
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

PREDICTION. AND CONTROL OF WATER TEMPERATURES I N  

WHEELER RESERVOIR DURING OPERATION OF THE 

BROWNS FERRY NUCLEAR PLANT 

Browns F e r r y  Nuc lear  P l a n t  

Advance Repor t  No. 1 4  

--o-- 

I 
I 
I 
I 
I 
I 
I 

Revised 

May 22, 1972 

N o r r i s ,  Tennessee 
A p r i l  1972 

Report  No. 63-38 

Tennessee Val 1 ey A u t h o r i t y  
D i v i s i o n  o f  Water Cont ro l  P l a n n i n g  

Eng ineer ing  L a b o r a t o r y  



I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 

I 
1 

PREDICTION AND CONTROL OF MATER TEMPERATURES I N  

WHEELER RESERVOIR DURING OPERATION OF THE 
BROWNS FERRY NUCLEAR PLANT 

INTRODUCTION 

The f a c i l i t i e s  f o r  d ispos ing  o f  wasted heat from the  Browns Fer ry  
Nuclear P l a n t  a re  be ing planned and const ructed t o  p r o t e c t  the  waters o f  

Wheel e r  Reservoi r  f o r  t h e  f o l l  owing uses : pub1 i c  water supply, swimming and 

o the r  whole body water-contact  spor ts ,  f i s h  and w i l d l i f e ,  and a g r i c u l t u r a l  

and i n d u s t r i a l  water supply. O f  these uses the  propagat ion of warm water 

f i s h  and o the r  aquat ic  l i f e  i s  judged t o  be the  one r e q u i r i n g  the  h ighes t  

degree of p r o t e c t i o n  f rom thermal e f f e c t s .  

Browns Fer ry  power p l a n t  ope ra t i on  and the  f lows i n  Wheeler Reservoir  w i l l  

be regu la ted  by TVA i n  a manner which w i l l  p revent  adverse thermal e f fec ts .  

Th i s  r e p o r t  descr ibes the  s tud ies  which have been made t o  determine t h e  tem- 

pera ture  and f low d i s t r i b u t i o n  pa t te rns  which w i l l  be induced i n  Wheeler 

Reservoir  by the  opera t i on  o f  Browns Ferry.  Th i s  program has been i n  prog- 

ress a t  t h e  TVA Engineer ing Laboratory  i n  N o r r i s ,  Tennessee, s ince 1966 and 

has u t i l i z e d  a v a r i e t y  o f  methodologies i n c l u d i n g  f i e l d  measurements, model 

s tud ies,  and a n a l y t i c a l  p red ic t i ons .  

Wheeler Reservoir ,  drawing upon prev ious f i e l d  measurements. 

denser coo l i ng  water  system o f  t h e  Browns Fe r ry  P l a n t  i s  described. 
t he  s tud ies  i n v o l v i n g  t h e  des ign and performance o f  t he  discharge f a c i l i t i e s  
a re  presented. These i n c l u d e  bas ic  t e s t i n g  o f  t h e  d i f f u s e r  p ipe  conf igura-  
t i o n ,  two-dimensional model s tud ies  o f  t he  mix ing  zone, a three-dimensional 

thermal model s tudy o f  Wheeler Reservoi r  i n  t h e  v i c i n i t y  of t he  p l a n t ,  and 
an a n a l y t i c a l  model o f  downstream temperature regimes. The temperature and 

f l o w  d i s t r i b u t i o n s  p red ic ted  by these s tud ies  a re  g iven f o r  one-, two-, and 

t h r e e - u n i t  open c y c l e  operat ion.  

system i n  a he lper  mode i s  b r i e f l y  discussed a long w i t h  p lans f o r  f u tu re  

l abo ra to ry  and f i e l d  s tud ies .  

I n s o f a r  as i s  poss ib le ,  t h e  

The r e p o r t  f i r s t  d iscusses the  present  hydro-thermal regime i n  
Then the  con- 

Next 

F i n a l l y ,  t h e  opera t i on  o f  the  coo l i ng  

I 
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PRESENT HYDRO-THERMAL REGIME IN WHEELER RESERVOIR 

The Browns Ferry Nuclear Plant i s  located on Wheeler Reservoir 
a b o u t  20 miles upstream from Wheeler Dam. The topography o f  the reservoir 
a t  the s i t e ,  Figure 1 ,  consists of a main navigation channel a b o u t  1800 f ee t  
wide and 30 f e e t  deep bordered by shallow overbank areas which vary from 2 
t o  10 f ee t  in depth and 2000 to 6000 f e e t  i n  w i d t h .  In the vicini ty  of the 
plant there are several embayments formed where small creeks enter Wheeler 
Reservoir. 

t i o n  of Guntersville (upstream) and Wheeler (downstream) Dams. 
ects are  operated primarily for  hydro power production and navigation and 
a t  some periods of the ylear for  flood control. Under present operating 
rules the water level in Wheeler Reservoir does n o t  vary more t h a n  s ix  f ee t  
d u r i n g  the year. The instantaneous reservoir flow a t  the Browns Ferry s i t e  
presently may vary from greater t h a n  100,000 cfs  i n  a downstream direction 
t o  abou t  20,000 cfs  i n  the upstream direct ion,  depending upon the nature of 
the peaking operations a t  the two hydro-electric p l a n t s .  
flow in the Tennessee River a t  Browns Ferry i s  about 45,000 cfs.  The creeks 
entering Wheeler Reservoir near Browns Ferry do n o t  contribute a s ignif icant  
amount of flow. 

permanent recording-stations since the f a l l  of 1968. The temperatures 
range from about  40" F.. i n  the winter t o  a maximum ( a t  the surface) of 
85"-90" F. i n  the summer. The maximum t o p  t o  bottom vertical  temperature 
difference is  about 5"-8" F. Additional measurements made by b o a t  and a i r -  
borne infrared surveys indicate t h a t  diurnal f luctuations and solar  heating 
in local shallow areas may resu l t  in horizontal temperature differences of 
several degrees especially between the main channel and the shallow areas. 

Therefore, the water 

The hydraulic regime i n  the reservoir i s  controlled by the opera- 
These proj- 

The mean annual 

Water temperatures i n  Wheeler Reservoir have been monitored by 

The re1 a t i  vely weak thermal structure i n  Wheel e r  Reservoi r pre- 
vents the formation of s ignif icant  density currents. 
passing into the Wheeler intake i s  withdrawn from the en t i r e  depth of the 
reservoir a t  the Dam. T h u s  the temperature of the water just downstream 
from Wheeler Dam i s  the average of the temperature of the water reaching 
the dam. 
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HEAT DISPERSAL FACILITIES 

I n  an open c y c l e  operat ion,  heat r e j e c t e d  by t h e  Browns Ferry  

Nuclear P l a n t  w i l l  be wasted t o  the  adjacent  r e s e r v o i r  waters from which i t  
w i l l  then be t rans fe r red  t o  the  atmosphere. 

