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PREFACE

— i’he mathemat i ea l  model inves t iga t ion  of Tallahala Creek Lake re—

p . ~~~1 here in  wa~ authorized by the O f f i c e , Chief of Eng ineers , U.  C .

~\r~ y ,  on i~
) AuCust  l97l~ at the request of the U .  S. Army Engineer Dis—

t r i~’t , ~!el i~~e (CA!~). An earlier investigation of Tullahala Creek Lake

was completed in  June 1973 and a letter report was forwarded to SAM .

The model ~t udy rep~~rt ed he re in  ref lects  various st ructural  and opera—

t iona l  c : i ~~es L n Tallahala Creek Lake not investigated in the ear l ie r

study .

The inv e~ t i C a t i on  was conducted d u r i n C  the period Apri l—November

197 5 in t i e  ~i y d r au l i c s  Laboratory of the U.  S. Army Engineer Waterway s

Yx~ t ’ r i m t ’r i t  Ot it lon  (~~E S) ,  under the direct ion of Mr .  H .  B. Simmons ,

C h i e t ’ ct the H y d r a u 1 ic s  Laboratory , and M r .  J . L. (‘,race , J r . ,  C h i e f  of

Structures Divi sion , and under the supervision of Mr. J. P. Bohan , Chief

of t h e  C~~i llways and Channels  Branch. The study was conducted by

C .  T . Maynord and U. Loft is. This report was prepared by

~:iynor d , Lot .t is , :in d D. C. Fontane .

rector s  of WES d u r i n ~ t h i s  study and the preparation and publica-

t ion  el • t h is  report were COL C.  H . H i l t , CE , and COL John L. C onies , CE.

T~clin ; ca1 Director was M r .  F. S. Brown .
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CO~JVF~ O l O~ FACTORS , U. S. CUSTOMAR Y TO METRIC (S I )
UNITS OF MEASUREMENT

U . S. customary un i t s  of measurement used in th i s  report can be con-

verted to metr ic  ( S I )  un i t s  as follows :

Multiply By To Obtain

feet 0.30148 metres

miles (u. C. statute) 1.60931414 kilometres

square feet 0.092903014 square metres

square m iles (U. C.
statute) 2.589988 square kilometres

acres 140146.856 square metres
acre—feet 1233.1482 cubic metres

cubic feet per second 0.02831685 cubic metres per second

Btu (International Table) 1055.056 joules

Fahrenheit degrees 5/9 Celsius degrees or Kelvins*

I
* To obtain Celsius (C) temperature readings from Fahrenheit (F) read—

ings , use the following formula: C = ( 5 / 9 ) ( F  — 32). To obtain Kelvin
(K) readings, use: K = (5/9)(F — 32)  + 273.15.

3
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TEMPERATIJR E ANALYSIS AND SELECTIVE-WITHDRAWAL DESIGN STUDY

TALLA HA LA CREEK LAKE, MISSISSIPPI

~4athematical Model Investigation

PART I: INTRODUCTION

Purpose

1. The purpose of this study was to investigat e the temperature

structure to be expected within the proposed Tallahala Creek Lake and to

determine a selective—withdrawal intake configuration that will allow

operation to satisfy downstream water—quality objectives.

Proj ect Description

2. The Tallahala Darn will be located on the Tallahala Creek

approximately 13 miles* north of Laurel, Mississippi , and will have a

drainage area of 152 square miles (Figure 1). An 8,000—ft—long earth—

f i l l  dam will impound water for water supply , water—quality management ,
and flood control. The lake formed by the darn will be approximately

8 miles long and will provide 128,360 acre—ft of storage at el 31’T.5,**
which will be the top of the flood control pool. The storage allocation

will include 67,300 acre—ft for flood control , 36,800 acre—ft for water

supply, and 12,1400 acre—ft for water—quality control. The top of the

conservation pool will be at el 306.5 and the bottom of the reservoir

will be at el 270.0. The surface area of the lake at the top of the con—

servation pool will be 14,8145 acres. Releases from the lake will be made

through an outlet works with a lO—ft—diarn conduit in the dam and over a

300—ft—long emergency spillway .

* A table of factors for converting U. S. customary units of measure—
ment to metric (SI) units is presented on page 3.

** All elevations (el) cited herein are in feet referred to mean sea
level.

5
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~ . ‘
~~he o i i t l  et worz~s will co n s i s t  el  an i n t s i k o  s t r u c t u r e  w i t h

prsvi  S i  c i t e  fo r  niaki is~ s e l e c t i v e — w i th dr : tw ol  and Cl sod ‘el euses  . The

ly e—wi t h d r a w t t  r e l ea s e s  wil l ~imso t h r su~ lj t - Wc 10— by 14.7 ‘~— ft wet

~~ l i s , each  ~~ which w i l l  have t wo  ~.O— by 14 . 0 — r i  i n t a k e s , o ne it-

- 0k) . 0 i~~i sue u t el ~~~ .0, wi U: hyd rau I i  c:t I ly ope rat ed s 1 u i

The t we in t ak e s  it  ci .‘UtI.O will d i  ~l t t t r~ e i n t o  t h e  s i d e s  st t h e  wet

I s , isO t h e  we at el ‘80 . (1 will di o harcc  j u t  0 t u e  t r o u t  l a c e s .  The 

- each of t h e  wet wells will be i ’o n t  r I  1 1  by .~ . 0 — by ~~. ~— t t

o 1 i c e  ‘
~ 

i t e s a t el .‘I.~ .0. 
‘“t ie flows i ron t he wet well will 0 is charge

- ‘ he Cl ‘el  cost rol condo it ,l us t downs I rears of he scrV i c e  ~:it es.

Th- ’h wet well will ass 85 c t ’s , and the comb i ned c: ieac  i t  v f or  b o t h  wet-

w i l.1 h e 170 c t ’s.

~\~‘preach

14 . The st  ti dy was : l c comp  I i  shed wi th  t h e  use 01’ ~l numer ical a inu la—

i o n  model  . ‘~‘ho approach  involved t h e  select ion of several study years

:t n l  s 1 nail at  ion ot ’ lak e op era t  .1 on for each of’ these  years. C i n d y  yea i.e

eel  ec ted  had combinat ions  01’ streamflow qu a n t i t i es and air t emp cr at  ur ec

hat  co u l d  c r e a t e  extrem e cond i t  ions of’ thermal strati  f i t ’:it ion . The

,I~~t:i r t ’~luj  red for the simulations were lake inflows and ou t f l o w s , inflow

st resin t emp era tu res  , meteorol og ical  d a t - r i  for each of the study y ear s  ,

geomet ry  ~ C the lake , and geometry of  t h e  i n take  s t r u c t u r e .

‘
~~. The heat t r a n s f e r  into and ou t -  of the lak e was evaluated and

the heat was d i s t r i b u t e d  w i t h i n  the lake. A heat budget was mainta ined

1- h r ou g l io i t t  the si m u l a t i o n  per iod . An ob jec tive  temperature was spec i —

f led  for  each simulation day , and an op e r a t i ng  sch em e was determined .

i’he op era t  ion  scheme for any day was the comb! nat ! on of’ open port  tha t -

m i n i m i z e d  t he  difference between the objective downstream temperature

a s h  the p r e d i c te d  release t em p er a t u r e . The output. front the simulation

incl uded a comparison be tw een object ive and release temperature in graph-

i cal form throughout the simulation period no well as tabular  summaries

for each day and plot ted profi les  01’ temperature w i t h in  the lake rd
specified times of’ the year . The numerical s i m ula t i o n  model was sloe

6
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I
s ins: late the 0 i s s .I v e d  o .’cy o, em: (i’ .o . ) s t r u c t u r e  of Talluhala

,‘reek  ~ i k e .  jo ’ c r i r l ’o s e  of t h:eoe s ire :  I at  1 s i t s  was t o  eval  n u t  t he c C —

f ec t  of r~-e e r v e i r  o r ’ e r r t t  is:: ur ’omi the l’ .0. r eg ime  of the lake. A i c —
r i t ’t  i ‘ i i  0 C t he s imulat ion s  arid the resul ta et ’ t he  si  n~ :lu t Is : is ar e  l i e —

s e nt e d  in d a p e n d i x  A ot ’ t h i s  r e p o r t

L 
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PART II: hOUHI  DESCRIPTIO N

t .  Tee -0- ‘w r i -si resis release ci t ract i ’r i  st ies  m d  the iii ternal - it -c—

- t t u r t -  and D.0. structure for :‘ai 1 a i r - i I s  ( ‘reek hal-s were Ire l i  ‘ted usinf

a sin- -n eal sla t Ion m o O ’ - I .  T}~~ model (~~ STEX) used in conjunction

t • — .:~ I :c. .’.; t I on t i o n  was  ievc- 1cr ed a’ 4 ~~~~ ‘‘ . C. A rn .; I t : ’  I i r e  -r
- -  . . - - 1

ways : - X t  e n c n -to  .-t a t ion  ( ~~ ) based on th e  r e s ult s  of Clay and -ru~ ,
2 , .  3s- -er an - : c  r , Duke urns ii r i -man , and Bohan and r ace. he D . -

r ’ t I - ’C t l.e  TESTF :X model is des ’r ibed in Ar p e n d ix  A .

