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1. INTRODUCTION

A. FURPOSE AND SCOPE

This assesscent is submitted ir support of Louisiana Power & Light
Company's application for a National Pollutant Discharge Elimination System
Permit, filed pursuant to 40 CFR 125 with the U S Environmental Protection
Agency, Pegion VI, on October 16, 1978 and in support nf the recuev: to EPA
that an alternative thermal limitation be established under Section 3l6(a)
of the Clean Water Act fur cooling water discharges. In order tc facili-
tate review of this application, this document has been prepared in accord=-
ance with the guidelines developed by the U § Environmental Protection
Agency pursuant to 40 CFR 122, This assessment is baser upon an evaluation
of the design of the discharge facility and the nature of the Mississippl

River near Waterford.

The site specific data base utilized in the determination ol thermal
impacts on the river has been provided by the Witerford 3 Environmental
Surveiliance Program, which is reported in the Waterford 3 Operating
License Stage Environmental Report (OLER). Fcr the purposes of this
analysis, the data necessary to demonstrate ti.e low potential impact of
thermal discharges from Waterford 3 have been reproduced. As sppropriate,
related analyses, methodologies, additional data, etc. are cross-referen=-
ced in this document to the OLER. For purposes of this submission to EPA
under Section 316(a), additional analysis has been performed and is
reported in this submissicn.

This document {ncludes:

L. A brief description of pertinent systems at Waterford 3 contributing

to the cooling water discharge,

2 A master ecosystem rationale highlighting key points indicative of the

low potential impact of Waterford 3 thermal discharges,




3. Biotic category rationales supporting the master ecosystem rationale
and keyed to decision criteria for low potential impact detailed in
the EPA guldance manual.

Gy A description of the following items as pertains to plaut thermal
discharges: plant engineeriug data, Mississippi River hydrology;
discharge outfall configuration and operation; and plume prediction

meti.odoiogy,
. Formulacion of couclusions based on the above.

B. PLANT DESCRIPTION

Waterford 3 1s locared at River Mile 129.6 on the west bank (right
descending) of the Mississippi River. This location is approximately
one~half mile downstream from Waterford | and 2 (882 MWe fossil-fueled)
and is almeost directly across river from the Little Cypsy Generating
Station (1229 MWe fossil-fueled). Figure | presents a location map of

the project area.

The net electrical output of this nuclear-fueled unit for the rated power
level is 1154 MWe. Makeup water for all systems, with the exception of the
Potable and Sanitary Water System and the service water system, is the

Mississippi River., Potable water and service water are obtained from the
S5t Charles Parish Water Works.

The main condenseir Circulating Water System, the Turbine Closed Cooling
Water System and the Steam Generator Blowdown System heat exchangers of
Waterford 3 all operate in the once~through (open cycle) mode. For these
once-through systems, evaporative losses are assumed to be negligible.
Cooling water discharges from these systemg, along with certain plant
process waste waters, are combined and discharged to the Mississippl River
in the Circulating Water Systsz discharge. The water is discharged to the
river utilizing a surface discharge through a canal which is tapered to









Benthiv species ¢f beneficlal commercial value do not occur in the river
nea: Waterford. However, the aslatic clan (Corbicula), one of the dosinant
benthic otganisms in this ares and a food for indigenous fish, has been
found to be & nuisance specius 4o other parts of the country forecing econn=
mic losses for their control., The Corbicula population is not expected to
be significantl, affected by the thermal discharges because of the very
small area of {ts habitat which will be influenced.

The species found in the Mississippl River near Waterford 3 do not faclude
any of those listed on the U § Fish and Wildlite Service threacened or
endangered species list for !979,

The thermal characteristics of the Mississippi River ecosystem, as des~
cribed in more detail in Section 111, will be affected by the combined dis~
charge plumes of Waterford | and 2, Wate:foré 3, and the Little Gypsy
Generating Stetion. Plumes are shown in Section IV tor the combined dis~
chatges of these plants during average seasonal flov typical low flow and
extrume low flow conditions: The plume conffijuration and detailed support=
ing data indicate thut, with all generating stations operating at peak
power output and for average seasonal river flow cunditions, a zone of
passage conservat.vely estimated to exceed 90 percent of the river area
will exist. Even under the assumed extreme, worst case conditions (fall,
100,000 cfs), a zone of passage exceeding approximately 83 percent of the
river cross~section will exist between Waterford and Little Gypsy.

The benthic community near Waterford is rolatively sparse. Also, the river
cross-sectional configuration at Waterford places a very small percentage
of this community's hebitat withir the area affected by tre thermal dis~
charges. It is estimated that the benthic habitat on the Waterford shore
in contact with water heated greater than 2°C (3.6°F) above umbient
conditions under average seasonal and extreme low flow conditions with all
units operating would be approximately | acre (maximum for winter season)
and 2.6 acres, respectively.

One of the major factors evaluated in regard to fish populations was cold
shock, However the relatively small volumes of the river affected
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indicate that a significant problem from cold shock to fish is unlikely,
For example, if Waterford J abruptly shutdoewn when apblent rliver tempera=
tutes vere a mindmum (41°F), cold shock would be limited within & volume

r

or 3.4 acre~feet.,

For the reasons presented above, the balanced indigenocus population of the
Mississippl River biota will not be disrupted by the thermal discharge of

Waterford 3. This conclesion 1s substantiated by the following ecosysten

characteristicst low productivity at basicaily all trophic levels, the

absr ce of rare and endangered species, the nonuniqueness of the area for
fish spawning and nursery habitat, ard the very limited contribution of
this area of the river to the commercial fisheries resources of the region,
The combination of these ecological characteristics with the sanll volume
of river to b thermally affected and the lack of potential for significant
effects from cold shock demonstrates the low potential for adverse lmpact
from the operation of Waterford 3.
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111, BIOTIC CATEGORY RATIONALES

This section describes the data available for each of the blotic categories
and presents rationales for demonstrating that the Mississippl River in the
vicinity of Waterford 3 is considered a low potential impact area. The

data utilized were collected from the Missirsippl River during the Waterford
1 Enviconmental Surveillance Program, This progran was {nitiated in 1973

to provide a bdasis to predict the expected biological impacts from the

thermal fischarges of Waterford J.

The sampling stations utilized during the Environmental Survelllance
Program were selected to analyze the various types of habitat existing

in the Mississippl near Waterford. Station locations included shallow
water = low current velocit, areas and deep water = fast current velocity

areas. Control stations were also established in these habitat types,
Figure I presents the location of the sampling stations.

The discussion below is divided into six gections, describing six biotic

categories!
-« phytoplankton
=« habitat formers
-« gooplankton and meroplankton
-« shellfish and macroinvertebrates
- fish
- vertebrate wildlife

Section "+2+2.1 of the Waterford 3 Environmental Report = Operating License
Stage presents a more detailed discussion of the aquatic ecology of the lower

Mississippl River near Waterford.
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In each subsection, data are compared to the decision criteria for impact
potential as detailed in the United States Euvironmental Protection
Agency's Section 3l6(a) Guidance Manual, dated May 13, T IALLS

A« PHYTOPLANKTOR

In the lower Missiscippl River, turbidity, turbulence and suspended solids
limit the productivity of the prismary producers (e.g., phytuplankton).

High river suspended solids concentrations (Figure 13) and turbidity limit
light per *ration to very shallow depths. Also, shallow areas of suitable
substrate .or benthic (attached) algae production are rare, Therefore,
production of "tychoplankton"”, or algae which find their way :ato the
plankton community by s!oughing off of varicus substrates on which they
grow, is limited., The system may be considered a detrital~based one, typi~
cal of large, commercially~traveled ri' srs such as the Mississippi. Recent
estimates of primary productivity suggest that the Mssissippi River in the
vicinity of Waterford (s less productive than other rivers which have been

studied and substantially less productive than most lnkou(“).

During the period 1973 through 1976, phytoplankton densities measured in
the Environmental Surveillance Program ranged from 24.6 to 1,446,.8
cclls/qu in the Mississippi River., The mean (average) and median (50th
percentile) densities va.e 260 and 150 cnllu/cus. roopoctivcly(l).