Each u n i t  w i l l  have an i n t a k e  w i t h  pumps capable o f  producing a 

maximum t o t a l  f low o f  1450 cubic  f e e t  per  second, (see F igure  2.) .  As 

p resen t l y  constructed, a l l  u n i t s  use a shor t ,  common i n t a k e  channel loca ted  
on the  r i g h t  bank ( p l a n t  s i d e ) ,  1200 f e e t  upstream from t h e  d i f f u s e r  pipes. 

The pump house s t r u c t u r e  cons is t s  o f  18 bays each having a t r a v e l i n g  screen. 

Each i n t a k e  i s  designed such t h a t  water  i s  withdrawn from t h e  r e s e r v o i r  over 

the  f u l l  depth. For f u l l  t h r e e - u n i t  operat ion,  t h e  maximum average v e l o c i t y  

a t  the entrance t o  t h e  i n t a k e  channel, dur ing  t h e  p e r i o d  April-September, 
when b i o t i c  ent ra inment  i s  o f  i n t e r e s t  w i l l  be about 0.7 foo t  per  second. 

The flow w i l l  acce le ra te  t o  an average v e l o c i t y  o f  about 1.3 f e e t  per  second 

midway between t h e  ent rance and the  s t ruc tu re .  

of 18 bays t h a t  have n e t  openings o f  8 f e e t  8 inches by 20 fee t ;  thus the 
average v e l o c i t y  w i l l  be about 1.4 f e e t  per  second du r ing  t h r e e - u n i t  opera- 

t i o n  and i s  independent o f  t he  r e s e r v o i r  e leva t ion .  
v e l o c i t y  through t h e  t r a v e l i n g  screens which have n e t  openings 3/8" x 3/8" 

w i l l  be about 1.8 f e e t  per  second du r ing  the  April-September per iod.  
channel v e l o c i t i e s  w i l l  be reduced t o  one - th i rd  f o r  one-uni t opera t ion  and 

t o  two- th i rds  f o r  two-un i t  operat ion.  
t he  same regard less o f  the  number o f  u n i t s  operat ing.  The i n t a k e  i s  being 
mod i f ied  f o r  use w i t h  a u x i l i a r y  coo l ing ;  t he  new design w i l l  r e s u l t  i n  es- 

s e n t i a l l y  the  same i n t a k e  v e l o c i t i e s  as those discussed above. I n - p l a n t  

v e l o c i t i e s  a re  t y p i c a l l y  about 7 fps.  
The condenser water f l ow  and temperature r i s e  w i l l  depend upon 

the  mode o f  opera t ion .  

from the  condensers i n t o  Wheeler Reservoi r  through the  submerged d i f f u s e r  

pipes. 
pera ture  r i s e  w i l l  be 25" F. Travel  t ime through t h e  p l a n t  w i l l  be 7 t o  11 

minutes t o t a l  , depending upon the  u n i t ,  w i t h  approx imate ly  5-9 minutes of 

t h a t  t ime a f t e r  passage through the  condenser. 
t u r e  o f  t he  heated water  a f t e r  l eav ing  the  condensers w i l l  be reduced by 

The i n t a k e  s t r u c t u r e  cons is ts  

The maximum average 

In take  

Bay and screen v e l o c i t i e s  w i l l  remain 

I n  an open mode the  heated water  w i l l  pass d i r e c t l y  

The condenser f l o w  w i l l  be 1450 c f s  per  d i f f u s e r  p ipe  and the  tem- 

I n  a he lpe r  mode the  tempera- 
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passing i t  t h r o u g h  the cooling tower system before i t  i s  discharged t h r o u g h  
the diffuser.  I n  t h i s  mode the condenser flow and temperature r i s e  will be 
1223 cfs  and 31.7" F. for  each u n i t ;  however, the temperature of the water 
leaving the towers will depend upon the wet bulb temperature, which i s  
highly variable, and the tower design, which has n o t  been completed. In  
any case the temperature will be such t h a t  the final mixed flow temperature 
in the r iver  will n o t  exceed the applicable temperature standard. Travel 
times will also depend upon the de ta i l s  of the tower system, b u t  they will 
be s ignif icant ly  longer t h a n  those i n  an open mode. In a closed mode the 
cooling water will pass th rough  the cooling towers and return d i rec t ly  to  
the intake w i t h o u t  having any contact w i t h  the reservoir. 
about 72 c fs  per u n i t  will be withdrawn from Wheeler Reservoir t h r o u g h  the 
intake gate to replace 36 cfs  of evaporative losses and 36 cfs  of blowdown 
flow per u n i t .  
which will be extremely variable, ranging from below the r iver  temperature 
t o  30-40" F. above the r iver  temperature depending upon the wet bulb tempera- 
ture and the tower design. 
down th rough  one o r  more of the large diffuser  pipes. 
indicates t h a t  this procedure will not resu l t  in suf f ic ien t  mixing t o  meet 
the s tandards applicable t o  the discharge, a separate diffuser system will 
be constructed for  discharge of the blowdown. 

diagramatically in Figure 2 are laid side-by-side across the bottom o f  the 
l800-foot wide channel.. 
in diameter and of d i f fe ren t  lengths. 
on the downstream side with more t h a n  7,000 holes two inches in diameter 
spaced s ix  inches on centers in both directions.  
the cooling water evenly near the bottom of the r iver  channel along the fu l l  
length of the diffuser  portion of each p i p e ,  and n ix  i t  w i t h  the overflowing 
cooler water. The diffuser  for  U n i t  1 occupies the central portion of the 
main r iver  channel while U n i t  2 occupies the lefthand ( f a r )  t h i r d ,  and Unit 3 
the r i g h t h a n d  t h i r d .  

A makeup flow of 

The blowdown flow will be a t  the tower discharge temperature 

A t  present i t  i s  planned t o  discharge the blow- 
If  further testing 

The perforated, corrugated, galvanized s teel  diffuser  pipes shown 

The pipes are  17 f ee t ,  19 f e e t  and 20 fee t  6 inches 
Each has the l a s t  600 fee t  perforated 

These pipes will d i s t r ibu te  



BASIC STUDIES OF THE HEAT DISPERSAL FACILITIES 

Hydraulic Design of the Diffusers 

The manifold-type, multiport, pipe-system adapted fo r  diffusion of 
the heated condenser water i s  similar t o  those used i n  marine o u t f a  
discharged water will issue from the diffuser  ports a t  a re la t ively 
velocity and the turbulence created by these j e t s  will cause mixing  
heated discharge w i t h  the cooler reservoir water. 

