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Denver , Colorado, I.{ay 12 , 1933 

MEMORAl!DUM TO CHI� DESIGFlNG ENGilm:R 

By E. �. Lane, Research Engineor 

Subject: Hydraulic l.:odel Experiments for tho Design of the Hoover 

Dam - Book 2 - Results of Visual Tests on Semifinal and 

Final Designs. 

The experir:�ents upon the first model types, and particu­

larly the renults obtained upon the first model constructed at the 

Montrose laboratory, sh011ed that unusual care would be necessary 

if a spillway was to be developed which would be satisfactory, not 

only in the action in tho spillway channel but also in the tunnels 

leading from the spillway proper back to the river. 

Since no very satisfactory type wns evolved by the tests 

on the first 1:20 and 1:100 models at the Montrose laboratory, nor 

by tho addition to t�em of various forms of baffles, a new model 

was installed at the Colorudo Agricultural Laboratory which embod­

ied the portinont results of the observations on the previous mod­

els. Tho principal difference bet�eon this model as originally 

constructed, and the first Montrose model (M-1) was that the slope 

of the channel botto1:1 in the new rnodol was fl.attor, in order that 

tho depth ·or \18tor in it would be greator and the turbulence there­

fore reduced. • 
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Drum Gate Side Channel SJ)illy,aY Model C-4 

The prototype of the C-4 modol 1s shown on Figure 13. 

The modol �as built on a scale of 1:60 or 1 inch on tho model equal 

to 5 foet on the prototype. It had four drum gatos, each 100 toet 
. ... 

long, and a side chnnnol trough approximately 45 feet deop at the 

uppor end and 95 feot at tho lower ond. The crest and side channel 

were constructed of wooden frames covored with galvanized iron. In 

the first tests the model did not have movable gatl!s, the solid crest 

being shlipod to represent the condition with the drum gates down. 

Gates �hich could be regulated 'Were added later. The transition 

:rrom the trapezoidal channel to the ·circular 50-foot diameter tunnel 

was mado by running laths between accurately cut and spaced collars 

and plastering over them with a mixture of quick-setting cement, 

lime and sand. The top of the transition was left off :f'or some 

distance in order that the flow in it might be observed. Unfor­

tunately no satisfactory pictures of this flow could be obtained, 

due to interference of the 1'raming ond lock of light. 

The flow over the model was measured on a 2-foot Cipol­

letti �eir, previously described. The location of tho model in the 

laboratory was practically the same as that of' the C-2 model shown 

on Figure 4. The height of the model crest mis sufficient to sub­

merge the measuring weir at high discharges, and an extensive se­

ries of volumetric maasurOJ:1ents were m3de to accurately calibrate 

the measuring ueir under this submerged condition. The maximum 

2 
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discharge over the model was about 7.2 second-feet and the corres­

ponding depth on the model crest about 5 inches. The head on the 

model crest was observed by means of float gages, as previously 

described. 

In the tests made upon this model, except in a few in­

stances which will be noted, no major changes were made in the 

shape or either side of the channel or in their position with re­

spect to each other. The principal changes were made in the tran­

sition from the trapezoidal channel to tunnel section, usually 

spoken of as the "transition," in the addition of baffles, and in 

the presence or absence of the model topography or the hillside. 

The main object of the experiments was to develop a de­

sign which �ould allow the water to flow down the tunnel as smooth­

ly as possible without completely filling the tunnel section. A 

large number of teats was also performed to investigate the effect 

of various devices on the flow. In order not to llllduly increase 

the size of this report, the details of most of these setups are 

not presented in it, but a copy of a sketch of each one is filed 

with the off'ice file copjesof this report. 

Considerable quantitative data was also observed on this 

model. Croaa sections of the flow in the channel were observed 

for a large number of conditions. A number of observations were 

made in the transition on the depth of flow. Determinations were 
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also made ot the discharge coefficients of the bgee crest forms 

used and of the tiow over the crest gates at various positions. 

The results of those quantitative observations are discussed in 

later sections of this report dealing with these particu1ar fea­

tures of spillway design. 

Results of the Tosta on the C-4 Model 

The condition in the orii3inal design of the C-4 drmn 

gat6 spillway is shown on Plate 53. T?iese show that the water en­

tering the tunnel was much higher against the rear wall, which 

caused a transverse f'low in the upper end of the tunnel and produced 

\DI.desirably rough conditions of flow down the inclined shaft. A 

similar transverse flow action is well shown on Plate 57. It was 

believed that by blocking ott the down.stream 60 feet of the spill­

way crest this condition would be improved. This was tried, and 

the reduction in flow over the crest was compensated for by a gate 

at the upper end of the channel which permitted the water to flow 

directly into tha channel along its axis. The resµ].ts of this ex­

periment indicatod that if a space of 60 feet was left between the 

end of spillway s�ction and tho entrance to the steep slope of the 

transition it would allow the difference in elevation on the two 

sides of the channel to equalize upstream tram the transition flJld 

eliminate the cross flow at the tunnel entrance \ihich would result 

in much better conditions of flow down the tunnel. 



A-MODEL WITH TRANSITION NO.I B-DISCHARCE 80,000 SEC. FT. 

C -DI SCHARCE 160,000 SEC. FT D-DISCHARCE 200,000 SEC. FT. 

ORIGINAL DESIGN OF DRUM GATE SPILLWAY MODEL C-4 

TRANSITION NO. I 

PLATE 53 



PLATE 54 

A-MODEL WITH TRANSITION NO. IA B-DISCHARGE 80,000 SEC. FT. 

C-DISCHARGE 160,000 SEC FT O-OISCHARGE 200,000 SEC FT 

DRUM GATE SPILLWAY MODEL C-4 
WITH 60 FT. CHANNEL EXTENSION-TRANSITION NO. IA 



A-IS FT. WEIR AT END OF CHANNEL 

. � ... . . � 

C-30 FT. WEIR AT END OF CHANNEL 

DRUM GATE SPILLWAY MODEL C-4 

B -20 FT. WEIR AT END OF CHANNEL 

EFFECT OF CROSS WEIRS OF VARIOUS HEIGHTS AT 
LOWER END OF CHANNEL WITH 200.000 SEC. FT. DISCHARGE 

l) 
r 
}> 
-l 
fTl 

u, 
u, 



A- MODEL WITH 21 FT. Off SET 

B -DISCHARGE 200,000 SEC. FT. -LOOKING DOWNSTREAM 

DRUM GATE SPILLWAY MODEL C-4 
EFFECT OF OFFSET IN CHANNEL SIDE 

.. 

C-DISCHARGE 200,000 SEC.fT.-SIDE VIEW 

"' .. 



PLATE 57 

A DISCHARGE 120,000 SEC FT 8-DISCHARGE 160,000 SEC. FT. 

C-DISCHARGE 200,000 SEC FT 0-01 SC HAR GE 200,000 SEC. FT. 
LOOKING DOWN THE TUNNEL 

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO.2 
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Channel Extension of 60 Feet 

The spillrray model uas therefore modified by moving the 

transition 60 f'eet downstream, v,ith a straight section, having 

relatively level bottom, inserted between the end of the spillway 

section and the transit ion, as sho·;m in Fig. 14 and Plat.a 54. The 

improvements resuJ.tin� fr01n the addition of the 6O-foot section 

may be seen from a comparison of the views on Plates 54 and 53. 

The elongated transition also caused a greater depth of' the water 

thr0l.1t3l1out tho chanrl.el, and resulted in a SL1oother flow of the wa­

ter all alone the channel a:id as it entered the sloping section of 

the transition. This greater depth of water in the channel was not 

sufficient to reduce the coefficient of discharge by creating too 

great a subrnt!rgence of the crest at the upper end. 

press Weirs of Various Hei(-Jits 

Tho extension of tho channel sdction below the spillway 

creot 7i8s consid�rucl extremely beneficial and uas incorporated in 

tho succoasi vc i.:tu1,:; luadinG to thCs final d0si311. Tho increased 

depth of the ,1ator in the channel seemed advantageous and an inves­

tigation r,an r.m::.l0 o_· tho poasibili ty of improving tho flow conditions 

by cauoing still creator depth of channol flow by moans of a weir 

across tho chun:r..ul at tho lower 011d. A sut of' expcrir.1unts was tried 

r,i th weirs of lJ, 20 and 3O-foot height at the e:�id of thu 6O-foot 

oxtcnsion in the c:lannul. 'i'llesc: teats indicated thnt tho flor, con-

� 
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ditions improvod as the weir increased in heie;ht, as �horm on Plato 

55. 

Offset in Channel ·-rail on Crest Side 

For all conditions of flow in the spillway, part of the 

channel oppesi te the ogoe crest .ras taken up by tho wator flouing 

ovor the crest which had a very small component of flow in tho di­

roction of tho channe1. Tho space occupied by the water flowing 

along the channel '\78S therefore practically that betv.een the rear 

wall and the outer !'ace o:r this nappe ·fran the weir. At the down­

stream end of tho ogee section tho effective channel orea suddenly 

increased to tho :full width of the channel, since thero was no 

nappe thero to reduce the section. This abrupt enlargement caused 

a whirl on the crest side of the channel where it occm-red and a 

cross movement of the nator :from the opposito side of the channel 

took place as tho miter adjusted itself to tho new channel shapo. 

Both of these actions resulted in undesirable conditions of flow 

down tho tl.DlDol. 