7. iha ; -;. ‘-:‘k:~: n ;oJeJ t r ovi  i~— : a ~ r i c c d u r - for i xnu:.ining t -hr- b a l —

a :rce of h - -r n - -:  cr0;; t : n r - o r t - ’d on cc imro unW: .er it  . This energy balance

t in - I  lake  h’. iro -i ’ : r ccs :  I c  :‘l -eri nrtcens are  used o rein vertical rrofi lea of

en :  - n - nc r~ I ri t h e  t ime d o m a i n .  The model includes comput at  I or il  met I ;~
ods .- i n  sl a t. iu ~ ea t t n — m e :  i c r  i tt  t h e a r — w - r t - c r ’  interface , heat. tv - -c—

ion -iti e ~o in f l o w  L I  o u t f l  ow , ri -I  t O o  i r n t o r n n l  di sper sion of t h e r n a l

t nre rgv . The model is concer t u s h ’; h a z e d  n-n t h e  division of the in .pc un d—

the 
~ c nor  i n  i t  i r i I~~ tal ass~~ ~ions nn c l u d e

arc r a r a i l e l  to t h e  w a t e r  surface both 1 It er a h i :.
arr I lonr ’it ad I a n u i l e .

I - . Tire •-~ O ~-r in  cr i ck : i iscrete  layer is i s o t ro r - i c  and t h t y s i —
call; h : e ;- -ceeo u s .

I udv e ct  ion (b etween layers in the lake ) and heat
occur only in the vert ical  d i rec t ion .

h:s e - r r al advect ion ( in f l o w  in to  ai rd  outflow from the lake)
nc -c ur :  as a u n i f o r m  hor izontal  distribution within each
l ay er .

e. I n t e r n a l  l spersion of thermal  energy is accomplished by a
di ff us i-sn mechanism which combines the effects of molecu-
lar d i ffus ion , t urbulent d i f fus ion , and thermal convection .

8. The surface heat exch ange , internal  mixing , inflow , and out-

flow processes -are simulated separately and their effects are introduced

sequen t ia ll y  at daily in tervals .

9. The WESTEX model employs an approach to the evaluation of

surface heat t r ansfe r  that was developed by Edinger and Geyer .~ This

rio t hod formulates equi l ibr ium temperatures and coe f f i c i en t s  of surface

8
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t i - - i l  t x c b i - im ~~~. : t m m i  i t t o i u i u  1’ i t i i b - : i i . ’ i s  - b t f ’ i  i t  ‘ i t ;  I l i m i t  I . m i r : r m l  l i t .

i l  w i t  c l i  I b i t  t u b  t a i l  r ‘ 1 ’ l~~r i l  rai c b t r u t i , - ’r ’ I t t  w t ’ t :: l i i i  w: t t  er : ; m m r l ’r i t - ~ t i I  it ’

i t t  s t a t . t h e  c t j ’ C I c l r ’ n t  t t i ’ t : i l ’ l ’t i cr bitail • u h r i u r t  i t ;  I b i t ’

t i l t  i t t  w h i c h :  I l i t ’  h a i l  I n r i n e b r ’r j ’r c- t :::; w i l l  occur . ‘ l i t - r’ j i i : i l  i i  ic-

- i l b  i tg — ~ l i i  t i  i t  I~ t b I • i i  i i

it b~(t: — t i- i ( t
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I .  b .i t  k i t i t i  f r i  I t i m  b i n  ~ I in ’  writ ic r i m  ~ i a

Ibt ~ i t~ I ’  — t n t ;  t i u r ’ I t t ’ V r i  
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— a r m  t i - i : .

i t v r - t v  I sv  o l ’ m e l  r - t u a t l f I c n i  I • l n l  ri , I h o  n t V  r i m  b i t - r i b  - u b i r i i i ~~- I r ’ i : n r n  c a ll

I t  ‘ t V  S b u n t t i  r i n d  b i t e  i t t  b i t n i t  t x c t m r m , m ~~r i x  I r t -: : ; c ’ t l  t i  I t ’ u • in :n  I n i t  e t p i j —
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‘ — C I t i e  i t i k  e . b n - r  w r iv r - i n i t i a l  i i i  t~5i t ’I  ‘ - i t  i’s I h r  w r i t  r — : ’  n i : :  l ’~i t ’ ni t id i i i —

b i t t ’  t et li~tr .r r i I  l i n t - i l l  g n r ’ n i l  o r  It ~~’b bin : . b i asr t ‘ i i  l r i i t ’ i r i l  t r y  h i  v t - n t  I —
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* I A n .  . r m j i t .i : h . i m a , s vmu:I t t t I;; r i n d  i i t i i i n n : i : i l  n i b l i t - v l n i t  t t t t i n r  m c -  l i s t  1 ~ i i t1  te-
l ’ I t i ’ i  I t t  t . l i t ’  Ii t i l l  I t  t t i  ( A 1t 1t c ’ t it i  I x C

- 
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- i r ’pi 1: I ’~’ t ’ lt ’:a’r I l i i is I he h i r ~;t 1 t ’i ~~X iltut ’ I ~ :u h o r t w u t v t ’  l t t ’nt ’ I j . t  I I i - m i .

* i ts’ ; ; i m r l ’t i t ’i’ h u i ’ r u t  r ’x t ’ l i : i m u g r ’ i ’ t u m t ’r ’ b t  :; r u n t  i u n b ’  I t u rn -m it i t  I n t l i t ’

Wl-I~rl!: X utmoth’ 1 Ity I lit - t X  b t t t mit ’m u I I mu I_~ u ur I- rut I- I ou t  o I ’ a 
~ 

ret -mit a f t  - ‘ b ’ I l i t  - i t t—

a-un i mu m ~ sb i o n b  wav e rai l i at  I tn and th e ~-l ruceuu it mit et ’ l iii’ eI’t’i ’i’ I ‘b ’ mmli t b  lieu’

nn , t uucc t n ; t l ’ suurfai’t’ heal exchange limb o  I hue nnui r l ’n mc t i nm y i ’m ’ . This ca m : i t ’

t x  h —n t- n ; n ;t ’i mnat due m n m t -  I c a l  I v  t t v  I b i n  l ’ t b I ow I mug l w  t r m iss I i ~t um :;

hi = K( bc — i i )  — ( i  — (-‘‘b

11
1 

= (1 - ~ ) :t e

where

H = rate  01 ’ heat-  t r n u m i - : I ’u r  I t i l e  em’ t u I ,  ot ’ n ; iit ’ l ’:ico layer ,
h tu ~ t’t ‘drty

8 pt i’cent r i f t  ~‘t ’ i u i -i t t  i u:g n n b u - r t  w n m v i -  m d  I n i t . i o u :  rubt norhe I in the
n ; u t u ’  fa c t ’  I av i’i’

= u ’s I t t t j ’ I t  si u t ’  iS if t n ! :  t j .  t w a v e  ra~i h t m l  ion  • Pt uI Ct ‘ ‘~l ;iy

H . = i a m b  i~ ‘1 ’ h e at -  t i l t : ;  t u’l t i ,I in l ay er  (~ ) , h I  u / C t  - / d t i y

= nut ut’nu I I ‘en i  u ’ i lu-n I ’  iou  t n t  ( . ( i  8 ~
)

= n m l t n ; t t ’~i I  iou:  ct - t ’ f I ’I ci em it - • ft  
—

= d t O t l  bu i - - l w n n i t u ’ t ’n i t ’ i - , f t

1 ~ . Tin ’ b t m ’ t t c t n ; n t  01’ imu t ’ I ew h i t - a l ake  j t t  i u u n . l r m I - t ’ b in W l - f ’ I t k X  l’y

the p1 t i i ’&’ t i j emi t -  ‘ b ’ I mit ’ low t p u r i m i t  it y tim id qua I i by rib th at. I ayi’:’ w huem ’e  I b i t

drums i l y ol ’ b i t t ’  I r i k i ’ c i~r t n n I t m u d n r  u n ’ n r l  nearly to the tI t u s  it y ‘I ’ th e inflow .

Re:u’arch m I ’ I ’ot ’ I s r in d  1i h y nn  I t a m I u u u ’ l t ’ i  s t u d  I r t t t  a t  \~i-f hi r i ve i mid I i ’s I ed I lu s t

ou t- m’s  tumuie m it— I m i d u ~’t ’ t  m i en s  i t  y ‘ttrma’ mm I s ‘ri mi ox i t t  I and flow imps I u’enuji r i b  1 t u i g

h i  ntrm t o ’n i ’ e i tub I l i t - - n u b - u  I r i :  I u-u i x i  m i g  no n e  t ’ ain u ’~ i by I In’ itt t’l ow. Pu—

I. t’ui I u iu ’ i t ’ui  I i s  I t r o t h  i -ru t — n b r - I  i n  I bi t ’ uni ’ti t ’ I by uumgmuirn t- m ig the I n f l  ow i s t m u u  I I I  y

w i t - t m  a vol nine b ’i ’ —i n n t h e  niuunb ’t i ci I : l V r ’u’  . O l i n  n i t ’ t : t r  i n t l - I e r r  ‘i ’ i n f l ow amid

t n  I u’s I u i e t i  I’ I OW ti no a vet ’rigt d • aumd sm i xeml vii 1 uetr t ’b ’ t i t u s  it y • I euu ip rr r i  I u m u ’ e

t i m i d i t t .  her wum I en’—qual it 
~ i~~r~~ume to l’s nin e det-rm’uimi nod . ‘l’he uui I xed deuts it y j t t

i n t e l I — l i t — I  t ’nu ii I no p1 noo nm eut I - oC I b i t ’  I i ’ t r i  I q u m a n t -  h I  ,v amid m~: i x t t i t~i m r m  I i t  y

I u n i t !  n i t I ‘ui — I ’ the pnt t ct tts — I ’ i n f l o w  i l l n n f t  1 ; i t ’e t r  upward nm vol umne r ’m p i r i  1 b e

I b i t  I i t t  i i  I I n f l ow q u u r u n t  i t  y . T h i s  upwar d di n n i t l a c e u u u e n m i .  i t t  rrfl eel i d  In t hur

l o t
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r:u oili - I l iv i i i  I mii ’r t — r i r r e  in t h e  wr it ii’ n n u r b ’r i c t - . A Oi~ r m ’ t -_ n l t o u l I ui f  i t - i ’u ’ n - n m ; n t -  h u t

w r i t  -n : i t i~l ’: i i i o c c u t u ’ :: sa ri rt - sm il t i t t ’ I lit ’ ‘ui flow i t ’ oi’ , ; n;: .

