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PREFACE

The model investigation reported herein was conducted for the

U. S. Army Engineer District , Little Rock (SWL) by the U. S. Army

Engineer Waterways Experiment Station (WES) during the period May 1973

to April 1975. The study was authorized by the Office , Chief of Engineers,
in 1

~th Indorsement dated 9 November 1972 to letter of 20 September 1972

from SWL to WES , subject : Proposed Model Study of Lake Dardanelle.

During the course of the model study, the U. S. Army Engineer Division ,
Southwestern (swD), and the SWL were kept informed of the progress of

the study through monthly progress reports and periodic transmittal of
• preliminary test results. In addition , Mr. Tasso Schmidgall , SWD, and

Messrs. Jack Woolfolk , 0. B. Yeager , Joe Clements , D. G. Bratton ,

David Meadows , and James Tollett, SWL, visited WES to observe tests

and discuss test results.

The investigation was conducted in the Hydraulics Laboratory
under the general supervision of Messrs . H. B. Simmons , Chief of the
Hydraulics Laboratory ; F. A. Herrmann , Assi stant Chief of the Hydrau-

lics Laboratory ; J. J. Franco (retired ), former Chief of the Waterways

Division; and J. E. Clover , present Chief of the Waterways Division .

The engineer in immediate charge of the model study was Mr. J. E.

Foster , Chief of the River Regulation Branch. He was assisted by

Messrs . P. C. Combs , S. T. Mattingly , J . A. Holliday , H . S. Headley II ,

and V. E. Stewart . This report was prepared by ~1eooro. Foster and

Franco.

Directors of WES during the course of this investigation an I

t I l L -  preparation and publication of this report were IC E. D.

• 
• 

CE, CCL C . H. Hilt , CE, and COL John L. Cannon , CE. Technical Director

- • was Mr. F. R. Brown.
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

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

verted to metric (SI) units as follows :

Multiply By To Obtain

feet 0.30148 metres

miles (U. S. statute) 1.60931414 kilometres

cubic feet per second 0.02831685 cubic metres per second

cubic yards 0.762455149 cubic metres
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LAKE DARDANELLE, ARKANSAS RP[ER

Hydraulic Model Investigation

PART I: IN T R ODUCTION

Arkansas River Navigation System

1. The Arkansas River navigation system was authorized by the

Congress of the United States in Rivers and Harbors Act of 214 July 19146.

This system provided for the development of the Arkansas River for

• navigation , additional flood control , hydroelectr ic  power gener ation ,

and other purposes. Construction of the project was begun in 1957.

Navigation reached Little Rock in December 1968, Fort Smith in

December 1969, and the Port of Catoosa , the head of navigation , in

December 1970. In 1971, Congress designated the project as the

h~cClellan—Kerr Arkansas River Navigation System .

2. The system (Figure 1) consists of: (a) seven large ulotre im

reservoirs that prov ide flood control storage , t rap sediment , and

supply water fcr power , navi gation , and other uses ; (b) four h i g h —

lift locks and dams that provide depth for navigation , provide head

for power , and trap some sediment ; and (c) thirteen low—lift locks and

d ~ns that provide minimum 9_ft* depths for the remainder of the

I
, 14148—mile navigation channel from the Mississippi River to Catoosa ,

Oklahoma (near Tulsa). The total lift for the system is 1420 ft.

‘‘ 1 Lake Dardanelle

3. Lake Dardanelle is a 51—mile—long reservoir formed by Dar—

danelle Lock and Dam , one of t : e four hi gh—l ift structures in the sys-

tem . Dardanelle Dam is locate- .I on ~he Arkansas River at mile 205.5,**

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

** All mileage cited herein refers to navigation mile exoept in Fi1~—
ure 1 which is 19240 mileage.

5
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3 2 miles upstream from Dardanelle and 3 miles southwest of Russellville.

The earth—fill and concrete dam is 2683 ft long and rises 68 ft above

the streanbed. Dardanelle Lock has a 100— by 600-ft chamber and a normal

lift of 514 ft. In addition to its other purposes , Lake Dardanelle was

designed to trap a considerable volume of sediment . The river was

stabilized and realigned in the upper 1tO percent of the lake ( down to

mile 238.14). The bank stabilization and channel rectification

-

• 
structures were not continued downstream of this point because they

were not needed to initiate navigation on the waterway .

14. With the impoundment of water in Lake Dardanelle in 19614,

anticipated sedimentation occurred. By 1972, when this study was

author ized , the deposition had accumulated such that it was beginning

to hinder navigation in the vicinity of Horse Head Creek , just down-

stream from where the ban k stabilization and channel rectification

works ended. The Arkansas Highway Department proposed construction of

a bridge across Lake Dardanelle at mile 2324.9 with the tentative

location of the navigation span near the left bank.