In order to remedy this condition an offset �:-as con­

structed on the weir side of tho transition, beginning just below 

the ogee section (Plate 56-A}, '1hich tended to make the side of 

this portion of the channel moro nearly a continuation of tho e f­

fective side of tho cliannal upstream from it ; i. e. , tho upper 

face of the nappo from tho ogee ueir. This offset also had the 

6 
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effect of' reducing the channel section in the transition and thus 

producing a greater depth of flow in the channel. Both of these 

effects acted together to improve the-nature of the flow in the 

channel (Plates 56 and 57-D) and in the transition and tunnel. 

Tr.ansi t1on No. 2 • 

This action was further taste� by the construction of 

transition No. 2 (Figure 15) which incorporated a 15.3-foot off­

set on the crest side and a cross weir with crest at El. 1125 at 

the entrance to the transition. This caused an improvement in the 

flow entering the tunnel, as may be seen by a comparison of Plate 

57 with Plate 53. The flow down the tunnel with this setup, al­

though fairly SIJOoth, was 1e·ss desirable than was secm-ed in the 

final design, as it filled the shaft to a greater extent. 

By raisinB or lowering the entire transition section, 

keeping the rear wall of the transition in line with the rear wall 

of the channel, t!!.e height ot the cross weir could be changed and 

at the same tiino t��e offset on the crest side varied, the offset 

increasing as the cross weir height increased. An offset of 10 

feet was found to give the best conditions and a greater distance 

was found to be detrimental. When the transition was raised to 

sufficient hoight to produce a cross weir of enough height to give 

the best conditions in th� channel, however, the offset produced 

was too large. 

7 
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Transitions Nos. 3 and 3A 

Transition !'!o. 2 did not include the 60-foot length be­

tween the ogee crest and the beginning of the steep soction, and 

the lack of it was ovident in the results obtained. In order to 

incorporate all the points tending toward good results which."' had 

been discovered in the previous tests, another transition, No. 3, 

was built which included the 60-foot extonsion, the 10-foot offset 

at the end of the ogeo crest and a cross weir_43 feet high, with 

crest at El. 1145. 

The di�ensions of the pro�otype of this transition are 

given in Fig. 16. Plate 69 shows the model and the conditions of 

rlow. This forr.i of transition gave exceptionally smooth flow into 

the tunnol at the maximum discharge. ·However, at this discharge it 

backed tho water up in the channel causing sufficient submergence 

of the crost to reduce the spillway capacity. This transition (No. 3) 

with minor changes was incorporated in the :final design. 

In transition Mo. 3-A, shown on Fig. 17 and Plates 60 and 

61, tho No. 3 transition was louered 5 foet, making the weir at the 

entrance at elevation 1140, �hich docreased the submergence of the 

crest and increased thu discharge capacit y. Tho action in the spill­

way channel and transition, however, were not as favorable as with 

transition No. 3. 

T.ransition Ho. 3-C, shown by Fig. 1a. was mado from tran­

sition No. 3 by adding a level section of channel bottom at El. 1110 

8 
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A-DISCHARGE 120,000 SEC fT WITH "TRANSITION NO 2 B-DISCHARGE 160,000 SEC FT WITH TRANSITION NO 2 

C-DISCHARGE 200,000 SEC. FT. 
C -DISCHARGE 200,000 SEC fT WITH TRANSITION NO 2 WITH TRANSITION NO IA AND CROSS WEIR 

DRUM GATE SPILLWAY MODEL C-4 

1) 
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PLATE 59 

A -MODEL WITH TRANSITION NO 3 B-DISCHARGE 80,000 SEC FT 

C -DISCHARGE 160,000 SEC FT u-DISCHARGE 200,000 SEC FT 

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO. 3 



P�A,c b 

A-MODEL WITH TRANSITION NO. 3A B-DISCHARGE 40,000 SEC. FT. 

C-DISCHARGE 80,000 SEC FT D-DISCHARGE 120,000 SEC FT 

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSIT ION NO �A 
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tran the end of the spilluay section �07 feet downstream to the 

cross weir, which was at El. 1140. This was done to test the ad­

vantage ot a longer section than 60 feet between the we&r crest 

and inclined portion of the transition. The increased length 

was ot no advantage and no further tests were made �1th it. 

Transitions Nos. 4 and 5 

Two other toms of transition were experimented upon. 

One of these, Noo 4, was very similar to No. 3-A except the parab­

ola ot the bottan of the transition was much steeper in No. 4, as 

shown in Fig. l�o The results of the steeper parabola were not 

satisfactory. Transition Noo 5 (Fig. 20) had a low cross weir at 

Elo 1125 and an offset on the crest side of the transition, the 

same as transition Noo 2, but had a very much flatter parabolic 

slope tar the bottan of the transitiono This transition did not 

�ove the flow_down the tunnel, and seemed to indicate that the 

high cross weir was necessary with a flat parabolic curve to give 

good .. flow down the tunnelo Tha conditions of flow with transi­

tions lloso 4 and 5 are shown in Plates 62 and 63. To improve the 

approach to the spillway in tests using transition no. 4 a curved 

guide wall was placed upstream fr0t1 the crest at each end as shown 

in.Plate 61-C. This curved wall improved the flow and was retained 

in the final design. 

9 
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PLATE 6 1  

A-DI SCHARGE 160,000 SEC. FT. 8-DI SCHARGE 200,000 SEC. F T. 

C -CURV[O GU DE WALL AT E N D  OF SPILLWAY C R f. 51 

D R U M  GATE S P I LLWAY MODEL C -4 W I T H  TRAN S I T I O N  NO. 3A 



P L A T [  62 

A-MODEL WITH TRANSITION NO. 4 B-01 SCHARGE 80,000 SEC FT 

C - DISCHARGE 16�000 SEC FT 0-0ISCHARGE 200,000 SEC FT 

DR UM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO. 4 



P L A T E  6 3  

A - MODEL WITH TRANSITION NO. S B - DISCHARGE 1 00,000 SEC. FT. 

C - D I SCHARGE 1 50,000 SEC F"T D - DI SCHARGE 200,000 SEC FT 

DR UM GATE SPILLWAY MODEL C-4 WITH TRA NSITION NO. S 
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Curved Wall at Upper End of Channel 

Since transitions Nos. 4 ·  and 5 proved less satisfactory 

than No. 3, the latter was replaced in position and future tests 

c()Jltinued w1 th it. · Curved walls were introduced from the upstream 

end ot the spillway face to the back of the channel to smooth out 

the flow in the upper end of the channel as show in Plates 64 and 

65 and Fig. 250 The condition with the square e�d in the channel 

is ahcmn OD Plate 660 At low flmls an undesirable wave ffllS formed 

at the upper end of the channel (Plates 64-B and 65-B ) similar to 

that tound on the U-1 model (Plate 34 ) .  At high flows the curved 

wall had 11t1'le eff'ecto The general appearance of the spillway was 

much better -With o curved upstream end, and by the proper gate .ma­

nipulation it would never be necessary to form this tmc'!9sirable 

waveo The curved wall was therefore incorporated in the final de­

aigllo 

In testing model c-4, three different forms of spillway 

crest were used in an attempt to ir.lprove the discharge coetticientso 

The use of the three types had no effect apparent to the eye on the 

action of the spillnay. Their quantitative effect on the discharge 

will be discussed in the later section of this report dealing with 

the now over ogee orests. 

10 
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A - MODEL WITH SHORT RADIUS CURVE B -DISCHARGE 80,000 SEC. F"T. 
LOOKING U P STREAM 

C - DI SCHARGE 200,000 SEC. F"T. 
LOOKING UPSTREAM 

DRUM GATE SPI LLWAY MODEL C-4 
SHORT RADIUS CURVE AT UPPER END OF CHA N N E L  



A - MODEL WITH LONG RADIUS CURVE B-DI SCHARGE 80,000 SEC . FT 
LOOKING U PSTREAM 

DRUM GATE SP I LLWAY MODEL C-4 
LONG RADIUS C U RVE AT U P P E R  END OF CHANN EL 

C - D I SCHARGE 200,000 SEC. FT. 
LOOKING UPSTREAM 
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A -MODEL WITH SQUARE END 
B-DISCHARGE 80,000 SEC FT 

LOOKING U P STREAM 

DRUM GATE SPI LLWAY MODEL C-4 

UPPER E N D  OF CHAN N EL WITHOUT CURVE 

C-DISCHARGE 200,000 SEC. FT 
LOOKING U P STREAM 
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Tests of Baffles and Similar Devices on the C-4 Model 

The form ot spillway finally adopted contains no battles 

or other devices to break up currents and smooth out the flow. The 

tests leading up to this selection • however , included very extensive 

experiments on such deviceso Most ot these tests were performed on 

the C-4 model, Although considerable progress wait_ made in improving 

the flow conditions by this means , satisfactory results were secured 

without them and it was believed that the additional improvement did 

not warran� the extra expense involved in their construction. How­

ever , it is believed that a record of these experi.Llents will be of 

value to future designers o:f side channel and other spillways and 

they are therefore briefly described herein. 

The tests in this field were very comprehensive, including 

a variety o:f basic forms and a great number or minor changes and 

combinations. of them. In all , about 100 ditf'erent arrangements and 

combinations wer� tested. To include a discussion of all or theso 

would unduly lengthen this report. Only a brief account has there­

fore been included , but to preserve a record of all the tests a sot 

of sketches of all the baffle arrangements on all ot the modols has 

been drawn up and :filed with the office file copies of this roport. 

