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The Naval Auxiliary Air. Station, Whiting Field, is located near 

MiltOl'h Florida. The surface of the plateau on which the airfield is 

located is about 130 feet above the surrounding terrain. Prior to the 

work desoribed here the runoff from the paved runways and the surface 

area has been carried down the sides of the plateau in unpaved ditches. 

Although numerous structures have been used to control the grade of the 

di tahes, severe scour of the bed and banks has occurred because the 

sandy-clay soil is readily erodible. The maintenance problem has become 

so acute that it was decided to design an entirely new system to convey 

the water down the sides of the plateau. Parts of the proposed drainage 

system involved new and untried methods of handling the flow, and these 

designs were developed by means of hydraulic models. Other structures 

involved designs on which it was felt that model tests were expedient. 

The model studies are reported in five parts. Each. part covers 

one general type of structure. Parts I to IV, covering studies on a 

. straight drop spillway, a cantilevered ditch outlet, pipe-di tch transi­

tion structures, and a detention-type box-inlet drop spillway, are pre­

sented in Project Report No. 23. Part V, covering the channel junction 

studies, is presented in Project Report No. 24. The model 'studies were 

authorized by Mr. Lewis A. Jones, Chief, Divi.sion of Drainage and Water 

Control, Soil Conservation Service - Research, on September 20, 1948. 
'Dr. M. L. Nichols is chief of Research for the Soil Conservation Service. 

Each specific model study was requested by Mr. Arthur F. Moratz, Head, 

'District Operations Design and Construction Section, who was responsible 

for the structural design under the direction of Mr. Edwin Freyburger, 

Regional Engineer, Upper Mississippi Region, Soil Conservation Service • 

. The tests rePorted in Parts I to IV were performed by Mr. Charles A. 

Donnelly, Hydraulic Engineer on the Soil Conservation Service staff, as 

Project Leader, while the tests reported in Part V were performed by 

Mr. C. E. Bowers, Research Fellow on the St. Anthony Falls Hydraulic 

Laboratory staff, as Project Leader. All model studies were·conducted 

under the supervision of Mr. Fred W. Blaisdell, Project Supervisor of the 

Soil Conservation Service research work on soil conservation structures 
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at the St. Anthony Falls Hydraulic Laboratory. All research conducted 

by the Soil Conservation Service at this Lal>0ratory is in cooperation 

with the Minnesota Agricultural Experiment Station and the St. Anthony 

.Falls Hydraulio Laboratory. 

Aclmowledgment should be made here of the fine cooperation exhibited 

by all members of the Laboratory staff concerned with these studies. 

Without this cooperation it would not have been pos'sible to complete the 

large volume of diffioult work within the short time available • 
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At structure P-7 Froude numbers are low so that flows in. both channels pass 
through the hydraulic jump and join at subcritical velocities. 

Flow at Junction of Two Channels 
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PAR T V 

STU DIE S o F OPE N - C HAN N E L J U N C T ION S* 

INTRODUCTION 

General 

The Naval Auxiliary Air Station, Whiting Field, is to have a storm­

water disposal system in which the existing pipes and terraces under 

and in the vicinity of the runways and building area will discharge 

into paved trapezoidal open channels. Many of the channels join other 

channels as they pass down the sides of the plateau on which the air­

field is located. The grades of the main channels and of many of the 

lateral channels are such that water flows at supercri tica1 velocities 

or at velocities greater than that of a gravity wave (V > -vgd). The 

difficulties anticipated in joining two streams of water, one or more 

of which is flowing at supercritical velocities, led to the request for 

model studies of several of the channel junctions. 

The primary objectives in the present study include (1) the de­

velopment of junction designs for specified operating conditions which 

would result in reasonably smooth flow downstream of the j11l1ction and 

(2) the determination of the necessary wall heights in the vicinity of 

the junction. Economic and structural considerations involved in the 

junction designs were considered in the final selection. 

Dependent upon the junction design, the discharges, velocities, 

and related phenomena of the flow in the vicinity of the junction, a 

hydraulic jump may form in one or both of the inlet channels. This may 

necessitate a large increase in the height of the sidewalls in the 

vicini ty of the junction. On the other hand, if the flow passes through 

the junction at velocities greater than the critical, standing waves 

may form which have a height greatly in excess of a normal freeboard 

and which continue to oscillate back and forth across the channel for 

a considerable distance downstream from the junction before being damped 

-l~Soil Conservation Service Report No. MN-R-3-41. 
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by frictional forces. These standing waves necessitate higher sidewalls 

not only in the vicinity of the junction but for a considerable dis­

tance downstream. As available information on junctions of this type 

is almost nonexistent, it was necessary to resort to model studies in 

order to determine the flow conditions and the minimum sidewall heights. 

Two general types of junctions were studied. One type consists 

of the junction of two large channels in which the lateral and inlet 

main have comparable discharges. The other type, called terrace out­

lets, consists of a junction between a main channel and a terrace channel 

having a relatively small discharge. 

The maximum discharge ranges from 380 to 960 cfs in the main chan­

nels and from 25 to 70 cfs in the terrace channels. The maximum velocity 

of flow encountered is approximately 30 fps. 

Apparatus 

The general test setup used in the model studies is illustrated 

in Figures 1 and 2. It consists of a trapezoidal channel section ap­

proximately 25 feet long representing the main channel, and an S-foot 

trapezoidal section representing the lateral, plus the supporting struc­

tures and the water supply system. The apparatus was designed to permit 

variation in the slope, location, and elevation of the component chan­

nels. Water was supplied to the setup from the main laboratory supply 

channel through 4-inch flexible pipes. The pipes discharged into special 

headboxes which in turn discharged into the'test channels. The depth 

of flow at the exit of the headbox was regulated by a nozzle and a 

surface lip_ 

The main channel had a bottom width of 7.2 inches and a side slope 

of l~ on 1. Wi th the exception of the jlIDction section, the same chan­

nel was used for all studies; thus, it was necessary to vary the scale 

ratio from 6.65 to 11.63 to simulate the various prototype channels. 

The lateral and junction sections were changed for each stuqy. 

The channel sections were constructed of either aluminum or painted 

plywood. Experiments indicated that slope computations based on an 
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The main channel is at the right; the lateral, mak1ng an angle of 850 with the main channel, enters from 

the left. In the background is the piping system which supplies water to the model. 
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Figure 2. General View of Test Apparatus 
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n ·value of 0.009 in Manning's formula resulted in uniform flow in the 

channels. 

Froude's law was used to relate flow conditions in the model and 

prototype. 