Purpose of Study

5. The purpose of the model study was to determine the type and

location of control structures needed to develop a stable navigation

channel with a satisfactory alignment in the vicinity of the proposed

bridge and to make Lake Dardanelle an efficient sediment trap. Since

the Arkansas River is open to navigation , it was also necessary to

develop a construction sequence that would permit the development of a

I satisfactory channel along the new alignment and at the same time main—

tam navigation through the reach.

-I
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PART II : ThE MODEL

Description

6. The model of Lake Dardanelle , which reproduced the reach of
the Arkansas River from mile 231.3 to 238.5 (Fi gure 2), was built to

linear scale ratios of 1:120 horizontally and 1:80 vertically which

produced a slope scale ratio of 1.5 to 1, model to prototype . A small

• supplementary slope needed to provide satisfactory bed movement was

Incorporated in the model design . The model was of the movable-bed

type with fixed—banks and overbank areas molded in sand—cement mortar.

The bed material was coal which had a median grain diameter of about
14 mm and a specific gravity of 1.30. Dikes were molded of crushed

stone. Folded strips of mesh wire were used to simulate the roughness

effect of trees and underbrush on the overbank areas .

7. The overbank portion of the model was molded to contours

shown on USGS qur dranrle maps dated 1961 and 1962. The initial contours

Of the movable-bed channel portion were molded to a survey made .Iur i n

the period October—December 1971.

Appurtenances

8. Water was supplied to the model by a l0—cfs axial flow pum p

operating in a circulating system and was measured at the upper end of
the model by two venturi  meters of different sizes to provide for

accurate measurement over the range of discharges to be reproduced.

Water—surface  elevations along the channel were measured by 12 piesor-

eters which were connected to a centrally located gage pit. Water—

surface elevations at the lower end of the model were controlled WI¼Li

an - i i~ustab1e t a i lgate .  A g radua ted  conta iner  w an u n - n i  to measure bed

material introduced at the ulte r end of the model . A sediment t r ap  was

provided at the lower end of the model where extruded material coil i

accumulate and be measured to determine the amount lincl irged for any

period. A carefully graded rail was installed along each side of the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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channel to support sheet metal templates used for molding the model bed

prior to initiation of certain tests. These rails were also used to

provide vertical control for surveying the model bed and to install

structures in the model.r
Model Adjustment

9. The reliability of a movable—bed model to reproduce channel

developments generally representative of those expected in the test

reach of the river under similar conditions is established through the

verification process. This process involves the adjustment of the

various hydraulic forces , model-operating techniques , and other factors
until the model demonstrat es its ability to reproduce with accept able

accuracy certain changes in channel configuration that are known to have

occurred in the prototype. In this manner , the model—operating tech-

niques; the time , discharge, and ‘~ed- toad movement scale relations; and

the degree of accuracy to be expecte~ of the model are determined for
use in tests of various plans of improvement .

10. The adjustment of this model was complicated by the reservoir

which affected water—surface slopes and bed movement , dredging oper-

ations and location of dredged material , bank caving , islands , sh i f t ing

sandbars , and many side channels. Because of the complex nature of the

reach , an unusually large number of adjustment tests were required to

obtain satisfactory verificat ion of the model.

11. The adjustment tests were started with the bed of the model

and active caving banks molded to the conditions indicated by the river

survey c-~ November-December 1971 (Plate 1). The model was operated by

reproducing the flow hycirograph (Plate 2) which occurred in the river

between the time of the 1971 survey and the survey of October 1973

(Plate 3). During the adjustment tests , progressive changes were made

in the discharge scale , rate of introducing bed material , and methods

of reproducing dredging operations and bank caving until the model

reproduced with a reasonable degree of accuracy the conditions indicated

by the river survey of October 1973. Between December 1971 and 
- 

- -

9 
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October 1973 there were at least five dredging operations in the reach

involving the removal and placement of some 250,000 cu yd of material.

In addition , considerable bank caving had occurred , particularly along

the left bank between miles 2324 .5 and 233.6 with the bank at that point
receding as much as 2400 ft during the period.

12. Verification of the model was based on the results of the

final adjustment test shown in Plate 24 , compared with conditions m di-

cated by the October 1973 prototype survey . This comparison shows that

the essential trends and channel configurations were reproduced with a

reasonable degree of accuracy. The principal differences between model

and, prototype which have to be considered in the evaluation of test

results were as follows :

a. The channel along the right bank between miles 236.8
-; and 2324.6 was not as wide as that indicated by the

prototype survey.

b. The narrow channel at the head of the island toward the
left bank did not develop as in the river , and the
channel along the right side of the island was some-
what wider in the upper reach and shallower near the
lower end of the island .

a . The depth of scour along the caving bank at mile 233.6
was deeper in the model .

These differences could have been caused to some extent by the method

of reproducing dredging operations , shape and erodibility of the

islands and sandbars , and method and rate of reproducing bank caving.

