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aprliication was filed but not formally processed by EPA

-~ -

girce in November of 1874 final regulations for the steanm

elertris generating plant source category eliminated the

-

o4 . | d sam ® ~% 9 4 * o 4%
veauikement OF gicoged ra.e pocliing for sxisting fatilities

telzq 500 MW, which exclused the Jinna Plant.

A final permit was isesued by EPA for the Cinna

ar.gar Power Plant on Fetruary 25, 1975, and porticns of

chiz pernit were contested in an adjudicatory hearing

res.sst gubmitted pursuant to the requirements of 40 CFR

Pert 125 The issues sublect vo adjudicatory hearing proe
ceddinge, dnoluding numersus thermal issues; are specified
in & lgtter from Meyer Scolnick ¢f EPA dated May 18, 19785
e 'R R, Koprowsks &7 RG34E, With regard to the th
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wht sigente 20 a demonstresion that the faclility was not

resuired to meet the 3°F discharge limitation on discharges
¢z ‘tez contained in New York State thermal water quality
gtarizrszs and eriteria, (€ NYCRR Part 704,) The contention

re itz t) the thermal provisions involved, first, the

aur-sizi-r of EPA to disarprove (or "exempt from considera=

-

e1:e” sertaln portions of € NYCRR Part 704 which would have
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and, #s:ond, the authorisy of EFPA, Region J1i (&& oppcss
- v - 143 - 4 -
the Ivgte 'of New York) tc sstablish a mixiIng zone for
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g2, the final permit reguired closed cycle cocling in

clezr.y exempted the Girrs Plant from the 3°F lirmisssiczn
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Among the proviglions of thy .ettlement reached on

na thermal contenticns described above was an agreement by
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«etter , that 1s a letter by which
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to issue & "no-action
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acreEss tT exer:
relraln Trom enforcement action against RGRE for failure to
arhleve any of the thermal limitations in the Sectieon 402
permis wialle further resslution of the thermsl i1ssues 18
pending before the agency. As @& condition of EPA's agreee
rent nit to initiate enforcement saction in this regard, RGLE
agreed to submit this Supplement on or before Mareh 31,
2877, (FIRE has chosen not to withhold subnmission 20 this
Wrpefment even though the pronmised "noeattion® lester is
Rt AR nand- However, thils Surroetment 8 submittesd cone
tingent on receipt by RORE of the above mentioned "noe
atizn" Letter containing provisions which 40 not differ
teriflicantly from those discussed orally between the
per-iss Zurdng settlement conferences. In the event either
that thé "no-action” letter is not issued or that, when

“£3,; Lts gontents do not comport with pricr understands
ings, t2is Supplement iz subject to withdrawal by RILE.
Furshg., SGLE reserves the right to contest tv &I TFF Fars
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now pending in the adludicatory hearing proceedings for the

Ginna Nuclear FPower Station., It should be noted that this

right is specifically recognizesd in stipulations to be

bu 2

gigned 1in setilenment of the Sectiasn 402 permit lz2suer
In the course cf sonferences coavened to resolve

the thermal lssues raised in the gdjudicatory hearing
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reguest, EFA reguested additional informatic

regard t¢ 1ts 316(a) showing, sinte, subsequent to sube

rented on August 23, 1974, EPA has published additionsl
infermation on the sublect of 31¢(a) demonstration eviderce.

RGLE agreed (o submit the requested additionsl
set forth in a letter cated Noverrser 9, 157¢ from Harvey
Lunenfeld of EFA Region Il <o Roger W, Xotbter of RGKE, 1In
gddition to the specifications provided in this letter, this
Supplement has been prepared on the basis of agreement
vetween ROLEZ and the EFPA Staff with regard to the definition

of the scope of informaticn to be provided in this Supplee

18Nt &8 we.. a8 the arrrorriate formatr for it presentation.
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SUMMARY AND CONCLUSIONS

Ginna Nucleas Power Plant
S$16(a) Pemenstration Supplement

The following statements are summaries and conclusions of the data
and material contained in this document, Section numbers, which
present complete discussions of the bases or reasons for each state-
ment, are included in parenthesis.

i,

The water guality related discharges from the Ginna Plant are
governed by a final National Pollutant Discharge Flimination
System (NPDLS) permit issued for this facility in February,

1975, The Ginna Plant discharges are in compliance wilh all
chemical limitations specified in that permit. The purpose

of thir report is to provide supprlemental information necessary
for the determination of the thermal limitations for the existing
discharge., (Intrecduction)

The Ginna Nuclear Powe. Plant is licensed to permit operations
at power levels up to 1520 MWt. A pressurized-wataer reactor
(PWh! is used to produce thermal energy. A steam turbine-
generator uses this heat to provide 490 MWe (net) of electri-
cal power output., (1.1)

Heat-removal facilities for normal coperation consists of a con~
ventional once-through system with cooling water being withdrawn
from and returned to Lake Ontario. The total circulating water
flow of 400,000 GPM is withdrawn through a lubmoricd octagonal
intake structure that lies some 3100 ft offgshore in about 35 ft
of water and is returned to the lake via a canal as a shoreline
surface discharge. Retertion time of condenser cooling water

in the plant system is about eight minutes. (1.2)

The waste heat released to Lake Ontario by the plant is ahout
4.0 x 107 BTU/HR at 490 MWe of rated output. The 400,000 GPM
flow is rormally maintained at all power levels. A temperature
increase of 20P* has beer assumed across the condenser cooline
and oergicc water systeme for calculations of waste heat rejec-
tich, \ -3-1)

A dimensicnless empirical model of a heated surface discharce
into shallow water was derived. Five years of thermal survey
data at the Ginna site were used to determine the model con-
stants., Both surface and six foot depth thermal distributions
were simulated. (1.4.1.1)

viii
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14,

16.

17,

The macroinvertebrate community, represented by Gammarus, shows
typically aereater concentrations at the two and five meter depths,
diminishing lakeward from the five meter depth. No significant
differences in abundance have been found between the transects even
though the distribution of Gammnigs appears to be patchy. Annually,
abundances of Cammarus are relatively stable. The discharge does not
seem to have an adverse impact on this community (3.2).

The fish net studies conducted at the Ginna site from 1969 through
197% have supplied information upon which the RIS fish have been
chosen. These species, listed in order of decreasing Catch per

nit Fffort (CUF), are: Alewife, White Pcrch, Epottail Shiner,

ainbow Smelt, Smallmouth Base, Brown Trout and Coho Ealmon.
Each RIS fish population a2t the CGinna Site has been analyzed with
respect to ceneral distribution and abundance, relationship to the
thermal plure cased on perference temperatures and swimmino abilities,
attraction to or avoidance of the plume based on collected data,
use of the site as a spawning or nursery area, and yearly fluctuations
in abundance., A final section deals with all of the above areas
on a total RIS~fish community basis. (3.3)

Seasconal preference temperatures and swimming capabilities for
each RIS fish are discussed relative to acclimation temperature
and other modifying factors. These data are variously utilized
in other sections to both predict and verify actual responses

of fish to the Ginna discharge, and to determine their potential
for plume penetraticon and possible impact (3.3.3.2, 3.3.4.2,
3.3‘5.2, 3:3-6.20 303-7n2l 3»3.9-203-30902‘0

RIE figh show varying degrees of attraction to and avoidance of the
thermal plume during the course of the year based upon an Attraction
Index. All species appear to behave generally in good agreement

with their thermal preferenda and migratorv instincts. This results
in apparently minor effects upon the RIS fieh community, in that
these spec.es fluctuate seascnally, showing that natural behavior
patterns are dominant over influences of the thermal plume (3,3.10,2).

Fish egc ané larvae studies have identified the following nRlS-fish
larvae at the Ginna site: alewife, smelt, white perch ané shiners.
Utilization of the site as a spawning Or nursery area is assume. to
he predcrinated by alewives, while other species mav use it spora-~
dically. Some species (coho salmon and brown trout) are not assuned
to be abtle to naturally reproduce in Lake Ontario or its tributaries,
Spawning intensity seems normal for each RIS in accordance with their
species-specific habitat recuirements, The area does not appear

to be a preferred or unigue spawning cr nursery area for any RIS~

fipr. (3.3)






19,

fEhLSI.ZIIShL.' The applicant finds no potential thermal

mpact on reproduction, development, and parent survival withe
in the Ginna discharge zone. There is a potential for some
exclusion of white perch from small areas during the warmest
part of summer, and a potential for suboptimal growth in areas
of various dimensions during the summer months. Enhancement
of food reserves in and about the discharge may compensate

for thermally induced suboptimal growth, and serve to minimize
the extent of potential impact (4.2.3.4).

(Emallimouth Bass) ~ To summarize the findings of a theoretical
thermal impact asses.ment on various life activities of small~
mouth bass, one could safely conclude that the Ginna discha: ;e
hae a negligible impact on development, reproduction, and
parent survival, and would exclude individuals from inhabiting
very small areas (less than 3.5 percent of the discharge zone)
during the summer. Growth could be suboptimal within reason-
ably small subsurface areas, however enhanced availability of
food resources may compensate for such potential effects

(4.2. 305)0

(Coho Salmon) = The applicant's evaluation of theoretical
thermal impact on coho salmon of Lake Ontario, has demonstrated
a low potential for impact on mature forms migrating through
the recion beneath the discharge zone in late summer and
October, and a minimum potential impact on acceptable growth
of individuals occupying the discharge zone in spring and fall
(4:.2.3.6).

W = The results of a theoretical impact assessment
¢n brown trout at Ginna suggest no impact on mature specimens
Sccupying nearshore waters in the fall, though there is a
possible exclusion from a small area of the discharge zone
should sore individuals migrate shoreward earlier (September).
The potential for impact on growth (optimal and acceptable)
should be greatly minimized in summer since brown trout occupy

waters somewhat offshore within their preferred temperature
rance. No significant impact is predicted on growth in

late spring., Successful reproduction and development of
this stocked species is guesticnable in Lake Ontaric; there-
fore the applicant anticipates no potential for thermal im=
pact on these activities (4.2.3.7).

