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ABSTRACT

ADAMS, S. M., D. S. VAUGHAN, S. G. HILDEBRAND, and K. D. KUMAR.
1981. An approach to ecological assessment of power-
plant-intake (316b) related issues: The Prairie Island
case. ORNL/TM-7412. Oak Ridge National Laboratory,

Oak Ridge, Tennessee. 102 pp.

Assessment approaches and strategies useful in addressing impor-
tant issues in section 316(b) of the 1972 Federal Water Pollution
Control Act are illustrated in this report through the analysis and
evaluation of the Prairie Island Nuclear Station 316(b) data base.

The main issues in 316(b) demonstrations, cooling water intake
operation and location, involve determining the impacts of entrainment
and impingement. Entrainment impacts were addressed by applying the
"equivalent adult" approach and correcting for inherent biases and by
determining the through-plant survival of zooplankton. An assessment
of impingement impacts was made by comparing for each of various
species the number of fish impinged to estimates of population size.

Densities of plankton and fish were compared between the intake
area and an alternate area to determine if the location of the present
intake minimizes impacts. No definitive conclusion relative to the
best location of the intake could be made bhecause of high year to year

variability in the data and the differential dominance of trophic

groups between areas.
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INTRODUCTION

Section 316(b) of the Federal Water Pollution Control Act Amend-
ments of 1972 requires that the location, design, construction, and
operation of cooling water intake structures reflect the best technol-
ogy available for minimizing adverse environmental impact. Northern
States Power Company (the "applicant") has prepared a 316(b) demonstra-
tion in support -of the intake system for the Prairie Island Nuclear
Generating Plant (PINGP) located on the Mississippi River approximately
65 km southeast of Minneapolis/St. Paul, Minnesota. Oak Ridge National
Laboratory, under a contract with the Minnesota Pollution Control
Agency, conducted an independent analysis of the aquatic impacts of
PINGP relative to the location, operation, design, and construction of
the present and alternative intake systems (Adams et al. 1979). The
purpose of this report is to present selected areas of this analysis
that illustrate assessment approaches and strategies useful in address-
ing major 316(b) related issues.

This report focuses on two of the main areas of concern in 316(b)
documents: (1) environmental impacts associated with cooling water
intake operation and (2) concerns related to intake location. Impacts
associated with cooling water intake design and construction are, in
general, more generic problems and are treated extensively in other
reports (Cannon et al. 1979, Sonnichsen et al. 1975, Ray et al. 1976,
EPA 1976).
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SITE AND PLANT DESCRIPTION

The Prairie Island Nuclear Generating Plant is located on the
Minnesota shore of the Mississippi River 65 km (40 mi) southeast of
Minneapolis and St. Paul, vMinnesota and 10 km upstream of Red Wing,
Minnesota. The Mississippi River in the vicinity of PINGP is a complex
system of river lakes, sloughs, channels, and islands (Fig. 1). Major
features of this system include North and Sturgeon Lakes, just upstream
of the plant, and the main river channel closer to the Wisconsin
shore. Lock and Dam No. 3, which controls the levels of the Missis-
sippi River and Sturgeon Lake, is 2 km downstream of the site. The
ecological character of the Mississippi River near PINGP is typical of
large midwestern rivers and the river is considered to the eutrophic
(NUS 1976). Major factors affecting the river ecology are the proxim-
ity of the.Twin Cities (Minneapd]is and St. Paul), the lock and dam
system, the wing-dam system, barge traffic, and the numerous side
channels and associated lakes of the Mississippi River (NUS 1976). The
river in the PINGP area has a dual character; lotic in the main channel
and lentic in the associated side channels and lakes (Sturgeon and
North Lake). The planktonic communities in the PINGP area are well
developed due to the impoundments and the numerous slackwater areas
associated with the river channel. The flushing effect of the river is
somewhat compensated by recruitment from associated lentic waters (NUS
1976).

The food web structure of the Mississippi River near PINGP is-

influenced by the interaction of both the lotic and lentic systems.
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The benthic macroinvertebrate community depends primarily on suspended
detritus and plankton, and this community serves as an important 1ink
in the fish food chain. The fish community near PINGP is relatively
diverse, consisting of game fish (sauger, walleye, white bass, northern
pike, and channel catfish), large rough fish (carp, carpsuckers, red-
horse), panfish (rock bass and bluegill), minnows and darters, and
others such as gizzard shad, bullheads, and freshwater drum. Most fish
in the vicinity of the plant prefer shallow backwaters such as Sturgeon
l.ake for sp;wning and nursery areas. A few species such as sauger,
walleye, and the suckers prefer swift flowing water for spawning while
drum typically spawn in the main river channel.

The Prairie Island Nuclear Generating Plant consists of two pres-
surized-water nuclear steam supply and turbine-generétor systems. Each
system is rated at 507 MWe net in the summer (May-October) and 523 MWe
net in the winter (November-April). The design waste heat load for
each unit is 1150 MWe. About 20.0 m3/sec (705 cfs) of water is used
to remove the waste heat from eaéh system resulting in a temperature
increase across the condenser of 14.8°C (24.8 F) at full load condi-
tions.

Makeup water for PINGP is drawn from the Mississippi River through
a skimmer wall located at the entrance of the intake canal (Fig. 1).
This water, plus the water being recirculated through the recycle
canal, is drawn into the intake structure and pumped into the plant.
The amount of water diverted from the river into the plant depends on
the plant load factor and the meteorological conditions and varies from

about 5.0 m3/sec (175 cfs) to 39.9 m3/sec (1470 cfs) (Adams et al.
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1979). Water velocities fn front of the intake structure bar rack
range from 0.2 to 0.3 m/sec (0.7 to 1.0 ft/sec) (Adams et al. 1979).

The main source of makeup water for the plant appears to be
Sturgeon Lake instead of the main river channel. This is of ecological
significance because Sturgeon Lake is not only more biologically pro-
ductive than the main river, but apparently serves as a spawning and
nursery area for many species of important fish (Adams et al. 1979).
Baker (1975) frequently observed a continuous phytoplankton bloom
extending from Sturgeon Lake to the intake canal, indicating channeling
of the blue-green rich phytoplankton lake surface water into the
canal. Furthermore, hé §bserved that the productivity rates of phyto-
plankton at the skimmer wall and in Sturgeon Lake were about the same,
but thaf in the main channel productivity was considerably less. From
this observation, Baker (1975) concluded that the source of plant
makeup water is largely, if not entirely, from Sturgeon Lake. Szluha
(1974) performed some dye studies that also indicated that the source
of the plant makeup water is Sturgeon Lake. A 183 m wide and 3.1 m
deep intake channel that was dredged out from the plant intake area to
the main river channel has been ineffective in providing river water as

the main source of makeup water (Adams et al. 1979).
OPERATIONAL IMPACTS OF THE PRESENT INTAKE SYSTEM

ENTRAINMENT ISSUES
Impacts resulting from power plant operation include entrainment
and impingement. Entrainment occurs when organisms too small to be

impinged on intake screens are passed through the cooling system. When
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large organisms such as fish cannot escape the intake water velocities
of power plants, they become impinged upon the intake screens and ulti-
mately die from suffocation and exhaustion (Clark and Brownell 1973).
Most of the emphasis in this section will be given to entrainment
related impacts including: (1) estimating the number of adult fish
that would have been produced had the eggs and/or larve not been

entrained and (2) calculation of through-plant plankton survival.

ENTRAINMENT IMPACTS ON ADULT FISH

A simp]e‘technique is described by Horst (1975) for estimatfng the
number of adult fish that would have been produced had the eggs and/or
larvae not been enfrained. This methodology, which is also described
in the 316(b) demonstration (NUS 1976), should only be applied when it
is not possible to use more sophisticated methods because of the lack
of available life-history data.

Various assumptions and conventions assoﬁiated with this technique
can lead to a serious underestimate of the potential loss of adults.
This loss to the adult population is assumed to be equal to the number
of eggs and/or larvae entrained tihes the survival from the egg or
larval stage to the age when the particular fish species reacheé sexual
maturity. It is assumed that the popuIation is in equilibrium and that
an average adult female will reproduce just enough female eggs to
replace herself (a sex ratio of one-to-one is often assumed as it is at
Prairie Island). This technique does not include any compensatory
mechanisms which might partially offset losses over the short term or

the long term (several generations) nor depensatory mechanisms which
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could exacerbate the loss. However, this technique also implicitly
assumes that a reduction in adults of one generation does not reduce
the number of adults in future generations. Such a feedback mechanism
in the real population in the absence of compensation would cause the
impact due to a power plant to become more severe with time. Thus,
1itt}e insight is provided by this methodology into long-term effects
on the fish population, and it should only be used to provide an esti-
mate within an order of magnitude of the potential severity of an
impact by a power plant (Goodyear 1978).

In this section, we will discuss several sources of bias which are
present in the methodology used in the 316(b) demonstration (NUS 1976),
and we will present refined estimates of the 1975 loss expressed as
"equivalent adults" for five of the principal fish species (gizzard
shad, carp, séuger, white bass, and freshwater drum) occurring near
PINGP. Topics considered include: estimation of daily concentration,
gear avoidance, effect of indeterminate age of entrained larvae,
partially identified or unidentified eggs and/or 1larvae, and the

estimation of expected lifetime fecundity.

Estimation of daily concentration

Pyne (1976) has shown that the maximum likelihood estimator of the
average density, D, for n separate samples from Poisson-distributed

organisms, collected with varying volumes, 1s
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where Ni is the number of ichthyoplankton found in Vi m~ of water

th sample. Apparently, the daily concentration of

strained in the i
the ichthyoplankton life stage was calculated in the 316(b) demonstra-
tion (NUS 1976) by

Dl

D, ', . (2)

1
LRSI

™ s

wheie Di = Ni/vi is the concenlration ubserved 1in each sample
during a day of sampling. In general D* # D', although the inequality
can go either way. Both estimators under normality assumptions are
biased (Raj 1968, problem 35); however, the bias for D' is n times the
bias for D*. Furthermore, if one assumes that the sampling error for
the volume is very small with respect to the sampling error for the
counts and can be ignored, then both estimators are unbiased. However,
in this case, the variance of D* is still less than the variance of D',
and thus is the preferred estimator. -

The annual entrainment estimate (E) for each entrainable 1life
stage of a species is calculated from the daily mean density during the

.th . . =%
j~" sampling period (Dj) by
k _
E=z D*e* (3)

where

Qf = 86400 * Q5 » Aj
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86400 is the number of seconds in a day, Qj

(m3/sec) at the bar rack sampling station during the j

is the average flow rate
th sampling
periods, Aj is the number of days during the jth sampling period
over which the average daily concentration and flow rate are appli-
cable, and k is the number of sampling periods. The sampling schedule
at the bar rack station in 1975 for which sampling volumes were avail-
able is given in Table 1 for day, night, and combined samples. Table 2
contains estimates of daily and total larvae entrainment for five
important fish species using the estimator given by Eq. (1) and
Eq. (3). Notice that D; for these five species is 1less than the
total larvae entrained from 53 (Table 6.4-1, NUS 1976).  Thus,
correcting this error leads to a slight lessening of the projected
impact of the power plant on the adult fish populations. For fresh-
water drum eggs, there is a decrease in the entrainment estimate from
7,484,000 (Table 6.4-1, NUS 1976) to 6,974,000, or about a 7% decrease
in the projected number of “equivalent drum adults" lost due to the
entrainment of drum eggs. No eggs were collected in the entrainment

samples in 1975 for the remaining four important fish species (gizzard

shad, carp, sauger, and white bass).

Gear avoidance

The problem of gear avoidance by Tlarvae and}juveni]es, and the
resultant underestimation of their abundance, has been pointed out in
the literature (Bjorke et al. 1974, Schnack 1974, Murphy and Clutter
1972, Kjelson 1977, Kjelson .and Colby 1977, McGroddy and Wyman 1977).