These densities can be compared to those found in lakes, where phytoplank=
ton usually occur in much higher densities and consequently are a more
significant contribution to the food web than in rivers. For example,
phytoplankton densities typically range from 500-8000 cnllu’cu3 in sonme
lakes which have been studied'**®’,

It is estimated that an organism entrained into the Waterford | and 2 plume
and then traveling through the Waterford 3 plume to the 2°C AT {sothern
would be subject to excess temperatures above 2°C (3.¢°%) for approx=
{mately one hour, on the average. The duration of this exposure at these
temperatures i{s not expected to cause any change to the phytoplankto. com=

munity. Blue-green algae (Cyanophyta) comprising many nuisance species, are
also not expected to increase above their present, low proporations in the

phytoplankton community, Table 1 presents the measured densities of

‘8.
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Cyanophyta in the Mississippl River near Waterford,

During extreme low river flow conditions of 100,000 cfs (see Section IV for
discussion of Hydrologic faformation), exposure to excess temperatures
greater than 29C (3.6°F) could be up to 9 hr. This 9 hr exposure time
consists of two hours expusure to excess temperatures greater than 10°r;
five hours exposure to excess temperatures ranging from $=10%F and two
hours exposure to excess temperstures ranging from 3.6=5°F,  These

exposure times are applicable for a planktonic organism entrained in the
most upstream location of the Waterford | and 2 plume and traveling to the
most downstream location of the combined plume from Waterford 3 and the
Little Gypsy Generating Station. Under these conditions, it might be
expected that some localized increase in blue-green algae populations could
occcvr; however this condition is expected to occur at intervals roughly
twice as long a8 the assumed 4O-year life of the Waterford 3 plant. During
such times, & maximum of |7 percent of the river cross=section will
experience temperature increases in excess of 3.6°F, This renresents an
increase of 7 percent over that which the river presently experiences due
to Waterford | and 2, and Little Gypsy, under similar extreme low flow
conditions.

1) Decision Criteria

It is felt that the phyt.plankton category should be considered one of low
potential impact because!

a) A shift towards nuisance species of phytoplankton is not likely
to ocecur;

b) There {s very little likelihood that the discharge will alter
the indigenous community from a detrital to a phytoplankton
based eystem; and

¢) Appreciable harm to the balanced indigencus population is not

likely to occur as a result of phytoplankton community changas
caused by the heated discharge.
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1) Zooplankton

None of the specles of zooplankton collected in the Missisesippi River near
Wat~rford (Table 2) are commercially important, threatened or endanger=
06(7‘. It is also believed that zooplankton in the vicinity of this site
are of limited i(mportance in the food web.

Table J presents the average dersities of all zooplankton sampled near
Waterford 3 during the Environmental Surveillance Program.

Average densities of the dominant taxa sampled from 197) through 1976 are
shown in Table 4. Rotifers, usuvally numerically dominant in river systems,
were poorly represented (n samples of zooplanktou taken near the Waterford
site. In view of the large number of rotifers sanmpled elsevhere in the

lower Mississippl Rtvor(a)

y and the small mesh~sized net normally
(9). it 1s suspected that the
densities found during the Environmental Surveillance Program were biased

downwards because of the relatively large meshesize (0,243 mm) utilized.

required to sample members of this phylum

Nevertheless, the 0,243 mm mesh size is well suited for sampliag zooplank=
ton large enough to serve as prey for many juvenile and adult fish. Gal=
braith(:0> found that yellow perch and rainbow trout usually fed on 2oo=
pl  kton larger than 1.3 mm. Lyakhnovich et ‘l(ll) found that similarly
sized zooplankton were preferred by carp. Also, Vineyard et al found that
bluegill sunfish responded towards daphnids ranging from 0.75 m to 3.7%
mm, with a preference exhibited for the larger litcl(lz). Allan(la)
reported that yellow perch were most interested in prey 1.3 mm or larger,
and least interested in prey less than 0.5 mm; comparable values for rain-
bow trout were 1.6 mm and 0.9 mm, Alewives, which are planktivores, showed
most and least interest, respectively, in zooplankton 0.7 mm and 0.2 mm in
'lenath. Thus, the above findings suggest that estimates of zooplankton
abundance presented in this document (Table 4) provide a measure of the
potential contribution of zooplankton as forage for the fish community near
Waterford. The significance of this contribution can be assessed by com=
paring the densities of large zooplankton in the Mississippi River to den-
slties reported for other ecosystems. Zooplankton are generally regarded

s1le
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to be an important component of quiet water systems. Crustacean zoo=

plankton were reported *o range between 2000 and :nuLJ/mJ. <000 and

§5,000/8°, 2000 and 3.0,000/8° i6 Lakes Huton, Ontaric and Erie, res

pcctivoly(l“). In a survey of 1340 lakes and ponds in the Canadian

(13) found that the mean density of crustacean zooplank=

3

Rockies, Anderson
ton {0 the "sparsely populated" water bodies to be 28,000/n” and t.. mean
of "densely populated" water water bodles to be l70.500/a3. The

(16) ™

densities of cladocerans and calanoid copepods sampled by Lane
Gull Lake, Michigan; Cranberry Lake, New York; and Lake George, New York
were 6,000 to 13,000/a°, 20,000 to 26,000/a> and 15,000/’ respece
tively. In contrast to these reported values, average annual zooplankten
densities at Waterford 3 never exceeded 2500/n3. and, the average monthly
density over all stations (see Figure 2) never exceeded 3500/!3. Tables

3 and & present a summary of zooplankton densities.

Combining the above data with thermal tolerance information presented in
the Waterford 3 Environmental Report = Operating License Stngc(l). the
impact to the zooplankton community appears negligible. In summer, for
example, when ambient river temperatures are highest, averaging 84.3°F,
the 5.6°C (10°F)AT tsotherm only affects 2.2 percent »f the cross=
sectional area of the river (combined discharges of Waterford | and 2,
Waterford 3, and Little Gypsy under average summer river flow conditions).
Travel times through the portions of Waterford | and 2, and Waterford 3
plumes experiencing such temperatures are expectad to be slightly greater
than one hour. Under extreme low flow (100,000 cfs) conditions, it may take
up to 2 hr for a planktonic organism to traverse the 10°F a7 area, but the
ambient river temperature at the time when this flow occurs, fall, is
lower, averaging 63°F, This lower temperature can be axpected to have a
compensating effect on the longer exposfure time.

2) Meroplankton

Meroplankton refers to organisms which are planktonic during only a portion
of their life cycle (e.g. clam larvae). In the Mississippi River, fish,
shellfish, and the macroinvertebrate river shrimp (Macrobrachiuam chione)

have meroplanktonic life stages. These life stages form the meroplankton




compunity, and they are considered {n the appropriate sections of this
report (Sections I11.D and I111.,E). However, ir will be shown that the
Waterford portion of the Mississippl River i{s of no special significance
in the maintenance of their population.

3) Decision Criteria

The Waterford 3 discharge plume occupies a relatively smail portion of the
receiving waterbody. Also concentrations of important food chain and/ur
commercial invertebrates are low, and no rare and endangered species have
bean reported. This suggests that the area should be considered one of low
impact potential, and that the following decision criteria shruld be recog-
nized as being applicable:

¢) The heated discharge i{s not likely to alter the abundance and
composition of the zooplankton community in the Mississippi
River from those ranges of values typically found prior to
plant operation.

b) Chang s in the zooplankton and meroplankton community in the
river at Waterford 3 that could potentially be caused by tne
heated discharge will not result in appreciable harm to the
balanced indigenous fish and shellfish population at
Waterford 3.

¢) The thermal plume does not constitute a lethal barrier to the

free movement (drift) of zooplankton and meroplankton.

D. SHELLFISH/MACROINVERTEBRATES

) Threatened, Endangered or Commercial Species

The taxa of shellfish and macroinvertebrates found in samples from the
Mississippi River near Waterford are given in Table 5. None or the taxa
are considered to be threatened or endangered only two taxa, river shrimp

ol 3
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(Macrobrachium ohione) and blue crab (Callinectes sapidus) have the poten=
) 4 i 143
tial to be commerically 1mpur:ant(l v 18, '9’.

However, the occurrence of blue crad is marginal near Waterford, because

the Waterford area i{s distant from water with a salinity high for spawning
of this lptF10!(2U).

River shrimp 1s found {n higher numbers. Spawning of river shrimp takes
place near the Waterford site. Both females "in berry" and decapod larvae,

probably river shrimp, were observed during the 1972-1976 sampling
Ptogrln(l).