MODEL TESTS 

Model tests were made of only four specific channel junctions 

which will be used at Whiting Field. In addition, tests were made on 

a typical terrace junction structure. The selection of the junctions 

to be studied was made by the Region 3 Engineering Division of the Soil 

Conservation Service. An attempt was made to study those junctions 

posing the most difficult design problems since the time available for 

making the studies limited the number of junctions that could be tested. 

The model tests are described in the chronological order of their per­

formance. 

structure c-5 

Ini tial tests were made on Structure C-5. Here the Owens Court 

Terrace Channel, which flows at subcritical velocities, joins CDitch, 

which flows at supercri tical velocities. Since this was the first 

junction tested, five different junction designs were subjected to 

exploratory tests before attempting to develop a final design. A sixth 

design was not tested due to lack of time. Each of these designs is 

discussed below. 

General 

The design conditions for Structure c-5 were supplied by the .:Region 

3 Engineering Division and are listed in Table I in prototype dimen­

sions. As mentioned earlier, the main channel has the same width (7 

feet) both above and below the junction. The lateral, with a bottom 

width of 20 feet, intersects the main channel at an angle of 85 degrees, 

with permissible variation in angle of plus 5 or minus 10 degrees. It 

was stipulated that the lateral could intersect the main channel at an 

elevation up to 2 feet above that of the main channel; ground configura­

tions at the site necessitated this limitation. 
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TABLE I 

DESIGN CRITERIA FOR STRUCTURE c-5 

Inlet Lateral Outlet 
Main Main 

Discharge (cfs) 0-414 0-181 0-595 
Bottom Width (ft) 7.0 20.0 7.0 
Side Slope 1.5:1 3:1 1.5:1 

Slope 0.044 0.0095 0.056 
Normal Depth (ft)-lr 1.75 1.53 2.00 

Normal Velocity (fpsyl~ 24.4 4.82 29.8 
-)1-

Froude Number 10.6 0.47 13.8 

Manning's n Oo015-l~ 0.035 0.015-)~ 

*Based on design dischar~e. ' 
~rAdditional tests were run on the final design for n = 0.013· 

On the basis of computed flow conditions :in the main channel, nor­

mal velocity was greater than the critical both upstream and downstream 

from the junction for the design discharges. An n value of 0.015 was 

used in Manning's formula for computing flow conditions in the main 

channel, which was paved. An n value of 0.035 was used fOT the un­

paved lateral. Flow in the lateral was at less than critical velocity. 

The scale ratio for all studies of Structure c-5 was 11.63. 

Design 1 (Initial Proposal) 

Figure 3 illustrates an initial proposal for the design of Struc­

tUre C-5, first of a series of fiVe which were tested. It consists 

of a simple intersection of two trapezoidal channels with the bottom 

of the lateral 2 feet above that 0+ the main. 

The performance, as indicated by model tests, was very unsatis­

factory. Large waves were created at the junction which continued to 

oscillate back and forth across the channel downstream from the junc­

tion. The maximum height of the waves was 6 feet or approximately 

three times the normal depth of the stream. Figure 4 illustrates this 
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The condition shown above is equivalent to discharge of ~1~ and 181 cfs in the inlet main and lateral 
respectively. The vertical spacing of the longitudinal lines is equivalent to 2.feet. 

Figure~. Structure C-5~ Design I - Maximum Discharge 
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condi tion for the maximum or design discharge. The disturbance at the 

junction might be described as a shock wave caused by the high-velocity 

flow in the inlet main striking the relatively slow flow issuing from 

the lateral. The wave front extended diagonally across the main channel. 

Wi th the design discharge of 414 cfs in the inlet main, a decrease 

in the lateral flow from 181 to 90 cfs resulted in a wave height of 

approximately 5 feet at the junction. 

With a maximum discharge of 181 cfs in the lateral, a decrease in 

the inlet main discharge from 414 to 207 cfs resulted in the formation 

of a hydraulic jump at the upstream edge of the junction (Figure 5b). 

Downstream of the junction the flow was considerably better than when 

a jump did not form. 

At the conclusion of the preceding tests" several modifications 

of Design 1 were tested in which the lateral flow was confined to a 

narrower channel and turned so that it entered the main at angles of 

30 to 45 degrees. No appreciable improvement of fl~"o/ conditions was 

noted. It was concluded that a serious disturbance would still exist 

if the lateral flow were turned to enter almost parallel to the main 

flow unless the lateral flow were accelerated to a velocity comparable 

to that of the main channel. 

Design 2 (Vertical Sidewalls) 

In an attempt to suppress the waves formed at the junction, ver­

tical sidewalls were added as shown in Figures 6 and 7. While there 

was no change iil the wave height at the junction, flow conditions down­

stream were considerably improved provided the walls extended at least 

60 to 80 feet downstream from the center of the jlmction. 

Design 3 (Transverse Weir) 

A third design was proposed in which the lateral would approach 

the main channel at a high elevation, be supported over the main chan­

nel, and the flow turned through 90 degrees before discharging over a 

weir onto the water surface iil the main channel. Figure 8 illustrates 

the gener.al principle. Figure 9 shows a modification of the above 
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(a) This represe~ts cunditions correspond­
ing to prototype flows of ~1~ cfs 

in the inlet main and 90 
cfs in the lateral. 

(b) This represents conditions correspond­
ing to prototype flows of 207 cfs 

in the inlet main and 181 
cfs in the lat-eral. 

Figure 5. Structure C-5, Design I Modified Discharges 
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The above design is similar to Design 1 except for addition of vertical sidewalls at the junction. 
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Figure 8. Structure C-S, Des ign 3 . . - Proposed Design 
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proposa.l that was set up to facilitate model studies on the effect of 

elevation and velocity of the lateral flow. With this setup it was 

possible to raise or lower the flow from the lateral with respect to 

the main stream with a minimum of difficulty. Also, by' slight modifi­

cations to the headbox it was possible to vary the horizontal velocity 

of the top or lateral stream from the same velocity as that of the main 

stream down·to a value considerably less. It was assumed that a mini­

mum disturbance would result if the two streams had the same velocity. 

It should be noted that this arrangement was not intended to simulate 

the weir of Figure 8 nor to serve as the basis of a prototype design., 

but merely to furnish qualitative information on the effect of changing 

some of the variables. 

With design discharges in both channels the velocity of the lateral 

was varied from the same velocity as that in the main channel down to 

one-half of that amount. No appreciable difference was noted in the 

downstream flow due to this variation, with the exception of an increase 

in the amount of spray at the junction for the lower velocity in the 

lateral. 