The use of only night samples instead of day and night samples will
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Table 1. Number of samples and sampling volumes at the bar rack station in
1975 by day and night for each sampling date at Prairie Island
Nuclear Generating Plant

Day Night Total

No. Vol.2a No. Vol.2 No. Vol.8
Date (n) (V) (n) (Vi) (n) (Vi)
5/15 12 2922.7 12 3700.4 24 6623.1
5/21 12 4526 .7 12 3747 .4 24 8274.1
5/29 12 3787.5 12 3122.6 24 6910.1
6/5 12 1162.7 12 1085.0 24 2247.7
6/12 12 1028.6 12 911.7 24 1940.3
6/18 12 2754.2 12 1648 .1 24 44n2.3
6/26 12 1196.3 12 1252.9 24 2449 .2
7/2 3 195.8 ] 153.1 7 319.2
70 ¢ W3 3808 .2 18 7216.8

- ww -9 - 4247 .0 - 4 -~ 4123.0 18 - - - 8370.0 -

7/24 7 3100.6 9 4099.4 16 7200.0
7/31 9 3123.8 9 3508.3 18 6632.1
8/7 9 3910.2 9 2810.0 18 6720.2
8/14 9 987.2 6 770.3 15 1757.5
8/21 9 1593.2 9 1887.8 18 3481.0
9/4 9 725.2 9 894.0 18 1619.2
Total 157 38,882.0 157 0 37,309.5 314 76,191.5

aSample volumes are in cubic meters (m3).

Tahle 2. FEstimates of daily larval concentrations (#/m3) at the bar rack
station in 1975 based on day and night samples and the total
estimated nuibers of larvae and juveniles enlrained (Nz) dal Prairie
Tsland Nuclear Generating Plant

Speties
Gizzard - . White Freshwater
Date shad Carp Sauger bass drum A1l species
YA L n Nn.NNARAA Nn.NN317 n NNazk 0 0.03473
5/21 0.00846 0.01825 0.06345 0.02248 0.00012 0.60067
5/79 .M349 N.NN3a1 N, NNOR’? 0.1299% 0.00637 0.70766
6/5 0.01201 0 0 0.01379 0.01513 0.05917
6/12 0.02577 0.00155 0 0.05360 0.00515 0.09483
6/18 0.01181 0 0 0.00545 0.03498 0.07042
6/26 0.36869 0.13841 0 0.00367 0.01143 0.60183
7/2 0.02864 0.01145 0 0 0.00286 0.09164
7/10 0.ulz47 U.u2315 U U U.UUU55 U.12903
7/17 0.00717 0.00024 0 0.00024 0.00155 0.02377
7/24 0.000bY u.0uuy7 U 0.00014 0.01014 0.07000
7/31 0.00724 0 0 0 0.00875 0.06951
8/7 0.00417 0.00030. 0 0 0.00119 0.01503
8/14 0.00455 0 0 0 0.00341 0.02731
8/21 0.00172 0 0 0 0.00460 - 0.01609
9/4 0 0 0 0 0 0.00123

Total larvae and juveniles entrained:

(Ng): 8,785,314 3,049,684 1,374,407 4,742,391 2,140,954 49,890,336
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compensate partially for the avoidance capability of larvae and espe-
cially of juveniles. Table 3 parallels Table 2 but gives nighttime
concentration; rather than day/night concentrations combined (samplings
with starting times of 2000, 0000, and 0400 hours were considered night
samples). Note that this method does not compensate for net extrusion
of smaller larvae, which would have an effect similar to gear avoid-
ance. Leithiser et al. (1979) demonstrated that for cooling water
velocities of 40 cm/s or less, a 1.0-m net was only 79 to 85% as effi-
cient as a high volume pump, based on night samples. This situation
indicated that a sizable dnderestimate of the entrained ichthyoplankton
may yet remain.

The number of freshwater drum eggs entrained was based on day and
night samples combined, and reflects no correction for the extrusion of

eggs through the net.

Age of entrained life stages

As originally formulated by Horst (1975) the "equivalent adults"
method can lead to a considerable underestimate of the actual impact.
A significant source of the bias from this methodology is the result of
the functional nature of egg and larval survival with respect to age.
Younger eggs or larvae have a lower survival to adulthood than do older
eggs or larvae, respectively. The 316(b) demonstration (NUS 1976)
differentiates between eggs and larvae for this same reason in proj-
ecting "equivalent adults.” The applicant has supplied the staff with
a breakdown of the larval entrainment data at the bar rack station in
1975 on computer tape into four groups: protolarvae, mesolarvae,

metalarvae, and Juvenf]es (see NUS 1976, p. 151-152).
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Table 3. Estimates of daily larval concentrations (#/m3) at the bar rack
station in 1975 based on night samples and the total estimated
numbers of larvae and juveniles entrained (N,) at Prairie Island
Nuclear Generating Plant - :

Species
Gizzard White  Freshwater

Date shad Carp Sauger bass drum A1l species

5/15 0 0.00973 0.00243 0.00703 0 0.03594

5721 0.01494 0.02108 0.11368 0.03896 0 0.82270

5/29 0.13675 0.00737 0.00096 0.14251 0.00769 0.72504

6/5 0.02120 0 0 0.02396 0.02857 0.10138

6/12 0.02413 0 0 0.10969 0.00439 0.14807

6/18 0.00971 0 0 0.00728 0.06068 0.08616

6/26 0.70636 0.21231 0 0.00718 - 0.01756 1.07431

7/2 0.06519 0.02608 0 0 0.00652 0.16297

7/10 0.01919 0.04200 0 0 -0.00056 0.15521

7/17 0.004R5 0.00049 0 0.00049 0.00145 0.02498

7/24 0.00098 0.00146 0 0.00024 0.01220 0.08294

7/31 0.00827 0 0 0 0.01283 0.08067

8/7 0.00747 0.00036 0 0 0.00142 0.02491

8/14 0.01039 0 0 0 . 0.00519 0.05972

8/21 0.00159 0 0 0 0.00424 0.02119

9/4 0 0 0 0 0 ,.0.00224

Total larvae and juveniles entrained

(NQ): 14,720,662 4,760,335 2,372,188 6,228,438 3,188,409 64,952,096

1\
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Since an individual juvenile is more likely to survive to adult-
hood than an individual metalarva, and since a single metalarva is more
likely to survive to adulthood than a single mesolarva, and finally
since one mesolarva is more likely to survive to adulthood than one
protolarvae, then it is critical to know the age distribution of the
entrained larvae (and juveniles). Even though most larvae entrained
will usually be protolarvae, most of the potential loss to the adult
population may result from the entrainment of fewer older larvae and
juveniles (Goodyear 1978). Horst's method (Horst 1975) assumes that
all larvae entrained have just hatched and have the whole larval stage
ahead of them with all its potential sources of mortality. We will
partially offset this serious source of bias by using the three larval
stages (protolarva, mesolarva, and metalarva) and juveniles separately
in order to determine an "equiva]ent_ protolarva.” This "equivalent
protolarva," using Horst's method (Horst 1975), will then be projected
to an "equivalent adult.” 0n1y-é more extensive breakdown of larvae by
age will ultimately remove this source of bias, but the necessary data
(such as length-frequency information by species) is unavailable. This
crude breakdown will remove a majority of the bias.

For our five species, Table 4 shows a rough estimate of survival
from one life stage to another, using all of the 1975 sampling data at
the bar rack, skimmer wall, and recirculation canal stations for the
five fish species. No correction was made in the surviva]{estimates
for different 1ife stage durations. However, older life stages gener-
ally are longer in duration than younger life stages. This will result

in overestimates of survival and hence underestimates of the potential



ORNL/TM-7412 14

Table 4. Estimated survival from the protolarval stage to the
indicated stage in 1975 at Prairie Island Nuclear Generating

Plant
e StAg L
Species Mesolarva Metalarva Juvenile
Gizzard shad 0.201 0.073 0.031
Carp 0.420 0.008 0.00842
Sauger 0.138 0.007b -
White bass 0.295 0.065 0.010

Freshwater drum ' 0.420 0.042 0.020

dMore juveniles than metalarvae were caught, so survival from
metalarva to juvenile was -assumed equal to one. This assumption will
reduce slightly the final predicted impact.

bThis number is adjusted from 0.002; see equations (9) through (12)
and associated text. '
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power plant impact. A1l 1975 sampling data was used since only rela-
tive population estimates of the different life stages are needed for
estimating survival. Also, increasing our data base will increase the
precision of our estimate. The inverse of the survival from the proto-
larval stage to one of the later stages gives the multiplicative factor
needed to convert that later stage to "equivalent protolarvae." Table
5 gives the estimated number of larvae entrained'by life stage and the
total "equivalent protolarvae." The last column is obtained from the
equation:
R

Np Ep + 5 +»St + 33. , (4)
where Np is the number of ‘"equivalent prbto]arvae" resulting from
entrained protolarvae (Ep), entrained mesolarvae (Em), entrained
meta]afvae (Et), and entrained juveniles (Ej). The survival to
these three older stages froh'the protolarvae stage are given by Sm’

S,, S., respectively (Table 4). It is particularly important to

LA
notice that the white bass protolarvae comprise only 26.6% of the total
estimated white bass larvae entrained, and further that there are 73.9%
more mesolarvae entrained than protolarvae and practically as many
metalarvae entrained (99.8%) as protolarvae. Thus, a total of
6,228,000 larvae and juveniles white bass entrained is approximately
equivalent to 40,080,000 protolarvae entrained, or an increase of

644%. Horst's method was derived under the assumption of entraining

young larvae or protolarvae. Thus this intermediary step of converting
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Table 5. Entrainment by life stage at the bar rack station in 1975 using night samples

Mesolarvae Metalarvae Juveniles "Equivalent
Proto- : protolarva"
larvae No. No. No. (Np)a
Species  (PL) (X 10-3) (% PL) (X 10-3) (% PL) (X 10-3) (% PL) (x 10-3)
Gizzard
shad 12,449 1,933 (15.5) 271 (2.2) 67 (0.5) 27,940
Carp 3,787 940 (24.8) 20 (0.5) 14 (0.4) 10,275
S3auyer 1,900 306 (19.4) - () (-) 1,783
White
hass 1,658 2,884 (173.9) 1,654 (99.8) 32 (1.9) 40,080
Freshwater .
drum 2,141 973 (45.4) 54 (2.5) ~ 20 (0.9) 6,743

dSee Eq. (4) and associated text.
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older larvae and juveniles to protolarvae is necessary if Horst's

method is still to be used, but with these corrections.

Identification problems

Since some of the partially identified (to family or genus level),
unidentified, or unidentifiable eggs or larvae might be one of the five
fish species under study, a means of distributing these eggs and larvae
among all completely identified species should be considered. Consider
the minnow family, which includes the carp, and the 346 larvae identi-
fied only to the family level. Since 2003 carp larvae were captured
’compared to 4530 larvae belonging to four other identified species
within the minnow family, then 30.7% (100 x %%%%) or 106 of the 346
larvae identified as minnows should be added to the carp larval
entrainment. The column headed "Inflation Factor" in Table 6, repre-
sents the proportional increase to thel five fish species when all
partially identified and unidentified larvae have been proportionately
‘distributed. Out of a total of 2118 eggs caught in 1975 at the bar
rack station, 1951 were freshwater drum, 1 was a mooneye, and 166 were
unidentified. Thus, 99.95% of 166 (rounds to 166) unidentified eggs
were added to the 1951 freshwater drum eggs. This results in an
inflation factor for entrained freshwater drum eggs of 1.085 (r %%%%).
Since 6,974,000 freshwater drum eggs were estimated to be entrained
during the sampling period based on identified drum eggs, then this

estimate should be increased to 7,567,000 to account for the unidenti-

fied eggs.
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Table 6. Adjustment for identification problem in 1975 at the bar rack
station at Prairic Island Nuclear Generating Plant

(A) (B) (C)a
“"Equivalent
protolarva" Total "equivalent
(NP) Inflation protolarva" (Np)
Species (x 10-3)b factor (X 10-3)
Gizzard shad 27 ,940 1.010 28,219
Carp 10,275 1.083 11,128
Sauger 4,783 1.221 5,840
White bass 40,080 1.006 - 40,320
Freshwater drum 6,743 1.011 6,817

dCalculated as (A) x (B).

bFrom Table 5.
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Fecundity and resultant projections

The final source of bias to be discussed in this section on
Horst's "equivalent adults" method concerns the fecundity term. Two

equations in the 316(b) demonstration (p. 243, NUS 1976) are presented

for eggs,
N.=SN =2N
a "% F e (5)
and for larvae,
N.=SN =<2 N (6)
a ) SEF' . ?

