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PRELIMINARY REPORT 

Hydraulic Model Studies 

STREAM GAGING CONTROL STRUCTURE FOR THE RIO GRANDE . 

CONVEYANCE CHANNEL NEAR BERNARDO, NEW MEXICO 

by 

D. D. Harris 

and 

E. V. Richardson 

INTRODUCTION 

Early in 1961 the U. S. Bureau of Reclamation began a 5-year water sal­

vage study on the Bernardo to San Acacia reach of the Rio Grande in New l'v':exico. 

In this reach a conv eyance channel is used to transport part of the river flow 

( fig. 1). The Rio Grande conveyance channel is designed to transport all 

river flows up to 2000 cfs. River water not carried in the conveyance channel 

flows down the old river channel now used as a flood way. In order to proper-

ly evaluate their s tudy involving the effects of eradi cating the salt cedar 

growths accurate stream flow· records are necessary on the conveyance 

channel. 

Presently a gaging station is located on the downstream side of a high­

way bridge 5 miles downstream from the diversion structure. The top width 

of the channel range s from 80 to 95 feet and the bottom width from 75 to 85 

feet (fig. 2). Flows grea e r than 100 cfs occupy the full width of the channel. 

Those flows less than 100 cfs meander on the stream bed. The channel bed 

is composed of fine sand vith a median fall diameter of O. 24 mm. Discharge 

measurements are made once or twice a week. Wading measurements are 

made in the vicinity of the gage for discharges less than 500 cfs and all other 

discharges are measured :from a cable way 80 feet upstream from the bridge. 

These measurements indicate that two different stage-discharge relationships 



I 
exist, one for a dune bed and slow velocities (lower flow regime) and one for 

a plane bed and fast velocities ( upper flow regime) (figs. 2 and 3). The 

shift from lower regime to upper regime flow usually occurs between 500 cfs 

and 1200 cf s but dune bed conditions have existed for f19ws as large as 

2000 cfs. Measurements numbered 968 to 975 on figures 2 and 3 were made 

between March and May 1961, and indicates flow and channel conditions at 

the present time. Discharge measurements at the gaging station indicate a 

4-foot range in mean bed elevation (figs. 4 and 5), thus complicating the 

problem even more. The low bed elevation is considered to be at 1. 0-f oot 

gage height. Bankfull stage is at 9. 5 feet. Flow duration curve (fig. 6) in­

dicates that the median flow is 280 cfs with flows exceeding 1000 cfs 16 per­

cent of the time. 

An agreement was made between the Bureau of Reclamation and the 

U. S. Geological Survey to design and build a control structure for improv­

ing the discharge records by creating an accurate stage-discharge relation­

ship. The Geological Survey was to conduct a model study for determining 

the most suitable structure and the elevation at which the structure should 

be set. The findings of the model study were to be presented to the Bureau 

and a final decision made on the structure through joint consultation between 

the two agencies. The Bureau of Reclamation is to finance and construct 

the control. 

A preliminary reconnaissance for selecting the control site was made 

by personnel of the U.S. G. S. and U.S. B. R. on February 8, 1961. A 

location about 1000 feet downstream from the present gage site was chosen 

(fig. 2) and an auxiliary gage installed to correlate with gage heights at the 

present site. The reach of channel selected for .the control is illustrated 

in figures 7 and 8. 

The objectives of the model studies were to design a control that would 

have the following characteristics within the limitations of site conditions: 

2 



I 
I 

I 

1. Pass the sand being transported in the channel without an appreci­

able affect on the stage-discharge relation. 

2. Determine a satisfactory position for a bubble gage orifice to meas­

ure stage. 

3. Provide a stable rating with less than 1. 5% change in discharge for 

a 0. 1 foot change in stage. 

4. Create a rating from which discharge records with a 5% overall 

accuracy would be obtained. 

5. Determine the proper location and elevation of the structure in the 

channel. 

6. Consider possibility of a suitable discharge measuring section on 

or near the structure. 

