistics for impingement of channel catfish (no./12-hr) at the Peach Bottom Station Unit
No. 3, December 1974-October 1976.

November-April May-October : November-October
High values® High values?® High values®
Time Item All Data excluded All Data excluded All Data excluded
Day N 33 31 33 32 66 63
Mean 479.2 57.3 19.2 17.3 . 249,2 36.9
Std. dev, 2080.9 91.0 29,2 27.6 1478.5 69.3
cv (%) 434.2 158.9 152.6 159.8 593.3 187.4
Night N 31 29 33 32 64 61
Mean 312.0 . 72.8 23.7 22.4 163.4 46.4
Std. dev. 1237.9 81.1 34.2 33.8 866.8 65.6
cv (%) 396.7 111.4 144.0 151.1 530.6 141.6
Overall N 64 60 66 64 130 124
Mean . 398.3 64.8 21.4 19.8 206.9 41.6
Std. dev, 1713.6 86.0 31.6 30.7 1212.6 67.4
cv (%) 430.3 132,.7 147.5 154.9 585.9 162.1

a - Values obtained at river flows > 200,000 cfs
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TABLE 3.2-8

Frequency distribution of the impingement (no./12-hr) of the common fishes at the Peach Bottom
Station Units No. 2 and 3, November 1973-December 1976. N represents sample size.

Number Impinged/12-hr Intervals

<25 >25 >50 >75 >100 >200 >500 -

UNIT NO. 2 (N-240)

White crappie 222 18 7 6 4 1 1

Bluegill 226 14 10 9 6 3 2

Channel catfish 165 75 32 21 15 5 1
UNIT NO.3 (N-137)%

white crappie 130 7 -5 4 4 1 -

Bluegill 126 11 10 9 9 8 3

Channel catfish 83 54 37 24 18 8 4

a Samples taken December 1974-December 1976



12-€

TABLE 3.2-9

[y

Stepwise multiple regression statiatice for impingement of fishas (log Y + 1) at

the Peach Bottom Station Units No, 2 and 3, November 1973-Descember 1976.

Unit No,2 Unit No. 3
Order of 2 Order of 2
Bntry of Variables Rw pik Entry of Variables R* Pk
All Fishes

N = 240 N =138

River Flow 0.252 0.0001 River Flow 0.502 0.0001

Pond Elevation 0.346 0.0001 - Week 0.652 0,0001

Season 0.393 0.0001 Tamperature 0.681 0.0007
channel catfish

N = 240 N = 138

River Plow 0,171 0.0001 Veek 0.446 0,0001

' Heek 0,225 0.0001 River Plow 0,585 0.0001

Pond Elevation 0,257 0.0017 Temperature 0.603 0.0151
White crappis

N = 240 N = 138

Season 0.266 0.0001 Season 0.233 0.0001

Pond Elevaticn 0.356 0,0001 Weak 0.275 0,0249%

River Flow 0,411 0.0001 River Flow 0.288 0.1275

Bluegill

N = 240 N =138

River Flow 0,370 0,0001 River Plow 0.579 0.0001

Pond Elevation 0.442 0.0001 Pond Elevation 0.627 0.0001

* uz- Coefficient of determination
*% p - Probability level



TANLE  3,2-10

Monthly mamplo and totol estimaccd losscs of fishes due to impingcmant at tha Peach Bottom Station during
ial op ton, Juns 1974-Deccmber 1976.

.

Unit No, 2 Unit No. 3 Units No. 2 gnd 3
Mesn Per 12-~hr Period Hean Par 12-hr Period Entimated Losses Par Month
¥oath No. we. vol. No. e, Vol. No. We. Vo}.
k) (£e3) cp) (£ (kg) (£e)
1976
Jun 16 0.875 0.043 - - - 960 52.5 2.6
Jul 16 0,363 0.018 - - - 992 22.5 L.1
Aug 10 0.171 0.008 - - - 620 10.6 0.3
Sep 31 0.37% 0.018 - - - 1860 22.4 1.1
Oct 9 0.130 0.006 - - - 558 8.1 0.4
Nov 35  0.280 0.014 - - 2040 16.8 0.8
Dac 9% 1.725 0.085 319  6.955 0.344 25730 538.1 26.6
1973
Jan 72 0.79%0 0.039 135 1.37% 0.068 12834 13%.7 6.6
Feb 75 0.730 0.036 244 1,726 0.083 16856 137.6 6.8
Mar 38 0.346 0.017 168 1.893 0.09% 12524 127.5 6.9
Apr - - - 162 1.826 0.090 8520 109.6 5.4
May - - - 9% 1,263 0.061 5828 77.1 3.8
Jun 42 0.566 0.028 26 0.642 0.032 4080 72.5 3.6
Jul 46 0.944 0.047 36 0.8%6 0.044 5084 116.1 5.6
Avg a1l 0.470 0.023 27 0.3 0.016 3596 49.8 2.6
Sep 28 0.502 0.025 5 0.106 0.003 1980 36.3 1.8
Oct 37 0.213 0.01% 13 0,210 0.010 3100 29.9 1.5
Nov - - - 18 0.200 0.010 1080 12.0 0.6
Dac 18 0.433 0.021 36 0.963 0.048 3348 86.5 4.3
Pebw - - - 3557 116.367 5.750 199192 6516.6 322.0
Sep* 478 2.499 0,123 713 4.909 0.243 71460 &4b.4 22.0
1978
Jan 12 0.405 0.020 - - - 767 5.1 1.2
Peb 23  0.461 0.022 48 1,060 0.052 4118 88.0 4,3
Mar 10 0,207 0.010 15 0.072 0.004 1552 17.2 0.8
Apr - - - 11 0.111 0.006 682 6.7 0.3
May - - - 5 0,133 0.006 289 8.4 0.4
Jun i - - - 4 0.187 0.009 231 11.2 0.6
Jul 6 0.069 0.003 6 0.l102 0.005 773 10.7 0.8
Aug 2l 0,246 0.012 28 0,356 0.017 2877 37.4 1.8
Sap 12 0.189 0.009 12 0171 0.008 1440 21.7 1.1
Oct® 128 0.585% 0.029 127  0.599 0.029 15856 73.4 3.6
Nov 57 0.57% 0.028 16 0.120 0.006 4412 41.7 2.1
Dec 155 1,418 0,070 75 0,979 0.048 14260 148.6 7.2
Unvaighted Means Onueighted Means Totals
Without
Righ
Flows 37.1  0.522 .026 64,3 0,92 0,046 142993 2075.3 102,7
With
Righ
Flows 57.6 0.601 .030 226.30¢ S5.520 ©0.273 429501 9109.7 450.3