The diffuser  system was designed t o  meet the following re 
ments: 

1. Each pipe must handle a flow o f  1,450 c f s  

1s. The 
high 
of the 

uire- 

2. The to ta l  discharge from a l l  three pipes must be uniformly 
dis t r ibuted across the 1800-foot wide main channel. 

3 .  The j e t  velocity must be suff ic ient ly  h i g h  t o  create complete 
mixing of the condenser discharge w i t h  the reservoir flow 
avai 1 abl e t o  the diffusers .  

4. The total  head a t  the entrance t o  the pipes should n o t  exceed 
4.5 f ee t  of water. 

I n  preliminary design s tudies ,  consideration was given t o  concrete 
pipes w i t h  about  10-inch diameter holes on about 4 - f O O t  centers. 
of the low design head of 4.5 fee t  of water, these holes would have had t o  
be equipped w i t h  smooth entrance nozzles. However, cost  studies indicated 
t h a t  standard corrugated, galvanized, structural  s teel  plate  pipes could be 
manufactured and ins ta l led  a t  appreciably less  cost. 

d i f f i c u l t  and expensive. 
use holes w i t h  diameters of the order of one t o  two inches and t o  p u t  these 
holes in the valley of  each corrugation, thereby making use o f  the corruga- 
tion geometry t o  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 t h i s  discharge coeff ic ient  were neces- 
sary before design calculations could be undertaken. 
performed a t  the TVA Engineering Laboratory in 1967 t o  determine the 

Because 

The  attachment of nozzles t o  corrugated pipe i s ,  however, bo th  
To overcome t h i s  problem, the idea was advanced t o  

A model study was 
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h y d r a u l i c  c h a r a c t e r i s t i c s  o f  t h e  j e t s  i s s u i n g  f rom t h e  d i f f u s e r  ho les.  
t e s t s  were performed a t  a s c a l e  o f  1:2 thus  p r o v i d i n g  r e a l i s t i c a l l y  h i g h  

model t u r b u l e n c e  l e v e l s  f o r  t h e  range of p i p e  d iameters and h o l e  s i z e s  ex- 

pected i n  p r o t o t y p e .  The s t u d y  showed t h a t  t h e  f l o w  w i l l  i s s u e  f rom t h e  
d i f f u s e r s  p o r t s  a t  n e a r l y  a 90" ang le  and w i t h  a d ischarge c o e f f i c i e n t  which 
i s  a f u n c t i o n  p r i m a r i l y  of  t h e  r a t i o  o f  v e l o c i t y  head t o  t o t a l  energy i n  t h e  

p ipe.  

The des ign  o f  t h e  d i f f u s e r  i n v o l v e d  s e l e c t i o n  o f  a main p i p e  d i -  
ameter and d ischarge p o r t  s i z e  which, f o r  t h e  des ign  d ischarge f low, w i l l  

produce a d ischarge d i s t r i b u t i o n ,  j e t  v e l o c i t y ,  and t o t a l  ent rance head as 

s p e c i f i e d  above i n  i tems 1 t o  4. T h i s  procedure u t i l i z e d  t h e  d ischarge 

c o e f f i c i e n t s  determined b y  t h e  model s tudy  and c o r r u g a t e d  p i p e  f r i c t i o n  fac- 

t o r s  measured a t  t h e  U.S,. A r m y  Corps o f  Engineers Waterways Exper iment Sta- 

t i o n  a t  Vicksburg,  F l i s s i s s i p p i  (Reference 1) .  These d a t a  were i n p u t s  t o  an 

a n a l y t i c a l  model o f  t h e  d i f f u s e r ' s  h y d r a u l i c  performance which c a l c u l a t e d  

t h e  d i s t r i b u t i o n  o f  t h e  d ischarge and t h e  energy grade l i n e  a long t h e  d i f f u s e r  

p ipes.  

o f  these c a l  c u l  a t i o n s .  

The 

The f i n a l  d i f f u s e r  des ign  shown i n  F i g u r e  3 was s e l e c t e d  on t h e  b a s i s  

Two-Dimensional Model T e s t i n g  o f  t h e  J e t  M i x i n g  Region 

Based on t h e  a v a i l a b l e  s t a t e - o f - t h e - a r t  knowledge of submerged j e t s  
i t  was expected t h a t  t h e  des ign  d ischarge v e l o c i t y  o f  about  9 f p s  would r e -  

s u l t  i n  e f f i c i e n t  m i x i n g  o f  t h e  d ischarge f l o w  w i t h  t h e  ambient f low pass ing  
o v e r  t h e  d i f f u s e r .  

c o n f i g u r a t i o n  had ever  been tes ted ,  a two-dimensional model s tudy  was under- 

taken t o  examine t h e  c h a r a c t e r i s t i c s  o f  t h e  m i x i n g  induced by t h e  d i f f u s e r  

d ischarge and t o  determine t h e  ang le  o f  d ischarge w i t h  t h e  h o r i z o n t a l  which 

would min imize  bed scour  downstream f rom t h e  d i f f u s e r .  These t e s t s  were 

performed a t  t h e  MIT R. M. Parsons Lab f o r  Water Resources and Hydrodynamics 

