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INTRODUCTION 

i. T h.e prototype 

The Anderson Ranch Dam i~ to be loc'~ted .~n the South Fork of the 

Boise River, approximately 42 miles southeast of Boise, Idaho (fi&~re 

i). The project will consist of an earth dam across the river, an 

outlet ~orks through the left abutment of the dam, ~'-~nd an op~L_channei 

spillway at the left abutmenu of the dam. The earth dam will be aplrox- 

im~tely 1,350 feet long and 330 feet ~bove the river bed.: The spillway~ 

discharge will be regul~ted by two 25- by 2~-foot radial gates (figure 

2). The outlet works will consist of a trashrack ~ud inlet ~t~ucture; 

a concrete-lined diversion tunnel 20 feet in diameter !~nd apCroximately 

1,500 feet long; nd a plate-steel penstock ~.nd ou~ e~ in 

"diameter, extending from a concrete plug in the tunnel to the powerhouse 

and outlet structure under the spillway channel and termla~ting in 96- " 

inch ring-seal gates at the ends of the branch penstocks..~nd in emer- 

gency gates and five 7l-inch hollow-Jet valves ,~t the ends of the br~nch 

outlet pipes (figures 3 ~and 4). 

2. Purpose of model studies ~* • ~ 

Each of the five 72-inch valves will discharge into a Chambpr under 

neat~ the spillway. It was anticipated that when the outlet Jet impinged 

~gainst the spillway jet, air would be partially e~austed from th- out- 

let chamber, thus reducinl~* the air pressure inside ~ the chambers "to con- 

siderably less than atmospheric. If this pressure were ~ufficlently low, 

there would be the danger of the walls of the Chamber collapsing du,~ to 

the utmospheric force cn the outside; consequently, 12-foot diameter vent 
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holes were provided in ~he walls of each chamber to admit air to ~relieve 

this low-pressure condition. A model of one chamber was constructed for 

the purpose of obSaining the quantity of air required and the pressure 

differential under the worst possible conditions. 

3. Summary of the investigation 

The investigation of the quantity of air required to relieve the iii!~! 

subatmospheric pressures inside the outlet chambers proved that the air ,~3 

demand is much smller than anticipated. It was established that the : 

air demand at a spillway discharge of 20,000 second-feet and Outlet dis- iil 

charge of I0,000 second-feet was equal to.5,625 second-factor air, or 
L 

56 percent of the outlet dischar[e. The pressure differential between 

the chamber and the atmosphere would not be •over 50 pounds per square 

foot even if the size of the vonts in each chamber were reduced from 12 

feet to 6 feet in diameter. With 6-foot di~Lm~ter Vents the air velocity 

would be 166 feet per second, which is less than the a!lowable mmximum. 

4. The model 

The " uilt to scale r,tlo of 1 to 12.. d representod the. 

center outlet chamber, or one-fifth of the prototype. The model was made ! 

of wood with a galvanized-iron-lined chamber (figure 5). The hollow-Jet 

valve was a 6-inch valve used in previous investigations of the :valve i~ 

itself. The water was supplied tO the model by:the~laboratory pip'ins ' 

system and regulated by differential gages calibrated to give iaCourate 

discharge measurements. The tail~ter elevation was adjusted bv wood 

pickets placed at the end of the stilling pool channel. ' 

was measured by placing an anemometer in a ~-inoh pipe. :.~ 
/ 

DISCUSSIOI~ . 

5. Freliminar~ tests 

• ~L'. 

The model was teated to obtain the difference in pressure between 

the atmosphere and the inside of the outlet chamber. ~ This differential 

was found to be equal to 0.02 foot of water on the model. From th~silit ~ 

~ ••i •: •• •~•: •~ i••/~ii~ L::: 



~s computed that the ratio of air discharge• to outlet discharge was 

approximately I/~ to Io It was also found that•the air demand in- 

creased slightly when the tail~ter was lowered• To provide an added 

safety factor in the tests, the tailwater was partially controlled to 

correspond to the condition which would be present if the •river bed 

should retrogress enough :to prevent the formation of the hydraulic Jump 

in the stillin~ pool. 

These preliminary tests demonstrated that the 121footl diameter 

vent holes, provided on the prototype, would be more than sufficient ~o k, 

relieve the subatmospherio pressures inside the outlet chambers. 

~L 

6. Tests leading to recommended design ~ . 

In the next tests the left vent was plugged and a 4-inch pipe con- 

netted to the right vent. Tests were then made,with a constant outlet 

discharge and a varying spillway discharge for the purpose of determin- 

ing the effect of the spillway discharge on the air demand (tablel i and 

figure 6) " ~ .... • The spillway discharge was then held co,~stant and the: I out- ~ 

let discharge varied to determine the effect• of the OUtiet discharge on 
the air demand (figure 6). The spillway discharge 'airdem~nd curve is 

nearly vertical. It would be more nearly verticaS 

spillway velocity would vary due to the change in 

whereas, on +~e model the velocity changed due to 

sure in the diffuser with an increase in the discharge. The Outle~ dis- 

charge--air demand curve is assumed to be a which does not 

pass through the oriEin, as some air is req flow is passing ~ 

over the spillway only. 