* Dats at river flows > 200,000 efs

Formula: Moothly estimated losses (nusber, weight or volume) = Mean
nusber, weight or volume of fishes {wpinged per 12-hr peried
at sach unit X No., of 12-hz periods in a monch,

Example: Losses in December 1974 = No. of fishes = (96x62) + (319x62) « 25730
We. (kg) = (1.725%x62) + (6.955x62) = 538,1
Vol. (£c3) = (0.085x62) + (0,344x62) = 26.6
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TABLE 3,2-11

Monthly sample and total estimated lossas of channel catfish due to impingement at tho Peach Bottom Station
during comorcial oporatien, Juns 1974-Ducombar 1976.

Unit 2 Unit No. 3 Units No. 2 and 3

Mgan Par 12-hr Period Mean Petr 12-hr Period Escimated Losses Per Monch

Honth No. we. Vol. Na. we. Vol. No. We, Vel.
kg) () ca)  (£ed) (kg) (£
1974
Jun 11 0.182 0.010 - - - 660 10.9 0.6
Jul 13 0,323 0.016 - - - 806 20.0 1.0
Aug 9 0.158 0.008 - - - 358 9.8 0.3
Sep 22 0.316 0.016 - - - 1320 13.0 1.0
Oct 6 0.077 0.006 - - - a7z 4.8 0.2
Nov 16 0.081 0.004 - - - 960 4.9 0.2
Dsc 20 0.102 0.005 103 0.910 0.063 7626 62.7 3.1
1978
Jan & 0,226 0.016 37 0.208 0.010 5022 33.0 1.6
Peb 37 0.325 0,016 115 0.945 0.047 8512 .1 3.5
Maz 29 0.a81 0.014 136 1.498 0.0746 10106 110.3 3.5
Apr - - - 132 1.685 0.083 7920 10l.1 5.0
May - - - a3 0.978 0.048 5166 60.6 3.0
Jun Al 0,417 0.021 19  0.361 0.018 Jooo 46.7 2.4
Jul 40 0.708 0.035 a1 0.528 0.026 44602 76.6 3.8
Aug 26 0.249 0.012 23 0.260 0.013 3038 31.5 1.5
Sep 23 0.218 0.011 4 0.066 0.003 1620 16.9 0.9
Oct 14 0.107 0.005 5 0.054 0.003 1178 9.9 0.5
Nov - - - 13 0.165 0.008 780 2.9 0.3
Dec 8 0,13 0.007 19 0.611 0.020 1674 3.9 L.6
Fab¥ - - - 2461 95.633 4.725 137816 5355.4 26b.6
Sep* 163 0.992 0.049 50 1.109 ° 0.058 12900 126.0 6,2
1976
Jan 10 0.272 0.013 - - - 589 16.9 0.8
Pab 22 0.147 0.007 45 0.489 0.024 3857 36.9 1.8
Mar 9 0,052 0.003 14 0.053 0.003 1431 6.5 0.4
Apt . . - 11 0.067 0,003 660 4.0 0.2
Hay - - - 4 0.079 0.004 248 4.9 0.2
Jun - - - 2 0.092 0.005 120 5.3 0.3
Jul 5 0.062 0.003 3 ©¢.058 0.003 632 7.5 0.4
Aug 20 0.207 0.010 23 0.2)9 0.012 2678 1.5 1.3
Sep 11 0.149 0.007 9 0.102 0.005 1176 27.§ 0.7
Ocew 3% 0,13 0,006 7 0,037 0.002 2548 15.0 0.3
Nov 9 0.078 0.004 4 0.017 0.001 756 10.9 0.3
Dae 16 0.118 0.006 31 0.285 0.014 2759 23.0 1.3
Unve{ghted Means Unwveightad Means

Without
High
Flows 13.1 0,209 0.010. 35.2 0.621 0.031 79626 889.0 &b.1
with
High
Flovs 25.3  0.239 0.012 215,31  6.987 0,345 232890 6381.3 315.4