l It . ‘Plie h u t  i - r u n t  1 ti i n t i n t r n ; i on I r o e t ::: i s  r t I ’ u ’ t : - r r : i  - - h  i - v  n m : ,  h u r l  t - i ’ i u n m

mui l x i  ug :t e l i e mi ue  b ’ ; m n t t a l  out  ni t t  Im i ’l  e I i  I t ’s: I o u t  i n t l  I - ~~: . l t t  t - u ’ u i t u  1 in I x i

I u ’ t i t i :  t ’t ’t’ :— h u t - t i  I t i n t oh  h r - i ’  w a t . t ’u ’ — q i m t u i  I l y  c o u n t  I ’  ut ’ i ; b  : -
~ I W a -  i i  n i b  b r ie -n t

l ni yt i. ; n . The r r n n i f m u i  b u i l t ’ i t t ’ I l i e  I ‘ n u u i . : t ’t - i ’  I I w l r t y t t ’ .n I : t ru  b n - i ’ t ’ t - n t  —

ugt - ct  l i i - - I - - ri - a l I r n m n n n b ’t -r  i’ t - i u u i  cr - i t  I i  t ’ i t r n u l - I t - I  t 1 ~’ mix I he l w ’  l u i v  t n t ; ,

( ‘ I i i ; ;  r i - r e t - t u b  n i t -  I S  r m m u u i x j u v  cot -t ’ l ’ i c i e u ; I  t i n - u t  i t t  t i i - I ’ I t i t ’d Ct t m ’  t V r !’V l : u y e u ’ ,

Pa f r i  I j i ; n u l  I r u t ’ I u u I t  - - ; v :t  I u t t e r  ‘ I ~ b lue uti I x n u u ~ - ‘i - I ’ I ’ I c I t n  I n i t  f l u e  I oi ’ r in d t i  I

h r r  - h o t  t our: cr 1’ I b it ’ I sice . A m i t X  b t i r i i t  u n  I I n i  I f i t 1 - I  W e t  - i n  I l i t  I we  cxi - reu tne

~-‘r i  1st — r n i n n  : i r n i ’_ l l~~r , t t ’I t — t ’ r r n i n e  I I n ’ - r i i i b i’ t t b t ’ h r i I  ‘ t i C l i  c i  t n t  ;m t t ’nii ’lu lniyt — n .

‘r~~-’ n i l  I ’t ow ~‘~‘ t r tu ’  ~ n t - n u t  m l ’ I t i e  un1 t t l t -l. i i : i a r m ’j ’ i r m n m t  t n ;  I lie nt ’ l e c t iv i ’—

w i t h drawal  t r e b u s  i p i e r :  i t - v t - l i p - I  b y  hi ’h ri u i  ~u u u i 1  d m n i c t ’ , Tt’ausct -u u ~l emitni I

t ’i l imr i t l ot::: d e f i n i r u ~ t i i t ’  cs-ri ’ V t  t~ a- i I -y l i m i t  a of ’ l iii w i t  li ~Iu ’ n m w r i l cr o n e r t m ’ e

solved wi th a ha] C—i in I t - r v r m  I n n t ’nm u ’c l i  met -h er d . W i t  Ii knowl edg e o I’ f-lie wi tO:—

drawal limit ;; , t h i r ’ v e l o c i t y  ~‘t ~ot ’ I It ’ due t o  c u t  1,1 t ’ W  cn um : ire dot e nnui i unit! .

The f l o w  fr ouui each b t iye i ’  I a t h e n  I Is- 1-r i ’duc I cr1 ’ t-im c-’ v e l o c i t y  i n  i - li t-

I aye m . • I he w i t i  U: of I lit ’ I r i y er  a I l i l  I t i c  tb  I cku :ess  of ’ t i m e  l ayer .  A f t  OW—

W i ’ i g h t  e l  n l V t ’ i ’t i ge  i s  apiul I ed to water— qual  fly i-m ’o I’ I l e t  t o  det-eu ’uui i n t o  I lie

v t i  l i i i ’ -f  he release content- o t ’ c : t c lu  pr i  r ruu ie l  r ’ u’ for each t i  mite :t l i p .

I t . The lake regu 1 at  i on r u f-or’ I tiumum s have been dev e l o p e d  t o t - t a  I I ;: —

I le nul ly c i ; n u u i l  t i l t ’ f lue t’ i.~ Imt operrmt . i o n  oC ri t e l  eel  i v~’—w i t  b :d i’ r mw r u  I n y : :  I t m

The c m - i  ee l -  ive—withdrawriI sy nn teuu m i t ;  n u t t suniei l  1 e be eon t’~ gured w i t h  ant

t i  i’lr it m ’ r u my number of a t~l cc t~ I ye—wi thdrawal  I n m t a k c : r 1 Oi ’t i  I ed i u m  c r u e l :  o I ’ t w o

wet- we 1 is w t t h u  a n ; t ’pt iS’ tm I e b ’l oodgrs I -c  . H r s x i  nun: f i o~ n; and m l us I muuum 1’ lows

fr om s cacti h u t  t i ke  rind fi ’omiu f l u e  C l  oodgti I - c  mutu al  be n ; p m ’e i f  l e d .  A l t i ’ • I l i t ’

maxi  uui um ut f t  t r w  f i n n  I b u t ’ t e l  iS’ t -  I We — wi t;hdrawnul ;ny t n t  t ’uu: i S  apt - c l  I ’ I r d .  I b u r ’

a lgo:’ i t  t in: : ;  t i l t  m u n p l .  1 o jiut uuier i cal hy wi  t -hudi’a w wa te r  n i t - ou’ near I lit ’ ol- ! ec—

I t in ’  t i - n - u n ’ : ’ :  t s r - . Wi I hdrawal w i ll he f’n’onui c it l it -n one i n t a k e  l t -v r - l  , t w o

t u t i / t .tce u i l .  i m i t  t u k t ’  I i -vt -I n n , ri n d/ on ’ t - l : t ’ C I  ooil cost  no I i st rike de~’eum d lug nuu ’ i ’u :

t he otn , l e c f -  l v i  t empomat tu re , f lue I t ’m pt ’u ’ n i t  u i j ’ t ’ pu’o i~ I i i ’, I b i t  l u l l n i k e  t ’ t i r ’ n i t ’ I —

I I m’s , r i u u i f l i t -  n i . muio l u u ,  I -  o t ’ f l ew  I o i t t  :~e I t a i n t e d

i_ i
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PART I I I :  DEVELOPMENT AND ACQUISITION OF DATA

Selection of Study Years

17. For the selection of study years , stmit i n;t.ical an al y ses ‘f

seam: monthly streamfiow and mean monthly  dry bulb temperature were con-

ducted for the period of record I.914 8~ l968 (Plate I ) .  Study year ’s were

l i m i t e d  to t h i s  period due to lack of adequate u u u t ’ t e o u ’ o lo g ie a l  data p r io r

to 19118 and lack of streamfiow records a f te r  1968. Only records fr i ’u uu

Ptmr’ ch through Octobem’ were considered in the selection of s tud y years.

Exper ience has shown that thi s is the period in which density n nt u’ t m t i —

fi cat i on in the lak e is a f fec t ed by hydrology and u ir e teoro logy . Phip h as in ;

ur is given t .o the i’li ai’acteristics of the spr’ing months due to the ptut’t Ic—

uular impou’tance of these months  in f i sh  r epi ’oduu ’I i v e  cycles.

18. Combinat ions  of above ruvc-t ’age , average , and below ri v e i ’ : m ,fi ’

hiy- . l t’ologic and m e t e o r o l og i c  e o n d i t i o u u t ;  were considered in the selection

of slim i ly ym’ ttn ’t;. The f l i t ’  yeri m’ ;u d i scussed  below were selected for  I. b ie

analysis of temperature  tut - Tai lahrilru Creek Lake .

a. I Qt dm — Below normal runof f  occurred t l u i ’ o u u ~ h ouu t .  the ven us ’
A i r  t e u u u p e u ’ t u t  iur ’es  were rudr ove normal in February , Apr i l
and June I.hit’oimg lu September.  ‘Ph i i s  couu i l  i f  I on would I end to
rid low a t m ’ s t. I Ci ca t ion  t i n  form eti t’l y in the  yea:’ and i’ t ’ ru utm i m :
well into the fall.

b. 1957 — Very low flows occur red  in the beg im in i rmg  of ’ t he
yeas’ ru n t  were tu ceon iupan I cud by t i hove  normal t r i m  temper a—
t u m r e s ,  The summer’ periitd had in t ’l ow nor niur u l runoff  wi th
ruv ei ’t tg e n i l : ’  tennper ’ature s ; above n ormuma l r ’unoff ot ’c:m r ’ u ’ci!
from September through Pei ’euuubct ’ . f- I  i’s t. I Vi eni I. ion  would
t . cn t i  t .o form early m t  the year and t h e n  lr ’m ’:uy early due
to time high flows in the fall.

e. 1958 — The runoff  was n o i ’m n i n i  I I i u t ’ o mig l iou i  I. the  year , and the
t i  in I eiuip et ’ri  t .u u ’ t ’u; We i-c below normal C u ’o uni January I - l i n t  t u i ~~hi
Munch and normal from April through November .

