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PREFACE

The model investigation reported herein was authorized by the
Of’fio*’, Chief of Engineers , in an endorsement dated 6 April 1972 to the
Div ’,rlon I’n*~ineer , U.  II. Army Engineer Division , South Atlantic. The

study was conducted for the I I . ~~~. Army ~~gineer District , Mobile, by the

U. ~I . Army i-In~~in e ’r Wttterwrtys Experiment Station (WES) during the period

May 1071’ to March j97I~.

I)uring the “- ‘ur~;e o
# the study , the Mobile District was kept in-

formed of the progress of the study through monthly reports. In addi-

t ion , Me:ncr:n . Ali n W. Kerr , B. W. Odom , J . I. Meredith , and A. J . Pruett
of the Mobile District visited W~~ at intervals to observe model tests

and discuss ~ : ‘ - t t  results.

Tb’-’ invest i~~’ition was conducted in the Hydraulics Laboratory- under
the ~‘.- ‘r I e r : t 1  ~ru;er vi c1on of ‘~r . H.  B . Simmons , Chief of the Hydraulics

4
Labora tory , and ‘iIiiIt ’r the direct supervii~ion of Mr. J . 

~~. Franco (re—

t it’ ’ - !) ,  C h i ot ’ o~’ 
~Iie Waterways Div i s ion , ‘intl Mr. J .  E. (J o v e r , Chief of

the Potamology Branch. The engineer in immedIate charge of the model

was Mr. B. K.  Y o l to : i , a s s iu t ed by Mr. T. J. Pokrefke and Mr. Hay H.

‘~n * -- ’r ; :on .  Ph i : :  r ep o r t.  war: prepared by Messrs . Melton and Franco.

I)i rector’-: of’ WI’P~ durjti~ the course of this investigation and the

prepit ratior and publicat i on of’ this report were BG F~ nest D. Peixotto ,

CE , ‘~‘L C~. ‘I. Hi14 , CE , and COL John P. Cannon , CE. Technical Director

was “Ir . c’~ H . 11:’-’wn .
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (sI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con—

verted to metric (SI) units as follows:

Multiply By To Obtain

feet 0.3014.8 metres

miles (u. S. statute) 1.60931414 kilometres

cubic yards 0.761455149 cubic metres

cubic feet per second 0.02831685 cubic metres per second

feet per second 0.30148 metres per second

degrees (angular) 0.017145329 radians

3
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NAVIGATION CONDITIONS , SUCK BEN D REACH , CHATTAHOOCHEE

RIVE R , ALABAMA ANT) GEORGIA

Hydraul ic  Model Invest igat ion

PART I : INTRODUCTION

1. The Chattahoochee River forms the boundary between the states

of Alabama and Georgia and provides navigation facilities for parts of

both states from Columbus , iIe- rgia (Figure 1). to the Apalachicola River ,

then frito the P,ulf of Mexico . An authorized 9~ft5 navigation channel ex-

tends from the Gulf uf Yexico tI~rou~ h the Jim Woodruff Lock and Dam , the

Columbia Lock and Dam, and the Walter F. George Lock and Dam t-o Columbus ,

Georgia. A rn niinum 100—ft—wide n~tv igCiti~~ channel is maintained through—

out ‘he waterway.

. ~uck Bend , which consists essentially of two adjacent and al—

t ernate  be:-ids , is located at about river mile 73.6*0 on the Chattahoochee

River a~prexirnate].y 1.5 m i l es  below the Walter F.  George Lock and T:e~ in

the uoper reach of ’ the Columbia Lock and, Dam Pool which has a normal

pool elevatie’i of 102.t Discharge through the Walter F.  George Dam is

normally I irs~ ted ~e powerhouse releases 5 days per week except from De—

ceinb—’r to I.~av , th e  normal f lood season , when all flows above upper pool

el 185 pass uncon’ r~o1Ied through the spiliway . Powerhouse releases vary

during the Itty frort , 0 to 29,000 cfs.

The Problem

3. The ~r:~’k Bend Reach of the Chattahoochee River has been a prob—

1~ n area t nc” the completierr of the navigation channel. Severe shoal—

ing has O~~” CU’ :‘O:~ in Suck Bend during flood stages and to a lesser degree

* A trrbIe for converting 0. S. customary’ units of measurement to
metrIc (Si ) mits is riven on page 3.