A species-specific evaluation of cold-shock effects, stemming

from a reactor shutdown (rapid or scheduled), indicates a potential
for low impact and a confinement of possible effects to specific
colder months., Minimal concentrations of rainbow smelt, coho
salmon, and brown trout might experience cold-shock during winter;
spottail sniners and white perch could b: stressed and/or cold-
shocked only in February; alewives are prone to impact mainly in

April; and smallmouth bass are never expected to experience colde~shock.

In general. the extent of potential impact would be slight based on
the few .ndividuals inhabiting discharge waters during cold months,
and is not expected to adversely affect protection and propagation
of RIE fish at Ginna (4.2.3.1-7).
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23,

The plume entrains local lake water and transports it out into the
lake., This offshore transport of lake water is replaced by an eocual
onshore movement of water. Such a countercurrent is usually found .
beneath the plume and has its origins offshore of the plume area,.

The flow rate of water entrained into the plume was calculated as

a function of temperature and plume location. The maximum flow of
entraining water exposed to 3°F temperatures or higher with expected
spring conditicns is approximately 2700 cfs (5.1.1).

Nunbers of oraganisms which may be entrained into the plume have
been estimated based upon: (1) the concentrations cof fish egos
and larvae and the RIf-Gammarus found at the Ginna site, and

(2) caleculations of the volurme of water entrained. These esti-
mates are presented for the period of May through September which
would be the period of highest conce' trations for such organisms.
Coneiderations and findinos of this plume entrainment assessment
include: (1) evidence of a limnetic countercurrent which flows
shoreward heneath the thermal plume which may significantly reduce
entraired organisms, (2) an insignificant thermal stress imposed
upon Gammarus and a slicht displacement of some of these organisms,
{2 mirnsy entrainment of figh eoos since most found near the Cinna
site are dimersal, and (4) indications that larvae entrained into
the plume would not reach detrimental temperatures. Overall, en-
trainment inte the thermal plume has not be determined to result
in adverse impact upon the RIS (5.1.2).

Fish taoging studies conducted from 1973 through 1976 support .
evidence that little, if any, interference tc fish movements along
shore may be attributed tc the Ginna thermal discharce into Lake
Ontaric (5.2).

Gas bubble disease (GBD), a condition which may develop in fish
subjected for a critical species-specific period of time to dis~
charge waters supersaturated with a critical concentration of
total gases and/or threshold ratio of dissclved oxygen to nitrogen,
has neither been, nur is expected to be, a predlem at the Ginna
discharge. Support for this conclusion is derived from studies
on L. Michigan where it was demonstrated that sensitive aspecies
such as brown trout, coho salmon, spottail shiners and others,
captured from supersaturated discharge waters, did not exhibit
symptoms of GBD. The author attributes these findings to short
residence times of fish in critical areas of potential impact.
This behavior, coupled with a paucity of fish observed occupying
discharge waters at Cinna during critical periods (mainly winter
months), oreatly minimizes potential impact. Actual cbserved
occurrences of GBD at the Girna site have been rare (5.3).

This supplement demonstrates faat the shorelddnme surdace dischasge of the Ginna
Nuclear Power Plant assurcs the protection and paonmaoation of a balanced 4n-
digencus aguatdie communiti as exemniifded by the Representative Important

Specic: at the Ginna SiL¢. .
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CHAPTER 1.0
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1.1 PLANT DESCRIPTION

The CGinna Nuclear Power Plant is located on Lake Ontario in
the reorthwest corner of VWayne County, N.Y. This location,
on the south shore of Lake Ontario, is about 20 miles ENE
of Rochester, N.Y, and 45 miles WSW of Oswego, N.Y. Figure
l.1=1 shows the ccunties and the larger cities and towns
within 50 miles of the site. The nearest planned and exis~
ting nuclear facilities are located at the Sterling site
(about 34 miles away) and Nine Mile Point Units (about 49
miles away), respectively.

Rochester Gas and Flectric Corporation (RGAL) obtained its
provisional license on September 19, 1969 to operate Ginna
at 1300 negawatts thermal (MWt), The ALC Directorate of
Licensing amended this provisional operating license to RG4E
on March 1, 1972 to allow operation at power levels up to
1520 MWt, /! predsurized-water reactor (PWR) is used to pro-
duce this tiermal power level. A steam turbine~generator
uses thie heat to provide 4%0 MWe (net) of electrical power
capacity.

The plant consists of a closed-cvele, pressurized, light-
water-moderated nuclear steam-supply system, a turbine=
condenser system, and auxiliary egquipment. Figure 1,1-2

2 a simplified flow diagram of the steam=electric svstem,
After passing through the turbines, spent steam is condensed
oy once-through cooling with water from Lake Ontario. At
fell design power, the plant removes water .rom Lake Ontario
at the rate of 400,000 GPM and heats it to a temperature
20F® above ambient lake temperature before returning it to
the lake as a shoreline surface discharge.

1.¢ HEAT DISSIPATION SYSTEM DESCRIPTION

Heat-removal facilities for normal operations consig.s# of

a corventional once~through system with cooling water being
witncrawn from and returned to the same waterlody. The
intake~discharge facilities are designed to ~rovide the water
reguirements for the circulating water svstem and the house
service water system. The total flow of circulating water
through these systems under normal operating conditions is
about 400,000 GPM (891.2 Crs). Figure 1.2-]1 is a flow dia~
¢ram of these once~through svetems., Lake Ontario is the
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is recirculated to the forebay to prevent any ice accumula-
tion on the screenhouse facilities. Ginna operating pro-
cedures state that condenser water inlet temperature should
he maintained at no more than 40°F maximum by use of the re-
circulation gate during the winter months., Discharge flow
rates versus temperature excess during the recirculation mode
are presented in Figure 1.4-28., Under such conditions of
maximum recirculation, the temperature of the discharge water
to Laxe Ontaric would be increased 28F° above inlet water tem-
peratures. Recirculation has the effect of lowering the

flow rate while raising the discharge excess temperature.
Plume development with reference to winter recirculation is
discussed in section 1.4.2.4.

1.3.3 Biocide Treatment

Sodium hypochlorite is intermittently added to the intake
water at the forebay to inhibit bioclogical growths and maine-
tain heat transfer efficiency in the main condenser and

house service water svstems., Total residual chlorine is con~
tinuously monitored during chlorination periods.

In January 1977, chlorination procedures at Ginna have been
reduced to one 30 minute period per day five times per week

in an effort to keep chlorine discharces a¢ low as practicable
T™e facility is operatine in compliance with ite NPDFS ef-
Jluert “imitation of 0.5 mo/l free available chlerine and
maxi: . value of 45.4 kg/day (100 lbs/day).

1.3.4 Reactor fhutdown

cheduled shutdowns for refueling and maintenance generally
ccur once a year for about a six week periocd. It is ex~-
rected that the refueling outage would normally occur during
the Spring or Fall when electrical system demands are at a
mirimum and not during the period December through March,
except as recuired by New York Power Pool Planning (NYPP).
Cocréination of planned shutdowns with NYPP is required so
that an acceptable state power reserve is maintained.

Any changes in reactor power during operation will cause time-
varving temperature behavior in the thermal plume., A normal
startup or shutdown would typically result ir finer incremental
temperature changes in the circulating water discharce than

an emergency shutdown, The severest impact would result from
the simultaneous occurrerce of the following conditions:

(1) full-power operation in winter,

(2) maximum recirculatien,

(3) instantaneous decrease from full-power operation to

zero~power, and .
4} continued operaticn of the main circulating water pumps,

1.3
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Title

pverace and Maximum 1gothermal Lake Bottom
areas = Ta = 40°F

Average and Maximum 1pothermal t.ake Bottom
anreas = Ta 60°T

Average and Maximum tgothermal Leke Bottom
Areas = Ta * B0°F

Worst Case 2°F gurface lsotherm Arcag

Worst Case 3oFp Surface {gutherm Areas

worst Case 5°F gL face Iwoiherm Areas

worst Case 1pey Surface 1sotherm Areas

Wworst Case gep Six Foot pepth 1gotherm Areas
Worst Case jop §ix Foot pepth 1gotherm Areas
worst Case gep 8ix Foot pepth 1sotherm Areas
worst Case 10°F 8ix Foot Depth 1gotherm Areas
Time = Temperature pecay, E * 24¢ Ft. U8GE
Time - Temperature pecay, E * 246 Ft. UsGs
Time = Temperature pecay, L * 248 Tt Ussse
Time = Temperature pecay, L * 250 Ft. UsGe

average and Maximum Lake pottom Scour Areas

(pottom velocity >1 FPS)
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source and recipient of the circulating water which is
withérawn through a submerced octagonal intake structure
that lies some 3100 ft offshore in about 35 ft of water.
Figure 1,22 is A pesspective drawing of the intake struc~
ture, screenhouse and discharge canal, Intake water flows
by gravity through a 10 ft diameter concrete-lined tunne’
into the screenhouse, where it pasees through a coarse
screen and fine-mesh traveling screens pefore being pumped
to the condensér oOr service vater gysten, The water from
these two Bystems 1§ combined and released to the discharce
canal which opens into Lake Ontaric at the shoreline, The
discharge canal is an open structure approximately 20 ft
wide at the base with side slopes of 1:1 at lake entrv,
Average water depth in the caral is about 8 ft and a dis~
charge 'oloc1t§ of 3.7 fps is typicai. The 400,000 GPM
flow is normally maintained at all pover levels and its
discharge velocity, which depends upon ©n lake elevation,
is presented in Figure 1.4+27.