Theso tests were carried on simultaneous}.y with the devol­

opmonts loading to the final design, and therefore include runs with 

battles using all the various transition forms previously discussed. 
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In order that tho dovelopnents leading to tho final design might not 

bo obscured, it was believed botter to discuss these main steps sep- · 

arately fran tho tests with baffles, rathor than to cov�r them both 

in a chronological order. In discussing tho baffles, only tha stops 

in the dvvolopment of the principal forms will be described. 

Tho purpose or the various bafflo devices was to check the 

velocity produced by tho fall ovor tho spillway crest, aa this would 

lesson the turbulence in the channel and reduce the height to which 

the water piled up on tho rear side of the channel. Tho accomplish­

ment of these results improvod the flow conditions down the tunnel. 

False Floor Sloping Across Channel 

One of the first methods tested to accomplish these re­

sults was the installation of a falso floor sloping across the chan­

nel , intersecting tho rear sido of tho channel at an angle of 96° at 

tho elevation o'f tho channel bottom, as shown on Figure 21 and Plate 

67. This altoration was expected to raise the water am-face on the 

crest side and direct the jet against a normal surfaco, on which the 

tendency to rise uould be lea• than in  tho case of the original form 

where the angle was obtuse. 'rho results with this sotup wore but 

11 ttle improvement ave-r the eriginal form, as may bo seen by a com­

parison of Plates 53 and 67. The effect of adding curved-faced baf­

flos in throe positions 011 the cross sloping floor ; 1 .  o. , near the 

rear wall , on the cantor line, and near tho crest side, were also 

12 
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A - MODEL WITH FLOOR SLOPING ACROSS 
CHANN EL,96° TO REAR WALL 

C-DI SCHARGE 160,000 SEC. FT. 

B-DISCHARGE 80,000 SEC. FT. 

D-DISCHARGE 200,000 SEC. FT. 

DRUM GAT E  SPILLWAY MODEL C-4 TRANSITION NO.I 
EFFECT Of FLOOR SLOPING ACROSS CHA N N E L  

PLATE 6 7  
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tried. The latter position was most beneficial as the baf'f'les tend­

ed to even out the i'low aoro�s the channel at all fl.owe except the 

very low ones , as shown on Plate 68. SOme of tlle other minor changes 

of this general :torm are shown on Figure 21 • 

�ough 1n Jr.ront Halt o:r Channel 

Another form of' baff'le tested was a ledge on the rear halt 

of the channel, leaving a trough on tho crest side as shown on Fig­

ure 22 and Plate 69-Ao This ·is ap!)rOximately the same form as test-

ed · on the M-1 model and shown on Plate 40. At high 1'lows the o:tf'ect 

of' the trough was beneficial, but tor low flows it was probably J.ess 

desirable than the original deslgn. The details of same o:r the vari-

ations of' this major form which were teste� are shown on Figure 22. 

Dentated battles on the tront eclge of' the ledge (Plate 69-C ) 

resulted i1l improved conditionso This form led to cutting the den­

tates in the ledge itself' and then to the addition of the projecting 

blocks , which ma.de up the best f'orm of battle devised. This f'orm of 

battle is shown on Plates 70 an4 7:1.gure 23. The e:tf'ect of' the den­

tated. baffle may bo seen by eamparing Plates 61 and 70. A f'ew of' the 

many varieties of' this battle are shown on Figure 23 • 

In its best fOl'Dl this ba:tf'le was 20 feet high at the upper 

end of the channel and 30 feet high at the lower end, and was placed 

diagonally across the channel bottom f'rom a position 10 f'eet in f'ront 

of channel center lino at upper end to 10 feet in roar of center line 

13 
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A -MODEL WITH DENTATED DEfLECTORS 
ON CREST SIDE OF SLOPING fLOOR 

..::: -..__ ..._, ' ---

'--...I 

P L A T E  68 

B :- DI SCHARGE 50
1
000 SEC. FT. 

C - MODEL WITH DENTATED BUCKETS ON 
CREST SIDE OF SLOPING F"LOOR 

0 - D I SCHARGE 200.000 SEC F T  

DRUM GATE SPILLWAY MuDEL C -4 TRANSITION NO. I 
EFFE CT OF DENTATED DEFLECTORS a. BUCKETS O N  SLOPING FLOOR 



A-MODEL WITH TROUGH IN FRONT 
HALF Of CHANNEL 

C-MODEL WITH TROUGH IN FRONT HALF 
Of CHANNEL AND DENTATED SILL 

B-DISCHARGE 200,000 SEC. FT 
PLAIN OFFSET 

D -DISCHARGE 200,000 SEC. FT. 
OFFSET WITH DENTATED SILL 

DRU M GATE SPILLWAY MODEL C - 4  TRANSITION NO. I 
"" C'" C:- C"" r T  l"'\C" "T' n l"\ l  l r U  . .. .  C" D l"'\ 111. I T  I t  • •  - ........ ..... ' . . . . . ... . 

.PLATE 69 



PLAT E 70 

A-MODEL WITH DENT ATED BAFFLE B-OISC HARGE 80,000 SEC.  FT. 

C -DISCHARGE 1 2 0,000 S E C .  FT. D-DISCHARGE 200,000 SEC. FT. 

D R U M  GATE S PILLWAY MODEL C -4 TRAN SITION NO.  3 A  
E F FECT OF DENTATED BAFFLES & O F  CURVE IN U P P E R  E N D  O F  CHAN N EL 
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at beginnin� of transition. The dentatea were made by cutting notch­

es in the leading edt;e of the baf'fle, var:'ing from 10 feet to 15 feet 

deep at an angle of 45° with the vertical, spaced f"rOLl 8 feet to 10 

feet apart. The overhanging blocks were about two-thirds the width 

of the dentates. This type of baffle wn tested wi t�1 all the dif­

ferent transitions and cross weirs. 

0n Plate 71 is sho'Wil this fonn of baffle �ith the 3-A 

transition, which was the best form developed using the baffles. 

The flov.r conclitions for 120 ,000 second-f'eet and 200 , 000 second-feet 

are 5iven on vieils !3 und C. The improvement due to the baffle may 

be observed by comparing these views Wi th those given on Plates 6O-D 

and 61-B. As will be seen, the baf'fles caused a material smoothing 

out of the florr. 

By the uction of �his baf'fle, part of the water falling 

over the crest vras deflected back toward the crest side and thus 

tended to r.-.a1:e the uater level more nearly equal on the two sides 

of the channel. J]ie baffle face was sot samowhat at an angle with 

the dir.cction of tho center lino of the channel since v,ith the face 

set on the cont or li!1e there wa s  a tendency of the water in the 

channel to pulsate back and forth across tho channel in a sort of' 

tidal motion, and t::is did not occur "nt h  the baf'flo set at an angle. 

At 200 , 000 scco�d-fect discharge the uoir at tho upp�r and v,as sub­

merged so dooply tha t the overflowing stream did not dive doilll to 

the bottarr. of the channel but rather it passed ovor the top and 

14 .. .  
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A- MODEL WITH BAFFLES B -DISCHARGE 120,000 SEC FT 

DRUM GATE SPI LLWAY MODEL C -4 TRANSI TION NO. 3 A  
BEST FORM OF CHANNEL A N D  BAFFLE DEVELOPED 

C-DISCHARGE 200,000 SEC FT 
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did not come into contact with the battlos. Their effect was, there­

fore, not as great at the l:lElXimum discharGe as at s011ewhat lower 

flows. 

Deflectors .A.ttached to Crost 3ide of Cllar411el 

Plates 72 and 73 show several other forms or baffles and 

deflectors which were experimented upon. The details of these setups 

are given on Figure 24. The first or these (Plate 72-A) was a straight 

deflector with curved upper surf'ace attached to the ogee 20 feet below 

the crest elevation. The deflecting action at low flow is shown on 

Plate 72-B. 

Th� form shown on Plates 72-C and D gave better results. 

This form caused two opposing currents which impinged on each other. 

The portion of the overfalling nappe which passed between the teeth 

followed around thG channel perimeter and that :meeting the top of the 

teeth was deflected more or less horizontally across tho channel. 

These two stro amn tend t o  meet in the channel and much of the energy 

was dissipated by impact. The blocks had to be set high enough to 

allow the tmder roll to take place beneath them. Thia is somewhat 

objectiona ble at low flows, particularly at the upper ond of the 

channel as thero is no pool there to receive the impact of the jct. 

On Plates 73-A and B is shown a combination of these curved 

deflectors with u coping baffle somewhat sinilar to that tested on 

the M-1 model. Thia combination gave a very satisfactory dissipation 
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PLATE 72 

A - MODEL WITH DEFLECTOR B-DISCHARGE 100,000 SEC FT. 
PLAIN DEFLECTOR ON CREST FACE -TRANSITION NO 3 
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C-MODEL WITH DENTATED DEFLECTORS D-DISCHARGE 200,000 SEC FT 
CURVED FACE DENTATED DEFLECT O,,.:, ON CREST-TRA N SITION NO. 5 

DRUM GATE SPILLWAY MODEL C - 4  
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A-MODEL WITH DEF'LECTOR B-OISCHARGE 200,000 SEC FT. 
CURVED F'ACE DENTATED OEF' LECTOR ON CREST ANO COPI N G  BAFFLE ON REAR WALL 

C-MOOEL WITH OENTATEO BLOCKS 0-DI SCHARGE 40,000 SEC.  FT 
DENT AT ED BLOCKS ON CREST FACE ANO CURVED WALL IN UPPER CHAN N E L  

D R U M  GATE S P I L LWAY M O DEL C - 4  
DFTLECTORS ON r R F <;T c:; 1 r) F  n. r � ti."1"1 •1  

=> L A T •  73 
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of' the energ:,"' of flow but introduced so much obstruction to the lon­

gitudinal flou or the troter in the channel that the flow over the 

upstream end of the crest was bndly obstructed. The form shown on 

Plates 73-C and D seemed fairly satisfactory for hiGh flows but gave 

undesirable results for low flows. 