** B~ ver m it es are above the mouth of the Cl:attahoochee River.
t All elevations (i’l) are in feet referred ~e mean sea leve l (msl).
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during ~c’w stages with normal powerhouse releases . The shoal has h -en

removed ai’
~ er eac h flood period by dredging. This dredging was required

one or more times coch year from 1965 through 1Q7~ in quantities varyin~
• from l~,00O to nearly 14o,00o ‘u yd annually . ~ormall y there is sufficient

depth for navi gat ion during powerhouse ot-eratien , wh ich is from 7:00 a.m.

to 11 :00 p.m., ~‘fo n~ -~y through Friday . It is d i f f i c u l t  and sometimes im—

ocssiblr for tows to schedule their arrival at this location during

periods of e~ t-cation . On weekends special arrangements for water re—

leases have b”en made to allow tows to pass over the shoal.

Need for and Purpose of Model Study

~~~. Developments w it h i n an alluvial stream and the sedirnentat~ cn

~- rocesoes i nv olved  dEp end on many factors , most  of which are interre-

lated . The suck o- ‘Sd Reach  is also affected by the eievation and con—

~‘:~~~‘aticn of h’-drock near t h e  surface of the bed , irregularities in t he
r~~ h~ bank l i ne  in the  bend , and the sharr reverse turns in alignment of

t h e  channel . ~CC ’ O U 5 C  of t he  complex nature of the reach and the factors

~e v- t h - n m e nt , an analytical solution to the problem would

he extremt- .iy -Jit ’T’icult and uncertain. Therefore , a model study was con—

ide  red no “:ssax’y to determine the effect ivenes s of various plans r ro —

~-~ sed for  ‘be “each; to develop m o d if i c a ti o n s  required to eliminate or

‘odu- ’e ~‘hoa~ in~; in the bend;  and to improve navigation conditions for
ows C 

~rou~fi tlic- bend and the approach to the bridge just

- i -w~~~ r ’oln .
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FART II: T1~~ MODEL AND ITS V’ERIFlCATION

Description

5. The model of Suck Bend was a scale reproduction of a short

reach of the Chat t ahoochee River extending from river mile 72.9 to mile

7h ,l~ ~,F’igure 2) including sufficient overhank area to permit overbank

flow to approximately ~ol ft above the normal pool elevation of 102. The

model was built- to an undistorted linear scale of’ 1:711’, model—to—

prototype. The model was of the movable—bed type with fixed banks and

the channel bedrock molded in sand—cement mortar (Figures 3 and 1 4 ) .  The

bed matt ’ria11 was coal which had a medIan grain diameter of about 2 mm

and specific gravity of 1.31.

o. Tb-c fixed banks cf the model were molded in accordance with

dat a shown on survey maps dated December 19511. The bedrock was molded

to ecnfe~r~ with, limited dredging and boring survey data of July 1Q63,

partially revised to data of January lQ”3. The initial contour of the

movable bed of the model was in accordance with the confi~~iration shown

in Plat e 1, based on the .Juiy 1012 after—dredging survey . The p iers and

protective fenders of the proposed A1aba~ia State Highway 10 bridge were

included in the model based on plans submitted.

Appurtenances

~~~. Water was supplied to the model by a centrifugal flow pump

operating in a circulating sys cm and was measured at the upper end of

the model by means of two venturi meters of different sizes required to

handle the ran-~e of discharges. Water—surface elevations throughout the

model were measured with point gages. Tailwater elevations at the lower

F’ “ end of the model were controlled with an adjustable tailgate. Soundings

in the model were obtained by the use of a sounding rail and a special

sowidin~ rod that permitted the reading of elevations in prototype feet

referred tc m n .  Bed material was measured in a graduated container and

i ntro-iueed manually t~ the upper end cf  the model. A sediment trap was

- _ _  ~•‘— 
_ _ _ _ _ _ _

- -—-- --___
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provided at t h e  lower end of the model where extruded material could be

accumulated and measured to determine the amount discharged for any
pt •i ’iod . Sheet metal templates were used for molding the model prior to

the i n i t i a t i o n  of’ cer tain tests. A row of carefully graded iron rails

was installed along each bank of the channel to support t emplates and

the r a i l  from which the model was surveyed , to control the grade of
dredged ea t s , and to control the grade of structures during installation.

