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1. Fur ose of investi atlon. ~ erfall 

section for the spill~y at Davis Dam, in ~ : 

the followln C manner. The section fro dam 

• to the crest was designed to fit the shape of the lower surface of the 

sheet of water flowing over it for the gate completely open and a 5@- 

foot head on the crest. The portion from the crest to the beginni~ 

of the reverse curve in the spillway bucket was proportioned to fit: 

the theoretical trajectory of a sheet of water issui~ frOma 1-foot 

gate opening produced by a head of 50 feet on ~he crest, This has been 

the customary method of desi~n~ overfall shai~-i with! or slide 

gates on the crest. The principal oonsidera~on in thisilcase~has ~been 

to proportion the shape of the ov . ~  " " erzall section t 

the under side of the overfalli~ sheet of ~ter : _ __Je 

condition of operation. This vrill resul~ am 

well as the most e~fioient shape of sect ~ie 

pressures will be extremely small or nonexistent. There are in exist- 

enos, dams on which the spillway section falls inside the profile out- ~:!!~ 

lined by the under ,shape of the overfalli~ sheet of water 

maximum dis~arge condition. Where aeration under the she, 

is difficult to obtain, fluctuati~ pressures ,under the nappe ~re often ~. 

the result.e I When a negative pressure occurs under the nappe there il 

a tendency for the sheet of w~ter to be forced down against the face @f 

References to the vib~tion of the sheet of water flowing over dams 
are contained in the bibliography at the conclusion of this reports 
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the spillway se~ion, As this pressure reaches a sufficiently negative 

value, partial temporary relief is obtained by air either penetrat~ 

through the sheet of water or by air ,~xtracted from the water as the 

p~essu~'e under the sheet approaches the ~apor pressure of Water. The 

result is continually ohan~in~ pressures, resultin~ in fluctuations of 

the overfall~ sheet of water for the greater discharge conditions. 

In some oases this fluetn~tion has initiated audible pressure waves in 

the atmosphere causing windows to rattle. 

vicinity of the dam to oscillate with some~imes Imlra,erreo~s. Experl- 

once has shown that fluctuation of the sheet of water ordinarily pro- ~i 

duees no particular material damage to %he ~pillway on whiehitocmurs, 

however, it is clearly evident that the sense 

this condition are not conducive to a health~ 

living downstream from the dam. For this r~ason, primarily, it,has'been 

customary in the Bureau of Reclamation to design spill~y~shapes to 

either fit t~hs lower nappe shape of th~ of this 

profile for maximum flow conditions, tl ~ssures. 

Tests on the Davis Dam spilh~y were made for the ,purpose of in- 

vestibating pressures on the spiliway face when"the proil!~of ~e Over- 

flow section falls inside the trajectory of the sheet of water flowir~ 

over it. In the latter case the overflow section ~AS prol~ortioned from 

the material in the "Abstract of Studies of Crests For overfall Dams. 

bulletin S, part VI of Boulder Canyon F~nal Rep 

HYD-!22. The entire overflow section was desi6 

the lower nappe of t~e sheet of water flowir~ over it for the gate 

completely raised ~ith 58 feet af head on the crest, In this case nega- 

tive pressures can be expected at the smaller ~ate openings. A compar- 

ison of the profiles of the ori~nal and the revised overflow sections 

for the Davis Dam s pillwa[,,, is shown on figure 2, The revised design .... 

represents a large savin~ in concrete. 

2. ~e model. Investigation of the press,~res on the faae of the 

revised spillway was made by the aid of a model constructed on a 1,50 

scale. The model was fabricated accurately of sheet metal and installed 

in a reetar~ular flume ~3 inches in width. A photograph of the model, 
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looking upstream, is shown on fi&ure SA. A half pier was installe~ 

