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SYNOPSIS 

Two model designs of low head siphon spillways have been 

tested in the Hydraulic Laboratory of the Bureau of Reclamation. 

One is patterned after a standard design used for many years as 

an emergency-type of structure for the protection of canals. The 

second is a proposed design for an improved structure to perform 

the same function. 

Operational characteristics and peculiarities of each 

are discussed and supporting data and pictures are included. The 

results of one prototype test of a standard design are also given. 

In the conclusions, studies of both designs are reviewed and 

future tests are outlined. 



INTRODUCTION 

The Bureau of Reclamation is conducting a program of 

research into the design and operation of low head siphon spillways. 

The primary function of the Bureau siphon spillway is to provide 

automatic emergency protection of canals, tunnels, and related 

structures. In performing its service, installations consist of 

single as well as multibarrel units, some with staggered crest 

levels, with fixed or adjustable crests, and with various air 

venting devices. The siphons to be discussed here are of the 

single-barrel, fixed-crest type. 

Numerous siphons have been built along irrigation canals 

to prevent an excessive rise of the water level above the normal 

operating level caused by incoming storm water or the accidental 

closing of a control gate. Storm water usually enters a canal at 

such a rate that the rise in water surface is not rapid; hence, 

the siphon may operate for some time as a weir before priming, if, 

indeed, it ever primes. The rate of rise immediately upstream 

from a closing radial gate in a canal is somewhat more accelerated, 

particularly if the closure is accomplished in a short time; there-

fore, the siphon hardly operates as a weir before the excess head 

is sufficient to bring about a prime. 



Siphons are also used in the forebay upstream from the 

entrance to a power penstock. An emergency closure of the turbine 

wicket gates, following powerplant failure, could cause the 

forebay level to rise very rapidly if the storage area were small. 

The siphon would then be required to prime immediately to avoid 

overtopping of the feeder canal banks or damage to the tunnel 

outlet structure if the forebay were tunnel fed. 

Many designs of siphons have been used in the United States, 

each one usually being an improvement over its predecessor. Because 

of the cost of model and prototype studies, however, not many 

comprehensive analyses of the unsolved problems involved have been 

made. Difficulty in scaling up the results of model data, and the 

attendant lack of confidence in doing so, may be partially respon-

sible for the significant lag in siphon technology in this country. 

At the time the studies reported herein were begun, a search of 

foreign literature revealed that Italy and France, and to a certain 

extent India, were more advanced than the United States in siphon 

development. The first two countries, for instance, are today 

using large siphon spillways for the close control of reservoir 

levels. These structures make use of so-called partialization 

boxes to accomplish an automatic proportioning of air and water in 

the barrel; the siphon is thus able to adjust for a rising or 

falling water surface while operating at a partial prime. 
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It had long been noted that some of the Bureau siphon 

spillways were not operating as desired. Some operated much 

above, and others below, the design capacities, the differences 

estimated to be as high as 30 to 40 percent. Others failed to 

prime even when the head over the crest exceeded the depth at 

the crown. In an outstanding instance, one siphon in a pair of 

identical structures built by the same contractor failed to prime 

while the other functioned satisfactorily. 

The above facts led to the inception of a research 

program to learn first, how our own design performed, then why it, 

failed occasionally to perform properly, and later, how to develop 

a new design for an improved siphon spillway. 

The material which follows lays greater stress on tests 

of a standard low head siphon spillway design than on the proposed 

design of a seemingly better structure. This disproportion in the 

discussion which follows can be understood when it is realized 

that more comprehensive tests were made on the standard design in 

efforts to gain a firm understanding of basic siphon principles; 

hence, a greater preponderance of data is available, and tests of 

the proposed design are not yet complete. 