The maximum air demand waslobtained by extrapolation, the maxi- 

mum outlet disc harEe obtainable with the laboratory system when the 

~higher disoharges were required for the spillway was limited to 3.8S 

second-feet. By a special arrangement at a low spillway discharge, the 

outlet discharge was increased to 4.09 second-fee~. When the outlet 

" discharge- air de~and curve was dr~wn, it was observed that the air i 



TABLE 1 

A ] I E D E R S O N  RANCH DAM 

BOISEPROJECT - IDAHO 

HYDRAULIC MODEL STUDIES - Ii 12 SCALE. 
Summary of Model Data ...... 

• L 

, = .  

Spil lway Outlet A i r 
Run discharge discha:rge demand Pre=sure 

number Q • ~ Qo . Qa di fferenti&ip: ' Yent i'i~' ~ o~nin6: . 

A- 1 

A-2 

A- 3 

A-4 

A- 5 

A-6 

A-7 -a 

A- 7 - b 

A-7 - o  

A-7-d 

A-?-e 

A- 8 

A- 9 

A- I0 

1.50 5.83 1 . 9 6  0;015 .... 4-1nehpipe 

1.50 3.25 1.75 0.010 4-1nahpipe ~/ 

1 .5o  2 . 5 0  1 . z o  o .oos • 4-in=h  ip,! 

r o 

r 

j ! 



demand increased 0.07 second-foot raven the outlet discharge w~s in- 

creased from 3.8S to 4.01 second-feet. It was the~ assumed that any 

curve of spillway discharge-air demand ~t~a constant outletidiacharg • 

would be parallel to the straight-line curVe ed, when 

&ir demand at 4.01 second-foot outlet discharge and 8.02 second-foot 

spillway discharge wouldbe 0.07 second-foot ~reater than at.,:,. 3.83 - seo°nd"  

foot outlet discharge ~nd 8.02 second'foot spillway discharge/or equal~to 

a total of 2.25 second-feet of ~ir. This air demand, equal to 58 percent 

of the outlet discharge, was far less than the anticipated 200 to~i400 

percent; consequentiy, the size of the vents could be reduced.~.~ consider- 

ably. 

The difference in pres~re between~t he inside of the chamber and 

the atmosphere was measured on each test. This pressure di~fferential 

was very small, and, as the data was not obtained with sufficiently pre- 

cise instruments, it will not be used in computing the prototype pres- 

sure s • 

CONCLUSIONS 

7. Results of the investigation 

The tests demons~r~.ted that hydraulic model s~dies of the air de- 

mand on structures to be/built should be made when a~iogous data is 

unobtainable. '~'i~h the limited~knuwled~e now ava1!able o~ the subject 

it is ~ener~lly impossible to ascertain beforehand any reliable estimate 

of the air demand when two jets of water impln~e on one another. 

Using the formula for flow through an orifice, 0" CA ~ ,  one 

obtains h = 0 2  . Then by substituting p for the head h and 

dividing by 1,000 feet, the hei&ht of an air column equivalent in weight i 

to a 1-foot column of water, one obtains the relationship P " 2,000 g ' "  

where p equals the pressure differential in f~et of-water, 0 a equals 

5 

,41 ~ 
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the air demand in cubic feet per second, C equals a coefficient of 
• ' I 

discharge assumed to equal 0,60, and A equals the area of the orifice 

opening in square feet, which will give a satisfactory estimmte of the 

pressure differential. If 4-foot vents are provided through each cham- " 

bet the air demand through the right, chamber wall in the prototype would ' i 
1 0 , , 0 0 0  x 0 . 5 6  .,. " - i " ' . ~ ~ ~' , : ~' i :~ : ,  - 

be equal to , -, 2,800 second feetof air. Therefore " 

2 , 8 0 0  . ~, 

( 0 . 6  x ' : 1 2 . 5 7  .... " - 2 , 1 4  f e e t  o f  w a t e r  o r  1 3 4  p o u n d s  p e r  s q u ~ r e  f o o t .  
P = 2 , 0 0 0  x 3 2 . 2  ! 

From thu relationship v = Q the velocity of the air may be obtained, 
- CA . 2 . 8 0 0  : - " : 

For the 4-foot vent. therefore, v= 0.6 x 12.5~ ~' = 371 feet per second. 

Air travelin~ at this velocitY}i s~extremely noisy; therefore the vents 

should be made approximately 6 feet in idiameter. The velocity would then 

2,800 • 165 feet per second and the pressure be reduced to v = 0.6 x 28.27 ' -  

2 
) , 2 . e O 0  ~ ) 

{' 0 . 6  x I 2 B . 2 7 . ' .  " " 
differential to P " 2 000 x 32. - ~ .... , . . . . .  2 = 0 . 4 2  f o o t  o f w a t e r  o r  2 6 C p o u n d s  

per square foot. These values apoear reasonable:and justify therecom- " ,. 

mendation that the size of the vents be reduced from~i2-foot to 6'foot ~ " 

diameter holes in each chamber. 

An attempt was made to resolve the data into nond'imensional form, 

but the results were unsatJ undertakin~ w a s  abandoned 

after it was seen that no ~ obtainable. The apparatus 

used in the study was not sufficiently precise to glve izesults which 

would a~ree when analyzed nondimensionally .... ~ 

A very worthy project for, f~ture study would be-todetermine nondi- !i:,~ ~ 

mensional ,data on the effect to t) ngle ~of 

impingement, and ~he relative vel( . .... or. Such; 

data would enable :the designer to predict, with some degree of certainty, 

the air demand for structures similar to this one. The model data is 

sumsuarized for use in future investigations (table I). 
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