Current directions were determined by plotting the paths of wooden

floats w i t h  respect to ranges established for that purpose; the float s

we’re submerged to a depth of 9 ft , equivalent to the draft of a loaded

barge . V e l o c i t i e s  were determined by measuring the travel time of
t’ I eato over known distances.

8. A radio—controlled tow and towboat equipped with screw—type
pro t e’llers were used to study and demonstrate the effects  of currents

and chann el alignment on navigat ion through the bends and in the bridge
4 at~ u ’each . The towboat could b ’  made to run in forward or reverse and at

- 
var i ous speeds comparable o t ics ’ ‘ t owboats which  t ravel the Cbs f t  —

hoochee River.

Mod e ~ Ver I 11 cation

Pr i ~~~~ 1e inv olved

Q . Be fore a movable—bed model can be used to determine the effec—

t ive ness of proposed Improvement plans, its ability to reproduce cond i— ‘

tions similar  to those expected In the prototype must be demonstrated .
Because of’ various d i s s imi l a rit i e s  between model and prototype , the de— -

~~ 
j

~ y ’ e  of’ r e l i a b i l i t y  of t•his type of model cannot bt • fully established by

mathematical analysis and must. be based on model verIf icat ion . Verif 1—

cat •ion of the model involves the adj u stment of the various hydraulic

t’ot’ces , t ime scale , rate of introducing bed material , and model operat—

iti f technique until  it reproduces wi th acceptable accuracy the changes
known to have occurred In the prototype during a given period. The yen-

‘ t L ’ztt~~ n would -sf it’ I m i 1  the various n ’s  h e  relations and model operating
•C 5 ~5lW5~ and I f l d iC ’ll t e the degree’ of sin 1 Itude that could be expected .

10
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- Flow conditions

10. In order to reproduce developments In the model comparable to

those’ which occurred in the river , it is necessary that the model repro-

duce flow conditions affecting development-s In the river similar to

those which occurred in the river. Since flow in th~ river was mostly

intermittent based on powerhouse releases, it was not practical to re-

produce the flows exactly as they occurred because of the short time

scale relation between model and prototype. Accordingly, a composite

hydrograph was developed based on prototype discharge data covering a

per’i~ d of 1 year. This hydrograph , shown in Plate 2, indicates the

cumulative time when there w~ s flow through the powerhouse and over the

spillway suffici ent to affect movement of bed material during the year.

The water—surface elevations for the flows reproduced were based on data

o b t a i n e d  st the mre 1~esed State I-Iighway 10 bridge located about 1200 ft
down st r~ -: in 1’ t- he  problem area.

- 
4 Model adjustment

11. Adjuotm et of the model was started with the movable bed

molded t o  he af ter—dredging survey of July 1972 ( Plate 1) and the model

was operated by reproducing the flow hydrog,raph shown in Plate 2. Dur-

ing the on -rat ion , the rate  of introducing bed material in the upper end

of the rio t -i , the discharge scale relationship, and t h e  time scale ratio

were varied s utj i the model reproduced generally the condit ions indi-

cated by ~he partial surveys of Apri l I 96i~, August 1969 , and March 1971

shown in l’ i O e  3. These were the only surveys available for comparison

with the rn de l  r ‘s I t s

Results

1~’. The resujt,n of 4 h e  final adjustment and verification test,

shown in P~aie ~, i n dic a te  tha t  the  coririgur’ition of the model bed in

th e prc’hl’m area was simi l ar in locat iou , art ’s of shoaling , and height

of shoai to that~ of the various p r o t o t y p e s  in before— dredging surveys ,
also shown in l’late 3. l’Ix n-u- for the survey of’ July 1972, ‘ other

prototype surveys covering tite reach u1 nE~tr e-ssui and downst,ream cf the prob—
hen  area -~~- u r e  avai lable for comparison with th e model . Based on the

July 1972 prototyp’ survey , the mo hr~ in dic a t e d a somewhat greater

11
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t I ’t i lenL ’y for shoaling of th e - channel upstream ot ’ the problem area and
- greater shoaling along th e r ight  bank downstream .

13. The resu I ts obtut i ned during the von fi  cat i on te~ t~ I rid i cated

th at the model reproduced the problem In Suck Bend and t h e  ge-ut ’r al  ch ar—

acter i s t - i c s  of the stream with s u f fic i en t accuracy to permit  t h e  study

of v a r i o us proposed improvement plans. However , the greater tendency

fo r the model to shoal in the reaches above and below t h e -  problem ar t -i t

should be considered in t h e  evaluation of t h e  results .