STANDARD DESIGN OF A IOW HEAD SIPHON SPILLWAY 

Design Considerations 

A general dimensionless drawing of the standard low head 

siphon spillway is shown in Figure 1. The nomenclature of its 

various parts as given will be used throughout this paper. Losses 
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in the crest region will be minimized if at a given section the 

pressure and velocity distributions correspond closely to those 

associated with vortex flow. After determining a crest elevation 

and the head available, and selecting preliminary values for the - 

center line radius Bt_ and the throat size D, one may solve for the 

maximum unit width discharge in the vortex flow formula 

q = Rc  0.?h(2B)Loge 
R$ (l) 
c 

where 

q = discharge in second-feet for a unit width 

Re  = radius of the crest in feet 

Rs  = radius of the summit in feet 

h = atmospheric pressure at site in feet of water 

In practice, a minimum D = 2 feet is recommended, and by using the 

ratio _t- 2.5, the coefficient of discharge will be near the 

maximum obtainable. From field information consisting of topo- 

graphical and hydrological data, D and H may be approximated and 

a value of the coefficient of discharge obtained from Figure 2. 

Substituting, the unit q may be solved for in 

q = CD V2gH (2) 

where 

H = head in feet from crest to tail water elevations 

The unit discharge in (2) must not exceed that in (1). If it 

does, the siphon should be reproportioned and (1) and (2) solved 

again. The width of the siphon can then be determined by dividing 
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the total discharge by the unit discharge. For the purpose of 

setting the crest elevation, an allowed priming head must be 

assumed which satisfies the normal water surface and freeboard 

elevations. The designer's judgment is an important factor here. 

The size of the siphon breaker pipe is arbitrarily 

assumed to have an area 1/24 that of the siphon throat area, or 

that of the nearest standard pipe since it is usually convenient 

to use pipe sections and fittings for the breaker. The inlet 

elevation of the breaker should be set at, or just below, the 

normal water surface elevation. 

Laboratory Test Facilities 

The test setup is shown in Figure 3. Part A of this 

figure shows the forebay, the entrances to two siphon spillways, 

and water stage recorder box and float well. The forebay area is 

144 square feet. Two siphons are installed; one on the left, 

shown in elevation in Figure 3P, is fixed in position, and the 

one on the right is adjustable. The adjustable one is raised or 

lowered by a hydraulic jack to select the siphon desired for 

operation. Flow conditions of the two designs thus can be 

compared readily. Each siphon discharges into a separate tailbox 

equipped with a 3-foot suppressed rectangular weir. 

Water is supplied to the model from a large volume 

channel by a centrifugal pump. The rates of flow are measured 

through 6-, 8-, and 12-inch venturi meters which have been 

calibrated volumetrically. 
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The forebay water surface is measured with a hook gage 

during constant siphon discharges. When a siphon is operating at 

less than full primed capacity, the fluctuating level is measured 

and recorded with a modified Stevens A-35 water stage recorder. 

The modification consists of an electric motor and speed reducer 

which drives the recorder paper at a speed of 110 inch per second. 

The pen travel is on a 1:1 ratio with the variation of water level. 

An event marker with remote manual control enabled the operator to 

record the occurrence of any significant operational characteristics. 

Types of Siphon Operation 

In general, a siphon spillway can operate in any one of 

three ways. First, the excess flow to be siphoned away may be 

low enough to prevent continuous operation. The forebay level 

will rise slowly to a point at which the siphon can prime, the 

forebay drops as the siphon operates a short time fully primed, 

and then as the siphon breaker pipe is uncovered, the prime is 

lost and all flow over the crest stops. This is the type of 

operation one may expect on a small canal where the siphon capa-

city is a high percentage of the canal discharge. A typical stage 

versus time curve is shown in Figure 4A. 

Second, the excess flow is great enough to prime the ° 

siphon and sufficient to maintain a flow through it at a partial 

prime. In this case, the inflow keeps the siphon breaker pipe 

covered, or lets an intermittent slug of air enter in a quantity 
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too low to break the prime, and the water level within the barrel 

remains below the summit. The siphon will continue to operate in 

this stage until there is a change of inflow. An increase will 

bring the siphon closer to a fully primed state; however, a 

decrease may cause a complete break in prime and temporary 

cessation of flow. The stage versus time curve appears as in 

Figure 4B. 