1.3 SYSTEM OPERATION
1.3.,1 Circulating Water System

The waste heat solounod to Lake Ontario hy the plant if
about 4.0 x 107 BTU/HR at the 490 MWe rated output. The
water used to remove heat from the main condensers 1§ pro-
vided by a once~through circulawing gUster designed to
1imit the temperature rise through the main condensers to

a rayimum of approximately 20¥* at 100 percent of rated ca-
pacity. As presented in Figure 1,%«1, 381,000 GPM cof the
measured 400,000 GPM total circulating water flow passes
through the condensers and 19,000 GPM flow through the sere<
vice water system, A temperature increage oz 20F¢ has been
assumed «cross the service water system for calculations

of waste heat rejection.

The 400,000 GPM circulating flow is normally maintained at
all power levels except during periods of recirculation to
prevent the accumulation of frazil ice on the intake struce
tures. Retention time of condenser cooling water in the
plant system is approximately eight minutes and no consump=
tior or process contact of the water occurs.

1.3.2 Recirculation

puring normal operating conditions, at rated thermali powver,
the temperature of the water that leaves the discharce canal
is increased about 20F° above the temperature of withdrawal
from Lake Ontario, Puring the period from mid-December
through mid=April, a portion of the condenser discharge water

1.2



is roci:culntod to the forebay tO prevent any ice accumula=
tion on the gcreenhouse facilities. Ginna operating pro-
cedures state that condenser water inlet temperature ghould
e maintained at no more than 40°F maximum bg yse of the re~
cizoulation gate during the winter months. {gcharge flow
rates versur rerperature excess during the recirculation mode
are ptnscnted in Figure 1.4=28, under such conditions of
maximuam recirculation, the temperature of the discharge water
to Lake ontaric would be increased 28r° above {nlet water tems
peracures. precirculation nas the effect of lowering the

flov rate while raising the discharge excess temperature.
Plumy development with reference to winter recirculation is
aiscussed in gection 1.4.2.4.

1:849 piocide Treatment

Sodium hypochlorito is 1ntorm1ttcnt1y added to the intake
water at the forebay tO inhibit piological growths and main=
tairn heat cransfer efficiency in the main condenser and
nouse service water systems. Total residual chlorine is con~
tinuously monitored during chlerination periods.

1r Tanuary 1977, chlorination procedures at Ginna have been
reduced to one 30 minute period per day five cimes per weev .
{n an effort o keep chlorine Aischarces 2F low as practicablc.
mme facility ig operating {n compliance with its NPDEE ef-
fluent 1imitation of 0.5 mo/l free available chlorine and
maximum value of 45.4 kg/day (100 1bs/day) .

1.3.4 Reactor ghutdown

gscheduled ghutdowns for refueling and maintenance generally
oucur once 8 year for about a 8iX week perioé. 1t is ex~
pected that tae refueling outage would normally occur during
the Spring or Fall when electrical system demands are at &
minimum ané not during the period pecember through March,
evcept as recuired bY new York Power pocl planning (NYPP) .
cocrdination of glanncd ghutdowns with NYPP is required 80
that an acceptable gtate power veserve 18 maintained.

any changes® in reactor power during operation will cause time~

varying temperature pehavior in the thermal plume. 5 normal

grartup or ghutdown would typicnlly result in finer ineremental

temperature changes in the circulating water discharge than

an emergency ghutdown. The geverest impact would result from

the simultaneous occurrence of the ¢ollowing conditions!

(1) full-power operation in winter,

(2) maximum recirculation,

(3) instantanecus decrease from full-power operation to .
zero-power . ant

‘4) continued operation of the main circulating water pumps.
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1.4 THERMAL PLUME MODEL AND CHARACTERISTICS

1.4.1 MATHEMATICAL MODEL USED

1.4.1.1 Discussion of Model

2:s843:341 Introduction
l1.4.1.1.2.1 Problem Description

When a stream of warm water ies released from an open channel
into a large body of water, the warmer effluent mixes with the
coocler ambient water, resulting in spreading and cooling of tine
discharge. The area in the receiving .ody where the discharge
can be sensed is referred to as the thermal plume, The plume
can be thoucht of as being comprised of four basic regions: the
core regicon, 4in which the initial jet effect of the discharge
results in a nmixing of the plume with the ambient water but in
which the temperature and velocity of the plume centerline
remain essentially constant; the entrainment region, in which
the turbulent shear forces caused by the velocity difference
betweer the plume and ambient result in the mixing of cooler
water with the discharce plume while the buoyancy of the warmer
water tends to cause the plume to rise; the stable regicon, in
which the plume continues to spread due t:- the buoyant rising
of the warm water but in which the rate ¢f entrainment is
inhibited by the low plume velocity and the high density
stratification between the plume and ambient:; and the far field,
in which the plume surface area is larce enouch to allow
significant heat transfer from the lake to the atmosphere.

Thig discussicn is intended to concentrate on the near field por-
tion of the plume, which essentially encompasses the first three
regions.

The temperature distribution within these regions are influenced
by many variables such as location within the plure, discharge
channel cecometry, discharge water temperature anc flow rate,
ambient water temperature, elevation, turbulence level, and
velocity, lake shcre and bottem configuration, and atmospheric
conditions.

e8ededid2 Possible Soclution Methods

A number of theoretical models exist to describe a surface jet
discharge. For example, Motz and Benedict(l) formulated a two
dimensicnal model. However, the two dimensionality cf the model
results in neglect of jet spreading dug to buoyancy. Stolzenbach
and Harleman'2) and Shirazi and Davies(?) have formulated three
dimensional models for deep receiving waters. However, these

lo‘-l
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temperature, and the ratio of isotherm area to discharge flow,
I/Qe « It is obvious, however, that the latter pararmeter has
the dimensions of inverse velocity. If two data sources have
different lenoth scales, the same temperature rise, and
eguivalent Froude numbers, the latter being reguired if the
near field jet behavior is going to be the same at the two
sites, then the ratic of their isotherm areas would be proporticnal
to the sguare of the ratio of their lenath scales while the
ratio of tneir flows must be proportional to the 2.5 power of
the length scale ratic. Therefore, it would be incorrect to use
the pararmeter I/Q. for data sources other than those from which
the relationship was derived.

Shitazi(e) investigated the centerline temperature excess and
plume half width of a number of data sources, He took a purely
statistical approach and assumed that

'
< h - . e .cl d! el fl
T and e - (H—) R F~ A e, (1)
o ° [ T
where: ATC = centerline temperature excess, Op

330 = discharge temperature excess, °p

Ty = plume half width, ft

ho = discharge decth, ft

s = distance along plume trajectory, ft
R' = ambient velocity/discharge velocity = U‘/Uo

; : P -
r = densimetric Froude number = Uo ‘/gho ( ap"o)

a
A = aspect ratic = W/h°
a,. = angle between discharge and ambient velocities,
radians
Ua = ambient velocity, ft/sec
Uo = discharce velocity, ft/sec
g = gravitational acceleration, ft/secz







1.4.1.1.2 Analytical Discussion

dedilid. 241 Describing Parameters

The effects of a surface jet discharge are influenced by many
variables. 1In the near field these variables can be reduced to
the dimensionless parameters F,A,R',K (where § = k/p c U where
k = gurface heat transfer ccefficient, Btu/ft® - oF 2 PgBe and
C,. = specific heat of water, Btu/lbk-"F), and a_ for a deep
réceivine water body. For a shallow receivino water body, the
effect of lateral and bottom boundaries rust also be considered.
Ambient turbulence is consicered to have secondary importance
within the near field, (¢

The heat loss parameter, K, can always be neglected in the near

field for practical purposes.(€) This can best be il)lustrated

by a sample calculation, Using Ficure 1.4-2% which shows the

expected sprinc surface isotherms, and taking a value of (9)

k = 92 Btu/ftc - CF - day, an average value for Lake Ontario,

the heat lost through the surface of the plume to the atmesphere

was calculated., It was found that less than 3 percent of the

heat rejected to the lake by the plant was lost to the atmosphere
within the 2°F isotherm, ‘

R' and its associated pararete* a_ have not been measured at Ginna.
This is not considered to be a sefious deficiency in this case.

A surface jet in the presence of a crossflowing ambient will

exhibit a distorticn of the lateral temperature profiles,

However, if R' is much less than one, the effects of the cross-

flow on the plume temperature distribution will be small. The
major effect of the crossflow will be a gradual bending of the jet
ttajectory.(a) At Ginna the discharge velocities are in the

range cf 3-5 ft/sec., an order of magnitude larger than the currents
normally occurring on Lake Ontario. Therefore, the effects of lake
currents are expected to be small. It is important to realize

that if lake velocities larger than normally expected were to occur,
the plume would exhibit greatly increased entrainment rates and,
therefore, a much greater rate of temperature decay. (8.10) Pence,
at large lake velocities where the crossflow becomes important,

its effect is to significantly cdecrease the size of the thermal
plume. On these bases, the parameters P' and a. are not considered
further.

2 linear scaling factor must be defined so that the plume parameters
s,rn.and I,the isotherm area,cgn be described in dimensiconless form.

Shirazz\es and Stefan, et al (/) used the discharge depth, h_.
Inspection of their ceneral functional forms, equations 1 and 2,
shows that the discharge flow, Qo = L‘Oa. where a = cross section .

1.4~
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where: ¥ = dimensionless distance along jet trajecrory
and a',b',c',4',e',9',h', and i' may have different values than
in equation 3,

The function describing the effects ¢f Froude number, the term
in brackets in egquation 4, was inves&icated. The values of
g',h', and i' found by Stefan, et al'’) were 0.5, 1.5, and 0.4
respectively. However, this Froude number function is very
difficult to work with statistically in that it cannot be linearized.
Therefor:, a new function is sought which would reproduce the
*8ic rharacteristics of Stefan's function but would be easier
manipulate. The first attempt would cbviously be Shirazi's
gtion,

b,‘
£(F) = a'F (5)
where: f(F} = functional dependence of T on F.