. 4
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PART III: TESTS AND RESULTS

Test Procedure

iI i . Tests we re concerned wi th  the development of plan s designed

to e l imina te  or reduce shoaling in Suck Bend suff ic ient ly  to permit con-

t inuous  navigation during periods of little or no flow from upstream and

to imp rove n aviga t ion  conditions , particularly for larger tows . Mos t of

the plans tested were preliminary in nature and are not covered in this

report since the  results were used to develop some of the basic plans

that appeared to produce favorable results.

15. Te~ t~ of plans were started with the bed of the model molded

to the c o n d i t i ’ u i s  indicated by the July 1972 prototype survey (Plate 1)

~~ wit . h the model bed as obtained at the end of the preceding test .

Tes ts of t h e  basic plans were started with the bed molded to conform to

the prototype survey and comprised two reproductions of the hydrograph

shown in P late ’ 2. Current directions and velocity measurements were

obtained at the end of sm e  of the tests, and navigation conditions were

determined wi ‘di the ~nodel towboat and tow having a length of ~435 ft and

w i lt - t i of 78 ft (prototype).

Preliminary Tests

Ih . Plans A to F were designed to provide some general informa-

tion on the ef’feetiveness of various dike systems and the results were

used to d ev e l o~ Pl an ~~~. In the preliminary tests the location, number ,

length, aligrun -nI , ‘tnd elevations of rock dikes were varied to determine

their relative e t’Ce ’ ’ tivenes s .

- Plan G

Descripti on

17. Plan (1 was based on the results of’ the preliminary tests and

includ eul E’our rock dikes  along th e left bank upstream of the first bend

13 
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and two d ik e s  along the r igh t  bank i n  the v i c i n i t y  of the second bend as

shown in Plate ~~ Along the  l e f t  bank , the two dikes far thes t  upst rewu

were an g le d ab out ~O dt-t ~ toward the downstream and t h e  other two were

placed normal to ‘ h e -  channel al igrunent.  E levat ions  of the creist of the

left bank dikes were at 107 for the upper dike and at 110 for the remain.~

ing dikes downstream. The lengths of the dikes were 250, 2140, 210 , and

1140 ft from upstream to downstream.

18. The upper right bank dike was angled toward the downstream

extending from the Rock Moun d and then angled to the left  ( r iv orw ard )

about 14o deg . The crest of the dike sloped from el 112 at the bank end

to ci 107 at its river end. The second right bank dike was 220 ft long

with it s crest sloping from el 112 at the bank end to el 107 at the

river end .

Resul ts

— 
19. The u -es ults shown in Plate 14 indicate  a continuous channel

4 through tht  t i r e  reach of more than project width and depth. Scouring

occurred jus t  downstream at’ the third left bank dike from upstream and

the :‘~ateria 1  scoured was deposited between the third and f’ourth dike an t

below the four th  d ike .  The depth of scouring and its effect on the sta-

bi l i ty  of t he  - h i k e -  would depend on the  elevat i on and nature of t h e  bed I 
-

rock Jownsts-sun of the dike.

20. In ge-a-sal , the test results of th is plan in d i c a t e  t l a ’ ~he

s t t ’ u ’ t U r e ’~ included in Plan G would be e f f ec t i ve  in el iminat ing s ho u l i n g

in 2uck sc-n I unde r the condi t ions  tested. Comparison of the r esu l t  s

this test and t h  se -~f the verification test . also indicates -ouisiderable

imp rovement in the - channel upstream and downstream of the problem area.

Plan I

) e s r r i i e k i o n

21. i’~~tn H was a pre-~1iminary plan designed to determine the ef-

fectiveness of ‘uodificat,Ions in the left bank dike system of Plan G t hat

would eliminate or reduce the scouring on the end of the third dike t’ror .

u ir e st r r ’ am . ° l :u n  I • based on the results of t~~e preliminary test of

114



- ~~~~~~~~~~~~ ~~~~~~~~~ ‘ ~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~ ‘ ‘
~~~~~~ ‘~~~~‘~ .- :.,.. .-..._..._ - - - ~ , ~~~~~~ , - - * ~~

Plan H , w a : -  the same as Plan C except for the following (Plate 1 4 ) :

~i .  A d ike  was added along the left bank between the third
and fourth dike from upstream of Plan (i. The dike was
~~5 ft long with top at el 110.

b. The lower dike on the r ight  hank was eliminated .