4
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PART III: TESTS AND RESULTS

Test Procedure

13. Tests were concerned with the development of a stable

- 

- 
channel of good alignment and adequate depth for navigation. Plans

tested were designed to shift the channel toward the left bank just

upstream of the head of the island at mile 235.6 and at the same time

to provide a satisfactory channel approaching the navigation span up-

stream and downstream of the proposed highway bridge at about mile 2324.8.

114. The model was operated for all tests by reproducing a flow

hydrograph submitted by the U. S. Army Engineer District , Little Rock

(SWL), as being typical of what could be expected in this reach of the

river (Plate 5). Two of the plans were also tested with a rapid—rise

flood of short duration as shown in Plate 6, and one of the plans was

tested by reproducing the typical hydrograph with the dischar ge reduce d

by 50 percent. The water—surface elevations during the tests were

controlled at the lower end of the model based on a stage—-iischarge

rating curve furnished by the SWL for that location. The channel bed

was surveyed at the end ~f each hydrograph.

Base Test

Descr ip t ion
.
~ 15. A base tes t  was conducted to determine the developments

that could i l :  expected  in the reach before  any of t i r e  t r a in in g

• i st ructure: :  would Cr ’ c nr l n t r u l :  e 1 and to p r nvj d e  a basis for comparing

the  e ffec t iveness  of ~ r ’)~ o . :e-i  i m ar o v e m e n t  plans . The test was started

with  the same condit  I n .; as those 1) 1-ta m ed at the end of the  v e r i f i c a —

tion test ex c ept  for the in st a l i at  i -o n of the  n t o n n — f i l l  revetments on

the right bank between mi l e . ;  237.1 and 23 .8 ‘tn -I on tu e  l~~f t  l ank

between miles 23 1’- .2 and ~ H 5 . 5  wh i c h  were under  c o n s tr u e t i - ri -it the  tim e
S

t h e  :;tu-Ily was under t aken .  The t ips of the r e v e tm en t s  were p inine I at

11
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el 3143.* Except for the removal of the island along the channel side of

the revetment at mile 235.8, no dredging was done in the model during

the test . Results of the base test were developed with one reproduction

of the typical hydrograph.

Results

16. Results shown in Plate 7 indicate little difference in the

trends developed with the typical hydrograph compared with those
I 

obtained by the end of the verification (Plate 14) . The main channel

would tend to remain along the right bank with some tendency for shoal—

ing to less than project  depth along the proposed channel alignment

toward the left  bank . There was some scouring near the head of the

island to the right of the revetment at mile 235.8. The crossing

toward the left bank at mile 2314.5 would produce a rather sharp bend

and would increase the attack on the left bank and the tendency for

bank caving . There was l i t t le natural tendency for the channel to cross

toward the revetment at mile 235.8 , although the channel along the left

bank downstream of the revetment was maintained.

Plan A

Description

17. Plan A is the original plan proposed for the development
of a navigable channel with a crossing toward the left  bank at about

mile 236. This plan ( shown in Plate 8) was developed in a series of

preliminary tests based on observations of currents and trends with

representat ive flows and included the following :

a. A longitudinal rock dike forming the concave side of a
bend extending from the right bank at mile 236.8 to
mile 236.0 with three ba f f l e  dikes extending from the

— longitudinal dike to the right bank . Crest of the
dikes was at el 324 3.

b . A closure dike extending from the r ight  bank to the
head of the island at mile 235.7 wi th  crest at ci 339.

* All ,  el vat ion. ;  (e l)  ci ted herein are in feet r e fe r red  to mr - t n  sea
level .

4
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• a. Two short spur dikes located on the shelf along the right
bank at miles 237.9 and 237.t~ w1 i cr est elevations of
3145 and 3141, respectivoly.

d. Tw~ spur dikes located along the r ig h t  s ide of the
• islands at miles 237.0 and 237.2 with crests at el 3141.

The minimum clear channel width between the ends of the
- 

- dikes and the right bank was 1000 ft.

e. A dike was placed across the secondary channel between
the island at mile 236.9 and the left bank with a crest
at el 3141.