However, the occurrence of river shriwp near the Waterford site is not
unique. The species occurs as far upstream as S5t Louis, Hilnouri(Zl).
Another study of the lower Mississippl River at a location 400 miles away
also found evidence of reproductive .ctivity(zz). River shrimp does not
appear to require any specialized spawning habitat, but seems to be capable
of spawning in any and all habitats in which it occurs. Conmercial
landings of river shrimp are largely restricted to the Mississippi and
Atchafalya vaort(zj). In 4971, 900 pounds of river shrimp (worth $297)
were taken in commercial catches from the lower Mississippi River between

the river mouth and Baton Rouge. By 1975, 4200 pounds valued at $2940,

were tlkon(l7). As these statistics represent the total catech along 230

river miles, the commercial fishing effort is low, and it would seem that
the market for this species {s not substantial. This is supported by
Violca(z3) who states that M ohione is being replaced as a food item by
larger sea shrimp and M acanthurus. River shrimp may be marketed as
bait, but statistics on this market are not presently available.

To summarize, the Mississippi River near the Waterford site is not urique in
terms of macroinvertebrate habitat. Because the Waterford 3 discharge will
affect only a small portion of the habitat for river shrimp, no effect on
this commercial shellfishery is expected.

14
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2) Importance of Shellfish/Macroinvortebrates

An indication of the potential importance of the bSenthie community to the
ecosystem can be provided by determining its standing crop., A measute of
standing crop 1s ash-free dry weight = je, that wight which represents
living biomass, exclusive of such material as shell and water, The Envie
vironmental Protestion A;ency(z) suggests & value of | gm ash~free dry
welght per square meter of benthic substrate as one decision crituria for

a lov impact potential to the benthic community, At Waterford K recent

data (Table 6) indicate that this value was exceeded at Station Ac

(Figure 2) in February 1978 (due to patches of Corbicula), Stations At

and B _in April 1978 (due to sludge worms or Tubificid abundance), and
Stltlzn Bt in August=September 1977 (due to Corbicula abundance), These
exceedences are not considered to be of ecological significance because of
the types of organisme present and the general instability of their habi=
tat., Absence of organisms from Station 't in February and April 1978
fuggest that scouring due to spring floods weshed the organisms avay, Also,
Station 'z is the only station within the Waterford 3 lischarge plume,

and it should only experience temperature rises of less than 2.8°C

(5°F), as shown through comparison of Figure 2 with Figures 4=7, unless
extreme low flow conditions prevail, Under extreme low flow conditions,
temperatures may be between 5 and 10°F above average ambient which would

be within the range of ambient river temperatures occurring during the
average summer season,

Corbicula is often considered a nuisance lpoe100(2“'25'26’. but it does
serve as a food for fish, Corbicula is frequently found in the stomachs
of blue catfish, freshwater drum, stucrgeon, and redear lunfiah(zb).
Several of these fish species are commonly found in the Mississippi River,
However, as discussed in the following sections, there is little potential
that the benthic community including the Corbicula population, will be
affected significantly by the Waterfcrd 3 plume,

Corbicula is very resistant to high temperatures, When acclimated to

30°%¢ (86°F), the incipient lethal limit (i.,e, temperature at which 50

percent of the population can live for an indefinite period) wae found to be

iy m



34%C (93.2°F) for long~tern exposures, while 43°C (109.4%) vas re~

quired to kill 50 percent of the test organisms in 30 ninutes(25>. On the
tasis of this information, little or no {mpact to the benthic c.amunity and
no impact to the dominant organism, Corbicula, is foreseen, During the typ~
ical low flow conditions (200,000 cfs), the 2°C excess isotherm of the
Waterford | and 2 thermal plume extunds ) ft (lm) below the surface of the
river and contacts up to 2062 n2 (approximately 1/2 acre) of river

bottom. The addition of Waterford 3 will not significantly increase this
exposure. During average spring and winter flow conditions, the addition

of Waterford 3 will increase the area of the bottom in contact with the

2°C (3.6°F)AT lsotherm by approximately | acre. During the potential
extreme low flow conditions of 100,000 cfs, 2 acres of benthic area on the
Waterford shore would be affected by temperatures in excess of 2°C above
ambient under present conditions (i.e. that affected by the operation of
Waterford | and 2, and Little Gypsy). Waterford 3 is estimated to in-
increase that total area to 2.6 aci~#., Altogether, this is a very small
portion of the benthic h itat avail.hle in this area of the Mississippi
River.

J) Decision Criteria

The Jdecision criteria for low potential im act on shellfish and nacro-
invertebrate category may be summarized as !~ llows:

a) Although one major known shellfish macroinvertebrate specles
of existing or potential value doe. occur at the site (river
shrimp), its distribution is wide and *hare is no evidence to
predict that the Waterford discharge will harm the population.

b) Shellfish/macroinvertebrates (Corbicula), may serve as food for
finfish, However, these organisms are not expected to be
affected by the Waterford 3 thermal discha' ; because they are
resistant to heat a ' little of the plume will impinge on the
river bottom.
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¢) Threatened or endangered species of shellfish/macroinverte~

brates do not occur at the site.

d) In certain instances, the standing crop of Corbicula and/or
sludge wvoras exceeded | gm ash-free dry weight per square
meter; however, this is considered insignificant for two rea=
sons! (1) the apparent destruction (by flood conditions) of
Corbicula in 1978 at a station where it wes abundant the prior
fall {s indicative of the instability of this community, and
(14) the thermal plume should affect only a small part of tae
river bottom (in the vicinity of Waterford).

e) The site probably serves as a spawning and/or nursery for
Corbicula and river shrimp, bu® is certainly not in a unique
area within the range of these species known habitat. Further,
l1ittle of the habitat 1is significantly affected by the plume.

E. FISH

e —————

1) Threatened, Endangered, Sport and Commercial Species

The species of fish collected in the vicinity of the Waterford site are
listed in Table 7. None of these species are listed by the Fish and Wild~
life SQrv1c|(7) as threatened or endangered.

Some of the species found in the vicinity of Waterford ) have some commer~
clal value., Between Baton Rouge and the river mouth, 80,300 lbs of fresh-
water drum worth §11,763; 1,198,400 1bs of blue and channel catfish
(§401,000) and 16,200 1bs of carp ($944) were taken by commercial fisherman
during 1975(17). Those fish of commercial importance found at the Water=-
ford site are not likely to be significantly affected by the thermal dis~
charge from Waterford 3. As described in the Macroinvertebrate/Shellfish
section, the thermal plume is restricted ¢o & relatively shallow surface
layer in the river. Since the commercial species are primarily bottom

(27,28)

feeders , and thermal changes will cccur on the surface of the

river, temperature effects to these species are expected to be minimal.
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However, increased mortality of buoyant freshwater drum eggs, especlally
during the summer months, might occurs, In view of the low numbers of eggs
and larvae collected in the river and the high fecundity of drum (approxis~

(27)

mately 200,000 to 350,000 eggs per female ; no significant reduction

in the number of adults is expected.

Juvenile stages of certain species will occur at Waterford 3. In the
Environmental Surveillance Program, a nusber of small fish were taken
during 1973=1976 (Table 10). The proportion of these fish which were
juveniles is dependent upon the individual species growth rate and their
size at time of maturation. For example, the majority of bay anchovy

taken were probably mature, as the maximum length reported for this species
is 100 'm(BZ). On the other hand, the channel catfish that were less

than 100 mm were probably young=of-the-year because the average total
length of this species at the beginning of its second year of life has been

repurted to be 102 m'(29).

The dominant small fish (Table 10) were the blue catfish, gizzard shad,
threadfin shad and freshwater drum. Some reported lengths at Age I for

(29)

these species, respectively, 119-150 mm , 130 mm (cvorngo)(z’).

q !
102-130 na‘%?) and 130 aa'??),
Based on these values, it would appear that many of the small fish of these
species found in the river near Waterford 3 were young-of~the-year. These
same species dominate the fish community throughout their life cycles, The
discharges from Waterford 3 are not expected to alter the structure of this

community or the success of any given speciles,

Predictions of low potential i{mpact to the adult fish community resulting
from exposure to the Waterford 3 plume are based on the fecundity, breeding
habits an’ thermal tolerances of dominant species, and the generally non=
unique character of the Mississippi River near Waterford.

Fecundity (eggs/female), along with such parameters as growth rata, long-
evity, age at first spawning, etc., is related to a species success in

.19«
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saterford | and 2, and Waterford ) steam electric stations under average
sevsonal flow conditions are given in Flguies 4-7. The predicted thernal
plume during typical low flow conditions before and after the addition of
Waterford 3, is approximated in Figures B=11. The cross-sectional profile
(Mgure 12) indicates that a zone of passage will exist under the plume

(a7 29C) across the entire river width., This zone of passage will aver-
age 93.9 percent of the river cross-section during all aversge scasonal
conditions. The zone of passage during typical low flce conditioni allows '
for pussage through more than 90 percent of the river cross~sectional area.