* Data at rivar flows > 200,000 cfs
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TARLE 3.2-12

Youthly samplc and total cstimacted losses of vhita ecroppie due to impingemont at the Psach Bottom Stationm
during commarcial vperation, June 13974-December 1976.

t No. 2 Dnte No. 3 —Unita No. 2and 3 __

Mean_Per 12-hr Period Mean Per l2-hr Period Estimaced lLosses Per tonth

¥onch No. We, Vo l' Ne. WC, Vol. No. W, Val.
(kg) © (££) (8) (£e3) (k) (£e3)
1974
Jun 3 0.23% 0.011 - - - 180 13.8 0.7
Jul (0.3) 0.010 *r - - - 19 0.6 <
Avg (0.25) 0.001 i - - - 16 0.1 hinind
Sep (0.3) 0.007 hid - - - 18 0.4 hodind
Oct (0.4) 0.010 *r - - - 25 0.6 ik
Nov 8 0.148 0.007 - - - 480 8.9 0.4
Dec 63 1.473 0.073 130 3,680 0.182 11966 319.6 15.8
1975
Jan 9 0,271 0.013 % 0.745 0.037 2046 63.0 .1
Feb 2 0.220 0.011 1 o0.102 0,005 168 18,0 0.9
May 1 0.027 0.001, 2 0.030 0.001 186 3.6 0.2
Apr - - - 1 0,035 0.002 30 2.1 0.1l
May - - - (0.3) 0.031 0,002 20 1.9 0.1
Jua 0 0.000 0.000 0.077 0.004 60 4.6 0.2
Jul 1 0.040 0.002 1 0.09 0.004 124 8.1 0.3
Aug 1 0.106 0.005 (0.3) 0.016 0.001 78 7.6 0.4
Sep 2 0.236 0.012 0 0.000 0.000 120 %.2 0.7
Oet 6 0,042 0.002 3 o.0l0 o 558 3.2 0.1
Hov - - - 2 0,009 W 120 0.5 b
Dec & 0,232 0.011 8 0,411 0.020 784 39.9 1.9
Feb# - - - 13 0.208 0.010 1020 11.6 0.6
Sepw 7 0.205 0.010 17 0.138 0.007 1148 ° 20.6 1.0
1976
Jan 1 0.092 0.005 - - - 62 5.7 0.3
Feb 0 0,000 0.000 1 0.025 0.001 29 1.4 ‘0.1
Har 0 0.000 0.000 €0.2) 0.001 L 12 0.1 ik
Apr - - - (0.1) 0.026 0.001 6 1.5 0.1
Hay - - - . - 0 0.0 0.0
Jun - - - (0.4) 0.026 0.001 2% 1.5 0.1
Jul 0 0,000 0.000 (0.2) 0.019 0.001 12 1.2 0.1
Aug (0.2) 0.022 0.001 1 0,083 0.004 49 6.5 0.6
Ssp 0 0.000 0.000 1 0.032 0,002 30 1.9 0.1
Octe 6 0,036 0.002 4 0,030 0.002 583 4.0 0.2
Nov 10 .0.116 0.006 3 0.027 0.001 762 8.5 0.4
Dee 4 0.003 Al 4 0.2 0.011 465 13.5 0.7
Onveightad Means Unweighted Means

Without
High
Ylova 4.8 0.137 0,006 8.0 0.232 0.011 18409 552.3 27.0
Vith
Righ
Flovs 5.0 0.13 0.006 8.3 0.220 0,010 21160 588.7 28.2

* Data at rivar flows :- 200,000 cfs
** Less than 0.001
wird Less than 0,1
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TASLE 3,2-11

M¥onthly sample and total estimated losses of bluagill due to impingemcnt at the Peach Bottom Station durin;
cosmcrcial oparation, Juns 1974-Dsccmber 1976.