S ince  no d i f f u s e r  o f  t h e  m u l t i p o r t ,  c o r r u g a t e d  p i p e  

~~~ ~ ~ ~- ~ ~~ 

Reference 1: Grace, J. L., Jr., "Resis tance C o e f f i c i e n t  f o r  S t r u c t u r a l  
P l a t e  Corrugated Pipe," Technica l  Repor t  No. 2-715. U.S. 
A r m y  Engineers Waterways Exper inent  S t a t i o n ,  Vicksburg,  
M i s s i s s i p p i ,  February 1966. 
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during 1967 and 1968. 
providing the undistorted model required for  j e t  mix ing  zone studies.  
principal resul ts  of the investigations were: 

The model scales were 1:15 horizontally and ver t ical ly  
The 

1. Mixing of the j e t s  w i t h  tha t  portion of  the flow passing over 
the diffusers  will occur rapidly. 
shows the temperature dis t r ibut ion obtained from model t e s t s  in the immedi- 
a t e  vicini ty  of the diffusers  for a simulated steady reservoir flow of  
20,000 cubic f e e t  per second. 
fuser,  the temperature was reduced t o  about  11" F. above ambient. The 
maximum temperature a t  the reservoir bottom was about 6-7" F. above ambient 
over an area extending a distance of a b o u t  30 fee t  from the diffuser.  A t  
distances greater t h a n  about 50 f ee t ,  the observed temperature agreed well 
w i t h  the theoretical ful'ly mixed r i s e  of  5.5" F. Figure 5 shows additional 
temperature dis t r ibut ions for  flows o f  6,500, 13,000 and 26,000 cubic fee t  
per second and i l l u s t r a t e s  t h a t  an upstream wedge will form a t  lower reservoir 
flows. 

This i s  i l l u s t r a t ed  by Figure 4 which 

Within a matter of a few f e e t  from the dif-  

On the basis o f  the MIT t e s t s ,  i t  i s  expected t h a t  the m i x i n g  will 
resu l t  i n  uniform temperature over the fu l l  depth within a distance of a b o u t  
100-200 f ee t  horizontally from the diffuser  pipe. 
will extend no more t h a n  200 fee t  from the diffuser  horizontally and no more 
t h a n  5-10 f e e t  above the t o p  of  the diffuser  pipe. 

The zone of j e t  mixing 

2. Outside o f  the mixing zone the temperatures will be no greater 
t h a n  the mixed temperature Tm which may be calculated as: 

ATc 
Qm - + l - R  Qc 

Tm = Tr + 

where Tr = arnbi ent r iver  temperature 
ATc = condenser temperature r i s e  

Qc = condenser cooling water flow 
Qm = t h a t  portion of the total  r iver flow Qr which mixes w i t h  

the diffuser  discharge. 

i .e . ,  the amount being recirculated.  
(1 - R )  , will be a t  the ambient temperature Tr. 

R = the f ract ion o f  the intake flow which i s  a t  temperature Tm, 
The remaining fract ion,  

I 
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It i s  c l e a r  f rom Equat ion (1 )  t h a t  f o r  l a r g e  d i l u t i o n s  (Qm >> Qc), t he  amount 
o f  r e c i r c u l a t i o n  ( t h e  va lue o f  R) has o n l y  a smal l  e f f e c t  upon the  mixed tem- 

perature.  

t u res  t h a t  a re  approached asympto t i ca l l y  a f t e r  any change i n  t h e  r i v e r  f low 
ra te ,  o f ten over  a pe r iod  o f  hours. The s i g n i f i c a n c e  o f  t h i s  i s  t h a t  Equa- 

t i o n  (1 )  w i l l  p r e d i c t  a temperature r i s e  t h a t  i s  too  h igh  f o r  a c e r t a i n  
l e n g t h  o f  t ime a f t e r  a decrease i n  r i v e r  f l o w  and too  low a f t e r  an increase. 

It i s  emphasized t h a t  Equat ion (1 )  p r e d i c t s  steady s t a t e  tempera- 

The de terminat ion  of  Qm and the  unsteady behavior of t he  mix ing  are  a p a r t  

o f  t he  three-dimensional  thermal model r e s u l t s  descr ibed i n  a l a t e r  sect ion.  

3. 

24". (See F igure 3.) 
Minimum scour was observed w i t h  an e leva ted  j e t  angle of 

The T h r  ee-D i mens i o na 1 T h'erma 1 Model 

The thermal regime induced i n  Wheeler Reservoi r  by the  opera t ion  

of Browns Fer ry  i n  e i t h e r  t h e  open o r  he lper  modes w i l l  depend upon a com- 

p l e x  i n t e r a c t i o n  between the  i n t a k e  and d ischarge f lows and the  regu la ted  
f lows i n  the  r e s e r v o i r .  The purpose o f  t h e  three-dimensional  thermal model 

study has been t o  assess the  performance o f  t he  d ischarge c o n f i g u r a t i o n  and 

t o  determine the  r e l a t i o n s h i p  between the  r e s e r v o i r  f l o w  and t h e  temperature 

d i  s tri b u t i  on. 

The model encompasses a f i v e - m i l e  reach o f  Wheeler Reservoi r  w i t h  

the  Browns Fer ry  i n t a k e  and d i f f u s e r  s i t u a t e d  near the  center  of t h i s  reach. 

The model (see F igure  6 )  i s  d i s t o r t e d ,  having a v e r t i c a l  sca le  r a t i o  o f  

1:50 and a h o r i z o n t a l  sca le  r a t i o  o f  1:250. 

a re  g iven f o r  mode 

Values o f  var ious  parameters 

and pro to type i n  Table I .  
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Parameter 

Length of modeled section 
Reservoir w i d t h  (approx.) 
Reservoir depth: r iver  channe 

shallow area 
Mean annual reservoir flow 

9 

TABLE I 

Condenser cooling f l o w / u n i t  
Condenser temperature r i s e  
Diffuser length/uni t 

Prototype 

27,000 f t  
6,000 f t  

30 f t  
10 f t  

40,000 c fs  

1,450 cfs  
25" F 
600 f t  

Model 

108 f t  
24 f t  
.6 f t  
.2 f t  

200 gpm 

7.4 gpm 
25" F 
2 .4  f t  

The prototype reservoir geometry, which i s  highly irregular and 
three-dimensional , i s .  reproduced t o  scale  i n  the model. The reservoir flows 
i n  the prototype are  primarily controlled by hydro power peaking operations 
a t  the Wheeler and Guntersvil e plants,  result ing i n  large discharge and 
stream velocity fluctuations.  The model i s  provided w i t h  a flow supply 
system capable of producing t me varying reservoir flows i n  e i ther  direction. 
The basic data taken from the model consists of  temperatures measured by an 
array of 400 thermistor probes. Sampling o f  temperatures, reservoir flow 
valve adjustments, and other minor functions such as reading water levels 