In the third type of operation, the excess inflow must 

reach the siphon in a comparatively short period of time at a 

rate which causes it to prime immediately and remain primed. The 

siphon barrel will then be full from inlet to outlet. The forebay 

water surface elevation can be lower than the summit elevation for 

this type to exist. Pressures in the throat section reach maximum 

negative values when the barrel is flowing full and the difference 

in elevation between crest and forebay water surface is a steady 

maximum. Any increase in excess flow decreases the negative 

pressures at the throat. This type of operation is most apt to 

occur during a rejection of flow at a powerplant. Figure 4C shows 

the stage versus time curve. 

Of course, there are infinite variations of the above 

stages of operation, but for purposes of our study, the three 

general ones defined are adequate. 
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Operating Characteristics 

The standard siphon spillway design chosen for study in 

the laboratory was of the type constructed on the Mohawk Canal, 

Gila Project, in Arizona. Prototype dimensions were reduced on a 

1:4 scale. The resulting siphon is dimensioned in Figure 5A. 

The locations of 50 piezometers utilized in obtaining pressure 

distribution patterns are shown in Figure 5B. 

In Figure 5A, when the forebay inflow is sufficient to 

top the crest, the overflowing sheet follows the profile to the 

deflector lip. When the rate of flow is still a very small 

amount, enough energy is available to allow an unbroken jet to 

leave the lip in a direction tangent to it, cross the barrel, and 

strike the opposite boundary. Along that line of impact, the jet 

breaks into flows in all directions, though the principal one is 

downward. An effective seal is accomplished at the point of 

impact which divides the barrel into two parts, an upper air 

cavity and a lower one. As the head in the forebay rises, air 

in the upper cavity is forced through the pressure equalizer to 

the underside of the nappe. Air flows rather freely to the lower 

air cavity because of an air demand at this point created by the 

jet bf water. In fact, a better equalization would result if it 

were possible to install a larger diameter pipe. The larger it 

is, the quicker the siphon will prime. 
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At this stage of operation, any but a very slow rate of 

rise in the forebay will cause a positive pressure in the lower 

air cavity. The pressure will continue to rise only until it is 

great enough to break through momentarily the free jet of water, 

thereby restoring the equality of pressures in both cavities. 

When this happens, priming is further delayed. 

Following impact of the ,het of water against the opposite 

boundary most of the water falls immediately into the lower bend 

pool where water has sealed now at the roof of the bend. The air 

in both cavities must be evacuated by means of turbulent mixing 

past this seal far enough to rise of its own accord to the free 

water surface at or near the exit of the outlet tube. Our 

experience with this design has shown that considerable turbulence 

is required,in the lower bend pool to begin to move air out, and 

until that degree of turbulence does exist the forebay head 

continues to increase. While the reverse curvature of the lower 

leg aids materially in obtaining an adequate seal and separation 

of air cavities, it also results in water moving toward the lower 

bend with a direction component opposite that conducive to 

discharge through the siphon. 

The design tested was the outgrowth of studies on 

vertical drop siphon spillways in which similar crest profiles 

fed a vertical conduit with a pool and sharp bend at the lower 

end. The amount of drop was merely varied to fit the particular 
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site of the structure. Consequently, only by chance did the 

required discharge, operating head, crest profile, length of drop, 

and shape of lower bend combine hydraulically to operate correctly. 

The reverse curve and the deflector lip of the present design did - 

much to improve the former design. 

Very early in the investigations it became obvious that 

the meaning of "prime" must be positively defined. Many of the 

technical papers studied as a prelude to our work made reference 

to the time required for priming of a siphon, with no criterion 

established for determining what constituted a prime other than 

visual observation. We, therefore, define a primed siphon as one 

in which the pressure at the crown or summit has reached a 

maximum negative value for the particular forebay inflow. So 

defining the term allows us to measure with reasonable consistency 

the length of time required for a siphon to reach a degree of 

prime in keeping with the inflow. The negative pressure does not 

reach the maximum possible value until the forebay inflow reaches 

the capacity discharge of the siphon at a constant head. 