Jean Per 12-hr Period

Mean Per 12-he lariod

- Estimazed Losses Per Month

Mouth No. We. Veol. No. e, Vol. Mo. we. Vol.
(kg) (£ (kg) (fe?) (ks) (£
1974
Jua 0 0.000 0,000 - - - 0 0.0 0.0
Jul 0 0,000 0.000 - - - 0 0.0 a.o
Aug 0 0.000 0.000 - - - 0 0.0 0.0
Sep 1 0.00% - - - - 60 0.3 rice
Oct 1 0.006 hid - - - 62 0.2 wwiw
Now 8 0.035 0,002 - - - 480 2.1 0.1
Dec 9 0.107 0.003 59 0.622 0.031 4216 45.2 2.2
1978
Jan 16 0.160 0.008 60 0,330 0.016 4712 30.4 1.3
Feb 16 0.099 0.008 91  0.460 0.023 5992 31.3 1.6
Mar (0.6) 0.023 0,001 7 0.132 0.007 471 9.6 0.5
Apr - - - 1 0.006 Lo 80 0.2 Lad
May - - - 2 0,016 0.001 124 1.0 0.1
Jun (0.5) o0.008 b 1 0.00% wir 90 0.8 ]
Jul (0.25) 0.001 wh 0 0.000 0.000 18 0.1 fdiad
Aug 0 0,000 0.000 g 0.000 0.000 0 0.0 0.0
Sep L 0.004 il 0 0.000 0,000 60 0,2 trirk
Oct 13 o0.088 0.003 2 0.008 i 930 4.0 0.2
Nov - - - 2 0.021 0.001 120 1.3 0.1
Dec (0.17) 0.004 b 1 0.006 *w 73 0.6 hiid
Fab¥ - - - o0 2,876 0.162 16800 161.1 8.0
s-pv; 156 0.549% 0.027 306 1.310 0.063 27720 111.3 3.4
1976
Jan 0 0.000 0,000 - - - [} 0.0 0.0
Feb 0 0.000 0.000 0 0.000 0.000 '] 0.0 0.0
Hor (0.3) 0.002 b (0.2) 0.001 bid 43 0.1 Laad
Apr - - - 0 0.000 0.000 0 0.0 0.0
May - - - o 0,000 0.000 0 0.0 0.0
I - - - (@.1) ¢.002 i 6 0.1 hiid
Jul €0, 1) hid b 0 0.000 0.000 6 ot ey
Aug (0.5) o0.001 L (0.6) 0.004 b ad 68 0.3 e
Sep (0.6) . 0.002 b 0.7) 0.002 b 78 0.2 rw
Octw 70 0,258 0.013 77 0.308 0.015 9108 3%,.9 1.7
Nov 1 0,033 0.002 (0.5) 0.004 Sl -3 2.1 c.1l
Dec (] - - 0 0.000 0.000 0 0.0 0.0
4ght. ang Drvaighe: eans
without
High
Flows 2.9 0,02 0,001 9.9 0.070 0.003 17781 130,1 6.4
vith
High
Flows 11.4 0.05) 0.002 35.0 0.235 0,012 71379 437.6 2.6

* Data at river flow :- 200,000 cfs

w& Less than 0.001
wiré Less than 0.1
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TABLE  3.2-14

Cowpsrison of the avorage catch per efforc of on anpler (fiahing ctrip = 5 hr.) and the screens
at Peach Hottom (fiehing timo = 2& hr.). Data collccted from 1958 through 1930 and
1974 chrough 1976.

Honth Jaa reb Mar Apr May Jun Jul Aug Sap Oct Nov Dee
mhr" Crappies

1958 - - - 4.7 3.0 2.5 0.2 0.2 0.4 -

1959 - . - 4.4 4.7 1.7 0.3 0.3 2.5 2.3 - -
1960 - - 2.6 1.9 1.3 0.2 0.5 2,0 0.2 - -

White crappie

1974 12.0 19.2 2.3 - - - - - - - - 8.0

1975 b 6.1 1.3 - - - - - - - - 6.5

1976 10.6 6.8 3.5 - - - - - - P - 6.6

Avarage 9.0 11.4 2.4 3.9 3.2 1.8 0.2 0.3 1.6 1.0 - 6.0

Peach Bottom

Units No. 2 and 3

I.!7laz 53.0 32.8 0.5 1.0 0.3 12.0 1.2 1.0 1.2 1.6 32.0 386.0

1978 59.2 6.0 6.0 2.0 0.6 2.0 4.0 2.6 4,0 18.0 4,0 26,0

30,0 ik 48,0 ik

1976 2.0 2.0 0.4 0.2 Q.0 0.8 0.4 2.4 2,0 20,0ww 26,0 16.0

Average

Without High Flowsws 38,1 13.6 2.3 1.1 0.3 4.9 1.9 .0 2.4 20.7 162.0

with High Flows 32.5 ik 17,190k 3, 29ick

Auhx" Sunfishes

1958 - - - 0.1 0.2 ae.3 0.5 0.1 0.2 - -

1959 - - - 1.9 0.7 0.5 0.5 0.4 0.2 0.5 - -

1960 - - - 0. 0.2 0,1 0.2 0.1 0.6 0.9 - -

W Blusgill

1974 - b4 0.4 - - - - - - 7.3

1975 2.8 1.6 4.6 3 - . - - - - - 0.1

1976 * 0.1 0.2 - . - - - - 0.1

Average 0.9 0.3 1.7 0.8 0.4 0.3 0.4 0.2 0.3 0.5 - 2.6

Paach Bottom

Taits Mo, 2 and 3

19762 1.8 13.8 1.0 6.0 0.3 0.0 0.0 0.0 2.0 2.0 16.0 136.0

1975 152.0 214.0 1S.2 2.0 4.0 3.0 0.5 0.0 2,0 230.0 4.0 2.4

632.0wee 924, Qi

1976 0.0 g.0 1.4 0.0 0.0 0.2 0.2 2.2 2.6 294,0m 3.0 0.0

Average ' ’

Wichout Bigh Tlowswk 51.3 73.9 3.9 2.7 1.4 1.1 0.2 0.7 2.2 7.7 4b6.1

with High Flows 215.3 % 309,5ww108, 7w

Angler! Catfishes

1958 ' - - - 13 06 13 L9 16 L7 - -

1959 - - - 1.3 1.1 1,0 1.7 1.2 1.4 0.7 - -

1960 - - - 0.9 5.6 9.7 0.9 1.3 4.0 6.8 -

Channel catfish

1974 . * 0,0 0.3 . - - - - - - e 0.0

1975 0.0 0.0 0.0 - - - - - - - - 0.0

1976 0.0 » L] - - - - - - - - 0.0

Averags * * 0.1 1.3 2.6 4.0 1.5 1.4 2.4 a1 - 0.0

Peach Bortoa )

Vaits Ho, 2 snd 3

1.97‘z 280.0 260.2 57.5 68.4 25.0 22.0 26.0 18.0 44.0 12.0 32,0 246.0

1975 192 0 304,0 326.0 264.0 166.0 100.0 142.0 98,0 54.0 38.0 _26.0 54,0

i 4996.0 waw . . 4o 430,0" 4R T .