Figures (3 and |4 present the predicted surface thermal plumes for the
extreme low flow condition of 100,000 cfs for the before and after Water~
ford 3 discharge cases, respectively. Also, Figures 15 and 16 {llustrate
the predicted thermal plume cross-sectional profile at River Mile 12942 and
128.5, respectively for this 100,000 cfs condition. Each of these figures
{s based on full load operation of all the power generating units at both
the Waterford and Little Gypsy stations. During these rare occasions, the
tone of passage at the Little Cypsy-Waterford transect is conservatively
estimated to be approximately 81 percent of the river cross-section.

4) Potential for Cold Shock

Cold shock 1s a physiological response to a sudden decrease in water
temperature. During the period 1951-1969, the lowest average monthly
recorded Mississippi River water temperature at the Mne-mile Point
Generating Station (25.6 miles downstream of the Waterford 3 site) was
8°c (46°F). This occurred during January and February., A minimum
temperature of $°C (41°F) was reported for January, and 4.5°%

(40°F) for Fcbruary(l). To estimate the potential for cold shock, the
graph shown in Figure 17 was utilized. According to this graph, a aT of
10% (18°F) over 5°C ambient (41°F), or a aT of 15°C (27°P)

over 10°C ambient (50°F), should not cause cold shock. During winter
operating conditions, Waterford 3 will create a plume with a volume of 3964
mJ (3.2 acre-feet) inside the 10% (1a°r) AT isotherms The resulting
temperature would then be at least 15°C, (59°F), in that area. If an

M e e e e R—— T —
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unscheduled

shutdown were to occur on a day when ambient river temperatures

were at their lowest, and i{f the ‘euperature decrease during shutdown

within the 10° (18°F) plume was rapid, and the other gener. ing units

were abruptly shut down, the more therwally sensitive fish within the plume

could experience cold shock:s The simulisneous occurrence of these

conditions {s extremely unlikely.

5) Decision Criteria

Summarizing the above information, it may be concluded that:

a

b)

¢)

d)

Although some commercial and sport fish occur in the area,
their presence i{s not unique to the area and their lmportance
a8 a resource is not significant,

The thermal plume (enclosed by the 2°C (3.6°F) aT isotherm)
cccupies only a small portion of the typical low flow water
column (3=6%); under extreme low flow conditions, 17% of the
water column is affected by temperatures above 2°C, and only
4% of the area evperiences temperatures equal to or above
5.6°C.

No special fish spawning habitat is available in the
Mississippl River near Waterford ). Therefore, the Waterford 3
discharge should not significantly affect the resident fish
populations except in localized areas within the immediate
vicinity of the discharge which may be avoided by fish in
summer and fall.

Under reasonable circumstances, the Waterford 3} discharge wil.
not cause fish to become vulnerable to culd shock. In the
event that conditions were conducive to cold shock, an esti=-
mated 3.2 acre feet could be involved.



@) Thredtened or endangered species were not found to be present,

and therefore cannot be alfected by the therual plume.

Fv VERTEBRATE WILDLIFL

The zone of potential ilmpact from the discharge of wWaterford J to verte=~
brate wildlife originates in the discharge area. It extends downstream
variable distunces, depending upon the configuration of the plume. The
wildlife habitat which could be ifmpacted is restricted to a narrow band

of land between the levee and the river, colloquially known as the batture.

The Waterford site {s considered to be a low potential {mpact area for
vertebrate wildlife for the following reasons:

L) The narrow configuration of the limited area availahle 4s habitat
which may be affected preclides the presence of major concentrations
of wildlife specles.

e) No unique wildlife cc :entrations occur on the river shoreéline in

the site area.

3) The normal potential impacts to the semi-aquatic vertibrates
assoclated with once=through thermal aystems, such as cold shock,
should not measurably affect other vertebrates in this climate.

The Waterford 3 Environmental Report = Operacing License Stagu(l)
identifies no major wildlife resources along the river at the site. The
stressed industrialized environmeut already limits aquatic food resources
to such wildlife groups as flsh-eating ducks, watersnakes, etc. Addition=
ally, the river {s swift, deep, and generally turbid at the site and there-
fore not conducive to wildlife usage.
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No known rare and endangered vertebrate wildlife species would be seasur=
ably impacted by the cooling system: In addition, the relatively warm
climate in the Waterford 3 area would minimize potential cold shock of

possible bank=~dwelling vertebrates, such as wmuskrats (Ondatra zibethia)

and nutria (Myocaster copypus).
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n "NGINEERING AND HYDROLOGIC DATA

A« ENGINEEKING u...4

The Circulating Water System (CWS) provides once~through (open=cycle)
cooling water for the main condenser, the Turbine Closed Cooling Water
System heat exchangers and the Steam Generator Blowdown System Heat
exchangers. The water supply source for the CWS (s Mississippi River

water,

Cooling water (s transported by pumps located at the intake structure
through the main condenser and the heat exchangers and is then returned

to the river through a discharge structure. Figures 18 and 19 present

@ plan drawing of this system and a schematic drawing of the discharge
structure, respectively. The (WS operates with either two, three or

four intake pumps i{n use. The number of intake pumps in use at a given
time is a functinn of the ambient water temperatures and the plant load
condition. As the intake water temperatures docrease, the heat transfer
efficlencies across the main condenser (which requires approximately 97%
of the CWS design flow) Increase. This requires smaller quantities of
cooling water to condense the turbine exhaust steam for reuse in the power
production cycle. Table 1l presents monthly ranges of & nt Mississippi
River (intake) water temperatures. For the purposes of the analyses con=
tained herein, Waterford ) 1s assumed to be operating at maximum load con=
ditions, Table 12 summariies the anticipated annual operation of the intake
pumps as dictated by the CWS requirements. The design CWS discharge flow
amounts to approximately 97 precent of the design Waterford 3 discharge.

Facilities will be available to add chlorine to the CWS cooling water if
needed to control fouling by biological growth. However, experience at the
little Gypsy ar the Waterford | and 2 generating stations has indicated
that the heavy silt content of the Mississippi River tends to cause a con~
tinuous scour in the condenser tubes which can control fouling from nui-
sance organlisms.



As & result, no routine chlorination i{s expected to be needed for the main
condenser cooling water. When chlorine 1s utilized, the free avallable
chlorine prior to discharyge will b controlled to restrict the concentra~
tion from 0.2 to U.5 ppw and will not be discharged for more than I hours
per day., The anticipated chlorine requirements are estimated to be sixteen
pourds per million gallons of CWS water at a free available chlorine
chlorine concentration of 0.2 ppm and an available chlorine content of

seventy percent in the reagent added.

The travel times after heat addition in the CWS are a function of both tha
number of intake pumps in operation and the river stage (i.e. at high
river water levels, the travel time through the discharge structure and
discharge canal 1s longer), The travel times after heat addition in the
CW$S are a maximum at average high river water level (AHWL) conditions and
are 330, 193, 537 seconds for the four, three and two pump modes, respec~

tivelv,

Figure 20 presents a schematic diagram of watei use at Waterford Z. Plant
process wastewnters consisting of primary water treatment plant filter
flush wastes and treated wastewaters from both the Waste Management System
and the Boron Man/gement System are combined and discharged with the CWS
discharges. The primary water treatment plant filter flush water quality
is essentially Mississippi River water with increased concentrations of
river suspended solids, The design average daily discharge quantity of
this wastewater is 180,000 gpd. Radioactive wastewaters are typically
treated in either the Waste Management System or the Boron Management
Systems The treated effluents from each of these systems average approxi-
mately 2000 gpds These treated effluents are collected in storage tanks,
sampled for radicactivity and, {f found acceptabie¢ discha ged on a batch
basis, The storage tanks have capacity to store a volume equivalent to
approximately 10 days waste production., Therefore, batch releases from
each system will be approximately 20,000 gallons, Treated effluent con-
centrations of radioactive substances in these discharges will conform
with the limits listed in Table 3 of the Waterford 3 NPDES permit appli-
cation., These wastewater streams comprise the remainiog 3 percent of the
Waterford 3 discharge.