7. Consider the possibility of ~easuring total sediment load. 

8. Design and position a simple but effective energy dissipator. 

9. Will not restrict the design capacity of the channel ( 2000 cfs). 

The site conditions present many problems in meeting the control 

objectives. The major problems are: 

1. The change in the bed elevation. 

2. The variable bed form. 

3. The low bankfull stage. 

4. The location of the headgates only 5 miles upstream. 

5. The fine grained nature of the bed material. 

The elevation of the control must be located above the maximum bed 

elevation to be stable and sediment free. However, the low bankfull stage 

limits how high above the bed the crest may be placed. Also, the changing 

bed form creates a problem in locating the crest elevation in that a control 

crest located too high may result in a rougher dune bed form upstream with 

greater resistance to flow and consequent larger flow depths. Larger flow 

depths would restrict the maximum flow capacity of the channel either be­

cause of over bank flow or backwater at the diversion structure. If the 

3 
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control crest is located too low above maximum bed elevation then submergence 

is a problem. The problem of submergence is further complicated in that the 
I 

changing bed form and bed elevation downstream will result in variable sub-

mergence. 

The fine grained bed material scours easily creating a problem in 

designing the energy dissipator and probably will require some riprapping for 

protection. Also, because the sands erode so easily the amount of horizontal 

constriction to obtain the desired control sensitivity is limited. 
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PROPOSED CONTROL 

Based on the model studies (s ee Experimental P r ocedures and Equip­

ment) conducted in the hydraulic l aboratory at Colorado State University, 

the following control structure (Type K) is proposed for installation at the 
-

Rio Grande conveyance channel near Bernardo, New Mexico. 

Recommended Control Design 

A perspective drawing and cross sections for the recommended control 

are shown in figures 9 and 10. Model studies indicated that a crest 16 feet 

wide with a longitudinal slope of 16: 1 and transverse slope of 35: 1, an 

approach apron slope of 2: 1, and a downstream apron s lope of 3: 1 would 

provide a stable control structure body under all but the most severe bed 

conditions. The transverse crest slope creates a low "V" to provide a higher 

degree of rating accuracy and to concentrate the low flows. A "V" with a 

40:1 lateral slope was found to give a change in discharge, 1. 5% or less for 

0. 01 foot change in gage height at 400 cfs and above (fig. 11). Below 400 cfs 

the change in discharge for 0. 0 1 foot change in stage increases gradually so 

that it is 7% at 30 cfs. A transverse slope of 35 :1 is recommende d for the 

proposed control. Additional convergence or installation of a sharper "V" 

notch in the control tends to create an_ irregular water surface condition and 

also creates additional scour problems. 

A set of baffles mounted on the upstream edge of the crest apron 

(fig. 10) served to keep the low part of the "V" clear of sand under all model 

conditions. A small teardrop shaped mounting provided a means of keeping 

the bubbler gage orifice above any layers of sand that encroached downstream 

toward the c rest. The teardrop was located with its top O. 05 foot below the 

crest at a point 4 feet upstream from the crest (fig. 10). Based on the water 

surface profiles (fig. 12) auxiliary orifices could be placed at points 5 feet 

and 8 feet upstream from the crest. Orifices placed any further than 5 feet 

upstream from the crest could be affected by a small surface wave or by 

sand encroachment . Sand intrusion on the contr ol crest outside the baffle 
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zone did not seem to create any unusual water surface conditions or ~dversely 

af!f ect the rating. 

An energy dissipator sill 1. 5 foot high located 16. 5 feet horizontally 

downstream and 4 feet vertically under the crest prevented excessive scour 

do ;vnstream from the control. However, rock ripr ap on the bed and banks 

for short distance downstream from the dissipator may be needed. Rip­

rapping along banks in the vicinity of and upstream from the control may 

also be necessary. 

Recommended Control Position 

It is recommended that the elevation of the control be located 4. 5 0 feet 

below bankfull stage. Locating t he crest of the control this distance below 

bankfull stage would position the crest at a gage height of 5. 0 foot present 

gage datum, or 1. 3 foot auxiliary staff gage datum at proposed installation 

sit,e. Discharge measurements, made this spring as plotted on figures 2, 3, 

and 13, indicate lower regime flow with large depths, low velocities and 

maximum gage height. Thus, the auxiliary staff gage should indicate maxi­

m.um water surf ace conditions. A 1. 3 foot elevation of the control crest 

would correspond to approximately 1. 5 foot above the meari bed elevation. 