The maximum discharge for the model is 5.70 cubic feet 

per second; a full prime is reached at 5.35 cubic feet per second. 

The coefficient of discharge, based on the elevation difference 

from forebay water surface to the outlet roof, is 0.84. This 

value is high compared to those measured~
I
pn some prototype siphons 

of similar configuration, but the model was built under laboratory 

controlled standards and tested in an ideal setup, two factors 

conducive to a higher coefficient. 
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Table 1 gives the piezometer pressures measured for a 

fully primed condition at points shown in Figure 5B. Along the 

roof of the model all pressures are negative, with reference to 

their respective elevations reaching a maximum value just down-

stream of the siphon breaker inlet. On the side center line, 

pressures are negative from the inlet to a point beyond the PC 

of the lower bend, and then increasingly positive through the 

lower bend. Pressures over the crest and down to the PC of the 

lower bend along the floor are higher negatively than those in 

the other piezometer sets. Maximum pressure occurs at 

Piezometer 18B, about -3.6 feet of water. 

Since the design is based on the assumption of vortex 

flow at the crest, it is of interest to learn whether vortex-type 

flow does exist. With a flow of 5.35 second-feet, physical 

dimensions of the model were used to compute the head as given 

in the equation for vortex flow, 

q = f2Wi 22-C2  2.3026b Clog(R+C) -log (R-C )J 

The value of hl so obtained is 

hl - 1.87 feet 

V Addison, Herbert, "A Treatise on Applied Hydraulics," 
Third Edition, page 168. 
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The corresponding head measured in the model and adjusted for 

elevation differences, since the siphon is in a vertical instead 

of horizontal plane, is 

h2  - 1.94 feet 

These two values are close enough to justify acceptance of the 

vortex flow assumption. 

Figure 6 is a composite of two sets of basic operational 

curves, one of maximum and minimum crest heads for the initial 

cycle of operation, and the other of crest heads for those cycles 

succeeding the initial cycle. About 0.125 foot of head at a 

discharge of 0.1 second-foot is required to prime the siphon. For 

discharges to 1.75 second-feet, operation is characterized in 

Figure 4A. The crest is dry between cycles of operation and each 

cycle is therefore independent,of the one which preceded it. 

From 1.75 to 3 second-feet) operation is as shown in 

Figure 4B. The initial cycle results in a higher head to prime 

the siphon, but succeeding cycles operate over a reduced range of 

heads. Some varying depth of water is continually flowing over 

the crest. The closer the discharge is to 3 second-feet, the 

narrower becomes the range of operating heads. 

Above 3 second-feet, the maximum crest head on the 

initial cycle continues to rise. At about 4.5 second-feet, this 

maximum head equals the barrel height at the crest section. For _ 

cycles following the first one there is no difference in maximum 

12 



and minimum crest heads, and operation is as shown in Figure 4C. 

As the capacity of the siphon is approached, the head curve for 

cycles following the initial one rises rapidly toward the head 

curve for the initial cycle. 

The curve of priming time versus discharge for the 

initial cycle of operation only is shown in Figure 7. The shape 

of the curve, particularly the reversal characteristic, can be 

explained as follows. Below 2 second-feet, the rate of forebay 

rise is not sufficiently high to cause a significant compression 

of air in the upper air cavity; however, over 2 second-feet, the 

rate of rise is high enough to cause the pressure in the cavity 
r 

to be forced above atmospheric before air pumping in the lower 

leg becomes effective. The result is to delay priming. Also, 

up to 2 second-feet the lag between the start of air pumping and 

rise in forebay is not as serious as it apparently becomes above 

2 second-feet. The two explanations offered here are closely 

related, of course. 