where Na = the number’of "equivalent adults" lost due to the entrain-
ment of Ne eggs and Nz larvae (and juveniles) by the power plant;
S, Se and Sa are the survival from the egg to adult stage, egg to
larvae stage, and larvae to adult stage, respectively; the number 2
implies a sex ratio of one-to-one, and F represents a measure of female
fecundity. Horst defines F as "the fecundity of a breeding pair during
their life." However, without correcting for adult mortality, simply
summing up the female fecundity over the mature age classes will sig-
nificantly overestimate the lifetime female fecundity. In the 316(b)
demonstration, this very method for obtaining what is cailed "total
life time fecundity of a female" is employed. Overestimating F will
lead to an underestimate of S and hence an underestimate of Sg and
the number of "equivalent adults" lost due to power plant entrainment.
Dahlberg and Owen (1977), in a response to the Nuclear Regulatory Com-

mission (NRC), note that the "egg production in the average lifetime of
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fish, rather than maximum 1ifetime,” would be preferab]e. They pro-
posed to estimate F by calculating an average annual female fecundity
(see walleye example on p. 9 of Dahlberg and Owen 1977) and to multiply
this‘by the mean generation time. In order to present a '"conservative"
case, they substitute the age of maximum egg contribution for mean
generation time. They suggest that this will underestimate F, and
hence overestimate S, SQ and ‘Na. In their example, they have
averaged two immature age classes in calculating the mean lifetime
fecundity. We propose instead that, in calculating the survival from
the egg to adult stage, the expected lifetime egg production of a
female just entering the first mature age class (Fe) be used because
it is this female that must be replaced to maintain a stable mature

population. Considering the walleye example of Dahlberg and Owen

(1977) and assuming, as they did, an adult annual survival of 0.5, then

A B S C D
Surviving Eggs per Weighted eqgs

Age portion female : per female (B x C)
3 1 o 77,000 77,000

4 0.5 119,500 59,750

5 0.25 180,500 45,125

6 0.125 . 258,000 32,250 -

7 0.0625 303,000 18,937

8 0.03125 333,000 10,406

9 0.015625 502,000 7,844
10 0.0078125 484,000 3,781

Fe = 255,093

assuming a sex ratio of one-to-one, the survival from egg to adult

stage, S, is

2

= m = 0. 00000784 .

_2
SEF
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In thi§ case the staff's estimate of S is lower than that obtained by
Dahlberg and Owen's method (S = 0.0000206), and will thus yield lower
estimates of "eduiva]ent adults" lost. The staff's methodology can be
shown to be mathematically equivalent to that of Vaughan and Saila

(1976) such that

§=35, (51)(52) eee (S, 5) (7)

a-1

where Si is the annual survival rate for age class i, and a is the
first age class having sexually mature females. It should be noted at
this time that for the early mature age classes not all females will be
~ sexually mature. Hence, if one assumes that all females in the first
few mature age classes are sexually mature, as has been done by both us
and the applicant, then an overesfimate of the expected lifetime fecun-
dity of a female will result, which, of course, will underestimate the
Toss in "equivalent adults" due to power-plant entrainment. The staff
and applicant have also assumed 100% efficiency in egg fertilization.
If this efficiency is less than 100%, then the loss in "equivalent
adults" will be underestimated. Table 7 was calculated from Eq. (7)
and from Vaughan and Saila (1976),

s, = ! : (8)

0 r-1 1
Mt My Py

J
i=1 3=

where m; (i =1, ..., r) is the age-specific fecundity per individ-

ual, Sj is the probability of surviving age class j, and r is the

oldest age class considered. A range of adult survivals (Sj) are
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Table 7. Estimated survival to adulthood, S, based on age-specific
. fecundities for five fish species as a function of adult
survivability, calculated using Egs. (7) and (8)

Annual

adult Gizzard White Freshwater

survival shadd Carpb Saugerd bassd drumd
0.1 0.0000197 0.0000304 0.000131 0.0000117 0.0000231
0.2 0.0000132 0.0000211 0.000111 0.0000084 0.0000179
0.3 0.0000093 0.0000144 0.000092 0.0000060 0.0000132
0.4  0.0000068 0.0000095 0.000074 0.0000042 0.0000093
0.5 0.0000050 0.000N0AN 0.000057 0.0000030 0,0000063
0.6 0.0000038 0.0000036 0.000044 0.0000021 0.0000041
0.7 0.0000029 0.0000020 0.000032 0.0000014 0.0000027
0.8 0.0000022 0.0000010 0.000024 0.0000010 0.0000018
0.9 0.0000017 0.0000005 0.000017 0.0000007 0.0000010

dFecundity data obtained from NUS Corporation in a letter dated May 26, 1978.

bswee, U. B., and H. R. McCrimmon.
Cyprinus carpio L., in Lake St. Lawrence, Ontario.
Qgili 37

+ 3/2-380.

1966.

Trans. Am.

Reproductive biology of the carp,

Fish. Soc.
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used in this table, but only Sj = 0.5 for all age classes j will be
discussed. Note in Table 7 that S, the survival from spawning to the
first age-class having sexually mature females, decreases with increas-
ing adult survivability. Thus, high adult mortality will increase S,
and also increase the predicted impact.

With this new set of estimates of spawniné-to-adu]t-stage survival
(assuming an adult survival of 0.5), a table similar to Table 6.4-1 in
the 316(b) demonstration (NUS 1976) can be genefated (Table 8). The
egg stage survivals are from Dahlberg and Owen (1977). Data on fecun-
dity for gizzard shad, sauger, white bass, and freshwater drum were
provided by NUS Corporation, in a letter dated May 26, 1978, while the
carp fecundity data were found in Swee and McCrimmon (1966).

Since Eq. (7) fixes survival. from spawning to the first adult age
class (S), egg stageA survival (Se) énd larva to adult survival
(Sz) are inversely proportional (S = Se . Sg). Hence, the
greater the survival from for the.egg. stage, the 1owe} the impact
(i.e., the smaller S, ﬁil1‘be).

An inconsistency was noted in comparing Table 4 with Table 8 for
sauger with respect to larval survival. The survival probability from

larva to adult, S , based on the Tlower egg survival estimate,

l’

Se = 0.005, from Dahlberg and Owen (1977), was determined from the

following equation:
Sy = S/Se s | (9)

where S = 0.0000574 (see Table 8), Se = 0.005, and Sz = 0.0115.

However, Sz exceeds the survival from protolarva to metalarva,
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Table 8. Calculation of "equivalent adults" lost due to the entrainment of fish eggs, larvae and juveniles in
1975 at Prairie Island Nuclear Generating Plant after correcting for several sources of bias and
assuming an adult annual survival rate of 0.5

Total Initial Egg Spawning Larva to
Yequivalent age class stage to adult adult "Equivalent
protolarvae” of maturityd survivgl survival survival adults"
Species (Ng)e (Se)™ (s5)d (S¢)® (Na)f
Gizzard 28,219,000 1 0.005 0.0000050 0.0010 28,460
shad
Carp 11,128,000 4 0.005-0.94 0.0000060 0.0000064-0.0012 72-13,448
Sauger 5,840,000 4 0.017-0.259 0.0000574 0.000230-0.0034 1,341-19,714
White 40,320,000 2 0.003-0.10 0.0000030 0.00003-0.00010 1,191-39,691
bass .
Freshwater drum:
larvae + :
juveniles 6,817,000 5 0.06-0.36 0.0000063 0.0000175-0.0001 119-712
Eggsh 7,567,000 .5 - 0.0000063 - 47

AFrom Table 6.

bLetter 6f May 26, 1978, from V. R. Kranz to S. M. Adams.

CNahlherg, M. D.. and B, B, Qwen. 1977, Response to NRC Questions of September 26, 1977, Concerning Requested
Changes to the Technical Specifications, Appendix B, Kelating td Llosea- Lycle Uperatiuns al Pralrie Islamd
Nuclear Generating Plant. Docket Nos. 50-282, 50- 306, oOctober 1977.

dFrom Table 7.

€See Eq. (9).

fSee £qs. (5) and (6).

9This‘number is adjusted from 0.005; see equations (9) through (125 and associated text.

hThis row contains the number of freshwater drum eggs entrained and computes egg Lo adult survival and the
“"equivalent aduits” lost to the population due to entrainment.
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St, a period of shorter duration within the larva to adult period;
j.e., St = 0.002, given in a footnote to Table 4. This conflict
arose from calculating two independent estimates of larval survival,
one of which (St) was a subset of the other (Sz)' Obviously,
St’ the survival from protolarva to metalarva, must be greater than

S the  survival from protolarva to adulthood. Since these esti-

T
mates were obtained independently, each with considerable uncertainty,
an inconsistency was possible. This, in fact, occurred for sauger. In
this case the lower end of the egg survival_(Se) range, as proposed
by the applicant, together with the fecundity analysis, implied a
higher larval survival than did the concentration data used in calcu-
lating survival within the larval stage. Therefore, the lower bound of
Se ‘needed to be increased, St needed to be increased, or both.
Because estimates had a high degree of uncertainty, it was not obvious
which should bé adjusted to rectify this inconsistency, so both esti-
mates were comparably adjusted according to thelprocedure described in
the next paragraph.

Since the converse of Eq. (9) is given by
Se = S/Sy (10)

and if we assume 50% survival from the metalarva stage to adulthood
(S = 0.5 St; probably an overestimate of survival for this period),

then

Se = 2 S/S¢ - | (1)
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Thus, using the initial value for St of 0.002 in Table 4, a revised
estimate of the lower bound for Se would be 0.0574. To adjust both
St and the lower bound of Se’ the geometric mean of 0.0574 and
0.005 was calculated to be 0.017, and this value was then used in
Table 8 as the new lower bound of Se' Furthermore, again assuming
that Sz = 0.05 St and using the compromise estimate of the lower

bound for Se’ then
St = 2 $/S = 0.007 (12)

which is the value for S, (survival from protolarva to metalarva)
appearing in Téb]g 4.

In order to compare our final results with those of the applicant
[316(b) demonstration, NUS 19761, geometric means of the .ranges in
estimated losses (Table 8) were calculated, and are presented in
Table 9 with the applicant's. Only for sauger and freshwater drum was
the staff's intermediate estimate of “equivalent adult" loss smaller
than that of the applicant (by a factor of 1.1 and 3.5, respectively).
The carp intermediate estimate is still fairly small (984), while the
impact on the abundant g¢izzard shad, in spite of the large estimated
loss (28,460), is probably not of concern.

Population estimates of white bass and sauger (both sport fishes)
in the 12-mile Prairie Island Nuclear Generating Plant (PINGP) study
area are given in Table 4.3-14 of the 316(b) demonstration (NUS 1976).
Both the Petersen and the Schnabel estimates are given for the two
species, and are estimates of the population numbers within the

"angling size range" (NUS 1976). Arithmetic averages of these two
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t

Table 9. A partial comparison of the predicted loss in
. Yequivalent adults" between Table 6.4-1 of the 316(b)
demonstration (NUS 1976) and Table 8 for 1975 at Prairie
Island Nuclear Generating Plant

316 (b) ORNL Ratio of
Species . estimates estimates estimatesd
Gizzard shad 3,111 28,460 9.1
Carp. : 195 984b 5.0
Sauger . , 5,643 5,142b 0.9
White bass 730 - 6,875 9.4
Freshwater drum:
Larvae + juveniles 1,022 291D 0.3
Eggs | 11 @ a3
.Total drum 1,033 | 338 . 0.3

<AaRatio = (QRNL estimates)/(316(b) ‘estimates).

bThese estimates are based on- the geometric means (GM) of the
ranges
-given in Table 8; i.e.,

GM = Y (lower)(upper).
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estimates for white bass (164,623) and sauger (419,297) will be com-
pared with the range of "equivalent adult" 1losses of white bass
(1,191-39,691 age class 2 fish) and sauger (1,341-19,719 age class 4
fish) (Table 8). Tagged fish (including white bass and sauger) were
released near PINGP in 1973, 1974, and 1975. fagged white bass and
sauger were recaptured via angling, trap net, electro-fishing, gill
net, saine, and trash basket (letter dated June 8, 1978, from J. L.
Geiss, Minnesota Department of Natural Resources, to S. M.: Adams,
Oak Ridge National Laboratory). Since the recaptures were often hade a
considerable distance from their release point [average distance moved
in 1975 was 52.6 miles for white bass and 17.6 miles fof sauger (NUS
1976)], these population estimates may be more indicative of the popu-
lation size over a much wider range than the 12-mile PINGP study area.
These population estimates are limited to those age classes represented
within the tagged group of fish. ‘ :

The ranges in estimated "equivalent adult" 1loss for white bass
(1,191-39,691) and sauger (1,341-19,719) are based on age class 2 and
age class 4 fish, respectively (Table 8). It has been suggested that
immature white bass (age class 1) are of catchable size (letter dated
April 12, 1979, from M. J. Lahtinen, Minnesota Pollution .Control
Administration, to S. Hildebrand, Oak Ridge National Laboratorj), and
that sauger generally enter the sport. fishery during their third year
of growth (age class 2) (office memorandum dated January 29, 1979, ffom
J. L. Geiss, Minnesota  Department of  Natural Resources to
M. J. Lahtinen, annesota Pollution Control Administratfon). The

immature white bass and sauger may be included in the population esti-
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mates gfven‘in the previous paragraph. Assuming an annual adult mor-
taTity of 0.5 for white bass and sauger, the "equivalent adult" Tloss
for any age class can be converted to the "equivalent adult" loss for
the previous age class by dividing the former "équivalent adult" loss
by 0.5. Hence, the range in loss of white bass is 2,382 to 79,382 age
class 1 fish. The range in loss of sauger is 2,682 to 39,438 age
class 3 fish, or 5,364 to 78,876 age class 2 fish. Since the age
class 1 white bass and age class 2 sauger are not fully recruited into
their respective sport fisheries, we will use a geometric mean of
losses to age classes 1 and 2 for white bass (1,684-56,131) and age
classes 2 and 3 for sauger (3,793-55,774). A direct comparison of
these ranges to their respective population estimates (1-34% for white
bass and 1-13% for sauger) represent the immediate percent loss to the
fishery the first year that the entrained larvae would have entered the
fishéry. Thesé ranges would underestimate the percent loss to the
fisheries for later years.