However, the control would be located only 0. 5 foot above the maximum bed 

elevation measured in 1958 and would be 0. 25 foot lower than the maximum 

bed elevation measured in 1957. A higher crest elevation is not recommend­

ed because of the unknown effects of the control on the bed configuration. 

That is, the control may change the bed configuration pattern such that re­

sistance to flow would be greater resulting in an increase in depth so that 

the channel would not operate at design capacity. 

The elevation of the control was determined from the model study that 

indicated that at 2, 000 cfs and 100 percent submergence, the upstream 

water surface elevation would be 4. 0 feet above the crest of the control 

(fig. 14). Subtracting 4. 0 feet from the maximum tailwater elevation at 

2,000 cfs (fig . 13) gives a crest elevation of 5. 25 feet. However, allowing 



0. 5 foot freeboard f rom bankful stage (9. 5 feet) gives a crest elevation of . 

5. 00 feet. This latter elevati on was the one selected for the cont rol. 

"With the control s et a t 5. 00 feet gage height elevati on, the data from 

the present gaging station indicates free fall for flo ws below 300 cfs under 

maximum t ail water conditions. However, at average t ail water conditions 

free fall should prevail up to 1100 cfs. To indicate possible measurement 

scatter resulting from variable submergence, the rating curves s h own in 

figures 15 and 16 were c ons t ructed. Figure 15 was constructed consider­

ing the crest located at L 3 foot auxiliary gage height. Figure 16 , for a 

7 

1. 8 foot crest auxiliary gage height, indicates the improvement in th e rating 

if the control height is increased 0. 5 foot. The curves show the maximum 

scatter that would b e anticipat ed r esulting fro m variable submergence. From 

the flow duration cu rve (fig . 6) it can be seen that free fall conditions could 

be expected 50 percent of t he time under maximum submergence conditions 

and 87 percent of the time under average submergence conditions. 

Discharg e Measur ements on the Control 

Vertical velocity curves taken at a cross section 8 feet upstream from 

the contr ol c r est are shown in figures 17 and 18. Slight velocity i rregular­

ities are indicated directly downstream from the baffles. However , reason­

ably good mean velocities could be obtained in the baffle area by using the 

three point method ( Corbe and others). Outside the baffle area, or from 

8 feet either side of the crest to the banks there is indication that 0. 6 foot 

depth readings would provide a velocit y as close or closer to the true mean 

than the 0. 2 foot and 0. 8 foot depth method. Small horizontal angles may 

exist downstream from the baffles , although the model study indicates that 

the angles are negligible. 

The vertical velocity curves are actually plotted to model velocities. 

By multiplying by the factor 3. 15 to convert to prototype velocities it is 

evident that velocities exceeding 8 feet per second are possible for free 

fall conditions at 2,000 cfs . Actually the control should be in submergence 
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at the higher flows so it is unlikely that the velocities would exceed 6 feet per 

second. Because of the longitudinal and transverse crest slope, care must 

be used in sounding and positioning the meter that the true depth and velocity 

are measured. This may require heavier sounding weights than are normally 

used. 

Sediment Sampling from the Control 

A curb 0. 2 foot high installed at a position 0. 5 foot vertically below the 

crest on the downstream apron (fig. 10) provides a means of taking total 

sediment load samples. The design and location of the curb was derived 

from a study made in conjuction with the energy dissipator. The horizontal 

fillet upstream from the curb eliminated excessive water surface disturbance 

on the apron and improved the vertical distribution of the sediment. The 

curb, in addition to improving the sediment distribution, provides a satis­

factory means of sampling the total ~low depth by providing a means for the 

sample nozzle to touch the apron floor. The curb was was located 0. 5 foot 

below the crest to eliminate any possibility of it affecting the depth-discharge 

relation. It was not located any lower to eliminate the possibility of the bed 

covering the sampling point under adverse conditions. Samples could be 

obtained from the curb under low-flow conditions by wading on the control 

and reaching downstream to sample the flow. Naturally, care would have to 

be used, when sampling in this method, not to disturb the flow upstream of 

the sampler. Sampling under high flow conditions would have to be accom­

plished using a guide to position the sampler. It is suggested that a channel 

iron be bolted to the apron and the area between the apron and the upstream 

leg filled with cement. The area between the upstream and downstream 

legs of the channel left open to serve as guide rod supports. Another possi­

bility would be to use the angle between the apron and the horizontal fillet 

as guide rod supports. 

