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PREDICTION AND CONTROL OF WATER TEMPERATURES IN
WHEELER RESERVOIR DURING OPERATION OF THE
BROWNS FERRY NUCLEAR PLANT

INTRODUCTION

The facilities for disposing of wasted heat from the Browns Ferry
Nuclear Plant are being planned and constructed to protect the waters of
Wheeler Reservoir for the following uses: public water supply, swimming and
other whole body water-contact sports, fish and wildlife, and agricultural
and industrial water supply. Of these uses the propagation of warm water
fish and other aquatic life is judged to be the one requiring the highest
degree of protection from thermal effects. Insofar as is possible, the
Browns Ferry power plant operation and the flows in Wheeler Reservoir will
be regulated by TVA in a manner which will prevent adverse thermal effects.
This report describes the studies which have been made to determine the tem-
perature and flow distribution patterns which will be induced in Wheeler
Reservoir by the operation of Browns Ferry. This program has been in prog-
ress at the TVA Engineering Laboratory in Norris, Tennessee, since 1966 and
has utilized a variety of methodologies including field measurements, model
studies, and analytical predictions.

The report first discusses the present hydro-thermal regime in
Wheeler Reservoir, &rqwing upon previous field measurements. Then the con-
denser cooling water system of the Browns Ferry Plant is described. HNext
the studies involving the design and performance of the discharge facilities
are presented. These include basic testing of the diffuser pipe configura-
tion, two-dimensional model studies of the mixing zone, a three-dimensional
thermal model study of Wheeler Reservoir in the vicinity of the plant, and
an analytical model of downstream temperature regimes. The temperature and
flow distributions predicted by these studies are given for one-, two-, and
three-unit open cycle operation. Finally, the operation of the cooling
system in a helper mode is briefly discussed along with plans for future
laboratory and field studies.



PRESENT HYDRO-THERMAL REGIME IN WHEELER RESERVOIR

The Browns Ferry Nuclear Plant is located on Wheeler Reservoir
about 20 miles upstream from Wheeler Dam. The topography of the reservoir
at the site, Figure 1, consists of a main navigation channel about 1800 feet
wide and 30 feet deep bordered by shallow overbank areas which vary from 2
to 10 feet in depth and 2000 to 6000 feet in width. In the vicinity of the
plant there are several embayments formed where small creeks enter Wheeler
Reservoir.

The hydraulic regime in the reservoir is controlled by the obera-
tion of Guntersville (upstream) and Wheeler (downstream) Dams. These proj-
ects are operated primarily for hydro power production and navigation and
at some periods of the year for flood control. Under present operating
rules the water level in Wheeler Reservoir does not vary more than six feet
during the year. The instantaneous reservoir flow at the Browns Ferry site
presently may vary from greater than 100,000 cfs in a downstream direction
to about 20,000 cfs in the upstream direction, depending upon the nature of
the peaking operations at the two hydro-electric plants. The mean annual
flow in the Tennessee River at Browns Ferry is about 45,000 cfs. The creeks
entering Wheeler Reservoir near Browns Ferry do not contribute a significant
amount of flow.

Water temperatures in Wheeler Reservoir have been monitored by
permanent recording.stations since the fall of 1968. The temperatures
range from about 40° F. in the winter to a maximum (at the surface) of
85°-90° F. in the summer. The maximum top to bottom vertical temperature
difference is about 5°-8° F. Additional measurements made by boat and air-
borne infrared surveys indicate that diurnal fluctuations and solar heating
in local shallow areas may result in horizontal temperature differences of
several degrees especially between the main channel and the shallow areas.

The relatively weak thermal structure in Wheeler Reservoir pre-
vents the formation of significant density currents. Therefore, the water
passing into the Wheeler intake is withdrawn from the entire depth of the
reservoir at the Dam. Thus the temperature of the water just downstream
from Wheeler Dam is the average of the temperature of the water reaching
the dam.



HEAT DISPERSAL FACILITIES

In an open cycle operation, heat rejected by the Browns Ferry
Nuclear Plant will be wasted to the adjacent reservoir waters from which it
will then be transferred to the atmosphere.

Each unit will have an intake with pumps capable of producing a
maximum total flow of 1450 cubic feet per second, (see Figure 2.). As
presently constructed, all units use é short, common intake channel located
on the right bank (plant side), 1200 feet upstream from the diffuser pipes.
The pump house structuré consists of 18 bays each having a traveling screen.
Each intake is designed such that water is withdrawn from the reservoir over
the full depth. For full three-unit operation, the maximum average velocity
at the entrance to the intake channel, during the period April-September,
when bjotic entrainment is of interest will be about 0.7 foot per second.
The flow will accelerate to an average velocity of about 1.3 feet per second
midway between the entrance and the structure. The intake structure consists
of 18 bays that have net openings of 8 feet 8 inches by 20 feet; thus the
average velocity will be about 1.4 feet per second during three-unit opera-
tion and is independent of the reservoir elevation. The maximum average
velocity through the traveling screens which have net openings 3/8" x 3/8"
will be about 1.8 feet per second during the April-September period. Intake
channel velocities will be reduced to one-third for one-unit operation and
to two-thirds for two-unit operation. Bay and screen velocities will remain
the same regardless of the number of units operating. The intake is being
modified for use with auxiliary cooling; the new design will result in es-
sentially the same intake velocities as those discussed above. In-plant
velocities are typically about 7 fps.

The condenser water flow and temperature rise will depend upon
the mode of operation. In an open mode the heated water will pass directly
from the condensers into Wheeler Reservoir through the submerged diffuser
pipes. The condenser flow will be 1450 cfs per diffuser pipe and the tem-
perature rise will be 25° F. Travel time through the plant will be 7 to 11
minutes total, depending upon the unit, with approximately 5-9 minutes of
that time after passage through the condenser. In a helper mode the tempera-
ture of the heated water after leaving the condensers will be reduced by



passing it through the cooling tower system before it is discharged through
the diffuser. In this mode the condenser flow and temperature rise will be
1223 cfs and 31.7° F. for each unit; however, the temperature of the water
leaving the towers will depend upon the wet bulb temperature, which is
highly variable, and the tower design, which has not been completed. In
any case the temperature will be such that the final mixed flow temperature
in the river will not exceed the applicable temperature standard. Travel
times will also depend upon the details of the tower system, but they will
be significantly longer than those in an open mode. In a closed mode the
cooling water will pass through the cooling towers and return direct]ylto
the intake without having any contact with the reservoir. A makeup flow of
about 72 cfs per unit will be withdrawn from Wheeler Reservoir through the
intake gate to rep]acé 36 cfs of evaporative losses and 36 cfs of blowdown
flow per unit. The blowdown flow will be at the tower discharge temperature
which will be extremely variable, ranging from below the river temperature
to 30-40° F. above the river temperature depending upon the wet bulb tempera-
ture and the tower design. At present it is planned to discharge the blow-
down through one or more of the large diffuser pipes. If further testing
indicates that this procedure will not result in sufficient mixing to meet
the standards applicable to the discharge, a separate diffuser system will
be constructed for discharge of the blowdown.

The perforated, corrugated, galvanized steel diffuser pipes shown
diagramatically in Figure 2 are laid side-by-side across the bottom of the
1800-foot wide channel. The pipes are 17 feet, 19 feet and 20 feet 6 inches
in diameter and of different lengths. Each has the last 600 feet perforated
on the downstream side with more than 7,000 holes two inches in diameter
spaced six inches on centers in both directions. These pipes will distribute
the cooling water evenly near the bottom of the river channel along the full
1ength of the diffuser portion of each pipe, and mix it with the overflowing
cooler water. The diffuser for Unit 1 occupies the central portion of the
main river channel while Unit 2 occupies the lefthand (far) third, and Unit 3
the righthand third.



BASIC STUDIES OF THE HEAT DISPERSAL FACILITIES

Hydraulic Design of the Diffusers

The manifold-type, multiport, pipe-system adapted for diffusion of
the heated condenser water is similar to those used in marine outfalls. The
discharged water will issue from the diffuser ports at a relatively high
velocity and the turbulence created by these jets will cause mixing of the
heated discharge with the cooler reservoir water.

The diffuser system was designed to meet the following require-
ments:

1. Each pipe must handle a flow of 1,450 cfs

2. The total discharge from all three pipes must be uniformly
distributed across the 1800-foot wide main channel.

3. The jet velocity must be sufficiently high to create complete
mixing of the condenser discharge with the reservoir flow
available to the diffusers.

4. The total head at the entrance to the pipes should not exceed
4.5 feet of water.

In preliminary design studies, consideration was given to concrete
pipes with about 10-inch diameter holes on about 4-foot centers. Because
of the low design head of 4.5 feet of water, these holes would have had to
be equipped with smooth entrance nozzles. However, cost studies indicated
that standard corrugated, galvanized, structural steel plate pipes could be
manufactured and installed at appreciably less cost.