f. A dredge cut 250 ft wide to el 3214 was made toward the
left bank extending from mile 236.7 to 2324.9 following
the longitudinal dike along the right bank and the stone—
fill revetment along the left bank. The dredged material
was placed landward of the dikes and revetment .

~~~
. A trench—fill revetment was simulated in the bend along

the left bank between miles 235.3 and 233.2 along an
alignment furnished by the Little Rock District. The
top of the revetment was placed at el 3243 , and the exist-
ing bank riverward of the revetment was molded to
simulate a caving bank.

Results
18. Results of tests of this plan showed that the dredged

channel had shoaled as much as 6 or 7 ft along the upper reach of the

longitudinal dike with a tendency for the deeper channel to form away

from th~ dike (Plate 9). Downstream of the end of the longitudinal

dike (mile 236) the dredged channel shoaled; but a deeper channel

developed along the right side of the dredge cut and adequate d e p t h s

were maintained from that point to the left bank. There was some

shoaling along and in front of the stone—fill revetment along the left

side of the channel between miles 236 and 235.14. The channel along the

left bank in the bend at mile 2324 shoaled to less than Jro~ ect d e p t h ;

this shoalinr was caused by dispersion of flow to the r i g h t  - I o w r ;n l r r . is:

I of the island . The left bank in the bend was allowed to erode to the

revetment line . The crossing toward the right bank at u i - ou t  mi le  233

was maintained .



Plan A-l

Description

~~ 19. Plan A—i wan a modificat ion of plan A and involved the

shortening of the upper dike along the island at mile 237.2 and the

installation of a dike along the right side of the island at mile 236.7

to el 339 (Plate 8). A channel width of 1200 ft was maintained

between the aikes along the islands and between the righ t bank and the

longitudinal dike . The channel along the longitudinal dike exteniinn

toward the left bank was redredged to a 250—ft width at a bet ton

elevation of 3214.

Results

20. Results given in Plate 10 show that a channel - -f adequut~

depth had developed in the crossing toward the left bank . Scour L ies

had formed near the lower end of the longitudinal dike (mile ~T) an- i a

the upper end of the stone—fill revetment at mile 236.2. The shoal

along the stone—fill revetment on the left side of the channel had been

— scoured and reduced in size. The channel along the left bank in t h ~
bend between miles 2324.24 and 233.5 was narrow, but a channel of adequai e

width and depth for navigation had developed across the point more than

1000 ft from the bank at about mile 233.8. Because of the alignment of

this channel, the crossing toward the right bank downstream (mile 232.5)

moved to the left some 1700 ft, indicating some bank caving downstream

of the revetted bank.

Plan A-2

Description

21. Plan A—2 was the same as plan A—l except that the revetment

on the right bank from mile 237.1 to P36.8 and the proposed revetment
along the loft bank from mile 235.3 to - 3~~.0 were raised from el ~~~

to 3147 a r t - I  a spur dike was installed on the left bank at mile P3t- .3

with top at el 337 (Plate 8). A minimum width of 1200 ft was main—

tairied between the dikes.
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Results

22. Modifications of plan A—2 had little effect on channel

developments within the reach . The sandbar that extended downstream

past the upstream end of the left bank revetment at mile 235.8 moved

downstream to about mile 235.5. The deep channel remained away from

the left bank revetment throughout most of its length. The sandbar

along the left bank in the vicinity of mile 2314 increased in size and

elevation.

Plan A-3

Description

23. Plan A—3 (Plate 8) was the same as plan A—2 except : (a) the

spur dike on the left bank at mile 236.3 was raised on the bank end

from el 337 to 3141; (b) a spur dike was installed on the left bank at

mile 236.2 to an elevation of 3241 at the bank and sloping to el 337 at

the channel end , leaving a clear channel width of 1200 ft; (c) the

left half of’ the closure dike on the right bank at mile 235.7 was

raised from el 339 to 3241; Cd) a spur dike was installed on the right

bank at mile 2314.2 to el 339 at the bank and sloping to el 337 at the

channel end; and (e) a 250—ft-wide channel was dredged to el 3224 from

mile 2324.24 to 233.5.

Results

224. Results shown in Plate 11 indicate that a reasonably

adequate channel would b€ ;iaintained in the upper reach from mile 238.5

‘1 to 233.7. The sandbar riverward of the revetment along the left side

of the channel, mile 236.2 to ~~~~ remained about the same as that

• obtained with plan A—2. The’ sandbar along the left bank in the bend

downstream of mile 2314.5 was reduced in size , but an adequate channel

was not developed along the bank . Flow through this reach was divided.

The crossing toward the right bank (mile 232.5) had moved farther to

the left, indicating bank caving downstream of the revetted bank and

an improvement in the alignment of the channel a T I - r o a c h i n i -  the right

hank .
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Plan A— 14

Description

25. Plan A—14 (Plate 8) was the same as plan A— 3 except for the

following :

a. A 700—ft—long vane dike was installed along the right
side of the channel at mile 235.8 to el 339.

1. Two 1000—ft—long vane dikes were installed along the
right side of the channel at miles 23)4.6 and 2314.24 to
el 339 and 337, respectively .

a. The spur dike on the right bank at mile 2324.2 was
removed .

d. A 250—ft—wide channel with bottom at el 3224 was dredged
from mile 2314 .5 to 233. 14 .

Results

26. Results given in Plate 12 show little change in the channel

from the upper end of the model reach to about mile 2314.6 except for

some increase in the width and depth of the channel opposite the vane

dike at mile 235 .8.  In the reach below the location of the proposed

hi ghway bridge , the channel along the left bank had deepened and ade-

quate channel depth and width extended downstream to about mile 2324.1.

The center channel had shoaled downstream of’ that e . int and the channel

along the lef t  bank had improved some , but t h e  width of the channel was

l imi ted .

Plan A— 5

27. Plan A—5 was the same as plan A— 14 except that the vane
-‘ I d ike at mile 23)4 . 14 was extended 120 f t  downstream (Plate 8). This

modification produced little change in the development of the channel

along the left bank between miles  2 3 2 4 . 0  and 233.6 , which was of limi ted

width. -
~~~

S
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Plan A-6

Description

28. Plan A—6 (Plate 8) was the same as plan A—5 except for a
950—ft—long vane dike with top el of 337 that was added on the right

side of the channel at mile 23)4.0 and two spur dikes that were installed

on the right bank at miles 2314.0 and 233.8 with top el of 3140 and 339,

respectively. This plan was also tested with the fast-rising flood

hydrograph shown in Plate 6 after the reproduction of the typical
hydro graph.