~ An a]ternate'épproach would be to compare the loss to an age class
(éxpressed as "equivalent adults") to that proportion of the population
estimate which represents that same age c¢lass. This is equiva1ent
mathematically to spreading out the loss to the age class first enter-
ing'thé fishery over all age classes répesented within the fishery. In
fhe'fbl]oWing estimates, only half of the first fished age class (age
class 1 for white bass and age class 2 for sauger) will be considered
to have entered the fishery (i.e., half of the first fished age class
will be represented in the population estimates). If we continue our

assumption of an annual adult mortality for white bass and sauger, then
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we can represent the first and second fished age class by 1, the third
fished age class by 1/2, the fourth fished age class by 1/4, the fifth
fished age class by 1/8, and so on. A maximum of seven age classes for
white bass and nine age classes for sauger are assumed (letter dated
May 26, 1978, from V. R. Kranz, NUS Corporation to S. M. Adams, Oak
Ridge National Laboratory). Dividing 1 by the sum of the series pro-
vides a fraction of which the population estimate of either white bass
or sauger population can be reduced so as to represent the population
size of the second fished age class (0.337 for age class 2 for white
bass, and 0.335 for age class 3 for séuger). A ratio of the "equi-
valent adult" Toss as age class 2 for white bass to the reduced popula-
tion estimate representing age class 2 white bass (55,478) provides a
range in the percent loss to the white bass fishery under_equi]ibrium
conditions (2-72%). Similarly, based on age class 3 sauger (70,249),
this ratio provides a range in percent.loss to the sauger tishery under
equilibrium conditions (2-28%). If the actual losses for white bass
and sauger are at the high end of their respective impact ranges, then
a substantial problem may exist for these two.fish species as a result
of the present operation of the Prairie Island Nuclear Generating Plant.

In concluding this section on "equiva]eqt adu]té,“ we have
attempted to correct for several sources of bias, including (1) esti-
mation of concentrations, (2) gear avoidance, (3) effect of multi-aged
larvae, (4) partia]iy identified and unidentified eggs and/or larvae,
and (5) estimation of expected lifetime fecundity. The method for
estimating daily concentrations (which is generally preferred) leads to

a decrease in estimated losses of adults due to the annual entrainment
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of eggs and/or larvae in comparison to the applicant's methodology.
However, combining this method with further refinements, such as
partially correcting for gear avoidance, adjusting for partially
identified and unidentified eggs and/or larvae, and using the proper
technique for estimating expected lifetime fecundity, leads to an
increase in our impact estimates compared to those of the 316(b)
demonstration (NUS 1976).

In general, the greatest effect (increase in impact projected)
results from correcting for the indeterminate age of entrained larvee
by the pewer plant (PINGP). However, we have onTy partia]iy cdfrected
for this bias by breakihg'down entrainment estimates into protolarvae,
mesb]arvee, metalarvae, and juveniles; some bias Eemains. No correc-
tion for the indeterminate age of entrained eggs was made (this oniy
applies to freshwater drum). ‘Furthermore, the technique for calcu-
lating the within-stage sufvival'for the four "larval" etages assumes
that the durations of these four stages are the same. If we assume
thet the o]der stages have 1onger'durations than the earlier stages, as
seems 11ke1y, then these est1mated survivals are greater than the true
survival rates, leading to an underest1mate of the loss.

Two additional sources of bias may a1so tend to underestimate the
losses as ‘"equivalent adults." First, sorting efficiency has been
es§umed'to be 100%. If a sorter does not bick out all of the fish in a
sample, tﬁen the estimated number ofAichthyopIankton entrained will be
low. Second, any entrainment occurring before or after the.sampling
beriod will lead to an underestimate of the number of ichthyoplankton

entrained. ~ These two biases, as well as biases due to gear avoidance,
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net extrusion, and within-stage mortality, indicate that the actual
losses may be in the upper, rather than the lower, portion of the range
of losses as “equiva]ent adults.”

In particular, we believe that the true impact on white bass will
be toward tﬁe upper portion of the projected impact range, and there is
a reasonable possibility that a substantial impact on white bass may be

occurring.

ENTRAINMENT SURVIVAL OF PLANKTON

Calculation of through-plant survival of plankton is an important
consideration in determining entrainment impact;. By dignoring the
potential through-plant survival, there is a tendency to overpredict
potential impacts. | _

Zooplankton entréinment studies were conducted at the Prairie
Island Nuclear Generating Plant (PINGP) and reported in the 316(b)
demonstration (NUS 1976). The following independent analysis of
through-plant mortality was conducted for the purpose of recommending
meaningful sampling programs for entréinment survival of ichthyo-
plankton and zooplankton. These cénsi&erations are important for
future monitoring in determining the effectiveness of proposed intake
modifications.

An obvious and dwiportant, but sometimes neglected, result from
statistical theory is that the power of a statistical test increases as
the sample size increases. The power of a statistical test is equal to
one minus the probability of a type-II error (8), or one minus tﬁé

probability of failing to reject the null hypothesis (in general, no
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difference or no effect) when it is in fact false. For present pur-
poses, the power of a. statistical test indicates'the ability of this
test to detect differences between proportions, or to detect whether
the proportion of organisms killed by entrainment in a power plant is
different from zero.

‘The 316(b) demonstration (p. 144, NUS 1976) states that "counts of
organisms from the intake and discharge canals were compared using the
students two-tailed t-test." Since details of the conduct of this test
are not given, rather than reproduciné the applicant's analysis, an
independent analysis of through-plant entrainment mortality was per-
formed. '

The following test is used for differences in proportions (Fleiss
1973, Eq. 2.5):

L IR (L+'l‘5)

N ; 7 13)

3
57 () ]
PQ (— +—)
S G
where Z is the standard normal deviate, which can be tested using
standard normal statistical tables, P, and P, are the observed pro-
portions alive at the intake and discharge stations, Ny and '"D are
fhe corresponding total counts at the intake and discharge sampling

stations, and

§='|f6-———2———. (14)
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This test is equivalent to testing the null hypothesis Hy: f¢ =P

)
I

(Barnthouse et al. 1977) and is equivalent under the null hypothesis

O o

where f. is the through-plant entrainment mortality (f. = 1 -

O

(HO: Py = 'PD) to the test -used by Ecological Analysts, Inc.
(1977a, b). The alternative hypothesis HA: fc > 0 is equivalent
to Hy: Py > Pp, so that a one-tailed test is indicated, which
incidentally increases the power of the test. Thus, Eq. (13) is used
to consider whether the data are adequate to show that there is mortal-
ity through the plant.

In any statistical test the investigator initially sets his type 1
error (o), or probability of rejecting the null hypothesis (e.g.,.
HO: fc = 0) when the null hypothesis is true. However, once a
has been chosen, it is the sample size, n, and true value of_fC that
determine the power (1-8) of the test. Tables 10-13 have been
generated by the staff for tour assumed values of ’r'c (0.25, 0.5,
0.75, and 1.0) based on Fleiss (1973). Theée‘tab1es give the necessary
sample size (n = np = nD) for detecting as significantly different
from zero an underlying value of fC for two levels of a, S$iX power
levels (1-8), and five values of the proportion surv1y1ng at the
intake (P.). ‘

- The variable P; serves as a control for the variable Py,. The
variable PI, or the fraction alive at the intake station, represents
losses due to both sampling mortality and the presence of dead organ-
isms from the river prior to s&mpling. The methodology used in this
report assumes that the sampling mortality and number of organisms

already dead from the river, are the same (jointly) for both the intake

and discharge sampling stations.
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Table 10. Sample size, n, required to detect an underlying through-plant
- mortality, f?, of 0.25 using Fleiss' testd for differences in
on

proportions e-tailed) for a range of powers, 1-8, two levels of
;;gnificance,a', and a range of sampling survivals at the intake,
Sampling Power =1 - 8
survival : :
(P1) 0.990 0.950 0.900 0.800 0.700 0.500
a= 0.05;:
0.1 4183 2921 2344 1736 1357 844
0.3 1134 795 640 477 375 237
0.5 524 370 299 225 178 115
0.7 262 187 153 117 94 63
0.9 117 86 71 56 47 33
a=0.01:
0.1 5683 4184 3482 2721 2232 1538
0.3 1537 1135 946 742 61 . 424
0.5 708 525 439 346 286 201
0.7 352 263 222 176 147 105
0.9 . 155 118 101 82 70 52

3Fjeiss, J. L. 1973. Statistical Methods for Rates and Proportions. John
Wiley and Sons, New York. 223 pp.

Table 11. Sample size, n, required to detect an underlying through-plant
mortality.‘ff. of 0.5 using Fleiss’ test2 for differences in
on

- proportions e-tailed) for a range of powers, 1-g, two levels of
‘;;gnificance, &, and a range gf sampling survivals at the intake,
— Sampling Power =1 - B
survival
(P1) 0.990 0.950 0.900 0.800 0.700 0.500
o= 0.05:
0.1 949 676 551 418 336 223
0.3 266 191 156 120 97 66
0.5 129 94 78 60 49 34
0.7 70 52 44 35 29 21
0.9 38 29 25 20 17 13
a=0.01:
0.1 1274 950 798 633 527 376
0.3 . 3% 267 225 130 151 109
0.5 172 130 1 89 75 55
- ' 0.7 94 72 62 50 43 32
0.9 50 39 34 29 25 20

3Fleiss, J. L. 19873. Statistical Methods for Rates and Proportions. John
Wiley and Sons, New York. 223 pp.
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Table 12. Sample sizé, n, required to detect an underlying through-plant
mortality, f., of 0.75 using Fleiss' test? for differences in
proportions fone-taﬂed) for a range of powers, 1-g, two levels of
significance, o, and a range of sampling survivals at the intake,
P

Sampling Power =1 - 8

survival . )

(P1) 0.990 0.950 0.900 0.800 0.700 0.500

n= 0.05:

0.1 375 274 227 177 146 103
0.3 107 9 66 52 44 32
0.5 54 40 34 27 23 ) 17
0.7 3 24 20 17 14 11
U.Y 18 u 13 il Y I
a= 0.01: o T ’
0.1 497 77 320 250 219 162
0.3 142 109 93 76 65 49
0.5 n 55 a7 39 ¥ %
0.7 40 R 28 L] 21 16
0.9 23 19 V) 15 13 1

36

9Fleiss, J. L. 1973. Statistical Methods for Rates and Proportions. John
Wiley and Sons, New York. 223 pp.

