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LABORATORY INVESTIGATION OF UNDERWATER SILLS 
ON THE CONVEX BANK OF POMEROY BEND 

INTRODUCTION ' 

This report presents the results of-a model study performed on Pomeroy 

Bend at the Mead Hydraulic Laboratory. The study was performed "by personnel 

of the Channel Stabilization Section and the Hydraulics and Sediment Section 

of the Omaha District, Corps of Engineers, under the general supervision and 

guidance of the Kansas City District and the Missouri River Division. 

Attempts to improve and control the" Missouri River have been in progress 

for many years. Various arrangements of dikes/ sills, and revetments have 

been constructed to control the overall river alignment and to insure a 

river channel of adequate depth and width for navigation purposes. The 

overall bank alignment of the Missouri River between Sioux City, Iowa and 

St. Louis, Missouri has in general been established with the shape of each 

major bend controlled by a combination of spur dikes and bank revetment. 

However, many times within this general alignment, problems still appear 

at given locations. One of the more prevalent problems encountered is 

maintaining an adequate navigation channel through a long flat bend. 

DESCRIPTION OF POMEROY BEND 

A typical example of such a bend in the Missouri River is Pomeroy 

Bend located Just north of Kansas City, Missouri. The concave (outer) 

bank of the bend is completely revetted with rock which forms a stabilized 

boundary. Only at isolated locations will breaks or openings for local- 

ized drainage outlets into the river appear in the concave bank. The 

convex bank, or inside of the bend, is controlled by a series of spur 

dikes spaced intermittently throughout the bend. These dikes are spaced 



closer together near the upstream portion of the bend and are progressively- 

farther apart as you proceed through the reach. At normal stages these 

spur dikes are well above the water surface elevation. Plate 9 shows the 

construction which had taken place prior to, 196^ in the bend. 

The 1962 hydrographic survey revealed that the flow entering the 

reach was concentrated along the concave bank. However,, in the vicinity 

of River Mile 3Ö1.5, near spur dike 4Q6.0, the flow left, the concave bank 

and crossed to the convex side. Throughout the remainder of.the bend 

frequent minor crossings were also evident*       ...,■-    ■•-..• 

In 196k y  the Kansas City District started, construction of a series 

of underwater sills in an attempt to concentrate the flow along the concave 

bank. A total of 9 rock sills, located off the end of existing dikes, 

were constructed. Each sill was 200 feet long, and the crest was approxi- 

mately 2.0 feet below the. normal water,, surface. Because: of their low 

crest elevation.they were, still ...capable; p^n passing ;t;he, infrequent high 

flood discharges..       . . .„,. ...   .... ; , 

Considerable, improvement was.noted .in. the-bend.after this.phase of 

construction.. .An inspection of. the, I965 ^drographic, survey one .year .. 

after the installation, Plate,9,: indicates»that ^depths of 12 to 15 feet 

were present throughout most,.of the reach. However, there later appeared 

to be a tendency, for bars to still, formr in the lower one-half of. the ,- 

concave side of, the bend, although no change .in,the ..construction had 

taken place.. These problems are still evident in. the. bend. 

,.. _.; PURPOSE OF .STUDY ..,_,. 

Design criteria for the effective- control of bends., similar to .Pomeroy 

Bend are very limited. Underwater sills qf the type used in this bend 

have been installed at various locations along the Missouri River with 



varying degrees of success. . There.; exists a multitude of combinations of 

sill lengths, heights, angles, and shapes i/hich could be constructed. 

Some give a good positive control,and others have little or no effect on 

the overall channel characteristics. Because of the many variations 

possible, the. problem of effectively controlling the flow through a long 

flat bend by the use of underwater -sills on the.convex bank was chosen 

for a detailed study in the laboratory. Emphasis was also placed on 

determining what additional construction would be required in Pomeroy 

Bend in;order to improve existing conditions.. With these two thoughts 

in mind, the following test objectives were undertaken:     ,., ■ 

1. Study the effect of .underwater sills placed at various heights, 

lengths, spacing, and angle on the .convex bank of flat bends. 

2. Determine the effect of using a predetermined construction 

sequence when installing a series of structures in a given bend. 

3. Study the performance of-.underwater sills when subjected to 

unusually high discharges; ^ 

k.    Study the performance of the existing structures in the 

prototype, and recommend additional construction which might improve the 

channel in this reach. 

MODEL VERIFICATION 

Verification of a river model involves the determination of a set of 

model dimensions by which the model will act and react to changes much in 

the same manner as is known to exist in the prototype. The horizontal 

scale, or length dimension, for this test was predetermined by the physical 

size of the building and the length of the reach to be studied. The 

vertical scale, or height dimension, as well as the velocity scale were 

determined through a series of verification studies. 