1976 20.0 134,0 46.0 22.0 8,0 4.0 20.0 86.0 40.0 2,026,000 90.0

Average

Without lligh Flowswv 164,0 232.7 143,2 118.1 66.3 42.0 62.7 67.3 46.0 28,0 130.0

With High Plows 1796, 7w 171, Iwisdly, Oiriv &

17 Daca for years 1958, 1959 and 1960 vas ceken from Plosils (1961), Fishes caught wers not listed by
individusl species, but were presented as catfishes, umﬁ-hu and crappies.

tnit 2 only except hec (Unita 2 & 3 combined)

Lasa than 0.1

Data collacted when river £low - 200,000 cts not included.

it Data collectad when river flow ™ 200 UW cfs fncluded
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APPENDIX A

ENTRAINMENT OF FISH EGGS AND LARVAE: 1973

Methods

Sampling stations were established at the intake (immediately before
the inner set of vertical traveling screens of Unit 2), discharge (at the
bridge between the discharge pond and the discharge canal) and in the dis-
charge canal. Sampling was regulated by the Peach Bottom start-up testing
schedule.

Samples of 15 min duration were taken at the surface and bottom at each
station simultaneocusly using 1 m plankton nets, held by anchored bouys or
attached by lines to the shore. A General Oceanics Model 2030 flowmeter was
mounted in the mouth of each net to determine the volume of water strained.
The intake and discharge were sampled once a week in daylight hours from 19
June to 7 August 1973. The circulating water pumps were operated at the
request of Ichthyolﬁgical Associates. The discharge canal was sampled only
on 7 August because the cooling towers were not operational prior to this date.
Sampling was terminated on 7 August because the densities of larvae were too
low to estimate wortality.

Specimens that showed some reaction to 10% formalin were considered alive

while those not displaying any movement were considered dead.

Results

Densities of larvae‘in each sample were extremely low (Table 7.2-1) and
precluded estimation of mortality due to mechanical damage. The combined
average density of fish larvae at the three stations was 9.3 larvae per

1000 m3. As in the case of zooplankton, the number of dead fish larvae
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in the samples taken at the intake generally exceeded those from the dis-
charge, The most commonly entrained fishes were larvae of the carp,
quillback and Lepomis spp. (bluegill and pumpkinseed less than 14 mm fork

length). No eggs were collected.
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TABLE 7.2-1
Densitiss of live and dead larval fishas (23 om or less in size) per 1000 »? at the surfaca and bottom at tha intake, discharge snd

discharge canal of Peach Bottom Atomic Powsr Station batwesn 19 Juna and 7 August 1973. .
Statien _Tatake Discharge Dischscge Canal
Depth Surface Bottom Surfece Bottum Butfaca Bottom Avarsge Aversge
No. Samples 21 21 24 26 3 3 Density Density Avarage
Allve Dead Aliva Dasd Alfve Daad Alive Dead Allve Dead Alive Daad Algve Dead Denaity
Specise
C. carpio 0.42 2.09 0.99 0.99 7.40 0.78 1.4 0.28 - - - - 3.97 0.87 4.85
. spilopterus - 0.42 - - 0.39 - - - - - - - 0.08 0.08 0.16
C. crprinus - - 0.66 0.99 2.34 - 3.0  0.35 - - - - 1.51 0.40 1.91
3. punctatus - - 1.97 - - - 0.83 - & - - - 0.72 . 0.72
Csntrarchidas - - - - - - 0.28 - - - - - 0.08 - 0.08
L. macrochivus - - - . - - - - - .22 - 1.9 - 0.16 0.16
P. annularis - - & - * - 0.28 - - - - - 0.08 - 0.08
" 0.42 0.84 - - 1.17 - 0.83 0.55 - 2.22 - - 0.36 0.40 0.95
3 - - 0.33 - - - 0.55 - - - 1.93 - 0.32 - 0.32
Upidentifiable - - - - 0.39 - - - - .- - - 0.08 - 0.08
Totsls 0.84 3.3 3.54 1.97 11.68  o.78 13,28 L3 0.00 4.4 .93 1.9 7.39 1.9 9.30



APPENDIX B

ENTRAINMENT OF FISH EGGS AND LARVAE: 1974

Methods
Studies to determine the mortality of fish larvae entrained in the
cooling water system of the Peach Bottom Atomic Power Station Unit No. 2
began in May 1974. Prior to 17 June, samples were taken when Unit No. 2
was operated at varying power levels (34-987). After 17 June, Unit No. 2
operated at 98-1007% power during all but one sampling period (26 July;
70-76%). Temporary plant shutdowns and other problems related to station
operation occasionally interrupted or prevented scheduled sampling.
Samples were taken simultanequsly in the Unit No. 2 intake pond and
in the discharge canal (approximately 250 yards downstream from cooling .
tower C). A total of four surface and four bottom collections was taken
from each location both in the day and at night. Samples were taken twice
weekly from 10 May until 21 June and once a week thereafter until 2 August.
Oon 10 and 17 May, collections were taken in the intake pond in daytime only.
Larvae were collected using plankton nets of 1 m diameter and 0.5-mm
mesh size. Nets were hung from a cable stretched across the Unit No. 2
intake pond. In the discharge canal, nets were suspended from anchored buoys.
The nets were set for 10 minutes, retrieved and the sample emptied into in-
dividual, aerated, styrofoam containers. Live and dead larvae were separated
on site. Specimens that showed some reaction to 10% formalin were considered alive
while those not displaying movement were considered dead. The time lag from

collection to sorting of larvae was usually less than one-hald hour and never more
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than oge hour. Specimens were preserved in 10% formalin and later transferred
to 407 isopropanol, identified and measured.