Bowever, as is cuickly cbkvious, equaticn 5 is a mono-onic function,
whereas Stefan's function,

X g'F=h' (6)
S 2 eI @
has an extremum located at,
i'h'+a'
At o3 (7)

The required functional form of £(F) must, thercfore, alsc have
an extremum. A possible function can be deduced from Shirazi.
If equation © is expressed in a slightly different form,

f(F) = exp (a"+b'ln F) (8)
where: a" is a new correlation censtant,
then an extension of this can be postulated as,

2
£(F) = exp [a'*ﬁ'hﬁf*)”(lh F) ] {9)
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outside of the core region in a deep receiving water bo y are
only dependent upen a modified densimetric Froude number, F',
where,

-4

F' = FA (12)

This indicates -at plume characteristics are insensitive to
changes in asp ratio as compared with changes in Froude
number. Since tne effects of aspect ratio variations are known
to be small, a significant effect of lake elevation on the plume
can only be interpreted as signifying that lake depth varia-
tions are the controlling mechanism.

The parameter describing lake water depth can be taken as lake
surface elevation minus an effective lake bottom elevation which

would result in a similar thermal distribution as the sloping bottom

at Ginna. In order to reduce this parameter to dimensionless
form, the length scale factor, a/ + might be considered.
However, since changes in channel cross section area, a, are due
solely to changes in lake water depth, the use of a/e as a
scale factor would effectively be the same thing as considering
the square root of the lake depth as the dimensionless parameter,
This,,0f course, is no longer dimensionless, having the dimensicn
of fti . A better choice as scale factor would be the average
lake depth, This value is independent of the instantaneous lake
depth. Therefore, in plare of aspect ratic, a dimensionless
lake depth is used, which is defined as,

E-b
E-b

D =

(13)

lake surface elevaticon, ft
effective lake bottom elevation, ft
average lake surface elevation, ft
dimensionless lake depth

where:

E
b
E
D

The use of D rather than A as a describing parameter leaves in
guestion the appropriate functicnal form to be used in describing
the centerline excess temperature of the g}ume. The functional
form of the aspect ratio used by Shirazil was,

£(n) = A® (14)

where f(A) = functional dependence of T on A, Stefan, et al(7)used.

1.4-9







In earlier parts of this section, the inadegquacy of Shirazi's(s)
functional form, which can be derived from eguation 1 as,
)

£(1) = a'?® (19)
where a' and b' are the inverses of the correlation constants
indicated in equation 1, was discussed. Eguation 18, on the
other hand, does provide a clue to a convenient and realistic
function, Rather than usging a'~h'T as the base for an exponent
€', ¢' was used as a base for the exponent a'=b'T. This can be
expressed as,

£(7) = '@ "B'T (20)
Equaticn 20 can ke transformed to,
£(T) = exp [4»'* ¢! ('r-l)] (21)
where: @' = (a'=b')ln ¢'= new correlaticn constant
¢' = «b' 1ln ¢’ = new correlation constant

and a',b' and c¢' are the values appropriate for equation 20. Note
that one less correlation constant is necessary for the description
£(T) in the form of equation 21 than is required in the form of
equaticn 20, As in equation 17, T-l is used rather than T so that
the value of £(T) at the end of the core region is readily calcul-
able.

Unlike egquation 18, equation 21 has the advantage of always being
positive at the end of the core region . This is readily
apparent by substituting T=1l, the definition of the end of the
core recion, into equation 21. The result is
U
£(T) = e¢ at T=l (2la)

This function is greater than zero for any value of @',
Equation 21 has the additional advantage of being readily expanded
to include hicher powers of T-l., For example,

£(T) = exp |¢g'+ ¢ (T-1) + 0('1‘-1)2] (22)

where: ®", v, and § are correlation constants,
might be used to improve the fit of eguation 21 to the data.

For illustration purposes, the method of least squares, which
will be explained in Section 1.4.1.1.3, was used to determine
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of a high Froude number surface jet discharging into a deep,
stagnant water body. Edinger, et al (l14) reduced the work of
Engelund and Pederson into two possible surface distributions
of excess temperature,

at 2
. _%Fz( . ) y ~14/3

AT, - At Yoz (25)
and - -
AT o
AT ¢ 14 2 r -14/3 (26)
= l# F ————— e X
at, aT, E | ( Yoz )

where: r = plume width at excess temperature ATand dimensionless
songitudinal distance %, ft

and AT = excess temperature at location (X,r), °F

If AT is taken as one half dﬂc, then rer, in equation 25 and 26
by definition,

If egquations 25 and 26 are then solved for Ty the results are,

Wy a1 (27)

= 0.67 ¥y F

To.s
and  r, = 0,80 x7/3 p=1 (28)

where r. . -r“/‘Va/Z = dimensicnless plume half width. Equations
27 and ge“ccr?espond to equations 25 and 26 respectively,

Equaticns 27 and 28 can be seen to be similar in form to Shirazi's
function; that is,

B' .8'

Xp.g = a'¥ F (29)
where a',b' and 4' are correlation constants different than those
of eguaticn 1.

Equation 29 differs from equation 1 in that no functicnal dependence
is present for R, a', and 2. R and a' are not included kecause
Engelund and Pederscn considered a stagnant receiving water. As
discussed near the beginning of this section, r g may be taken

as independent of R and a' for the present studg: That is, from
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the staadpoint of plume dilution at Ginns, Lake Ontaric may be
considered as a stagnant body of water.

The aspect ratio, A, was thoroughly discussed in Section 1.4.1.1.2.2.
It was shown that D, the dimensionless lake depth, was a better
variable to consider than A for a shallow receiving water body

such as Lake Ontario at the Ginna site., However, experimental
data(2.8) nas shown that thre plume half width does not depend

upon the receiving water fepth., Therefore, it is expected that

To.s will depend only onX and F in a manner similar to equaticn 29,

Note that the plume half width curves of Figure l.4-1 would be
straight lines if equation 29 were a proper description of the
Ginna data. Since thev are not, the functional form of equation
29 is extended in a similar manner to the extension of equation
8 into equation 9., The resulting eguation, which includes a
possible lake depth dependence is,

Ty, g exp [a+BlnX+ y(lnX)2+81nF -H(ln!-‘)z-» (lnD] (30)

Note that the functional form of D is not as complicated as the
form for ¥ and F. This is because, as explained previously,

o ¢ is not expected to derend on D, If the data verifies this,
tRé last term in equation 20 will be dropped. 1If the analysis
of the Ginna data shows otherwise, the functicnal form of D can
easily be expanded into a form similar to either eguation 9 or
equation 1l6.

devlil .l 2.4 Lateral Distributicn

The lateral excess temperature distribution in a surface jet
dilghgrgf §%ume is usually assumed to be Raussian in form.
(3,6,8,11,14) In those rcases where other forms are used,(2'13)
the resulting distribution does not vary greatly from that which
would be given by a Gaussian relationship.

The lateral termperature distribution at Ginna will therefore
be expressed as,

2
Tm- n exp [-p(r/rh) ] (31)

where: Tm = AT/ AJC = dimensionless lateral temperature at r
n and p = constants

anéd r and r, are as defined previously., Outside of the core




region, r must b2 Owhen T_= 1. Also, by definition, r must
equal r, when Tm-O.S. Sub?tituting these conditions into equation
31, and'solving for n and p results in,

ne=1 (32)
p=1n2 = 0,693

The use of eocuations 31 and 32 does not allow for any variatiocn
of the postulated distribution which may be inherent in the

Ginna data, However, data variations can be accounted for by
assuming that separate distributions be calculated for the ranges
0.58T &1 and T_S 0.5. If equation 31 is used for both rances,
then i¥ has been shown previously that eguations 32 must heold

for 0.5 T .5 1. However, the distribution for T_&£0.5 requires
only that F=r, when T_=0.5. Substituting this cFiterion into
equation 31 aﬁd solvigq for n in terms of p results in,

ne= 0,5 exp(p) (33)
If p=ln 2 then eguation 33 is equivalent to equation 32,
The lateral distribution for this study is therefore taken as

equations 31 and 33. The eguation set 32 is noted as a special
case of equation 33, .
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excess temperatures. This plume behavior can not be described in
the same way as buoyant plume behavior., Therefore, these two
dates were not used as part of the data base for this study.,

1.4.1.1.3.23 Surface Data Reduction

Once the describing parameters F and E were found for each date,
the thermal plume behavior for the corresponding survey was
characterized. This was done by examining the appropriate

surface isctherm plot (the surface data were actually taken at a
depth of 0.5 feet) and determining the plume enterline by drawing
a@ smooth curve through the vertices of the isotherms. The plume
centerline in the plane of the isotherms defined the s coordinate.

Centerline temperatures were read at values of s corresponding to
isotherm vertices. Centerline excess termperatures were determined
by subtracting the field measured lake ambient temperature. Plume
half widths were found corresponding to the s coordinates of
iscotherm vertices whose excess termperatures were multiples of 2,

In this way, actual isctherm boundaries could be measured,

thereby eliminating any need for determining half widths from
interpolated values. The centerline temperature excesses were then
scaled to the discharce excess temperature, while 8 and ry were
normalized tc Va/i. The resulting dimensionless values defined
the temperature decay and spreading characteristics of the plume, .