Results

‘2. The result-s shown in Plate 14 indicate that most of the scour-

ing at the end Set ’ the third dike along the left bank noted in the Plan C

tes t  was eliminated and a reasonably good channel was maintained throug h

the e n t i re reach. Tests with the model towboat and tow indicated that a

143~~;_ by 78—ft tow wo u l d  experience considerable difficulty in navi gati n g

the reach b ecau se of the sharp turns and the additional channel width

repi i r e t  by the tow in negotiating the turns.

Plan J

Description

23 .  Plan J was the same as existing conditions except for excava—

t ion along the right bank from just above Rock Mound to lust upstream of

the proposed State Hi ghway 10 bridge (Plat e 5). The excavation , which

included t h e  removal of Rock Mound , had a h ot  t oni elevation ci ’ 02 and

was des i grieel to i nc ~- y a s e the  width and radius of t-he channel t hrough t tie ’

lower b e n t .

Re sul ts
2i . P h e -  results of the te~ t , at’ Plan ~T , shown in Plate ~~, i ndicat e

extensive shoaling along the left side ci’ the excavated area and in the
- channel to t h e ’  let ’t ci’ t h e  excavation . There was also considerable - 

-

shoalinig in the channel upstream compared with the results of tests of

Plan s G and I.

Desc r~~ tion
2 5 .  V tn K was a p r e l i m i n a r y  plan t e ~ ted to determine structures

and mod it ’lr at ions  t hat woul d be et ’ f€- ’t  ive in deve l op i ng a sa t i s fac tory

channel through t h e ’ reach vi th the excavation of Plan J . ‘ib s- re su l  t of

~~~ L i 
- _____
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Plan K were used to develop Plan L which included four dikes  along the

left hank as shown in Plate 5. The upper three dikes were the same as

the fir st- , second , and fourth dikes from upstream of Plan I with t h e -  ad-
dition e~

’ a ~ ie , _ f t _ l o t i g  dike opposite the excavat ed area with crest at

el 110.

Results

2t’. Tine results shown in Plate 5 indicate that the dikes included

in t iii: ; plan were effective in developing a channel of more than pro~ eet

width  and d e p t h  th rough the  e n ti r e  reach. Scouring occurred :it th e end

of t i n e  t h i r d  dike along the left bank w i t h  some shoaling upstream of t h e

dike and downs t ream ot ’ t in e scour hole. The attack on the dike and fl ow

along the r ight bank aroduced irregul ar currents in the bend th at could
adversely a f f e c t  inavi gation.

Plan P

-
4

Desc :‘ i j t .  t on i

21. l tan P was based on preliminary t e st s  of P lans M , N , and C

des I gned to i mnr ov e  the all gument ot ’ tne current-s in inc bend . This

plan was the same as Plan I , except for the following ( i ’ l i t t  e ’ i - ):

~~~. An tdhi ~ Lanai 
r ,0 ft was excav ate ’ along the right hank

in tie ’ bend to el 02.

te The t ’o u r t  P dike ot ~ Plan L onpos it e the excavation was
I e ’n i ~’t bean ed  to ~QO ft and t h e  t op  of t t i& ’  dike lowered to
el i d .

c .  A l i k e  200 ft long w i t h top  elevat i on of 110 was added
- we-en: t hie ’ t A  i ri -oat fourth dike :tJ ~ng the Ic ft. bank . —

Results

2~~. h ’ s - n i  I s i :Sewn i n n Plate a indica te  hat a channel of more than

pro ,I cc t w it  P a nat cit - n t  in was mat atained through t he eat ire reach. The

I t~am - nt - e f ic m m m c  I t i r o n i g h i  the lower bend was better than with
Plan L, hut t ! iere ’ s l i t  l e ~ improvement in t b ne alignment of the cur—

rents in the upper bend .