The vertical spacing between the bottom of the lateral and the 

bottom of the main was varied from 2.65 feet to 4.6 feet (normal depth 

of flow in the inlet main was 1. 75 feet). Slight surface waves (Figure 

10) developed with the latter spacing, but they were not considered 

objectionable. Waves were created in the downstream channel with a 

maximum flow in the top (lateral) channel and low flows in the inlet 

main, but their magnitude was only slightly in excess of the normal 

depth for a maximum discharge in both channels. 

With a vertical spacing of 2.65 feet between the channels, it was 

found that an occasional surge could cause the water surface of the 

inlet main to strike the underside of the lateral channel. The result, 

in some instances, was the formation of a hydraulic jump upstream from 

the lateral which overtopped the relatively high sidewalls of the model 

channel. A jump also might form if debris lodged on the upstream side 

of the lateral. Thus, the tests emphasize the desirability of providing 

adequate clearance between the surface of the main channel and any 

structure spanning the channel. 
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Illustrated is a test setup for a design in which the lateral flow enters the main channel_ from the top after 
being turned through 900. In the top views the vertical spacing between the bottom of the lateral and the 

bottom of the main corresponds to 2.65 feet,while in the bottom views it corresponds·to ~.6 feet. 

Figure 10. Structure C-5, Design 3 - Comparative Effect of Lateral Elevation 
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Figure 11 illustrates the flow condition downstream from the junc­

tion when the top or lateral flow is appreciably narrower than the sur­

face width of the main channel. The discharges, vertical spacing of 

channels, and related conditions are identical with those of Figure 10, 

except for the small pieces at the sides of the lateral which cause a 

horizontal contraction of the lateral flow. It may be noted that with 

the contracted lateral flow, large waves develop downstream from the 

junction, illustrating the desirability of spreading the top flow uni­

formly over the bottom flow. 

While the above tests indicated that it was feasible to add the 

lateral flow from the top, the tests of this design were discontinued 

because the design was considered impractical due to prototype ground 

configurations. Additional tests were conducted later in connection 

wi th the terrace outlets where the ground configuration was more favor­

able to this type of design. 

Design 4 (Undershot) 

Another proposal, referred to as Design 4, was similar to Design 

3, except that the lateral flow entered the main channel from the bot.­

tom. Although this design appeared feasible, no tests were conducted 

because of time limitations on the study and the development of other 

designs involving a simpler and more economical construction. 

Design 5 (Counterdisturbance) 

Figure 12 illustrates a fifth design based on the creation of a 

disturbance counter to that created by the lateral. An angular wall 

which diverted part of the flow across the channel was placed upstream 

from the junction. The diverted flow was reflected off a vertical wall 

and counteract.ed the disturbance caused by the lateral. The flow con­

ditions with a maximum discharge in both channels are 'shown in Figure 

13. The method was quite, successful, provided the ratio of the main 

and lateral discharges was not varied too wide~. 
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Small sidepieces have been placed on the top or lateral channel to contract the flow. 
The resultant waves in the main channel emphasize the desirability of distri­

buting the top flow across the complete width of the main channel. 

Figure II. Structure C-5, Design 3 -Effect of Narrow Lateral 
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Design 6 (Piers) 

Design 6, illustrated in Figure 14, is recommended for the proto­

type Junction c-5. It is similar to Design 1 with the addition of a 

vertical wall opposite the lateral and two longitudinal submerged piers 

downstream from the lateral. 

The vertical wall prevents excessive lateral expansion of the flow 

at the junction, while the longitudinal submerged piers assist in damp­

ing the transverse waves generated by the junction of the two flows. 

Figures 15 and 16 show several flow conditions. 

Variations in the position, length, height, and number of piers 

were studied experimentally. It was found that relativety short piers 

could be used for a specified combination of discharges in the joining 

channels, but for other discharges it was necessary to move the piers. . . 
This apparently resulted from a variation in the longitudinal position 

of the cross waves with variations in depth and velocity of the flow. 

Long piers were necessary to cover the anticipated range of operating 

conditions. It was also found that an optimum height of pier existed 

for specified discharges; an average value was selected that is ade­

quate for the anticipated range of operating conditions. 

On the basis of visual observations of the flow, it was concluded 

that for some operating conditions the flow passed through the junction 

at supercritical velocity, while for others a hydraulic jump was formed. 

The formation of a jump was dependent upon the discharges of the main 

and lateral channels. For example, 'With a discharge of 181 cfs in the 

la teral, a jump was formed in the main channel for all inlet-main dis­

charges less than approximately 260 cfs. For inlet-main discharges in 

excess of 260 cfs, a diagonal wave was formed which did not exhibit 

the appearance of a true jump. Using an analysis based on pressure­

momentum relationships, it was possible to predict the approximate 

range of conditions in which a jump ~ld form. This is discussed in 

the latter part of this report under the heading, 1tpressure-Mom.entum 

Relationships." Figures 15b and 16a illustrate the flow wi th a trans­

verse wave, while Figure 16c illustrates a cO!ldition which produces a 

hydraulic jump. 



(a) Downstream 
View 

(by Side View with 
Maximum Discharge 

in both 
channels 

(c) upsteam View with 
Maximum Discharge 

in both 
channels 

The diagonal Lucite wall in the foreground of the top photograph created 
disturbance counter to that caused by the lateral. 

Figure 13. Structure C-5, Design 5 - Effect of Counterdisturbance 
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(a) side View - No Flow 
The heavy lines repre­
sent the recommended 

sidewall heights. 

(b) Side View with 
Maximum Discharge 

in 
Both Channels 

(c) upstream View with 
Maximum Discharge 

In 
Both Channels 

The lower two photographs illustrate the maximum discharge conditions 
in which Q1 = ijlij cfs and Q2 = 181 cfs. 

Figure 15. Structure C-5, Design 6 - Pier Design 
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The two top photographs illustrate flows equal to 414 and 90 cfs in the inlet main and lateral respectively. There 
is a diagonal wave front. In the lower two photographs a jump is formed just upstream of the junction. 

The discharges are equivalent to 207 cfs in the inlet main and 181 cfs in the lateral. 

Figure J6. Structure C-~, Design 6 - Pier Design 
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For those conditions in which a jump formed, the position of the 

jump was dependent upon the discharge of the joining channels. The 

flow accelerated downstream from the junction, passing through the 

critical stage within a short distance. Under these conditions the 

downstream surface was relatively free of surges and waves. 

When the flow conditions were such that a diagonal wave formed 

rather than a jump, the downstream surface was somewhat rough, as is 

illustrated in Figure 17, but it was considered acceptable. 

Figure 18 illustrates the velocity distribution in the main channel. 

As noted earlier, the flow in the lateral channel was tranquil. 