Table 13. Sample size, n, required to -detect an underlying through-plant .
mortality, f., of 1.0 using Fleiss' testd for differences in
proportions fone-tnﬂed) for & range of powers, 1-0, two levels of
significance. a. and a range of sampling suryivals at the intake, ~
P

Saffip 11Rg Power =1 - g

survival :

(P1) 0.990 0.950 0.900 0.800 0.700 0.500
a= 0.05: )
n.1 183 W 114 an L] f9
0.3 52 40 34 28 24 19
0.5 % 21 18 15 13 11
0.7 15 12 11 9 8 7
0.§ 8 7 7 6 6 5
a=0.01:
0.1 238 184 159 131 113 87
0.3 68 54 47 39 .34 27
0.5 34 28 24 21 19 15
0.7 19 16 15 13 12 10
0.9 11 10 9 8 8 7

8Fleiss, J. L. 1973. Statistical Methods for Rates and Proportions. John
Wiley and Sons, New York. 223 pp. ’ '

.
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This series of four tables (Tables 10-13) indicates several impor-
tant points. First,. improving ;amp]ing‘ techniques to decreasé the
sampling mortality at both the ihtake and dischafge (i.e., increase
PI)A reduces the‘ sample size requireq 4for givgn levels of o« and
B. Second, increasing the sample size increases the power of the
test, i.e., reduces the type II error (8). Furthermore, increasing
will either de;rease the needed sample size (n) for a given power, or
increase the power of the test (1) for a given n. In obtaining a
low 8 (type II error), the ability to detect a nonzero fC is, by
dgfinition, increased. This is, of course, desirable. In order to
obtain a lower 8, however, one must either increase the sample size
(not always possible), or tolerate a large a.

If the experiment has been completed, in the sense that no more
samples can be obtained, it becomes of interest to determine the mini-
mum underlying fc that can be detected, given the observed sampling
survival at the intake, PI’ and the sample size at the intake and
discharge, n. Table 14 summarizes these minimum detectable t. values
for « = 0.05, five values of P> and 28 values of n. These values
were calculated based on the following derivation using Eq. (13) and

assuming n = np =nps i.e.,

z=--1_0D X (15)

Substituting Eq. (14) into Eq. (15) for P and Q, one obtains

p
J(z(" + Pp) (Z'PZ PD)/m)
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The Towest observed through-plant entrainment mortality, fc,

38

Table 14.
detectable as significantly greater than zero as a function of
sampling survival at the intake (Py) and sample size (n)
with o = 0.05 :

Samplé Sampling survival atAthe intake (Py)

'?;§e 0.1 0.3 - 0.5 - 0.7 0.9
10 a a 0.864 0.667 0.493
20 a 0.827 0.597 0.441 0.301
30 a 0.676 0.479 0.347 0.226
40 a 0.585 0.410 0.293 0.186
50 0.938 " 0.522 ' 0.364 0.258 0.160
60 0.862 0.476 0.330 0.232 0.142
70 0.803 0.440 0.303 0.213 0.129
80 0.754 0.411 0.282 0.197 0.118
90 0.713 0.387 - 0.265 . - 0.184 .0.109

100 0.678 0.367 0.251 0.174 0.102 -

300 0.398 0.210 0.141 . 0.095 0.053

500 0.309 0.162 0.108 0.072 0.039

700 0.262 0.136 0.091 0.061 0.033

1000 0.220 0.114 0.076 0.050 - 0.027

3000 0.127 0.065 0.043 0.029 0.015

5000 0.099 0.061 - 0.033 0.022 0.011

7000 0.083 0.043 0.028 0.019 0.010

10000 0.070 0.0?6‘ 0.023 015 0.008

0.

dNot significant for any value of f. < 1.



39 ' ORNL/TM-7412

or.

72 (P. +P.) (2 -P. =P.) = (P, - P - 1/n)2
Zn V17D R SR LERERLS SR  TrAl

Rearranging terms and multiplying, we get

2 2
D" ZPIPD - PI - PD)

22 (2p + 2P
» . 2P |

_ 2 2 .1 I D

IS T e St i i LN

and collecting terms, we obtain

2

2
D (

2% + 2n) + pyL(22° - 4n) P, - 277

P + 4]
. P% (2 + 2n) - pI'(zz2 +8) +2/n=0

Since this is a quadratic equation in PD, then

b N b2 - dac

Pp = - 7a ’
where
a=122+2n .
b= (222 - 4n) Py - 272 + 4 ,
and
c = Pf (22 + 2n) - Py (222 + 4) + 2/n

Furthermore, since Pp < P, then

b - Nb2 - gac

PD = - a . (16)
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Figure 2 further illustrates the significance of Tahle 14. The
desirable situation is to minimize the detectable fc. Two obvious
points of interest are that the'minimum détectab]e fC decreases with
increasing sample size, n, for a given sampling survival and with
increasing sampling survival (estimated by PI) for a given sample
size. Notice the rapid decline in minimum-detectable fC correspond-
ing to moderate increqses in sample size and sampling survival when n
and PI are initially small. This result 'po}nts out that there are
substantial gains in usefulness of the data when sample sizes are ade-
quate and gear (or sampling) mortality is reasonably low. Further
increases in either sample size or survival place one on a reasonably
level ‘“plateau," whicﬁ indiéates there %s Ilitt]e to be gained by
expending further effort on sampling or gear development. In general,
it would be desirable to be able to detect reasonably smal]_fc's, but
wasteful to be operating in & 1éve1lregion of the graph.‘ In the'316(b)
demonstration (NUS 1976), only the sample sizes for Rotifera approach
this desirable state; tor other téxa, there is inadequate sample size
to detect any but substantial fc values.

If sample sizes are increased by increasing sampling duration, a
decrease in sampling survival would probéb]y result. Thus, a given
sampling technique will have an optimum combination of sample size and
sampling survival which will minimize the detectable f_. Further-
more, this optimum;combination will be seasonally dependent because of
seasonal variations in ambient temperature which affects the size of
the underlying fc to be estimated. Also, depending on the use for
which the estimated fc is'intended,,one must decide how small a value

of fC it is necessary to detect.
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Figure 2. Minimum detectable through-plant entrainment mortality,
- fe, as a function of sampling survival at the intake,
P1, and sample size, n, witha = 0.05.
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Tables 15 and 16 correspond to Table 5.3-3, respectively, in the
316(b) demonstration (NUS 1976). Table 15 presents our estimates of
fc for four zooplankton categories at Prairie Island Nuclear Generat-
ing Plant (PINGP) in 1974, while Table 16 presents corresponding data
for 1975-76. These data were collected by using separate aliquots for
counting dead versus total organisms by categories in both the intake
and discharge samples. Thus, it is possible for the estimated proba-
bility of survival at the intake (P;) or at the discharge (P,) to
be negative. For those sampling dates where this situation occurred at
either the intake or discharge samp]e; no calculations were made, and
in Tables 15 and 16 the notation NP/(not possible) wés made. When the
test statistic test [Eq. (13)] was not significant at « = 0.05 (i.e.,
Z < 1.645), NS in Tables 15 and 16 indicates not'significant. The
values of fc and the limits of the 95% two-sided confidence intefva]s
(Eq. 7.9 in Fleiss) are given in the remaining cases. It is possible
that f. may not be significant at o = 0.05, but a 95% confidence
interval exists that does not include 0.0. This result can occur since
the test for HOE fc = 0 is’ ohe-sided, while the confidence
interval is two-sided. The four categories of zooplankton enumerated
are Copepoda, nauplii (a life stage of zooplankton), Cladocera, and
Rotifera. Besides calculations based on data from single dates, esti-
mates of fc have also been calculated on a seasonal basis and over
all dates. Note the 1§rge numbér of bases in which it was not poséibTe
to estimate fc’ especially in the 1975-76 sampling year (23 out of 44

daily samples of the four categories, Table 16).
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Table 15. Daily, seasonal, and total estimated through-plant entrainment
mortality, fe, for four categories of zooplankton in 19748,b

Date Copepoda Naup1ii Cladocera Rotifera

7/30 0.81¢ 0.42¢ npd NSe
(0.73, 0.89) (0.33, 0.52)

8/14 0.41¢ 0.60¢ NS : 0.35¢
(0.27, 0.55) (0.46, 0.74) (0.29, 0.41)

9/4 NS NP NP 0.31¢

(0.14, 0.47)

11/21 NP NS NP 0.16F
(0.01, 0.31)

12/18 NP NP NP 0.66¢
(0.55, 0.77)

Summerd 0.60¢€ 0.51 NS 0.32¢
(0.52, 0.68) (0.43, 0.60) o (0.27, 0.38)
Fallh NP NS NP 0.35¢

(0.25, 0.45)

Combined
(total) 0.62¢ 0.45¢€ 0.37¢ 0.33¢
(0.54, 0.70) (0.37, 0.53) (0.15, 0.59) (0.28, 0.38)

ANumbers in parentheses rebresent the limits of the 95% confidence interval
about the f. value given immediately above them. Source: Fleiss, J. L.
1973. Statistical Methods for Rates and Proportions. John Wiley and Sons,
New York. 223 pp.

bletter from Mark Lahtinen (Minnesota Pollution Control Agency) to S.
Marshall Adams, May 30, 1978, including as enclosure the sample sizes used to
estimate zooplankton mortality due to plant passage at PINGP in 1974.

CSignificant at o = 0.01. |

dNP = not possible to calculate.

eNS = not significant (o = 0.05).

fSignificant at o = 0.05.

9Includes the dates 7/30, 8/14, and 9/4.

hincludes the dates 11/21 and 12/18.
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Table 16. Daily, seasonal and total estimated through-plant entrainment
mortality, fo, tor four categories of zooplankton in 1975-76a,b
Date Copepoda Nauplii Cladocera Rotifera i
6/13 NPC NP NP 0.16d
(0.04, 0.28)
8/7 NP NP Nse 0.45d
(0.39, 0.51)
9/8 NP NS NS NS
10/9 NP NS NP NS
(0.36, 1.00)
11/5 NP NS NP NP
1249 it ng Ny Ry
1/12 NP NP NP NS
2/9 1.002 NP NP NP
(1.0, 1.0)
3/4 NP NP NP NS
4/5 NS 0.51d NP NS
(0.07,0.083) (0.25, 0.78)
5/4 0.48d NP NS 0.394
(0.21, 0.75) (0.34, 0.45)
summerf NP NP NP NS
Falld NP NS NP NS X .
Winterh NP NP NP NS
Spring! 0.44d " NP NS 0.35d
{0.21, 0.67) (0.30, 0.41)
Combined
(tntal) NP n.oad NS n.15d
(0.92, 1.00)

(0.10, 0.19)

aNumbers in parentheses represent the limits of the 95% confidence 1interval

about the fs. value given immediately above them.

1973, Statistical Methods for Rates and Proportions.

New York.

223 pp.

Souvce;

Meiss, J. L.
John Wiley and Sons,

bLetter from Larry E. Olson (Minnesota Pollution Control Agency) to
S. Marshall Adams, June 13, 1978, including as enclosure the sample sizes
used to estimate zooplankton mortality due to plant passage at PINGP in

1975-76.

CNP = not possible to calculate.

dsignificant at o = 0.01.

eNS = not significant (a = 0.05).

fIncludes the dates 6/13, 8/7 and 9/8.

9Inc ludes the dates 10/9, 11/5 and 12/9.

hIncludes the dates 1/12, 2/9.and 3/4.

iIncludes the dates 4/5 and 5/4.

!
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_Estimates of the sampling survival (P;) made for the four zoo-
plankton categories for 1974, 1975-76, and overall are presented in

Table 17.