A troU{;h on the reo.r side of the channel as shown in Plate 

74 was also tried. This was similar to one tested on the M-2 model 

and like it did not Give very . satisfactory results. 

False Rear Viall in the Channel 

In addition to the baffle studies a few tests were made 

to investigate the possibilities of changing the channel cross sec­

tion. This was done by inserting a f'alse rear wall in the channel, 

making an angle of 60° with the horizontal as shoim on Pl�te 75. 

This narr0V1ed the chan.�el bottom to half the original width at the 

upstream end and full width at the lower end. This contraction im­

proved the flow conditions for a given height of cross weir. Higher 

cross weirs were al�o tried., o.s shown on Plate 75, and the flow 1L1-

proved as the heic.;ht of the cross neir increased. The result ws 

not as  good as tho:;; ·::i th  the larger channel ui th weirs producing the 

same degree of submerGenco • 
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:. - MODEL WITH TROUGH NEAR REAR VIALi ><t, PGE 75,000 <,f' I 

,0 Sf.'- � - D I SCHARGE 2or, 0u 

D R U M  i...,A 1 E � P I L  LWAY MODEL C-4 TRANSIT I O N  N O  5 

T RO U G H  O N  REAR SIDE OF CHAN N E L  

P L ATE 74 



A - M ODEL WITH FALSE BACK IN CHANNEL 

C-DISCHARGE 200,000 SEC FT 
20 FT. CROSS WEIR AT STA 4 � 57 

DRU M GATE SPILLWAY MODEL C-4 

8-DI SCHARGE -!00,000 SEC. FT 
1 5  FT CROSS WEIR AT STA 5 - 1 7  

D -DISCHARGE 200,000 SEC. FT 
35 FT. CROSS WEIR AT ST A. 4 -,. 57 

FALSE BACK IN CHA NNEL AND VARIOUS CROSS WEIR HEIGHTS 
--.J 
V, 
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Drum Gate "3ide Channel Spillway, Model 1::-3 , Ex:'erments at 

Montrose Iaboratory 

In order to  test out on a lurger �calo the results ob­

tained on the 1 : 60 scale drum gate model at the Colorado Agricul­

tural College laboratory, a similar model was constructed on a 

1 :20 scale at the laboratory at Montrose. Thia model, except for 

scale, was the samo ao that tested at Fort Collins, usiDG the 3-A 

transition as shown by the prototype drawing, Figure 17 . The con­

struction uas similar to that of the U-1 model previously described. 

In the rear wall or this model were placed three windows in arder 

that the action of the water inside the spillway channel might be 

observed. 

Flow in Original DesiGD of li-3 Uodol 

A number or experiments were carried out on the M-3 model 

to improve the conditions of flow in the spillway channel and through 

the tunnelo These will be discussed in the follo�ing paragraphs. 

The details of each setup ere not given in this report but copies 

of sketches of all of them are filod with the office rile copy of 

this report. 

3xtonsive_ quant1tat1ve obsorvations were made on this  

modol. Tho cross sections of the channel flow for various condi­

tions wore detorminod and the pressures on the bottom and side 

walls of tho channel and on the bottom of the transit ion were ob-
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served. The coofficionts o� discharge for the various forms of 

crest for a wide range of flows were obse rvod and also for the drum 

gates in the various positions. Observations �ere also made of the 

air content in the spillwy channel and of the velocity of flow in 

the spillnay tun..�el. These quantitati ve results are discussed in 

the later sections of this report dealing with the particular fea-

tures.  

The appearance of' this model is sho\Vll on the three views 

of Plate 76. The action of this model for flows of 40, 000 , 80 , 000 

and 120, 000 second-feet are shorm on Plate 77 , and f'or 160 ,000 and 

200 ,000 second-feet on Plate 78. The similarity of the action of 

the large scale model to that of the small scale may be seen by 

comparing these plates to the vie�a shown on Plates 60 and 61. At 

the lo1-1er disc::iarses the action of these spillnuys rm s very similar. 

The appearance for tho 200 ,000 second-foot discharge doos not s how 

such exact sin1i litude but this is because at  this discharge there 

was a tondency for surging and the still pictures boing taken at 

different points in the surco do not show the action under exactly 

the same conditionu. �uso, in a later part of this report the com­

parisons of th0 nction for tho t\lo model scales uill be made on a 

quantitative basis.  

18 
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C-SIDE CHANNEL MODEL 
LOOKING UPSTREAM 

B - SIDE CHANNEL MODEL 
LOOKING DOWNSTREAM 

DRUM GATE SIDE CH ANNEL SPILLWAY MODEL M -3 

A-VIEW OF' MODEL SETUP 
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A - DISCHARGE 40,000 SEC. fT. 

B - DISCHARGE 80,000 SEC. fT. 

C- DISCHARGE 120,000 SEC. fT. 

FLOW IN DRU M GATE SIDE CHANNEL SPILLWAY 

MODEL M -3 

P L ATE 77 



A -DISCHARGE 160.000 SEC. FT. 

B-DI SCHARGE 200,000 SEC. FT. 

C-DISCHARGE 200,000 SEC. FT. 

F LOW IN DRUM GATE SIDE CHA N N E L  SPILLWAY 

MODEL M-3 

PLATE 76 
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Curved 7tall at Upstream End of the Channel 

Experiments nere made on this model with curved wall at 

the up� end of the channel sitlilar to those investigated 1n the 

1 : 60 model. Plate 79 shows one of these walls in place and the ac­

tion ot the spillway with a 200,000 second-foot discharse. 

Experiment nth Dentated Baf'f'le 

Two forms of dentated baffle were experimented upon in the 

M-3 model. These were similar to the overhanging dentated form ex­

perimented on in the 1 : 60 model, as described on page 13 and shown on 

Plates 70 and 71. The two forms tested on the :M-3 model were similar 

except that in the second form the alternate teeth of the first form 

were removedo Experiments were also made w1 th the closely-spaced 

teeth and the curved wall at the upper end of the channelo 

Plate so , view A, shows the first farm of dentated baffle 

experimented upon. It is an exact duplicate of that shown on Plate 

70 in the 1:60 codol. The results of this model are sh0\1n on Plates 

80 and 81 for di sc!largcs of 40,000 to 200, 000 second-:feot.  The sim­

ilarity of the action of this modol with that of the 1:60 model may 

be seen by comparing these views with those shown on Plates 61 and 70. 

The runs on Plates 80 and 81 were msde With a square end on 

tho channel, as shown on Plate 76 . Those on Plates 82 and 83 were 

mado with a curved wall at the upstream ond of the channel. Tho sec­

ond form of denta tod baf'i-le was made from the first by removing the 
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A- N O  FLOW B -DISCHARGE 200,000 SEC F T  
LOOKING DOWN STREAM 

C- 01 SC HAR GE 200,000 SEC. FT. 
LOOKING UPSTREAM 

CURVED WA LL A T  UPPER E N D  Of CHANNEL 
DRUM GATE SP I LLWAY MODEL M - 3  

PLATE 79 



A-NO DI SCHARGE 

B - DI SCHARGE 40,000 SEC. FT. 

C D I SCHARGE 80.000 SEC FT 

F LOW W I TH FORM 3 OF DENTATED BAF FLE 

IN DRUM GATE SPILLWAY MODEL M - 3 

PLATE 80 



A - D ISCHARGE 120,000 SEC. fT. 

B - D ISCHARGE 160,000 SEC. f T .  

C - D ISCHARGE 200,000 SEC. fT. 

F LOW W I T H  FORM 3 OF DENTAT E D  B A F F L E  

IN DRU M G A T E  SPI LLWAY M O D E L  M -3 

PLATE 81 



A -LOOKING DOWN STREAM B-LOO K I N G  U P STREAM 

FORM 3 OF DENTA T E D  B A F F L E  WITH C U R V E D  WALL. AT 
CH ANN E L  END. DRU M GAT E  SPI LLWAY M O D E L  M - 3 

• 

C-DISCHARGE 31 ,500 SEC Fl 
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A -DI SCHARGE 120,000 SEC. FT. B-DISCHARGE 160,000 SEC. FT. 
MODEL M-3 

C - D I SCHARGE 200,000 SEC. Fl" D - DI SCHARGE 200,000 SEC. FT. 

FORM 3 OF D E N T A i  i D BAH l F WI  f l l  t u n v r D WALi /\ I  

C H AN N E L  E N D  DIWM GAl � SPl l  l WAY M O  D I  I M ., 

PLATE 83 



A-NO D I S CHARGE B - DI SCHARGE 40,000 SEC. FT. 