3 



One method of determining scales which is used widely in hydraulic 

models is to keep the Froude number equalJbetween .the model and prototype! 

The use .of this relationship allows one .to.set both the vertical and 

velocity,scales. However, in a movable bed model an additional variable 

is present which does not appear in the Froude number. This is the rate 

of sediment movement, both in suspension and along the bed. The method 

by which sediment moves and deposits is not only related to such things 

as the depth and velocity, but is also dependent upon such things as the 

individual grain characteristics, bottom roughness, intensity of turbu- 
■> ■ 

lence, and the width depth ratio of the stream. Physical dimensions of 

the available space dictated that it would not be possible to use the 

same horizontal scale as vertical scale. This not only results in a 

distortion of the above factors, but it also tends to distort the shape 

of the bed formations. 

Preliminary tests revealed that the model would not reproduce the 

prototype if the Froude relationships were followed. Prototype measure- 

ments indicated that.before the Installation of the sills the river was 

in an unstable, meandering condition, and it was therefore important 

that we reproduce these conditions in the model. To assist in the 

selection of a correct set of scales, a series of tests were conducted 

in which the depth and velocity were varied. This permitted observation 

of the bed formation and the channel characteristics under a range of 

conditions. A summary of these tests is shown in graphical form on 

Plate .k.    The points on this graph are divided into three groups or 

classifications. The first group consists of the tests in which the 

channel was definitely in a meandering state, with no clear cut channel 



evident throughout the "bend. These points are located toward the left 

portion of the plot. In contrast, another group of points is labeled 

as concave flow. These points, located at the right of the plot, 

indicate tests in which the channel was well defined and the flow was 

concentrated along the outer or concave hank throughout the entire 

reach. In between these two regions, there were combinations of depth 

and velocity where the channel was not clearly defined either as con- 

cave or meandering flow. These are labeled as being in a transition 

range. The solid line shown on this plot shows combinations of depth 

and velocity which satisfy the Froude criteria. Combinations of depth 

and velocity in the meandering region do not fall on this curve and 

indicate why it was not possible to satisfy the Froude criteria. Only 

at very shallow depths, in the range of 0.10 ft., do these points 

approach the curve. However since it is difficult to operate a model 

using very shallow depths, it was necessary to choose a set of dimensions 

where the depth approach 0.2 ft., and a corresponding velocity which 

would fall in the meandering range. The numbers beside each point 

indicate the measured energy slope through the test region. 

Since the channel was altered considerably by construction of the 

underwater sills, this gave a second set of known conditions for verifi- 

cation of the model. Using the scale relationships which satisfactorily 

reproduced the prototype prior to installation of the underwater sills, 

the model was reconstructed with the underwater sills. The model was 

then placed in operation and the scales adjusted until a combination 

was found which would reproduce the prototype under both known conditions, 

This does not mean that each bar and dune was literally reproduced in 



the model, but that the model wa.s. in;the same state or.regime of flow.. 

as the prototype.... A. comparison' -of- model and prototype cross .sections 

is presented on .Plate. -3, a,nd a satisfactory reproduction is eyident. 

Bed maps comparing model and prototype are shown on Plate 9,. 

Using the results 9f these tests as a.guide, a complete set of 

model scales was then adopted for the ;discharge to be studied. Since 

the average discharge during the navigation-season is essentially the 

dominant "bed forming discharge, >cinly- one basic.discharge, was used for 

the entire remaining study*. No attempt was made to reproduce.a seasonal 

runoff hydsograph,. since a coBiplete.ly-.new .set of scale,relationships 

would be necessary, for each discharge involved. The final scale 

relationships-adopted,,for.this'study,are listed in Table 1, . . , 

.a.;    i .•:.-:; ? ■      .. . •   ..  -TABLE;! .,.-;■■  .      ._ „..,     ,  .. ,_,    . 