The attachment of nozzles to corrugated pipe is, however, both
difficult and expensive. To overcome this problem, the idea was advanced to
use holes with diameters of the order of one to two inches and to put these
holes in the valley of each corrugation, thereby making use of the corruga-
tion geometry to create a two-dimensional quasi-bellmouth. Since the dis-
charge coefficient for such hole configurations was not known, laboratory
investigations to find the value of this discharge coefficient were neces-
sary before design calculations could be undertaken. A model study was
performed at the TVA Engineering Laboratory in 1967 to determine the



hydraulic characteristics of the jets issuing from the diffuser holes. The
tests were performed at a scale of 1:2 thus providing realistically high
model turbulence levels for the range of pipe diameters and hole sizes ex-
pected in prototype. The study showed that the flow will issue from the
diffusers ports at nearly a 90° angle and with a discharge coefficient which
is a function primarily of the ratio of velocity head to total energy in the
pipe.

The design of the diffuser involved selection of a main pipe di-
ameter and discharge port size which, for the design discharge flow, will
produce a discharge distribution, jet velocity, and total entrance head as
specified above in items 1 to 4. This procedure utilized the discharge
coefficients determined by the model study and corrugated pipe friction fac-
tors measured at the U.S. Army Corps of Engineers Waterways Experiment Sta-
tion at Vicksburg, Mississippi (Reference 1). These data were inputs to an
‘analytical model of the diffuser's hydraulic performance which calculated
the distribution of the discharge and the energy grade Tine along the diffuser
pipes. The final diffuser design shown in Figure 3 was selected on the basis
of these calculations.

Two-Dimensional Model Testing of the Jet Mixing Regijon

Based on the available state-of-the-art knowledge of submerged jets,
it was expected that the design discharge velocity of about 9 fps would re-
sult in efficient mixing of the discharge flow with the ambient flow passing
over the diffuser. Since no diffuser of the multiport, corrugated pipe
configuration had ever been tested, a two-dimensional model study was under-
taken to examine the characteristics of the mixing induced by the diffuser
discharge and to determine the angle of discharge with the horizontal which
would minimize bed scour downstream from the diffuser. These tests were
performed at the MIT R. M. Parsons Lab for Water Resources and Hydrodynamics

Reference 1: Grace, J. L., Jr., "Resistance Coefficient for Structural
Plate Corrugated Pipe," Technical Report No. 2-715. U.S.
Army Engineers Waterways Experiment Station, Vicksburg,
Mississippi, February 1966.



during 1967 and 1968. The model scales were 1:15 horizontally and vertically
providing the undistorted model required for jet mixing zone studies. The
principal results of the investigations were:

1. Mixing of the jets with that portion of the flow passing over
the diffusers will occur rapidly. This is illustrated by Figure 4 which
shows the temperature distribution obtained from model tests in the immedi-
ate vicinity of the diffusers for a simulated steady reservoir flow of
20,000 cubic feet per second. Within a matter of a few feet from the dif-
fuser, the temperature was reduced to about 11° F. above ambient. The
maximum temperature at the reservoir bottom was about 6-7° F. above ambient
over an area extending a distance of about 30 feet from the diffuser. At
distances greater than about 50 feet, the observed temperature agreed well
with the theoretical fully mixed rise of 5.5° F. Figure 5 shows additional
temperature distributions for flows of 6,500, 13,000 and 26,000 cubic feet
per second and illustrates that an upstream wedge will form at lower reservoir
flows. ‘

On the basis of the MIT tests, it is expected that the mixing will
result in uniform temperature over the full depth within a distance of about
100-200 feet horizontally from the diffuser pipe. The zone of jet mixing
will extend no more than 200 feet from the diffuser horizontally and no more
than 5-10 feet above the top of the diffuser pipe.

2. OQutside of the mixing zone the temperatures will be no greater
than the mixed temperature Tm which may be calculated as:

ATc

Tm TY‘+8—'::1+1-R (1)
where Tr = ambient river temperature
ATc = condenser temperature rise
Qc = condenser cooling water flow
Qm = that portion of the total river flow Qr which mixes with

the diffuser discharge.

R = the fraction of the intake flow which is at temperature Tm,
i.e., the amount being recirculated. The remaining fraction,
(1 - R), will be at the ambient temperature Tr.



It is clear from Equation (1) that for large dilutions (Qm >> Qc), the amount
of recirculation (the value of R) has only a small effect upon the mixed tem-
perature. It is emphasized that Equation (1) predicts steady state tempera-
tures that are approached asymptotically after any change in the river flow
rate, often over a period of hours. The significance of this is that Equa-
tion (1) will predict a temperature rise that is too high for a certain
Tength of time after a decrease in river flow and too low after an increase.
The determination of Qm and the unsteady behavior of the mixing are a part

of the three-dimensional thermal model results described in a later section.

3. Minimum scour was observed with an elevated jet angle of
24°, (See Figure 3.)

The Three-Dimensional THerma] Model

The thermal regime induced in Wheeler Reservoir by the operation
of Browns Ferry in either the open or helper modes will depend upon a com-
plex interaction between the intake and discharge flows and the regulated
flows in the reservoir. The purpose of the three-dimensional thermal model
study has been to assess the performance of the discharge configuration and
to determine the relationship between the reservoir flow and the temperatufe
distribution.

The model encompasses a five-mile reach of Wheeler Reservoir with
the Browns Ferry intake and diffuser situated near the center of this reach.
The model (see Figu;e 6) is distorted, having a vertical scale ratio of
1:50 and a horizonta1.sca1e ratio of 1:250. Values of various parameters
are given for model and prototype in Table I.



TABLE I

Parameter Prototype Model
Length of modeled section 27,000 ft 108 ft
Reservoir width (approx.) 6,000 ft 24 ft
Reservoir depth: river channel 30 ft .6 ft

shallow area 10 ft 2 ft
Mean annual reservoir flow 40,000 cfs 200 gpm
Condenser cooling flow/unit 1,450 cfs 7.4 gpm
Condenser temperature rise 25° F 25° F
Diffuser length/unit 600 ft 2.4 ft

The prototype reservoir geometry, which is highly irregular and
three-dimensional, is reproduced to scale in the model. The reservoir flows
in the prototype are priharily controlled by hydro power peaking operations
at the Wheeler and Guntersville plants, resulting in large discharge and
stream velocity fluctuations. The model is provided with a flow supply
system capable of producing time varying reservoir flows in either direction.
The basic data taken from the model consists of temperatures measured by an
array of 400 thermistor probes. Sampling of temperatures, reservoir flow
valve adjustments, and other minor functions such as reading water levels
are under the control of a digital computer. All data reduction is also
handled by computer. Such automatic control is necessary to model the un-
steady discharge hydrographs which are common in the prototype.

The three-dimensional thermal model is designed to give information
about the 1ntermediate'region between the jet mixing area, immediately adja-
cent to the diffusers, and the far field upstream and downstream regions.
This region is of great importance in evaluating thermal effects becuase the
highest temperatures outside of the mixing zone will occur here. In addition,
the dynamics of the flow in the intermediate region may affect the magnitude
of the mixing flow, Qm. Finally, the observed behavior of the heated layer
provides the required starting boundary condition for downstream heat Toss
calculations. l

The dominant phyéica] phenomena in the intermediate region are the
convection of mass and heat, the formation of stratified conditions, and to
a lesser extent the loss of heat through the water surface. The scales of
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the three-dimensional thermal model were chosen to ensure correct similitude
of the convection, stratification, and surface heat loss. Field studies in
the prototype have been conducted and are continuing with the purpose of
determining the pattern of reservoir currents and the surface heat loss
characteristics in the vicinity of the plant. In the model the distribution
of the upstream reservoir flow may be adjusted to replicate prototype cur-
rent conditions. A study of the surface heat exchange in the model has been
made to facilitate the evaluation of surface heat 1oss upon model tempera-
ture data. . Careful sensitivity testing is continuing to determine whether
or not the upstream distribution of flow, surface heat loss, boundary fough-
ness, and distorted diffuser configuration have any significant effects upon
the observed flow and temperature structure. To date, it appears that the
first three are not of major significance and probably the diffuser configura-
tion is not either.

A series of steady reservoir flow tests have determined the three-
dimensional flow and temperature distributions in the modeled area for one-,
two- and three-unit operation. These tests indicate the following pattern
of behavior:

1. The intake flow will be withdrawn from the full depth and will
consist of water which flows downstream from the shallow area on the plant
side and from the righthand side of the main channel. This flow distribution
will tend to minimize recirculation of heated water.

2. Recirculation will occur only in the low flow situations when
all of the upstream flow is being drawn into the mixing zone. In these

cases, it can be shown on theoretical grounds that the mixed temperature
rise will be virtually independent of the degree of recirculation [see
Equation (3)]. The model data confirm this conclusion.