FLOW W I T H  FORM 2 OF DENTATED BAFFLE 
IN DRUM GATE SPI LLWAY MODEL M - 3  

,, 
r 
> 
-I 
M 
c» • 



( 

( 

(_ 

alternate teeth. This battle is shomi on Plate 84, view A, and with 

a discharge of' 40, 000 second-feet on view B.  The action of this baf­

fle is quite silnil:n- to that having closer-spaced teeth . Both of 

these baffles resulted in the smoothing out of the water surface in 

the channel, but offered some obstruction to the flow. The improve­

ment was not believed to be sufficient to justify the expensive con­

struction necessitated by the baffle, and therefore none was used in 

the final desisno 

Flow with Drum Gates Raised 

A series of experiments was made with the drum gates raised 

in order to determine the action of the spillway under these condi­

tions and to see if' it were possible to obtain better conditions of 

flow at low discharges by means of adjusting .the various gates. 

Plate 85 , view A, shows the conditions in the spillway when discharg­

ing 31 , 500 second-feet with all the gates at their maximum elevation 

(12210 .f)  CJ This is the condition which it was estimated would be 

reached by the peak of a flood equal to the 1884 flood if the flow 

was distributed equally between the two spillways. This is the larg­

est flood of whic!1 there is a usable record. Views B anc c of Plate 

85 show the effect of ditterent gate levels at the different ends of 

the spillway. In view B the greatest part of' the discharge came from 

the upstream gates. The upstream gate (no. 1 )  was entirely down. 

20 



A - D I SCHARGE 3 1 , 500 SEC FT 
ALL GATE CRESTS AT EL. 1 2 2 1.7 

B -DISCHARGE 144,000 SEC. FT. C-0ISCHARGE 144,000 SEC. F T .  

?LATE 85 

LARGEST FLOW FROM UPST REAM GATES LARGEST FLOW FROM DOWNSTR[/\M GATES 

FLOW WITH DRUM GATE S UP.  SPILLWAY MODEL M - 3  
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Gate 2 was one-1--ourth tip ;  gate 3 one-half up, and ga te 4 three-

fourths of its full height up. Tho discharge was 144 , 000 second­

feet, which was the greatest that would flow over the spillway 

crest under these conditions with a water level at the max i.r.lum. 

flood lino , elevation 1232, In view C the discharge was largest 

over the downstream gates. Gate 4 j  the downstream gate, uas en­

tirely down., gate 3 one-fourth up , gate 2 one-half up, and gate 1 

three-fourths up. These experimettts showed that et lnw discharges 

improvement in the flow conditions could be secured by having the 

greatest flow ovor· tho downstream end of tho spillway but at larger 

flows the �st results were obtained with greater flows over the 

upstream ond of the crest. This is because for small discharges 

the depth of water at the lower end of the channel is relativoly 

much greater, with rospect to that at the upper end , than at large 

flows on account of the pool formed just upstream �rom the cross 

weir of the channel. This greater depth can dissipate the energy 

of the small flows with relatively small disturbance, while tho 

water passing over the upper end of the woir does not fall into 

this pool. At larger discharges the depths at the two ends of the 

channel become more nearly equal, but the drop from reservoir lovol 

to channel lovel is loss at the upper end and the disturbance there 

is therefore less. 

The flow conuiti ons for gates unifonnly raised one-fourth 

of the uny up arc shovm on Plates 86 and 87. In this c ase, the tur-
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A -DI SCHARGE 31,500 SEC. FT. B - D ISCHARGE 50,000 SEC . FT. 

FLOW W I T H  DRUM GATES ON E -QUARTER UP 

SPILLWAY MODEL M -3 

C-DISCHARGE 80,000 SEC. FT. 
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A - D I SCHARGE 120,000 SEC. fT.  B - DISCHARGE 1 50,000 SEC. fT. 

FLOW WITH DRUM GATES O N E -QUARTER U P  
SPI LLWAY MODEL M - 3 

.. 

C-OI SCHARGE 150,000 SEC. fT. 
LOOKING DOWN TUNNEL TRAN SITION 

1) r 
)> 
-l 
fT1 

(J) 
-.J 



( 

( 

bulonco in the channol is slightly groater than for the gatos down , 

since tho uater level in the reservoir is higher with tho gates up . . 
and therofore tho drop botweon tho reservoir surfaco and tho �ater 

level in the chunnol is greater ,  causing more energy to bo dissi­

pated in tho sido channel and ther .. ;fore more turbulonco to bo pro­

ducodo 

Direction of CUeren�e in Side Channel Spill\18.y 

Obsorvatione were ma.do on tho direction of the current in 

the sido channel by observing tho path to.ken by a stream of colorod 

water introduced into the flo� in t'ront of the uindone �hich were in 

the rear sido of tho channel. Plate 88 shows tho path for a 200 , 000 

socond-foot diaoharge at these throe windows. It ,n.11 be noted that 

in all cases tho flou is diagonally upr,ard in the diroction of the 

flow doffll the channol. This confirms the results obtained on the 

C-2 modelo The upuard direction of flou at the do,mstroam �indow 

is due to the ,10ter rising to pass over the weir at the entrance to 

the transitiono The rising path at the other two windows is due to 

a combination of tho rising stroam on the back side of tho channel , 

together with tho longitudinal flo� in the channel itself. 

Reforonce to Air Content in tho Channel 

Extensiva experiments '7erc made on the M-3 model to deter­

mine the air content in the �ater passing down tho sido channel and 
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A- UPSTREAM WINDOW B-MIDDLE WINDOW 

D I R E CT I O N  OF C U R R ENTS IN SIDE CHANNEL SPILLWAY 
FOR 200,000 SEC. FT. DISCHARGE OBSERVED THROUGH 

WI NDOWS IN REAR WALL OF MODEL M - 3  

C -DOWNSTREAM WINDOW 
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A-METHOD OF OBSERVING 
CREST E LEVAT ION S 

I 

B -APPARATUS FOR M EASURING 
AIR CONTENT C-PIE ZOMETERS FOR OBSERV NG 

PRESSURE ON WALLS AND BOTTOM 

INSTRUM ENTS AND METHODS USED IN MAK I N G  M E A S U R E M ENTS 
DRU M  GATE SP ILLWAY MODEL M - 3 
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the pressure at nwnerous points on the side walls and in the transi­

tion section. Plate 89 , view B, shows the apparatus used to deter­

mine the air content. View C shows a set of monometer tubes used 

to observe the pressure or the �ater on the bottom or the transi­

tion. Detailed results of these experiments are given in  a later 

part or this report. 

:3xperiments on 1 :100 Scale Model, M-4 

A model on 1 :100 scale was constructed of the same shape 

as that on the 1 :20 scale previously described, and the 1 : 60 scale 

at Fort Collins laboratory with the 3-A transition. The prototype 

dimensions are given On Figure 17 . In this model the transition 

was constructed with an open top so that the flow could be readily 

observed. The condition for various discharges are shown on Plates 

90 and 91. The results were very similar to those on the 1 :20 and 

1 : 60 models. The quantitative comparison of these results is given 

in a later part of this report. 

Similitude ot Results on C-4 and M-3 Models 

The similarity of the resu1ts obtained on the models M-4 ,  

C-4 and M-3 was so  close that great confidence was felt in the prin­

ciples of model testing and that the results obtained on the models 

could be extended to the action of the prototype. A comparison of 

these results on a quantitative basis is given in Book 3. The ap-
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A-DISCHARGE 120,000 SEC. fT B - D I SCHARGE 160,000 SEC. fT. 

FLOW IN 1 : 1 0 0  SCALE: SPILLWAY MODEL M -4 · 

: - DISCHARGE 200,000 SEC. fT. 
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pearance or comparable tests for all oa ses where good photographs 

are available are shown on Plates 92 to 94 inclusive .  Plate 92 , 

views A and 3, shows the C-4 and :.:-3 models without baffles and 

views C and D show the ' appearan�e with flows corresponding to 

200,000 second-feet. The actions are seen to be very sin:ilar ,  

there being a strong resemblance between the t�o even in the case 

of the l!linor wave formations. In the 1 :20 model the water am-face 

is more �othy, as a result of the fact that the surface tension, 

being of the same magnitude in both models, is relatively smaller 

in the case of the larger model. Comparison of model and prototype 
on other structures where available 

results/also show a similar relation , as there was more s�ay and 

foam in the case of the prototype. 

The· same models with curved ups tream ends and dentated 

baffles are shown on Plates 93-A and Fo Compara�le views for flows 

of 200 , 000 second-feet are shown on views C and D. The ge�eral 

agreement in appearance is close but there is some difference in  

detailo The flow conditions from the standpoint of these minor 

differences go through a certain rough cycle and unless the two 

photographs were taken at the same position in the cycle, they 

would differ so�ewhat 1n appearance, although the action in the 

two spillways might be exactly similar. For this reason the com­

parison on Plate 93 gives an inpreasion of less exact agreement 

than really existed. Comparisons of the conditions for flows of 

160,000 and 120 ,000 second-feet are shown on Plate 94. The agreement 

24 



.. 

.. 