are under the control of a d i g i t a l  computer. All d a t a  reduction i s  also 
handled by computer. Such automatic control i s  necessary t o  model the u n -  
steady discharge hydrographs which are common i n  the prototype. 

a b o u t  the intermediate- region between the j e t  mixing  area, immediately adja- 
cent to  the diffusers ,  and the far  f i e l d  upstream and downstream regions. 
This region i s  o f  great importance i n  evaluating thermal e f fec ts  becuase the 
highest temperatures outside of the mixing zone wi l l  occur here. 
the dynamics of the flow i n  the intermediate region may affect  the magnitude 
of the mixing flow, Qm. 
provides the required s ta r t ing  boundary condition fo r  downstream heat loss 
cal cul a t i  ons. 

The three-*dimensional thermal model i s  designed t o  give information 

In addition, 

Finally, the observed behavior of the heated layer 

The dominant physical phenomena i n  the intermediate region are  the 
convection of mass and heat, the formation of  s t r a t i f i e d  conditions, and t o  
a lesser extent the loss of  heat th rough  the water surface. The scales of 
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the  three-dimensional  thermal model were chosen t o  ensure c o r r e c t  s i m i l i t u d e  
o f  t he  convect ion,  s t r a t i f i c a t i o n ,  and sur face  heat  loss. F i e l d  s tud ies  i n  

t h e  pro to type have been conducted and a re  con t inu ing  w i t h  the  purpose o f  

determin ing the  p a t t e r n  of r e s e r v o i r  cu r ren ts  and t h e  sur face  heat l o s s  

c h a r a c t e r i s t i c s  i n  t h e  v i c i n i t y  of t h e  p lan t .  
of the  upstream r e s e r v o i r  f l o w  may be ad jus ted  t o  r e p l i c a t e  p ro to type cur-  

r e n t  cond i t ions .  

made t o  f a c i l i t a t e  the  eva lua t i on  o f  surface heat  l o s s  upon model tempera- 

t u r e  data. Carefu l  s e n s i t i v i t y  t e s t i n g  i s  con t inu ing  t o  determine whether 

o r  n o t  t h e  upstream d i s t r i b u t i o n  o f  f low,  sur face  heat  l oss ,  boundary rough- 

ness, and d i s t o r t e d  d i f f u s e r  c o n f i g u r a t i o n  have any s i g n i f i c a n t  e f fec ts  upon 

the  observed f l o w  and temperature s t ruc tu re .  
f i r s t  t h ree  are n o t  o f  major  s i g n i f i c a n c e  and probably  t h e  d i f f u s e r  conf igura-  

t i o n  i s  n o t  e i t h e r .  
A se r ies  o f  steady r e s e r v o i r  f l o w  t e s t s  have determined the  three-  

dimensional f l o w  and temperature d i s t r i b u t i o n s  i n  t h e  modeled area fo r  one-, 

two- and t h r e e - u n i t  operat ion.  

I n  the  model t he  d i s t r i b u t i o n  

A s tudy o f  t he  sur face  heat  exchange i n  the  model has been 

To date, i t  appears t h a t  the  

These t e s t s  i n d i c a t e  the  f o l l o w i n g  p a t t e r n  

o f  behavior:  

1. The i n t a k e  f l o w  w i l l  be withdrawn f rom t h e  f u l l  

c o n s i s t  o f  water which f lows downstream from the  shal low area 
s ide  and from t h e  r igh thand s ide  o f  t h e  main channel. Th i s  f 

w i l l  tend t o  minimize r e c i r c u l a t i o n  o f  heated water.  

2 .  R e c i r d u l a t i o n  w i l l  occur o n l y  i n  the  low f l o w  s 

a l l  o f  t h e  upstream f low i s  being drawn i n t o  the  m ix ing  zone. 

depth and w i l l  
on the  p l a n t  

ow d i s t r i b u t i o n  

tua t i ons  when 

I n  these 

cases, i t  can be shown on t h e o r e t i c a l  grounds t h a t  the  mixed temperature 
r i s e  w i l l  be v i r t u a l l y  independent o f  t he  degree o f  r e c i r c u l a t i o n  [see 

Equat ion ( 3 ) ] .  The model data conf i rm t h i s  conclusion. 

3. For r e s e r v o i r  flows o f  l a r g e  magnitude, i.e., g rea ter  than 

50,000-70,000 cfs ,  t h e  na tu ra l  f l ow  d i s t r i b u t i o n  i n  t h e  r e s e r v o i r  w i l l  n o t  

be s i g n i f i c a n t l y  a l t e r e d  by the  mix ing  a c t i o n  o f  t he  d i f f u s e r s .  V e l o c i t i e s  

w i l l  be i n  the  downstream d i r e c t i o n  over  t h e  f u l l  depth and over the  e n t i r e  
w id th  o f  t he  r e s e r v o i r ,  see F igure  7. No heated water  w i l l  move upstream 
from t h e  d i f fusers ,  thus, p revent ing  any r e c i r c u l a t i o n  ( R  = 0).  The mixed 

f low,  a t  temperature Tm, l eav ing  the  j e t  m ix ing  r e g i o n  w i l l  form a heated 

Revised 5/22/72 
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sur face l a y e r  downstream above a lower l a y e r  c o n s i s t i n g  o f  t h a t  p o r t i o n  o f  

t he  ambient f low which does no t  pass through t h e  m ix ing  reg ion.  The mix ing  
f l o w  Qm w i l l  be determined by the  amount o f  f l o w  which passes over the  d i f -  

f use r  n a t u r a l l y .  F i e l d  measurements o f  cu r ren ts  i n  Wheeler Reservoi r  i n d i -  

ca te  t h a t  about 22 percent  o f  t h e  t o t a l  r e s e r v o i r  f l o w  passes over each o f  
t he  th ree  d i f f use r  sect ions,  making a t o t a l  o f  about 65 percent  i n  the  deep 

r i v e r  channel. The mix ing  f l o w  Qm w i l l  depend upon how the  f low downstream 

from the  i n t a k e  i s  r e d i s t r i b u t e d  across the  channel d u r i n g  opera t ion  of t he  

p lan t .  
t o  t h i s  f a c t o r  and i s  g iven  approximately by 

However, t he  r e s u l t i n g  mixed temperature i s  r e l a t i v e l y  i n s e n s i t i v e  

167,000 
Qr 

Tm = T r  + 

where Qr i s  the  t o t a l  r e s e r v o i r  f low.  

i s  f o r  one, two o r  t h r e e  u n i t s  and i s  shown i n  F igure  10. 

The va lue o f  Tm g iven by Equation (2 )  

4. For r e s e r v o i r  f lows l e s s  than about 7-10 times the  d i f f u s e r  
- f l o w  a l l  o f  t h e  r e s e r v o i r  f l o w  w i l l  be drawn i n t o  the  j e t  m ix ing  zone. 
f l o w  p a t t e r n  i n  these cases i s  shown schemat ica l l y  i n  F igure  8. 