3. For reservoir flows of large magnitude, i.e., greater than
50,000-70,000 cfs, the natural flow distribution in the reservoir will not
be significantly altered by the mixing action of the diffusers. Velocities
will be in the downstream direction over the full depth and over the entire
width of the reservoir, see Figure 7. No heated water will move upstream
from the diffusers, thus, preventing any recirculation (R = 0). The mixed
flow, at temperature Tm, leaving the jet mixing region will form a heated
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surface layer downstream above a lower layer consisting of that portion of

the ambient flow which does not pass through the mixing region. The mixing
flow Qm will be determined by the amount of flow which passes over the dif-
fuser naturally. Field measurements of currents in Wheeler Reservoir indi-
cate that about 22 percent of the total reservoir flow passes over each of

the three diffuser sections, making a total of about 65 percent in the deep
river channel. The mixing flow Qm will depend upon how the flow downstream
from the intake is redistributed across the channel during operation of the
plant. However, the resulting mixed temperature is relatively insensitive

to this factor and is given approximately by

i} 167,000 |
where Qr is the total réservoir flow. The value of Tm given by Equation (2)
is for one, two or three units and is shown in Figure 10.

4. For reservoir flows less than about 7-10 times the diffuser
flow all of the reservoir flow will be drawn into the jet mixing zone. The
flow pattern in these cases is shown schematically in Figure 8. A large
eddy will occur over the total depth in the wide Tefthand shallow area
adjacent to the diffusers as a result of the diversion of the river flow.
Since no ambient water will pass by the diffusers without mixing, the entire
downstream region will be at the mixed temperature over the full depth. A
surface layer of water at the mixed temperature may extend upstream from the
diffusers either beéause of the eddy currents or because of gravitational
spreading. '

For this case the mixing flow Qm is equal to the total reservoir
flow Qr less the intake flow Qc(1 - R) and the mixed temperature is given by:

25Qc
Tr + _—QY' (3)

which is independent of the amount of recirculation. A plot of Equation (3)
is also shown on Figure 10.

Tm

5. For reservoir flows greater than 7-10 times the diffuser flow
but less than 50,000-70,000 cfs, the sum of the intake flow and the mixing

flow, Qm, demanded and diverted by the diffusers will be equal to about 7-10
times the condenser flow. The remainder of the river flow Qr will pass by
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the side of the diffusers unmixed. The flow pattern in these cases is shown
in Figure 9. No eddy will be present in the subsurface flow as the portion
of the ambient water, which passes the diffusers without mixing, will be an
underflow over the shallow lefthand area. Downstream from the diffusers the
ambient flow which did not mix will form a cooler bottom layer beneath an
eddying surface layer of water at the mixed temperature. The surface layer
will spread laterally across the shallow area and depending upon the magni-
tude of the river flow may even spread upstream from the diffusers. No
recirculation occurs for these cases, making R = 0 in Equation (1).

Tm=Tr+-2§ | (4)

where P is about 7-10 as shown in Figure 10. The resulting temperature rise
is about 2.5-3.5° F,.

6. The upstream movement of a heated surface layer is a highly
three-dimensional phenomena which is only qualitatively similar to the up-
stream wedge in a two-dimensional channel. In the cases where the surface
layer reaches the upstream boundary of the model, with our present under-
standing, it is not possible to predict how much further the warm water will
extend in the prototype. However, it is expected that the vertical thick-
ness of the layer will decrease in the upstream direction.

7. The downstream flow of mixed water at temperature Tm will
initially be limited to the deep river channel just below the diffusers,
but within a few miles of the diffusers it will spread over the full width
of the reservoir. As previously discussed, the degree of vertical strati-
fication will be dependent upon the magnitude of the reservoir flow. How-
ever, the downstream surface layer will lose heat to the atmosphere at a
rate independent of the depth of the heated layer. This will be discussed
in the next section.

Downstream Water Surface Temperature Predictions

The changes in the downstream reservoir temperature resulting from
the operation of Browns Ferry were determined by routing the initial increase
in temperature using the following one-dimensional, steady-state equation:
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_ =K XB
ATx = ATo exp[pc-@ﬁf;TEﬂ (5)
where ATx = the increase in surface temperature at the end of a
routing reach
ATo = the increase in surface temperature at the beginning of a

routing reach
X = length of routing reach
B = effective width of the reach
K = environmental heat exchange coefficient
Qm = the portion of the total river flow that mixes with thé
diffuser discharge '
Qc = the djffuser discharge
p = density of water
c = specific heat of water

For computational purposes, the reservoir was divided into six |
reaches varying in length from 2.1 to 4.2 miles. Equation (5) was applied
successively to each reach by using the temperature rise at the beginning
of the reach, ATo, to obtain the temperature at the end of the reach, ATx,
which then became the initial temperature rise for the following reach.

The effective width of the heated water for each reach was based
upon observations of the three-dimensional model which showed that the main
body of heated water flows downstream spreading laterally across the reser-
voir and that the full width of the reservoir will be covered at a distance
of about 3 miles from the diffusers. Within the first three miles, the
effective width for heat dissipation will be about one-half of the average
reservoir width. The formation of an eddy in the shallow area opposite the
plant at low flows was previously described. It was assumed, for the purpose
of the temperature predictions, that no heat will be transported from the
main body of flow by the eddy. The effect of this assumption is that the
downstream temperature predictions are slightly high when such an eddy
exists. '

The environmental heat exchange coefficient affects the rate at
which the temperature decreases. An increase in the coefficient causes a
more rapid die-off. This coefficient is a function of meteorological
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conditions; hence, it varies seasonally and from year to year. To account
for the meteorological variations, temperature routings were made for each
month of the 12-year period 1960 through 1971 based upon coefficients de-
termined for the average meteorological conditions that existed during the
middle week of the month. From these routings, the mean and 95 percent
confidence limits of the routed temperétures were computed.

The discharge Qm + Qc represents that portion of the reservoir
flow that will be heated above ambient. As previously discussed, Qm + Qc
may be equal to or less than the total reservoir flow depending upon the
magnitude of the total reservoir flow. Qm + Qc affects the rate of tempera-
ture die-off and the initial temperature rise in the near field. As
Qm + Qc increases, the die-off rate and the initial temperature rise decreases.

Predictions were made for one-, two-, and three-unit operation
assuming initial temperature rises of 10, 5 and 3.5° F. The results of these
predictions are shown in Plates 11 through 46.

THE STEADY HYDRO-THERMAL REGIME IN WHEELER RESERVOIR
DURING OPEN CYCLE OPERATION

Based upon the data in the previous section, the following sec-
tions will discuss quantitatively the predicted steady flow and temperature
distributions durinq operation of Browns Ferry Plant as an open cycle system.

One-unit operation is treated first followed by discussions of the two- and
three-unit ones.

One-Unit Operation

The single unit condenser flow of 1450 cfs will result in maximum
intake channel velocities of 0.4 ft/sec. Heated water will be discharged

through the diffuser section of the active unit and will mix with the reser-
voir flow in the manner described in the previous sections. The jet mixing
zone will be just downstream from the active diffuser section and will be
approximately 20 feet high, 200 feet Tong and 600 feet wide, thus occupying

about 12,000 square feet (or 9 percent) of the total reservoir cross section
and about 2,400,000 cuft of volume. The water leaving the mixing zone will
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be at the mixed temperature Tm which is dependent upon the reservoir flow Qr
as shown in Figure 10. For reservoir flows less than about 10,000 to 14,500
cfs, the entire reservoir flow will be drawn into the jet mixing zone, either
from behind the diffusers or from along the sides of the mixing region.

Predictions of the downstream temperature increase above ambient
are shown on Plates 11 through 22 for the middle week of each month. Pre-
dictions were made for the following cases:

1. A reservoir flow of 3600 cfs and its associated temperature
rise of 10° F.

2. A reservoir flow of 7200 cfs and its associated temperature
rise of 5° F.

3. A reservoir flow greater than 10,200 cfs but less than about
50,000 cfs which gives a temperature rise of 3.5° F.

The relationship between reservoir flow and temperature was taken from
Plate 10. Complete mixing of the reservoir flow and the condenser flow
occurs. for the first two cases. For case 3, only 10,200 cfs of the reser-
voir flow mixes with the condenser flow and the remainder flows as a cooler
underflow.

Two-Unit Operation

The two-unit condenser flow of 2900 cfs will result in maximum
intake velocities of 0.9 ft/sec. The Tocation of the mixing zones will
depend upon which two units are operating. The total mixing zone will be
about 1200 feet wide and occupy 18 percent of the total reservoir cross
sectional area and a volume of 4,800,000 cuft. The mixed temperature rises
in the intermediate zone are shown in Figure 10 as a function of the reser-
voir flow. Complete mixing of the reservoir flow with the discharge will
occur for flows of less than 20,000-29,000 cfs.