Table 17. Sampling survival, Py, estimated by category and year

Zooplankton category

Year Copepoda Nauplii Cladocera Rotifera
1974 0.68 0.50 0.39 0.57 °
1975-76 0.18 0.14 0.004 0.31

0.30 0.13 0.37

Overall 0.43

Note that sampling survival wa§ consistently lower in the 1975-76
period as opposed to 1974, and this was also thé period when fewer
sighificéﬁt fc's were Aca]cy]ated (especial]y with regard to
Rotifera). ‘Further note that the C]addcera have lower sampling sur-
vival withih each year than the 6ther categories and that this is the
one categqny which has no significant nonzero estimates of fC (fabie
18). In Table 18 are presented the dai]y‘sample sizes at the intakes
and discharge stations at PINGP for four zooplankton categories for
1974 through 1976. Using the yearly estimated sampling survivals, Pr
(Table 17), and sample siies in Table 18, one can determine the minimum
detectable fc. Since ny p in Table 18, one can overestimate
the minimum detectable fC by using the Tlower of n; or np. We
suggest that a reasonable estimate of the minimum detectable fc might
be obtained by letting
L S
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Table 18. Daily sample sizes at the intake (I) and discharge (D) stations
used in calculating through-plant entrainment mortality, f., for
four categories of zooplankton in 1974 through 1976 at Prairie
Island Nuclear Generating Plant

Copepoda Naup 1ii Cladocera Rotifera
Date I D I D I D I D

1974:

_7/30 135 115 _274 163 44 182 84 _ 152
8/14 86 - 111 226 120 36 ‘69 1019 776
9/4 45 62 194 1152 322 494 468 . 628
11/21 9 93 70 130 7 232 300 287
12/18 4 1a =27 102 7 8a 142 113
1975:

6/13 294 263 1308 45Ia 334 273 970 635

8/7 184 393 96 1052 76 99 1576 1408

9/8 72 518 257 W6 74 86 1993 1674

10/9 20 182 76 0 1 192 530 356

11/5 19 91 75 23 2sa 92 ;12 2393

12/9 1a 0d 20 25 3 11 | 46 346

1976

1/12 13 2 10 112 1 12 17 55

2/9 8 12 34 o274 0a 1 9 762

3/4 7 118 30 13a l 24 44 870

4/5 75 42 124 60 21 10a 201 214

5/4 52 67 94 gl1a 12 16 1104 1042

8For these samples the number dead exceeds the total.
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Consider the sampling date, 'August 14, 1974, and the zooplankton
taxa, Copepoda. Sampling survival in 1974 is given by PI = 0.68
(Table 17), while the average of the intake and discharge sample sizes
is approximately n = 99 (Table 18). Thus, referring to Table 14 with
n= 100 and PI = 0.7, the minimum detectable fc is 0.174. Since
Table .15 for this date (8-14-74) gives a calculated fc of 0.41, it is
not surprising that 0.41 was found to be significantly greater than
zero. Now consider Cladocera on December 9, 1975, where n = 7
(Table 17) and Py = 0.004. If we refer to Table 14 with n = 10 and
Py = 0.1 (which will underestimate the minimum detectable fc), then
there is no possible value of fc that will reject 'Ho:fc = 0, so
that in Table 16 (Cladocera on December 9, 1975) it is not surprising
to have NS (= not significant).

This exercise shows the importance of having a "sufficiently
large" sample size (perhaps n = 500) and at least moderate gﬁmpling
survival .(say, PI.z 0.5). The staff believes that these are impor-
tant considerations in the design of a meaningful sampling program for
entrainment. It becomes immediately obvious that other than for
Rotifera, the sample sizes for determining fc are generally too small
(Table 18). Likewise, Téble 17 indicates the sampling survival was too
low 1in 1975-76 to detect even moderate values of fc' (e.g.,

fc 2 0.25)7

IMPINGEMENT CONSIDERATIONS
The significance of impingement losses was evaluated in the 316(b)
[ . .

demonstration (NUS 1976) by comparing the number of fish impinged to
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the estimated populations for several species. The evaluation of
impingement impacts in the 316(b) demonstration represents a reasonable
impingement assessment based oﬁ the quality and type of information
available. As indicated in the 316(b) demonstration, there are several
problems associated with extrapolation of numbers impinged to effects
- on populations when these populations are estimated with trawling and
tag and release methods (NUS 1976). Determining the significance of
impingement impacts relies heavily on the reliability of the estimates
of fish population size. There are several problems associated with
estimation of fish - populations, and these have been discussed in Adams
et al. 1979. Also, the tagging study, conducted for the 316(b) demon-
stration, was designed to assess the movement of fish and not to esti-
mate population size (NUS 1976).

Recognizing the inherent problems associated with fish population
estimates, the numbers of fish impinged during 1975 at Prairie Island
were compared to the population estimates given in the 316(b) demon-
stration (NUS 1976). Table 1Y shows the major species impinged in
1975, the population estimates for these species given in the 316(b)
demonstration, and the percent of the population impinged. Populations
of carp and drum in the Mississippi River and Sturgeon Lake were esti-
mated by trawling and impact projections for these species are rela-
tively high (21.3 and 5.7% respectively). These estimates are probably
unrealistic because of the problems with trawling discussed in the
316(b) (NUS 1976). The impact projection for channel catfish is prob-
ably also unrealistic because commercial landings indicate °a much

larger population (NUS 1976) of this species. Estimates for gizzard
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Table 16. Number impinged, population estimates, and percent of the
popuiation impinged for the major species in the Mississippi
River and Sturgeon Lake near the Prairie Island Nuclear
Generating Plant

% of popuiation

Species Number impinged Population estimate impinged
6b

Gizzard shad 70,506 6 x 10 1.2
Drum 3,789 66 ,220C 5.7
White bass 2,712 173,910d 1.6
Carp 427 2,002¢ 21.3
Sauger 97 . 609,809d 0.02
Channel catfish 6,223 22,7204 . 27.4-

dNumber impinged during 1975 from Table 2.5.1-2 of Gustafson et al.
(1975). ‘

bpopulation estimate for 1973 in Sturgeon Lake (Anderson 1975).
CBased un Lrawling p. 99 of NUS (1976).
dgased on Peterson population estimate [Table 4.3-14 of NUS (1976)].
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shad, white bass, and sauger probably represent more realistic popula-
tion impacts.

In the entrainment section, entrainment losses for white bass and
sauger were estimated to range from 0.7 to 24% (white bass) and 0.3 to
16% (sauger} of the respective populations. Also, as indicated in this
section, entrainment losses for these species could pose a significant
problem in the aquatic system near PINGP if the actual loss is at the
high end of these predicted ranges. Therefore, considering an addi-
tional estimatéd impact of 1.6% on the white bass population due to
impingement, the probability is increased that a significant impact on

the white bass population is occurring due to operation of PINGP.
ALTERNATIVE INTAKE LOCATIONS

The purpose of this section is to determine if the present loca-
tion of the PINGP intake minimizes ecological impacts. We have
addressed this issue by quantitatively comparing biological data
collected from thé PINGP intake afea (mouth of Sturgeon Lake) to data
collected from areas near the Mississippi River channel. Entrainment
related data compared from both areas include densities of phyto-
plankton, zooplankton, ichthyoplankton, and primény productivity. Data
compared from these two areas related to impingement impacts include
fish catch-per-unit-effort and proportions of game vs nongamé species.

Ecological data collected at the mouth of Sturgeon Lake was used
in this analysis instead of data collected in the intake area adjacent
to the plant because the intake area is influenced by recirculation of

water from the discharge canal (Stone and Webster 1978, Yeh 1980) and,
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thus, may represent unnatural biological conditions. Thermal additions
have been demonstrated to stimulate biological production when ambient
water temperatures are cool and to depress production during warmer
periods (Talmage and Coutant 1978). Ecological data collected near the
mouth of Sturgeon Lake should closely represent baseline ecological
conditions near the intake area because the source.of intake water for

PINGS is mainly from Sturgeon Lake (Baker 1975, Sluzha 1974).

Phytoplankton

Phytoplankton data used in the analysis were collected by the
utility during 1974-1976 and consisted of 21 samples at each station in
1974, 13 samples in 1975, and 12 in 1976. Samples were usually taken
once each month but more frequently in the warmer months. Phyto-
plankton data compared were total density expressed as mg/liter wet
wt. Data expressed as weight instead of number are used in the analy-
sis because ecosystem energetics and trophic relationships are based on
weight or biomass (Wilhm 1967).

The temporal distribution of the observed differences in phyto-
plankton density between Sturgeon Lake and the river are shown in
Fig. 3. These differences were calculated by substracting the natural
logarithm of the Sturgeon Lake densities from the logarithm of the
river densities at each sampling period. During 1974, densities were
consistently higher in Sturgeon Lake than those in the river, but
during 1975 and 1976 no consistent differences seemed to be evident
(Fig. 4). The only consistent pattern between 1975 and 1976 is the
Sturgeon Lake values which are higher than those in the river during

part of the summer and early fall of both ycars.
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Figure 3. Temporal distribution of the differences in the natural
logarithms of Sturgeon Lake (Dg) and the Mississippi River
(Dy) phytoplankton densities.
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Figure 4. Temporal distribution of the differences in the natural
logarithms of Sturgeon Lake (Dg) and the M1ss1551pp1 River
(D) zooplankton densities.
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The observed phytoplankton densities for each sampling period were
transformed by natdra] logarithms to meet the assumption of normality.
A student's t-test was conducted to test the hypothesis of equal den-
sities at the two sites. The estimated average difference in phyto-
plankton densities between the river and Sturgeon Lake for 1974-1976 is
shown in Table 20. In 1974, phytoplankton densities were significantly
lower in the river than those in the mouth of Sturgeon Lake
(Table 20). In 1975 and 1976 no significant4 difference in phyto-
plankton densities were shown to exist between the two stations. When
all three years are considered together, however, density in the river
appears to be significantly 16wer thén that in Sturgeon Lake.

Based on the analysis of thg 1974 and combined (1974-1976) phyto-
plankton data the decision re]ative to impact minimization on phyto-
plankton would be to locate the intake in the Mississippi River instead
of at the present site. Based on the 1975 and 1976 data, the conclu-
sion would be that the location of the intake makes no difference in
terms of ihpact minimization.

Any true differences in plankton densities between stations and
years may be masked by 1arge natural vafiations‘in densities caused by
periodic high river flows in the Mississippi. Phyfop]ankton, however,
because of their relatively fast turnover and recovery rates, may be a
better indicator of natural conditions in the river than other organ-
isms (such as zooplankton) with slower turnover rates. For example,
the estimated variance (62) between years for phytoplankton
(Table 20) are very similar, possibly indicating that the 1large

variations in phytoplankton densities, which may have occurred due to



- 55

ORNL/TM-7412

Table 20. Estimated average differences in phytoplankton density
between the Mississippi River (D,)3 and Sturgeon Lake
(Dg)b for 1974-1976 and all years combined

Year
1974-76

1974 1975 1976 combined
Dy - Dg -0.595 -0.095 -0.235 -0.363'
52" 0.167 0.173 0.166 0.106
df 19 11 10 42
t -3.57 -0.55 -1.41 3.4
Prob. >|t| 0.002 0.593 0.189 0.002
Dy = loge (density in river + 1).
bp, = loge (density in Sturgeon Lake + 1).
€32 = estimaled variance of Dp - Dg.
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high river flows, could have been partially masked by the high biolog-
ical turnover rates. Even though phytoplankton densities could have
been substantially reduced for short periods (hours or days) during
high river flows, populations could have recovered between the monthly
or biweekly sampling periods. For example, in 1976, the only year‘for
which daily river flows were available, high river flows occurred from
March 30 to April 10. The last phytoplankton sampling date before this
high flow was March 24 when 4.09 and 3.2 mg/liter of phytoplankton were
recorded at Sturgeon Lake and the river respectively. River flow
through lock and dam no. 3 below the plant on this date was 24,000
cfs. During the next sample period on April 6, standing crops were
1.56 and 2.15 mg/liter respectively at a river flow of 72,000 cfs. On
April 21, following the high f]on, the densities were 13.76 and 7.34,
respectively, at a river flow of 28,000 cfs. Even though naturally
increasing water.temperatures and light levels were probably respon-
sible in part for the large observed increase in phytoplankton densi-
ties after April 6, 1976, this rapid recovery of phytoptankton could
also be attributed to the high turnover rates and reproduction which is

characteristic of this trophic group.

Primary productivity

Primary production data were available for 1974 and 1975 from the
PINGP annual monitoring reports. 1In 1974, 13 measurements were taken
from August to December; and in 1975, 15 measurements were taken from
May-September. Data were taken in Sturgeon Lake and the Mississippi

River and are expressed as net primary production rates.
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The estimated average difference in the untransformed (data was
not transformed because the normality assumption was met with the
untransformed data) data from the two areas is presented in Table 21.
As was suggested by analysis of the phytoplankton density data, primary
productivity in Sturgeon Lake was significantly higher (P > t = 0.02)
than the river in 1974. 1In 1975, productivity was higher in Sturgeon
Lake, but not-significant1y (P> t.= 0.65). When data for both years
were combined; Sturgeon Lake exhibited a higher productivity at the
0.03 level (Table 21).

" Considering the 1974 and combined 1974 and 1975 primary productiv-
ity data, the conclusion would be to locate the intake in the river to
minimize entrainment impacts on primary productivity. If the 1975 data
were considered, however,Ap1acement of the intake would make no differ-

ence in terms of minimization of impact on primary productivity.