Accomodations could be provided for the piping from the pump sampler 

to be mounted either in the curb fillet or downstream fr:om the lower leg of 

8 



the channel iron. If a pump sampler is used, it is recommended that two 

nozzles be installed. One nozzl e downstream from the low point in the con­

trol and the other nozzle downstream from the 1 / 3 position. The baffle 

clearing effect in the center of the control should be co1:_1sidered when ~b­

taining pump samples. By proper calibration of the two nozzles accurate 

total sediment load samples should be obtained. 

Suggestions for Contruction and Operation 

9 

A control built of loosely grouted rock to a depth of 11 feet below bank­

full stage or 2. 5 feet below low bed elevation should provide a stable structure. 

Cut off walls of sheet piling at or near the upstream and downstream toes of 

the weir would add to the stability. A 3 to 5 inch concrete cap should be 

placed over the control. A smooth crest surface would decrease backwater 

and the possibility of large sand deposits as was indicated in baffle studies. 

Possible exposure of the bare rocks on the downstream apron may be useful 

for added dissipation of energy. 

Discussions with personnel associated with the Dunning flume (Benedict 

and others) indicate that baffles constructed of sheet steel :welded to angle 

irons would be superior to the mounting used for the Dunning installation. 

Bolts could be set in the proper position on the control apron and the welded 

angle iron baffles installed or removed as was needed. 

Installation of a simple tail water gage at a point 60 feet downstream 

from the control crest (this distance provided representative tailwater 

readings in the model studies) would provide submergence information. A 

small well and shelter with continuous recorder would be adequate. Low 

water record at this tailwater gage would be unnecessary since submergence 

would only occur at the higher flows. 
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EXPERIMENT AL PROCEDURES AND EQUIPMENT 

The model study was broken down into three phases. First, two-dimen­

sional models were tested in the 2-feet by 60-feet flume to determine the 

most suitable design. This design was then checked and modified by a three­

dimensional model in the 8-feet by 150-feet flume. The third phase was the 

development of an energy dissipator to decrease downstream scour. 

In order to simulate the different bed forms that occur in the prototype 

in the 2-feet flume, the slope of the flume was varied. With a slope of 1. 0%, 

a plane bed existed for all model discharges. With a slope of 0. 7%, a plane 

bed existed for discharges larger than about 1000 cfs and dune bed form 

below. With a slope of 3%, dune bed existed for all discharges. Ratings 

were established for each control for the different flume slopes. 

Flume slope was not changed in the 8-feet flume. Instead the vertical 

position of the control was changed to create the various bed conditions. 

Flumes 

The 2-feet wide flume used in the two-dimensional study was 60 feet 

long and 2. 5 feet deep. The walls were plexiglass and the bottom was metal. 

The flume was equipped with a 12-inch centrifugal pump that recirculated 

sediment and flows up to 7. 5 cfs. The discharge was regulated by a gate 

valve and measured by a calibrated orifice in the discharge line. The slope 

of the flume could be changed automatically. 

The 8-feet wide flume used for the three-dimensional study was 150 

feet long and 2 feet deep. The walls were plexiglass and plywood and the 

bottom was plywood. The flume was equipped with a 12-inch and a 19-inch 

recirculating __ pump system with a discharge capacity of up to 21 cfs. The 

discharge was regulated by valves and measured by calibrated orifice 

meters in discharge lines from each pump. In this study either a 12-inch 

or a 19-inch recirculating pump was used. They were never used in combi­

nation. To model the control structure, it was installed 12 feet from the 

downstream end. To study the effect of submergence an adjustable gate at 
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the downstream end of the flume was used to create backwater. To study the 

energy dissipater for control K it was moved upstream 60 feet to obtain a 

sufficient length of sand bed to determine the limits of scour. 

Sediment 

The sediment used in the 2-feet flume was quartz sand having a median 

fall diameter of 0. 33 mm with a 2. 65 specific gravity. The material in the 

8-feet flume was quartz sand with a median fall diameter of O. 19 mm and a 

specific gravity of 2. 65. The sediment in both flumes was about 0. 5 foot deep. 