Table l.4-3 is a reproduction of the computer printout giving the
data obtained by the methods described above. 1In this table,
DT=date, FR=densimetric Froude number, ELEV=lake elevation in ft
USGS, NO,.PTE (CL)=number of centerline excess temperature datz
points for that date, NO.PTS(RHALF)=numter of half width data points
for that date, X=dimensionless longitudinal distance, T=dimension-
less centerline excess temperature, and RHALF=dimensicnless plume
half width. A value of RHALF=-0,0 indicates that the plume half
width at the corresponding lonuitudinal distance was not reduced.
The bottom of the table shows that 425 centerline excess tempe-
rature data points and 197 half width data peints were reduced

at the surface. Figures l.4-6 and 1.4-7 show typical data for

the dates 9/25/70 and 10/27/71 in the same graphical form as
Figure l.4-1.

l.4.1.1.3.4 Subsurface Data Reduction

Temperature surveys at Ginna show that the thermal plume rarely
yoes below ¢ cr 10 feet., Therefore, the temperature distribution
at a depth of € feet was used to describe the subsurface thermal
effects. The surface and 6 foot isotherms describe the three
dimensicnal aspects of the thermal distribution at Ginna.

1.4-17



Subsurface temperatures over the 5 years cf data were sampled at
various depths., Therefore, lake depths of €6 feet 313 inches were
nominally identified as 6 foot data.

Some of the survey dates did not include subsurface isotherms
within the indicated depth range, Others had to be neglected

due to anomalies in the isotherm patterns. This left 32 of the 43
surveys tc form the subsurface data base for this study, Table
1.4-2 shows the dates and depths of those survevs that were used
to indicate the subsurface behavior of the plume., A dash in the
Subsurface Isotherm Depth column indicates a survey that was not
used as input to the model.

The subsurface isotherms were measured and reduced in exactly the
same manner as the surface isotherms, exceprt for the determinaticn
of ambient temperature. In order to achieve the most realistic
analysis of the Ginna data, any vertical lake temperature stratifi-
cation was accounted for by taking the arbient temperature as
that indicated in the appropriate isotherm plot rather than that
measured at the lake surface. Table l.4-4 gives the data reduced
in the manner described above. The headings for this table are
the same 2s those given for Table 1.4-3, the surface data listing.
259 centerline excess temperature data points and 111 half width
data points were reduced. Figures 1.4-8 and 1.4-9 show typical
plots of the data for 5/1/70 and 10/1/73.

l1.4,1.1.4 Statistical Methods and Resulting Zguations
1:8:1:1.4.1 ftatistical Methods

In order to mathematically describe the Ginna data, a relation
must be established between the data and the describing mathe=-

matical expressions. An often used method is the method of
least squares.

The criterion describing the relaticnship between the data and the
describing mathematical expression is,

m 2
s -:E e, must ke a minimum, (34)
i=]
where m = number of data points
;i = difference between the ith data point and the
value of the mathematical expression at that
point; that is, the errcr of the mathematical
A expression at data point i
and S = sum of the squares of the errors.
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This method determines the coefficients of the machematical
expression such that the sum of the squares of the errors are
minim17§2; A necessary and sufficient condition for equation

34 is,

3% _

-Szj 0 (35)
where: a, = the correlation constants which define the

describing mathematical expression,

Equations 3% describe one equation for each correlation constant
that is to be determined, thereby uniguely defining the solution.

If the describing mathematical expression is linear in the
correlation constants, ecuations 35 define a system of simulta-
neous linear equations, The solution to such a system is always
obtainatle., On the other hand, if the mathematical expression

is nonlinear in the correlation constants, equations 35 must be
solved by numerical iterative technigues. If the number of
equations are large and the form of the eguation is complicated,

the numerical iterative techniques will not always converge to

the solution. (17) It is for this reason that eguation 9 is
preferred to ecuation € in describing the Froude number effect .
on centerline temperature excess, asg cdescribed in Section 1.4.1.1.2.

La#:sd.1.4,2 Centerline Temperature Excess

As shown in Section 1.4.1.1.2, equation 24, which is repeated
below, represents the expected form of the relationship among
the dimensicnless centerline distance, x, the dinensiconless
centerline excess temperature, T, the dimensionless lake depth,
D, and the densimetric Froude number, F.

- nl+n2(T-1)+n3(T-l)2 5
X = exp|d+ w(T=-1)+ 6(T-1) D explR'lnF+y' (1n r)] (24)

As described in the discussion of statistical methods, it is
advantagecus to express equation 24 in such a way that the
resulting ecuation is linear in the correlation constantse, ¥, @,
ny,Nosn,, B', ané ¥'., Such a transformation may be accomplished
b§ tikiaq the natural logarithm of both sides of equation 24.

The result :s,

2
lnx=g+ ¢ (T=1)+ 6(T-1) *nyinD+n, (T-1)1n D+n, (T-1)%1n D+B'1n F+¥ (1n F) 2 (3
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The final determination of the ecuation describing the Ginna data
proceeded in steps. The first step involved determining how well
the basic x, T relationship fit the data. The goodness of fét
of the mathematical formula to the data was determined by, (18)

™ ' LY
Z (Yi‘Y)
i=] '

L (37)

where:

number of data points
= the data point 1ln Xy

o

average value of lnax for the m data points

e R
i

= predicted value of 1ln X 4
= correlaticn coefficient.

o
-

and

As can be seen from examining ecuation 37, R represents the
success of the mathematical formulation to predict the data as
measured against how well the average of the data describes
individual data points. If the mathematical fcrmula is an

exact description of the data, Pel, If the fcrmula is no btetter
than using the average of the data, R=(0. Therefore, the better
the description ¢f the mathematical formula to the data, the
greater will be the value of R.

After the correlation coefficient was determined for the basic
x ,T relationship,

Inx=@+ ¢ (T-1) (38)

additional terms in equation 3B were investigated. For example,
Inx=¢+ ¥(T-1)+ 6 (T-1)° (39)

was next investigated. It was founu that this additiocnal term
resulted in an insignificant improvement in the data fit. The
functional dependence of F on the centerline excess temperature
was next investigated by first considering,

2

ln X= @+ Y (T=-1)+8'1ln F+¥' (ln F) (40)
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and then congidering,

In x=@+ Y(T=1)+3'1ln F, (41)

It was found that the addition of the Froude number dependence to
equatior 38 resulted in an insionificant statistical advantage
for the surface isotherms. However, eguation 4] was seen to
provide an improvement in the correlation coefficient for the

6 foot depth isotherms, althouah eqguation 40 was no improvement
over eguation 41.

The effect of dimensionless lake depth, D, on the excess centerline
temperature was investicated in a manner similar to the investi-
gation of the densimetr.c Froude number, It was found that the
effect of D on the Ginna isotherms was srmall. After determining
in this way that eguations 38 and 41 represented the centerline
temperature excess at the surface and € feet, respectively, the
complete form of equation 3€ was checked to see if any synergistic
effects existed. The correlation coefficient was found to be
substantially unchanged. The final egquations, therefore, that
were used to describe the centerline temperature excess at Cinna
were

ln X = @+ ¢ (T-1), at the surface (38) .
and In x=¢+ ¢ (T-1)+3'InF, at 6 foot depth (41)

The constants ¢and yare, of course, different for the two depths,

The values of R for the surface and 6 feet are, 0.784 and 0.74¢,
respectively. The standard deviations, ¢ , of the independent
variable, ln x, at the two depths are, 0.35]1 and 0,374, respectively.
Table l.4-5 summarizes the correlation constants and associated
statistical data for the surface and € feet.

The form cof eguation 38 shows that the excess centerline temperature
at the surface of the Ginna thermal plume is unaffected by the
Froude number and dimensionless lake cdepth over the range of (19)
the Ginna data. This typ gf behavior was observed by Jen, et al,
and Engelund and Pederson?l both ¢f whom found that the excess
centerline temperature at the surface was dependent only upon ?2?
distance from the discharge for large Froude numbers. Shirazi

on the cther hand, reports a Froude number dependence. although

it is not known whether he investigated the statistical signifi-
cance of this dependence.

The six foot depth excess centerline temperatures were found to

to be affected by the Froude number, although not affected ky the
dimensionless lake depth except as that variable affects the Froude
number. As the Froude number increases, the subsurface centerline
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temperature excess increases., This is expected because an increase
in Froude number indicates that the inertial fecrces increase
relative to the buoyant forces, This implies that the plume bottom
does not rise until later in its development. The higher the
Froude nurber, the longer the plume remaing in contact with the

8ix fcot depth ambient water. As the Froude number decreases,

the longitudinal distance at which the thermal plume separates

from the six foct contour decreases. This heat rises to the
surface, causing plume spreading to increase, as will be shown

in Section 1.4.1.1.4.3,

The statistical results given in Tabkle 1.4-5 show that the
mathematical nodel is a better representation of the surface data
than of the six foot data., This reflects the fact that the six

foot data actually represents lake depths between 4'l1" and 7'1",
whereas the surface data were always at a cdepth of 0'6",

Figure 1.4-10 ghows xvs T for the lake surface. Figure l.d4-1]
gives the same information feor six foot depth.

1.4:.1.1.4,3 Plume Half-width

The expected form of the plume half width relationship is,

LR o [" +8ln x+ ¥ (1ln x 1%+ §1n Fee(ln P °s é1n D] (30)

as shown in Section 1.4.1.1.2.3. As described in Section 1.4.1.1.4.1,
a form of this equation which is linear in the correlation

constants, @ , 8, v, §.¢, and ¢, is preferred. Such a form can

be cbtained by taking the natural logarithm of each side of

equation 30. The resulting equation is,

:
Inry g=a+Blnx+¥ (1n x)%+ 81n F+e(ln F) “+€ln D. (31)

As in the case of the centerline temperature excess determination,
the basic Tn. gt X relationship was determined from

In ry ¢= a+Bln x . (42)
2
The effect of adéding the term in (ln x)* was then studied. It

was found that this effect was significant. The addition of
the terms describing F were investicated by studying first,

in Iy s*® a+B8ln x+ ¥Y(ln x )2+ §1n F (43)

) 2
and then, 1n r0'5=a+13]n X+ ¥(ln x)%+81ln F +¢(ln F)°. (44)
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It was found, for both the surface and subsurface data, that
equaticn 43 resulted in a definite improvement in the fit to the
data, but no further.,improvement was cained through the additicn
of the term in (ln F)", ecuation 44, The term in ln D was then
considered and found to be statistically unjustifiable. The
complete egquaticn 31 was then tried and the correlation coeffi-
cient was found to be essentially the same as for equation 43.
Therefore, the final form of the plume half width equation was
taken as,

In 1y g=@+Blnx+ yilnx )%+ 81n F, (43)
for both surface and six foot depth isotherms.