B+ HYDROLOGIC INFORMATION

Spent cooling waters from the cperation of Waterford 3 sre discharged to
the Mississippi River. Monthly average Mississippi River flows, measured
at Tarbert Landing (River Mile 306,3) and Red River Landing (River Mile
302.4), varied bdetween 105,000 cfs and 1,470,000 cfs during the period of
1942 to 1976, These stations were chosen because there are no major tri-
butaries below these points and the flows are characteristic of the lower
reach of the river (and the Waterford J site), except for flood flows. The
seasonal average flows at the site are estimated at 580,000, 650,000,
280,000 and 240,000 cfs for the winter, spring, summer and fall seasons,
respectively. Each season consists of three consecutive months starting in
January., Figure 2] presents a plot of the mean Mississippi River discharge
versus the percent of time equaled or exceeded.

As can be noted from Figure 21, the lower limit for the average monthly
river flow duymptotically approaches 100,000 cfs. In fact, the Old River
Control Structure, as well as construction of upstream storage reservoirs
on tributaries, are designed to sustain a winimum flow of 100,000 cfs
during low “lew periods, l.e. the probability of a low flow below 100,000
cfs at thi, station is practically zero, as exhibited in Figure 21. This
flow {s assumed to be at least as severe as that associated with a one in
100 = year drought. Therefore, it is quite possible that a flow of 100,000
cfs will not occur during the planned 40 year operational life of Waterford
3. However, for the sake of conservatism, the "worst case" analysis for
the prediction of thermal {mpacts from Waterford J; contained herein; is
based on an extreme low flow of 100,000 cfs. Since it would be expected
that this minimum flow would occur in the fall (see Appendix A; Figure
A=1), the analysis is based on ambient fall river temperatures and the
associated discharge conditione for Waterford | and 2, Waterford 3 and the
Little Gypsy Station,

For the pu poses of the analyses performed in this study, a typical low
flov in the Mississippi River at Waterford is assumed to be 200,000 cfs.
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The probubl. . ty of occurrence of flows less than 200,000 cfs (for all
gonthe) itnplies both an annual recurrence {aterval of abdout 6.7 vears, and
a flow which s exceeded approximately B85 percent of the time. This flow
is considered to be & reasonable lower limit upon which estimates of
thermal inpects should be based since it can be expected that low flow: of
similer nagnitude would be experienced during the planned operational life

of Waterford ).

Current speeds van be expected to fluctuate as the flow and stage in the
river changes. Long=term information on current velocity at the Water-
ford 3 site {s not presently available, However, long~term stage and dis-
charge informaetion is available from the records of the Corps of Engineers,
New Orlesns District; and from these data, cross-sectional average velo-
cities (i.e. current speed) can be determined for the river at the Water-
ford Site. Section 2.4,3.4.]1 of the Operating License Stage Environmental
Keport presents the wethodology used to calculate these currents at the
Waterford Site, The actual velocity distribution is controlled by the
channel geometry, and, can be expected to vary greatly along the cross~
section, The following briefly summaries the current velocities for the
four average seasonal flows, the typical low flow condition, and the ex~
treme low flow condition:

River River Current
Flow Flow Site Stage Speed

Condition L1000 cfs) (ft) (fps)
Wintex 580 1044 3.1
Spring 650 11.8 3.4
Summer 280 4.0 1.6
Fall 240 3.0 1.4
Typical Low Flow 209 2.3 142
Extreme Low Flow 100 045 0.6

Thermal stratification, for depths up to 30 feet in the vicinity of the
discharge, does not appear to occur. Table 1l presents the range of
ambient monthly river temperatures which occur at the Waterford J site.




iince the br? of the lower Mississippl River is below sea level, salt vater
from the Gulf of Mexico intrudes as a wedge under the freshwater discharge.
The extent of the saline front flow upstream of the river outh, as well as
the depth ¢ 'he top of the wedge, is highly dependent on tidal strength
and river flow volume. The saline front generally does not extend above
New Orleans. However, in two instances of relatively long duration of low
flow (approximately 100,000 ¢fs), the front was found to extend up to River
River Mile 115 and oeyond,

For observations made since 1929, the maximum salt water intrusion occured
in October 1939, when the wedge was detected at River Mile 120. Flow dur=
ing the period was approximately 100,000 cfs for several days. The wedge
also passed the Kenner Hump (RM 115) during October 1940. During 1954=54
and 1956, the wedge encroached to the Kenner Hump, bdut 4id not go beyond
it as flow slightly exceeded 100,000 cfe. Future intrusions of the wedge
should be limited by flow control on the river. Since Waterford 3 is
located at River Mile 129.4, there is not expected to be any jnieractions
between the plant discharge and the saline wedge.

Cs DISCHARGE OUTFALL CONFIGURATION AND OPERATION

The discharge at Waterford 3 consists of two components; a discharge
structure and a discharge canal. Figure 15 presents a drawing co-talning
the dinensions of poth the discharge structure and canal., The discharge
structure consists of a concrete seal well with outer dimensions approxi=
mately 52 feet by 45 feet., Cooling water leaves the seal well by over-
flowing about 95 feet of weirs placed on three of the four sides of the
discharge structure, The elevation of the weir crests (highest point) can
be adjusted to correspond to the fluctuations of river water levels. High
water levels in the river cause river water to back up into the discharge
canal, and as the water level incresses, can eventually submerge the dis-
charge structure. The height of discharged water asove the weirs at full
design flow (caused by high water levels in the Mississippi River) is about
3.4 feet. Elevation of the weir crests is adjustable between elevations
6,0 feet MSL and 11,0 feet MSL. The discharge structure design selected
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{¢ typical of those presently in use at other LP&L plants on the Missis-
sippl River.

A sheet pile formed discharge canal conveys water from the discharge struc~
ture to the river. The bottom portion of the canal at the river face is at
elevation = 5.0 feet MSL, At the shore end, the discharge cenal is 81 feet
wide, The width s constant over the first 8l feet of canal length. Fronm
this point, the canal width contracts symmpetrically over a distance of
about 95 feet, to a width of 50 feet at the river end, The discharge canai
{s concrete lined to prevent erosion, The top of che canal sheet pile is
at elevation 15,0 feet MSL where the canal is B8] feet wide and at elevation
10,0 feet MSL where the canal is contracting. At the river face of the
discharge canal, there is a single rectangular opening for the discharge

of water to tha river.

Velocities of the discharge flow are affected by the rate of discharge
flow and the seasonal variations in river stage. The following data pre-
sent the average discharge velocities for the river flow conditions inves~
tigated:

Average Average

Cws Discharge Civer Discharge
Flow Flow Stae Velocity
Condition cfs i) (fps)
Average Winter 1384 1044 1.8
Av.rage Spring 114 11.8 1.9
Average Summer 2235 4.0 5.0
Average Fall 1831 3.0 4.6
Typical Low Flowt 2235 2.3 6,1
Extreme Low Flow 1831+* 0.5 6.7

*For the purpose of this study, the maximum expected discharge flow is
assumed to occur during the typical low flow peried.

**Extreme low flow conditions would be expected t¢ occur during the fall
season, and therefore the discharge flow is the same as the fall con~
dition,






' Figures 4 through 16 present the results of the thermal predictions., The

wajor features of the predictions are the following!

1) Under typical low flow conditions, the cross-sectional area
occupied by the 5°F excess isatherm is only 4.2 percent of

the river cross=section,

2) Based on the seasonal aversge, the combined thermal effect of
all discharges ({.e, Waterford | and 2, Waterford J and
Little Gypey) is a4 winimum level during the spring season and
reaches & maximum during summer and fall.

3) During both the winter and spring seasons, when river dis~
charges are high, dispersion of the thermal plumesr 1s expected
to be dominated by the ambient river flow. Therefore, plume
distributions on either ¢ide of the river would remain
separated from each other. The Little Cypsy thermal plume,

. beiag in a relatively broad anu quiescent flow field located
behind a river bend, displays the larc~«t plume dimensions.
The thermal plume at Waterford 3 in ¢ .ast, takes a narrow
and lengthly shape. This 1is caused primarily by the swiftly
moving river flow.

4) For river flows less than about 300,000 cfs, plume dispersion
at Waterford | and 2 and Little Gypsy is still expected to be
dominated by river flow, The momentum effect in the near=~
field of the Little Cypsy discharge, however, is expected to de
more pronounced than at higher flows.