Prototype Test of Standard Design 

The results of one prototype test were available for 

use in this investigation. A siphon spillway on the Mohawk Canal, 

Figure 8, closely resembling that modeled in the laboratory, was 

used to obtain pressure and velocity profile data. The barrel 

was of constant section, 2 feet by 4 feet. At five stations along 

the roof of the structure, pitometer outlets were utilized to 

obtain velocity profiles across the barrel. 

13 



Designed for a capacity of'150 second-feet, the 

structure passed a maximum of 136 second-feet. The head computed 

to be required for a prime was 0.17 foot, but in the tests 0.46 

foot proved to be necessary. 

In order to show whether vortex flow prevailed within 

the siphon, Table 2 was prepared. Measured velocities were 

multiplied by corresponding radii to determine how nearly constant 

the products were. An average VR value was computed neglecting 

boundary measurements, and the deviation from that value was noted. 

Boundary measurements were not included in the average because 

wall friction upset the measured velocities. Deviations from the 

average ran from +5.0 percent to -4.4 percent. This small range 

was considered adequate proof that near vortex-type flow exists, 

and it served to lend further credence to the model results. 

Analysis of Nbdel Operation, Standard Design 

Several important conclusions were derived from studies 

of the standard design. Although this design assures positive 

separations of air volumes and seals from the atmosphere, the 

practice of bending back the lower leg to accomplish these 

objectives causes a serious delay in the removal of air from the 

barrel. This being true, the priming, though positive in action, 

is retarded, and the crest head required for priming is higher 

than desirable. Further, the built-in lag in priming produces 

greater head fluctuations than can be tolerated in most installations. 
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Numerous attempts were made to design special air-intake 

partialization devices for the model to replace the siphon breaker 

pipe. Our efforts were unsuccessful mainly because of the delay 

in the start of priming and the comparatively rapid rate of forebay 

rise. During the rise in the forebay water surface, the devices 

became submerged before sufficient subatmospheric pressure in the 

crown of the siphon could develop to drag in the needed proportion 

of air; and when the water surface dropped, siphon action was 

broken before the level reached the minimum stage desired. Thus, 

it is considered impossible to modify the model design to make use 

of a partialization device. 

Limited success in prototype structures has been had 

with air slot partializers substituted for the siphon breaker 

pipe, but where some degree of partialization was attained the 

rates of forebay rise were very much slower than in our model 

tests. In one instance where the rate of forebay rise was very 

rapid, the air slots failed to accomplish partialization at all, 

due to flooding. 

Although erosion downstream of the outlet of a siphon 

spillway was not studied with our models, in many locations the 

prime-break-prime type of intermittent operation, which is a 

characteristic of the lower third of the discharge range, could 

a not be withstood. 
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The design tested is generally a satisfactory one when 

used where the rate of rise of the forebay water surface is low 

and erosion damage due to prime-break-prime cycling can be 

tolerated. Where the rate of rise is high, freeboard allowances 

in the forebay must be increased to accommodate the greater range 

of heads which must result. 

The model data yielded no positive clue as to why some 

prototype structures operated satisfactorily while others failed 

to do so. The answer to this problem must be sought in prototype 

tests on existing structures. 

PROPOSED DESIGN OF A IOW HEAD SIPH0N SPILLWAY 

Design Considerations 

With the results of tests on the standard design of a 

siphon spillway in mind, a simplified siphon with more consistent 

and predictable characteristics was sought. Several objectives 

were established as guides for an improved design. One, a new 

siphon spillway should continue to make use of a vortex flow 

principle of earlier designs. Second, the crest head required for 

priming should be reduced. Closely related, third, was the desire 

to reduce the priming times for all heads. Fourth, if the second 

and third objectives could be attained, efforts should be made to 

fit the structure with some device for the partialization of air, 

thereby allowing the siphon to reach some degree of prime at low 

discharges without the necessity of becoming fully primed on the 
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first cycle and then settling back on succeeding ones to a 

partialized state. It was hoped, too, that the forthcoming design 

would be less difficult to construct and could perhaps be simpler 

than the standard design. 