The correlation constantsa, 83, vy, and Sare different at the
two depths and are given in Table l1.4-5. The correlation
coefficients, R, for the surface and six foot depth equations
are, 0,647 and 0,600. The standard deviations, ¢, of the
independent variable,ln Ty g + at the two depths are, 0,481 and
0.570 respectively. .

The form of egquation 43 indicates that the dimensionless lake
depth does not affect the plume half width, except through its
effect cn the densimetric Froude number. This characteristic

was hypcthesized in Section 1.4,1.1.2.3 and confirmed by the
statistical study, The Froude number behav}gg. in vhich § §f
less than zero, agrees with that of Shireszi Jen, et a1 (1

and Encelund and Pederson. (13) 1In fact, Jen found the dependence
of the half width eon Sge densimetric Froude number at the water
surface Ei be as F~0:25, The Ginna data shows this dependence

as F~U+¢

The fact that the surface plume widths increase with decreasing
Froude numrter was discussed in Section 1,4.1.1.4.2. As the Froude
number decreases, the effect of buoyancy increases. Therefore,
the plume rises from the six foot contour more quickly, resulting
in greater spreading on the surface. This is exactly the behavior
predicted bty the centerline temperature excess and plume half
width relations.

Figure 1.4-12 and 1,4~13 show the plume half widths as a functicn
of centerline distance and densimetric Froude number. The surface
isotherms are seen to have half widths always greater than those
at six foct depth, illustrating the effect cof bucyancy on plume
behavior.









temperature gradient is to make the excess temperature data
conservatively high, although the opposite will be true for
thermal surveys taken between feptember and February. 1In practice,
no surveys are taken in January and February.

1.4.1.1.5 Model Applicaticn
d:4.1.3,8.1 Isotherm Construction

The first step in constructing isotherm maps from the mathematical
model is a specification of the ambient conditions. Lake eleva-
tion and ambient temperature uniguely determine, for a constant
temperature rise he densimetric Froude number, F, and linear
scale factor, VYa/<, for a civen discharce. The values at Ginna
of the latter two pararmeters may be found from Figures 1,4-15 and
1.4-16 or calculated directly from their definitions. Note that
the densimetric Froude numbers civen in Figure 1.4~15 assume the
Ginna design discharge excess temperature of 20°F, Dimensionless
temperature excesses, T, along the plume trajectory, x , are then
found from either Figure l.4~10 or equation 38 for surface isotherms
and either Figure l.4-1l or ecuation 41 for six foot depth isotherms.
At each location along the plume centerline, dimensionless half
widths, Ty gr are calculated from eguation 43 or Figures 1.4-12
(rurface) "aRd 1.4-13 (six foot depth). Multiplication of the
dimensionless half widths and centerline distances by the linear
scale factor and of the dimensicnless centerline temperature
excess by the discharge temprerature excess, AT, ., results in the
corresponding dimensioned variables, r,, §, and AT,. Use of
Figure l.4-14 or eguaticn 45 then allobs the caleclilation of the
temperature excess at various distances normal tc the centerline
for each value of g and the corresronding value of r, and AL.
Within the core region, T=1l, the lateral temperature profil
changes from a constant t© Gaussian., No data are available
within this region. It can be assumed that the isotherms spread
linearly between the discharge and the end of the core region,

1.4.1.1.5.2 Worst Case Isotherms

The surface and subsurface isotherms described in Section
1.4.1.1.5.1 are derived from expected values of the dimensionless
centerline temperature excess and half width. However, due to
data scatter, any single measurement will normally not conform

to its expected value. This data behavior can be described Ly
considering confidence limits arocund the expected value, That
is, any single measurement may not conform to its expected value
but it will have a certain probability, the confidence linit,

of being within a specified range. The protability chosen for
the confidence limit is freguently 0.9%, or 95%. This confidence
limit allows one to state with reasconable certainty that a single
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measurement will lie within a physically meaningful data range.

If two variables were directly proportional, the probability

that both would exceed their 95v upper confidence limit would be
the same as the probability that one would exceed its 95% upper
confidence limit. If two variables were totally independent, then
the probability that either will exceed its 77.6%t upper confidence
dimit is 0.224, but the probability that both will exceed their
77.68 upper confidence limit is 0.95. Expressed ancther way,

if two variables are directly proportional, their combined 95%
upper ccr.ficdence limit is the 95% upper confidence limit of each;
whereas, if two variables are independent, their combined 95%
upper confidence limit is the 77.6% upper confidence limit cf
each., Next, consider the case of two inversely proporticnal
variables. The probability that both will exceed their 95% upper
confidence limit is virtually zero since as one increases from

its expected value toward its 95% upper confidence limit the

other will decrease.

In this analysis we are dealing with a case which is intermediate
of the latter two cases described in the previous paragraph. As
found by all investigators of the thermal plume phenomenon, for

a given set of discharje conditions, half widths will always
decrease with increasing isotherm lengths. Indeed, this must be
true because a constant heat rejection rate implies a constant
plume heat flux. Due to the many factors which affect thermal
plumes,it is not possible to guantif: is inverse relationship.
The joint 95% upper confidence limit centerline temperature
excess anc half width, therefore, cannct be quantified. Eowever,
an upper confidence limit can be ascribed to these variables.

If the centerline temperature excess or plume half width were at
its 95% upper confidence limit, the other variable should be less
than its expected value due to the inverse relationship described
above, A 95+% upper confidence limit (the exact confidence value
is not determinable) can therefore be taken as either variable

at the upper range of its 95% confidence limit with the other
variable at its expected value. The resulting isotherms can be
labelled “"worst case."

Isotherm areas were calculated for the 95% confidence limit of
centerline temperature excess with the expected plume half width
and vice versa. Results from the former case indicated 2°F
surface isotherm areas approximately 10% larger than the latter.
Therefcre, the former case is used to quantify "worst case"
isotherm effects.
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l1.4,4.2 comparison of Model With Data

As explained in Section 1.4.1.1.%5.2, an individual measurement
may not be ejual to its expected value, The measurement must,
therefore, be compared with some confidence range, 95V being
chosen. Figures l.4«6 through 1.4-9 show ty;ical surface and

six foot centerline temperature excess and plume half width data.
Alsc shown are the 95V confidence limits corresponding to the
ambient conditions prevalent on each date. Note that all of the
data lies within the chc.en confidence limits., Fligure l.4-8,
surface data on 5/1/70, was specifically chosen in order to
illustrate a case where centerline temperature excess data may
be near their upper confidence limit. Note, however that the
half width data are near their expected values, Most of the
other data points are near their expected values, except for a
few surface half width points on 10/27/71., Here again the center~
line temperature excess data are near their expected values,

Section 1.4 .2,6 gives che plume size for a wide rance of -mbient
conditicns. As will Le shown there, the worst case plume will
have a 3°F surface area nging up to ag;roximatcly 470 acres.
This can be conpared witn the largest 3 area ever noted during
the Ginna tr al surveys of 235.2 acres. The worst cass plume
will have a area at six foot depth ranging up to approximately
160 acres. . 1 can be compared with the maximum value actually
observed at G. 14 of 120.4 acres. This illustrates the fact that
the worst case plume is actually a 9%«% confidence limit, as
explained in Section 1.4.1.1.5.2. The above figures are exclusive
of winter, ‘hen rmbient conditions are such that the plume will
sink. As explained in Section 1.4.1.1.3.2, the model has not

been derived for these conditions., However, winter plume effects
are addressed in Section 1.4.2.

As described in Section 1.4.1.1.3,Ginna thermal survey data taken
from £/1/70 ¢t' -ough 8/4/7% were used to develop the mathermatical
model., Eight surveys were performed during the periocd from 9/11/7%
through 11/5/76. These surveys were used as an independent check
of the model, Three of the eight surveys had no 3°F isotherm
existing at the six foot level, Three others had sgix foot thermal
distributions which did not emanate from the discharge, an under=~
lying assumption of the model. It is 8! interest to note,
however, that these latter three had 3*F six foot depth areas

31, 33 and 92% of that given by worst case plume predictions
corresponding t¢ their ambient and discharge conditions.

The remaining two six foot depth temperature distributions along
with the eight surface distributicons were reduced to dimensionless
form in the manner descrilbed in Section 1.4.1.1.3., Figures

1,4-17 through 26 show this data along with their associated 95%
confidence limits. Two half width data points at the six foot
depth and one point at the surface lie slightly ocutside the 95%
confidence range on 10/21/75. Not» that the corresponding
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centerline temperature excesses are near their expected value.
These large half widths can be attributed to uncertainty in
determining the plume trajectory, A different plume trajectory
would result in different values of the dimensionless variables.