Results

29. Results shown in Plate 13 indicate that an adequate channel

would be developed along the left bank and in the lower approach to the

proposed new highway bridge navigation span . The width of the channel

along the left bank below mile 2324.0 was not as wide as the channel

through the reach u~-::tream but could be expected to improve wi th

deposition along the right bank which was increasing . The fast—rising

hydrograph reproduced on the model at the end of the test produced som e

decrease in dep ths  but had little effect on channel developments in tire

reach.

Plan B

Description

30. Plan B wan based on the results of tests of plan A as

modified and was designed to determine the best sequence of construc-

tion that would produce the least interference with normal river

traffic. The model for this test was restored to the conditions that

were obtained at the end of the base test except for the following whi ’L

might be included in the first phase of construction (Plate 114):

a. The revetment along the right bank between miles 237.1
and 236.8 was raised from el 3143 to 3147 .

I. A closure dike with top at el 3141 was installed between
the island and left bank at mile 236.Q .

17



a. Two closure dikes with crest at el 338 were installed
across the existing channel at miles 235.7 and 235.0
except for a 250—ft—wide navigation gap wi th a bottom

I elevation of 327 near the right bank of each dike.

I. The left bank in the bend between miles 233.8 and 232.7
was restored to existing conditions with erodible
material.

Result s

31. The channel along the right bank approaching the navigation

gap in the upper dike shoaled to less than project depth (Plate 15). A

scour hole developed downstream of the gaps in both of the closure

dikes . Scouring below the upper dike resulted in shoaling of the

channel between the two dikes. A channel of adequate depth and limited

width developed toward the left bank through the opening between the

stone—fill revetment and the island along the ends of the closure dikes .

A shoal area developed along the left bank at mile 2314 but an adequate

channel was maintained to the right of the shoal.

Plan B-l

32. Plan P-— i involved the next step in the construction

— sequence and provided for the closure of the nav igation gap in d i d  of
the two — likes across the existing channel. This change incr;-ane -i t h e

tendency for the channel to develop in the crossing toward the left

bank upstream of the dikes. By the end of the test of this plan , an

adequate channel had developed downstream to about mile 2324.3 (below

the location for the proposed br idge) ;  however , the channel downstream

of thi s point was affected by the sediment moved from upstream and the

dispersion of flow to the r i g ht ~ downstream of the island . The shoal

area along the left bank n -:tr mile 2324 increased in size and elevation ;

and another shoal area developed along the rislit side of the channel ,

reducing the width of the navir~able channel to about 200 ft.

4
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Plan B—2

Description

33. Plan B—2 was a continuation of the construction sequence

with the init iation of the construction of the longitudinal dike of
plan A niong the right bank at mile 236.8. This plan was the same as

plan B—i except for the following (Plate 124):