Zooplankton
Zooplankton density data, collected monthly between 1974-1976, was

compared between Sturgeon Lake and the river. As in the phytoplankton
analysis, data were first transformed to natural Tlogarithms before
testing for possible differences in the two areas. A plot of the
temporal differences in densities between areas show that zooplankton
densities in the river may have been higher than Sturgeon Lake during
1974, but in 1976 no trends in the differences are evident (Fig. 4).
The differences in the densities were highly variable during 1975,
possibly indicating effects of high perioqic river flows on the zoo-

plankton community during that year.
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Table 21. Estimated average differences in primary productivity
between the Mississippi River (D)2 and Sturgeon
Lake (Dg)D for 1974-1975 and for these years combined

Year
| 1974-75

1974 1975 combined
Dy - Dg . -0.882 -0.104 -0.453
82° 0.31 0.229 0.196
aF 12 5 28
t -2.84 -0.47 . -2.31
Prob. |>[t 0.02 0.65 0.03

4D, = loge (primary productivity in river + 1).

bp

S

c?

estimated variance of Dy

Dg.

loge (primary productivity in Sturgeon Lake + 1).
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Table 22 indicates that in 1974 densities of zooplankton in
Sturgeon Lake were significantly higher (P > t = 0.02), and in 1975
and 1976 very little differences occurred between the two stations. If
a decision based on the 1974 zooplankton data were to be made relative
to intake location, then the decision would be that the present loca-
tion minimiies zooplankton entrainment impacts. A decision based on
the 1975 or 1976 data would be that the location makes no difference in
terms of impact ﬁinimization on zooplankton.

In contrast to the ﬁhytop1ankton data, the year-to-year variation
of the zooplankton differences (32) for the two areas are consider-
able (phytoplankton range = 0.07, zooplankton range = 0.308) (Tables 20
and 22), possibly indicating that the large variations in densities
between years may have been due to river flow variations between
years. For example, river flows in 1975 were mﬁch higher and variable
than those in 1974 or 1976 (Fig. 5), probably accounting for the large
variations in differences between stations during 1975 (Table 22).
During 1974 and 1976 when river flows were less variable, variances in
zooplankton were much smaller (Table 22). The larger range in vari-
ances for zooplankton compared to phytoplankton densities may reflect,
in part, differences in turnover rates of the two groups. Zooplankton
have much longer reproductive cycles than phytoplankton, therefore zoo-
plankton would have less time than phytoplankton for recovery between
successive sampling intervals that follow high river flows and washouts
of organisms (such as may have occurred in 1975). To place more
reliability, therefore, on results related to analysis of alternative

intake locations, decisions should be based on data which are repre-
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Table 22.

60

Estimated average difference in zooplankton

densities (weights) .between the Mississippi

River (Up)3 and Sluryeun Ldke (DS)b

for 1974-1976 and all years combined

1974 1975 1976 1974-76

' combined

Dy - Dg 0.262 -0.161 -0.091
> C ‘
&2 0.066 0.368 © 0.060
df 1?2 ., R 7
Prob. >|t| 0.02 0.06 ©0.48

aD,. = loge (zooplankton density in river + 1),

bDS = loge (zooplankton density in Sturgeon Lake +

c02

=
S—
.

estimated variance of o 2.
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Figure 5.- Average monthly river flows of the Mississippi River at
Prescott for 1974-1976 and the historical averages for
1950-1965.
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sentative of average river flow years during the periods when biolog-
ical production is the highest (i.e., April-duly in most temporal
systems). Low flow years may also represent "steady state" ecological
conditions in which some reliability may be placed on intrepretation of
plankton data; i.e., high periodic river flows do not occur during low
flow years (in which cases washout and dilution of plankton are mini-

mal), providing for meaningful data intrepretation.

Fish

Fish data uséd in this analysis were collected by electroshocking
at annesota Department of Natural Resources stations 1-7 (Sturgeon
Lake) and 2-9 (main river) during June, August, and September of 1974
and 1975 (MDNR 1978)..l E]ectroéhockingvdata were used in this analy-
sis because trawl and trapnet data were not available from the main
river, and seining data is bfésed for small shore-zone fishes such as
minnows ‘and shineré.' Sturgeon Lake station 1-9, nearest the PINGP
fntake, was nof used in this analysis because of the'possib1e influence
of the discharge canal - recircu]ation‘ water on the intake area (see
phytoplankton section). Two main comparisons were conducted between
stations; catch-per-unit-effort (CPUE) and proportions of game vs non-
game species. ' |

A comparison of the CPUE for the 1974 and 1975 Qata combined indi-
cates no significant differences (Table 23) bétween the two stations

(P > t = 0.37). Results of this comparison should be interpreted

TRaw data supplied to ORNL by Minnesota Department of Natural Re-
sources.
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Catch-per-unit-effort (number'per 15-min sample) by

Table 23.
: electroshocking in Sturgeon Lake (stat. 1-7) and
the main river (stat. 2-9) for three months in 1974
and 1975
N
Sturgeon Main
Year/month Lake river (lake - river)
1974
June 21 a1 =20
August 47 33 +14
September 28 23 +5
1975
June’ 13 24 . ’ -11
August 54 - 42 +12
September 34 13 +21
Mean 32.83 29.33 - 3.5
t 0.54 (5 df)
SD 15.83
Prob. >| t] 0.37
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with caution if they are to be the basis of decisions relative to
intake locations because of (1) the small sample sizes involved, (2)
the high coefficient of variation (450%) which indicates wide vari-
ability in the data (i.e., the standard deviation is 4.5 times the
mean), and (3) the problems associated with the gquantification of
electroshocking data (e.g., shocked fish may sink to the bottom and be
overlooked and bottom fish may avoid the gear).

Another comparison between stations involved the proportion of
game vs nonﬁame sﬁecies. The species designated as game were bluegill,
sauger, smallmouth, white, rock bass, drum, crappie, walleye, yellow
perch, channel catfish, and sunfish. Nongame species were carp, carp-
sycker, chubs, buffalo, log perch, redhorse, and gar. Gizzard shad,
shiners, and minnows were labeled as fﬁrage species.

The numbers of game and nongame fish caught in 1974, in 1975, and
for the years 1974 and 1975 combined, as well as the ratio of game fish
to the total fish caught are given in Table 24. A chi-square test of
proportions indicated that there was no significant difference between
stations 2-9 and 1-7 (Table 24) for 1975 or for the 1974 and 1975 com-
bined data (P > t = 0.05). In 1974, however, stations 2-9 had a
significantly higher proportion of game fish (P > t = 0.01) than
stations 1-7 (Table 24). More smallmouth bass were caught in the river
than in Sturgeon Lake during 1974 which accounted for most of the
observed difference in the ratio of game to nongame species between the
two stations.

Prior to the analysis and comparison of these fish data, it'was

hypothesized that Sturgeon Lake may have a higher proportion of game
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Table 24. Number of game and nongame fish and the ratio of
jame fish to total fish caught at stations 1-7
?Sturgeon Lake) and 2-9 (Main River) in 1974, 1975,
and for 1974 and 1975 combined
: ' 0
Stations Game Nongame Total Game/total X
1974
1-7 40 56 96 0.42
2-9 62 35 97 0.64
9.592
1975
1-7 2 75 101 ° 0.26
2-9 27 52 79 0.34
1.52 Nsb
1974 & 1975
1-7 66 131 197 0.34
2-9 89 87 176 0.50
3.23 NSC

dHo: stations 1-7
bSignificant at 0.01 level.

CNot significant.

stations 2-9.
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fish than the river because of its apparent ecological function as a
fish spawning and feeding area. Analysis based on the electroshocking
data (Table 24), however, does not provide a statistical basis for con-
cluding that,Sturgeoﬁ Lake has a hfgher CPUE of fish or that it has a
higher proportion of game fish than the river. Due to the small sample
sizes involved and the problems with quantification of electroshocking
data, the results of these comparisons should be intrepreted with cau-
tion. Decisions, therefore, relative fb the best 1ocatf6n of the
intake for minimizing fish impingement should be based on more reliable

and quantitative data than those available for this analysis.

Ichthyoplankton

A short-term intensive ichthyoplankton survey was conducted
between 6-17 June 1978 at three. stations in the vicinity of PINGS.
Station I was located in the main channel of the Mississippi northeast.
of the plant, station II near the main channel at the end of the
dredged intake canal, and station III at the mouth of Sturgeon Lake
slightly north of the present intake. Samples were taken between mid-
night and 4 a.m. on six days between June 6 and 17, 1978. Twn oblique
tows and two replicates per tows were taken at each station on each
sampling day using a 560-mesh net. Eggs and.larvae were identified to
the lowest practical taxonomic level and reported as number of eggs or
larval stage per unit amount of water sampled (no./m3). |

For the purpose of comparing the densities of larvae between sta-
tions, all three of the reported larval stages (proto, mesa, meta) were

combined as total larvae. All taxonomic levels were combined into ten
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categories for computational purposes. This categorization was neces-
sary because some taxonomic units were represented by only a few indi-
viduals, while others such as sunfishes, crappie, and the centrachids

could be systematically combined into one group. These categories are:

1. Dorosoma cepedianum (gizzard shad)

2. Cyprinidae (minnows and carps)

3. Morone chrysops (white bass)

4. Pomoxis, centrarchidae, and Lepomis (crappie and sunfish)
5. Aplodinotus grunniens (freshwater drum)

6. Unidentified eggs and larvae

7. Cyprinus carpio (common carp)

8. Catostomidae (suckers)

9. Percidae (perch)

10. Other (mainly Notopis sp.)

Categories 5 and 8 include eggs and larvae, while the remainder

are larvae only.

Results of stations I and III comparisons

- Table 25 shows the total number of larvae {or eggs) caught during
the entire sampling period and the number of replicates (maximum = 24)
in which each category appeargd for each station. Gizzard shad (1) and
drum (5) not only appeared in the highest density at each station but
were present in every sample taken.

An analysis of variance on the total larvae and eggs (log trans-
formed densities) caught at stations I and III for all dates (Tables 26

and 27) indicates that total larvae are significantly higher at
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Table 25. Total number of iafvae (or eggs when indicated) caught durihg
the June 6-17 survey and the number of replicates (maximum = 24)
in which each category appears for each station '

Total number caught Number ot rep licates present
Category I I1 I11 I IT II1
1. Gizzard shad 677 567 8778 24 24 24
2. Cyprinidae 361 35 56 - 22 16 . 20
3. White bass 46 81 52 15 16 2
4. Sunfish, 16 12 72 24 13 18
crappie ‘ '
5. Drum 659 418 609 24 24 24
(eqgs) 183 1752 1672 2 24 24
6. Unidentified 10 4] 10 6 7 2
(eqgs) 273 13 13 2 4 © 6
7. Carp . 92 418 598 13 23 21
(cggs) 12 -0 -0 2 0 0
8. Catostomidae 61 27 37 15 14 14
9. Percidae 4 1 25 4 1 10
10. Other 23 10 217 3 f 17




69 ORNL/TM-74]2

Table 26. Analysis of varianced for all larvae collected
at stations I and III during June 6-17

Source df SS F P F
Station 1 9.832 343.17 0.0001
‘Day ' 5 3.058 21.3  0.0001
Station x day 5 2.913 20.34 0.0001
Error b . 1.031

Total {corrected) 47 16 .835

Station Mean
I 0.472
111 1.377

Least-square difference = 0.905

Critical o level = 0.0001

3A11 densities (X) transformed by y = loge (x+1).

Table 27. Analysis of variance? for all eggs collected
: at stations I'and III during June 6-17

Source df Y F P>F

Station - 1 0.241 26.63  0.0001 ‘
Day 5 2,686_ 59.35 0.0001
Station x day 5 1.707 37.72 0.0001
Error 36 0.326
Total (corrected) 47 4,96
Station Mean

I 0.498

111 - 0.356

Least—square difference = 0.142

(ritical o level = 0.0001

ap1l densities (X) transformed by y = loge (x + 1).
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station III (Sturgeon Lake) than at station I (river), while total eggs
are significantly higher in the river.

A comparison of the total larval densities between stations for
each of the six sampling periods shows that except for the 1ast\
sampling day (June 18), the toté1 larval densities were significantly
higher in Sturgeon Lake during each sampling period (Table 28).

The average densities (average of .1og transformed data).for each
group of larvae weke also compared between station [ and III
(Table 29). Categories 1 (gizzard shad), 3 (white bass), 4 (sunfish
and crappie), 7 (carp), 9 (perch), and 10 (other) are significantly
higher in Sturgeon Lake than those in the river. Only category 2

(cyprinidae) was significantly higher in the river.