I n

~~Ij . _
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I’lm m f

- 
_ ‘e)~ I ’ t ne  fe ’at m i r e - s  ci’ ~‘1 mui 2 were based cmi  preliminary t e ’s t n  of

Plamns c~ ~uiJ i- which we - re den: i gnt’d to I r m l ’ r c ’v -  current s through t t ic ’ benn~l

obse -rvcd wit h Plans 1 am i d  P.  l i i i  plan wn~ tine same mis Plan I’ excep t

for t-tne n\-l low i ng (~~l m m m e  ~~ :

a. ‘N me ’ t- hi I rd d i  ke al on ig t im e Ic ~~ i’pjjk from up str em~~n wins
0:’’- ft long w i t  h: t op -i ‘‘i i if . The I’o m n r t  I n dike wan
2.’’’ f t -  long w i t  1: t op ni t - ci 13 ~ moat the fi ft ii dike op—
n o :  i t o t tie e ’ X e ’ a v at  ed r j .C 1~ l ’m tmnk win:: 10 ft long wit hm I op
ni t e l  110 .

P. ‘Flit ’ scti Ii op in tint’ r gin t hank mit-a r t i n e  l ov e r  end o~’ I li e
m n t - : - e r  te~’nid w an:  t’illed to ci hi C w i t h :  n i o n : e - r o,t il~I c ’ mmviI e~~’ i m i l

- m ’or nm n me smoot ii c m i  I ’ve ’ t v i i ng  tin w i t h  t i n e ’ eX c m m \ ’ ne I-ed lenunk
down :  I re ’:un

c .  Ti n’ eiea ’p e’In :unnel a l on g  t h e ’ c i  9it - bank iii t h e  mm !~m e e~r le t - I ’ l

W I e 5  t’i l ied w t i n Tioms ’t’Seel  I l e l e ’ m’m:c t or In tl to ci ~~ .
‘ an: ::h:ow::  i n

Pint-c ’ i
’
.

hesnn t m:

$0. The r e su lt - s  mm mown in Plates 7 and 2 mmd i one e~ t h at- mm e’h :ummm e I

of nor~’ t tm:ui prt’~ e ’ct- w I dihi mund dentin wan: mu I n mm ined I Inrough  the re:a’tm 
- -

WI t I n ~c C I e • ’ , lo! ’ Ih e  C “ ip t ’ c e v e m i m e m i t  in t i n e  a ’L m  g i in : ienm 01’ t h e  ~‘i i r r e t i t  t !n n’omigb

I he le e ’ t i ,t ~ . I t m e  ~‘ti:itnniel t - t i ro nmgh n thc ~ t oWe l ’  benn ,i  a m i d  d~’w~n streani  wan: :n ’me—

what wi den ’ t icon ol’tnt I neal  w i t In 1’ lion I’. ye ice I t I C ’S 01’ curr ent -n :  :m i’i’e ’,’ I in g

univ I gal loin I t i r ~— i n g t m  t h e  I ’cn,l:: were ’ generally nn o ,lt ’n mi te , v a ry i nng bet w e - c n n

3 and 11 ’m,:: wit -h: t I n e ’ 1 0 , fonm_ and 0’’, 000—c I’m : I’ I ow n: aml ,t sI I ~h n t ly  h igher

wit Ii 1 - : 1~
- - -0 , 000—c 1’:: t’ low (il  at e . Current r- were g e mi e ’r :m 1 1 v :‘:mrmn I t e l

hn e bank 1 m m c ’s e xce ’ i ’t  in car t he nrsposcd ft m i t e ’ lh ghway id 1c m - where

~‘m i r r ’nt  ~: e a m e l e , I  I ~‘ ::,eV e ’ I own m d  t i n e  loft hmunk a m i r t  ice: 1 nir ly din’ I ing I lit ’

lowe ’ m i ’ - ‘w m: . No mi:i ~- I g:m t l o i n  di t’t ’icui 1 i em: were i n d i ca t e d  for t OW :: Up t 0

a 1 e ’ m : e t t :  ~~~ ~“ ~~~ m m m i i  wi lb ci’ ‘~l~ fI, . lieo mminnc ’ ot’ t in e  l i m ited m m i ’ p n ’ ~’ :nc ’t ’

di~ mnnn, ’e , dk ’w n P o n m m n ’t  I ows of hme - .1 mmrge r I em: woul ~t have o t’lamnk t o

m mii  ni ’ ni i n  m c i  t mm ~~~~ t o ry m m i i  gn m::omi  e ’, r  m ’mnnsage I !in .e eugin t Inc bridge span

aft er tu m m y I nne ~ t ine ’ * m n r m i  i n: ‘ Ic I e C W C ’m ’  l’ e ’ t ic i .