• 

A - FORT COLLI N S  1,50 MODEL 
C-4 

C -DI SCHARGE 200,000 SEC. FT 
MODEL C-4 

8,.-MONTROSE 1 :20 MODEL 
M-3 

PLATE 92 

0 - 01 SCHARGE 200,000 SEC FT 
MODEL M-3 

COMPARI SON OF F LOW CONDITIONS IN C-4 ANO M -3 MODELS 
NO BA F F LE IN C HANNEL 



A - F ORT COLLINS. 1 :60 MODEL 
C-4 

C -DISCHARGE 200,000 SEC FT 
MODEL C-4 

PLATE 93 

B-MONTROSE 1 : 20 M O D EL 
M-3 

D-DISCHARGE 200,000 SEC F T  
MODEL M-3 

COM PARI SON OF FLOW CONDITI O N S  IN C -4 A N D  - . .  - - - · - · · · ·-· . - -
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PLATE 94 

A - DI S C  HAR GE 160,000 SEC FT 
MODEL C-4 

B-DISCHARGE 160,000 SEC. FT. 
MODEL M-3 

C-DISCHARGE 120,000 SEC. FT. 
MODEL C-4 

D-DISCHARGE 120,000 SEC. FT. 
MODEL M-3 

COM PA RI S ON OF FLOW CONDI T I ONS IN C-4 A N D 
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here is also very good. It is believed that these three plates 

show that very satisfactory agreoment was secured between the re-
�imilari ty was 

sul.ts of these two models. Very close also ob-

tained with tho quantitative comparisons of the 1:100 , 1 : 60 and 

l :20 scale models , as Will be shown in Book 3. Visual comparison 

was not possible in the case of the 1:100 model on account of the 

lack of satisfactory photographs. 

The Final Spillway Design 

As a resul.t ot the tests of the we-ir nappe shapes , and 

the flow over various ogee shapes, described in Book 4 of this re­

port, a fOl'f of ogee crest was developed which permitted a greater 

�low over it than the forms used on the c-4 and M-3 models. This 

improved fom was incorporated in the final desi�. The other prin­

cipal dif'ference between the final design and the semifinal design, 

represented by the C-4, l!-3 and M-4 ·models , was in the height of the 

cross weir in the spillway channel . In the semifinal designs the 

crest of this weir - was at elevation 1140. To use a higher weir with 

�hese modols backed the water up in the channel for discharges of 

200, 000 second-feet to. such an extent that the flow over tho upper 

end of the spillway weir was considerably reduced. The tests of the 

c-4 model, with the No. 3 transition , which had a cross weir at el­

evation 1145, showed however that better flow conditions were ob­

tained in the spillway channel and the tunnel than with a weir at 
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elevation 1140. This was a considerable advantage as it made the 

pulsating conditions which were experienced with the M-1 model still 

less likely to occur in the prototype. It was found that with the 

ill:proved crest form the discharge would be practically the same with 

the higher cross weir as uith the former crest form and lower weir. 

Slightly lower levels would Pe obtained in the reservoir by using 

both the improved crest and lower weir, but thi �- difference was so 

small that the advantage of better flow conditions predomi nated and 

the cross weir at elevation 1145 was adopte4. · The effect of the 

changes incorporated in  the final design was therefore an improved 

condition of flow rather than an increase in discharge capacity. 

sign. 

Tests on Models of the Final Desi{;n 

Extensive tests were made on the models of the fi nal de­

These fall into two general classifications ; visual tests 

and quantitative tests. The vi sual tests consisted of: 

1. Observation of the flow condi tions wi th all gates down and 

with gates partly and completely raised. 

2. Tests to determine the best form of downstream end cf the 

piers on the crest. 

3. Test of a device for improving flow condi tions at the up­

stream end of the channel. 

4. Tests to determine the best operating progran: for the gates 

during a flood. 

28 



( . ' 

.• 

\ 

The quantitative tests consis ted of : 

1. Determina tion of crest discharge coefficients wi th gates 

closed, partly raised, and fully raised, and cor.iparison of the re­

sults on the three r.:odels. 

2. Otservat ion on the depths of flow in the spill�ay channel 

and transi tion ,  and comparison of the results on the different models. 

3. Determina ti on of presstn"es on the bottom and sides at  vari­

ous points on the crest , channel and transition and comparison of the 

results on the three models. 

4. 1�easurement of air content of the water flowing in the side 

channel. 

Visual determination of flou condi tions were ma de on all 

three �odels and comparisons of the acti on of the various models 

was nade by :r.eans of photographs to determine the reliabili ty of 

the pri n� i ples of sir..ili tude. 

The opera ti nG program was worked out principally on the 

1 : 60 model as i t  �ms easi er to �anipula te the gates on it. Some 

tests , hO\vever, ";1ere made en the l :2C model. The tests of the ga te 

r, iers uere made on both l : CG and l : 2C scales. The test for tho de­

vi ce for improvins the flow at the upper end of the c hannel \78B made 

only on the 1:20 model. 

Cf the quantitative tests, the crest coeffic ient determi­

na ti ons were made on all three models and the observations of pres-
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sures on the crent ,  c hannel and transi tion, �e�e made on the 1 ;20 

and 1 : 60 models. The observations on the depth of flow in the 

channel and transition �ere made on all models. The oir content 

was determined only on the 1 :20 model. The results of the quan­

titative tests and the comparison of them from the standpoint of 

similitude are giyen in Book 3 of this repor t. 

Finol Desi@ Models :M-5,  C-5 and C-6 

The final design 1:20 scale model M-5 at the Montrose 

laboratory was constructed of galvanized sheet iron over a uood 

frame in a manner somewhat similar to that of the M-1 and M-3 

models previously described. Advantage was taken; however, of 

the experience gained on the early ones and the framing was de­

signed somewhat differently. A plan and vertical section o:f this 

model is shown on Figure 26. A cross section of the model with the 

adjacent topography is shown on Figure 27 . Two views showing dif­

ferent stages of the construction are shown on Plate 95. This plate 

also sho�s views of the completed model. Other views of the model 

are sho\'m in connection with a comparison of the vieus of the three 

models on Plates 97  and 98. The gates of this model could ' be raised 

to any desired height by means of screws operated from the inside. 

The entire shape of the gates was not built , and a canvas diaphragm 

was used to prevent the water from passing through the space 1'eneath 
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I :  20 MO D E L  RATIO 

I :  6 0  M O D E L  RAT I O  

1 : 1 00 M OD E L  R AT I O  

COMPARI SON O F  S P I LLWAY MODELS, F I N A L  D E S I G N  
LOO K I N G  U P STR EAM 

PLATE 97 
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1 :  20 M O DE L  R AT I O  

I 6 0  M O D E L  R AT I O  

1 · 1 00 M O D E L  R AT I O  

C O M P A R I S O N  O F  SPI LLWAY M O D EL S ,  F IN AL DESIGN 
LOOKING DOWN ST R EAM 

PLATE 98 
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the top ot the gate. �is model was P,rovided with w1ndo\7s in the 

side channel to observe the flow. It _was painted with a very light 

g,:a.y paint and lines nere painted on to show the stationing along 

the channel and the elevations. The same transition, slightly 

modified, was used for this as for the :M-3 mqdel and the model of 

the tunnel was the same as tor the 1:-1 and M-3 models. 

The 1 :  60 model ( C-5 ) ot the final design of the spillway 

was constructed in a very similar manner to that of' the c-4 model. 

The design of this model is shown in detail on Figure 28. It d1f-

1"ers from the other models in having gates which could be quickly 

raised or lowered by means of push-rods actuated through a rack 

and pinion trom the outside of the model. This arrangement greatly 

facilitated the experiments to determine the effect of gates in va­

rious positions o The topography in front of' the model was construct­

ed of' a lean cinder concreteo Views of this model from the upstream 

side showing the topography are given on Plate 96. AD idea of the 

very large size of the prototype of this spillwy may be gained by 

comparison of the size of the model of the spillway m.th the minia­

ture automobile and truck in front ot the left end of the crest in 

the upper view. Other views of' this model are shorm on Plates 97 

and 98. 

The 1 :100 model . was also constructed of galvanized iron 

over a wooden frame. Great care was taken to secure an accurate 
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1 :  2 0  M O DE L  RAT I O  

I :  6 0  M O D E L  RAT I O  

1 :  1 0 0  M O D E L  RAT I O  

COMPARISON O F  R ESULTS O F  E XP E R I MENTS O N  
S P I L LWAY MODELS, F IN A L  DESIG N .  L O O K IN G  U PST R EAM 

DIS CHAR G E  200 000 S E C  F ' I  
T H E  D E S I G N  CAPACI T Y. 

P L A T E  9 9  



1 :  20 M O DEL R A T I O  

I :  6 0  M O D E L  R AT I O  

1 : 1 0 0  M O D E L  R A T I O  

C O M P A R I S O N  OF R E  SUL T S  OF E X P E R I M E N T S  ON 
SP I L LWAY M O DELS,  F I N A L  D E S I G N . L O O K I N G  DOWN S T R E AM 

D I S C HA R G E  200,000 S E C .  FT.  
THE D E S I G N  CAPA C: I T Y  

PLATE ' 1 0 0  
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reproduction in order that the results or the three models ,1ould be 

comparable. No gates uere used on this model, and the crest was 

shaped to represo:1t the shape m. th the drum gates dot:n. Views of 

this model are also shoTTil on Plates 97 and 90. 

Similarity o!.__!i�ual Results on the Three Final Design Models 

The action of all three models for all the c onditions ex­

perimented upon ·.ms found to be surprisingly similar. This is strik­

ingly shown by �omparing the photographs of the fl0\7 in the three 

models for the corresponding discharges and gate settings, as ahoTin 

on Plates 97 to 112 inclasiveo Plates 97 and 98 are comparable 
• 

views of the three models with no flot1. pJ.ates 99 and 100 show the 

three models .-,1th discharges �orresponding to 200 , 000 second-feet, 

the former lookin;:; upstream and the latter dormstream. A very close 

correspondence in the general fea tures is noted, and in most cases 

this ex tends to t:he do-tails of tho 1·,ave action as well. This is 

particularly truu in Plato 100 as sho�m by the close c orrespondence 

bct·.1een the i18Vo nction bclorr eac� or tho corresponding gatos. 