A number of centerline temperature excess data points at high
excese temperatures are less than the low end of the 95% confidence
range, These, together with the three surveys which showed no

3OF excess temperatures at six foot depth, is evidence suggestinc
that the rodel may be somewhat of an overstatement of the thermal
gluma #ize at Cinna, 1If the surveys performed subsequent to

/4/78% were integrated into the model, predicted isothermal

areas would probably be somewhat smaller than those given in this
study.
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1.4,2 THERMAL EFFECTS OF DIECHARGE
1.4.2.1 Ambient Condi*inns

As explained in Section 1.4.1, the temperature distribution
resulting from the Ginna discharge will depend upon the lake
elevation and lake temperature. Lake elevations were obtained
from the daily records of NOAA's Rochester gaging otgtion for

the period from January 19853 through December 1976, (15) Lake
tenmperaturer were determined from the daily records of the Cinna
intake water terperature for the period from January 1870 through
November 1976,

Seasonal elevations and temperatures were determined from the

daily records. The winter,spring, summer, and fall seasons were
taken as consecutive three month pericds beginning with January.
Table 1.4-8 gives the seasonal lake temperatures and elevatiens.

d.4.2.2 Lake Bottorm Terperature Rise

In May 1974, RGLF sponsored 3 field surveys to determine discharge
induced lake bottom temperatures and velocities at the Ginna

site., (See Section 1.4.3.1,2 for a discussion of botton velocities).
Excess temperatures and associated areas from these surveys were
nondimensionalized in a manner similar to that described in

Section 1.4.1,1. The relationship between excess temperatures

and areas, for the conditions existing while the measurements

were being performed, was found to be,

A, = ~18.86 -g: + 9.49 (46)
and Ay = =20.72 ﬂ; +13,38, (47)
where A_ = area of ilsotherm whose excess temperature is AT,

average of field measurements (acres)
Am = area of isotherm whose excess temperature is AT,
maximum of field measurements (acres)
AT =« excess temperature
and AT, = discharge excess temperature,

Equations 46 and 47 were determined for values of AT/ AT, between

approximately 0.17 and 0.37. This corresponds to temperature
excesses from approximately 3 to 7°F for a discharge excess
temperature of 20°F,
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The conditions existing during the field measurements were
equivalent, for a discl rge excess temperature of 20%F,.to a lake
elevation of 248.7 feet USGSE and 2 lake temperature of 40°r,

It can be assumed that the area-temperature behavior along the
lake bottom follows the subsurface, six foot depth plume behavior
determined in Section 1.4.1.1.4. 1In this manner, equations 46
and 47 will be extended to ambient conditions other than those
existing during the measurements.

Although not enough information is aveilable to define lake
bottom isotherm shapes, two items of interest were noted,

Firstly, the extent of the isotherms will range from approximately
700 feet for the 7°F isotherm to approximately 1000 feet for the
3°F isotherm., Secondly, the maximum widths of the isotherms ocecur
at approximately 0.75 of the total distance along the centerline.

1.4.2.3 Velocity Decay

The decay of velocity along the path of the plume can be estimated

from the temperature decay. 1In the near field, plume temperatures

are decreased chiefly by mixing with the cooler ambient water.

Some heat is alsc lost to the atmosphere, but, as shown in Section
1.4.1.1.2.1, this contribution is small. The decrease in plume
velocity arises,as does the decrease in temperature, chiefly from .
mixing with the lower momentum ambient water. Therefore, it

can be postulated that, in the near field, the dimensionless ‘
velocity decays in the same way as the dimensionless tomperaturnfl )
This can bte expressed as,

u__ AT
. (48)
T g

where U = plume excess velocity
and Uy® discharge velocity,

Given the temperature decay and the discharge veleocity, it is
therefore pessible to calculate the velocity at any point in the
plume. Figure 1.4-27 shows the discharge velocity, which devends
only on the lake elevation, for the range of conditions encountered
at the site.

1.4.2.3.1 Exposure Time

The use of equation 48 in conjunction with the temperature decay
determined in Section 1,4.1.1.4 allows determination of the time
it takes for a parcel of water to cool to a given temperature.
If this calculation is performed along the plume's surface
centerline during still water conditions, maximum exposure times
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result., The relationship between time, distance, and velocity is,

t 5
[dt -/ L as, (49)
18]
tD (+]

where t. = travel time from condenser entry to lake

. discharge

t = travel time from condenser entry to s

8 = distance along path of plume measured from
lake discharge.

If equation 48 is substituted into 49, the result is,

AT
tet, + -U- 75- ds (50)

o

where AT 15 a function of s. Note that AT at the centerline is given
in Table 1 S

1.4.2.3.2 Plume Trajectory

It is explained in Section 1.4.1.1.2.1 that the effect of the
ambient currents, for the normally occurring current range at
Ginna, is a gradual bending of the plume's triejectory. $Since the
model described in Section l.4.1.1 1s derived in terms of center~
line distances along the path of the plume, the temperature distri-
bution in the presence of an ambient current can be estimated

from knowledge of the plume's trajectory.

The absolute velocity along the centerline of plume is the
resultant of the plume and ambient velocity ccmponentr, For an
amkbient velocity perpendicular to the discharge velocity, this
leads to the expressions,

v
gin 6 = J+ (51)
2
\ UcﬂJ.
U‘
and cos 0 = (82)
Ug+U3
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where e ® plume centerline excess velocity
U_ = ambient velocity
@ = angle between the ambient velocity component and
the resultant velocity
and UCOU. = resultant velocity.
If xis taken as the direction of the discharge and ¥y as the
directicn of the ambient current, then

2% o pin ¢ (83)
ds

and giL . cos § (54)
&

Substituting equations £l and 52 into 53 and 54, respectively,
and integrating both sides yields, '

5
v
X = <;r..g.§ ds (55)
P
o Ylc*ly
s
v
and y = S ds (5€)
e’
=] € "a
where x,v , and s are measured from the center of the discharge

plane. !ote that U, can be calculated as a function of s by use
of equation 48 and %ho information in Table 1.4-5.

1,4.2.4 Winter PRecirculation

When intake temperatures drop below 40°F, such as occurs during
the winter, discharge water is recirculated so that the condenser
inlet water temperature is 40°F. This has the effect of lowering
the flow rate of the discharge to the lake while raising the
discharge excess temperature. Figure 1.4-28 shows the discharge
flow rate and excess temperature ase & function of ambient (intake)
temperature.

Although the model developed in Section 1.4.1.1 is not directly

applicatle to ambient temperatures much below 40°F, it can be used
as an indicator of the size of the winter plume. This is because
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the basic mechanisms which govern plume dilution are similar
whether the plume is buoyant or not., That is, dilution is
govcrnod by the mixing properties of the plume with the ambient.
he major differences between the buoyant and non-buoyant cases
are the bucyant plume will lose heat to the atmosphere while the
non-buoyant plume will exhibit more complete vertical mixine,
As shown in Section 1.4,1.,1.2.1, the former difference is
unimportant, The latter difference will cause a deepening of
the thermal field, FHowever, the incressed vertical mixing will
also result in more rapid decay of the discharge temperatures,

In the sections which follow, plume areas along the surface

and six foot cdepth are presented for the winter season, The
calculations are based on the model of fection 1.,4.1.1 and are
intended only as general guides to the overall extent of the
thermal field, They are, accordingly, indicated as cdashed lines
in the aprropriate figures., Volumes have also been calculated.
These are shown as sclid lines in order to demonstrate that,
although the vertical trajectory of the winter plume makes the
surface and six foot depth areas only ceneral indications of
plume extent, the volumes, or overall plume size, will be better
approximations.
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1.4:23.% Seasonal Thermal Effects

Thermal effects of the Ginna discharge during normal (expected)
and extreme (worst case) seasonal conditions follow, Figures
describing the seascnal thermal effects are arranged by type
rather than season. Figures 1.4-29 through 40 illustrate
surface and six foot depth isotherm maps for the seasonal

cases, Figures l.4-4]1 through 44 give the corresponding
isotherm areas, while Figure 1.4-4% relates lake bottom isotherm
areas. ~Figure l.4~-4¢ shows isotherm volumes, l1l.4-47 through

52 gives exposure times, and i.4-53 through 58 illustrates plume
trajectories,

All plume calculations assume a vertically uniform ambient
temperature. If the ambient temperatures are not vertically
uniform, such as occurs in the summer, the plant will take in
colder water than will be seen by the discharge. This means that
the discharge excess temperature will be decreased by the amount
of stratification between the intake and discharge levels, This
will reduce the thermal effects of the discharge for two reasons.
First, the lower discharce excess temperature means lower

excess temperatures throughout the plume's development.

Second, the lower discharce excess temperature lowers the
buoyancy cof the plume, thus resulting in greater discharge
diluting capabilities, Neglect of ambient stratificaticn, there- .
fore, results in conservatively large summer plume predictions,

1.4.2.5.1 Expected Seasonal Conditions

Expected seasonal conditions, given in Table 1.4-8, are defined
as the expected plume under average ambient conditions,

1.4.2.5.1.1 Expected Winter Plume

As explained in Section 1.4.2.4, the mathematical model was not
derived for winter conditions., Because of the uncertainty

in plume configuration, no isotherm maps were drawn, Figures

1.4-4)1 and 42 show surface and six foot depth areas calculated

from the model. These areas are presented to give a general

idea as to plume extent and are indicated as dashed lines, as
described ir Section 1.4.2.4. Figure 1.4-46 gives the expected

winter volumes, as calculated from the model. As noted in Section
1.4.2.4,these values are larcer than those whig¢h will cccur, due to
the increased vertical mixing caused by the decreased buoyancy effects,

1.4.2.5.1.2 Expected Spring Plume
Figures l1.4~-29 and 30 show the expected surface and six foot

depth isotherms., Figures l.4-41 and 42 give the corresponding
areas. Figure 1.4-45 gives the area along the lake bottom, .
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while volumes can be found from Figure l.4~4€. The 1% isotherm
has areas on the surface, six foot depth and bottom of 86, 32,
and 5.6 acres, with a volume of 460 acre~feet, Figure l.4-47
shows that the maximum time a parcel of water will be at 3°F or
higher is 42 minutes.