Due to its elevation above the main channel, the flow passed through 

critical as it entered the main channel; in this respect the junction 

"was the equivalent of a drop-off for the lateral. This prevented the 

surges and waves of the junction from traveling up the lateral. A 

minimum vertical spacing of the channel bottom "of 2 feet 5 inches is 

necessary to insure the above conditions. 

The recommended wall heights in the vicinity of the junction and 

related design data are shown in Figure 14. 

Recommendations 

On the basis of visual observations and photographic records, it 

was concluded that "Design 6 was the most satisfactory of the designs 

tested; the performance of the junction over the anticipated operating 

range of discharges and the economic and structural features of the 

prototype unit were considered in this selection. 

Other Designs 

In addition to the six designs of Structure c-5 previously dis­

cussed, it would be possible to include several other proposals. One 

of these designs which received some consideration would employ a radius 

curve in the lateral to turn the lateral flow parallel to the main 

channel. However, if the lateral flow joined the main flow along one 

side of the main channel, a shock wave or a hydraulic jumP" would be 

created which would still require the use of walls and piers similar 

to Design 6. 
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A second proposal which received some consideration was based on 

the creation of a h;)rdraulic jump in the main channel for all discharges; 

the lateral would enter the main channel just downstream from the jump 

where the flow was tranquil. Sills or other means would be used to 

force the formation of a jump. As the alternate pressure-momentum 

stage of the inlet main was 6.8 feet for a discharge of 414 cfs, higher 

sidewalls would be required than for the recommended design. Also, it 

would be necessary to raise the bottom of the lateral to an elevation 

of approximately 6 feet above the main channel. This was not feasible 

as the original design criteria restricted the vertical spacing between 

the bottoms of the joining channels to approximately 2 feet because of 

prototype ground configurations. 

Structure 0-4 

Structure 0-4 is a terrace outlet in which local drainage is ad­

mitted to C Ditch. The maximum discharge of the lateral is 25 cfs. 

The design criteria furnished tu the Region 3 Engineering Division are 

listed in Table II. 

TABLE II 

DESIGN CRITERIA FOR STRUCTURE c-4 

Inlet Lateral Outlet 
Main Main 

Discharge (cfs) 384.0 25.0 409.0 

Bottom Width (ft) 7.0 8.0 7.0 

Side Slope ~.5:l 3:1 1.5:1 

Slope 0.0086 0.001 0.020 

Normal Depth (ft) ?/o 2.65 1.22 2.20 

Normal Velocity (fps)~1- 13.5 1.75 18.5 

* Froude Number 2.14 0.078 4.83 

Manning's n 0.015 0.025 0.015 

~I-

Based on maximum discharge. 
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The included angle between the main channel and the lateral was 

listed as 90 degrees plus or minus 10 degrees. The suggested vertical 

spacing between the bottom of the main and the bottom of the lateral 

at the junction was 2 feet 9 inches. 

The model was constructed with the lateral at right angles to the 

main channel. The scale ratio was 11.63. 

The recommended design of Structure C-4 is illustrated in Figure 19. 

The initial model studies, based on a prototype friction factor 

for the main channel of 0.OJ.5, indicated that with a lateral discharge 

of 25 cfs, a hydraulic jump formed in the main channel for all dis­

charges up to and including the maximum (Figure 20a). With lateral 

discharges less than 25 cfs, the formation of a jump was dependent upon 

the discharge of the inlet main. For those conditions in which a jump 

formed, flow downstream from the junction was good (Figure 20b). When 

a jump did not form, waves were created at the junction and the surface 

downstream from the junction was rough. 

In view of the fact that the prototype friction factor of 0.015 

was an estimated value and because a decrease in the friction factor 

would probably be detrimental to flow conditions at the junction, the 

model was tested for conditions equivalent to a prototype n value of 

0.013. It was found that for a lateral discharge of 25 cfs and a maxi­

mum inlet main discharge of 384 cfs a hyd,raulic jump no longer formed 

(Figures 20c and 20d). As a result, the flow downstream from the junc­

tion was characterized by waves which were reflected back and forth 

across the channel. A decrease in the discharge of the inlet main 

resulted in the formation o.f a jump. 

The use of a single submerged pier in the center of the channel 

resulted in good flow conditions for all discharges (Figure 21). The 

vertical spacing between the bottom of the joining channels was in­

creased to 3.25 feet to prevent surges from traveling up the lateral • 

Profiles of the water surface are shown in Figure 22 for an inlet-main 

discharge of 384 cfs and the lateral discharges of 25 and 50 cfs. While 

the maximum anticipated lateral discharge was 25 cfs, measurements were 

taken for a discharge of 50 cfs as a matter of general interest. 
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The four photographs -illustrate flow conditions corresponding to prototype discharges of 38~ and 25 cfs in 
the inlet main and lateral respectively. The top two photographs illustrate acondition based on a proto­
type friction factqr of 0.015, whereas the condition in the bottom two is based on a factor of 0.013. 

In the top photograph a hydraulic jump has formed at a point 20 feet upstream of the junction. 
In the bottom photograph a diagonal wave rather than a jump has been formed. 

Figure 20. Structure C-"', Design I - Maximum Discharge Condition 
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The flow conditions correspond to those of Figur~s 20e and 20d. The 
addition of the pier has a beneficial effect. 

Figure 21. Structure C-If., Design 2 - Pier Design 
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The design illustrated in Figure 20 was considered satisfactory 

and is recommended for the prototype structure. 

General Terrace Outlets 

Numerous terraces will discharge relatively small quantities of 

water into A, S, and W Ditches at ~liting Field. If the disturbances 

produced by a series of terrace outlets located along a ditch are cumu­

lative, they might reach serious proportions. Model studies were de­

sirable, but they could hardly be justified for each terrace outlet. 

Therefore, it was decided that a general study of terrace outlets would 

be made which would cover the anticipated range of operating conditions 

and provide sufficient information for the design of the terrace outlet 

structures. 'Ihe Region 3 Engineering Division requested that the studies 

be conducted on a junction design similar to that shown in Figure 8. 
The design criteria are shovn1 in Table III. 

TABLE III 

DESIGN CRITERIA FOR TERRACE OUTLET STRUCTURES 

Inlet Lateral Outlet 
Main Main 

Maximum Discharge (cfs) 300-400 5-20 305-420 

Bottom Width Cft) 4.0 10.0 4.0 

Side Slope 1.5:1 1.5:1 

Slope 0.04-0008 0.005-0.015 0.04-0 .. 08 

Manning's n O.OlS 0.035 0.015 

The lateral was to be at right angles to the main channel. The 

suggested vertical spacing between the bottom of the main and the bottom 

of the lateral was 3.0 feet • 

The initial tests were conducted with a channel slope 'of 8 per 

cent and inlet-.main discharges of 0 to 400 efs. The computed depth of 

the inlet main for the maximum discharge was 1.88 feet and the Froude 

number was approxima tely 16.3 .. 
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The proposed design for this structure is illustrated in Figure 

23. The baffle walls shown in Figure 23 were not installed initially 

and, with a maximum discharge in the lateral, it was noted that the 

flow was not evenly distributed across the transverse weir. This re­

suIted because the lateral flow was turned through 90 degrees before 

flowing over the weir. The addition of a baffle wall to one side of 

the weir opening greatly improved the flow. It was found that the wall 

could be placed at right angles to the centerline of the lateral or at 

45 degrees as shown in Figure 23. 