''i,-    ■,-•; . .Missouri River.  . Model,  ., Scale. Ratio 
Pomeroy Bend   Run 27B —  Prototype/Model 

Discharge, cfs ;"' 35,500' 0,332 '  '"' iö7,oöö; :'' 

Average Depth, ft. 10^70'' O.I85'" : " '•■' -•"•* ■$■■■ 

Channel Width, ft. 750 " 5.0'ft '-    !'"i5rö'""'" 

Average Velocity, fps 4.08 ;'' 0.358 ' ""ii.V" 

Slope, ft7ft 0.00020 o.ooio1' 0.20 

Manning's "n" 0.025 0.04'4  0.57 

Specific Gravity of Bed 
Material .2.65 1.30 2.04 

X>35  '..: . , •-. • 0.260 mm O..28O mm 0.93 

D50 ■ 0>300 mm 0.300 mm 1.00 

D65.             <      . ; ■ -■'■  O.380 mm. O.33O mm 1.15 

Proude No. .-0.220 ■: • 0.146 1.51 



TABLE 1 (Cont'd) 

Missouri River  : Model,    Scale Ratio 
Pomeroy Bend   Run 27B i  Prototype/Model 

Intensity of shear on the 
bed, ?//' 

Intensity of bed load 
transport, A1 

Intensity of bed load 
transport, fa  if sand 
were used in model 

Settling velocity of bed 
material, fps 

Total sediment,load 
using walnut shells, Qs 

Total sediment load 
if sand were used, Qs

: 

Sediment time ratio- 
using walnut shells, Ts 

Sediment time ratio 
if sand were used, Ts 

1,865 

3.60 

3.60 

0.116 

14.13 

0.045 

0.0001 

O.031I+ 

0.132 

80 

36,000 2. 

3.7 

95,000 £ 

5,400,000 £ 

27 £ 

0.25 

1 Run 27B is used as a comparison, since it is a reproduction of the 
prototype conditions. 

2 Estimated values based on methods developed by Einstein. 

TEST PROCEDURE   . 

The model basin used for this test was a completely closed system which 

recirculated both the water and the bed material. The water depth in the 

model was controlled only by regulating the amount or volume of water in 

the entire system. No tailgate or depth control structure of any kind was 

used, and therefore the water surface and bed slopes were free to adjust 

themselves. At the beginning of a test a considerable amount of shifting 

of bed material was usually evident. However, after the model had been in 



Operation for some period of time, an equilibrium condition would finally 

"be achieved. This does' not mean that material was no longer in movement, 

hut drastic changes were no longer visible. A method used to establish 

when equilibrium conditions had been achieved was continuous monitoring 

of the water surface slope. Initially the slope might change Vapidly, 

but as time progressed the slope would stabilize at some constant value. 

This usually occurred after 8 to 10 hours of operation, and indicated-" 

when equilibrium had been established in the model. The slope was deter- 

mined by the use of impact tubes located approximately 10 feet apart in 

the flume and connected to a bank of stilling wells from which very 

accurate measurements were possible. One set of these measurements is 

shown on Plate 2. Since the impact tubes measure the.total energy,.the 

slope of the energy grade line was measured directly.  ■ 

At the completion of a test, the basin was either drained or flooded 

depending upon which method was used to sound the bed. ■ During;the early 

period of testing the flume was always drained, and a hand depth measuring 

device was used to determine the bed elevations. In a-few of the 'tests 

the actual water depth was measured with the flume still in operation*' 

In the last group of tests, after.the completion of the run, the still 

water level was raised and the cross section was sounded'with a sonic 

depth sounding apparatus. This gave a true picture of the -cross section 

on a continuous X-Y plot from which the initial water depths' could be 

determined. A sample of the data Obtained from the plotter is shown on 

Plate 2. . j  • 

DATA ANALYSIS        .:    . 

With the closed recirculating basin it was very ..difficult to control 

or predict the final water depth in advance. It was possible to control 

8 



the water surface elevation at some point near the center of the flume 

around which the water surface slope would vary. The true average depth 

during artest could not be determined until after the completion of a 

test when cross sections were measured. 

After the scale relationships had "been determined it would have been 

desirable to keep the average water depth constant during the remaining 

tests» However, due to the reasons discussed above, small variations in 

the average depth did exist. In order to compensate for this, an adjust- 

ment was made in those tests where the average depth was significantly- 

different from the base test, Run 27B. This was accomplished by adjusting 

the recorded depths by the ratioy £*, where dx is the average depth of a 
dB 

given test and dB is the average depth iri Run 2?B. This permitted a more 

accurate correlation and comparison'between the various test runs. The 

corrections necessary were usually Very small, and ranged from 0 to h$> 

of the depth. The hydraulic computations, however, used the true average 

water depth as determined by measurements. 