Predictions of the downstream temperature increase above ambient
are shown on Plates 23 through 34 for the middle week of each month. Pre-
dictions were made for the following cases:

1. A reservoir flow of 7200 cfs and its associated temperature
rise of 10° F.
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2. A reservoir flow of 14,500 cfs and its associated temperature
rise of 5° F.

3. A reservoir flow greater than 20,300 cfs but less than about
50,000 cfs which gives a temperature rise of 3.5° F.

The relationship between reservoir flow and temperature was taken from
Plate 10. Complete mixing of the reservoir flow and the condenser flow
occurs for the first two cases. For case 3, only 20,300 cfs of the reser-
voir flow mixes with the condenser flow and the remainder flows as a cooler
underflow.

Three-Unit Operation

The condenser flow will be 4350 cfs and the maximum intake velocity
1.3 ft/sec. The discharge will occur over the full 1800-foot diffuser struc-
ture resulting in a mixing zone which will occupy 27 percent of the reservoir
cross sectional area and a volume of 7,200,000 cuft. The mixed temperature
rise is shown in Figure 10. Complete mixing of the reservoir flow with the
discharge will occur for reservoir flows less than 30,000 to 43,500 cfs.

Predictions of the downstream temperature increase above ambient
are shown on Plates 35 through 46 for the middle week of each month. Pre-
dictions were made for the following cases:

1. A reservoir flow of 10,900 cfs and its associated temperature
rise of 10° F.

2. A reservoir flow of 21,800 cfs and its associated temperature
rise of 5° F.

3. A reservoir flow greater than 30,500 cfs but less than about
50,000 cfs which gives a temperature rise of 3.5° F.

The relationship between reservoir flow and temperature was taken from
Plate 10. Complete mixing of the reservoir flow and the condenser flow
occurs for the first two cases. For case 3, only 30,500 cfs of the reser-
voir flow mixes with the condenser flow and the remainder flows as a cooler
underflow.
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HELPER MODE OPERATION

The construction of cooling towers at Browns Ferry will make pos-
sible the operation of the condenser cooling system in a helper mode where
a portion of the heat will be removed from the condenser water by the
towers before it is discharged into the river. Although the details of the
design are not final, it will involve a somewhat lower condenser water flow
(1223 cfs) for each unit, a higher condenser rise (31.7° F.), and a lower
temperature rise in the discharged water than in an open cycle operation.
In addition the flow from a single unit, if it is shown to provide moré de-
sirable mixing characteristics, may be discharged through all three dif-
fuser sections. These differences from open cycle operation will result
in a different relatibnShip between the reservoir flow magnitude and the
temperature rises in the reservoir but operations in general should result

in similar flow and temperature patterns as described for the open mode of
operation.

FUTURE PROGRAMS

This report has described the present state of knowledge about the
hydrothermal regime which will occur in Wheeler Reservoir at the Browns
Ferry Nuclear Plant site. The treatment has been limited to steady condi-
tions during operat{on of the plant as an open Cyc]e system and has been
based primarily upon model data. The following sections discuss the dif-
ferences expected when unsteady reservoir flows ar helper mode operation is
considered. The continuing investigation of these modes is outlined, in-
cluding plans for obtaining post-operational field data to verify and
supplement model results.

Unsteady Reservoir Flows

The temperature rises described in the preceeding sections are
steady-state values reached asymptotically after a change in flow conditions.
If the reservoir flow is constantly changing, the temperature and flow dis-
tribution may never be in a steady state condition. It is clear that if the

Revised 5/22/72




18

reservoir flow remains greater than a certain magnitude, the mixed tempera-
ture rise in the reservoir will never exceed the steady state value cor-
responding to that minimum flow. If the reservoir flow fluctuates below the
minimum value for some short length of time, the temperature rise may not
increase significantly. A continuing program of testing in the three-
dimentional thermal model has as its objective the determination of what
unsteady flow regulation policies will be required to keep the induced tem-
perature rises in Wheeler Reservoir bé]ow the desired value.

Helper Mode Operation

As the designs are firmed up, model tests will be used to predict
the three-dimensional flow and temperature distributions for helper mode
operation as they were p?edicted for open cycle operation and to determine
the most expedient operating method for achieving the desired temperature
standards. These studies will finally be firmed up by field investigations
after the units are in operation.

Field Measurements

The operation of Browns Ferry Nuclear Plant and the regulation of
Wheeler Reservoir flows will be determined by the readings from a system of
continuously recording fixed temperature monitors (see Figure 47). There
will also be intensive surveys by boat and airborne techniques to measure
the details of the £emperature distribution in the vicinity of the plant.
This information will begin to be available as soon as the plant commences
one-unit operation. The field data will be compared with model results to
verify and refine the predictions presented in this report and to develop
the final required operating procedures.




PLATE ¢

HGINEER
e T

LY>

|FFUSERS:

NAVIGATION
» CHANNEL =

BROWNS FERRY
NUCLEAR PLANT

INTAKE SHALLOW AREA

TEMPERATURE PREDICTIONS

SITE LOCATION

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

NORRIS 4-15-72(67]eL [920-A-108




PLATE 2

h—————————
POWERHOUSE |jw—m—
-
UNIT 3~ | LT
UNIT | 5 ] | cuNIT 2 LL—UNIT 2
COOLING COOLING o~ UNIT 3
«— TOWER |- | |
TOWERS BUMPS
: |
. T PUMPING
GATES #1A STATION
GATE #2 ¥

| 1 l
] FLGATE #3
7 BLOWDOWN

GATES# | PUMPS INTAKE
CHANNEL
~ W 3 T— A .,
WHEELER RESEVOIR —~— g BLOWDOWN —~—
— - e — e~
— Ae—— 3 — NN—
-~ DIFFUSERS S ——
3
A
TEMPERATURE PREDICTIONS
COOLING WATER
SYSTEM
BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY
oA encmees DIVISION OF WATER CONTROL PLANNING
_C% B M_,é___ ENGINEERING LABORATORY
PN e vonms | 4-15-72]67] <. D2d A - 109

APEY - AL e D e Sy = P -
S/ P s 7D ; - : C




DISTANCE ABOVE BOTTOM - ft

Q R =20,000 cfs

QC =4,350 cfs

= o
ATtheor. 5.5°F

NOTE: ISOTHERM VALUES
ARE TEMPERATURE
INCREASES OVER
AMBIENT RIVER
TEMPERATURE

30 I I I I | |
25 .._\ 4 5 5
..__‘___ |
20 }—
RIVER
- ——
IS FLOW
10
9
A 1
5 — %
8
AT =25°F
o= 25°F
0 l I l
-40 - 20 0 20

DISTANCE HORIZONTALLY

FROM DIFFUSER CENTERLINE- ft

40

TEMPERATURE PREDICT IONS

STRUCTURE OF THE
JET MIXING REGION

BROWNS FERRY NUCLE AR PLANT

TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

NORRIS 4-15-7267|e. P2Q A1

NOG 2D =2/ 6 = = a8z,

Y J31vY1d



) - E
_ 30 WATER SURFACE ~_ , |
.- ¥ ¥ '8"M- + 47 ,.-y-//-— -
l 10 4 ~—ISOTHERM 6 QR = 6,500c¢fs
s 15[ = = ——— 1 i 1 FLow - ’
(@ - ¢ e—1 i S 1 / 4 — 4 Q¢ =4,350¢cfs
E M %
g CHANNEL BOTTOM DIFFUSER
._1
w30 7 7 ped
b = _ 5 » 4 4 4 -
— ——— ——8 —F—— -
E sk 1 I T __\‘ 8 i 1 1 FLOW | Qg =13,000¢cfs
T 1 — Q¢ = 4,350 cfs
o T ] ¥ 7 T n
o (] S
W
>
o
@
<[
W 30
> ] T T T B 26,000¢f
Z 15 ¢ 1 i 1 FLow | 9r=26,000cfts
= | Il | | ——— | ac= 4,350¢fs
o O ,
-225 —-150 -75 0 75 150 225
DISTANCE FROM DIFFUSER ¢ IN FEET TEMPERATURE PREDICTIONS
TEMPERATURE
. : RISE IN THE JET
NOTE: ISOTHERM VALUES ARE TEMPERATURE INCREASES OVER ‘MIXING REGION
AMBIENT RIVER TEMPERATURE BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY
AW ) DO O e amG asomagmy ~ANNING
&5 | T vorws | 4-15-72]67] e [92D A-112
AL LT T e 0 S e e (Pt )