It was also noted that some surface spray generated by the inlet 

main was striking the upstream side of the lateral. While this was 

not necessarily indicative of prototype performance, it was thought 

desirable to increase the vertical spacing of. the channels to 4.5 feet. 

The greater clearance also reduced the possibility of the formation of 

a hydraulic jump on the upstream side of the lateral. 

Figure 24 illustrates the flow conditions for the recommended de­

sign. With large discharges in the main channel there were no appreci­

able surface waves, but considerable spray was created downstream from 

the junction. With low discharges in the main channel, as illustrated 

in Figures 24c and 24d, the water surface downstream was quite irregu­

lar, but the maximum height of the waves was less than normal depth for 

large discharges. It is doubtful whether the model correctly simulates 

the spray conditions in the prototype; as a result, the recommended 

wall heights downstream from the junction are only an estimate. 

The model tests emphasized the desirability of spreading the top 

or lateral flow uniformly over the water surface of the main channel. 

Best results were obtained when the width of the jet was slightly in 

excess of the water surface width in the main channel. 

Due to time limitations on the study, it was not possible to test 

the complete range of channel slopes and discharges that was initially 

requested. In addition to the preceding studies only one other test 
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The top two photographs illustrate a typical maximum discharge condition corresponding to ~oo and 25 
cfs in the inlet main and lateral respectively. The bottom two photographs correspond 

to discharges of 100 and 25 cfs in the inlet main and lateral respectively. 
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condition was run. It corresponded to a maximurn discharge of 300 cfs 

and the Froude number was 8.2. The appearance of the flow with dis­

charges of 25 and 300 cfs in the lateral and inlet main respectively 

was similar to the preceding tests. It is probable that for low dis­

charges in the main channel some waves might be formed, but it is 

doubtful whether they would be serious as long as a generous freeboard 

is provided. 

It may be of interest to note that for the specified channel di­

mensions, channel slopes of 1+ to 8 per cent, a friction factor of 0.015, 

and inlet-main discharges of 300 to 1+00 cfs, the minimum computed Froude 

number was 8.2 and the maximum was 16.). For a lateral discharge of 

25 cfs the ratio of the inlet flow to the lateral flow ranged from 12 

to 16. For these conditions it was estimated that, except for spray, 

the transverse-weir junction. would operate satisfactorily. In tests 

of another junction of this type (p- 8 ) the results were not too satis­

factory. In the latter case the dj,scharge ratio for maximum discharge 

was 13.7, but the Froude number was only 2.9. 

Brief tests were conducted with the lateral discharging over a 

weir at the upstream side of the transverse box. The results were un­

satisfactory due to the large amount of spray created and an increased 

tendency toward the formation of a hydraulic jump. 

Structure P-8 

Structure P-8 consists of a junction between a channel with a maxi­

mum discharge of 70 cfs and P Ditch which has a maximum discharge of 

960 cfs. It was requested that tests be conducted on the transverse 

weir-type junction similar to that shown in Figure 8. The initial de­

sign conditions are listed in Table IV. 

Due to limi ta tions on the time available for the study, the initial 

tests were conducted with a maximum discharge in the inlet main of 4~2 

cfs, as opposed to a design maximum of 960 cfs. Subsequent tests were 

conducted with a maximum of 632 cfs. 
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TABLE IV 

INITIAL DESIGN CRITERIA FOR STRUCTURE P-8 

Inlet Lateral Outlet 
Main Main 

Maximum Discharge (cfs) 960.0 70.0 1030.0 
Normal Depth (ft)'~1- 4.09 4.23 
Normal Velocity (fpS)il- 19.4 19.8 

Bottom Width (ft) 6.0 20.0 6.0 

Slope 0.012 0.005-0.015 0.012 

Side Slope 1.5:1 1.5:1 
~I-Froude Number 2.86 Tranquil Flow 2.88 

Manning's n 0.015 0.035 0.015 

iI-Based on maximum discharge. 

Design 1 (Initial Proposal) 

With discharges 'of 432 and 70 cfs in the inlet main and lateral 

respectively, the downstream water surface was very rough, with large 

waves developing and continuing downstream. The wave crests were 4 to 

4.5 feet above the·channel flow and the hollows were 2 feet above the 

floor (Figure 25a). 

Design 2 (Increasing Froude Number) 

It was thought that flow condi tions could be improved by increasing 

the Froude number of the inlet main. On the basis of the ground pro­

file of P Ditch, the slope of the ditch upstream from the junction was 

decreased for a distance 'of 666 feet and then increased for a distance 

of 460 feet. The slope data are as follows: 

Upstream from Station 43 + 54 - Slope = 0.012 

Station 43 + 54 to Station 50 + 20 - Slope = 0.0062 

Station 50 + 20 to Station 54 + 80 - Slope = 0.0204 

Downstream.from Station 54 + 80 - Slope = 0.012 

(The junction was located at Station 54 + 70) 
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Drop-down curves were computed to determine the depths at the 

junction. The results indicate that normal depth would be obtained. 

The computed depths and related data on the inlet main for the 

above conditions are given in Table V. 

TABLE V 

DEPTHS AND RELATED DATA ON THE INLET MAIN 

Q d V F (cfs) (ft) (fps) 

960 3.58 23.6 4.83 

632 2.90 21.1 4.77 

432 2.38 19.0 4.71 

It may be noted that the slope changes resulted in an increase 

in the Froude number from 2.86 to 4.71 for a discharge of 432 cfs. The 

flow condition for discharges of 432 and 70 cfs in the inlet main and 

lateral respectively are shown in Figure 25b. Some improvement of the 

flow was noted, but the surface was still considered rough. With a 

discharge of 632 cfs, the flow was good with only slight waves. 

Design 3 (Submerged Piers) 

While the flow conditions with an inlet-main discharge in the 

vicinity of 432 cfs were not satisfactor~y, no further increase in the 

Froude number was considered because of limitations imposed by the pro­

totype ground configurations. Instead the use of submerged piers was 

investigated. It was experimentally determined that two piers located 

downstream from the junction greatly improved the flow. Figure 250 

illustrates the flow conditions for a discharge of 432 cfs. With a 

discharge of 632 cfs (Figure 28) the flow was likewise improved. -- At 

a discharge of 960 cfs in the inlet main, it was estimated that the 

only objectionable feat1ITe of the junction would be spray. 