The flo-:1 concli tions in t�e (!}lannol for di scharges of 

160, 00C s�co�d-;u0t and over �ent through a series of rough cycles, 

in uhicl: c ortain :rorr.i.s of flou appeared at interva ls. Unless tho 

photographs rroro ta! :cn at tho same stage in the c::rcl. ... thoy would 

appear to intlicatc different flou conditions, oven if tho conditions 

c onsidering tho uholo cycle Ylero exactly the same. For this reason 
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t :  20 M O D E L  RATIO 

I: 60 M O D E L  R ATIO 

t = I OO M O DE L  R A T I O  

C O M P A R I S O N  OF R E S U LT S  OF E X P E R I M EN T S  ON 
S P I LLWAY M O D E L S ,  F I N A L  D E S I G N .  LOO K I N G  U P STREAM 

D I S C H A R G E  1 6 0,000 S E C .  FT. 

P LATE 101 
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I 20 M O D E L  RATIO 

I 6 0  M O D E L  RATIO 

1 : 1 00 M O D E L  RATIO 

COMPARISON OF R E S U LTS OF EXPE R I M EN T S  ON 
S P I LLWAY M�DELS

1 
F I N A L  DE S I G N .  L O O K I N G  U P STREAM 

D I SC H A R G E  1 6 0,000 S E C .  FT.  

PLATE 102 



1 :  20 M O DE L  RATIO 

I :  6 0  M O D E L  R AT I O  

J : J 00 M O D E L  RATIO 

C O M P A R I S O N  OF R E S U LT S  OF E X P E R I M EN T S  O N  
S P I L LWAY M O D E L S, F I N A L  D E S I G N .  LO O K I N G  U P ST R EAM 

D I S C H A R G E  80,000 S E C .  t- I .  

PLATE 105  
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1: 2 0  M O DE L  RATIO 

1 :  60 M O D E L  RATIO 

I :  I 00 M O D E L  R AT I O  

CO MPA RISON OF R E  SUL TS OF EXPERIMENTS O N  
SPILLWAY MODE LS, FINAL D ESIGN . LOOKING DOWNST R E AM 

DIS C H A R G E  80,000 S E C. FT. 

PLATE 106 
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1 :  2 0  M O D E L  RAT I O  

1 :  6 0  M O D E L  R AT I O  

1 = 1 00 M O D E L  RAT I O  

COMPARISON OF R E  S U L  TS O F  EXPERIMENTS O N  
SPIL LWAY M O D E LS, F I NAL DESIGN . LOOKIN G DOWNST R EAM 

DISCHARGE 40,000 SEC. FT. 

PLATE 1 0 7  
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1 :20 MODEL RATIO 1 : 60 MODEL RATIO 
DISCHARGE 80,000 SEC. FT. 

J :20 MODEL RATIO 1 ' 60 MODEL RATIO 
DISCHARGE 40,000 SEC. FT. 

COM PA R I SON OF RESULT S  OF E X P E R I M E N T S  O N  S P I LLWAY 
MODELS
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1 :20 MODEL RATIO 1 :60 MODEL RATIO 
D ISCHARGE eo,ooo SEC. FT. 

1 : 20 MODEL RAT I O  1 : 60 MODEL RATIO 
DISCHARGE 40

1
000 SEC. FT. 

COM PARISON OF R E S U LTS OF EXPER IM ENTS ON S P I LLWAY 
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1 :20 MODEL RATIO 1 : 60 MODEL RAT I O  
DISCHARGE 80,000 SEC. FT. 

1 ·20 MODEL RAT I O  , ,eo MODEL RAT I O  
DISCHARGE 40

1
000 SEC. FT. 

COM PARISON OF RES U LTS OF EXPERI M ENTS ON S P I L LWAY MODELS, 
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1 :20 MODEL RATIO 1 : 60 MODEL RATIO 
GATES RAISED ¾ -DISCHARGE 401000 SEC. FT. 
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1 :20 MODEL RATIO 1: 60 MODEL 
GATES COMPLETELY RAISED -DISCHARGE 40

1
000 SEC. FT. 

COM PARI SON Of RESULTS OF EXPERIM ENTS ON SPI LLWAY 
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the similarity of flou may have been even better than indicated by 

the photographs. 

The effect of the same s'l.ll'face tension in the -;Tater in 

all three models is noticeable in the increase in sur face roughness 

or :frothiness as the size of the model �s increased, and the am-face 

tension therefore relatively reduced. Plates lOJ. and 102 shou the 

conditions in the three models for flows corresponding to 160, 000 

second-feet rrith all the gates domi. Here again the close similar­

ity even in the \78Ve forms is noticeable. This is also noticeable 

on Plates 103 and 104 uhich show the conditions for flous of 120, 000 

second-feet, in Plates 105 and 106 for 80,000, and in Plate 107 for 

40, 000 . 

The flou conditions nith the drum gates in raised positions 

for the ir-5 and C-5 models sho\7 the same close correspondence of florr 

conditions. Plate 108 shoua the models ui th no flo,1. On Plate 109 

are shcmn comparisons for flous of 40 , 000 and 80,000 second-feet mth 

the gates raised one-quarter. A similar comparison is shoun on 

Plates 110 and ill for gates hali raise&. On Plata 112 is shoun 

the conditions for discharges of 40,000 second-feet �ith gates three­

quarters and fully raised. In all these conditions the correspondence 

is very close, in aost cases extending to the minor rtave forms. 

It is believed that a detailed study of the results of the 

comparable runs on the three models as shoTin by these photographs 
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uill demonstrate conclusively the close similarity of the action of 

these models, the smallest of trhich is one-fifth the size of the 

largest. Thi a :tact, together ;1i th the fact that ,1henever it has 

been possible to obtain compo�isons between 14odels and their pro­

totypes, a close similarity has nluays been found, is believed to 

he sufficient grounds for the conclusion that the spilli78ys of the 

Hoover Dam uill perform in a manner very close to that indicated 

by the model tests and that the great volmnes of \7ater involved 

,7111 bo safely handled. This conclusion is still further confirmed 

by the quantitative comparisons of the results obtained on these 

spillways, as given in Books 3 and 4 of this report • 

study of tho Shape of Domiatream End of Crest Piers 

One of the valuable rosults of model tests is the check 

uhich they �ive of the performance of the details of the structures 

as uell as of the main features. When the M-5 and C-5 models of the 

spilluay uoro first tested, it uas discovered that a partial va cuum 

formed under tho nappe flouing over. the gate uith the gates in a 

partially raised position. At the ends of the gates, the ":78ter 

floued aro\llld th� pier in such a manner that no opening existed 

behind tho pior throUGh uhich air could flow to the space beneath 

the nappe, from 11hich air uas continually being carried a,.-,ay by the 

overfloui.ng T18ter. This condition is sho,m for various gate open­

ings and flous on Plate ll3. The nater at the ends of tho gate 
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GATES RAISED F U L L  HEIGHT 
LAKE AT EL. 1 2 3 2  

GATES RAISED ¾ - D ISCHARGE 90,000 SEC F T  

GATES DOWN- DISCHARGE 200,000 SEC FT 

CON D I T I O N  AT DOWN S T R EAM E N D  OF GAT E P I E R S  

O R I G I N A L  D E S I G N  M - 5 MODEL 

P LATE 113 
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spread rapidly in a lateral direction and maintained a sheet of 

nater ono side of nhich nas constantly in contact nith tho pier 

ta co. In  ordor to cause this shoet to break contact ,;ri th the 

pier, and form an open space through uhich aeration of tho nappe 

could take place, the parallel sides of the pier were extended 

dounstream and the cylindrical portion at the dounstroam and of 

the pier :ros made rti th a smaller radius than half' tho pier thick­

ness. This resulted in an offset at the doTI?lstream edge of the 

parall3l sides of tho pier. Several combinations of radii and 

extension of parallel sides uore tested. The resUl.ts of several 

of them arc sho'1ll. on Plate ll4. Vieu A .res taken looking d<mn 

from the top of tho pier. With an extension of the parallel. sides 

of the pier _ l. 5  feet rurther dounstream than in the ori61nal de­

sign, and a decrease of the radius of the cylindrical portion of 

l. O feet, uhich produced a 1. 0-foot offset in the pier sides at 

this point. It sho�rs a space betuoen the edges of the nappes from 

the t\70 gates and the face of the pier. Through this spaco air could 

pass to aerate tho 'lllldor side of the nappeo Views B and C shou re­

sults i1i th other oxtensione and pier radii .  I t  rra. s  desirable t o  re­

duce tho extension to a minimum, in order to reduce the volume of 

concrete in the piers. An extension of 1.33 feet and a decrease 

of pier radius of 1.0 feet t1ere finally adopted. This shape closely 

approximates that shoun on vie� A. 
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A - PARALLEL SIDE.S EXTENDED 1 .5  FT. 
CYLINDER RADI U S (½ PIER T H I C K N E SS-LO FT.) 

B - PARALLEL SIDES EXTENDED 2.0 FT. 
CYLI N DE R  RADI U S ( ½  PIER THI C K N E SS-LO FT) 

C - PARALLEL SIDES EXTE NDED 1.5 FT. 
CYLINDER RADIUS ( 1/z PIER THICKN ESS-LS FT.) 