¢ 3lvd




/

UPSTREAM FLOW
DISTRIBUTION VALVES

REVERSE RIVER
FLOW PUMP

CONDENSER WATER
INTAKE FLOW

E|fes

SHALLOW AREAS CONDENSER' WATER ,
OF WHEELER RESERVOIR _— DIFFUSER

ON-LINE DATA PROCESSING AND

MODEL CONTROL COMPUTER SYSTEM , MIXING TANK
PRESSURE
DISCHARGE

CONDENSER \ FLOW CONTROLLED VALVE
WATER - PUMP

COMPUTER CONTROLLED COMPUTER READ . AUTOMATIC

DISCHARGE TEMPERATURE FLOWMETER ELECTRICAL AND
REGULATING VALVE PRESSURE SYSTEM

BROWNS FERRY

MAIN NAVIGATION — NUCLEAR PLANT

CHANNEL

COMPUTER READ
TEMPERATURE PROBES

DOWNSTREAM FLOW
DISTRIBUTION VALVES

COMPUTER
CONTROLLED VALVES

S / PUMPS — o

. P 1) E XCHANGER
r'l\w 1
w‘«a#'i

HOT WATER

CONTROL PANEL

TEMPERATURE PREDICTION

THREE DIMENSIONAL
THERMAL MODEL
BROWNS. FERRY NUCLEAR PLANT

TEMNESSEE VALLEY AUTHORITY
DIVISION OF WATER CONTROL PLANNING
£ _ LABORATORY

e,

NORRIS 4-20-T2|67| e A-113

9 31vid

Y N WY R R




BROWNS FERRY PLANT

—_ o

— S RIVER
, \ SURFACEFAALAg\AD/ SUBSURFACE — ¢ FLOoW

TEMPERATURE PREDICTIONS

HIGH RIVER
DISCHARGE -
-
T
S EC T l ON A _A S E C T I O N B - B DIVISION OF WATER CONTROL PLANNING m
ENGINEERING LABORATORY ~

TEMPERATURE DISTRIBUTION s l4-=15-72[67] <. B2d A= 114

PV A R - AR R VA I




EE NN EN BN BN BN BN BN BN BN BN BS B B B BN B aw

BROWNS FERRY PLANT

0

RIVER
FLOW

SURFAC
AND
SUBSURFACE .
FLOW

FLOW DISTRIBUTION

TEMPERATURE PREDICTIONS

LOW RESERVOIR

DISCHARGE .
. 7P BROWNS FERRY NUCLEAR PLANT
TG SECTION A-A SECTION B-B OVISION OF WATCR Sy e P ore
s | Re TEMPERATURE DISTRIBUTION vorms | 4-15-72]67] e [920 A-115
AP DTV ST e e Py

3 31vid



‘_, BROWNS FERRY PLANT
vd

DIFFUSERS

\\ 1
‘ - o — J\ SUBSURFACE FLOW RIVER
/ NS ’ -

-~

_/
( f o~ _

FLOW

"

em——

) 3
A J
J«— SURFACE
\_‘_/x/_’_/ Fl_ow\-‘\
\, ‘ \

FLOW DISTRIBUTION

TEMPERATURE PREDICTIONS

INTERMEDIATE RIVER

DISCHARGE
: 4L |BROWNS FERRY NUCLEAR PLANT
e TEMPERATURE DISTRIBUTION o Ta-15-72l671c 92D A-Tie

3 31vid

Al 1Ty Eonat il




NO OF UNITS

>
T I 2 3
@ o |
< w :
x - LOW FLOW: T,y -Tg = 229¢
w 5 : Qr
D
x <« 8
o
w w
o a
22 .
I.l.l e
<
o ~
Ll
2 3
= | |
w > 4 | HIGH FLOW: Ty —Tg= 180000
— QR
o LKL 7%
1]
O yi ,
\
Lo o + )} 4
s w INTERMEDIATE FLOW: 2.5 < (T, -Tg)< 3.5
.. T ‘
L 0 | 1 1 1 - 1 | |
' 0 10 20 30 40 50 60 70 80
'_ .
Qr : TOTAL RESERVOIR FLOW — 103 cfs TEMPERATURE PREDICTIONS

TEMPERATURE

RISE OUTSIDE OF THE
JET MIXING REGION

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

R o] ENENE - DIVISION OF WATER CONTROL PLANNING
1.{/}24 - _}_ ENGINEERING LABORATORY

poig L= normis | 4-15-72[67| e (92D A-117

I 31vd




PLATE I

QR = 3,600 cfs

WHEELER
DAM

—

[T
o]
|
—
=
L
m
=
<L
g
5
a
< 0 1 1 ' L Lty |
W 294 290 286 282 278 274
<
'&J RIVER MILE
(&)
=
-~
5 5 e QR = 7,200 cfs
<t —T— —
o \\ —_——
a ~—— —
'§ 0 I A L L L R |
294 290 286 282 278 274
W
QO
< RIVER MILE
o
D
/p)
=
X 5~ 10,200 <Qr<50,000 cfs
W [
(s 8 )
= _——————
U) e — ~*‘~~.~_~
Z T~ —
; e e ——
(@] 0 { i 1 1 1 L i i I J
S 294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
———— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

DOWNSTREAM TEMP
JANUARY, | UNIT

BROWNS FERRY NUCLEAR PLANT

. TENNESSEE VALLEY AUTHCIRUTY
\:‘l ogFD .” DIVISION OF WATER CONTPOL FLANNNG
! 82 EN ENGINEERING L ABQRATORY

AqPR0OYED - nNORAS 4-20’72 67 EL Ez A" “8

whl\ S
NMIEP0 - 8/b-c-Ha-25-/;




PLATE 12

ol

cHECKED | AP

P_ZA_/

W =3,600 cfs x

o |O ’\ QR ] 3 =
! mE

- w

2 o

L 3

m

= b}

<g

~

(@] —

(a4

< 0 I

% 294 290 : 286 282 278 274

2 .

g RIVER MILE

O

<

o

S s Qr =7,200 cfs

2

(1ef

m ————

Q

= —_——

'u_J o} 1 1 ] 1 1 T — 4+ ]
. 2949 290 286 282 278 274

W

(&)

L‘E RIVER MILE

(1

D

/p]

=

< 5 10,200 <QRr <50,000 cfs

w .

m S

B e === - —

=z T~ e — —

§ 0 1 1 1 L L 1 1 — J

294 290 286 282 278 2}74

MEAN

———— 95% CONFIDENCE

LIMITS

RIVER MILE

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON

DOWNSTREAM TEMP
FEBRUARY, | UNIT

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

NORRIS 4 -20-72167 EL "A-121




PLATE |3

———— 95% CONFIDENCE

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

=3,600 cfs x
10 Qr L_Lll =
w|<
wio
T
:
5
0 —tl J
294 290 286 282 278 274
»RIVER MILE
5 Qr=7,200cfs
o) = e |
294 290 286 282 278 274
RIVER MILE
5 10,200 <Qr<50,000cfs
0 1 | ) L L=
294 290 286 282 278 274
RIVER MILE
MEAN

TEMPERATURE PREDICTIONS

LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
MARCH,| UNIT

TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

BROWNS FERRY NUCLEAR PLANT] |

nonms  |4-20-72/67] .. 920 A -124

)24 RSV TR N VI




PLATE |4

o

Qr =3,600 cfs

WHEELER
DAM

| )
278 274

RIVER MILE

5. Qr=7,200 cfs

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

RIVER MILE
MEAN TEMPERATURE PREDICT |ONS
—~—— 95% CONFIDENCE EFFECT OF PLANT ON
LIMITS

DOWNSTREAM TEMP
APRIL, TUNIT
BROWNS FERRY NUCLEAR PLANT

TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

NoRRiS 4—20-72[67 £l A-127
NOG70 - S L/r 2 sg-28-))

DRAWN

o




PLATE |5

.

Y

X~ 2 S
§n L { anhl

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

———— 95% CONFIDENCE

10. Qr =3,600¢fs

WHEELER
DAM

5

0 ) S e =

294 290 ' 286 - 282 278 - 274
RIVER MILE

5 Qg = 7,200 cfs

o 1 T L — = ——F——

294 290 286 282 278 274
RIVER MILE

5 - 10,200 < Qg < 50,000 cfs

0 ) 11 1 T ===

294 290 286 282 278 274

RIVER MILE

MEAN TEMPERATURE PREDICTIONS

LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
MAY,| UNIT

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING L ABORATORY

NORRIS 4—20-75[67 e A-130

Lol ZA= a/amg— Ho =22 /)




PLATE 16

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

o

Qg = 3,600 cfs

WHEELER
DAM

290 286 282 278 274

RIVER MILE

Qr=7,200cfs

294

RIVER MILE

10,200 < Q{< 50,000 cfs

ORAWN

MEAN

95% CONFIDENCE

LIMITS

RIVER MILE

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
JUNE, | UNIT

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY .

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LLABORATORY

nonws | 4-20-72]67] .. p2d A -133

NOE70 = $6/6-O~%o-Pa-/)




£

PLATE 17

= f x
| : w
- w
> I
w > 3
m
= b5
<
g
o
@
< 9 .
% 294 290 . 286 282 278 274
<
Ly RIVER MILE
O
<
m | -
S s QR = 7,200 cfs
—
<
@
w
a
o
0]
ST
W
o
lf RIVER MILE
i
S
7]
3 5. 10,200 < Qg <50,000 cfs
E ,
17 :\\\\
< RS SSS S
O o \ 1 L INT‘T*#-—-::—-_L ]
S 294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
—— == 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
JULY, | UNIT

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING L ABORATORY

5 .
a

nonmis | 4-20-72[67 npeq A-136

NOETIO- S6/6- 2 -wo-3




PLATE 18

| -
Lo Ws
I ' 33
|-_
> I o
Z 3
i &
s 5
<
i y
2 |
m .
< o i =t
W 294 290 = 286 282 278 274
. <
l | Ll RIVER MILE
O
I <
w. .
I 5 5 Qr=7,200cfs
<
(0 o4
(F1]
I a - -
2 ~— -~ T e— —
’l:_.l 0 1 | L i+t — . 1T |
I 294 290 286 282 278 274
" |
O
< RIVER MILE
| i
- |
(/p)
I % 5 10,200 < Qg < 50,000 cfs |
o ' |
I — = —
wn —~ Py — T ——
g == :
I © o 1 1 1 ] \T—~l——l——-i-——; )
O 294 290 286 282 278 = 274 .?
I RIVER MILE
I ) MEAN TEMPERATURE PREDICTIONS
———— 95% CONFIDENCE .
l | UM-‘;TS EFFECT OF PLANT ON L
DOWNSTREAM TEMP
AUGUST, | UNIT
I BROWNS FERRY NUCLEAR PLANTI| |
TENNESSEE VALLEY AUTHORITY '
DO O e ches CONTROL PLANNING §
I NORRIS 4‘20“72 67J EL qu A‘|39 .(

N D570~ L L -




PLATE I9

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

DRAWN

cRED | a

Qr =3,600 cfs

WHEELER

290 286 282 278 274

0 1 ) L T —— I  —
294 290 286 282 278 274
RIVER MILE

5¢ 10,200 < Qg < 50,000 cts

\\\ —

~ T —
~ — e
o) | 1 1 \1‘ T 1T —4——3——x
294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICT|ONS
———=— 95% CONFIDENCE
LIMTTS EFFECT OF PLANT ON

DOWNSTREAM TEMP
SEPTEMBER, | UNIT

BROWNS FERRY NUCLE AR PLANT
TENNESSEE VALLEY AUTHORITY .

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

vows 14-20-72167] ¢ oed A- 142

NDBEP0- S G /16— O=o=— e -,




PLATE 20

Qg = 3,600 cfs

o
WHEELER
DAM

0 ] | I~ 1 1 I I — j
294 290 286 282 278 274
RIVER MILE

Q= 7,200 cfs

0 1 1 L T T
294 290 286 282 278 274
RIVER MILE

5 10,200 < Qg < 50,000 cfts

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

RIVER MILE
MEAN TEMPERATURE PREDICT|ONS
———=— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

DOWNSTREAM TEMP
OCTOBER, |UNIT

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

(i | BEL O N s SR AMNNe
k&%v\\ . vonws | 4-20-72[67| . 920 A-145

U n 7ot a2




PLATE 2|

QR =3,600 ¢cfs

o

WHEELER
DAM

O 1 \\F?—h ‘ |
294 290 286 282 278 274
RIVER MILE

5 Qr=7,200 cfs

— ——
— —
— ——

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

o) 1 1 1 i | e —— ]
294 290 286 282 278 274
RIVER MILE
5 10,200 < Qg < 50,000 cfs
0 ! 1 | { L T — e —p j
294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICT|ONS
—-——=— 95% CONFIDENCE
Doe S EFFECT OF PLANT ON
DOWNSTREAM TEMP
NOVEMB‘ER, | UNIT
BROWNS FERRY NUCLE AR PLANT
: TENNESSEE VALLEY AUTHORITY .
wﬂy (2] DIVISION S:G':l:JRENRG(:LC)ﬁ;R?oL PLANNING
L_c%_j fo :Z_ . NORRIS 4‘20‘72 67 EL ch A" |48

NOG7D 557505 -/ >= 204!




PLATE 22

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

DRAWN

inzcu:o “a

o

Qp = 3,600 cfs

WHEELER
DAM

i 1 Ly — 1 ) i =
290 - 286 282 278 274
RIVER MILE

Qr=7,200 cfs

——
T— —
—— —

0 1 L L T T — 4 —a
294 290 286 282 278 274
RIVER MILE

|
274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

DOWNSTREAM TEMP
DECEMBER, | UNIT

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

vonms 1 4-20-72[67(c. 920 A-151

MMOLDO - S o =0 = dine Da gl




PLATE 23

" &
) ] >
I w <Dt
- )
> I
G z
m
p=
<
=~
o}
a
< 5 I ] 1 1 ] i 1 i 1 |
w294 290 = 286 282 278 274"
<
'ﬁ':-' RIVER MILE
O
=z
W
T 5 _ Qg = 14,500 cfs
- N _____ i
< — — - T— —
144 TN ~—— T —
1Y) T ——
a ——-
>
E 0 i 1 1 i i 1 i ] | J
T 294 290 286 282 278 274
V]
(&)
& RIVER MILE
1
D
o
% 5 20,300 < Qg < 50,000 cfs
o P — s o
- T e = = — — —
2 e
Z _— e— —-—
=
(®) 0 1 1 1 | L 1 1 1 | J
S 294 290 286 282 278 274
RIVER MILE
MEAN ' TEMPERATURE PREDICTIONS
——~—— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
JANUARY, 2 UNITS
BROWNS FERRY NUCLE AR PLANT
TENNESSEE VALLEY AUTHORITY .
XAk OO G el ST, T AN
i vonms  |4-20-72]67] . food A-119

N/ DETPA e L han P Ml N Dr_ )




e

PLATE 24

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

ORAWN

HECKED | Al

——~—— 95% CONFIDENCE

o
WHEELER
DAM

294 290 - 286 282 278 274

RIVER MILE

Qr=14,500 cfs

—
—
e —
_—~—.-_

294 290 286 282 278 274
RIVER MILE
5 - 20,300 < Q< 50,000 cfs
o) 1 1 1 | 1 1 1 i 1 J
294 290 286 282 278 274
RIVER MILE
MEAN

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON

DOWNSTREAM TEMP
FEBRUARY, 2 UNITS

LIMITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

NORRIS

4-20-72

67

e P2

A-122

N IE26- 5 /4« J=tras =23 =iy




PLATE 25

Qg = 7,200 cfs

o

WHEELER
DAM

— |
274 | -
RIVER MILE
5 Qr=14,500 cfs
o 1 7 N \ 1 1 Lo T
294 290 286 282 278 274

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

RIVER MILE

MEAN

——~~—— 95% CONFIDENCE :
LIMITS EFFECT OF PLANT ON

DOWNSTREAM TEMP
MARCH, 2 UNITS |
BROWNS FERRY NUCLEAR PLANT] |

TEMPERATURE PREDICTIONS

2 NORRIS 4-20-72(67 e 920 A-125

TENNESSEE VALLEY AUTHORITY
%A} DIVISION OF WATER CONTROL PL ANNING
1 EENZE 7= ENGINEERING LABORATORY
x| ONED
b

- L A




' [

PLATE 26

§

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

10 QR =7,200 cfs ]
=
w|<
wjo
T
=

5

ol v T

294 290 286 282 . 278 274
'R-IVER MILE

5 Qr=14,500cfts

0 L ) 1 ] 1 1 L T J

294 290 286 282 278 274
RIVER MILE

5 - 20,300 < Qgr < 50,000 cfs

\\\::::‘\ ________

0 1 ] ] ] L 1 ‘1 1 — L ]
294 290 286 282 278 274
RLVER MILE

MEAN

JLIMITS

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
APRIL, 2 UNITS
BROWNS FERRY NUCLE AR PLANT

TENNESSEE VALLEY AUTHORITY
DIVISION OF WATER CONTROL PL ANNING

95% CONFIDENCE

\‘_/

ENGINEERING 'LABORATORY

4-20-72{67| .

A-128

NORRIS

NO620- =g/




PLATE 27

Qr =7,200 cfs

o

WHEELER
DAM

5 -

0 ] ] L 1 L 17 ——)— j
2949 290 : 286 282 278 274
RIVER MILE

5 Qr=14,500 cfs

T e—
—
— —
— ——

— .

T e
—
—

0 1 1 ] 1 1 1 ] 1 I |
294 290 286 282 278 274
RIVER MILE

5 F 20,3OO<QR<50,OOO

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

RIVER MILE
MEAN TEMPERATURE PREDICT |ONS
———— 95% CONFIDENCE -
LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
MAY, 2 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

vorms  |4-20-72|67] . pac A-131
NO6PD = 6/6-0-4a-30=//




PLATE 28

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

|z

“CHECKRED

o

WHEELER

RIVER MILE

Qp = 14,500 cfs

—
—
—
— —

— ——

MEAN

95% CONFIDENCE

LIMITS

RIVER MILE

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
JUNE, 2 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

NoRRIS {4-20-7267 . A-134

- - - - —




.