$) The Waterford ! discharge at river flows less than 300,000 cfs
is expected to exhibit surface jet characteristics. As such,
the dilution of the discharged warm water with the cooler
ambient river water is expected to be increased because of an
increased rate of jet entrainment of the cooler water into the
. discharged water, The jet momentum, however, is also expected
to transport the thermal discharge across the river channel and
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jet entrainmeut of the cooler river water into the discharged
water. The jet momentum of the Little Gypsy discharge, how=
ever, 1s also expected to transport the ‘hermal discharge
across the river channel and cause the merging of all dis-

charges on the Waterford side of the river.
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V. CONCLUSIONS

Based on the analysis presented in Section 111 of this document, it can be
concluded that the Mississirpi River in the vicinity of Waterford should
be classified as an area of low potential impact from thermal discharges
of Waterford 3. Furthermore, in accordance with this classification, it
has been shown in this veport that the planned thermal discharges from
waterford ) will not altor the balanced indigenous population ol shellfish,
tish and wildlife in and on the receiving water body. Therefore, persuant
to Section 316(a) oJ the Clean Water Act, it is requested that EPA esta~
biish the following alternative thermel limitation for the Waterford 3
cooling water discharge: "DISCHARGE OF HEAT SHALL NOT EXCEED 9.5 x 109
BTU PER HOUR".
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TABLE 2

TAXA OF ZOOPLANKTON COLLECTED FROM
1873=16976 NEAR WATERFORD

Coelenterata
Hydrozna

Nematnda

Rotifera

Brashicnus

Keratellas
e
nsg.anrhna

Platvias gquadricornis

Arthropoda

Daphnia longiremis
Daphnia magna
Cerindaphnia reticulata
Molna bracniata

Bosmina longirostris
Bosmina coregoni

Alona sp

Alonella rostrata

Alonopsis sp
Cnmptocer:us pranchvurun

Leptndora kindtil
Ustracoda

Eurvtemors affinis
Diaptomus pallidus
Diaptomus siciloides
Diaptomus stagnalis
Cvclops bicuspidatus
Cvelops vernalis
Harpacticoida

Decapnda
Amphipnda
Source: Louisiana Power § Light Company, Environmenta. Report =

Operating License Stage, Waterford Steam Ele.tric Station,
Unit 3. 1978,
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sastropnda

Viviparus intertextus
Amnicnla sp

oniobasis sp
Pleuricera sp
Paraphnlyx sp

Phvsa sp

Lymnaga sp

Gvraulus sp

Cochlinpa sp
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|

|
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l

Bivalvia

Corbicula manilensis
Musculium sp
Pigsidium sp
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TABLE 6 (Sheet

ASH=FREE DRY WEIGHT (g/m™) OF BENTHIC
MACROINVERTEBRATES AT WATERFORD 3

- -

Date: September, 197 Replicate No.

Station grianism ] 2 3 - Average
AC Corbicula 0.29 0.39 0 0 0.17
Odnnata 0 2.60 0 0 0.65
Sum U. 8¢
At Chironomids 0 0 0.0l 0.0! 0.0]
Ephemeroptera 0,04 242 0.06 1.20 0.88
Tubificids 0.06 0 0.07 0 0.03
Odonata 0 0.15 0 0 0.04
Sum 0,96
Be Chironomids 0.01 0.02 0 0 0.01
Ephemernptera N 0 0 0 Q
Sum U.01
Bt Corbicula 16.90 13,95 2.67 .89 9.60
Sum T.60

Bt No Specimens
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Corbicula
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Tubificids
Chironomids

Tubificids
Chironomids
River Shrimp

Tubificids
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No Speriuens
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MACROINVERTERRATES RF
1978 Replicate ko.
Urganism 2 3

63
.68
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SPECIES OF FISH COLLECTED IN THE VICINITY
OF THE PR..OJSED WAIERFORD 3
APRIL 19/3 = SEPTEMBER 1976

Ac ipenseriformes
Aclpenseridae

Scaphirnvnchus albus (Pallid Sturgeon)
Scaphirhvnchus platorynchus Shovelnose Sturgeon)

Polyndonitidae

Polyndon spathula (Paddlef.sn)

Semionotiformes
Lepisosteidase

Lep.sosteus oculatus (Sprtted Gar)
Leplsnsteus nsseus (Longnose Gar)
~eplsosteus platostomus (Shortnose Gar)
Lepisosteus spatula (Alligator Gar)

Amiiformes
Amiidae
Amia calva (Bowfin)
Elopiformes
Elopidae

Elops sav-us (Lady Fish)

Anguilliformes
Anguillidae

Anguilla rostrata(American Eel)

Clupeiformes
Clupeidae

Alosa chrysochloris (Skipjack Herring)
Brevoortia patronus (Gulf Menhaden)
vorosoms cepedianum (Gizzard Shad)
Dorosoma petenanse (Threadfin Shad)
Source: Louisiana Power & Light Company, Environmental Report - Operating
License Stage, Waterford Steam Electric Starion, Unit 3. 1378.




TABLE 7

SPECIES OF F1SH COLLECTED IN THL VI®"" “TY

OF THE PROPU>wL WALERFORD 3
APRIL 1973 = SEPIEMBER 1016

Engraulidae

Anchoa mitechilli (Bay Anchovy)

Osteonglossiformes
Hiodon' Lldae

Hiodon alosoides (Goldeve)
Hindon te:gisus (Mooneye)

Cvpriuiformes
Cyprinidae

Cyprinus carpio Cnrp)

Hs ybognatius nuchalls toilvery Mianow)
Avrnpnxs aestiva.if .Sipeckled Caub)
Hvbnpsis amblors (Bigeye Chubd)
Hybopsis storeriana (Silver Chub)
hntamx;nnun crysoleucas (Golden Shiner)
Notropis atherinnides (Emerald Shiner)
Notropis blennius {River Shinet)
Notropis emiliae (Pugnose Minnow)
Notropis fumeus (Ribbon Shiner)
Notropis shumardi (iilverband $niner)
Notropis venustus (Blacktail Shiner)
Fimephales vigilax (Bullhead Minnow)

Catostomidae

Carpindes carpio (River Carpsucxer)
;arpindas cyprinus (Quiilback)

“iobus bubalus (Smallmsuth Buffalo)
I tiobus cyprinellus (Bigmouth Buffalo)

Si1luriformes
Ictalsridae

Ictalurus furcatus (Blue Catfish)
Tctalurus melas (Black Bullhead)
Ictalurus natalis (Yellow Bullhead)
Ictalurus nebulosus (Brown Bullhead)
ictalurus punctatus (Channel Catfish)
Pylodictis nlivaris (Flathead Catfish)

Sheet

O



TABLE 7

SH COLLECTED

IN THE VIC

Fl
THE PROPOSED WATLRFORD

PRIL 1973 - SEPTEMBER

Atherinifnrmes

Pnecillidae

Cambusia affinis (Mosquito Fish)

Atherinidae

Menidia audens (Mississippi Silverside)

Perciformes
Percichthyidae
Morone chrysops (White Bass)

Morone mississippiensis (Yellow Bass)
Morone saxatilis (Striped Bass)

Centrarchidae

Elassoma zonatum (Banded Pygmy Sunfish)
Lepomis cyanellus (Green Sunfish)
Lepomis gulosus (Warmouth)

Lepmis macrochirus (Bluegill)

Lepomis megalotis (Longear Sunfish)
Lepomis micronlophus (Redear Sunfish)
Micropterus pun-tulatus (Spotted Bass)
Micropterus salmoides (Largemough Bass)
Pomoxis annularis (White Crappie)
Pomoxis nigromaculatus (Black Crappie’

Percidae

Percina sciera (Dusky Darter)
Stizostedion canadense (Sauger)

Sciaenidae

Aplodinotus grunniens (Fresnwater Drum)

Mugilidae

Mugil cephaius (Striped Mullet)

sheet

L2}
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SPECIES OF FISH COLLECTED IN THE VICIKITY
OF THE PROPOUSED WATERFORD 3
APRIL 1973 - SEPTEMBER 197¢

Bathidae

Paralichthvs lethonstigma

Snleidae

3

maculatus

~
-

rinectes

(Southern Flounder)
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TABLE 10

SMALL FISH™ IN THE MISSISSTPFLl RIVER

Specics Number*w

Bay Anchovy
Bigeve Chub
Black Bullhead
BElack Crappie
Blacktail Shiner
Blue Catfish
Bluegill
Bullhead Minnow
Carp

Channel Catfish
Emarald Shiner
Freshwater Drum
Gizzard Shad
Golden Shiner
Goldeye