Table 2 is a summary of the measured data and the hydraulic computa- 

tions made for each test» The basic quantities; discharge, average depth 

and energy slope are average values of measurements taken during or after 

a test. The remaining items are functions of these basic quantities and 

can be used to compare one test against another. A large part of the 

analysis of a model study of this nature is based on the observation of 

the bed configuration at the completion of each test. The degree of 

channel control, which has been previously mentioned, indicates the 

ability of a given arrangement of structures to control meandering in 

the reach, and whether or not the resulting cross section is acceptable 



for navigation purposes. Methods to „relate-this channel 'condition to 

basic hydraulic calculations are very>.äiffieult;. ' Since most of the tests 

were run basically at the same depth and discharge> change's in the bed 

formations or hydraulic functions were assumed to be. a result of changes 

in the structure configuration. A description .of each item shown In 

Table-2 is as follows:, ■:.—•• .■...■• '•.,-.> 

.Column (l)   . Run Number :       ..;,  ■ 

,. Column (2)    Discharge - The average discharge' in the model • 

.'.■■''-■'■':'      during the testing period; 

Column (3)    Cross Sectional Area - The average flow area of the 

. .. measured cross sections. These sections were taken 

at representative locatipns throughout the study: 

. reach. No seqtions near the ends of the structures 

are included;in this average, since many times a 

. :u ■ large scour•hple.Jwas-pres,ent in these .areas. ..= 

Column (h) Average ]^pth;v-..The^cross. sectional area..divided,by 

the top width., .^or^computation purposes the average 

■depth is assumed to be; equal to the hydraulic radius. 

Column (5) .   Average Velocity r._jTh,e average discharge divided by 

the average cross sectional area» 

Column (6)    Energy Slope. ,-,The slope of the energy grade line 

as determined by laboratory measurements near the 

end of each test. . 

Column (7)    R' - A measure pf the hydraulic roughness caused by 

the individual, grains that form the bed. It is . 

computed from the following formula: 

10 



Column (8) 

Column.(9) 

Column (lO) 

V = 5.75   rSR'g log10' 12.25 _51_ l 

in "which V« average velocity ■' 
S a energy slope 

Rf = grain roughness,  : 
Dg5 a the.grain diameter at which 65$ 

. . ;      . >y weight of. the material is finer 
(D65 for the bed material used in 
this study = O.325 mm) 

R" - A'meaäure 'of the' .roughness caused hy the bars 

and other boundary irregularities. It is computed 

from R". « RT.- B». where;RT a thej hydraulic radius, 

and R' * as given above- 

R'/^T - A ratio which indicates the relationship 

between the grain roughness and the total roughness. 

.7/ - The ihtensityof shear on the bed as defined 

by Einstein and Barbarossa'-!-/, 

• //,''/«-' ss - Sf ■:.: D35 •■ 
-/' • •  :Sf"..\ :. 5^- 

Column (ll) 

Where Ss m  Specific gravity of t&e solids = 1.30 
Sf a Specific gravity Of the fluid » 1.00 

' '. ; D35» 'The grain 'size at which 35$ by weight 
is finer = 0.290 mm. ' 

R* & S ss As previously defined. 

Manning's "n", -Composite roughness as computed from: 

n = 1'k86 AR2/3 sl/2 

• •    • •.Where A = Average area 
R = Hydraulic radius = average depth 
S = Energy slope 
Q = Average discharge 

Column (12) •. •. The Froude -No./ F: = ._JL__. represents the ratio of 
' ■ ■ " |-gd" 

the inertia forces to the gravitational force as 

. they existed in. .the. model., "•   \ '   ■ 

(l) Einstein, H. A. and Barbarossa, N. L, "River Channel Roughness" 
Transactions, ASCE, Vol. 117, 1952. 
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DESCRIPTION OF MODEL TESTS 

•AiU/jofythe-%es£« covered in this report were made on .a"'model- of the 

Pomei'oy Böna reWch of the' Missouri River. The model began at Structure ho6.6 

near river mile' 382. and terminated at Structure 40^*0 near river mile 379. 

All of the t'e'sts performed centered around the use of underwater sills on 

the convex bank of the bend as the solution to the problem, and no 

attempt was' made to compare these results with other means of control. 

It should be recognized that there are other methods which can be con»' 

sldered when controlling bends of this type, and the use of underwater 

sills may not'be the befit solution for a given case, The tests are 

primarily a comparison between various types of underwater sills,: and 

the results should be; applied only to bends which are similar in;shape 

and have col^rable^fljovr characteristics.-        %-.-.' 

The model tests were divided into groups or series in which some of 

the primary, functions, were held constant while others were allowed to 

vary. A short description of each series, along with the conclusions 

and impressions gained from the tests follov. The first 28 tests were 

concerned with model verification, and only the final results of this 

group of /tests, Tests 27B and 28B, are included in this report. Table 3 

lists the primary variables for each ma^or test. 

Test Series 29« (Refer to Plates 10 and 11) 

Purpose. This series of tests was performed to observe the effects 

of underwater sills placed on a convex bank when the structures were equally 

spaced throughout the bend. The sill length, height, and angle to flow 

were held constant as listed in Table 3, The number of sills varied from 

a minimum of 1 in Run 29A to a maximum of 20 in Run 29P. 