PLATE 29

Qg = 7,200cfs

o
WHEELER
DAM

274
e RIVER MILE
5 Qr=14,500cfs
o i 1 I ! ) [ L LT
294 290 286 282 278 274
RIVER MILE
5 20,300 < Qg < 50,000 cfs

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

RIVER MILE

4
MEAN TEMPERATURE PREDICT|ONS
———— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON
, DOWNSTREAM TEMP
JULY,2 UNITS .
BROWNS FERRY NUCLEAR PLANT

TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

norms  14-20-72167 |, A-137
V.V Y A B C‘AJ_LM-/}




DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

o

PLATE ‘30

Qg = 7,200 cfs

WHEELER
DAM

286 282 278 274
RIVER MILE

QR = 14,500 cfs

0 1 1 1 1 | | 1 | ]
294 290 286 282 278 274
RIVER MILE

MEAN

95% CONFIDENCE

LIMITS

RIVER MILE

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
AUGUST, 2 UNITS
BROWNS FERRY NUCLEAR PLANT

TENNESSEE VALLEY AUTHORITY
DIVISION OF WATER CONTROL PLANNING

ENGINEERING LABORATORY

nomms  [4-20-72]67] . p2d A-140

MOE70 = (L /)= O~tg~ PO~/




PLATE 3|

=7,200cfs il

10 Qr l._ul =
wi<
wjo
I
E

5

0 ] I L 1 4 ] 1 J

294 290 ' 286 282 278 274

RIVER MILE
5 QRr=14,500 cfs

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

0 1 | 1 1 1 1 i T 1T |
294 290 286 282 278 274
RIVER MILE

5 20,300 < Qp < 50,000 cfs
eI
0 ! L | | ) L 1
294 290 286 282 278 274
RIVER MILE
MEAN

LIMITS

ORAWN

ok

95% CONFIDENCE

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON

DOWNSTREAM TEMP
SEPTEMBER, 2 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

NORMIS

A-143

4-20-72|67!c.

AY A DA = o Okl 2




PLATE 32

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F |

DRAWN

JMC

NECHED "
bt

o) Qr = 7,200 cfs &
=2
wl<
wljo
T
=

5 -

0 1 1 1 ] S = ] }
294 290 286 282 278 274
RIVER MILE

5 Qr=14,500 cfs

S —
—
— —
—

T —
— ———
— —

——

RIVER MILE

MEAN

95% CONFIDENCE
LIMITS

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
OCTOBER, 2UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

wonws  14-20-72[671c. 920 A-146

N/ A L2 = Ll L e -l 2 At




PLATE 33

=7,200 cfs N
10 Qr wl
wi<
wlo

.

:

5 -
0 I -1 |
294 290 286 282 278 274
RIVER MILE
5 Qr=14,500cfs

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICT | ONS
—— == 95% CONFIDENCE :
e EFFECT OF PLANT ON

DOWNSTREAM TEMP
NOVEMBER, 2 UNITS

BROWNS FERRY NUCLEAR PLANT

TENNESSEE VALLEY AUTHORITY

=y i DIVISION OF WATER CONTROL PL ANNING
- ~ _ _ ENGINEERING LABORATORY —
CRED AFPA -
S wonws  |4-20-72]67] . P2d A-149

NIETD - S6, 50 -5/ I3~/

~




PLATE 34

- v 4
L 0 Qg =7,200 cfs &)
- w
2 I
E =
m
s 5
< X
o~
\,
8 ~ —_— —_—
< 5 L1 L1 I | I mlie S
W 294 290 . 286 282 278, 274
< .
g RIVER MILE
&
=z
W .
T 5 s -— __ _____ Qp=14,500cts
5 S e
(1 et
W —
a ——
s —_
'_u;l 0 1 1 1 | 1 I | i | | ]
L 294 290 286 282 278 274
(&)
& RIVER MILE
(1
o
(/p]
= |
< 5 - 20,300< Qr<50,000¢cfs
m 1
m S ————
e —
2 - ~.§. ——
= —_—
O o 1 [ 1 1 1 L 1 1 | |
S 294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
———=— 95% CONFIDENCE L ——
LIMITS EFFECT OF PLANT ON

il

DOWNSTREAM TEMP
DECEMBER, 2 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

NORRIS 4 -20-72167/ . 920 A -152

Naé’;‘— —4 PN RV L PR




o

WHEELER
DAM

290 . 286 282 . 278 274
RIVER MILE

5 _ Qp=21,800cfs
\“ ________

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

0 1 | | 1 1 [ | i | ]

294 -290 286 282 278 274
RIVER MILE

5 30,500<Q,<50,000 cfs |

W —————————

o) | | ] ] ] 1 ] 1 1 J 'j

294 290 286 282 278 274
RIVER MILE

MEAN

DRAWN

CHECKED | apeR

€

95% CONFIDENCE
LIMITS

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
JANUARY , 3 UNITS |
BROWNS FERRY NUCLEAR PLANT

TENNESSEE VALLEY AUTHORITY |

DIVISION OF WATER CONTROL PLANNING B
ENGINEERING LABORATORY N

nonms |4 -20-72]67 np A-120

NDE26- S E/6~- o~ go-po-//




PLATE 36

= 10,900 cfs x
10 Qr wif
w|<
wlo
T
:
5
0 ] L L1 L ] L 1 L J
294 290 ‘ 286 282 278 274
RIVER MILE
5 Qr=21,800cfts

—— ——
T e e —
——

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

o 1 1 i 1 1 1 [} ] ] J
294 290 286 282 278 274
RIVER MWILE

5 30,500 <Qg < 50,000 cfs
"—"l-$$:— ____________

O | 1 ] 1 | 1 1 ] 1 i |
2949 290 286 282 278 274
RIVER MILE

MEAN TEMPERATURE PREDICT |ONS
—— == 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

ORAwW

CHECHED

¥
) __aly m

DOWNSTREAM TEMP
FEBRUARY, 3 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING LABORATORY

nonms  14-20-72/67| .. P2d A-123

el D i s PRI A —




PLATE 37

L |0 Qg =10,000 cts &
° =
! w <Ot
= g
& z
@
=
<
=
o
@
< ' |
W
W 274
<
W
[ o
O
=
w.
1
>
-
<
ac
w
Q.
=
'_u:lf o) 1 1 1 1 1 1 I 1 ! J
L 294 290 286 282 278 274
n _
< RIVER MILE
x
D
1)
=
= 30,500 <Qr<50,000cfs
w CFf
14 i
o | o emss=————
pd : T ==
=
(@] o) | 1 1 1 1 1 1 1 1 )
o
294 290 286 282 278 274
RIVER MILE
_ MEAN TEMPERATURE PREDICTIONS
~——~— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

DOWNSTREAM TEMP
MARCM, 3 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

oy “Q DIVISION OF WATER CONTROL PLANNING
G T ENGINEERING LABORATORY
CHECRKE o
ot S noams  |4-20-72167|.. 92d A-126

NoOII - D =S dy s Dy




PLATE 38

Qg = 10,900 cfs

o

WHEELER
DAM

5

0 1 | | 1 | | ] \I I J

294 290 ' 286 282 278 274
RIVER MILE

5 QR"' 21,800¢ts

DOWNSTREAM SURFACE TEMPERATURE, INCREASE ABOVE AMBIENT —°F

o) [ ] 1 ] 1 | ] ] ] |
294 290 286 282 278 274
RIVER MILE

5r 30,500 < Qg < 50,000 cfs
e —=====
o | | | ] 1 1 1 lr 1 |
294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICT|ONS
— === 95% CONFIDENCE
CMETS EFFECT OF PLANT ON

DOWNSTREAM TEMP
APRIL, 3 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AVTHORITY

oA € DIVISION OF WATER CONTROL PL ANNING
—— ENGINEERING LLABORATORY

Mﬁ worns  |4-20-72[67] ., p2q A- 129
N6 o - ) _ .