d. 1 ()6i — We.l I above tiornual rune Cf occimn ’re d from l’ ebi ’u mtu t’y
through Apr’11 and in Deceumibem’ wit h uicarly normal f l o w s

he m’ernn I nd :’m’ of the yea:’. A i r  I etn u pm ’ u ’ t i  t u i ’en ;  were
be low norm al in January and from Apr i l  through (5 u ’ to la- u ’ .
The hi i ghi spring flows would i n h i b i t ,  t h e  Co t ’uuurut  l o t :  cr1’
a tm’s tIC i cur t ion , amid the low air  t -cmperatw’es dun uug Hut-

1 I ~’
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sunnier would i’esult in lower than normal water tempera—
I uu t ’e : t  near the n ; u u i ’ t ’nt u ’e ,

e. I ~hI i — March , Apr’ 11 , and December h i m i d above norma l r u m u u -  i l ’I ’ .
The t’ c t u u ru i silt ’:’ of I l ie y e a r  haul u u i - n t t ’ l  y normal fI  m n w n t  . The
month ly  air tempeu’atures were mica  n l y n i n u ’ u r u t m  1 with I I t t ’  t

t ’i ’l ni  ion  of Apr i I ( above i u t t t ’ u n r i  b ) r u u : l b- t - ln i ’ u un i  t’y n u t  Octt tber
(below norurual ) . ‘i ’bi e h i gh f lows j u n March arm d A p r i l  w o u ml ii
t,tsnl f o  i nh lb i  t the  C o n u u u a t - i u ’ m :  i’C n I  t ’ i ’t i f -  n ; f - t ’ r i t , i f i c a t i o m n ,
while i’ond i t , i ot is t l t t ’ o i : g iu i ’ uu t .  the remainder of ’ the year
vt - n t ’ nertt’l y ni t t ’uru r i i

1~n i t t i  Hi ’miu m I t ’ t ’t ricti ts

Mt — I i’ ‘u’’  I

1° . McI ei ’i’i’ I og i  nil d nulnu from the Mci’ I d i  n i t : , P1 aol ssipp i , W m - ~~f b i e r ’

f - I  r u t  I ‘ i i  wi -re  um ~ t ’ it Cot ’ t -hi :; a t  i :dy . The weather  n b  r i b  i on  i s  I m eat  cud

unt i l  i’s north ci ’ t i t : ’ I t t u tu n t  I t e .  The required  dmita ei ’n u u S  i n t l  o ’ dry Inul it

I t ’irupe u’ s I - i t t ’ :’ , dew I’ m 11:1 temperatu re , WI rid t r p ee i l  , an d c I i ’ nmmi  u ’ovt ’i’ . Thect’

b a t t i  were o b l t i  i m i t - I  f:’oni the N rm I I i ’n n i l  C l i m a t i c  (‘en I t - i’ i n  Ashevi 11 e , N ’ i ’f  h

C ar o l  I na. l-~ I g l ib  O b n t e u ’v t i t  Ions  were furnished I’cu’ each m l n i y  . Daily aver—

nige values weu’e computed and uce l to determine e q u i l i b r i u m  t t -u r:p t ’rst  uS’ ’:t

n : u :u ’  t ’n~’&’ }ut ’ ; i I ~~x t ’ l i t u n u i ~e c o e f f i c i e n t s, and O r: i iv  r u -  t ’m ’t i f-t , i u m t  t ;~ ’ 1 t i  u ’ i— ad I —

t u t i o rn  qum a n t i t  l e n ;  I ’i ’r tine I-eu’ li n t  ot ’ u ’ t - t ’oi’ mb

Hydrology

~‘0. Mean daily int ’l nw s tud  ou t f low q u a n t i t i e s  art-  shown in 1 1 n u b  e

Il ~~iI I’O l og ic  r ou t i nga  were  c o n d u u t ’t eil by t h e  I i , . Au’uuiy 1 mi g I n t r ’u’ P i t t - i ’  i i ’I

Mobile ( SAM) ,  to determi ne I hum : nm f lows .

lake gei - ‘ne 1 17

21 . The at ’ i ’ti —vi ’  i i  t urn ’ m’ i u rv e  i t ;  shown in Plat e -
~ . Tin I t t  i ’l l ‘ v i ’ anti

ott~ ’i t l t it :i mjt n :en ’ ibi m ug the Ii t m ’t l t  I i ’n  and d t — ; n i g n  ol ’ I lie h i t  n u k t  t n t  r u c t : m r e

were fu rn ished  by SAM .

Stream temliel’aturt’

C~’. Stream t emperatun ’e records for the f i v e study yt — ni u’a wet ’ rc m u n t

aval lab I t ’ . f-i ‘unit ’ tneu uui f t -u u:p e u ’nu l u :  t’i ’a were tumt ’t i ttu ui ’ t d  bet-wee:: b’ r ’h u ’ u t r u  u’y and

A i m g t m n ;  t 1Q( - at l aurel  , M i c a  isa i pp i , n u p p u ’ in x  i unt il el v 10 m l It ’;: he low l ii i ’ dam-

:: i t  e. ‘I’ l u t ’ a t -  t emperatures wt ’us’ u ’eport . ed  i t :  t h e  l’ n i n n i ’r i gt ’u: I t t  R i v e t ’  Corr up t’ - —

hens i ye l~~ t ; i n  Slimily . ‘l’lut’; tt’ m i n t  1- n t W t t t ’ t ’ u :a t ’d in t hit ’ i t t — i — i— I m n p n i en t ,  t n t’ n i

13
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regt a- ;n a l i i i  t ’m l u u t I  l i t f u r e i m L I  i mu g t t i i i u  i i  i b r i u m  I eu uu ~t t ’ m ’ n u I  i lu’ t ’ , ;n f reuun f’ I ow , n u i t i

oh a em ’ v t ’ I  n I  u ’ t ’ n iu rn  I t ’mpt ’m ’ n u t i m m ’ e . The I ’m ’i lowing u ’ t ’ gi’ t - n t a  k n i t  t u um n i l i t i  wr i t ;  u : n n t ’,l .

= o + Q + 
~~~~~~~~ 

+ l~ ~~ — 1  + 
~~4

F t 2  
( I i )

where

o n i n t ’ n :n :  d a ily  stu ’eam I t -i n n j ’ t ’ u ’ t u I  i r e , °F

I , ~b u ~ I I  t in Iri s

Q = t ui e ni m i t I n t  I ly t r tu ’e azu mf low , cf ’ s

E = near: 0;: I I v  eqtui I i br I ign I e u nu l ’ e t ’ t t t  u: i ’ i’ ,

su i t ,n , 8 t i r e  reg m ’ e t t n n  ~ m ’5 m ’m ’t ’ f f l  c i  e t : I  :n a;; t ’o I I m ’W n t

ii = l Q . 1t75

= —0.0020

13 , = 0. i 3t ~Q5

13 . = O . l - ’ 3 1 4

= 0. 14095
P hi I s e t i im r t t .  I i ’u: has a i’ot ’u’ t ’l at. I on em n e f fi  ci ent of 0,985 amid ni stn :mn d ar ’d error’

ci’ C . Cl °F. The uuiean daily lak e  inflow t emperatures (P l t i± e 14 ) fom’ t h e

f ive  stud _v year ’s were p t a - - h e  I t ’d using this equal i out .

O b j e c t i v e  tempei ’;:t :tre

- ‘ . A 1 t ’n i : t f — a i l u m t :  nt - nt n i m unt  l y n n  i s  was u sed to  f i t  a harmo n i t ’ curv e to

the p r e d i c t e d  stre am temperatures for the f ive  study years. The curve

represents the nt v t ’t’ n:gt ’ natural s t ream temper ature va r i a t ion  t o  be ex-

pected d u r i m u g  a year . The following re gres sion model was used:

= A s in  (Bt + C ) + D ( 5 )

The i’ee t’t’lc icut B is ni urn it- c o u u v e m ’ r: I omu f rom days to radians. The m’m n—

e f t’i c i t ’m m l - s  A , C , and D were det e rmined  by solut ion of Equation 
~wit - h:  the Newton — R a ph son technique and were computed to be tin e f o l l ow i n g :

A = — t  3 .8 314

B = l . 7 C1  x io_2

C = 1 .3 3 3

D = 6 5 . 1 4 1 n

lb 
1’

‘ii
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I-~i utit I i tn b i ot a  u:: ;t ~ l I i ’ dt ’t ’I  m u m ’ I _ lit , dowi:stri’tun t t — u u n p t — r u f u r n  ‘I l i - , ’f I Vt .

‘li . tl t hum et i t I t’e m’ t ’ cot’d of ’ pr edi  el -ti I i n w t i n ; f , u ’ t -nmn u t n - n u u m t -u ’ s  f as’, a W ;ta

n n m ’ t i n u n t  0 t ot’ I l i i ’ mui ax ir t uu tuu t b , m ’ eniu nu t e u n p u ’ u ’ n u f u t ’ t - t i n  i t t ’ t ’~~ 1 m t ,~ m ’ f  ~‘d ¶~m n i ’  en: t ’l u I r i s

ci’ t hi - v cr 1:’ . ‘l’he st ’  3 ( u ’ t mu ia xi mnurt u I ~ti n n p e t ’ r i  f , u i t ’ t a n  were  I l i e u :  f i t .  b e  f l i t ’ n t i ~’it -

t’ n - - i ’ c : n n ;  ion  model  t i n :  i n i t  i cnu t m d  i n  1iqu ~it l t ’ t i  5, A ni jut i lar t I us’ i ’U t ’ V m  v t :

nt ; i nt - il Coi’ I I i i ’ mu : im n i n u u i u i  t - t - r n i p t ’ rt i l i l i ’ t ’;  t i n  in c t ’x p t ’m ’t i-I e t iu ’ b u  ~t r i y  of t I n t

u ’ n i i ’  i ’Vt ’i’ the j ’t ’i’ i ’ t  t n t ’ u a -c ot ’ ii . The cot - C l ’ I t ’ 1 c u i f  a f ’m n u ~ f l u - nt - i ’ i t i ’ V  e r t i t ’ t ’

us Ccl  I o w a :

C’i — m —i ’ t ’i  e l - t n t  M :ix i r u uun iu l i i i  r n u i : n r n

A — l l . flI i

B 1.721 x 10 1.721 ~ 10

C l . 3C t ~ l . t3fl~

n ro .63

The sm - c uj ’vea o I’ max lawn t :nul  n.j n l mwn 
~ 
red I c led do~~~streruut  I t ’i uu u ’ t - t ’a I u r ea

g i v m - r u n :  i u i i l  I u ’ r i l  i o u :  m b ’ the v; u t ’ i ; i t ,  i o u :  cC nr -t t um’ n r l  n t  t ’ t ’ t i i u u  I cul n l n m ’u ’ t i t , W ’ c r t ’r ouu i

I b i t ’  :1 u g h - hanmuion ie  m ’ ur V m ’ that I n n  used at ; an ob,lem ’t, l v i ’ tt - ’ u u u l m c u ’ ni  I u u i ’ t ’

Model ( ‘ni l  i b : ’ t t l  l o t :

As i t t :; been d ia  cut:t n t  i’d P t’ev I out ;  ly , t h e  W’ESTEX uuuoi le  1 requ I i’ m ’;

b lu e  d e ter m i n a t i o n  of i’ot ’l ’l’ I c i  cu t  :t of  n t i t l ’ f ’; tm ’e l u m ’ti I. i’x e l i n u m u g c  di t I  i ’ l l  i t t  I or:

st u d  i u i t - ç ’ i ’u u ; t  I mlxi uu m~ . I - c t ’  Ta l lahiala  (‘u ’ t ’ m— k l a k e  t , l i t n ; m ’ cocu ’ i ’i t ’ I c u i t  nn iqei’ i’

ml t ’t , t ’i ’u nu I ned b-v- conduct i u u g  nn iu i i : : l  t u I - i  cit ’ wi  t.h ‘ i’ t i  I I  r i l u r u  I nu luy~iu ’o i  og ~~t ’ t i n t  l i t ’1

t t ’ m t lm ~~ I i ’ t n t  f n i  . CoeI’f i  c i  en ta w t ’m ’e t i d ,iu s te i l  aflmi imiuu l n u t  i cii w i n ;  i’ m ’l’ i ’ t u t  c b

u n t i l  the predicted l-m ’ uni p m -- t ’ n u t u u r m -  pr’cr t’i I t - n t  co t ’t ’e -ape u i it - d i n n  t b u ; u  
~~~ 