on each side of the flume thus the crest length represented 88 feet, 

p r o t o t y p e .  Actually, the Davis Dam spi!Iv~y will have S &ates msas- 

uri1~ 50 by 50 feet. Seventeen piezome~ers were installed alon~ the 

face of the model and the pressures were registered by water mano- 

meters as shown in figure ~B. A profile of t~e spillway shape was 

drawn on the msnomemer board on a Is50 scale end the results were re- 

corded by photographs. Pressures above the line are posi +~=~ ~*~n-~ 

below are negative° Pressures can be scaled from the pho~ 

an e~ineer's scale (I inch = 20 feet). :he &a e positiol 

head under ~ich the spillway ~ cperatin~ are shown!bn each of the 

followin 6 phoho&raphs. A f ew  drone of ~i aerosol and fluoresoein 

solution were placed in each of the small monometer tubes and oonnect- 

in~ lines. The aerosol served to counteract surface tension and the 

fluoreseeln fluoresced in the presence of ultra-violet~:light produo- i !/~ 

in~ a ver~ distinct record on ordlnaryphotographic film. 

S. Pressure results. A series of tests was first made for vari- 

ous heads on the crest with the ~ate raised ~ completely clear of the 

water. Fhoto&raphs were taken of ui~e manometer board for each head. 

As the overflow section was designed for a head of 58 feet, the ~ first 

run was made for this c~ndition and the pressures are shown 

5B. Aotua/ly all of the p:essures for ~his run should read 

revised overflow section, shown on figure 2, w~s designed for this con- 

dition as a criterion. This means that the water surfaces in the mano- 

meter tubes should fall alon~ the profile line on the manometer board. 

The results are within experimental error and seldom is the agreement 

between the design data and the model results better than that s}~wn 

on f~ure ~B. The variations in pressure are due principally to in- '~" 

accuracies in installin~ the piezomsters in the model. These are 

difficult to control on a surface of this shape, Some of the pressures 

are z e r o ,  some poe tive, and a few sliohtly negative. Figures 4 to 7~ - 

inclusive, show pressures on the overflow face, with the ~ate out of 

water, for heads of 50, 40, 30, 25, 20, 15, 10, and 5 feet on the crest. 

These runs ?~sre made as a matter of record for future reference. 

8 
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A second series of tests was made for various gate openings *~nile 

holdin& the head on the crest at 50 feet. A recordof the pressures 

on the overflow face for gate openings of 2, 4, 6, 8. I0, 12,.14, 16~ 

20, and 30 feet is shown in figures 8 to 12, inclusive. It was no% 

possible to obtain a satisfactory record of the pressures for a 40- 

foot gate o~enir4~ at a head ......... 

flow or the point at which 

bottom of the gate. The ne en 

the most severe operatin~ c re- 

corded was 3 feet of wa~ • 

8 and 9 for several 8at~ . . . .  to ~12 feet. This ~is 

not considered to be of sufficient magnitude to produce any noticeable 
~F 

effect on the operation of the spillway act mall ne~a-: • 

tive pressures should keep the sheet of con 

against the spillway face. They are not large en Lef 

or self-aeration in themselves. Inasmuch as it [ore 

the possibility of future use of overfall sectior ative 

pressures on the fame, it appears that this • desig y . 

gure I, is so 

cesl~neQ 1~q~ unoDs~ruc~ea aeration oi ~i~e overi'all fa~ ~ - - 

ble downstream from the pier~. There i8 no provision between 

for Leration ~ud ned.ative pressures will be present in this re 

the conditions of operation shown on figures 8 through 12. 

4. Spillwa~ calibration. As this model was ol sufficient ~ize 

for cal~bration purposes, a set of runs was made at vari0us heads an4 

gate openir%s, Calibration curves obtained from thSs data show the 

head clotted with respect to discharge for various positions of the 

gate on fi&ure 13. The curves represent the discharge for.one of ~hree 

50- by 50-foot ~ateso The dotted line parallelin~ the freemdise.harEe 

curve indicates the head at which the flow c?~n6es from orifice flow 

to free discharge for a fallin b upstream reservoir surface. A coeffi- 

cient of discha,'~e curve is s~wn for free flow on the ri6ht of fi&ure 

IS. The coefficient of discharge for the designed head of 58 feet is 

11 
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