Green Sunfish
Gulf Menhaden
Hogchoker
Immature Sucker
Longear Sunfish
Mississippi Silversides
Moone ve
Mosquitofish
Pugnnse Minnow
Pygmy Sunfish
Ribbon Shiner
River Carpsucker
River Shiner
Shovelnnse Sturgeon
Silver Chub
Silverband Shiner
Silvery Minnow
Skipjack Herring
Smal lmouth Buffalo
Speckled Chub
Spotted Bass
Striped Bass
Striped Mullet
Threadfin Shad
Warmouth

Wnite Bass

White Crappie
Yellow Bass
Yellow Bullhead

g Y Y Y DI e S Y g D YD D D M O g W D R O D T O UL D B g e D O e oo o

NOTES: * Less than I00 mm in length ** A - Abundant
D = Dominant
P - Present






TABLE 12

SUMMARY OF COOLING WATER SYSTEM OPERATIONAL MODES

Average
Range of WS Discharge
Number of Ambient Intake Months with Amnual 7 bDesign Temperature
Intake Pumps Water Temperatures Average Intake Temperature of Time Flow Increase
in Operation (OF ) In Range in Use {1000 CPH) (U¥)
2 < 55 December to March . 30 622 26,0
3 55-70 April, May, October, November 25 843 19.2
4 > 70 June to September F 1,003 16,1

(1)

(2)

See Table 11 for range of wonibly ambient Mississippi Kiver water temperatures.

Waterford 3 shutdown estimated at eleven percent per year.
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2.0 DESCRIPTION OF THE MISSISSIPPI RIVER AT WATERFORD

This section reviews the sxisting hydrodynamic and hydrothermal conditions

in the Mississippi River in the vicinity of the Waterford site,

2.1 DESCRIPTION OF THE EXISTING FLOW FIELD

“ Y B FLOW FREQUENCY ANALYSIS

An analysis of Mississippi River flow conditions was made utilizing £l-w
data taken by the Corps of Engineers at Red River and Tarbert Lendings over
a 35 year period (1942-1976). Figure A=l presents a statis®ical analysis
of river flow based on monthly averaged flows grouped 'y season. For this

study, winter, spring, summer and fall were dei’-ed by three month periods

starting with January.

Seasonal average flow rates were previously obtained from Corps of En~
gineers data over a 40 year period (1936=197%). They were obtained by

utilizing the median value for each season. The r:ults are:

Winter: 580 kets
Spring: 650 kcfs
Summer : 280 kefs
Fal: 40 kefs












The back eddy current is strongest (always less than 1.0 fps) during
periods of low flows and does not exist for river flows exceeding approxi=
mately 600,000 cfs. The dark eddy appears to vary greatly with wind speed
and direction. The eddy characteristics are also very dependent upon
shoreline configuration. The west bank undergoes continual change as ma-
terial is deposited during low flows and eroded at high flows. In addi=-
tion, the construction effort at the Waterford site has produced signifi-

cant alterations to the shoreline in the back eddy area.
The area affected by this current extends approximately from the Waterford
| and 2 outlet structure on the downstream side, to 400 £t nffshore of the

west bank, and 2000 ft upstream.

2.2 AMBIENT RIVER WATER TEMPERATURES

Monthly aveiage Mississippi River water temperatures from the Ninemile
Point Generating Station for the period 1951-69 were presented in the Cons~
truciion Permit Environmental Report. These data yield average seasonal
river temperatures of 47.7°F, 69.7°F, 84.3°F and 63°F for winter,

spring, summer and fall, respectively. These seasonal average river temp-
@ratures were used as input data for the thermal plume predictions (Table

A-8),

Additional temperature data measured at the Carrolliton Gage were obtained
from the Corps nf Engineers. The Carrollton Gage is located about one
mile downstream of the Ninemile Paint Generating Station., Data were ana-

lyzed for the perioad 196i~77. Daily temperatures were ranked within each

A~9



























A summarcy description of the PDS model is given in Table A=); a derailed

discussion of this model can be found in References B and w ¥

L MODEL CALIBRATION

3.3.1 INTRODUCTION

The two selected models contain several site specific adjustable physical
parameters, Before the models are utilized for predicting thermal impacts,
the ad justable physical parameters have to be calibrated against site spe=

cific thermal measurements obtained under known plant and river discharge

conditions, The calibrared parameters can then be translated to other di s=

charge conditions of interest for thermal predictions.

The ad justable parameters are the effective conve “ion velocity (Ue)' la~
teral diffusivity (Ky)‘ the vertical diffusivity (Kz), and the extent

of upstream intrusion (L). U, is an effective velocity at which the
discharged water is transported downstream through a non-uni form velocity
region. Ky and K: are coeffecients that account for lateral (cross=
stream) and verrical turbulent heat dispersion. L is the distance over

which the heat is transported upstream of the Little Gypsy discharge.
Table A=2 depicts rhe procedure used to obtain model input data required

for calibration. Because river flow data were not available at rthe site,

information from both Tarbert Landing and the Carrollton Gage were employed

A=-18



to construct the site rating curve, River cross=sections were constructed

from contour maps published by the Corps of Engineers

(15). and river

temperatures were obtained from station intake remperature records. Heated

discharge temperatures were obtained from plant operating logs; plant dis=

charge type (behavior) and velocity were estimated from site river stage

and plant operating data.

3.3.:2

a)

CALIBRATION PROCEDURE FOR THE EDINGER AND POLK MODEL

General Procedure

Ag discusseu earlier, Little Gypsy and Waterford | and 2 thermal
plumes interfere only in the limited region along the river channel.
In this region both plumes are quickly mixed with water at ambient
temperature and transported downstream. For this reason, the Edin~
ger and Polk model was separately calibrarted against the thermal
plumes at each plant. Interference irom other thermal plumes and
corridor boundary effect are assumed negligible, Dilution in the

corridor is ignored; thus, the model provides & consarvative result.

The procedure summarized below was utilized to calibrate the Edinger
and Pelk model against field data for the Waterford | and < and Lit-
tle Gypsy discharges. For conservativeness, the field survevs with
the largest surface plumes were utilized to estimate model para-

meters,

1) For each given isotherm of interest, the abserved maximum ex=

A=19









Before the model is utilized to predict thermal impacts under vari=
ous plant discharge and ambient conditions, the calibrated diffusi=
vities and effective convection velocities must be translated from
the field survey conditions used in the previous steps to a general

form applicable to any sec of plant and river conditions,

According tc Elder (17), diffusivities can be expressed in the
functional form:
K ~uﬂ5/6

where:

U = river velocity, and

H = river depth averaged.

The proportional constant was obtained from river velocity and

river depth observed during a survey and the corresponding diffu-
sivity calibrated under the same conditions., The calibrated effective
convection velocity was expressed as a fraction of the average river

velocity,



b)

“alibration of the Litetle Cypsy Discharge

1) Estimation of Model Parameters

Field survey data used for calibration were taken on July 31,

1975 (6), November 2, 1974 (5), September 9, 1975 (7),

September 10, 1976 (7), August 4, 1977(23)
1977 (23)

s August S,

vand August 9, 197723 1 dara from September 9,

1976 were used to calibrate the model and estimate model para=

meters. Data from the remaining surveys were used in compari~

sons of predicted and observed plume characteristics,

Calibration results using the 1973 data are presented on Figure

A=8. It presents a comparison of the predicted lateral loca=

tions (y) of sur’ice excess isotherms given by

with those observed as a function of longitudinal distancs (x).

it is seen that prediction of both the 1.5 and 2.5% sur face

excess isotherms is adequate while the prediction for 3.5%fF is

conservative. Since a major portion of the data in the vertical

plane is located i~ 4 jet region, which cannot be calibrated by

a farfield model, only the observed maximum vertical penetration

of a given excess isotherm was incorporated in the calibration






ne river stage

feet and A« order




Comparisan nf Predicted vs Observea Plume Data

Table A-4 shows a comparison between the calibrated model pre=
dictions and observed thermal plume characteristics for the
September 9 and 10, 1976 surveys. The larger s;read in the
observed valyes indicates variability contribyted by factors
not included in the model, such as wind effects and lacal hy~
drodynamic flow conditions. The comparison shows that the mo=-

del predictions are conservat ive,

The model was used to predict the thermal plume distributions
observed August &4, 5 and 9, 1977. The predicted surface
areas were larger than those nbserved However, as might be
expected from the field data on Table A-1, predicted cross~
sectional areus were smaller than those nbserved. The observed
fross=sectional arsas enclossd by a 5°F excess isotherm were

as high as 1.45 times that of the predicted values. Comparison
of the 1977 field data with that of 197 indicates that there
was unusual vertical penetration and lateral constriction of
the Little Gypsy plume in the 1977 survey. This phenomennn
might be partially explained by the onshore (towards Litetle
Gypsy) winds setting up an aoposing surface current which op-

posed buoyancy spreading and promoted vertical heat transport .