Results. In order to insure concave flow throughout the tend with 

little or no tendency for the streamlines to meander, it was necessary 

to place the sills at 7-1/2' spacing in the model. This corresponds to 

approximately 1,125 feet in the prototype. One test (Run 29F) was tried 

with the sills spaced only 51 apart in the model, and little or no improve- 

ment in the overall channel was noted. The closer spacing tested in 

Run 29F did result in a more smooth convex "bank line, due to the fact 

that more bed material was trapped or deposited "between the sills. If 

this accumulation of material and corresponding loss of storage area is 

a desirable characteristic in a bend of this type, a closer spacing might 

be justified. 

Test Series 30« (Refer to Plates 12 and 13) 

Purpose. The objective in this series of tests was to study how 

sills placed at an angle to the flow or constructed with a sloping crest 

would affect the channel characteristics. The length of the model sills 

was held constant at 1.33' and the spacing, except in Run 30A, was held 

at 7.5', corresponding to the optimum spacing noted in the 29 series. 

In Runs 30A through 30E, the sills were at an angle to the flow and had 

level crests. In Run 30F the sills were normal to the flow, but had 

sloping crests. 

Results. 

a. It should be noted that the sills were held to a constant struc- 

tural length rather than being extended to a common flow line as established 

by right angle sills; thus, at different sill angles the encroachment on 

the total cross section varies, and can result in entirely different overall 

channel characteristics. Run 30F in which the sloping sills were normal 

to the flow can be compared directly with Run 29G. 
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b. This group of studies did. show some distinct 'differences'- in the 

ability of the various shapes to control a channel. Sills which were ' 

pointed upstream into the flow appeared to divert the flow toward'the • 

concave hank more than any shape studied. However, several undesirable:" 

characteristics were also revealed, It was apparent that a small component 

of the flow would be held against the upstream face of these structures 

and be directed toward the bank. This component would then attempt to 

cross over the structure at the intersection of the structure and the bank 

line, and remain concentrated behind the back of the fill downstream of 

the structure. This resulted in a small chute next to the bank line. 

The presence of this component could also result in the accumulation'of 

trash or ice being caught in these locations. ..■-.•.-■-■' 

c. When the sills were directed downstream 15° from perpendicular, 

»        *''•-■    '   " ■     .»'••:■'''... n      ..."■.'«'. 

(75° to the flow), the channel almost went back into a semi-meandering 

condition. They appeared to have very little effect on diverting the 

water away from the convex bank and in some cases appeared to attract or 

pull the flow that passed over them to remain behind the structures." 

d. The sloping sill arrangement studied in Run 30P was not as effec- 

tive in diverting the flow as the runs using level structures. The action 

of the water passing over a sloping sill was notably different from that 

which was visible in previous tests. The circular eddy pattern visible 

off the ends of regular dikes would not completely develop. Because of 

this, there appeared to be a tendency for the rate of filling behind a 

sloping sill to be somewhat increased; however, the total amount of fill 

or deposition was less than when using perpendicular level sills. The size 

of the scour hole at the end of the sills was greatly reduced when using 

a sloping crest. 
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Test Series 31. (Refer to Plate Ik)   s: 

Purpose. This series of tests, was patterned after;the 29 series in 

which it was desired to arrive at an optimum, structure spacing in the bend 

using equally spaced sills. In this group of tests, the length of the 

•sills was increased from 1.33' to 2.00^ in the model, (200' to 300* in 
' -i 

prototype), and the remaining functions; length, height and angle were 

held constant. -  .'■', 

Results. These tests showed"'-that the length of the sill has a definite 

influence on sill spacing. Sills;/placed an average of 10* in the model 

(15001 in prototype) gave a good navigable channel. The one disadvantage 

noted in the increased length was the corresponding increase in the velocity 

in the open portion of the channel, and reduction in the navigation channel 

width. '■; .■■(.■■ 

Test Series 32. (Refer to Plate 15;). 

Purpose. This group of studies was run to study the effect of placing 

structures in the model where it appeared they were needed. No set struc- 

ture spacing was used, but the length, height and angle were held constant 

throughout the series. The procedure used was to install one sill at the 

extreme upstream end of the bend and then allowing the entire reach,to 

come to an equilibrium condition.11 After observing the flow characteristics 

and noting the location of the deposits, a second sill would be installed. 

The bed configuration was altered"aV'little as possible between the tests. 

This procedure was followed until täie- entire bend was completely under 

control and a stable channel resulted. 