Weir Models 

Models were made of 3/ 4 inch plywood with some variations made with 

sheet metal and molding plaster. Various models were tried but all were 

designed using the basic dimensions found most favorable in the Del Rio 

Studies, Karaki, 1961. All models had a downstream apron slope of 3:1 and 

an upstream apron slope of 2: 1. 

Model Scales 

A scale of 1 :8 was chosen for the two-dimensional studies. This scale 

was chosen to amplify more detail of the basic structure shape than would 

appear in the 8-feet flume. This scale related only to the structure and the 

fluid flow, and not to the sand grain size or dune heights. The following 

relationships apply: 
L 

L = _.E_ = 8 
r L 

m 

qr = 
qp 

= (L )3/2 = 22.6 
qm r 

Q = 22.6 qm X 70 
p 

V 
(L )1/2 V = ~ = = 2. 83 

r V r 
m 

A scale of 1: 10 was used in the 8-feet flume. This was a convenient 

ratio because the average prototype channel width is 80 feet, hence 0. 1 on 



I 
the model represents 1 foot on the prototype. The following relationships 

I 

apply on the 8-feet flume models: 
I 

L 
L = _E_ 

r L 
m 

qr = 
qp 

qm 

V 
V = _E_ 

r V 
m 

= 10 

= (L ) 3/ 2 
r 

(L //2 = 
r 

31. 6 q X 80 
m 

= 31. 6 

= 3. 16 

12 



EXPERIMENTAL RESULTS AND DISCUSSIONS 

Weir A 

The weir A, figure 19, was a modification of Karaki 's ( 1961) type G 

control. A transverse s lope to create a slight "V" shape was incorporated 

into the downstream control lip to create better accuracy and to confine the 

low flows. It was found that an undesirable wave was created just upstream 

from the lip at flows over 900 cfs. 

13 

After a short period the sand moved in and covered the apron upstream 

from the control lip. T his eliminated the control from consideration. 

Weir B 

Weir B incorporated a longitudinally sloping crest similar to Karaki 's 

type F control (fig. 20). 

During tests of high flows the crest stayed clear but at flows below 

800 cfs fingers of sand en croached to within 2 feet of the crest. 

Weirs C, D, E and F 

Weirs C, D, E and F (fig. 21) were tested using the same basic shape 

as weir B but with a ongitudinal crest slope of 18 : 1. Also, various forms of 

transverse sloping crest s were superimposed on the basic 18: 1 longitudinal 

slope to concentrate the flow, to improve the rating, and to increase move­

ment of sand over the control. Weirs C, D, and E represented varying 

degrees of convergence. The sand was swept across the apron for all flows 

500 cfs and greater. Below 500 cfs the sand encroached to within 1 foot of 

the crest and was concentrated in the middle. Convergence of the flow to 

the center was noticeable on all three controls. Adverse waves were also 

present. Weir F was the same as weir E except that baffles were mounted 

on the upstream edge. 

Three rows of baffles were used with spacing and heights similar to 

the turbulence flume on the Middle Loup River (Benedict and others, 195 3), 

(see Baffle Studies). The three rows of baffles were not effective in 



keeping the control clear of sand and created an irregular water surface. 

Although these controls had sorrie untlesirable characteristics it appeared 

that with further modification a more suitable control would evolve. Stage­

discharge curves are shown in figure 25. 

Weir G 

Weir G incorporated a 11V11 shaped apron with an longitudinal 18 : 1 crest 

slope and transverse 35:1 crest slope (fig. 22). Water surface conditions 

were relatively smooth throughout the various flows. At flows below 500 cfs 

there was a tendency for the sand to collect in the low part of the control. 

Deflecting baffles were tried upstream on the control and by proper posi­

tioning the sand in the 11V 11 was eliminated (fig. 26). 

Weir H 

14 

Based on the favorable results found in weir G, a new basic control 

called weir H was installed for further and more detailed study. This control 

had a 16: 1 longitudinal crest slope, but no transverse slope to converge the 

flow (fig. 23). Rating for weir H is shown in figure 28. 