A general characterization of model behavior was obtained by
comparing predicted and observed fractinns of r’rer cross-

section affected by any given excess isotherm for all of the

A-26















4.0 METHODS AND PROCEDURES FOR THERMAL FIELD PREDICTION

4.1 INTRODUCT1ON

Once the calibrated mathematical models and their translated ad justable
parametars were available, the fallowing procedure was employed to obtain
predictions of therma! distridbution in the Mississippi River at Waterford:
Step 1: Compile the required input data
Step 2: Characterize heat recirculation affects

Step 3: Characterize plume interference effects

Siep &: Utilize the appropriate predictive modeling approach

for the specific river conditions under study,
Each of these steps is discussed in the following paragraphs,

4.2 COMPILATION CF REQUIRED INPUT DATA

The input data required for the predictive models were derived from the

following sources:

1) River flow frequency analysis (Appendix Section 2.1.1)

2) River water temperature data (Appendix Section 2.2)
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At Saterford
u, * effective convection velocity (fps) 1 and 2
*3i ¥ distance between Waterford | and ¢ discharge
end Waterford ) intake = 1700 feet
d]i * (river stage +35) =« depth of Waterford 3 intake

(feet)

In deriving the above Xpceasion, the intake location was assumed to be gt

the river bank. Becwuse the actual intake location {s about fret affe

shore during low rive: flow conditions the above sstimate should be cone

servative,

AS a result of the Waterford | and 2 discharge, both the Waterford 3 intake

and discharge conditions are dltered; therefore the estimates of the combined

thermal impacts at the Waterford 3 discharge include these recirculation

effects (gee Appendix Section 4.4).

4.3.2 ASSESSMEWT OF PLUME INTERFERENCE EFFECTS

If the Waterford 3 discharge, a surface Jet, penetrates across the river

channel {(or corridor), the discharge plume wou'd be affected by the Lit:le

Gypay discharge plume located near the cpposite bank, Therefore, estimates

of the combined thermal field impacts include assessment of interference

effzets from the Little Gypsy discharge (See Appendix Section 4.4).
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‘&“ 16 the longitudinal velocity ratio of the waterford 3 discharge jet te

. the ambient river flow. It was estimated from the POS model results,

The thermal plume interference between Waterford | and 2 and Little Cypsy

was found to be limited within & narrow river channel region of about 200

fuet, as discussed in Appendix Section 2.4. Thus, the quantity (Atwlz

.

\

at, ./ can be denoted by Atuiarg Yhich takes on either the value

‘*ulz ot AtLG depending on whether the field point of interest is on

the Warerford ! and 2 side or on the Little Gypsy side of the channel, res=

pectively. The combined excess temperature is estimatid by the eipression

at = %% * Aty * R, At
. 1+ i;;

The large volumetric flow along the river channel, which effectively
Séparates the two existing discharge plumes, is axpected to reduce excess

tamperatures as computed above., This additional dilution realiied locally

at the plume/river channel boundary was ignored,

4.5 THERMAL PREDICTIVE APPROACH

| The mathematical formulation in Apprndix Section 4.4 was utilized to pre=

. dict combined thermil effects of all discharges. To use the formula, thermal
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these conditions, the PDS model was applied to pradiet

the nearfield thermal distribution, Beyond the model's

range (where jet momentum has practically vanished),
the Edinger and Polk model was used to estimate

farfield excoass temperatures,

3.0 RESULTS OF PREDICTIONS
5.1 INTRODUCTION

The results of predicting thermal impacts frum heated discharges released by

Waterford | and 2, Waterford 3, end Litt)e Typsy operating under average and

typical low river flow conditions 8re presented below, Individual and come

bined impacts from Waterford 3 and both existing plants were estimated and

compared .

5.2 INDIVIDUAL DISCHARGE EFFECTS

In order to assess the impact of esach of the three discharges Séparately,

the thermal characteristics of the $° and 10°F eXcess temperatura

isotherms were astimated for the typical low flow condition of ap~

proximately 200,000 cfs.

As discussed earlier, the observed thermal characterist cs at Little Sypsy
and Waterford | and 2 discharges can be considerad as approximating indi-
vidual thermal plumes. For the Waterford 3 discharge, the thermal charact~

eristics of the surface jet were estimated by using the PDS model. The

A=139



results are separately tabuiated on Tables A=9 and A=10 for two excess
temperatures, 10°F and $°F, respactively., Because of & lower rate of

heat released to a portion of the river with a high volumetric flow, thermal
impacts at Waterford | and 2 discharge were limited to lower isotherms and

therefore information on the § and 10°F isothernms were either missing or

incomplete,

Relative contridbutions to the heat load in the river by Waterford 3, Little
Gypsy, and Waterford | and 2 wer. B.01 x IO’. 3.9 & 109, $.12 x 109

Btu/hr, respectively., Despite the highest contribution from Waterford 3,
fractions of the river cross=section and surface area afrected by Waterford
3 are quite smal! compared to those of Little Gypsy. This is the result of
the efficient jet mixing (with cooler ambieat water) provided by the much

higher discharge velocity (6 fps) at Waterford 3,

5.3 COMBINED THERMAL EFFECTS OF ALL I ISCHARGES

The characteristics of the combined rhermal field were predicted by the
method detailed in Appendix Section 4.4 and are tabulated on Table A~1].

The corresponding surface plumes are depicted on Figures A=12 through

A=17,

The following general observations can be made ‘rom Table A-11:

1) The predictions are conservative,

A=40
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region than before, which results in a smaller river crogss=section affected

and a larger surface plume.

The differences can be generally ascribed to a revised modeling approach that
used recently developed solution techniques, and availability of a larger
data base, For the case of Little Gypsy, where plume size diflerences were
largest, the additional field furvey data covered & much wider range of river
and plac: discharge conditions, As a result, it was obsorved that the

Little Gypsy plume behavior was very responsive to changes in river flow

rate and meteorclogical conditions.
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TABLE A-5

COMPARLISON BETWEEN PREDICTED AND
OBSERVED THERMAL PLUME CHARACTERISTICS

ON SEPTEM 10 0 - WA KD | AND 2
FFINGER/POLK MODEL
at Y *a Ac, As Predicted/
(%) (Ft) (Ft) (Fe*) (Acres) Observed
) 1,307 10,267 6,608 252 Prodincd‘1
i 600 = %00 5400 =~ 7700 2480 = ;TBO 48 - 139 Observed
716 3,080 1,980 4l Predicted

: 400 = 500 1500 - 3200 - i Observed

ot Maximum Lateral Extent

L Maximum Longitudinal Extent

A ¢ Maximum Cross~Sectional Area

e

A : Surface Area
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TABLE A-10

COMPARISON OF INDIVIDUAL THERMAL DISCHARGE IMPACTS - ZONES OF LXCESS nm_’glgé[qgt_til‘ih_gt:q{@,‘“'.'ig

TYPICAL LOW KIVER FLOW

oM CONPITIONS OF 200,000 CFS

Max tmuwm
Survey Longitudinal Lateral Surface X-Sect tog % of the River
Date Spread (ft ipread (ft Area lacres _Area (17 ______{r__ A-lsction Atsa
LG Wwisz] w3l vec Jwis2 | w3 Lc Jwisz | w3 !,g,ﬁ”g!g_;l‘l Wil e | @ie2 ]l ws
9/ 9/16 7,020 5,700 325 1,400 500 524 188 = 1.9 4,230 - 1,287 10 - . U8
9/10/76 | 3,150 z,sooj el 1,200 | 400 525 54 - 19 | 2,9% - 27) 2.3 - | 0.7
s 1

LG - Little Gypsy Discharge Note: For Materford § and 2 and Little Gypsy,

thermal discharge impacts were extrapolated
W 142 - Waterford i and 2 Discharge from field survey data obtained during the

typical low flow condition. The PDS wodel
W3 ~ Waterford 3 Discha:ge was used for Waterfard 3 predictions. BRe

entry indicates little or ao excess femper—

atures exceeding 5 F
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