Following library research, it was decided to pattern 

the new siphon after ones built and successfully operated in 

Europe. die design of the structure could.not be proportioned 

much differently than the original, i.e., the approach hood and 

crest section must resemble the former design and if test results 

were to be easily compared, the total siphon head must be the 

same. But the conduit downstream of the crest as well as the 

lower bend were considerably changed in adapting the European 

designs to our use. 

Figure 9 shows the proposed siphon spillway model design 

which evolved from our studies. The slope of the lower leg as 

well as the positions of the deflectors were arbitrarily chosen. 

Each deflector could be rotated from the flush position to that 

of a 45-degree projection. Divided arcs were installed to allow 

setting the deflection within 1 degree. To obtain a positive 

seal in the bucket, the downstream lip was constructed slightly 

higher than the downstream end of the sloping roof section. 

Since the maximum negative pressures near the crown of 

the standard design occurred some 15 degrees downstream from the 

crest, the outlet of the siphon breaker pipe was so positioned. 
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Our reason for choosing this location was that subatmospheric 

pressures probably begin developing in that location earlier than 

elsewhere. 

No extensive sets of piezometers for the measurement of 

pressures were installed in this siphon. The pressure patterns 

and magnitude of pressures were sufficiently developed in tests 

of the standard design, and a repetition of this work was not 

thought to be necessary, despite the different configuration of 

the exit section of the structure. 

The Model 

The model of the proposed design was installed adjacent 

to that of the standard design, Figure 10. The vertical position 

of the siphon had to be adjustable so that only one siphon would 

operate at a given time. For this reason, the mounting plate, 

held between two greased plates, was allowed full freedom of 

movement from below to well above the position of the standard 

siphon. A hydraulic jack was used to change elevations of the 

model. A tailbox was built to accommodate the discharge over a 

range of positions. 

Anticipating the need for measurement of the rate of 

air demand, the siphon breaker pipe was provided with an orifice 

plate section and accompanying piezometers. The position of the 

orifice will allow use of a partializa.tion device upstream with-

out modification. 
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Operating Characteristics 

Referring again to Figure 9, when the water crosses the 

crest, the overflowing sheet accelerates down the slope toward 

one of the projecting deflectors. The direction of flow is then 

altered to throw the water in an unbroken sheet across the conduit 

to the roof of the descending leg. The position in which it 

initially strikes the roof is dependent, of course, on the 

deflector angle. Though the jet is broken into flow components 

in all directions at the line of impact, the principal direction 

remains downward into the bucket pool. Impact with the roof and 

turbulence in the pool serve to mix air and water well. 

With the bucket full of water, an air cavity from 

forebay water surface under the hood to the bucket pool must be 

evacuated before a full prime can be realized. If the elevation 

as well as angular position of the deflector is correctly chosen, 

a jet of water will strike the pool very near the lowest edge of 

the roof. The turbulence thus created and the forward component 

of velocity combine to produce immediate air pumping. 

Two deflectors were built in the model to enable us to 

evaluate the relative merits of each position. Though test results 

showed the lower position more effective than the upper one, it 

would be unwise to exclude the possibility that a third undeter-

mined position might be better than either of the first two. 
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Results discussed here are limited to those obtained 

from the lower deflector. 

The proposed design has a maximum capacity of 4.35 

second-feet; a full prime is reached at 3.80 second-feet. The 

coefficient of discharge, based on the elevation difference 

between forebay water surface and the downstream lip of the 

bucket, is 0.62. So computing the coefficient does not give 

recognition to the height the discharging water rises above the 

lip of the bucket, but even if the total head were reduced by 

that increment, the rise in Cd would not have brought the value 

above about 0.69. 

Thus, the coefficient of discharge for the proposed 

design is much below that of 0.84 for the standard design. We 

may assume part of the reduction is caused by back pressure 

exerted by the turbulent head of water in and above the bucket. 

As will be seen in the characteristics that follow the reduced 

C  can be tolerated, or compensated for by a longer crest length, 

when considered with operational improvements. 