Weir I 

Weir I was a m odification of H whereby a transverse crest s lope was 

added. The longitudinal crest slope was 16: 1, and the transverse slope was 

18: 1 (fig. 24). This control gave a smooth and even rating (fig. 28), except 

that at the 1 percent slope there was a shift in critical flow point between 

1000 and 15,000 cfs. It is believed that this results from modeling technique 

to obtain a plane bed and will not occur in the prototype. Sand rode up the 

low part of the "V" to within 2 feet of the crest. A set of deflecting baffles 

was installed at the upstream edge of the crest. This cleared off the low 

part of the crest. The transverse crest slope resulted in an undesirable 

convergence of the flow. 

Weir J 

This weir was t he same as weir I except that the transverse crest 

slope was changed to 35 :1 (fig. 24). The rating for this control had the same 
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shape control as I at the 1 percent slope (fig. 28). Baffle arrangement 2 

and 9, table 1, were effective in keeping the crest free of sand as illustrated 

in figure 27. 

Based on the favorable results obtained in the two-dimensional model 

study control J was selected for study in the 8-feet flume. In the 8-feet flume 

the longitudinal crest slope was 16 :1 , the transverse crest slope was 40:1, 

the approach apron slope was 2:1, the downs tream apron slope was 3:1, and 

there was variable slope in the transition from the approach apron to the 

control crest. A comparison of the basic control ( control H) and the J 

control as model in the 8-feet flume is given in figure 29. Also included in 

the figure is a comparison of the J control as modelled in the 2 and 8-feet 

flumes. It is obvious that the two-dimensional model study did not take into 

account the effect of converging the flo w with the transverse slope. 

A series of 40 baffles was installed at the upstream edge of the 

transition from the approach apron to the crest. The transition slope on the 

upstream end of the apron render ed the outside baffles ineffective. Also, 

· small bits of debris collected on the closely spaced baffles,. 

Weir K 

Weir J was modified to obtain weir K to eliminate unfavorable water 

surface conditions and to simplify the control shape for easier construction. 

This control design was tested and recommended for installation at the 

proposed site (see Proposed Control). A comparison of the ratings for the 

J and K control in the 8-feet flume is given in figure 30. 
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BAFFLE STUDY 

A study was made of the effectiveness of baffles located on the upstream 

edge of the controls in keeping the control clear of sand. The most effective . 

system was No. 9, table. 1. This baffle arrangement kept the crest clear of 

sand, created less water surface disturbance, and created less horizontal 

angle on the crest than any other system modelled. The baffles in the up­

stream row were the same dimensions as those used in the Dunning flume, 

i.e.: 1. 0 foot high and 2. 0 feet wide. The downstream baffle was 0. 5 foot 

high and 2. 0 feet wide. The baffles created less water surface disturbance 

and were still effective when the top of the upstream row of baffles was set 

0. 1 foot prototype distance below the level of the control crest. However, 

if the baffles were set at too great a distance below crest elevation they were 

less effective. The baffles study is summarized in table 1. 

·, 



Tabl e I F 

Baffle Posi tioning 

2.' 

_-_ -_Jj_, 
0,5 

Upstream edge of apron~ T 

{ 

{ 

t 

Position No. I 

-
-~~~-LLA~ 

Position No. 2 

V 
-~~~-LLL_ 

Posit ion No. 3 

V 
-~-~LL_ 

Position o.4 

-~~-LL_ 
Position No. 5 

* HF ;:: h igh flow 
** LF = l ow flo w 

Water Surface Cl earing Effectiveness 

Extremely rough 
for all flows . 

*HF : A little 
choppy . 

** L F : Pretty 
choppy 

HF: Fairly smooth . 

L F : Still a litt le 
choppy , but 

- smoothe r than 
No . 1. 

HF : High hump at 
u pstream baffles . 

L F : Creates bad 
wa vc in front of 
front baffle . 

Same as To . 2. 

Not too effective ; 
slows down velo­
c ity so tha t s a nd 
will dep osit on 
apron . 

Very good , but 
would make an ­
gular flow for 
measuring . 

C lears sand out 
at high flows 
(1000 a nd u p). 
11V II b a ffle not a .s 
effectiv e at lo w 
fl ow . 