a. Construction of a longitudinal dike between miles 236.8
to ~p6.6 to el 314 3 and construction of the first two
spur  dikes at miles 236.6 and 236.3 to el 3143.0 and
~~~~~~~~~~~~ respectively.

1. Construction of three spur dikes along the left bank
at miles 23)4.1, 23)4.0 , and 233.8 to ci 338.0; thene
dikes were not included in plan A.

a. The closure dike across the exintin ’ channel  at
mile 235.0 was lowered from ci 338 to 336 . Thin woul-i
not be a construction sequence hu t  an ans-inltion t i ; t t
the dike would be constructed to that elevation
initially .

t i.. Results given in Plate 16 show that the channel in the cross—

jag toward the left bank moved toward the completed p-nrtinn of the i f l f l~
gif~id inal dike an-I the completed spur dikes near the r igh t  bank . The

channel  a l on g  the new alignment upstream - f’ the island had not i e —

ve iope- )  f - - rr- - P ’ ~ d e n t h  by the end of the test  of t h i s  p lan . A channel

of’ adequate i’ 1 t.h but of poor alignment and limited width extended from

the  ~‘n -I of the spur dike at m ile 236.3 toward the upper end of the

:lt
~

C In r — f j t I  revetment at mile 236.2. The channel between the island ~1 t —

4 mile 235.5 and the left bank increased in width. Results indicate-i a

tendency for the lower end of tie’ island to erode. Some scouring of the

sf,-~ri1 -i l - :n g  the ends of t he  spur dikes along the left bank (miles 2324 .1

to 2~~~.8) “ -- 1rr e I , but a channel of adequate width had not develonel in

th is r oach  by the en ) of the •

10 
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• Plan C

Description

35. Plan C (Plate 17) was the same as the start of plan B

(paragraph 30) except that the left side of the island at mile 235.0

was molded with the same material as that in the bed of the main

channel to permit it to erode by the action of currents. The test of

the plan was started with the bed molded to the conditions obtained in

the base test with modification of the island mentioned above and the

molding of the left bank between miles 233.8 and 232.7 in erodible

material. Other features the same as plan B included the closure 
—

dike at mile 236.9, two closure dikes with  navigation gaps at

mi les  235.T and 235.0, and the revetrcent between miles 237.1 and 236.8

to ci 3147.

Results
36. Results of tests of this plan (Plate 18) were generally

similar to the results of tests  of plan B except that there was a

great er tendency for the channel to meander in the crossing toward the

left bank (miles 236.5 to 235.2). The channel in the crossing moved

from the upper end of the stone—fill revetment at mile 236.2 to the

head of the island at mile 235.7, eroding a portion of the island

near the upper end. A sandbar developed along the stone-filled

revetment at mile 235.7 and along the lower left side of the island

at mile 235. The channel over the crossing toward the left bank

(mile 236.2) had a poor alignment and was less than project width.

As in plan B , the channel along the right hank approaching the

navi gat ion gap in the closure dike at mile 235.7 had shoaled to less

than project  depth .

I 
Plan C-i -

Desc r ipt ion

37. Plan C—i was the same as plan C except  that the navit -a t ion

gaps in the closure dikes at miles 235.7 and P 1 .0 were el iminated by

20



f i l l ing to the elevation (338) of the dikes, and the closure dike
I between the island and left bank at mile 236.9 was raised to el 3143 and

extended across the top of the island about 1700 ft (Plate 17).

Results

38. Results shown in Plate 19 indicate that a channel of

adequate width and depth would develop in the crossing toward the left

bank (miles 237 to 235). However , the alignment of this channel was

affected by the closure dike along the left bank which caused the

crossing to move upstream making a sharp turn toward the head of the

s tone—fi l l  revetment at mile 236.2 where a deep scour hole developed.

A sandbar developed along most of the revetment downstream of the

scour hole. Because of its location and alignment , the channel over

the crossing at mile 236.7 would tend to be unstable and a f fec ted  by

flow conditions . Downstream of the island and the proposed bridge , a

narrow channel of adequate depth developed along the left bank with a

shoal area between that channel and the channel to the right- . The

channel over the crossirit— from the left bank toward the r ight  bank at

232.5 had moved to the left , forming a sharp angle with the alignment

of the rieht hank.

Plan C—2

39. Plan C—2 was the same as plan C—i except that the c l os ur e

dike at mile 235 .7 was raised from el 338 to 3140 (Plate 17). The

raising of the dike improved the channel along the stone—fill revet”ent .

along the left bank downstream , and into the crossinc toward t he  r ig ht

bank at mile 232.5 (Plate 20). However , the crossing toward the stone—

fill  revetment at mile 236.5 had shoaled to less than project  depth.

Plan C—3

140. Plan C— 3 was the same as plan C—2 except for the installa—

t ion of a 950— f t—long  vane I-like with crest at ci 338 along the left

side of the channel in the crossinr at mile p36.5 (Plate 17). With the

21
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vane dike , a channel of excellent alignment and minimum width of more

than 700 ft developed over the crossing at mile 236.5. A good channel

also developed along the s tone—fi l l  revetment downstream. In the reach

below the proposed bridge location , a divided channel fo rmed , reducing

the width of the channel along the left bank at mile 23)4 . Although

adequate width and depth would be provided in the channel to the right ,

the alignment of that channel would not provide a sat isfactory approach

to the proposed bridge navigation span (Plat e 21).

• Plan C— 24

24 i. Plan c—24 involved the construction of a spur dike along the

right bank at mile 23 ) 4 .24  to el 339 with other conditions being the same

as those obtained at the end of the test of plan C—3 (Plate 17). The

dike was designed to improve the channel along the left bank below the

proposed bridge . The dike caused erosion of the upper end of the

center bar at mile 23 14.3 and provided a better approach channel to the

bridge navigation span. In the upper reach at mile 236, a sandbar

formed along the right side of the channel that could affect navigation

if the sandbar continued to develop.

Plan C-S

142. Conditions for plan C— 5 were the same as those obtained at

• - the end of the test of plan C— 14 except that a spur dike with top ci 338
was added along the ri ght bank at mile 23)4 (Plat e 17). The dike

included in this  plan produced an increase in the erosion of the head

and r ight  side of the sandbar along the left bank and improved the

al ignment  of the channel downstream of the bridge . The sandbar at

• mile ~~~~~ encroached on the channel over the crossinc such that it

could possibly create some future maintenanc e problems . 
- -
.
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Plan C—6

Description

143. The conditions for the start of the test of plan c—6 were

the same as those obtained at the end of the test of plan C—t except