Figure 11 is the companion set of operational curves to 

Figure 6 on the standard siphon. About 0.035 foot of head at a 

discharge of 0.1 second-foot is required to prime the siphon. Up 

to 1.15 second-feet, operation is shown in Figure 4A. Each cycle 

is independent of preceding ones and has no influence on those 

which follow. The crest is therefore dry in the time interval 

between cycles. 
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From about 1.15 to 1.60 second-feet, the operation is 

shown in Figure 4B. The crest head rises to a higher value on 

the initial cycle than on any following cycles. Water never quite 

ceases to flow over the crest. The closer the discharge is to 

1.6 second-feet, the narrower the range of operating heads is 

after the initial cycle. 

Above 1.6 second-feet, the maximum crest head on the 

initial cycle continues to rise, but for cycles following there 

is no difference in maximum and minimum heads. As the discharge 

approaches 4.25 second-feet, the crest heads for all cycles become 

nearly the same. Between 4.25 and 4.35 second-feet, the crest 

head rises from 0.425 to 0.5 foot and the siphon capacity is 

reached. Operation above 1.6 second-feet is shown in Figure 4C. 

The curve of priming time versus discharge for the 

initial cycle of operation with the deflector set at 45° is shown 

in Figure 12. The displacement which takes place about 1.15 

second-feet can be explained as follows. At all discharges above 

this, the rate of flow over the crest during priming is sufficient 

for a very short period of time to break the water seal at the 

low.point of the roof. In other words, the turbulence at that 

location reaches such a magnitude as to depress the solid water 

surface below the sealing edge, allowing a sudden slug of air 

into the air cavity of the barrel. The resulting momentary 

reduction of negative pressure in the cavity causes a delay in 

priming while the invading air increment is pumped out and the 

priming process is resumed.. 



In the low range of discharges, up to about 0.5 second- 

foot, the crest head required for priming increases as the 

deflector angle decreases. If the angle is less than 20 degrees, 

priming becomes erratic and unreliable, the siphon being more apt 

not to prime than it is to prime. 

Analysis of Operation and Comparison of Standard and Proposed Designs 

The proposed design of siphon spillway operates with 

much greater consistency than the standard design. In obtaining 

characteristics curves, it was necessary to average a greater 

number of points to obtain the plotted ones in the case of the 

standard design; with the proposed design the spread of points to 

be averaged was much narrower. 

The manner in which the crest heads increase with 

decreasing deflector angles, raises a question as to whether the 

head for 50 or 55 degrees might be lower yet. There must be a 

practical limit, of course, and we were unable to increase the 

angle accurately without rebuilding the section containing the 

deflectors. 

The principal advantage of the proposed design over the 

standard design is the significant reduction in the time to prime. 

The lag between the time water flows over the crest and air 

pumping begins having been nearly eliminated, efforts to fit the 

new siphon with a partialization device may meet with more success _ 

than was had with the standard siphon. 
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The new design also is capable of priming at a lower 

discharge than required for priming the standard design, and it 

therefore is capable of partializing, even with a siphon breaker 

pipe, earlier in the discharge range. 

Future Investigations 

The studies conducted to date are by no means complete. 

It is our intention to concentrate attention on providing the 

proposed siphon design with a partialization device which will 

satisfactorily proportion the intake of air in the crown. 

Many different avenues for investigation have occurred 

to us which should be explored to make the studies complete. The 

slope of the downstream leg of the proposed design should be 

varied, as well as the position along the slope of the deflector. 

The shape of the bucket and elevation of the downstream lip 

undoubtedly influence the total operating head; a separate study 

could be made of these features. 

We believe that the new design, even with conventional 

siphon breaker pipe, is an improvement over that formerly used. 