eddy w i l l  occur over t h e  t o t a l  depth i n  the  wide l e f thand  shal low area 

adjacent  t o  the  d i f f u s e r s  as a r e s u l t  o f  t h e  d i v e r s i o n  o f  t h e  r i v e r  f l o w .  

Since no ambient water w i l l  pass by the  d i f f u s e r s  w i t h o u t  mixing, the  e n t i r e  

downstream reg ion  w i l l  be a t  t h e  mixed temperature over  the  f u l l  depth. A 
sur face l a y e r  o f  water a t  t h e  mixed temperature may extend upstream f r o m  t h e  

d i f f u s e r s  e i t h e r  bedause o f  the  eddy cur ren ts  o r  because o f  g r a v i t a t i o n a l  

The 
A l a r g e  

spreading. 

f l o w  Qr l e s s  t h e  i n t a k e  f l o w  Qc(1  - R )  and the  mixed temperature i s  g iven by: 
For t h i s  case the  mix ing f l o w  Qm i s  equal t o  t h e  t o t a l  r e s e r v o i r  

(3) 25Qc Tm = T r  + - 
Qr 

which i s  independent o f  t he  amount o f  r e c i r c u l a t i o n .  
i s  a l so  shown on F igure  10. 

A p l o t  o f  Equation (3 )  

5. For r e s e r v o i r  f lows g rea te r  than 7-10 t imes t h e  d i f f u s e r  f low 

b u t  l ess  than 50,000-70,000 c fs ,  t he  sum o f  t he  i n t a k e  f l o w  and t h e  mix ing  

f low,  Qm, demanded and d i v e r t e d  by t h e  d i f f u s e r s  w i l l  be equal t o  about 7-10 

times the  condenser f low.  The remainder o f  the  r i v e r  f l o w  Qr w i l l  pass by 
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the side of the diffusers unmixed. The flow pattern i n  these cases i s  shown 
i n  Figure 9. No eddy will be present i n  the subsurface flow as the portion 
of the ambient water, which passes the diffusers  without mix ing ,  will be an 
underflow over the shallow lefthand area. 
ambient f low which d i d  not mix will form a cooler bottom layer beneath an 
eddying surface layer of water a t  the mixed temperature. The surface layer 
will  spread l a t e ra l ly  across the shal low area and depending upon the magni- 
tude of the r iver  flow may even spread upstream from the diffusers.  
recirculation occurs for  these cases, making  R = 0 i n  Equation ( 1 ) .  

Downstream from the diffusers the 

No 

( 4 )  25 Tm = Tr + 

where P i s  about 7-10. as  shown i n  Figure 10. 
i s  about 2.5-3.5" F. 

The resul t ing temperature r i s e  

6. The upstream movement of a heated surface layer i s  a highly 
three-dimensional phenomena which is  only qual i ta t ively similar t o  the up- 
stream wedge i n  a two-dimensional channel. In the cases where the surface 
layer reaches the upstream boundary o f  the model, w i t h  our  present under- 
s t a n d i n g ,  i t  i s  n o t  possible t o  predict how much fur ther  the warm water will 
extend i n  the prototype. However, i t  i s  expected tha t  the vertical  thick- 
ness of the layer will decrease i n  the upstream direction. 

7. The downstream flow of mixed water a t  temperature Tm will  
i n i t i a l l y  be limited t o  the deep r iver  channel just  below the diffusers ,  
b u t  w i t h i n  a few miles. of the diffusers i t  w i l l  spread over the f u l l  w i d t h  
of the reservoir. As previously discussed, the degree of  vertical  s t r a t i -  
f icat ion will be dependent upon the magnitude o f  the reservoir f low.  How- 
ever, the downstream surface layer will  lose heat t o  the atmosphere a t  a 
r a t e  independent of  the depth of  the heated layer. 
i n  the next section. 

T h i s  wi l l  be discussed 

Downstream Water Surface Temperature Predictions 

The changes i n  the downstream reservoir temperature result ing from 
the operation of  Browns Ferry were determined by r o u t i n g  the i n i t i a l  increase 
i n  temperature using the following one-dimensional , steady-state equation: 

Revised 5/22/72 
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 AT^ = ATO exp[-K XB 1 
PC Qm + Qc ( 5 )  

where OTx = t h e  inc rease i n  sur face temperature a t  t h e  end o f  a 

AT0 = the  inc rease i n  sur face temperature a t  t he  beginning of a 

r o u t i n g  reach 

r o u t i n g  reach 

X = l e n g t h  o f  r o u t i n g  reach 
B = e f f e c t i v e  w id th  o f  t h e  reach 

K = environmental heat exchange c o e f f i c i e n t  
Qm = t h e  p o r t i o n  o f  t he  t o t a l  r i v e r  f l o w  t h a t  mixes w i t h  the  

d i f f u s e r  d ischarge 

Qc = t h e  d i f f u s e r  discharge 

p = d e n s i t y  ,o f  water 

c = s p e c i f i c  heat  o f  water 

For computat ional  purposes, t he  r e s e r v o i r  was d i v ided  i n t o  s i x  

reaches va ry ing  i n  l e n g t h  from 2.1 t o  4.2 mi les .  Equat ion ( 5 )  was app l ied  

success ive ly  t o  each reach by us ing the  temperature r i s e  a t  the beginning 
o f  t he  reach, ATo, t o  o b t a i n  the  temperature a t  t he  end o f  the  reach, ATx, 
which then became t h e  i n i t i a l  temperature r i s e  f o r  t h e  f o l l o w i n g  reach. 

The e f f e c t i v e  w id th  o f  the  heated water f o r  each reach was based 

upon observat ions o f  t h e  three-dimensional model which showed t h a t  the  main 

body of  heated water  f l ows  downstream spreading l a t e r a l l y  across the  reser -  

v o i r  and t h a t  t he  f i l l  w id th  o f  the r e s e r v o i r  w i l l  be covered a t  a d is tance 

o f  about 3 m i l e s  f rom' the d i f f u s e r s .  W i th in  t h e  f i r s t  t h ree  m i les ,  the  

e f f e c t i v e  w id th  f o r  heat d i s s i p a t i o n  w i l l  be about one-half of t h e  average 
r e s e r v o i r  width.  

p l a n t  a t  low f lows was p rev ious l y  described. 
o f  the  temperature p red ic t i ons ,  t h a t  no heat w i l l  be t ranspor ted  from the  

main body of f l o w  by the  eddy. The e f f e c t  o f  t h i s  assumption i s  t h a t  t he  

downstream temperature p r e d i c t i o n s  are s l i g h t l y  h igh  when such an eddy 
e x i s t s .  

The fo rmat ion  o f  an eddy i n  the  shal low area oppos i te  t h e  
It was assumed, f o r  t he  purpose 

The environmental heat  exchange c o e f f i c i e n t  a f f e c t s  t h e  r a t e  a t  