Not as effect i ve 
at high or low 
flo w becaus e it 
seems to slow 
down velocity 
and allov\' s a nd 
t o d e no s it 

Middle 6 t o 8 1 

of apron is 
k ept clean . 



Tobie I ·' 0 EL )~ (Co t.) 

Baffle Positioning 

Posi tion No. 6 

V 
-~~ - LL_ 

Positlon No. 7 

Posit ion No. 8 

I 4•~ r- -i z.' "-
, I I I - - - ---.-

-~-~-L_L_l· 
Posit ion No. 9 

Position o. 10 

-~-----L-
Position No. II 

Water Surface 

Same as -o . 3. 

Same as No . 5. 

Same as No . 2 , 
except does not 
ca use as much 
turbu l ence . 

Same as No . 8 
except slightly 
more turbulence 
- but le ss than 
No. 2. 

Very rough . 

Smoot her than 
Nos. 2 or 9. 

Cl earing Ef fectivenes 

Same as No. 3. 

Same as No . 5. 

Does not spread 
s and out quit e 
as much as No. 2. 

L ess angular flow 
than No . 2. Does 
not spread sand out 
quite as m uch as 
No. 2. More effec ­
tive than No. 8 . 

Same as No . 1. 

Fair. Not quite 
as good as 
Nos . 2 or 9. 



ENERGY DISSIPATOR STUDY 

A model s tudy was conducted to determine the most effective energy 

dissipater to control and minimize downstream scour. 

It must be emphasized that model studies of scou~ can only give 

qualitative results not quantitative. That is, the model will indicate favor­

able conditions s uch as a reverse roller that keeps sand piled against the 

downstream toe of the structure and it can be presumed when comparing 

various designs that the design that performs best in the laboratory will 

also perform best in the field. For this reason the results of the test are 

reported in model dimensions except that for continuity discharge is given 

as prototype. 

The study invo_ved the use of various height sills located at various 

positions on the downstream 3: 1 sloping apron . Also , baffles upstream 

from the sill were tried to determine if they would improve the jump action. 

~ - · ~--Two tail water conditions were considered in conducting the study. 

One was termed theoretical minimum tail water and was the tail water 

elevation that resulted from adding the depth of flow from {igure 2 for the 

discharge being modeled to the low bed elevation. The other condition, 

termed low tail water elevation, was taken from the low gage height curve, 

figur e 13. Low b e d elevation from a study of the field data was 4 feet below 

the low point on the control crest. These tail water elevations in feet above 

low bed elevation are given in table 2. 

Table 2. Tail Water Depths Above Low Bed Elevation 
! I Minimum Low 
- · - -- - - - - -

Qp TW TW TW TW 
p M p M 

500 1. 64 . 16 2. 7 . 27 

1,000 2.47 . 25 3. 7 . 37 

1,500 3.29 . 33 5.2 . 52 

2,000 4.09 . 41 6. 6 . 66 
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The various sill heights and location studied and the results of the 

study are summarized in table 3. Models 1 and 2 had sills that were located 

too high above low bed elevation. This resulted in excessive scour down­

stream; as compared to the others. Model 3 had the top of the sill located 
, 

20 

at low bed elevation and as indicated in table 2 did not have excessive scour 

for 500 and 1000 cfs but did at 1500 and 2000 cfs when tail water was at 

minimum or lower. However, with low tail water the scour problem was 

improved. Model 4 was an attempt to decrease the scour by extending the 

apron length without increasing the height of the sill. This model at minimum 

or lower tail water worked well for the lower two flows but had adde d ex­

cessive scour at the higher flows. Model 5 was an attempt to decrease the 

scour by using a horizontal basin. This model also had excessive scour 

downstream from the sill. Model 6 was a slight modification of 3, whereby 

the sill height was increased 0. 5 foot, but still keeping the sill crest at low 

bed elevation by extending the apron 1. 5 foot. This energy dis sipater per­

formed very well at minimum tail water except at 2000 cfs. However, when 

the tail water was set at low tail water elevation the scour was not excessive. 

It is questionable if tail water elevation would ever be at the minimum 

theoretical elevation. 

To try and improve the performance of model 6, baffles 0. 03 foot 

high and 0. 2 foot long (model distance) with the same spacing as position 1, 

table 1, were placed on the face of the apron. Three rows of baffles were 

also tried with the crest of the lowest row at the same elevation as the sill 

crest. Then the upper row was removed so that only two rows were on the 

apron. The upper row was replaced and the lowest row moved above them. 