Efforts will be made to build a prototype structure with test 

facilities for the purpose of developing characteristics at the 

larger scale. 
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Table I 

PIEZOMETER PRESSURES 
Siphon Spillway Model --Standard Design 

Scale 1:4 
Q. = 5.35 cfs 

: Pressure in: : Pressure in: : Pressure in 
Piezometer: ft of water:Piezometer: ft of water:Piezometer: ft of water 

1 0.62 9 -0-85 15 -2.1 
lA -0.98 9A -0.79 15A -1.69 
1B 1.49 9B -0.91 16 -2.17 
2 0.73 10 -1.13 . 16A -1.90 
3 0.69 10A -o.61 16B -3.34 
3A -0.81 10B -1.89 17 -2.14 
3B 0.77 11 -1.28 17B -3.32 
4 0.56 11A -o.65 18 : -1.96 
5 : 0.35 : 11B -2.42 18A -1.45 
5A -1.16 12 -1.53 18B -3.58 
6 0.09 12A -0.94 19A : -1.22 
7 -o.16 13 -1.77 19B -2.88 
7A -1.63 13A -1.22 20A -o.62 
7B 0.26 14 -1.94 21 -2.05 
8 . -0.47 14A -1.47 22 -2.90 
8A -1.27 14B -2.89 23 -2.90 
8B -0.23 : N 

Table II 

VARIATION OF VR s  k WITH RADIUS IN PROTOTYPE 
SIPHON BARREL AT THE CREST SECTION 

Radius 3.0 : 3. 3. : 3. 3. .0 .2 . 5. 
Velocity :21.3 :21.3 :20.25 :19.31:17.70:16.43:15.65:14.43:13.76:13.31: 11.61 
VR :63.9 :68.2:68.8 :69.5 :67.3 :65.7 :65.7 :63.5 :63.3 :63.9 . 58.2 
Deviation from:-3.5%:+3.0:+3.9 :+5.0 :+1.7 .-0.8 .-0.8 .-4.1 .-4.4 .-3.5 -12.1 

vR = 66.2* : 

*Average of all VR values., excluding those at boundaries. 



Throat-,, ,- Summit 

Siphon breaker, 
.-Upper bend 
---Vent  to equalize pressure 

above and below nappe Normal W.S.-, y- - ---------------------------------------- 

S e a l ----  
Slot to aerate nappe 

Upper log----, ;600-% H - 
Crest-' _ -Nappe 

Outlet W.S.- -- 
Lower leg - _~ ►  — 

d 

Lower bend--  

- Diverging tube 

TYPICAL LOW—HEAD SIPHON SPILLWAY 
(Maximum head = atmospheric pressure equivalent at site) 

DESIGN DATA 

q = CD 2gH < Rc  

q = Cubic ft. per sec. per ft. of crest width 
Rc = Radius of crest at throat in ft. 
R(I = Radius of barrel center line in ft. 
Rs = Radius of summit at throat in ft. 
D = Throat height in ft. 

x log a Rs Rc _ ( Vortex flow---,   Max. q 

d= Depth of water at outlet in ft. 
h = Atmospheric pressure at site in ft. of water 
H= Available head 
C= Discharge coefficient based on d/D and Rl

t/D 
g= 32.16 
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VALUES OF dip 

VALUES OF C FOR USE IN EQUATION q= CD 2gH 

Curves based on following assumed losses: 
Entrance ..................0.20 by (Siphon throat) 
Friction (hf) .............025 by (Siphon throat) 
Bends...(Rq-/D =2.5)....0.42 by (Siphon throat) 
Outlet Diverging ........ 0 20 Ohv ( by at throat— by at outlet) 

Converging ...... 0.10 .6 by (hv at outlet — hv at throat) 

TYPICAL LOW—HEAD SIPHON SPILLWAY 

COEFFICIENTS OF DISCHARGE 



Figure 3 

A. Model forebay, showing entrances to two siphon 
spillways and water stage recorder box. 

0 

B. View of standard siphon spillway, with piezometer 
tubes and manometer board. 

SIPHON SPILLWAY MODEL TEST SETUP 
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FIGURE 7 
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SECTION ELEVATION 

PIEZOMETEK AND P/TOMETER LOCAT/DAIS 
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FIGURE 12 
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