Results. 

a. This test series showed tha^t there may be definite advantages in 

a phased or unit type of construction in the control of a bend. Our tests 



shöwe'd that by ■ starting. at the upstream ^nd of a bend and proceeding 

throughout-the reach/'the average "structure :spacing was increased in 

comparison to equally "-spaced structures. The final test, in-this series, 

32G-, gave a completely ;eontr'olled:,<?ha'hnel with a total of only 7 sills, 

whereas 10 equally spaced sills werei: ^required to ..achieve the .same "degree 

of control. ?-' .~i.-.:~   • • '•..-•. 

b. It became readily apparent i.fhat locating structures, by this 

method can be Very, difficult and requires a great, deal of.judgment. .What 

may first appear,to be theological lipcation for .a structure does not 

always prove to be ithe. best place in'&§allty*^ Many times :the »"flow  .• 

characteristics are completely altereduby the installation .of an addi- 

tional structure, and it was apparent tjiat a better location might have 

been chosen. The procedure used in .thl^VserieS' also showed that the ; 

effectiveness of a structure to influeace "the flow pattern changes as 

deposition occurs behind it- The sIlls.installed at the upstream end;in 

the first part of the series were sub^ec'ted-'to .flow for a.greater,.length 

of time thari^those .installed in the lowe*^portion. -The action of the 

flow over and-around a.structure.that has no deposition behind it Is 

significantly different '.from .-one whetfe -a large-build-up has had an 

opportunity to develop;.vThisjproc&dure could not be recommended unless 

the final structure.layout could'be determined by model testing prior 

to construction, öif,unless model testings could be conducted-concurrently 

with construction in the river with-ths model helping.to determine the 

next step of prototype construction* , 

Test Series 33. .and 3^.' (Refer -to. Plates 16 .and 17 j '' ... 

.;  Purpose. TJ^e purpose Öf this, .group of .tests was tfye same as test 

Series 32 in which structures wer? placed at random where it appeared they 
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were necessary. The 33 series tests differed from the 32 series in that 

the sill crests were constructed with a uniform slope from the water 

surface elevation at the convex bank line to 0.10 ft. below the water 

surface (6.0 ft. in prototype) at the end of the structure. The sill 

length (2.0 ft. in model, 300 ft. in prototype) used in these tests was 

the same as the 32 test series. In the 3^ test series sloping sills were 

used which sloped from ?ero at the bank line to 0.15" ft. at the'end 

(9.0ft. in prototype). 

Results. 

a. The results as described in the 32 series tests apply for this 

group also. The unique action of the flow around a structure with a 

sloping crest was again evident. The amount of turbulence off the ends 

of these structures was greatly diminished, which had the two-fold effect 

of reducing the size of the scour hole and a corresponding increase in 

the rate of deposition behind the structure. 

b. A comparison between the 32 and 33 series also indicated that 

attempts to force the flow toward the concave bank with one big push as 

was done in the 32 series may cause problems farther downstream. In the 

32 series, the flow had previously occupied the full 5 foot channel 

width and suddenly was forced to occupy only 3 ft. of channel. This 

abrupt contraction appeared to cause the stream lines to be pushed 

against the concave revetment with such force that they were reflected 

toward the convex bank farther downstream. The sloping sills used in 

the 33 series did not influence the flow to this same degree, and this 

resulted in a somewhat smoother entrance condition. 

c. The 3^ series tests, where a steeper crest slope was used, were 

not as effective in keeping the flow concentrated along the concave bank 
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as when less slope "was■used. One additional siirwas' required to obtain 

the same degree of control. At the" completion of Run 3^i),'the model was 

subjected to an increased discharge'"and depth to observe the effects of 

unusually high flows. Very little difference was noted'in the overall' 

channel characteristics, however some of the'material which had previously 

deposited behind the structures was removed during the high flows. The 

concave flow pattern which had previously developed was still maintained. 

Test Series 35, 36 and 39. (Refer to Plates 18, '19 and 20) 

Purpose. This group of tests concentrated on a more detailed study 

of existing conditions of Pomeroy Bend. Recent hydrographic surveys have 

indicated that there is still a tendency for bar formations to develop in 

the lower one-half of the bend even though several sills along the convex 

bank have been placed in the river. These te'sts Were performed to see 

what additional construction might be placed in the bend to give further 

control in the area. 

Results. : '". "-. 

a. Several different layouts were constructed and tested in the 

model. Test 35B2 was a testwhe'reI'"'one'additional' sill was placed off 

the end of existing structure UÖ5.15. This resulted in ä series of very 

closely spaced dikes, and little or no'benefit to the channel was noted. 