for the installat ion of a spur dike with top el 3241 along the r i g h t  bank

at mile 236 .2 .  The end of the  dike was located to maintain a clear

channel whith of i200 f t .  In addit ion to the test wi th  the typical

hydrograph, this plan was also tested with a low hydrograph (discharce:

of the typical hydrograph reduced 50 percent ) and with the fast—rising

flood hydrograph shown in Plate 6.

Results
2424 . Results of the test with the typical hydrograph (Plate 22)

indicate that the sandbar which had enc roached on the channel over the
crossing at mile 236 would be el i :-i r iated , and an adequate channel of

good alignment would be developed t~h r ough  the reach.  There was l i t t le

change  in the channel downstream of the proposed bridge location.

• 245 . Resirtts shown in Plate 23 indicate that a reduction in dis-

charge of 50 percent would have little effect on channel development in

the reach under study . The fast—rising flood hydrograph produced some

reduction in the depths along the channel, but the effects were not

suffic ient to adversely affect the navigable channel (Plate 224).

Generally , depths were increased in some areas and decressed  in o the rs .

246. As in the tests with the channel l iver ted toward the left

bank over the cross ing at sri I e 236, a sandbar t en d  - - ~l t -n for n  along t i r e

lef t  bank downstream of the lower approac h t o  the proposed b r i d e e  nav i—

gat ion  span . By the end of t h E ’  t e s t  of p 1 w  f l — h , li e sandbar alonc  t I r e

- . bank extended from about m i l e  2324 .2 to about mile  233.5 ,  e l i m i n a t i n g  or

reducing the  tendency for ercl s ion of the  l -~d’t bank is t h a t  reach. How-

ever , t h er e  would be a tendency for the left bank to i-rode- downstream of

t F i e -  sandbar a n - I  for the c ross ing  at. mile 232.5 to move toward tire left

w i t h  deposi t ion oc - n - r i n g  along t h e  r i gh t  r id e. Some er o s i o n  of ’  the

l °F t  bank would tend to i m i relvi: the a l ignment  of t l r i -  ch an ne l  over the

cross i r ig and e l imina te  t he- : : i rarj  :1501 e apI - r r l c h  j a g  the  r i nI t - bank .

23
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PART IV : DISCUSSION AND SU~-T APY
OF RESULTS AND INDICATIONS

Model Results

147. When results of movable—bed model studies are analyzed , the

limitations of the models in reproducinn ac curately all of the factors
a f f e c t i n g  developments wi th in  the reach of r iver under study m u s t  be

considered. Generally, some adjustments in the scale relations an—i
operating procedures will be required unt il t he model demonstrates t I .e

ability to reproduce with reasonable accuracy the general configurations

and trends indicated by prototype surveys. In spite of the ad,lustrnent

and ver i f ica t ion  of the model used in this investigation , certain limi-

tations have to be considered in the evaluation and i n t e rp re t a t ion  of

model resul ts .  The banks of the river channel in most places wer e f ixed

in the model , and it was not pos sible to acc urately reproduce the act ion

of bank caving.  Also , the reach was compl ica ted  by many i n l : t s d r - , sand—

bars , and divided channels , wi th  and without vegetation . Information

on the erodibi l i ty  of these islands and sandbars was not available air - i ,

if available, could not have been reproduced in the  model w i t h  any

degree of accuracy . Also , the model did not reproduce the ro- .-en rE- n of

material in suspension anl its effect upon channel -levc-lep :-.er. t .

248. In spite of the limitations mentioned , tIr e ad .~ustmer~ and

v e r i f i c a t i o n  of the  model was s u f f i c i e n t  to i n d i c a t e  the  t n - e n d s  t h a t  can

be expected under the c o n d i t i o n s  imposed for each plan or mod i f i ca t i o n

tested and the re la t ive  e f f ec t ivenes s  of such I - I - tn .

Summary o f ’  F e s - u lt s  rini for:: Is: r-

2 4 .  The ch’u rr.et thr 5 i 1 5 1  tO ret - h —ra ho’ :ts i : .  , nart  ic :n lar ly

betwe -n miles 237 alA - I - , ~u ui - I  t o r i  i t o  h i ’  iror t ’ible z r , i e - r C i i - i I t  -a s

e-xin t~i ra- - t n .  the  t i r e  of the  l°i  e r a ’ ‘ ‘, - I - - : : ’ - - r • t . in t i r e  reach

would be of  ‘f - - f I r by flow condi  n i I I , r r  a i r - )  f l o w  • : o ’ is - )ice rt l-d a s -  i - a ,

s ide  channels.
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50. Wi th  most of the flow t }i rou gnr  the channel along the r i g h t

bank , currents would tend to directly impinge against the left bank

between miles 2 3 2 4 . 2  and 233.5 ,  which could cause progressive erosion and

caving of the bank unless the bank is protected.

51. A sa t i s fac tory  channel through the reach and in the ap—

proaches to the navigation span along the lef t  bank of the proposed

bridge can be developed by d ive r t ing  flow toward the left  bank at about

mile 236.8. Development of this  channel would require  closure struc-

tures in the channel along the r ight  bank downstream of the cross ing .

52. A sa t i s fac tory  channel in the  crossing toward the l e f t

bank at mile 236 could be developed with either plan A— 24 or plan c— 6 ,
but plan C—6 would require less construction .

53. Development of a channel toward the left bank upstream of

the proposed highway bridge should not be adversely a f fec ted  by unusu-

ally lonc low—water periods . With flood flows there would be a tendency

for some reduction in depths because of ti e d i :- I - e r s i on  of flow over the

closure dikes and overbank areas . The effects of these flows would

depend on their  magnitude and du ra t ion .

5 24 .  The p rov i s ion  of n a v i g a t i o n  n aps  in n .he closure dikes at

m i le :  235.1 and 235 .2  would t er i 1 to r - - l u c e  veloci ties upstream , ca use

shoaling in t h e  a r - p e r  approaches to the  naps , an- i s - e i s t -  s cou r ing  Iow a—

st ream of the gaps.

55. W i t h  flow dive r t ed  toward the left bank o p s tr e a r r of th l -

propo sed brid ge, a :anr-di- :nr would t en  I to form alon g  tI1e - l e f t  bank at

about mi le 2324 ‘m d  t i r e  g i r - i i i n i i - 1  would tend to form t own~ - ) the rig ht r e a r

the center of the h- er r ) alten - iI’iOS i an the na.vi ant i  on span of tire proposed

bri ige’. This : I o v - - l o r r , e n t  would tend  to reduce the t • - n i - i er cv f’s-s e - r o s i -  -n

and c r I v i n r I - of the i e f ’ n h ank  1 -  - t  woe s miles 2314.2 and 233.5 rind iri s rea , e

the att~:mnk on the left h’urk f a r th e r  downstream .

I e r m i t t  i n n  a portion if the left hank l elow mi le - - - .p to

e r o h -  would t en ) t o  i mp r o v e  t,l m’ :11 i mr o -r i t  of t i r e  cl - m r - i  in  t he  cs - i- i n n

t~ WiiS  I t he  r i  ~l r t ,  bank I w a st  rear :: .

57. The t • - l r - h - l r  a nor - I~ - channel to move away f r - - n - . t. him -  l e f t

l ank j i i : l . below ‘ : - - ~-r u r  Si i i - r i - h a -  and t l r • -  I * - v - l c r r : r ’ r r t  ~~ : m s ’ i n - ~ i iS

25



- - --, -- -
~--- -~~~~ .-•--- —-~~~~ - .—,, -- .— —

--- - -- ~~
-