- arid i’ n u u u e t -

t~o I Iuot t t ’  oj ’ae t ’Vetj  j t~ nu t ’n u rh n v  Ck nm I - i  l t t ’t ’ Lake . ul lu t i  I I b et ’ l ak e  in ; 1 o c n u t t - l

,~ 
f i t ;  I. tm o t ’ I I :  oC Met’ l i i i s it , M i n t s  I :;nt 1 ppi . It i n n  s i t u :  i In ::’ in  t : i r e , i t - I ’  I It , a nt i

flow m~~ r: i I-ud cnn to Tan lahal ru C u ’ t’e k b , ; i  kt ’ . Prof ii etn ol ’ t-emu ipe rti t sri ’ r u t n i

I u o ~ . in C~-~ i I  i l n e t ’  I~ake were o ln I i i  u : t -d f’r omut SAM (Flat e t _ )  l o t  l u m ’ t’ i r : -.n sun ’ —

d i m ’I i ’d t ’i n u’ Ta ] lal i t i ni i ’rct -k La ke ( l I t t l e  8) e m n i u : p t i m ’ e t ’n u v o t ’ r u I ’ l y  w i t h  C k n u t  i h ~- t-

Is I - i  . The following cOt ’ b ’ f ’lc j t ’r:t ,~ Wer e del i -u’ s  i neil from I I n ’ - t i u nn i  l y n n  i n n :

8 =

=

i t , 
‘

- 
— -
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i
l 

= 0 . 5

a , = 0.3

where

8 = percentage of incoming shortwave radiation absorbed in the
surface layer

-1 = ab so rp t ion  c o e f f i c i e n t, ft~~
= m i x i n g  c o e f f i c i e n t  ni t  surfact -

ii , = m i x i n g  c c eft ’ic lent  at h i n t  I ‘u -n

S l ace  data d id  not ex is t  to  accur ately Im -t e i ’ n - : i n t ’ ~h i t -  tu j n u u u: n I  ci’ emi l r ’ n u i r : —

:r n t ’u: t  I m i d n : e e I  by Tall ahala Cr ee k Lake i n f l ows , j r - t i l t :  I Im ‘ m u ::  wer e i ’ on u -  In :c t cml

ass uunru I m u g no en t r a inmen t  and ent ,r ’ru I nrucnt of a volum e - ‘ qu t u l  t c t i t ~ v - I ntu r :t -

of i n f low.  The s innulat i  ‘m s  m d i  ‘n : t e - I  I b i t t  t he  - - t ’ f1 - 0 of’ ‘ n C  5 nj  j n n t - t u t  - ru

t h e  p red ic t ed  thermal p ro f i l e s  t i n t i n’e l - b  ‘ - 1 i’ i’ i m ’nu5e  ¶ t -rn ~’t - r ’ n u t  :i ’ t ’ n w t - n - e

n eg l ig i b l e , and no en t ra inment  by i n f l ow  wri t ;  assumed I ’ a’ :11 n n u : b n n t l :t ~ u n b

sirnulat ions.

As r r t e i u t  I o n t ’l previous lv , tw i n  i in l e t s  in I l i t -  l r o u - ’ c t ’ I  I i i  ak -

struc tur e wi l l  m I l : n c l n t : u ’ u ’t ’ i n C  - ‘ I lie s i m l e n ;  of l i t ’ wet wells , A n - n ’ ’ i t i n

physical hydraulic model study ‘ mu t hu:  o u tl e t  w’ -u ’k : ~~~ N - v  Hope He ; ;—

er ’ vo i n ’  ( now t ies  iu ~nat e l  In . n v  oi’et I ,T ci’ Ir i t ;  Reservoi r’) i ’o t t l~~m ’ t t ’ I 1

had indica ted  that side inlets  could have d i f f e r en t  sel:’t ’ t i v m ’— t C i b i b n ’ r i w : m l

cha rac t e r i s t i c s  compared  w i t h  in le t s  cm: the f ront  er ic: ’ of l b n t ’ in t a k e

s t ruc ture. For the same discharge cond i t ions , the in le t s  local e-I on t h e

upstream face of the New Hope i n t ake  ct - i ’n : ctu r e  were approximate ly  twice

as e f f e c t i v e  in wi thd rawing  water from abc ve the d e n s i t y  i n t e r f ace  as

were those located on the sides.  Fot ’ thc  Tallahail a in take  s t ruc tu re  it .

was though t that the tw o prop n s t ’m i s ide  i nl e t s  would  not have d i f f e r e n t

sele ctive—with drawal c in aract m- ri n ut i cs t’m’om t’ront  f ac ing  in l e t- s .  The New

Hope intake stru-’ture was recessed back intc’ the earth—fill dam such

that th e f i l l  caused shallow depths at the side inlets. Also , the local

topography r u t  New Hope c n t u m ; n e , I  re;;t ricted ru ’ t ’e:r S of flow t o  the side in—

I t - I n ;  in the structure. The combination of these two effects was be-

l ieved t m ’ be re spons ible  en 1 ’  the d i f f e r e n t  s e l e c t  ly e — w i t h d r a w a l  charn u c—

terist U’s of the side inlet s . The u it - t ik i ’ :;t r ’u t etu re  r u t  Tal lahala Creek

11’
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l ake ex t  c:u~la l’n : r t l : e m ’  i n t - v ’ the i’t’ti el’Vt ’ i n  • and ~ i t t ’  e m n n t i  i t  I , n m  u s am’ t ’ nd

n t  r i m ’ t I v: m ’on n : l - r t m ’ ed wi th :  t l i t ’ New Hope at m ’u c t i lt ’ :’ . In n :d d i t  I ,~n m : , t h e r e  i n ;  a

ci gui C ic r u n t  m l i  l’l’m ’ u ’em:i ’:’ i n n  the di a chin:t ’gt’rn I o lie m’e leased I tu t’~’utgl  i t i m e

Tallahalt: t in t New Hope at.  rum ’ t u i l ’ e t n . Di :nc i is  m ’gea t in : I el in the New Hope

n t t  t i dy  u ’ n i t t ’~t ’,l t ’rouu : 300 I “ 2700 u ’ Ca whereas t h e  ct ’ I ective— wi thdrawal

t ’rt ~~: ui ’ i t  v of the l’al lahaln-u t n t  r ’u m ’t u m r e  is I 7’~’ c t ’s. ‘j ’ l i t ’u’et ’ot ’ t - , l ’m ’u’ ( l i i

51 u : I y , b lu e aol  ec IA v e— w i t h d  i’awn:l t.echni iium:’ i t t  I lie WEST}iiX mode I was r u t ; —

t r i m m e d t i n  apply t ’t i :r a l b y  f e  a t u l e  0?’ front  f at ’ i rig im : i  t ’I a .

17



PAR T I V :  SIMU LATIONS

C7 , Four cont ’ i gu m’ t t t  ~i i’m: ;; were used i i i  the  arualys is of the 1 o c nt t  i em:

t tmt t i  operation 01’ the t n t ’l e c t i ve—wi t hml rn iwa l  intakes, Three of’ the config—

; ur ’ tu t i oti s have se t  oct ly e—wi t h~I:’r:wtt I c ’n t p n t b  i i  i t  i es . The fourth  confi  gu m :—

i inn n i l  I cwa t’lcodgate m’e 1 cntse: n only .

i’S. The c n i l t r i c i t y  of the select  ly e— w i t h d r a w a l  sys tem was estab—

1 i a b u e~1 su ch t h a t  the sys teur n  woul d be I;urgt ’ enough to pass most flows.