CON DITION AT DOW N S T R EA M  E N D  OF GAT E P I E R S  
SIDES EXTE N DED, CY L I N DE R  R A D I U S  D E C R E A S E D  

PLATE 1 14 
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A -PARALLEL SIDE.::. EXTENDED 1 .5 FT. 
C Y L I N DE R  RADIUS ( 1/z  PIER T HICK N ESS-1.0 FT.) 

B - PARALLEL SIDES EXTE NDED 2.0 FT. 
CYLINDER RADIU S (½ PIER THICKNESS -1.0 FT) 

C- PARALLEL SIDES EXTENDED 1.5 FT. 
CYLINDER RADIUS ( 1/2 PIER THICKNESS-1.S FT.) 

CON DITION AT DOW N ST R EA M  E N D  OF GAT E  P I E R S  
S I DE S  EXTENDED, CY L I N DE R  R A D I U S  D E C R E A S E D  

PLATE 1 14 
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A-PARALLEL S I DE.S EXT ENDED 1.5 FT. 
CYLINDER RADIUS ( ½  P I E R  THICK N ESS-1.0 FT.) 

B-PARALLEL SIDES EXTENDED 2.0 FT . 
CYLINDER RADIUS(½ PIER T H I C K NESS-1.0 FT) 

C - PARALLEL SIDES EXTENDED 1.5 FT. 
CYLINDER RADIUS ( 1/2 PIER T H I C KNESS - 1 .5 FT.) 

CON DITION AT DOWN ST R EAM E N D  O F  GAT E  P I E R S  
S I DE S  EXTENDED,CYL I N D E R  RADIUS D E C R E A S E D  

PLATE 1 14 



"' 

• 

, 

<I 
.., 

r 

Baffle at 'Uppor End or Channel 

At lou di schargos , i"li th the gate near tho upstream end of 

tho crest at equal elevat ions , an uooe sirable "::ave formed at the 

upstream end of the channel , due to the effect of the curve d  uall 

at the upper end , as described on puge 10. In order to rerru,dy 

this condit ion a form of bafflo nas tested in the 1 :20 scale model. 

It consi sted of tno steps , as shoun on Plate 115. The;::.;.baffle , hou­

ever , did not removo the undesirable rravo . The c ondi tions for flo�s 

of 20 , 000 ,  40 , 000  and 80 , 000 second-feet are also shmm on Plate 

115 . The action of t:1O bnfflo became more off0cti ve at higher dis­

charges , but evon 1-:-i th no ba:ffle the , :ave act ion. tendod to  decrease 

a s  the di scharge increased. Hence , li ttle improvement ·,7as offoctod 

by tho baf'flo at any di scharge . Somenhat bettor results r:or0 ob­

tainod · by romoving tho lo-.-;or of tho t\lo stops and placing an over­

hanging coping on the hizber stop . By tho pr oper operat ion of tho 

drum gate s during a flod , hm:ovor , as de scribed in the la st pars­

graphs of this book , the tm.desiroble ·.rave ,;as largely oliminated ,  

except for ·such small di scharges that no harm could result , and it 

uas not considored �orth uhile to mako further search for a baffle 

f'orm for this p\ll1)ose . 
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BAFFLE WITH NO FLOW D I S C H AR G E  20,000 SEC. FT. 

D I S C H A R G E  40,000 SEC. FT. D I S CHARGE 80,000 SEC. FT. 

T E ST OF B A F F L E  AT U P P E R  E N D  O F  C H A N N E L  
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EFFECT OF CROSS WEIR IN CBANNBL 

At the conclusion of thf:Jbxperiments on the 1 :20 model, to 

determine the discharge coefficient of the sp illway crest without the 

submergence caused by the cross weir in the spillway channel, a por­

tion of this woir was removed, which lowored tho offoctivo crost ap­

proximately 12 ft o Tho improvomo nt in tho flow conditions in tho chan­

nel duo to tho hi�l1cr woir is strikingly shown by a comparison of the 

conditions L7ith the �·,c ir at tho two ho ights , as shO\m on Plato 116 . 

Dctcrmir.at ion of Gato Operating Program 

In ordor that tho spilluays mi fjit functi on in the boat pos­

sible manner an extensive study nas made on the C-5 model to dote;rmino 

the �my in r,hich the gate s should be op :u-a tcd dur ing a flood. Mo st of 

tho previous oxporilncnts had boon curried on nith th� gotos all at tho 

same clov�t 1cn altho · on tho M-3 model {Pl� to 85 ) soma studios woro 

modo ·.ti th �to s ut various olovationa . In all, 75 d ifferent opera­

t ing pro�nrns r,orc tr ied out . Tho se combinat ions fe ll int o  five groups 

according to tho c.ct ion of the gotos ao tho flou i s  incroa Eod,  ·. :hich 

r10ro as foll.ous : ( 1 )  ell gatos moving a t  tho aomo r�tc !lnd olowt ion ; 

( 2 ) oach g�t 'J lor;cru d 6:::-tt iroly domi be fo re tho noxt got o  starts ; {3 ) 

oach glto lo�orc d  five fto bofor o  tho noxt ouccossivc gato starts , 

after iihi ch they .:: 11 move dorm :-: t tho n2Jno r�. to ; { 4 )  s�!lllO ao group 

No. 3 OAcopt using 10 ft . drop ineto�d of 5 ft. ; �nd (5 ) somo miscol,. 

lnnooua ordo r& . 

.Of tho co covonty-1'1 vo pror:-;rnms , throe r:cro nourly equol ly 

dos ir:_:blo , :::nd -;;oro aolc ctod for further dot�iki d otudy. In program 
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DISCHARGE 200,000 SEC. FT. DISCHARGE 160,000 SEC. FT. 
CONDITIONS WITH CROSS WEIR AT FINAL DESIGN HEI GHT 
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CONDITIONS WITH CROSS WEIR LOWERED 1 2  FT. 

E F F E C T  OF LOW E R I N G  CROSS W E I R  ON 

CHANN E L  FLOW CON DITIONS 
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A of theDe thre·-· , 3ates 1 and 4 (numbering trom the upstream end of 

the channel) lo-.·lered equally unt il they -:,ere do-:m 5 ft . , at \;hich 

t ime  the middle t\7o gates , 2 and 3 ,  st arted to drop and all tour 

gates lor,ered at tho same rate until thoy roached the fully open 

posit ion. In program ·B the upstro.:.m gato , No . 1, lonerod 5 rt . ,  at 

\7hi ch point tho romain1ng three gato s started to drop and all four 

gatos continued to lo't7or at tho oamo r·ato . In program C all tho 

gatos dropped at tJ J.e somo tilno and rato . Tho act ion of the nator 

for t h ose various progr.:ima i s  aho\711 on Plate a 117 to 122 inc lusive . 

Tho act ion is  shoun quant itnt ivoly on Figure s 61 and 62 in Book 3. 

The a ct ion of tho opill\10.y for tho co throe programs �ms oo ne ... rly 

equally dcs ir �blc that i t  u� s diffi cult to decide uhi ch �as best . 

Program C ,  in uhi ch all tho. gates move togoth\Jr , r:a a finally selo ct­

od for adopt ion , largely because of s impl i c ity. This is tho ar­

ro�ger.1cnt thore fat" o ·.:hi ch T1ill bo usod in coso it is nv cossary to 

dfo charr;c ,.,·utcr over tho spillTISys of tho Bouldor IX1ro. 
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A- DISCHARGE 80,000 SEC. FT. 

B- DISCHARGE 120,000 SEC.FT. 

C-DISCHARGE 160,000 SEC. FT, 

GATE O P E  R A T I N G  PROGRAM - A  
GAT E S  I AND 4 ARE 5 F T  ABOVE G AT E S  2 A N D  3 

LOO K I NG DOWN S T R E A M  

P LATE 118 
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A- DISCHARGE 80,000 SEC.FT. 

B-DISC H A R G E  120,000 SEC. FT. 

C-DISC H A R G E  160,000 SEC. FT. 

GATE O P E R A  T l  N G  PROG R A M - B  
UPSTREAM GATE S F T  ABOVE G AT E S  2 ,  2> A N D  4 

LOOKING UPSTREAM 

PLATE 1 1 9  
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A - DISCHARGE 80,000 SEC. FT. 

8- DISCHARGE 120,000 SEC. FT. 

C-DISCHARGE 160,000 SEC. FT. 

GATE O P E R A T I N G  PROGRAM- B 
UPS T R E A M  GATE 5 F T. ABOVE GATE. S 2, 3 AND 4 

LOO K I N G DOWN ST REAM 

PLATE 1 2 0  
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A- D I S C H A R G E  80,000 SEC. FT. 

B- D I S C H A R G E  120,000 SEC. FT. 

C - DISCHARGE 160,000 SEC. FT. 

ADOPT E D  GATE O P E R A T I NG PRO G R A M - C  
ALL G A T E S  A T  T H E  S A M E  EL E VA T ION 

LOO KING UPST R E A M  

PLATE 1 2 1  
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A- DISCHARGE 80,000 SEC.FT. 

8-DISCHARGE 120,000 SEC. FT. 

C-DISC HARGE 160,000 SEC. FT. 

A DOPTE D GATE O P E R A T I N G  PROG RAM C 
A L L  GA T E S  AT T H E  S A M E  E L E VA T I Oi� 

LO O K I N G  DOWN S T R E A M  

P L AT E  122 