In the 29 series it was found1out that after the sills' were spaced closer 

than 7-1/2'' ft. in the model (1,125 ft. in prototype) the only real bene- 

fit which was noted was slightly more deposition between the sills. The 

closer spacing did riot appear to alter the remaining channel signifi- 

cantly. This same condition was observed in"this test. 

b. Run 36A was ä test in which the Pomeroy Bend conditions were 

again reproduced, only here two of the previously installed sills 
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(1+05.0 and h06.0-B)  were extended<to a total length of 2.0 ft. in the model 

(300. ft. in prototype) and the remaining structures left unaltered* This 

simple addition gave a very good- channel through the major portion of the 

reach, with little or no tendency for material to deposit in the lower 

one-half of the "bend. In Run 36B one'additional sill (kOk.j)  was extended 

and again, good positive control was maintained throughout the bend. 

c. Several other modifications were also tried. In Ruh 36AI the sill 

at the very entrance' to the reach (Jf-O^VO) was extended as well as the three 

mentioned in Test 36B. However, this abrupt contraction appeared to cause 

considerable disturbance in the flow and resulted in a bar formation near 

dike kOk.J. ■   - ■ .v.. .:■ : 

d.. In Run 3&E, the extensions'from the ends of structures ^05.0, 

k06.0-B and U05.6 were installed at an'angle to the flow* The addition of 

these extensions had very little_effeet on diverting the flow. Observa- 

tions made during this test indicated that the extension may have caused 

a component of the flow to be drawn back in behind the structures; thus 

prohibiting deposition in,this area. Run 36P was a test in which the 

L-shaped extensions were parallel with the flow. These extensions were 

constructed off the ends of sills U04.7, ^05.0, I+O6.O-B and ^05.6. The 

presence of these extensions appeared to encourage the flow to concentrate 

next to them, and no direct benefit to the overall channel was noted. 

These L-shaped structures did induce a considerable amount of deposition 

behind them..The scour'holes around these structures were likewise reduced. 

Test Series 37 and 38. (Refer to Plates 21, 22 and 23) 

Purpose.■ The 37 and 38 test series were patterned after the 32 series 

in which structures were placed in the model in stages, beginning at the 

upstream end and proceeding through the bend. These tests differed 
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in that both.the length and the spacing were allowed to vary between the 

structures. .Level sills were used,for the 37 series;, whereas sloping 

sills were used for the .38 series, tests,* : 

Results. These tests began by using sills only 1.33 ft.,dong in the 

model.,(20Q ft. in prototype)., which is. equivalent to the length of the. 

sills previously existing in Pomeroy Bend. The length of the, structures 

was increased until,.they reached 2.50 ft. in the model (375 ft. in proto- 

type). The final test in this series .-(37F) ended with excellent ,-.--... 

control while using only 6 sills. It.appears that if control is:main- 

tained in the upper one-half of a bend, considerably less effort'is needed 

to continue this degree of control through.the lower,.portion of the bend. 

It also became apparent that the variable length and spacing concept.may 

have applications and. advantages over the use of constant dimensions:. 

•f CONCLUSIONS . .■ .   .< 
""¥■1 ——**m m*m,*mm*mM* 

The model showed that when the'sills vere  equally spaced throughout 

the convex side of a bend, 90° to the flow and 0.03» below the water 

surface, the maximum horizontal spacing necessary to insure concave flow 

was 7.5«, (or approximately 1,125 ft. apart and 1.80' below water in 

prototype). There was very little improvement noted to the navigation 

channel when the sills were placed closer together. An increase in the 

accumulation of material between the structures on the convex bank will • 

be realized when closer spacing is used, 

When the sills were 2' long in the model (300' in prototype) and 

equally spaced around the bend, the space.between the structures could 

be extended to 10 ft. in the model (1500» in prototype), and still main- 

tain a channel ..with little or no; tendency for large bars to develop in 

the channel. This length of sill reduced the channel width by kO percent, 
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and resulted in an increased velocity in the unobstructed portion of the 

channel. The amount of scour off the ends of the longer structures was 

also increased. 

The width of the unobstructed portion of the channel has a big 

influence on the degree of channel control. For a given length of sill 

a structure placed perpendicular to the flow will naturally encroach on 

the flow area to a greater degree than one placed at an angle. As a 

result more direct benefits per foot of structure are realized. Struc- 

tures angled upstream did appear to have the ability to divert the water 

out toward the concave bank quite successfully, however the large amount 

of scour and attack on the ends of these structures and the possibility 

of water being directed toward the root of the structure could present 

major problems in the prototype. 