C i i i  :‘ t ow :‘eqn : i m ’eur ic m :  1 s I t t  i’g:-i’ I tu t u :  I I : ~ se l e c t i v e —w i thdi’awn 1 cn :p ru c  i ty must

be ari d i n ; !’ i t ’ b  m v  m n l n e r ~r t I  l O u  ot ’ the I ’I cc~I gat :’c . Plate us n n l u c w t n  an o u t f l o w —

cxi ’ t ’ e ml t umn ee  curve tha t  wr it ;  d o t  c mar: i m u t _’d t’n ’oiri tu t n t  n ì t  I n ;  t. I cal t in t :  I vs j s of

dni i ly  m ’ n u t - I ’ low requiu’ emem :ts  ~ i’ m ’I ’n A p r i l  1 o Sc b ’t - eu r n bcm ’  i ’cm ’ all of the at  u:ml y

year’s  . t ’lue :‘x~’et ’~l t i m u t ’c curve n ’ ln ownn I b u t :  t Co r p0;;;: 1 ln le  s el e ct i v e — w i t h d r a w a l

m ’t i t n ru ci t i tnt abcv :- t i b o u m  t 1 ~O c ’ 1’:; , even a Ia  t’ t’ increase in c ant i c ’  i t  v wi l l

not ;; i g u i  C i  c t i m i t  I v  I fit ’ cer i se  I he pt ’i’ m ’ emi  I tug: - of l’loWa which can l’e ecu :—

ccl led ;;e l ee  t I ~‘c I v . i - c r ’  ‘T r i l l  t i b u t t i  r i s iur nu I at ions , the selective—withdrawal

syn; t em C’ r U ’tli ’ i t y  w a n t  e n n I  ru in I j sbiemi by SAM to inc l~ 0 cfs . Tit i s  c a p a c i t y  al-

l ow s n t ’ I cc t i vt ’ eon :  1 cc I of  85 im e i ’ c t ’mi t c t’ t h e  Slows for  the st t idy yeau ’s.

Thus , m nj n e  n ’s t i i nn c i ’ t he 1 ’ t i n ‘mi ~~ t i  t e ~ n; r equi red  Co r 15 percent of the re—

1 t’t ts  e S I m ’ W t  l’m’o uru A :‘n ’ I I  I i n Sc in I euru b e r I’m ’i ’ the study year’s.

, ‘Q . T in e aol oct  i v t’— W I thdrawai  cyst  our : w as; s imnulat ed t ic bei ::g con—

Si gured w i t h  I w o  wet well:;  each e c m : t t u  I m A i:g two  intakes.  While it is

hymi maul icr :  I I  y I ’ ’ ;  nr I l ’  1 e 1 a’ i’ m ’ I :nt ;; e !‘ I OW through two in takes  o C t he  ar u t n e

wet- well , i t :  i s  p rae I ice  i s  riot. i’:’em ’un: nrnm ’ndeml for’ It cray u’ e n ; uil  t in unequal

f t  ‘w d i  a t m  ihu t  iou: Ct ’ m ’ n rn I hu e  two i n  I t i k : ’n ; r i nd i tu e  C t ’ee t - I ye h I  et :d lu g  t ic well

t ic  i r i m h u m ’ e unstable h:yd i’ru :i U’ 1’ low e o m u d  i t  1cm: :: . i f  blenil i mug of flows i s

r’ t ’qi: I in ’ l I _ i ’ mr ueet  a t c- u-n b’ : ’ :‘ru I i :  ‘c c’ln~1 ee l  i vu’ , the urn odc  I wi 11 usc one i rut alt o

b e n  t i On t ’i’our t each wet we l l .

30. T h e  f i r s t  i n tak e  c o m u t ’ i g u : m ’ r i I -  i on  ( typ e I )  comi c id :’i ’ed com ic  1st  cml

of two wet wells in t l  a f l oodga t e .  1-I t ie l i  wet well cot: la i t i ed  s~’l eel iv:’—

withdrawal In t akes  w i t h  c e n t  en’ l i nes  at - el 298.0 amid C5O . 0. 1- ! n ie bu  inuttuke

had a m ’ t i j ’r ic ’ I ty 01 85 c fs . The flocn d— i’e leni ce cot :~1i: it WaS ;t 10 — f t  —di air:

m ’ l i ’cu l ni t ’ c c m u m l u u  i t  w i t h  invert  at - el :‘75. 0. Operat ion of t h i s  n t y at  en ’; al-

lowed s imu]. t -n:m:eou :s  in ’ I eases  from the C l  ocdgnut :’ r i t ud  ;:el ec t ive—wi thdrawal

18
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I mi t n: ke;: . Hi end I m ig o r ’ C l  oct igat e r’elemu sen with :nel Ot ’ I I ~‘c—W I thclt’tiwal i ’ m ’—

1 e;u ;;et ; wr it ;  used t.o achi eve a ml o wns  1 u n - r i t a  t em e r ’n u  I n ic e  oh ,’ eel  ly e  d am’  i t n t ’,

t imes when i ’s’ 1~ I wa te r  w an ; needed . Thi ;; h i  cmii i  I m: g i - i ’ t ’l ~n m n ~I g ;u  I e u’e I :‘ ; Iau ’; t

nm i g lu t  hi’ n icm ~om hn l i shed I h n r o u : g h i  the use of a l o w — i  evel cu :t  l t ’t w i t  in i n  ti m ’

S I ~‘~‘ Ig ;t t  e

The sei’omid ccii Si gu i’at l m n t i  ( t y p e  I I )  m ’ i ’t iS idereul W n i n  i’m n ’i’ i ’t ;ed

by SAN (a e e  mnn im ’agi’ IL I ’ lu 3 )  , I t  con;; I n n  tOi l  0!’ 1 WO wet. wells n tmk t ;i f l o o i l - ’:t  e

i- :n:chi wet  well had cc l :~~t- ive—withdrawal intakes  w i t h  cent  :~r~ l in es n i t

el. ‘°~~ . 0 t i m i d  , ‘$0.Q, I-I r t m ’hu i mu t n i k e  had a capi :c i t  y 01 ’ 85 c Sn; and n u nm i n :  I rm nu n - t

cc n t  t’ m ’ l i ab l e  f low ot ’ 2 c Cs . The f lo od— r e  1 ot cc~’ ~‘c m i , iu:  i t  Wri t ;  t u 10— t ’t —di  n O r ;

c I cc :1 t i m ’ c~n m aiu  i t  w i t h  m i t - em’  t at el - ‘ 1- ’ .0. C ln et ’ tu t I on ~‘ C t h i s  ;tV n t I curt pe n ’ —

i t t  m ’d :‘i in o d gnt t u ’ i ’ m ’ I  t ’t i  t n t ’ c ’m: I y when t l i t ’ u ’equi roil out flew was gu’eat  :‘ n ’ t han

but cnn ’; ic i t  v oi ’ t h e  n n m ’ I :‘c t- i vc —w i thdrawa 1 :n v n r  t ma rt .

~C. ‘l In e I hi  r’d c cu :i ’ i ; ’ , n : r ’ t u t  l i n t :  ( t  ype I I I  ecu :;; ider ’ed  ci’m: ;n 1S t  e~i of

t w~’ wet - we t  1;; an ,l  a :‘ l i ’~-~i g r u i  ‘. Cite  wet weT 1 5’cni  r u i n e d  ;:cl cm ’t I y e —

w i t  b u , b n ’ n i w m :  I I r u t  n i k e n ;  wi  t i n  c e n t - e r ’  li m : :’s n u t - el • ‘
~~$ .0 t a i l - ‘$t~ . C arid f l u e  ot  t ier ’

wet we ll i ’ a l n t  r u i m e d  i n n !  n uic o;; w i t h :  center  I m an n n u t  ol ~~~ .0 r u m i d  ‘~~~~~~. 0.

i - ’n i5 ’l n i nnt  a U’ l:t:~l a e n u  n t i s ’ I I  v of’ $ ~ -‘ f s  amid tu nm i mu I t anni n co in  ~~~ 11 n il ’ I m~ Cl - ‘v o 1’

C c n ’s. Ch i t ’ t’loc’m l—i ’e l  m ’t :n : e con :I:uit - was ru 1 0~~t~t — d i  ru ’n c i  I ’ m ’S I t ~ i ’i ’ n n i n :  I wi  ! Ii

I f l V t ’ r ’t - i t  ci ‘
~~
‘‘. C, ~~~ ‘n i I I ot t  5 n S t l i i  n , sv’.: t errn l ’r ’la I I  I e l  hi en ui l  I in g in !’

cot  I V n ’— w I t  b i I i ’ t u w t :  I tu mi d t ’bc odg: u t  m ’ i’d e n t : n : ’n t  . Tine n n ’ i r r ; n u r v  n t , i v t : n n t  n igo iS!’

t y n ’e  I I I  ~‘t- cn ’  I y p e  II  i~’ :u t t  t o  n i l  I ow w i t  bu ~l n ’ n u w t u  I c m ’ warms wmi t en’ i ’m ’o u ’n n i

lt I 5 t :u ’r’ ;‘~‘~‘I cI  c y r i l  I~ ’ un- - In : : ’ ’: mu , ’ ,  t h e  ncr ’  ic ,i  in  w h : i  ~t n w n u i ’ n r u  wat ci’ writ: r ’ t ’c : ij  re~i

fo r ’  t I n t ’ , i~’wr n s t  r ’ c : urn  b :-n - l - ’ ; ’ t i t  a n n -  c h i t - c t  i v ~’. Al  ;n 5n , nu ~; w i t h ;  ly r e  I • non’~’

‘or : 1 no 1 wa s nil lowed So:’ r ’c I u n u s t ’ a’ !’ cold  w r i t  cm ’  ~it : ’ I a’ t h e  ni\’ n u l l  rub i l l  t V

- ‘C l ’ ! t  n u , l i m u s  !‘ l ’ ~’ i c n i t  t ’ r’ t ’ l t - r i t ~m ’n ; w i t h  n n e l e c !  i v ~’— w i  I bn ~l r a : w n i 1  n’ m’l c t t n t e ; t .