~~~~~
-‘-

~~ 
—— ---‘--- - --—-—-.- -- -V--- -

- along the bank downstream would tend to a f fect  the alignment of the

- channel in the lower approach to the navigation span of the proposed

bridge. Structures would be required to prevent the channel from movin
g

too far  to the r igh t , particularly during the higher flows .
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In accordance with ~~ 70-2-3, paragraph 6c(1)(b),dated 15 February 1973, a facaimile catalog card
in Library- of COVgi’eBB tor~at ia reproduced below.

F o s t e r , James E
Lake D a r d a n e l l e . Ark ansas Riv er; hVdr , I I :I i I - mod e l

inves t iga t ion , by Jame s E. Foster ~ anII~ JIIII0 1 . Franco.
V i c k s b u r g, U. S. Army Engine e r W ;i t - r ~,-~*v i ~ Ex p - r ime nt

* S tati on , 1977 .
1 v. (vari ous pag ings) i ll u s . 27 cm . ( I ’ , S.

hA:*t,’rw~*~-s Experi men t Stat ion . Te ch ni i ’~,l r~ - 1 I ) r C  1 1 — 7 7 — A )
Pre pared for U . S. Arm y Engineer D i s t r i I  I , 1 ,_ it t l e

Ro ck , L i t t l e  Rock , Arkansas.

1 . Arkansas River. 2. Chann el i m t ’ r l v I ’ m I - I l t s .

3. Channel s ta h i li z ,-*r i, - n , 4. Hv dr au lft models.
5. I,ak e Dard an e lle . ~. N ;ivi ga tion ( - h a nn A - -LA . 7. River
t r a i n i n g  s r r I I I ’t u r es . I . V ranco , John 1 ., joint
author. II. 1’ . S. ‘,rmv Engin ’e r I i . t r i c t ,  L i t t l e
Rock . (Series : 4 .  S . Wa t -r w ,iv ~ Exp eri nic ’nt A - t A . l t i A - ’ n.
V i I i / sh I l r g ,  M iss. Te chnical r~’p-’ r t 11—77—4 )
TA7 .W34 no .11—77—4
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