On the basis of the tests, the junction design was considered 

satisfactory after the addition of the submerged piers. The recommended 



(a) Design 1 (0) Design 2 (c) Design 3 

The discharge of the inlet main corresponds to ~32 cfs (Max. Q1 = 960 cf~), and the lateral to 70 cfs. The three designs 
are similar except for difference in slope of the inlet main and the addition of piers in Design 3. 

Fi gure 25. Structure P- 8 - Compar i son of Three Des i gns 
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This represents a prototype discharge of 632 cfs in the inlet main and 70 cfs in 
the lateral. The maximum anticipated discharge of the inlet main is 960 cfs. 

Figure 28. Structure P-8, Design 3 - Special Discharge Conditions 
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design is shown in Pigure 26. The depth of flow for discharges of 632 

and 70 cfs in the inlet main and lateral respectively is shown in 

Figure 27. 

It is possible that a junction design similar to that used for 

Structures c-4 or C-5 may have warranted investigation, but time limi­

tations prevented further tests. 

Structure P-7 

Structure P-7 consists of the junction of ODi tch and P Ditch, 

both of which contain flow with velocities greater than the critical. 

The included angle between the inlet main and lateral could be varied 

somewhat, but an angle of 51 degrees 2 minutes was considered desirable 

since this permitted the best topographical location of 0 Ditch. The 

design criteria are listed in Table VI. ' 

TABU: VI 

DESIGN CRITERIA FOR STRUCTURE P-7 

Inlet Lateral Outlet Main. 
Main Initial Final Initial Final 

Maximum Discharge (cfs) 630.0 330.0 330.0 960.0 960.0 

Normal Depth (ft) 
~~ 

3-31 2.16 4.08 4.79 
Normal Velocity (fps)* 17·3 16.5 19.4 15.2 

Bottom Width (ft) 6 .. 0 6.0 6 .. 0 6.0 6.0 

Slope 0.012 ~~ 0.017 0.Q12 0.0062 

Side Slope 1.5:1 1.5:1 1.5:1 1.5;1 1.5;1 

Froude Number 2.81 3.91 2.86 1.50 

Manning's n 0.015 0.015 0.015 0.015 0.015 

~~Based on maximum discharges. 
iHf. . 

Can be varled. 

Both the initial design criteria supplied by the Region 3 Engi­

neering Division and the final design criteria developed on the basis 

of model tests and conferences with the above organization are shown 
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for the lateral and outlet main. The change in slope of the outlet 

main was made for the purpose of improving flow conditions at Structure 

P-8 which is located downstream from Structure P-7. 

The proposed design of Structure P-7 shown in Figure 29 was based 

On the assumption that the flow in both channels would pass through a 

hydraulic jump and join at velocities less than critical. Preliminary 

computations indicated that this was the simplest and probably the most 

economical design. Sills or other meanS would be added to induce the 

formation of a jump if necessary. 

As a first approximation It was assumed that for the maximum dis­

charge condition the depth at the junction would be equivalent to the 

alternate pressure-momentum depth of the inlet main, with a hydraulic 

jump forming just upstream of the junction. As the alternate depth 

of the lateral was considerably less than that of the inlet main, a 

jump should form at some distance u~stream from the junction in the 

lateral channel. On this basis the computed depth at the junction was 

609 feet. Model tests subsequently indicated a depth of 7.2 feet at 

the junction. Figure 30 shows photographs of the flow conditions at 

the maximum discharge and Figure 31 illustrates the water surface pro­

file based on model tests. 

Subsequently an attempt was made to compute the channel depths 

using the pressure-momentum theory. The results, which are discussed 

in a later section of this report, were not too successful but did 

assist in explaining the performance of the junction. 

As noted in Table VI, the design discharge of the inlet main was 

630 cfs while that of the lateral was 330 cfs. The model tests indi­

cated that for an inlet-main discharge of 630 cfs, hydraulic jumps 

formed in both channels for all lateral discharges in excess of 167 cfs. 

With a lateral discharge of 330 cfs, the same condition existed for 

all inlet-main discharges in excess of 136 cfs. 'I'wo views at inter­

mediate flows are shown in Figure 32. The minimum values just cited 

were dependent on visual observations and are somewhat arbitrary. For 

those conditions in which the hydraulic jumps formed, the water surface 

at the junction and downstream therefrom was reasonably smooth and was 
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Hydraul ic jumps take place upstream from the channel junction. 

Flow at the junction is therefore subcritical. 

Figure 30. Structure P-7- Maximum Discharge Conditions 
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The discharge of the lateral is equivalent to 330 cfs and that of the 
inlet main to 160 cfs. There is a hydraulic jump in both channels 

The lateral has a discharge of 8ij efs, the inlet main a maximum of 
630 efs and there is no hydraul ic jump in the inlet main. 

Figure 32. Structure P- 7 - I ntermed i ate Discharges 
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characterized by a minimum of surging. Wi th a maximum discharge in one 

channel and discharges in the other less than the minimum value just 

cited, the flow at the junction had velocities greater than critical, 

and rather large waves developed at the juncti,on and immediately down­

stream therefrom, as is shown in Figure 33. However, their height was 

less than the freeboard required for the maximum discharge condition 

and they were not considered objectionable. 

Beginning with a maximum discharge in both channels, a decrease 

in the discharge of the inlet main caused the jump in that channel to 

move upstream, caused the jump in the lateral to move downstream, and 

resulted in a decrease in the depth of flow at the junction. A similar 

phenomenon resulted if the flow in the main channel were held constant 

and that of the lateral decreased with the jump in the main channel 

moving downstream and that of the lateral upstream. Figure 34 illus­

trates the depth of flow at the junction for various discharges. 

In the tests just described the hydraulic jumps formed naturally 

without the use of sills. In one series of tests, sills were inserted 

for the purpose of forcing the formation of a jump for those conditions 

in which one bad not formed previously (large discharge in one chan­

nel and a small discharge in the other). The sills were successful in 

insuring the formation of a jump for all discharges, but they resulted 

in a serious increase in the depth of flow at the junction with a maxi­

mum discharge in both channels. This more than offsets any beneficial 

effect that they might have, and they were omitted in the recommended 

design. 

The plan of the recommended design for Structure P-7 is illustrated 

in Figure 29, while the recommended channel wall heights are shown in 

Figure 31. 