i - I’ 

~~~~_ ,:. 
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Plan T

)e m: om’iption

31. Plan T was designed inn an effort  to improve the alignment of

currents through the proposed State Highway 10 br idge.  The plan was

the smime as Plan S except that two vane dikes, each 150 ft  long , were

l o c : e t e - d  along t ime left side of the channel downstream of the lower left

bank dike (Plate o). The dikes , which had a top elevation of 110 , were

placed -i t a ::1igh~ angle to the alignment of the currents and spaced

15 0 f t  apart.

Results

32. Result:: shown in Plates 9—10 indicate  that the vane dikes

were e f fe c t i v e  in diverting sediment toward the left  bank and in improv-

ing  ‘lie al ignment  of the currents approaching the bridge , part icularly

wit .h the 10 , 000— and 25, 000— cfs flows . Except for the deposition along

l Ime ~~-‘~~
‘
~ bank n-~-nr th e  vane dikes , the channel through the reach was

-ih~ ut tIme’ same’ as w th  Plan 0. Navigat ion condit ions for downboun d tows

appn’- ’ -mci mi::g the Pm’id~ -c were somewhat better , particularly with the lower

f l - ’w :. li,’w -v- ’r , tine larger town would still have to flank to make a

::-‘m t i s t ” n ’ L o m ’ y  approach to tlies br idge span and the vane dikes would l imit

thic maneuver area avail-ni-le upstream of ’ t he  bridge. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A
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PAR T IV:  DISCUSSION OF RESULTS AND CONCLUSIONS

Limitation of Model Results

33. The evalua t ion  and i n t e rp r e t a t i on  of results from movable—bed

model studies have’ to be based on the degree of s imilar i ty  between model

and prototyre ’  as indicated by the rn-del verification . The conventional

moth al sf’ ver i  fylmng models of thin: ~-Yi’C was not possible in this  study

because of the lack of a- ie~rn a ’ e protot~~ e data.  Because of the in te r—

mi t t e ’n t  flow ba~ c-~ on d a i l y  v a r iat i on s  in powerhouse releases , it was

- 
no~ :-t’ - t ’ t  ic- i l  to r - ’ :-m’oduc e ~mm t h e  model  the discharges as they actually

occur in the p c ot o ty p e . Developments in the reach were also affected by

the configuration -m ind elevation of bedrock which had to be reproduced in

the rm od m - l h- nse ~1 on l imi ted  ~ht ta .

3Lm . The model was a d iu st e d  unt i l  it reproduced the shoaling prob—

lem in Suck Oend i’ased on p : iu’ t ia l  hefore—dred ~ ing  surveys made during

the period An m ’ I i  1968 to March 1971. In c-pit .e  of the U ni t a t i o n s  men—

tioned :ibov- ’ , t-he results of the f inal  adj-Ln stme m I ( ver i f icat ion test )

C indicated that t i l e ’ model was capable of reproducing the shoaling tenden—

d e s  in Ou ck me - u: , 1  :mnd  t h e ’ general characteris t i c s  of t h e  rn’ototype

st-remun v~ th . :u t ’!’I  :‘ient a c c m n m - : n ’y to permit  the study of the proposed

plan s and to t e f - c m ’ r m i m m e  the  relative effect iveness  of the various plans .

35. 0-’v ’Io i ’ments  w i t h i n  the  m’e~m c h  under study will  depend to sorm r’

extent on f~ow conditions mind t h e  rate of sediment movement in the reach.

Since t I m e  v e r i fi c a t i on tes t  d tests of  improvement plans were con— :
ducted w i t h  t i e  : - :mJ’:e ’ f . m ow c o n dm t i o n  m end ra te  of sediment movem ent , the —

e f f e c t i v ’m m ’cc -I’ arm improvement plan should he based on a comparison of

the result:: of t h - -  test of that plan with tim e resul ts  of the ver i f ica-

t ion t e s t .  
C 

-

Summary of He3ults and Conclusions

3(. - :h ~ foi l owing results and conclusions were i aOl cated from the

mode.i ‘tinly :

19
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mi .  N:ev I gal on ~‘omnd I t I ~‘u i s  lit fi nds lietid w e ’ rc - mtl ’ t’c -e t e,i by
I tim , ’, c o m n t ’ ‘1 carat 1cm mit ~~l 1 e V m i I  l o i n  ol ’ l’ e , ir e ’e ’ls , me nd

me I v e - m ’ ::c ’ , ‘u rn’ e ’ n n (  :1.

La fim ont I n m:g i i i  Suck 5end can tee’ e ’l I mmi i uni t  cat w i t- in t ra j ti n ma ’
m an - - I arc-::, t~nm t I Inc-se m l  ain’t ma t - :: would not ~- i ’ , ’v Ic : 1 1  —

5 n ’a~’ I or\- m miv i gal join somm n i t lot::: I l : m ’ o m n g l :  I l i t ’ b~’nI ~ m m m
he mi l ’m ’i’ on e * ’l : t 0 f ine ’ pi’~e po :m e ’~1 St n i t  e ’ 111 m~~:wmi :,  10 hi’ I ,l~-

1 : nn -g e - r t own w i t  l iomi t  r ennio v I in g some’ ot ’ the i rca-gin i:tr I I i cm :
i nn t i e  m i l l  c n c n e - n m t  0 1’ t lii ’ r [gImI I - m e n d s .

s’ . fin’:tI i mng iii Suck i c —n m _ i  c o u l d  le t — ci 1 1m m 1 : m m m i  c d  w i t  in ‘‘ ‘d es ii
a on m g - h~’ ‘ ft I ’ m t t i i s  mis i i :  I’ I atm t I-tn t n i n n y  I cat i , -m - c- ‘ m m m l  —

loin: : w c m n l d  It ’ll,1 to b~ l m m i ; n t i ’ , l omm : :  ¶~
,‘n ~1, ’wm:l ’ - -mnn: i - - ‘w- 1-c—

~‘m u n : : c - c i ’ m e , i v e ’r : m c ’ ,‘ m n m a ’ e - n : t  : - anm , I  m . : m n ”m’ t n ’ ::: .

c i .  Om it : - f ’:ic ’t  ol’\ - :n:l\ - I ga l  I - ’:: e~un l it j
~ ‘n: s ’ ,’’,nI - i be ~‘r,’v I , l c ’,i ~ - ‘ it

r ock 1 ike’:” :mlonig th e ’ L’u’t 1 -m ~ ndc m e n d t ’ X ’ ~ i\ :11 l -~ ‘a m ’ ’ :- ‘‘I - in
- n I 5 ’ m: g (lie ‘‘1 cli I’ miu n k I o i :nm l ’n _ ’ve - , ‘ I m m L n l e m e - 1 :i I g:m:-  I ci:: i :m
I’Uun 0. i - v e - m m  w i t h  t h i n :  id :im: mim’gc - ,t , ’wc n l ’c:n:i ~I tow:: ~~- - j ‘n

h a v e ’ I o -i~’ m om ma ’ I’ : n n : i ~ I nm ~ I’c ’’ mlii : : e ’ of  ~~~ : :l : , ’ m ’  : 1:- n ’”  , ‘m i d:

I Ili - i - n ’  I cigi ’ a f t  ‘ -m ’ mi e go t : m i t  i ing I a’ 1- c ’mud ,i a:: in : ’ : :  I n - - m e n ’