PLATE 39

e

;NCCI(D

o

Qg = 10,900 cfs

WHEELER
DAM

TS
[+ ]
|
-
2
W
[14]
=
<L
<
3
(1e]
<
m.
L 274
<
Ll
1l
O
<
"
(1l
2
<
(1l
w
a
s
lal |
ST 290 286 282 278 274
Wl
(&)
& RIVER MILE
(1 o
oD
n
=
Z 5 30,500 < Qg < 50,000 cfs
Ll F - |
(2 8
- \\——'—\—: —
m ’ ey —_—_ T = = ———
§ ————————
O 0 | | ] i 1 1 1 1L 1 ]
o 294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
———— 95% CONFIDENCE '
° EFFECT OF PLANT ON
LIMITS

s

DOWNSTREAM TEMP
MAY, 3 UNITS
BROWNS FERRY NUCLEAR PLANT

TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING
ENGINEERING L ABORATORY

vows 14-20-72[67] .. B2d A- 132

- L)L g _




PLATE 40

Qg = 10,900 cfs

WHEELER
DAM

290 286 282 278 - 274

RIVER MILE

Qr=21,000 cfs

290 - 286 282 278.. 274

RIVER MILE

30,600 <Qzr<50,000 cfs

Lo
|
-
2
L
m
s 5}
<
~
3
2
S0
W 294
< .
Ll
144
(&)
<
%“
5 s
'_.
<
1 e
Wl
a
o

0
F 204
L
O
-
w
(0
o
n
3 s
ul
L [
F -
n
=2
3

0
S 294

MEAN

95% CONFIDENCE

LIMITS

RIVER MILE

TEMPERATURE PREDICTIONS

EFFECT OFIPLANT ON
DOWNSTREAM TEMP
JUNE , 3 UNITS

BROWNS FERRY NUCLE AR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

NORRIS 4-20-72]67 EL Pz A-135

D@)O0= SG/6~I-~p- 20.,,




PLATE 4|

Qg = 10,900 cfs

o

~ WHEELER
DAM

0 1 i A1 i . | | | 1 ! J
294 290 286 282 278 274
RIVER MILE

5 - QR=2|,800 cts

——
—
T e

—
—
— —
— —

— —
———

—
— — -
e
— —

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

0 i 1 1 1 L | 1 1 1 J
294 290 286 282 278 274
RIVER MILE
5 ¢ 30,500 < Q< 50,000 cts
T———
D
0 i i 1 1 1 1 1 1 ] J
294 290 286 282 278 274
RIVER MILE
. MEAN TEMPERATURE PREDICTIONS
———— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
JULY, 3 UNITS |
BROWNS FERRY NUCLEAR PLANT
o TENNESSEE VALLEY AUTHORITY .
N 2R N ot Loy AN
L?—‘mu J%‘ZQ nonms | 4-20-72[67],, Peo A-138

/OGP S/ S~ D o0~y _—




PLATE 42

‘ o
T8 =1{0,900
u o) QR 9 cfs 3 -
[ 3 g
'._
z =3
W
a
= b5
g
g ~—
(@ -
@ — -
< 0 1 1 1 4 Y 1 1 T |
(l;)J 294 290 , 286 282 278 274
<
g-:’ RIVER MILE
(&)
=
uJ. .
g, 5 QRr=21,800 cfs
< | @200 TN - _
| T T T —— -
m T —— —
a e~ —
2 ——
’_u_{ 0 L 1 1 1 11 1 | 1 ]
" 294 290 286 282 278 274
(&)
E RIVER MILE
1 o
= ]
(7p]
=
<{
w
(1 g
-
n
=z
=
(®]
Q
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
—=——— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON
DOWNSTREAM TEMP
AUGUST, 3 UNITS
BROWNS FERRY NUCLE AR PLANT
2 TENNESSEE VALLEY AUTHORITY
. J&?"& EN ‘EAQ DIVISION OF WATER CONTROL PLANNING
c;tcu:o— _. _t-b_(-'is“ - ENGINEERING L ABORATORY
_____ = wonms  |4-20-72/67] . 82d A-141

WIEDs = SE/§~ 0~ «2=~Pag-/y




4

PLATE 43

- p m
| w g
— oY)
> I
W =
@
= b5
LS 4
g -
2 —
< 5 1 1 L1 1 1 L T T
% 294 290 ' 286 282 _278 274
< ' .
W RIVER MILE
(&) /
=
m’. .
L 5 Qr=21,800cts
-
<{
1 —
w
Qa — — —
2 T e— -
l'l_.l 0 i 1 i 1 1 | } 1 i J
W 294 290 286 282 278 274
O .
E RIVER MILE
o .
=
n
=
o —
: — T — — —— —
V) - —— e T T ——
z — Tt — —
; _— ——
8 o) | ] 1 1 1 | | 1 | |
294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
~—==— 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

ORAWN
“eMECRED

Mﬁ{'g"

DOWNSTREAM TEMP
SEPTEMBER, 3 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING LABORATORY

NORRIS 4 -20-72167] «. A-144

i~

NOGCT7o -6/ -0- Yo-Fa-//




PLATE 44

= 10,900 cfs x
10 Qr wl
wl<
wijio

T

=

5
\\\
0 1 l I 1 1 ] L I~ i
294 290 286 282 278 274
RIVER MILE

DOWNSTREAM SURFACE. TEMPERATURE, INCREASE ABOVE AMBIENT —°F

RIVER MILE
MEAN TEMPERATURE PREDICT |ONS
———— 95% CONFIDENCE EFFECT OF PLANT ON
LIMITS

DOWNSTREAM TEMP
OCTOBER, 3 UNITS
BROWNS FERRY NUCLE AR PL‘ANT

TENNESSEE VALLEY AUTHORITY

ey M E ‘ ] DIVISION OF WATER CONTROL PLANNING
_‘/.M,o, £ o - ENGINEERING LABORATORY
CHECKED 1 ]

S vows 14-20-72]67] . 92d A-147

i
|

y.Y¥si -




PLATE 45

w 1o Qg =10,900 cfs § -
I w <Ot
> W
w =
@
= 5}
b
w
2 ~—
w T~
< 0 1 1 1L 1 1 l 1 I 1 |
(l-;-') 2949 290 286 282 278 274
<
'5:-' RIVER MILE
O
<
o
18
oo
—
<
(144
w
a
=
W g I 1 L ] L 1 ] ] L |
-
W 294 290 286 282 278 274
W |
ff RIVER MILE
o
S
7]
=
< 5 30,500<QR <50,000cfs
W 3 -
o ————— .
'—- ﬁ\“: ————————————
o -_--‘§~__§ —
zZ ———
; \
8 0 ] ] 1 I 1 1 L1 ] j
294 290 286 282 278 274
RIVER MILE
MEAN TEMPERATURE PREDICTIONS
—— == 95% CONFIDENCE
LIMITS EFFECT OF PLANT ON

CHECK

DOWNSTREAM TEMP
NOVEMBER, 3 UNITS

BROWNS FERRY NUCLEAR PLANT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PL ANNING
ENGINEERING L ABORATORY

4-20-72|67] . P2d A-150

NORRMIS

NO6 TP = S"8/b=-0-Yo-22~//




PLATE 46

w o Qg =10,900 cfs W
° J|=
| w g
- L
Z =3
E \
o
= b5
<
w —~ - .
g ———
a <
< 0 1 { L 1 1 i 1 i 1 j
w294 290 286 282 278 274
< .
'5.‘:J RIVER MILE
O
<
I.lJ“ .
g b Qg =21,800 cfs
- = — —_ T T e —_—
= ——
w T —
a ——— a—
=
E 0 L 1 L 1 L 1 1 1 11
W 294 290 286 282 278 274
QO
& RIVER MILE
x
s
7]
=
< 5. 30,500<Qr<50,000 cfs
w
E ""‘"%‘:‘: ——————————
w T - —
- —_——
=
8 0 i | ] i L1 L 1 L1
294 290 286 282 278 274
RIVER MILE
MEAN

CHECRED .l ™

~

§

95% CONFIDENCE

LIMITS

TEMPERATURE PREDICTIONS

EFFECT OF PLANT ON
DOWNSTREAM TEMP
"DECEMBER, 3 UNITS

BROWNS FERRY NUCLEAR PLANT]|
TENNESSEE VALLEY AUTHORITY

OIVISION OF WATER CONTROL PLANNING
ENGINEERING L ABORATORY

4-20-7267/ .. lsq

A-153

NORRIS

NO6T70-S6/8-0"4 5 -2 /)




O/ Oy (= D) Sty = LI

HC1-vi026 3 29[12-Cl-b SI4HON

AHOLVHOGY ONI¥IINIONI
ONINNYd TOHLNOD ¥3ILVM 40 NOISIAIQ W

ALIYOHLNY A3TIVA 33SSINNIL

PLATE 47

S3TIN HHMM\M@%
o) S éwz_ozu

1NV1d dV3ITIONN AHY3Id SNMOUS ‘ L

| o R s NN

SNOILVlS
ONIYOLINOW 3HNLVHI4dWNIL

40 NOI1V201 a mEMuomo

SNOI12103¥d 34¥NLIVHIdWIL

3LIS AHY3 4 SNMOYS

G3NNVId B
ONILSIX3 V¥ : -0

SN3H1V
SHOLINOW J¥NLVY3IdWIL

ANV1LYN0D
O

O
37IASY390Y

WVQ ¥3733HM