PRESSURE-MOMENTUM RELATIONSHIPS 

General 

An analysis of the junction of, two channels based on pressure­

momentum relationships was attempted in an effort to explain and assist 



'A discharge of ?30 cfs in the lateral and no flow in the main. 

A discharge of 630 cfs in the main and no flow in the lateral. 

Figure 33. Structure p- 7- Special Discharge Conditions. 

US Ol,.,'",ul of ",fI<dUII •• , 5011 {.Oft .... u'on s.t""-Au,o"~ 

"' Goopu.h.n .,Ih thl Monn"Dlo AOroeullll,al E.por"","' SIDh.n and 

thl M AnthGn~ Fotll tI"hDUhc 1.abalDlot,. Un""',I, a. M,nnl.ola 

,,' 

51 



I­
w 
W 
LL 

z 
o 
t­
O 
Z 
~ 
"":) 

J: 
t­
Il.. 
W 
o 

7 

6 

5 

4 

2 

o 
o 

MN-R-3-216 

U. S. Dlpa,II .. I,,1 ., .... rlcullu., Soil Conlt,vallon Suvlu-Ihuorch 
In (lG~p'follon .. tt~ I~. MI""uDla AGrlculturol c.pu/I"I"I 510Uon and 
thl 5t.Anthony filII. J{ydraullc Loba.alorr, Unln'lll, of Mlnnlut. 

52 

'd 

V 
V ( 

J / 

V 
/ Y 

/ 
cI t 

0- Q L =330CFS, QI= 136 TO 632CFS 

O--QL = 110 TO 330CFS, Q1 = 632 CFS 

200 400 600 800 1000 

Qo = 0 U T LET DIS C H A R G E - C F 5 

Figure 3~. Structure P-7 - Depth of Flow at Junction 



, 
I .. 

53 

in the prediction of flow conditions in the vicinity of the junction. 

Basically this analysis consisted of equating vectorially the pressure 

plus momentum of the incoming stream to that of the outgoing stream. 

Considering first the pressure-momentum relationships between two 

stations in a straight channel with zero slope, the difference in hydro­

static pressure exerted on the two ends of the segment of water between 

the stations is equal to change of momentum per unit time, or 

and 

Q;viV QwV 2 
P + ---l = P2 + ---- = w F 1 g g m 

where P = the total hydrostatic pressure in the end of the segment, 

M .' = the momentum flux, Q;viV, 
g 

F = the pressure plus momentum divided by the unit weight of 
m P+M 

fluid or --, w 
Q = the discharge, 

V = the average velocity across the section, 

w = the unit weight of fluid, and 

y = the depth of flow. 

If the stations are an appreciable distance apart, it is necessary 

to include a term for the frictional drag in the above equation, and 

if the channel has a slope, it is necessary to add a term for the com­

ponent of gravity. 

In applying the same considerations to a junction, the sums of 

the pressure plus momentum of the inlet main and lateral are equated 

vectorially to the pressure plus momentum of the outlet main. The 

reference stations for these computations are taken at the upstream and 

downstream edges of the junction. For the case in which the inlet main 

and outlet main have the same cross section and the same alignment, as 

in the present study, the hydrostatic pressure force exerted by the 

flow in the lateral is counteracted by the pressure on the opposite 
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wall, provided the water surface in the junction is essentially flat. 

Thus, the only force the lateral flow can contribute to the main flow 

is its component of the momentum parallel to the main channel. 

It is necessary to know the depth of flow at some point in the 

vicini ty of the junction to provide a starting point or control for the 

subsequent computations. This control nay be either upstream or down­

stream from the jlIDction depending on the flow c ondi tions • If the flow 

in all channels is tranquil, the control will be at the downstream edge 

of the junction (the depth at this point will be determined by flow 

conditions downstream from the junction). Presumably it is possible 

to equate the pressure plus momentum at this point to that of the in­

coming channels and so determine their depth and velocity, provided 

the discharge of all channels is known. It is usually necessary to 

make the assumption that the depth of flow is the same in both the inlet 

main and lateral for tranquil flow. 

If the flow in all channels, including the junction, has a veloc­

i ty greater than the critical, conditions upstream from the junction 

will presumably determine the depth of the inlet main and lateral im­

mediately upstream from the junction. The depth downstream from the 

junction can then be computed. However, if hydraulic jumps form up­

stream from the junction with tranquil flow at the junction, the problem 

becomes more complex. For example, assuming that the control is at the 

upstream side of the junction, if the hydraulic jump in the lateral is 

a considerable distance upstream from the junction, ei ther its position 

must be known or the depth in the lateral at the edge of the junction 

must be known in order to compute the momentum contributed by the 

lateral. Likewise, if the jlrmp in the main channel is a considerable 

distance upstream from the junction, the pressure plus momentum at that 

point is not the same as at a point immediately upstream from the junc­

tion, and it is necessary to know either the position of the jump or 

. the depth of flow at the junction in order to compute the pressure plus 

momentum contributed by the inlet main. During the course of the pre­

sent studies it was noted that in those instances where hydraulic jumps 

formed (and where normal flow in all channels had a velocity greater 
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than the critical) the flow accelerated and passed through critical at 

the downstream edge of the junction. Thus it was possible to compute 

the pressure plus momentum at this point and use this value in deter­

mining the depth of flow and the position of the hydraulic jumps in 

the inlet main and lateral channels. While the computed results were 

in fairly close agreement with the model performance, the data were 

quite limited and do not constitute an adequate confirmation of the 

theory. It should be noted that even though the above theory is ac­

cepted, it is first necessary to determine whether or not flow at the 

junction is tranquiL If shooting flow exists at the junction, the 

control or known depth is at the upstream edge of the junction and the 

preceding theory cannot be applicable. 

An attempt was made to apply pressure-momentum theory to ,the 

analysis of the performance of structures 0-5, P-7, and P-8. The pri­

mary objective in the case of Structure C-5·was to obtain an explana­

tion of the conditions under which a hydraulic jump would form in the 

junction as a check on the model performance. With Structures P-7 and 

P-8 the same information was desired plus computed values of the depth 

at various points. 

Structure c-5 

As noted earlier, the lateral at structure C-5 intersects the main 

channel with an included angle of 85 degrees. As an approximation it 

was assumed that the lateral contributed neither pressure nor momentum. 

This assumption was made because the velocity in the lateral was rela­

tively low, which was indicative of a low value for the momentum; in 

order to compute the momentum contributed by the lateral it would be 

necessary to multiply this low quantity by the cosine of 85 degrees, 

giving a much smaller value to be added to the momentum in the outlet 

main. While the water surface at the junction was quite uneven, it was 

considered expedient to disregard any pressure component of the lateral. 