An increase i n  t h e  c o e f f i c i e n t  causes a which the  temperature decreases. 

more r a p i d  d i e - o f f .  Th i s  c o e f f i c i e n t  i s  a f u n c t i o n  o f  meteoro log ica l  
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cond i t ions ;  hence, i t  v a r i e s  seasonal ly  and from year  t o  year.  To account 

f o r  t he  meteoro log ica l  v a r i a t i o n s ,  temperature r o u t i n g s  were made f o r  each 

month of t he  12-year pe r iod  1960 through 1971 based upon c o e f f i c i e n t s  de- 

termined fo r  t h e  average meteoro log ica l  cond i t i ons  t h a t  ex i s ted  dur ing  the  

midd le  week o f  t h e  month. From these rou t ings ,  t h e  mean and 95 percent 

confidence 1 i m i  t s  o f  t h e  rou ted  temperatures were computed. 
The d ischarge Qm + Qc represents  t h a t  p o r t i o n  of t he  r e s e r v o i r  

f l o w  t h a t  w i l l  be heated above ambient. 

may be equal t o  o r  l e s s  than the  t o t a l  r e s e r v o i r  f l o w  depending upon the  

magnitude o f  t h e  t o t a l  r e s e r v o i r  f low.  

t u r e  d i e - o f f  and t h e  i n i t i a l  temperature r i s e  i n  t h e  near f i e l d .  
Qm + Qc increases, the  d i e - o f f  r a t e  and the  i n i t i a l  temperature r i s e  decreases. 

assuming i n i t i a l  temperature r i s e s  o f  10, 5 and 3.5" F. The r e s u l t s  o f  these 
p r e d i c t i o n s  are  shown i n  P la tes  11 through 46. 

As p r e v i o u s l y  discussed, Qm + Qc 

Qm + Qc a f f e c t s  t h e  r a t e  of tempera- 
As 

P red ic t i ons  were made f o r  one-, two-, and th ree -un i t  opera t ion  

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

Based upon the  data i n  the  prev ious sec t ion ,  t h e  f o l l o w i n g  sec- 
t i o n s  w i l l  d iscuss q u a n t i t a t i v e l y  the  p red ic ted  steady f l o w  and temperature 

d i s t r i b u t i o n s  du r ing  opera t ion  o f  Browns Ferry P l a n t  as an open c y c l e  system. 
One-unit opera t ion  i s  t rea ted  f i r s t  fo l lowed by d iscuss ions o f  t h e  two- and 
t h r e e - u n i t  ones. 

One-Uni t Operat ion 

The s i n g l e  u n i t  condenser f l o w  o f  1450 c f s  w 11 r e s u l t  i n  maximum 
i n t a k e  channel v e l o c i t i e s  of  0.4 f t /sec.  

through the  d i f f u s e r  s e c t i o n  o f  the  a c t i v e  u n i t  and w i l l  mix w i t h  the  reser-  

v o i r  f low i n  the  manner descr ibed i n  the  prev ious sec t ions .  The j e t  m ix ing  
zone w i l l  be j u s t  downstream from the  a c t i v e  d i f f u s e r  s e c t i o n  and w i l l  be 

approximately 20 fee t  h igh,  200 f e e t  l ong  and 600 f e e t  wide, thus occupying 

about 12,000 square f e e t  ( o r  9 percent)  o f  t he  t o t a l  r e s e r v o i r  cross sec t i on  

and about 2,400,000 c u f t  of volume. The water l e a v i n g  t h e  mix ing  zone w i l l  

Heated water  w i l l  be discharged 

Revised 5/22/72 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

15 

be a t  the  mixed temperature Tm which i s  dependent upon t h e  r e s e r v o i r  f low Qr 
as shown i n  F igure  10. For r e s e r v o i r  f lows l e s s  than about 10,000 t o  14,500 

c f s ,  the  e n t i r e  r e s e r v o i r  f l o w  w i l l  be drawn i n t o  t h e  j e t  m ix ing  zone, e i t h e r  
from behind t h e  d i f f u s e r s  o r  f rom along t h e  s ides o f  t h e  m ix ing  region. 

a re  shown on P la tes  11 through 22 f o r  t he  midd le  week of each month. 

d i c t i o n s  were made f o r  t h e  f o l l o w i n g  cases: 

P red ic t i ons  o f  t he  downstream temperature inc rease above ambient 
Pre- 

1. A r e s e r v o i r  f l o w  o f  3600 c f s  and i t s  assoc iated temperature 

r i s e  o f  10" F. 

2. A r e s e r v o i r  f l o w  o f  7200 c f s  and i t s  assoc iated temperature 
r i s e  o f  5" F. 

3. A r e s e r v o i r  f l o w  g rea te r  than 10,200 c f s  bu t  l ess  than about 

50,000 c fs  which g ives a temperature r i s e  of  3.5" F. 

The r e l a t i o n s h i p  between r e s e r v o i r  f l o w  and temperature was taken from 

P l a t e  10. 

occurs f o r  t he  f i r s t  two cases. 

v o i r  f l o w  mixes w i t h  the  condenser f l o w  and t h e  remainder f lows as a coo le r  

under f  1 ow. 

Complete m ix ing  o f  t he  r e s e r v o i r  f l o w  and t h e  condenser f l o w  
For case 3, o n l y  10,200 c f s  o f  t he  reser -  

Two-Uni t Operat ion 

The two-un i t  condenser f l ow  o f  2900 c f s  w i l l  r e s u l t  i n  maximum 

i n t a k e  v e l o c i t i e s  of 0.9 f t / sec .  The l o c a t i o n  o f  t he  mix ing  zones w i l l  

depend upon which two u n i t s  a r e  operat ing.  

about 1200 f e e t  wide and occupy 18 percent  o f  t h e  t o t a l  r e s e r v o i r  cross 

sec t i ona l  area and a volume o f  4,800,000 c u f t .  The mixed temperature r i s e s  

i n  the  in te rmed ia te  zone are  shown i n  F igure  10 as a func t i on  of t h e  reser -  
v o i r  f low.  

occur fo r  f lows of l e s s  than 20,000-29,000 c f s .  

a re  shown on P la tes  23 through 34 f o r  t h e  midd le  week o f  each month. 

d i c t i o n s  were made f o r  t he  f o l l o w i n g  cases: 

The t o t a l  m ix ing  zone w i l l  be 

Complete m ix ing  o f  t he  r e s e r v o i r  f l o w  w i t h  the  discharge w i l l  

P red ic t i ons  o f  t h e  downstream temperature increase above ambient 
Pre- 

1. A r e s e r v o i r  f l o w  of 7200 c f s  and i t s  assoc iated temperature 

rise o f  10" F. 
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2. A reservoi r  flow of 14,500 c f s  and i t s  associated temperature 
r i s e  of 5" F. 

3. A reservoi r  flow grea te r  than 20,300 c f s  b u t  l e s s  than about 
50,000 cfs which gives a temperature r i s e  of 3.5" F. 

The re la t ionship  between reservoi r  flow and temperature was taken from 
Pla te  10. 
occurs f o r  the f i r s t  two cases.  