~. ‘:‘h~- ‘oar ’  ¶ i t  c d i ! ’ j ,‘n: :’ r i !  i o n :  ( t  v~’e I V col t ; ;  I l c r ’e ml  i ’i’fltt I t n t  e~I of  a

C i  - ‘- ‘ l e n t !  c o m n  1 v . 2 l n m ’ SI ~- , ‘, l — n ’ U  m S  n t c  i ’ a m n , i n :  I t  I ;: n u 1 in — ‘1 — d i  tin ’; e I r ’ i ’n i  I r u n ’  c o r n —

d n A  I w i t h  i t u v c n ’ t  n i t  ~l , ‘~‘ , ‘, C. T n t -n ’ s !  i n n  ‘5 1 1 : 1  n ; n n y n ;t i -nt r’ i ’ a n : i  ‘cd ‘ 1 , -o n —

m ’ , n u t  :‘ r’ t - i  t ’r un ; c s  ‘i t ’  n i l  1 ci; ! ‘ 1 , ‘wa . T h e  : ‘ n ; r ’n ’ ’ ; n e  e!’ i ’, ’ n n t ;  l I e n ’  i n n ’ ’ m u l l  cc i  :‘tl ;ncn ;

t o  ht ’ I h r ’ i ’u i g b :  I b u t ’ :‘ I - m - i ; m t i t  t ’ W r i t ;  t o  t i t t n ;e; :;; I but ’ c!’ !’t ’~’l ot : _ i o w t n n n t  n ’c t ur ’ t  n ’ i’—

I en ;;:’ I m - r - r l ’ e m ’ r u t  ;r’ en ; I f  rio t n t ’ 1 ccl  I \ - c— u , - i t  t u d c r : w r i  I ‘t ic  I 11  t i : ’ s ; u ’, ’:’ ~‘n’ ’v I , l t ’,i

i t - i s  n i ; ; s n i u r : t ’d ! b n ’ u t  t . b : i ; :  :~ n ’ ; ’ r ’ - ’x i r m n n u l  c t  a w o r t n t  ~ i ’ t i n t O  ot ’ t ’i’ n i t i ~~tr eom n , 1  I t  l a i n

10
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since the presence of selective—withdrawal f a c i l i t i e s  allows control for

warmer mcl i  

314 . Simulations were conducted for intake configurat ions  types

I I V  f~ni’ all f ive  study years.  Plate 7 shown computed release temper— - :

st ar e s  and t im e required daily intake hydrographs for all simulations. H
The predicted s t ructure  of temperature wi th in  the lake during each of

the f ive  study years is shown in Plate 8. The isotherm plots reflect

results from simulations with a type II intake conf igurat ion . Simula—

t ions  w i t h  types I and III  intake configurations yielded similar iso—

therm plots.

35. Addit ional  simulations were conducted with a simple operation

plan.  The description and results of these simulations are given in

Appendix B . These simulations indicated that a simple operation plan

could meet temperature objectives.
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PAR T V: DISCUSSION

36. Am ; a tte r ant .  was made in th is  study to sa t i s fy  an obje ctive

tennrlmerature band based on the m aximum and minimum natural stream temper-

atures fa r  the five study years. In general , the release temperatures

fell w i t h i n  the object ive band for intake configurations wi th  select ive—

withdrawal  capabi l i ty  (types I— I l l ) .  No appreciable d i f ferences  exist

between the results  for the f ive  study years.

37. Results  of simulations of the intake confi guration without

se lect ive—withdrawal  capabili ty (type TV) y ielded computed release tern—

I’ t ’n ’nitur’e s that  were cooler than natural stream temperature during the

spring r m:o tu t hs .  This is the period during which cooler than natural

stm’e a ,:mn temperatures could adversely a f fec t  f ish  spawning .

38. For results of the simulations with selective—withdrawal

capabili ty ( types  I— I l l ) ,  computed release temperatures from mid—August

through ra i l— O c t o b e r  are above the objective temperature band . Analysis

01’ increased selective—withdrawal capacity (type II , 300 cfs ) and low—

level withdrawal capabilities (represented by floodgate blending in the
types I and III configurations) yielded no significant improvement in

the  results .  The fa i lure  of the project to meet the obj ective band in

certain instances was a result of ei ther insuf f i c ien t  available storage

of desired temperature water or floodgate operations necessitated by
very large outflows .

39. The results of the simulations show minor differences between

the intake configurations containing selective—withdrawal capabilities

(types I— I l l ) .  It appears that the type II configurat ion would be ad-

vantageous since it would be simpler to operate. It is recommended that

the type II configuration be used and operated in accordance with the

simple operation plan (Appendix B). It is expected that the proposed

outlet works will provide suf f ic ien t  reaeration to achieve acceptable

levels of D.O. (5 mg/ i minimum ) in the releases regardless of the D.0.

content of the flow entering the outlet works and p lan of operation

(Appendix A).
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APPENDIX A: DISSOLVED OXYGEN

1. The dissolved oxygen ( D . 0 . )  content of the reservoir can be

def ined as the sources minus the sinks . The sources of D . O .  in impound-

ments include photosynthesis in the euphotic zone , atmospheric reaera—

tion , and reservoir inflows. D.O. sinks include respiration of plants

and animals , oxygen demand of reservoir inflows , benthic and detr i tus

oxygen demands , and D . O .  in reservoir outflows .
‘ . Observations of actual D . O .  profiles in various lakes by
8* 9 10Bella , Carroll and Fruh , and Fontane and Bohan indicate that a por-

tion of the lake below the surface can experience temperature—dependent

sat u r at e i i  D.O.  condit ions.  For depths below this  saturation zone , the

net effect of all D.O. sources and sinks can be represented mathemati-

cally by a total D.O. depletion term .

~. The WESTEX model contains a simple method for routing D.O.

based on the work of Bella ,
8 Carroll and Fruh ,9 and Fontane and Bohan)0

D.0.  is routed in a manner similar to that used for temperature. The

processes simulated in the model are advection , surface saturation ,

internal  dispersion , and oxygen depletion . The D .0 .  routing port ion of

the WESTEX model is used to eva1u~ te the relative effects  of s t ruct iu ~ d

desi-:n antI project  ~uerat-i,~n on the D .O .  budget of the lake. The re—

suits should not be interpreted as predictions of absolute day—to—day

D.O. concentrations. As indicated by Bella,
8 
the resultant D.0. pre-

dictions do not account for short—term D.0. variations (for example , due

to an algal bloom), but rather reflect the progressive D.O. changes that

occur with depth over the entire stratification period.

Advec t ion and Internal Dispersion

II . The D .O .  content of the inflow and the outflow is evaluated and

used to adjust profiles within the lake. An internal mixing mechanism ,

* Rai se l  numerals refer to similarly numbered items in the References
at the end of the main text.

Al
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t I L ’ - ’ tl on an ana1o 1~y of t h I ’  thermal d i f fus ion  process , ii appliei to the

D .0 .  r o r il e . This  in te rna l  mix ing  mechanism simulates the movement of

P.O. t rom the upper to the lower layers of the lake.

Oxygen Depletion

5. Total oxygen depletion rates are determined by p lo t ti n g  ‘) .O.

versus t ime for a ~- i v e : i  elevation . This depletion rate is a function of

all the  processes , hydrodynamic and oxygen—con sumin~~, that occur in  t h e

reservoir .  The WESTEX model accounts for the hydrodynwnic procesr~’o;

t he re fo re , the  value of the depletion rate used in the WESTEX model is

~el ec te d  to represent only the oxygen—consuming processes.  The de-

pletion rate used in the model is selected such that the D . O .  nrofi1e:~

po- oduc~~d by the model will  yield total depletion rates which are

reasonable in terms of observed data on simi lar reservoirs.

i~. With in  the WESTEX model , the depletion rate for D . O . ,  a con—

~;t an t  value throughout the ent i re  simulation period , is applied each

daily time step to  every layer below the surface saturation zone.

Surface Saturation

7. As indicated previously , observed D . O .  p rof i le  dat- a have shown

the existence of a surface saturation zone. Many factor s influence the
character is t ics  of th is  zone . Considerable analysis of many lake pro-

files is needed for a general determination of raturation zone thickness

and percentage of D.O. saturation within this zone. The values used for

a given project study should be based on observed data from sim ilar

lakes.

Dissolved Oxygen Data

~~. Data on the D . 0 .  content of flow in Tallahala Creek were avai l -

ab l e  from the preimpoundment study
11 of  the project. J~ared on these

data , two regression equations were developed to predict the P . O .