The volume of water filtered in each sample was determined from a
General Oceanics Model 2030 flow meter mounted in the mouth of each net. fn
15% of the collections, the meters became clogged with debris and exact volume
could not be determined. TIn these cases the sample volume was estimated. If only
one dally sample was affected, the volume was estimated using the average sample
volume for the day. If more than one sample was affected, the average volume
for the entire season was used. Because of the low overall density of larvae,
the data from all collections on a given date from each location were pooled.
Densities were expressed as the number of larvae per 1000 o,

Mortalities were calculated from the densities of live and dead larvae
at the intake and discharge. Adjustments for settling or disintegration of
deaad larvae in the cooling ponds and discharge can#l were made by adding
the difference in densities between the intake and the discharge to the
densities of the dead larvae at the discharge. The proportion dead at the
intake was then subtracted from the adjusted proportion dead at the discharge
to estimate the mortality due to entrainment.

The minimum number of larvae needed to detect a real difference between
mortalities at the intake and dischgrge was calculated using the formula

(Sokal and Rohlf, 1969, p. 609):

C
N = Tarcsine P, ~ arcsine P,

)2

where C = 17, 249 for 90% certainly, P < .05; Py = proportion dead at intake;

P, = adjusted proportion dead at discharge. Estimates of entfainment

2
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mortality were possible only on days where the number of larvae takem in
the intake pond equalled or exceeded N.

Mortalities were calculated for the larvae of carp, quillback, channel
catfish and tessellated darter. The densities of the remaining species were
too low to adequately determine mortality.

Densities of fish larvae immediately offshore of the Station cooling
water intakes were established using the data from Tramsect Station 562,
This station was sampled weekly throughout the spawning season as part of
the monitoring program in the Pond. However, the samples were not collected
at the same time as the entrainment samples and the data provided for

qualitative comparisons only.

Results

The most commonly entrained larval fishes were the carp, quillback,
channel catfish and tessellated darter (Table 7.2-1). The same species were
common off the intake, Larvae of the gizzard shad, spotfin shiner, white
sucker, rock bass, white crappie, Lepomis sp. (bluegill and pumpkinseed less
than 14 mm), logperch and shield darter were also entrained. No eggs were
taken in the intake and discharge canal although a single carp egg was taken
in Fhe Pond off the intake. No larvae of the game fishes such as the walleye,
smallmouth bass and largemouth bass were entrained.

Entrainment mortalities, excluding those whére N was not exceeded and
negativé mortalities, ranged from 52-100% (Tables 7.2-2 to 7.2-5). The
mortalities did not differ substantially between species. When few larvae
were collected at the intake real differences in mortality would not be
statistically detected. Negative estimates were conéined primarily to the

channel catfish and tessellated darter and were related to the vertical
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distribution and relative size of larvae. The average size (Table 7.2-6) of
larvae of these species (1l4-21 mm) was greater than that of the carp and
quillback larvae (7-9 mm). Also, the carp and quillback larvae were dis-
tributed more evenly throughout the water columm (Table 7.2-7) than the
channel catfish and tessellated darter which were taken mostly in bottom
collections.

The demersal distribution of the channel catfish and tessellated darter
larvae required that the samples be taken close to the bottom to obtain
reliable density estimates. The discharge station nets were one to two feet
closer to the bottom than those in the intake. This difference in location
of nets may have reduced the sampling efficiency of the intake nets for
channel catfish and tessellated darter larvae and resulted in negative
mortality estimates.

Negative mortalities may have also resulted from the large size of the
cgannel catfish and tessellated darter larvae. Noble (1971), indicated for
the walleye and yellow perch that although net avoidance capability differed
between species, it began at less than 10 mm and increased with increasing
size. Thus, the avoidance capability of the chanmel catfish and tessellated
darter larvae was probably considerably greater than that of the carp and
quillback, based on their respective sizes. This potential for net avoidance
may have been significantly raduced by the stress imposed on the larvae while
being t?ansported through the condenser system. Any significant reduction in
avoldance capability between the intake and discharge locations would have
increased the sampling efficiency of the discharge nets and resulted in

negative mortality estimates,
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TABI.IE 7.2"1

Mean densities (number per 1000 m3) of fish larvae (< 25 mm) collected
in the Peach Bottom Atomic Power Station Unit No. 2 intake pond,
discharge canal, and at transect Station 562, 9 May - 7 August 1974,