The problem was greatly simplified by the B;bove assumptions and 

consisted of equating the pressure plus momentum at two stations in 

the main channel, one above the junction and the other below. The 
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discharge at the lower station was larger than that of the upstream 

station by the amount contributed qy the lateral. 

Using the maximum lateral discharge of 181 ds, the pressure­

momentum curves of Figure 35 were computed for four inlet-main dis­

charges. The basic curves represent the pressure p+us momentum of the 

inlet main and the outlet main as a function of the channel depth for 

Design 6 of structure c-5. The values of d noted in Figure 35 are the 

computed normal depths of the inlet main for the specified inlet dis­

charges. 

Referring to Figure 35a, it may be noted that the inlet value for 

F ml of 65 is less than the minimum value that must exist in the outlet 

channel. The only way in which the inlet main may have the minimum 

value for F of 120 computed for the outlet main in order to equate 
m 

the values of F m of the inlet and outlet channels is for a hydraulic 

jump to form in the main channel at some point upstream from the junc­

tion. 'When this occurs, a force acting downstream will be created 

which will be equal to the difference between the frictional drag 

(acting upstream) and the component of gravity (acting downstream) on 

the segment of water between the hydraulic jump and the upstream edge 

of the jmlction. The result will be a new value of F at the upstream 
m 

edge of the junction which will be equal to the minimum or critical 

value required at the downstream edge of the junction. In other words, 

dl at the upstream side of the junction will not be the normal depth 

of flow in the inlet main but will be the depth d' 1 in Figure 35a which 

has the minimum pressure plus momentum required by the flow in the out­

let main. 

Heferring to Figure 35b, it is apparent also that a hydraulic jump 

must form for an inlet discharge of 207 cfs if the lateral discharge 

is 181 cfs. 

With an inlet discharge of 310 cfs and the same lateral discharge 

of 181 cfs, it is noted in Figure 35c that the value for F is just 
m 

equal to the minimum or critical discharge in the outlet channel. This 

represents the borderline case. 
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In Figure 35d the value of F for the inlet channel is in excess 
m 

of the minimum required in the outlet channel, thus no jump will occur; 

there will be a transition from the inlet depth of approximately 1.7 

feet to an outlet depth of 3.3 feet. The model studies indicated that 

the transition was in the form of a shock wave which was quite turbulent. 

The essential information of Figure 35 has been replotted in 

Figure 36. As mentioned in the preceding paragraph, the curves indi­

cate that for a lateral discharge of 181 cfs, a hydraulic jump will 

occur for all inlet discharges less than 310 cfs (outlet discharges 

less than 491 cfs). The model studies indicated that the above is true 

for all inlet discharges less than 260 cfs (outlet discharges less than 

441 cfs); this figure is based on visual observations and is somewhat 

arbitrary. 

No special effort was made to compute the depth of flow in the 

vicinity of the junction, but it is thought that for those instances 

in which the flow at the junction was tranquil the assumption could be 

made that critical depth occurs at the downstream edge of the junction; 

it should then be possible to compute the depth at the upstream edge 

of the junction and thereafter the position of the hydraulic jump. 

When shooting flow exists at the junction, it is accompanied by a shock 

wave and a very turbulent surface; it is doubtful whether depth compu­

tations would be of much practical value for this condition. 

It is thought that the primary value of the preceding computations 

was an explanation and conformation of the model behavior. The model 

studies were the primary basis for the selection and design of the 

prototype junction. 

structure P-8 

With regard to Structure P-8 pressure-momentum computations were 

made for discharges of 632 and 70 cfs in the inlet main and lateral 

respectively. In this structure the lateral flow passes over a trans­

verse weir, entering the main channel from the top. While the lateral 

flow has a small downstream component at the point where it strikes 

the surface of the main stream, it was assumed that the lateral 
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contributed neither pressure nor momentum to the main stream. The 

computations were quite simple; the results indicated that there was 

little possibility of a jump forming. Assuming that the above was true, 

the control or known depth woula be on the upstream edge of the junction. 

Equating the pressure plus momentum at this point to that downstream 

from the junction, it was determined that the downstream depth should 

be 3.4 feet. This may be compared with the results of the model tests 

(Figure 27) which indicated a value of 3.5 feet. 

Structure P-7 

The lateral at Structure P-7 intersects the main channel with an 

included angle of 51 degrees 2 minutes; thus it was necessary to include 

the momentum contributed by the lateral in the pressure-momentum cal­

culations. 

An attempt was first made to determipe analytically the operating 

conditions for which a hydraulic jump would occur in the vicinity of 

the junction~ The momentum of the lateral at normal depth was multi­

plied by cosine 51 degrees 2 minutes and added to the pressure plus 

momentum of the inlet main. Whenever this sum was less than the criti­

calor minimum pressure plus momentum of the outlet main, it was assumed 

that a jump would occur. The computed results agreed with the model 

performance for approximately one-half of the proposed operating range. 

One possible explanation for the lack of better agreement is the failure 

to consider the velocity distribution in the analysis. A uniform 

velocity distribution was assumed. If the velocity distribution were 

to be considered, it would be necessary to include a momentum correc­

tion factor in the above calculations. 

An effort was also made to compute the depth of flow in the vi­

cinity of the junction for several cases in which the flow at the junc­

tion was tranquil. Fair results were obtained, but the computations 

were discontinued when the model studies were completed. The latter 

indicated that the proposed design was acceptable. 
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CO:MMENTS 

The present study was undertaken for the specific purpose of ob­

taining information that would assist in the design of open-channel 

junctions in the drainage system at Whiting Field. Due to severe time 

limi tations imposed on the study and the numerous structures requiring 

investigation, it was necessary to arrive at satisfactory designs for 

the various junctions as expeditiously as possible. 

In view of the limited amount of information available on the de­

sign of junctions of this type, it would have been very interesting 

to conduct a more extensive investigation with the objective of ob­

taining sufficient data to assist in the general design of high-velocity 

open-channel junctions. While this was not possible, it is thought 

that in addition to supplying information on the specific junctions 

being investigated, the studies reported herein may be of some value 

as an indication of some of the problems which may be encountered in 

junctions involving shooting flow. 

During the course of the studies it,became increasingly apparent 

that model studies of junctions of this type are necessary until more 

information is available to assist in their design. Pressure-momentum 

relationships were utilized in an attempt to analyze the behavior of 

the junctions; while the results were of considerable interest, parti­

cularly in the case of Structures 0-5 and P-8, they gave only a partial 

solution to the problem. With additional background information on 

which to base some of the assumptions employed in the analysis and 

additional time to make the necessary computations, particularly in the 

case of Structure P-7, it is thought that closer agreement with the 

model performance could have been obtained. 