Figure 1,4-53 shows the plume trajectory for alongshore currents
of 0.17, 0,33, and 0.50 fps. lNote that these trajectories do not
take intc account the presence c¢f smoky Point. Alongshore ambient
currents will be deflected into the body of the lake due to the
existence of Smoky Point, This phenomencn is not accounted for
here. The trajectory curves assume an undeflected ambient current
direction,

1.4.23.5:,1.) Exnected Summer Plume

réqu:ot 1.4-3) and 32 show the surface and six foot depth isotherms,
3°F areas along the surface, six foot depth, and beotten, as found
in Figures l1.4-41, 42, and 45, are €7, 27, and 4.6 acres, respec~
tively. Tho°3 F volume, as found in Figure l.4-46, is 420 acre-
feet, The 3°F exposure time, found in Figure 1.4-4€, is 39

minutes. Figure l1.4-54 shows the plume trajectories for currents
up to 0.5 fps. As noted in Section 1.4,2,5, these thermal effects
are conservatively large in that ambient vertical temperature
stratification is not considered,

1,4,2.5.1.4 Expected Fall Plume

Table 1.4-8 shows the expected fall lake elevation to be over

one foot lower than the spring and summer elevations. The re-
sulting larger discharge velocity, in cenjunction with the low
smbient temperature, can be expected to cause a decrease in the
plume size. This decrease should be most pronounced at the surface,
as the increase in Froude number will increase plume mixing.
Subsurface areas, however, will also be affected by the decrease

ir. buoyant plume rise.

Expected fall isotherms can be found on Figures 1,4-33 and 34.
3”F areas, found on the same figures as the cther expected
scasonal conditions, are 63, 30, and 5.1 acres, corresponding

tg the surface, six foot depth, and botteom, respectively. The
I°F volume is 380 acre-feet. Note that, as expected, the overall
plume size has decreased from the spring and summer, although

the subsurface areas have not.

The maximum 3°r exposure time is 30 minutes, as seen in Figure
1.4-49, Figure 1.4-55 shows the plume trajectories,
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1.4.2.5,2 Extreme Seascnal Conditions

Extreme seasonal conditions were defined as high lake elevations
and high lake temperatures, both conditions being conducive to
low rates of plume thermal decay. For the winter, when discharge~
intake recirculation occurs, the lowest ambient temperature
results in the largest thermal field due to the increase in
excess temperature and decrease in discharge velocity, Seasonal
extreme elevations and temperatures were taken as the daily
extreme found in the entire record described in Section 1.4.2.1.
These amblent conditions were combined with the "worst case"
plume predictions described in fection 1.4.1.1.5.2 and the maxi~
mum bottom areas described in Section 1.4.2.2. The result can

be considered an upper limit to the size of the Ginna plume,

It should be ncted that most plumes will exhibit behavior gimilar
to the expected plumes, with the frequency of occurrence sharply
decreasing as extreme plume behavior is approached., Table 1,4-8
shows the extreme seascnal conditions,

l.4.2.5,2.1 Extreme Winter Plume

As explained in Section 1.4.2.4, the mathnematical model was
derived for bucoyant plume behavicr, During the winter, the
negative buoyancy of the plume makes its configuration uncertain.
Figures 1.4~43, 44 and 46 show the surface and six foot depth
isothermal areas along with the veolumes., As noted in Section
1.4,2,4, these values are conservatively large.

1.4.23.5.2.2 Extreme Spring Plume

Figures 1.4-35 ana 36 show the surface and six foot depth isotherm
maps. Figures 1,4-43 and 44 give the corresponding areas for

each season, Figures l.4-45 and 46 give the seascnal lake bottom
areas and volumes, respectively, for all Bcaoonnl conditions,

The surface, six foot depth, and bo&tom 3"F areas are 463, 133

and 9.5 acres, respectively. The 3°F volume is 2100 acre-feet.
The maxinum 3°F exposure time, shown in Figure 1.4-50, is 1585
minutes. Plume trajectories are given in Figure 1.4-56.

1:.4.2.%9.2.3 Extreme Summer Plume

Figures 1.4-37 and 38 lhog the extreme summer plant induced
thermal éistributions, 3°F areas are 396, 119, and 6.5 acres,

tar the surface, six foot depth, and bottom, telpoctévely. The
3°F volume is 1800 acres. Figure l,4-5]1 gives the 3 F exposure
time as 126 minutes, Figure 1.4-57 gives plume trajectories.

As noted in Section l1.4.2.%5, these thermal effects do net

account for vertical temperature stratification in the ambient,.
Consideration of this phenomenon would lower the predicted effects
of the summer plume.
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decreased mixing caused by the decrease in discharge velocity,
The latter is caused by an increase in plume buoyancy, causing
the plune to rise from the six foot level earlier in its
development. This increase in buoyant rise causes an increase
in surface areas but a decrease in subsurface areas.

Figures 1,.4-67 through 69 show isothermal areag along the lake
bottom for lake temperatures between 40 and 80 F and lake
elevations between 244 and 250 feet USCGS., 3°F expected bottom
areas range from J.8 to 6.9 acres. The behavior of the lake
bottom isctherms with varying temperatures and elevations is the
same as the behavior of the six foot depth isotherms.

Figures 1.4-70 through 73 show worst case 2,3,5, and 10°F
excess temperature areas along the surface. For the same range
of lake elevations and lake temperatiures considered for the
expected plume discussion, these areas range, in acres, from
150 to 606, 116 to 471, 74 to 298, and 25 to 100, reepectively.
8ix foot depth areas, shown in Figures 1.4-74 through 77, range
from 100 to 21€ acres, 75 to 159 acres, 85 to 90 acres, and

13 to 23 acres, ralgoctivuly. Maximum 3°F lake bottom areas
range from 5.4 to 11.3 acres.

Parametric isothermal volures can be estimated from the surface
and six foot depth isothermal area information, Note that lake
bottom areas are always much less than six foot depth areas,
Using Lhe trapezoidal integration rule and assuming zero areas
at 10 foot depth yields,

V= JAO + SA6 (57)

where V = volune (acre-~feet)
Ao =« gurface area (acres)

and Ae ™ six foot depth area (acres. .

The use of equation 57 gives approximate 2% expected volumcso
from 260 to 630 acre~feet for lake terperatuges from 40 to BO°F
and elevations from 244 to 250 feet USGS, 3°F worst case volumes
range from 760 to 2000 acre-feet.

The centerline time~temperature decay of expected and worst case
plumes were calculated for lake elevations of 244 through 250

feet USGS., As shown in Table 1l.4-5, the surface centerline
temperature decay is independent of Froude number, and, therefore,
ambient terperature., £ince it was assumed that the excess

velocity decays in the same way as excess temperature, the .
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calculated centerline surface exposure times are independent
of ampient temperature., As shown in Figures 1,4-78 through

81, 3°F exposure times range from 21 to 76 minutes for the
expected plume and 40 to 149 minutes for the worst case plume.
The larger elevations result in longer exposure times because
the discharge velocities are lower,
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1.4.3 PHYSICAL EFFECTS OF DI3Ci.

1.4.3.1 Velocity Effects

1,4,3.1.1 Surface Velocities

As explained in Section 1.4.2.3, plume surface velocities can
be assumed to decay in the same manner as plume surface
tcmgosaturll. Pischarge excess temperature has been taken

as 20 FofOt all conditions except lake temperatures less

than 40°F. Discharge velocity, on the other hand, varies
with lake elevation, as shown in Figure 1.4-27,

Table 1.4-9 shows the surface excess velccity decay for

seasonal conditions, as a function of distance along the plume
trajectory. It is of interest to note that higher discharge
velocities result in greater mixing of the discharge and

ambient cooling water, This results in a greater velocity decay
rate. Expected seasonal conditions show excess velocities of the
same magnitude as the lake approximately 4000 feet from

the discharge. This distance is approx{mntaly 8000 to 92000

feet for the extreme conditions,

1.4:3:1.3 Bottom Velocities .

In May 1974, RGGE sponsored 3 field surveys to determine
discharge induced lake bottom temperatures and velocities at
the Ginra site, (See Section 1.4.2.2 for a discussion of
bottom temperatures.) Velocities and areas were reduced to
dimensionless form and the relationship between them determined,

The result was,

y
Ay 20.84g= 4 9,20, L3618 (58)

v
and Ay = <3065 417,30,  L36>uv0.28 (59)

where
&) = bottom velocity

U. = discharge velocity

A, = area of isopleth of velocity U, average
of field measurements (acres)

and A = area of isopleth of velocity U, maximum
of field measurements (acres).
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1.4.3.3 Shoreline Ercsion

The major erosion effect of the Ginna discharge is bottom
scouring in the vicinity of the discharce. This has been
discussed in Section 1.4.3.1.2, where it was shown that
scoured areas may range from 0.4 to 5.2 acres, depending on
lake and discharge conditions, It should be noted that the
scour areas exhibit shapes similar to isotherm shapes, their
major influence being directed cffshore.

It is also possible to postulate that a shoreline discharge of
water, such as exists at Ginna, can act as a barrier to
movement of lake sediments. 1If tne discharge were to give

the same effects as a sclid barrier, depositicn would occur
upstream of the discharce and ercsion would occur downstrean
of the discharge, However, a number of factors mitigate this

behavior.

Currents at the site are alternately in both alongshore
directions with a predominance of west to east currents, This
would cause alternate erosion and deposition on either side of
the discharge, with a small net effect, Furthermore, the plume
completely blocks the normal alongshore flow for a distance of
-:proximatoly 1000 feet offshore. After this pcint, the along-
shore flow can pass under the plume.

No shoreline erosion due to discharge operation has been noticed
gsince Ginna began operating in 1969,
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