- ———————

—_—

—

Location Intake Discharge Station 562
No. Samples 197 184 48
Species

D. cepedianum - 0.04 =
Cyprinidae 0.16 0.07 1.14
C. carpio 6.29 1.43 8.41
N. procmne - - 0.15
N. rubellus - - 0.23
N. spilopterus 0.16 - -
C. cyprinus 5.48 2.13 11.98
C. commersoni 0.41 0.07 0.99
I. punctatus 2.70 3,71 12,51
L. auritus 0.08 - 0.08
L. macrochirus - - 0.08
M. dolomieui - - 0.23
P. annularis 0.08 0.04 0.15
Lepomis sp. 0.74 0.55 0.45
E. olmstedi 15.20 25.88 138.85
P. caprodes 0.08 - -
P, peltata 0.65 0.33 L.14
Unidentifiable - - 0.45
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TABLE 7.2-2

Dally estimsted mortality of layval carp, %ﬁmm (25 == or laes in size) due to entraimment st Pesch Bottom Atomie Porvar Statlon Unit No, 2, Msy through Auguat, 1374,
All densitias expressed 8¢ nusber per 1000 =,
Date 10 neyd 17y’ 20Mey 24 hey 10 Jua® 4 Jum 17 Jum 2t Jua 28 Jun 1l 12 Ml 19 Jul 26 Jul 2 Aug  Welghted
Av.nn’

Intake

Surface Water .

Tenp (F) 31.7 6.5 69,3 70.3-71.0 76.0 76.0 73.0 76.0 69,3-71.3 73.0 78.,0-80,0 78.0-80.5 77.3-78.0 78.0-79.0

$o. Collected 0 [} 0 3 18 26 13 3 3 3 0 2 0 0

Density Liva 0.0 0.0 0.0 -3.30 3183 32.43 10,50 3.41 3.9 3.40 0.0 2,53 0.0 0.0 5.70

Deasity Dead 0.0 0.0 0.0 0.0 15.92 2,70 7.00 2,27 0, 0.0 0,0 0.0 0.0 0.0 1.61

X Desd - - - 0,00 11,4 7.68 40,00 29.96 12,48 0.00 - 0.00 - - 22.02
Discharge

Surface Water

Tezp (F) 65.7 . n.e 17,9 8L.0 78.0 8.0 8.0 75.3-76.0 79.3-80.8 92,0-84,0 07.0-88,0 82,0-84.0 86.0-87.0

Ke, Collected - - 3 ‘3 . 12 1 1 3 1 1 ] 0 0

Dansity Live - - 0.3 0,60 6.71 2,66 0.0 0.0 0,91 0,46 0,0 0.0 0.0 0.0 0.66

Density Dead - . 0,67 0.40 6.71 3.73 0.44 0.32 0.46 0.0 0.30 0.0 0.0 0.0 0.77

% Dead - - 66,32 30,33 30,00 58,37  100.00 100,00  33.57 0,00 100,00 - - - 53,84
Adjuated T Dead " - - 72,42 05.9% 92,43 100,00 100.00 81,34 88.47 - 100,00 - - 90,97
% Cotrainoant

Horzallty - - - 12.42 32,60 88,73 60,00 60,04 69,08 86,47 - 100,00 - - 62,93
N H (13 s 7 7 9 4 2

= Bamples takan in the foteks casal during daylight ouly

= Ko night ssmples takem due to Peach Botitom Atomic fower Btetiom shutdown

= Data from 10 and 17 Hay not included

= Husber of larvas needed st intaks to detact a rsal differsnce in mortality st intaka and diechsrgs

L
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TABIE 7.2-3

Daily estimsted wortslity of larvel quillbsck, Carpiodes (23 wa or less in size) due bo entratmant st Peach Bottom Atouic Fower Station Unit No. 2 May through

August 1974, All deasities expressed ss mumber per 1000 o,

Date 10 Hl]l' 1?7 Hl,l 20 Hay 26 May 10 Jm’ 14 Jun 17 Jun 21 Jun 20 Jua 1 Jul 12 Jul 1?9 Jul 26 Jul 2 Aug Welghted
Avn'lll3

Intake

Surface Vater

Terp (F) 7.7 66,3 69.3 70.3-71.0 76,0 76.0 7%.0 76.0 69.3-71.3 73.0 + 78.0-80.0 78,0-80.3 77,5-78,0 78.0-79.0

Ko. Collected o 33 12 16 0 & i 0 2 1 ] [ [) 0

Density Live 0.0 22,61 5.60 13,22 0.0 1,70 0,0 0.0 1.97 1.13 0.0 0.0 0.0 0.0 2.28

Density Dmsd 0.0 18,86 4.00 2,20 0.0 2.70 1.17 0.0 0.0 0.0 [ 0.0 0.0 0.0 0,95

% Dead - 45,44 41.67 14,26 - 50.00 100,00 - 0.00 0,00 - - - - 22.41
Dischargs

Surface Water

Teop (F) 65,7 o ot.0 18.0 2.0 3.0 75.5-76,0 79.5-81.8 « 82,0-B4.0 . 87.0-80.0. 52,0-834.0 66.0-87.0

Ko, Collected - - 1 3 11 1 4 [} o .3 ] ]

Density Live - - 0.96 1.60 4,43 0,52 0,48 0.0 0,0 - 0.0 + 0,0 0.0 1,63

Density Desd - - 0.9 0.0 0,44 0.0 1,37 0.0 0.0 . 0.0 v 0.0 0,0 0,70

% Dead - - 0,00 0,00 2.03 0.00 75,27 - - - - - 32,86
Adjusted % Dead - - - 70.52  -278.63 - P1.16 100.00 - - - - 53.72
% Entralnoent