A2
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L ’ , ’f l t C f l t  o l ’ th.~ i n f l ow to Tallahala Creek Lake :

D. . - = — :? .88 + 1.114 D.O . for T > 7°Cat  low sat

D .O.  - -. = 0. 90 x P . O .  for T < 7°C
1(11 low ,‘ L(t  —

w ho  r - e

D . O . . f 1  = i n f l ow  D . O .  content , mg/i

T = stream temperature , °C

D . c .  
~~~~~ 

= temperature—dependent saturated D . O .  content , mg/ i

The saturated D . O .  content was computed by

1D . O . t 
— 

0.0677 + 0.00208T

Paily values of the computed D.0. content of the inflow are shown ‘n

Plate Al for each of the five study years. The net P.O. contributed by

inflow is the inf lowing P.O. content decreased by an amount which repre-

sents D .O .  depletion due to the travel time within the lake required for

the inflow current to reach the dais. The travel time for an inf low cur-

rent to reach the dam was not known for Tallahala Creek Lake. For these

simulations , the depletion of P .O . due to travel time was neglected and

it was assumed that the net D.0. contributed by inflow was equal to the

computed inf low D . O .  content .

9. Observed thermal and D .O . profi le  data were available for four

M iss is s ipp i  lakes: Ohatibee Lake (1969—7 1), Enid Lake (197 1—72),  Sardis

Lake (1968—Ti) ,  and Grenada Lake (197 0—72) .  Analysis of these profi le

data yielded a range of va1ues for total depletion rates , surface satura-
tion percenta~-~e~ , and depths to which saturation extends.

Dissolved Oxygen Simulations

10. Simulations were conducted to evaluate D.O. conditions within

and d own s t ream of Tallahala Creek Lake . The intake configurat ion used

was the type II, n ~i i s c u L L eI1 previously. Five D . O .  condi t ions  were

A3
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I t ’ j nc r~t -;i: t- :; in r t ’ l t ’ ; na ’  D .O .  c o n t e n t . ,  i l l i l  addil . i o ni l ly showed l i i i .  t i l e

11 51100 It re ter it .  Oil oceur r t -d in t h e  1) 111.1 et .  i—ond i i i  t i milled i o t t - e ly

(lownoit,ream of’ the wnter—qua ~ I t.y control g a t e .  Cal -I l l  a l l  e l i :  performed by 
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s~~~
3 for the Tallahala Creek Lake outlet works also indirated that re—

aeration of flow passing the outlet works would be substantial . Finally,

although many variables affect the reaeration potential of the flow, re—

aeration is associated primarily wi 0. flow turbulence. Turbulence is

characterist ic in a hydraulic jump . A previous hydraulic model investi—
gation1 conducted at liES indicated that a hydraulic jump will be pres-

ent in the Tallahala Creek Lake stilling basin for flows greater than

150 cfs, and for lesser flows tt i~ isydraulic j ump will occur within the

outlet conduit. Additionally , the regulating gate will induce turbu-.

lence in the flow downstream of the gate , even for very low flows.
Based on the above considerations , it is expected that the flow passing

through the Tallahala Creek Lake outlet works will s u f f i c i e n t l y  reaerate

to ~~~
‘ - ‘ -  Lie acceptable levels of D.O. (5 mg/i minimum) in the release im-

mediately downstream of the structure, regardless of the P.O. content of

the flow entering the outlet works.
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Tabl e Al

Surface
Depletion Saturation Saturation

C on d i t i o n  Rate per cent Depth
1 0.05 100 l°C*
2 0.12 100 1°C

3 0.12 100 5 f t
14 0.12 80 5 ft

5 0.20 100 l f t

* 1 °C is the depth at which the temperature is 1°C less than the sw’—f’aee temperat ure -
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APPENDIX B: EFFECTS OF A SIMPLE OPERATION PLAN

1. The original simulations of Tallahala Creek Lake were conducted

by allowing the model to select the appropriate ports during every time

step in order to best meet the specified downstream temperature objec-

tive. This daily optimal procedure is optimal in the sense that the re-

lease temperature for any day is as close as possible to the objective

temperature for that day. However, a lake is a dynamic system, and a

series of optimal releases does not provide the same results as a sched-

ule of optimal releases based on an entire year of simulation. For ex-

ample, the release of cold water to meet an objective t emperature in the

spring or summer might deplete the cold water required in the early fall.

In addition to the problems involved in determining an operation sched-

ule which will best meet downstream water—quality requirements , the ac-

tual operation of a lake according to a daily optimal schedule is not

necessarily the most practical mode of operation . Daily optimal opera-

tion may require continual gate changes based on current and expected

future temperature conditions. Considering the greater requirements of

daily optimal operation , a simple operation schedule was simulated; and

the results were compared with results of simulations in which daily

optimal releasc~ were used.
2. For these additional simulations , the intake configuration

used was type II as discussed in the main text of this report . D.O.  con-

tent was simulated using a constant oxygen depletion rate of 0.12 mg/il

day and surface saturation of 100 percent down to the depth at which the

t emperature was 1°C less than the surface temperature. The operation

plan investigated consisted of the following periods.
a. 1 January—25 June : release of warmest water possible; all

flow is from the highest selective—withdrawal ports if
possible; excess is released through floodgate.

11 26 June—27 October : release of coldest water possible;
flow is from the lowest selective—withdrawal ports except
for flood flows which can be released from the floodgate. 

0~

This period was included in an attempt to delay the
buildup of water in the bottom with low D.O. content .

Bl

I 41  ~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~ ~~~~~ - - -
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‘~~. 28 October—3 1 December : release of warm water from 
- 

-
highest selective—withdrawal ports. During this period ,
release flow will not include low D .O .  water from the bot—
torn except when flood releases are required .

3. Computed release t emperatures and D . O .  concentrations are pre—

sented in Plates Bl and B2. Comparison of these results with Plate 7 in

the main report and Plate A2 (sheet 2) in Appendix A indicate that re-

lease temperature and D.O. content are nearly the same for either the

daily optimal procedure or the simple operation plan. The simple opera—

tion causes a large drop in release temperature and D.O. content as a

result of the change from warm—water release to cold—water release.

However, this transition could be accomplished gradually , thereby reduc—
ing the sharp 1—day temperature and D.O. gradients for the release.

B2
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APPENDIX C: NOTATION

A ,B,C,D Coefficients of objective temperature curve

A —13.83k

B 1.721 x io
_2

C 1.333

D 65.~4~
D.O. Dissolved oxygen

D.O..f1 Inflow D.O. content, mg/2~
D.O. sat 

Temperature—dependent saturated D.O. content, mg/2~
e Natural logarithmic base (2.7183)

E Mean daily equilibrium temperature, °F

H Net rate of surface heat transfer, Btu/ft
2
/day

H. Rate of heat absorbed in layer (i), Btu/ft
2
/day

H Rate of heat transfer into or out of surface layer ,
S Btu/ft2/day

K Coefficient of surface heat exchange, Btu/ft
2
/day0F

Q Mean daily streamflow, cfs

S Rate of total incoming shortwave radiation, Btu/ft
2
/day

t Julian day

T Stream temperature, °C

z. Depth below surface, ft

ct,8 Regression coefficients

~ 19.~4 75
Mixing coefficient at surface

~2 
Mixing coefficient at bottom

8 Percentage of incoming shortwave radiation absorbed in the
surface layer

81 —0.0020

82 0.13595

83 
O.l23L~

8b C. 14095
0 Mean daily stream temperature, °F

A Absorption coefficient, ft ’

Cl

~~~~~~~~~~ -“— -~ .‘—~--—~~ ——— J



1

_ _ _ _ _ _ _ _ _

In a - - o r I . l u c w i t h  l e t t e r  from )AP N- RI1C !) MN-A S I dated
22 J u l y  ~~i’ F~ cs i m i l c  ( i t i l o g  Car ds  for
l .ib~ir . t t  u - v  Techu i :i I Pub L cat ions , -i f a c s i m i l e  c a t a l o g
card i n  1.1 ‘r ;irv ~u f  (~~n i~r u c c  MARC format is reproduced
b e l o w .

‘h ‘ii ’ r i  ‘~ t c - p iuu iu I
I i til ( (  I i i  m u  ‘ ‘; ~iiuu l ~~ i i c t  u v e — m u  I th d r a w ;i l d e s i g n  s t u d y

.m ~~u . ‘ t i s ’ i c . t p p i m~i t h e u t m a t i c a l  niudel  i~~—
vu ’ .t I : m t  i on / hi S~ cp hen  i .  ‘ l i v  ‘ r i  . t ruce  ‘ f t  i c • barre l I t; .

‘i l t ill . \ i s h - i ’ u u r m : . ~~~~~— - . : It . ‘~~. i~, i t  u u u m v —  i x j ’ u ’r i m e nt  Sta—
i t  n i ’ f i  e l i  .u m i m i  I al’ I i  t ronu \ . m lon i I l echu  I c a l

i n  forn ia t I on ‘S i i  1 u I

• ~‘I ~ 
. m~l li ii i .  of p i u t  e . I I .  cm . le i li

u i  m l  i u - ~ ’ i t  — ii S . \ rmv uum ~ I f le er  i~;i I e rw ;m v si~er I men t  St a —

I ion  i i  I)
i i  j u m i m i  i i  Ii . S. \ t t n v  I n m : i u Iem t l u i s t r i c t  ~lm ’hile , Mobi le ,
- i i  ‘ u
Re t  - i  it u

I . iii el .~~~u e n .  - ‘ l u  t h u -p i t i i i  nuid ~ I s  . .  ‘ l im i t  I ev~~l
‘a t  l e t  . I. I.i I l. i i t .m I i  u t m i k  .i~~u S. Ther ma I i n t i l v~ i

• I i t t  t .  i i t i  u~~ u t  l i t author .  I i .  I o i u t . u t i u , b a r re l  I I;.
i t ! , I l l .  U n i t  I ‘~ t , i t ~~’ . \ l t n u  u ui ;’ . of n m : mn e e r s .

‘l ’ i ’ j l e  Iij . t v u  l \  Cm - t i e s :  lI~~j t i l  C t . m t e 5 .  l m m t m r m ~, i v s  I’~
p r  i m o n t  ‘ t m !  l uil , V i - i ” u r e .  ‘Ii . . i~~i htm I c i l  r u -p o r t  • l l ~~ S 1.

i ’ l l  S — I  
___________