No matter what position they were in, the baffles caused the flow to leave 

the face of the apron and override the sill with a resulting decrease in 

efficiency. Preliminary investigations with larger baffles indicated the 

same result. 



Tabl e 3 Dissipater Study ~Ls~~ Submer- Rcmurks 
·11//t/lt//l~ J 1 ~ i w gence 1 . Sand deposit neainst slll . } Rer . -D,-,-

Mod el Qp 
-T 

°lo 
2 . Extent of Gcour . by 

L:i D1 I Ls Ds T,,. :S . J i.um, concli tion::; . Mn . 

I 730 2.8 3n.,, .244 0 I • O;; 

·r// //////// / /// , 1/ n _i 3.o' 11.00 2. e . 1123 .344 14 ,9 

side , / '1 I ! 
-1a1 1.ci 

. . .. 

Lb1 5l 517 front 
1200 - - - - 3 .8 . 1128 .300 0 1 . Good u L 1200 d 's . Poor aL 

2 ' 1500 - - - - - - Flom:· - - - - 2000 cfs , 1---'- I • I ?/ 2000 4 .0 Floor ,293 0 2. s~vere at 2000 cfs . n.;- I 
- - - -

3 . J1.unp cont eJ.ned at 1200 cfs . ~m:;::m,m[::i;', Pc~sue l1 over sill o. L 2000 cf's • 

12 1 

4 o' 500 1.10 • Q!~ 2 . 7 • 220 • 161~ 0 1 . Good sand deposit • 
3 ·, 1000 L O . • oG 3 .2 .375 .212 0 2 . Scour to floor . Extend.D o.11 

/ ''''~'' ' ' '' ' '~ 1500 1-2 .13 2 . 75 Floor .329 0 across flui:-1e . Scour not exccnc i v , · 
1500 . l1 Q . 19 3 .2 . 207 . 52 41 at hic;h flows wii.h s ubT:'lereencc . 

side 
15

, 2000 . 9 .18 4 . 1 Floor . 1~09 - - 3 . Jump containe d , all flovs • 
1.0' ?nnn ho _? 7 l1 . ? • ')Cj7 , (, n ()? . ., 

4 
5.0' 500 .9 . 05 2 . 6 . 1 . 169 0 1 . In all flows - good . 
} 1000 .9 .09 3 .2 .20 .370 0 2 , Scour sever e except at 500 cfs . 

, , ,· / / ,, / ,· / / ,· / / / / 2. : I 

=:=T 
1500 1.2 .12 - - Floor . lr00 0 3 . Jump contained , all flows . 
2000 1.2 .15 lr . 5 Floor • )i55 - -

side ._._1e ' 1.0' ' 

~.o' -
500 .9 . 05 2 .3 .1 . 211 0 1 . Good at both flo"'s • 5 

~ 2000 1.0 . 15 )+.9 Floor . 409 - - 2. Good at 500 cfs . Sever e o.t 
2000 cfs . / ' ' '' ' '''''' ' ~ 

3 . Hydraulic jump well contained . 
side , , 

15 4.0 

4 0' 1500 ·, 7 • 11+ 3 .15 . 271 .329 0 1 . Good all f l ows • 
6 i 1500 . ,~5 . 18 3 . 85 .362 . 52 40 .6 2 . Scour not excessive except ut 

"T'// / 7//,T/ /// /I / / e : , :-r 2000 .9 .15 ) ,05 Floor • ho9 10 .75 2000 cfr; wi th lO}J s UlJ1ner~ence • 

sid e ~000 .30 • 25 3 . 85 .30·7 .66 04 . 5 j . J ump contnine4 all flow~ . 
-16 .5 ' 1,5' 1000 . 75 . 06 2. 65 .116 .37 0 
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From the model test it is believed that model 6 will protect the control 

and there will not be excessive scour downstream unless t ail water elevation 

at 2000 cfs becomes much lower than the past gage height records indicate . 

Then a moderate amount of riprapping may be necessary. Model 3 wo-µld 

also b e adequate but was not quite as good as 6. 
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