Mortalley - - 3.62 62,28 - 20,42° -178.63 - 37.16 100.00 - - - < 3331
n &5 12 11y 3 2

1 = Samplee tekan in the inteks canal during daylight only

2 = No night samplos taksn dus to Pasch Bottom Atomic Power Stetiom shutdown

J = Date from 10 and 17 May oot fncluded

N = Humbar of larvee nsaded st intsks to datect a real differsnce ia mogtslity at intske and diacharge
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TABLE 7.:4'

Datly uuutc‘ mortality of larval channe fleh, Ictalurug + (23 sm or less in siss) dus to entrainment st Psach Bottom Atomlc Power Statica Ualt Mo, 2, May
through A-nu 1974, All densities expressed ss ousber per 1000

Date ;10 lhyl 17 n-y‘ 20 May 24 May 10 Jua? 14 Jun 17 Jun 21 Jun 28 Jun 1 Jul 12 Jut 19 Jul 26 Jul 2 Aug
Intaks .
Surface Water |
Temp (V) 9 66.5 69,3 70.5-71.0 76.0 76.0 735.0 76,0 69.5-7L.% 7.0 78,0-80,0 ° 70,0-80.5 77.5-78,0 78.0-79.0
Yo, Collected | [ [} [} [} ] ] 2 13 4 21 2 1 1 1
Denslcy live ! 0.0 0.0 0.0 0.0 0.0 0,0 2.3 1.1 3.5 23,78 0,96 1.26 1.10 118 2.9
Density Dead i 6.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.96 0.0 0.0 0.0 ‘0,09
% Desd i L % - W - = 0.00 0.0 0,00 0.00 50.00 0.00 0.00 0.00 2.87
Pischsarge .
Surface Water
Tenp (F) Y637 - 71.0 7.9 al.o 78.0 82.0 8.0 75,8-76.0 79.5-81.8 82,0-84.0  97,0-88.0 §2.0-34.0 86.0-87.0
Sa, Collected | - - [} [ ] o s ‘19 19 18 10 6 o 3
Dausity Live - - 0.0 0.0 0.0 6.0 10,18 8.85 8.19 5,9 .98 1,29 0.0 1,28 p 211
Deneity Dasd ! - - 0.0 0.0 0.0 0.0 0.89 104 0.46 2.29 0.0 0.0 0.0 0.43 0.30
3 Dead 1 - - - - - - 9.04 10,32 3.32 27.76 0.00 .00 - 25.29 10.78
4djunced % Dend ' - - - - - - ~336.91 -$73.32 -107.87 4.9 ~53.63 -8L.7% 100,00 -11.30 ~3.73
1
1 ECatralnmsat |
Hotealicy i - - - - - - ~336,91 ~673.32 -107.87 T4.9% =3.63 -81.73 100,00 ~11.30 -8.62
" ! s 2

1 @ Samplas nhé in the intske canal during dsylight only

2 = No night -—plu taken dua to Pesch Bottom Atomic hnu Station shutdowvm

3 = Data from 10 ln‘ 17 May vot fucluded

N = Shesbar of I'T"' needad at intake ko detect s real diffarsnce in mortality at inteke and discherge
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TABLE 7.2-8

Dally sstisated wortality of larval tesesllated darter,

through August 1974, Densitise expressed as number per i .

olmstedf, (235 ma or less fu sise) dus to sntrsioment st Peach Bottom Atomic Pover Station Ualt Mo, 2, May

Date 10 May! 17 Mey? 20 May 24 Hay 105? 14Jum 17 Jn 21 Jun 28 Jua 1 Jul 12 Jal 19 Jul 26 Jul 2 Aug WaLghted
! 8
)

Iotske i

Surface Water i

Taap (F) 's1.7 66.3 69.3 70,5-71.0 76.0 76,0 73.0 16,0 69.5-71,5  73.0 78.0-80,0 76.0-80,5 77,5-78.0 78.0-79.0

No. Collectad Io 3 29 2 1 26 59 2 28 10 [ 1 1 1

Deasity Live 0.0 3.76 16,80 2,20 2,69 32,43 60,68 26.14 24.63 11.33 0.0 1.26 1.10 1.13 15.39

Dengity Dead ' 0,0 .51 6.40 0.0 [A] 0.0 3.8 4.53 2.96 0.0 9.0 0.0 0.0 0.0 1.80

% Dead 40,03 17.59 0,00 0.00 0.00 L 14.83 10.73 0.00 - 0.00 .00 .00 10.47
Dischatge }

Surface Water g

Temp (F) lgs.7 - 7.0 7.9 81.0 78.0 82,0 83.0 75.3-78,0 79.5-81.8 82,0-8,.0 87.0-88.0 82.0-84.0 85.0-87.0

Fa, Collected - - 16 2% a 2% 0 224 243 & ] 1 3 1

Donstty Live - - 4.03 7.24 0.0 12,24 11.95 106.19 100,59 33,00 L7 0.38 1,57 0,43 21,61

Density Desd ! - - 18.90 2,41 0,0 0,33 1.3 10.41 10,01 3.67 0.0 0.0 0.0 0.0 5,26

1 Dead - -<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>