When a large amount of water was allowed to pass over the structures, 

their effectiveness in diverting the water was greatly diminished. The 

model tests showed that when only 0.02 to 0.03' of water was allowed to 

pass over them (tt 1 - 2* in river) they functioned quite satisfactorily. 

However, when flow depths exceeded 0.10* over the sills in the model 

(6' in river), the sills had little or no effect in diverting the flow. 

The amount of scour immediately downstream of the structures was also 

notably increased when the crest was lowered. 

Tests performed in which the Q & d were increased to simulate flood 

flows did not appear to change the overall characteristics of the bend. 

Some of the fill material would probably be removed from behind the 

structures during these periods with additional scour on the downstream 

side, but no adverse effects were noted due to the presence of the sills. 
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It should be noted, however, that during such flows adequate navigation 

depths would be available while the capacity of the channel to contain 

flood discharges would not be effectively changed. 

Sloping sills tend to reduce the amount of scour at the ends of the 

structures. The rate at which material builds up behind the structures 

was also increased. However, our tests indicated that the sloping sills 

were not quite as effective as level sills in their ability to divert the 

water toward the concave bank. 

There appears to be definite advantages in a planned sequence of 

construction in a given bend. Tests in which structures were placed near 

the upstream portion of the bend first and using the new flow pattern as 

a guide for the location Of the next structure, were very successful and 

resulted in less lineal footage of total structures. Locating sills in 

this manner is a matter of judgment, and model studies can greatly assist 

the engineer to achieve an optimum solution. 

Tests in which both the length and the spacing varied also were satis- 

factory. Good results were obtained beginning with 200' sills at the 

entrance to the bend and gradually increasing this prototype length to 

375' through the bend. < 

"L" shaped extensions on the ends of existing sills on the convex 

bank did not appear to assist the structures in diverting the flow. 

Extensions which were built parallel with the flow tended to keep the 

water concentrated next to them. Extensions which were placed at a down- 

stream angle from the end of existing sills created currents behind the 

structure and reduced the accretion in this area. However, extensions 

did appear to reduce the scour around the ends of the sills. 
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Tests of existing conditions in Pomeroy Bend indicated that consider- 

able improvement could be realized by extending dikes kOk,J,  405.0, 4o6.0-B 

and 405.6 from the present 200' length to 300'. Very little benefit to the 

channel was noted when additional sills were installed between existing 

structures. Additional sills did result in more sediment accumulation 

along the convex bank♦■     ,./..-' 

The exact location and angle of an individual sill are largely 

determined by the angle of attack by the flow. Therefore the spacing, 

angle and length of an individual structure may vary at different loca- 

tions in a bend depending upon how the stream lines are directed toward 

the structure. This angle may not only be different throughout a bend, 

but may be altered by time. A new structure with little;or no accumula- 

tion of sediment behind and around it has a much different influence on 

the channel than one that has been in operation for a considerable length 

of time. This time differential may be the cause of certain reaches 

performing satisfactorily through one season but posing problems during 

following seasons. 
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TYPICAL   CROSS   SECTION 

STATION   44.1 - RUN 34-D 

0.70Ö 
/o 2o So 4o So £.0 7o #0 9b /oo /10 /2o 

TYPICAL  ENERGY  SLOPE   PROFILE 

MISSOURI RIVER DESIGN STUDY 
POMEROY BEND 

SAMPLE   DATA 
U. S. ARMY ENGINEER DISTRICT. OMAHA 

CORPS OF ENGINEERS 

OMAHA. NEBRASKA 

NOVEMBER   1966 

PLATE    2 
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FIG.   1      VIEW OF FLUME SHOWING INSTALLATION OF DIKES,   DRAIN PIPE 
AND IMPACT TUBES 

FIG.  2      TYPICAL BED FORMATION AT THE COMPLETION OF A TEST 

PLATE   5 



FIG. 3  IMPACT TUBES SPACED AT 10' INTERVALS USED TO RECORD ENERGY 
GRADIENT 

FIG. k      CROSS SECTION AT THE COMPLETION OF A TEST RUN 

PLATE 6 



FIG. 5  FLOW PATTERN AROUND A SPUR DIKE. FLOW IS FROM LEFT TO RIGHT 

FIG. 6  BED FORMATION AROUND SPUR DIKE AT THE COMPLETION OF A TEST 

PLATE 7 
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SAW? 'ffiMRH?? 

FIG. 7  ADJUSTABLE SILL. ELEVATION OF SILL IS CHANGED BY TURNING 
THREADED ROD 

FIG. 8  FLOW PATTERN OVER AN UNDERWATER SILL. FLOW IS FROM LEFT TO 
RIGHT 

PLATE 8 
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