~~~. 
I’t :c ui,Id it l o u  01’ t w o  vmun e d i ke : :  :mU, ’~ I l i e  left m m :  ‘j t ’ , ‘I ’ I in ’

1 :n s t  m l : ’ :’ I a, - null 01’ 1 lie I ’ m’  I ,i~s~’ :1:- Iii P1 m e n :  1’ a,— :: 10
seet I ml ’:: I I ‘ In’ del~

_ C m : I I cal m c i  ,‘mn ~ timc ’ 1 cOt I - :tnii ~ m l n : ~:

- 
improv e  I inc ni l igiuna-:: t of t !me ~ ,- mnn’m’ c ’mnt :: I l:roingln I l i e ’ I n
s 5:1:1 I,,\~ ,—y , ‘a , hc 0 m’ ii~’:: womn 0 ‘e ’, j m n c e - In e - ‘ l m : m e ’ m : V  - a m i r e

:tvmt 1 able f o m ’  d~’ w mil ’ omnmn ~n t o w s  m c ’ a n ’ o m m 5 ’ : 1 1 m g  t la t’I t dcc ’ m e ‘‘I e r
inegot i n i t  lug I lie b emmd u n ’ : m t  n ’ c : m m n i  am i d  c o m m  , o m m : . i t  UI 0 a n : m n v  I —

10m m h-~ ::e ‘al.
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