voir  flow mixes w i t h  the condenser flow and the remainder flows as a cooler 
underf 1 ow. 

Complete mix ing  of  the  reservoir  flow and the condenser flow 
For case 3, only 20,300 c f s  of the reser- 

Three-Uni t Operation 

The condenser ,flow will  be 4350 c f s  and the maximum intake veloci ty  
1.3 f t / s e c .  The discharge wil l  occur over the  f u l l  1800-foot d i f fuser  struc- 
ture  resul t ing i n  a m i x i n g  zone which will  occupy 27 percent of the reservoir  
cross sectional area and a volume of 7,200,000 c u f t .  
r i s e  i s  shown i n  Figure 10. 
discharge will  occur f o r  reservoi r  flows l e s s  than 30,000 t o  43,500 cfs .  

a r e  shown on Plates  35 through 46 f o r  the middle week of each month. 
d ic t ions  were made f o r  the  following cases: 

The mixed temperature 
Complete m i x i n g  o f  the reservoi r  flow w i t h  the  

Predictions of the downstream temperature increase above ambient 
Pre- 

1 .  A reservoi r  flow of 10,900 c f s  and i t s  associated temperature 
r i s e  df 10" F. 

2 .  A reservoi r  flow of 21,800 c f s  and i t s  associated temperature 
rise of 5" F.  

3. A reservoi r  flow grea te r  than 30,500 c f s  b u t  l e s s  than about 
50,000 c f s  which gives a temperature rise of 3.5" F. 

The relat ionship between reservoir  flow and temperature was taken from 
Pla te  10. 
occurs f o r  the f i r s t  two cases. 
v o i r  flow nixes w i t h  the condenser flow and the remainder flows as a cooler 
underflow. 

Complete mixing  of the reservoir  flow and the condenser flow 
For case 3, only 30,500 c f s  o f  the  reser- 
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HELPER MODE OPERATION 

The c o n s t r u c t i o n  of coo l i ng  towers a t  Browns Fe r ry  w i l l  make pos- 

s i b l e  the  opera t i on  o f  t h e  condenser coo l i ng  system i n  a he lpe r  mode where 

a p o r t i o n  o f  t he  heat w i l l  be removed from the  condenser water by the  

towers before i t  i s  discharged i n t o  the  r i v e r .  Al though the  d e t a i l s  of t he  
design a re  n o t  f i n a l ,  i t  w i l l  i n v o l v e  a somewhat lower  condenser water f low 

(1223 c f s )  f o r  each u n i t ,  a h igher  condenser r i s e  (31.7O F.), and a lower 

temperature r i s e  i n  the  discharged water than i n  an open cyc le  operat ion.  

I n  a d d i t i o n  the  f low from a s i n g l e  u n i t ,  i f  i t  i s  shown t o  Drovide more de- 

s i r a b l e  mix ing  c h a r a c t e r i s t i c s ,  may be discharged through a l l  th ree  d i f -  

fuser  sect ions.  These d i f f e rences  from open c y c l e  ope ra t i on  w i l l  r e s u l t  
i n  a d i f f e r e n t  r e l a t i o n s h i p  between the  r e s e r v o i r  f l o w  magnitude and the  
temperature r i s e s  i n  the  r e s e r v o i r  b u t  operat ions i n  general  should r e s u l t  

i n  s i m i l a r  f l o w  and temperature pa t te rns  as descr ibed f o r  t he  open mode of 

operat ion.  

FUTURE PROGRAMS 

Th is  r e p o r t  has descr ibed t h e  present  s t a t e  of knowledge about t h e  

hydrothermal regime which w i l l  occur i n  Wheeler Reservo i r  a t  t he  Browns 

Fe r ry  Nuclear P l a n t  s i t e .  The t reatment  has been l i m i t e d  t o  steady condi-  

t i o n s  du r ing  opera t i on  o f  t h e  p l a n t  as an open c y c l e  system and has been 

based p r i m a r i l y  upon model data.  The f o l l o w i n g  sec t ions  d iscuss the  d i f -  

ferences expected when unsteady r e s e r v o i r  f lows o r  he lpe r  mode opera t ion  i s  

considered. The con t inu ing  i n v e s t i g a t i o n  o f  these modes i s  ou t l i ned ,  i n -  
c lud ing  plans f o r  o b t a i n i n g  post -operat ional  f i e l d  da ta  t o  v e r i f y  and 

supplement model r e s u l  t s .  

Unsteady Reservoi r  F1 ows 

The temperature r i s e s  descr ibed i n  t h e  preceeding sec t ions  are  

s teady-state va lues reached asympto t i ca l l y  a f t e r  a change i n  f l o w  cond i t ions .  

If the  r e s e r v o i r  f l o w  i s  cons tan t l y  changing, t h e  temperature and f low d i s -  

t r i b u t i o n  may never be i n  a steady s t a t e  cond i t i on .  It i s  c l e a r  t h a t  if t h e  

Revised 5/22/72 
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reservoir flow remains greater t h a n  a certain magnitude, the mixed tempera- 
ture  r i s e  i n  the reservoir will never exceed the steady s t a t e  value cor- 
responding t o  t h a t  m i n i m u m  flow. If the reservoir flow fluctuates below t h  
m i n i m u m  value for  some short length of  time, the temperature r i s e  may n o t  
increase significantly.  
dimentional thermal model has as i t s  objective the determination of what 
unsteady f low regulation policies will be required t o  keep the induced tem- 
perature r i s e s  i n  Wheeler Reservoir below the desired value. 

A continuing program of tes t ing i n  the three- 

Helper Mode Operation 

As the designs a re  firmed u p ,  model t e s t s  will be used t o  predict 
the three-dimensional flow and temperature dis t r ibut ions f o r  helper mode 
operation as they were predicted for  open cycle operation and t o  determine 
the most expedient operating method for  achieving the desired temperature 
s t anda rds .  
a f t e r  the units are  i n  operation. 

These studies will f i na l ly  be firmed u p  by f i e ld  investigations 

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 o f  
conti nuously recording fixed temperature monitors (see Figure 47) .  There 
will  also be intensive surveys by boat and airborne techniques t o  measure 
the de ta i l s  of  the temperature dis t r ibut ion i n  the v ic in i ty  of the p l a n t .  
T h i s  information will 'begin t o  be available as soon as the p l a n t  commences 
one-unit operation. The f i e ld  d a t a  will be compared w i t h  model resul ts  t o  
verify and refine the predictions presented in this report  and t o  develop 
the f inal  required operating procedures. 
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