Discussion

Because of the short sampling period of this survey (two weeks)
and the small number of larvae co11gcted for most categories
(Table 25), the peak spawning period for many spec‘ies may have been
missed. The May 15- September 4, 1975 ichthyoplankton survey, which
was conducted at the PINGP bar rack station, indicated that the peak
‘1975 density of most larvae occurred from midto late-May, with smaller
secondary peaks occurring for some species in mid-summer (NUS 1976).
For example, the peak for drum eggs‘was May 29 with a secondary peak on
June 19. May 29 was also the peak larval period that year for white
bass, Percidae, emerald shiner, gizzard Shad, crappie, and Cato-
stomidae. Cyprinidac and Lepomis larvae were the only categories that

peaked during July. Eddy and Underhill (1974) also indicate that most
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Table 28. Statistical comparison of the average larval densitiesd
between stations I and III for each sampling date

Mississippi River Sturgeon Lake
(station I) (station III)
Samp ling Probability
date No./m SE No./m SE I III
June 6 0.4016 0.0665 1.0453 0.0665 0.0005
June 8 0.5199 0.0386 _. 1.3513 0.0386 0.0001
June 10 0.5256 0.0407 2.3652 0.0407 0.0001
June 13 0.2723 0.0611 1.1684  0.0611 0.0001
June 15 0.4908 0.0238 0.9826  0.0238 0.0001
June 18 0.8632 0.1764 1.0638  0.1764 0.4520

HO: Station I = station III

8A11 densities (X) transformed by y = loge (x + 1).
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Table 29. Statistical comparison of the larval densities
(logs)@ between station I (river) and
station III (Sturgeon Lake) for each of the
ten categories of fish

X No./m
Category . b

of fish I 111 « I-11IC

1 0.1994 1.1852 0.0010 -

2 0.0952 0.0178 0.0160 +

3 0.0157 0.1406 0.0001 -

4 0.0054 ;0.0235 ~0.0005 -

5 - 0.1914 0.1754 0.4931 0

- 0.0034  0.0031 0.9198 0

7 0.0295 0.1561  o.001 -

8 0.020 0.0117 = 0.0082 0

9 0.0013 0.0080 0.0009 -

0.0086 " 0.0001 -

10 0.0075

n
%average of the logged densities = 1 3. log (x; + 1),

n :
i=1

where x; = observed density (No./m3) and n = number

of samples (24).-

bprobability [ |t| > 0]; HO: Station I = station III.

C+ = River significantly higher than Sturgeon Lake.
River significantly lower than Sturgeon Lake.

No significant difference between river and lake.

0
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of these groups spawn in Minnesota waters during the spring (late April
to early June). |

The spawning peaks of two important game species, walleye and
sauger, were probably missed during the 1978 sampling. During the 1975

bar rack survey, Stizostedion spp. larvae had their highest densities

during the last two.weeks of May (NUS 1976). According to Eddy and
Underhill (1974) sauger spawn-in April and May in shallow water and
walleye spawn shortly after the spring thaw, also in shallow water.

Because the peak spawning periods of some species may have. not
been included in the 1978 survey, final decisions relative to placement
of the intake should be based on a more extensive data base. This is
particularly trué of sauger and walleye (percidae) and the sunfish and
crappie (group -4). Data for gizzard shad, cyprinidae, white bass,
drum, and carp appears sufficient, however, for making some tentative
conclusions.

Of the above groups, only gizzard shad, white bass, and carp
larvae were significantly higher in Sturgeon LlLake. Cyprinidae were
significantly higher in the river, while no significant difference
between the river and Sturgeon Lake were indicated for drum eggs and
larvae and sucker larvae. According to Eddy and Underhill (1974) all
of the above species spawn in shallow water. River habitats, such as
those‘occurring in the méin channel of the Mississippi near the plant,
do not appear to be favorab]e spawning habitats for the above groups.

It would appear, therefbre, from the analysis and interpretation
of these data, that to minimize impacts to gizzard shad, white bass,

and carp, the intake should be located in the river. For drum and



ORNL/TM-7412 74

suckers, the location would make no difference in terms of impact mini-
mization while, for the cyprinids, placement of the intake in an area
other than the river is preferable. Placement of the intake in the
river may -also tend to favor impact minimization on the sunfishes,
crappie, and percidae.

Concern for impact minimization to the gizzard shad population
does not seem ecologically justified because of the abundance and pro-
1ific nature of this species. -As stated by Eddy and Underhill (1974),
if gizzard shad were not preyed upon, these highly prolific fish would
rapidly become very abundant. Similarily, carp and the cyprinids are
ubiquitous and prolific fishes; therefore, recommendations to relocate
the intake for the benefit of these species does not seem justified.

. There does appear, however, to be a potential problem with white
bass. The previous section related to PINGP entrainment impacts, proj-
ected that 1 to 24% of the white bass population in the area near PINGP
may be affected due to larval entrainment through the existing intake
system. If this represents a significant effect on this population of
game fish, then a decision to relocate the intake to minimize impacts

on this species warrants consideration.

Results of stations I, II, III comparisons

The total eggs, ‘total larvae, and larvae of. all ten categories
were éomparéd between stations I, II, and III using Duncan's multiple
range test at an é]pha («) level of‘ 0.05. Table 30 indicates that
fo} total eggs, stations II and III are not significantly different;

however, station I (river) is significantly higher than both II and
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Table 30. Analysis of variance and Duncan's Multiple Range Test for
all eggs collected at stations I, II, and III during
June 6-17, 1978

Duncan's Multiple Range Test (o= 0.05)

1(0.4977)

- Station (Mean)
11(0.4032)

111(0.3560)

Source df SS F P>F
Station 2 0.0299 17.02 0.001
Day 5 3.7059 100.97 ' 0.001
Station x day 10 2.6557 36.18 0.001
Error 54 0.3964 |
Total (corrected) 71 7.0078
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III. Conversely, for total larvae, station III is significantly higher
than either stations I or II which are similar (Table 31).

The average densitie§ (1og-transformed) of each category of larvae
were also compared between stations I to III (Table 32). Gizzard shad,
white bass, sunfish and’crappie, percidae, and other larvae at stations
I and II were not significantly different, but both stations were
significantly lower than station III. The densities of cyprinidae and
catostomidae at station II were not different from those at station III
but were significantly lower than that at station I. Drum larvae at
statfon Il were significantly lower than those at both stations I and
III, and carp larvae at station Il were lower than III but higher than
those at I. For the species of concern (white bass, perches, sun-
fishes, and gizzard shad), densities at station II are similar to those
at station I but significantly lower than those at station III. In
terms of impact minimization for these species, therefore, it would
make no difference if the intake were located in the area of station.I
or II. When considering freshwater'drum, however, station II would be
the preferable location of the intake because drum larvae are signifi-

cantly lower here than at either station I or III.

Summary

A short-term ichthyoplankton survey in the area of PINGP indicates
that the total number of larvae collected in Sturgeon Lake was signifi-
cantly higher than that in the river. Gizzard shad, white bass, per-
cidae, sunfish, and carp larvae were significantly higher in the lake,

while the cyprinidae (not including carp) were significantly higher in
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Table 31. Analysis of variance and Duncan's Multiple Range Test for
all larvae collected at stations I-III during June 6-17, 1978

Source df . SS F P>F

Station 2 14.2767 318.55 0.001
Day 5 2.1682 19.34 0.001
Station x day 0 4.0433 18.04 0.001
Error 54 1.2101
Total (corrected) 71 4.6983

Duncan's.Multip1e Range Test (a = 0.05)

Sfation (Mean)
- 111(1.3773) 1(0.4721) 11(0.3976)

-~
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Table 32. Duncan's Multiple Range Test (o= 0.05) for the larval
densities (log transform) of 10 categories of fish at
stations I, II, and IIl. Underlined stations are not
significantly different.

Calegury \ S N

of fish Station (mean)
1 III (1.1852) I (0.1994) 11 (0.1621)
2 1 (0.0952) 111 (0.0177) 11 (0.0108)
3 . 1II (0.1406) 11 (0.0229) I (0.0157)
4 . 111 (0.0235) 1 (0.0054) 11 (0.0037)
e 1 (0.1914) 111 (0.1754) 11 (0.1216)
6 I1 (0.0125) I (0.0034)' 111 (0.0030)
7 111 (0.1562) I1 (0.1122) I (0.0295)
8 I (0.0201) 11 (0.0117)  ° II (0.0082)
9 III (0.0080) I (0.0013) 11 (0.0003)
10 1T (0.0667) - 1.(0.0075) 11_(0.0030)
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the river. There was no difference for drum eggs and larvae and for
Catastomidae larvae between the two areas. Total egg densities at
s;ation II were not different from those at station III, but total
larval densities at station III were higher than those at II or I. At
station II, gizzard shad, white bass, sunfish, and percidae densities
were not different from those at station I.

Relocation of the present intake does not seem justified for the
purpose of minimizing impacts to gizzard shad or carp. Re]ocati@n of
the intake in the main river, however, would probably minimize impacts
on the white bass population.

Because the peak spawning periods of some species (particularly of
sauger and walleye) were probably not included in short term 1978 sur-
vey, final decisions relative to the placement of the intake would be

more reliable if based on data from a complete spawning season.

Alternative location summary

Table 33 summarizes the results of the preceding section and indi-
cates the possible best locations of the intake for minimizing impinge-
ment and entrainment impacts. There is no conclusive evidence which
demonstrates the best location for the intake. Decisions concerning
intake lbcation could vary depending upon the trophic group considered,
the year, or the manner in which data are analyzed. Decisions based on
individual year analysis may be different when several years are con-
sidered.

The fish electroshocking data were jnged inadequate for the pur-

pose of making reliable decisions relative to intake locations, and the
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Table 33. Summary of results relative to the best location? of the
intake for minimizing impacts to various trophic groups

Year data analyzed

Parameter 1974 1975 1a76 Comhined qﬁ23§y
Phytopiankton density River ND ND River
Primary . production River “ND - River
Zooplankton density Lake ND ND ND
Fish CPUE ) - -- - CHD
Game vs nongame CPUE River ND I ND
Ichthyoplankton density
(1) total eggs lLake
(2) total larvae River
(3) various categories '

(see lable 2Y)

daRiver = placement of intake in river minimizes impacts; Lake =
placement in lake minimizes impacts; ND = no difference between lake
and river. '



81 ORNL/TM-7412

analysis and interpretation of the plankton data are complicated by
high variability attributed to periodic high river flows. A short-term
intensive ichthy0p1ankton survey has indicated that white bass is the
only species for which relocation of the intake seems justified. A
complete season of spawning data for the major fish species as well . as
reliable estimates of juvenile and adult populations near PINGP, how-

ever, would be desirable if this option were seriously considered.
SUMMARY

This report has addressed two of the main issues in 316(b) demon-
strations: environmental impacts -associated with cooling water intake
operation and location. - We have conducted an independent analysis and
evaluation 6f the Prairie Island Nuclear Power -Plant 316(b) data base
to illustrate assessment approaches and strategies useful in addressing
these major 316(b) issues.

Principal causes of ecological impacts of power-plant operation
are entrainment and impingement. Two major aspects of ~entrainment,
predictions of impact on adult fish and entrainment survival of
plankton, were addressed in this report. By using the "equivalent
adults" technique and correcting for many of the inherent biases, the
range of losses to adult stocks due to entrainment of larvae of sauger
and white bass was estimated to be 2 to 28% and 2 to 72%, respec-
tively. The true impacts are probably in the upper portion of these
projected ranges. The critical variables related to precise determina-

tions of through-plant mortality of larvae are sample size (number of
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individuals of a species collected at either intake or discharge) and
survival in the intake sample. |

An assessment of impingement impacts was made by comparing for
each of various species the fish impinged to estimates of population
size. This method is probably very imprecise, however, because of the
problems involved in obtaining population estimates.

A reasonable approach for evaluating the ecological effects of
intake location is to compare the structure and productivity of biolog-
jical communities in the intake area and other aquatic areas near the
plant. In this study, this was accomplished by statistically comparing
densities of plankton and fish between the intake area (Mouth of
Sturgeon Lake) and the 1less productive' Mississippi River channel.
Based on this comparison, there was no conclusive evidence demonstrat-
ing the best location of the. intake for minimizing ecologicaT impacts.
Decisions concerning intake locations could vary depending on the
trophic group considered and the year for which data are analyzed.
Biological parameters can vary significantly onm year to year; there-
fore, decisions relative to intake location should be based on data
which are representatiQe of average years and data which are collected

during periods of highest biological activity and production.
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