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Subject' Hydr&ulic model 5tucies relatinb to the quantity of air _ % ',,.}\
reouired at the outlet works of Anderson Rancb Dam o _'T_i fr“

o ‘I"“"Tf‘RQPUC‘T_I’GN' .

1. The prétbtzpe" PN S R SRR i
Thn Anderﬂnn Ranch Dum ia to be louatnﬂ-wn the South Fork of the

Rolse River, approyimatzly 42 mllas goutheast oi;Boise, Idaho (figure, Mi\_;ﬂ

1). . The prOJeLt will con51st of un earth dJm acﬁass the "ivor,'an o
outlet works throush the 1eft abutmeut of the dam, "nd an op;f—channexff

Spillwey at the left abutment of the dam.; The eﬂrth d&m will be an;rox—"
imntely 1, 50 fpet l1ng and ;;0 feet hO"e the rlvar bed The spillwqy i
discharge will be regulated by two 44~ by 2h—foct radial gates (figﬁre
2). The nutlet works will consist of a trashrnck and inlpt ;4uéture,g
a concrnte—linpd diversinn tunnel 20 feet in diamnter And u.."GVimately

1,500 fept long, nd. a plate—ateel penatocg 1nu outlnt pl“e 15 fept ln

dlameter, e:c'be-nclj.n'7 frnm & concrete plue in- the tunnel to the powerhouse' f{-’

and outlet structurn unﬁer the spillway channel and terminstlng 1n 9o-ﬁ'
inch ri1g-sea1 gates at the nnds of the branch ,eﬂstocks snd in, emer-:; o
gency gates and five: 7-—inch hollom-Jnt valves'-t the ends of the branch }M
outlet plpes (figures 3 and A) Pl £ :

_ Furpose of model btudie

Each of the five 75—11cr valvas will ischsrﬁéwinta e chambor undarh_;*‘zf'

neath the Spillwny. It was- anticip&ted thut ﬁhen the outlot Jet j.mz:d.ngecf{'EE
against the apillway Jet, air would be pxrtiully exhdustnd from Lhn out— s
let- chamber, thus reﬂucinp“the air preabure 1nside the chambera to con—i“.
51derably less than dtmospheric If this prebbura wera aufficiently lor,
there would be the d&ngpr of the’ walls of the Lhambar coll&psing duﬂ to

the utmospheric force un the uutside, conseouentlv, l;—foot diameter vent '




holes wore provided in’ the walls of onch chamaer to admit air. to ruliave'
this low—pressure cond1tion.‘ A model of ona chamber was conatructad far*"
the purpose of obtaining the quantity of air required nnd the pressure §

‘differential undor the worst poasible oonditaonu.;“

2. Summary of the invnstigation  if

The investigatlon of the quantitv of air requlred to rolieve‘theff

subutmosph&ric preasures 1n31de the outlet chambars proved that tha nir

demand ls much smaller +han antioipated., It was established that the l_;'fl

air demand at 8 spillwa} diauharge of 20, OOO socand-feet and cutlet dia-‘foz”

charge of 10 000 aecond Teet was equal tu 5 625 socond feat of alr,'or _
56 percent of the outlot diacnarre._ The pressure difforuntial betwaon —t‘f
the chamber ‘and the atmosphere would not be ovor 30 pounds par square F 
foot even if the size of the vonts in each chamber wero reduced from ié g
fest to 6 fest in diemeter.' Wlth roou dimmgcer vents the air velocity§ 
would be 166 feet per second whieh is less than th‘ a‘towabla mnximnm. s

- 4. The modol

Tha modal was vuilt to & scale rstio of l to lZ\and ropresented theffuk

center outlet chamber, or one-fifth of tna prototype. Tha model waa ‘made e

of wood w1+h a galvanlzed iron lined chamber (figure 5) Thaﬂhollow-jet
valve was & 6-1n h valvo used in previous investigaflona of the valvo
itself. The water was. supplled to the moael by the laborutory pipxng”b' '
system.ﬁnﬂ rogulnted by d;ffarontial gages onlibrated to give nocurlte
diacharge mansurements. Ihe tailwater elevation wau adjuatad bﬁlwood
plckets plaoed at the end of the stilling pool chnnnel The nirf:dmittod

wa3 measured by placing nn anamometar in, a A-inoh pipa.f, .

/

N bz_s’cuSs‘i_on}_ g -

5. Prelimlnnry tests

The modul was toated to obtain ‘the difforenoe 1n prouluru b-twhnn
the atmouphare and the. inside of the outlat ohamber, Thil differnntialg

was found to be squal ‘to O. 02 foot of water on the modol- From thiu itfﬁwf‘-3




was uomputod that +he rntio of air diucharge to outlat dzlchargo was |
approximntely 1/2 to 1. It wus also found that the air domund in-'.?'l"‘
‘oreased slightly when tna tallwnter uns lowered.: To provide ud&ad !
‘safety faotor in the tastl, the tailwuter vna partially oontrolled tn f
corrospond to the condltion whioh would bo praaont if the river bod

should rotrogresa enougb to prevent the formltion of the hydraulio Jump, '

in the stillinv pool.. "

Thele prelimlnary tnstl demonstratad that the lz-foot dinmeter i
vent hales, prOvidad on *hﬁ prototype, Uould be mora th.n suffieiant to.,
relieve the ‘Ub%tmOSPherlo presqures inuide the outlet chambers.;~.vﬁ

6. Tuats leading ‘o recommcnded dnaig_

In the next testa tha 1eft vunt wnu plugged and n 4-ineh pipo con- :f
neoted to tne right vent.. Tests wara then mnde with n oonatant outletj j
dilcharga and a vnrying apilluuy dinchnrge fbr tha purpoa- of de ormin-'
ing the effeot of the’ apilluny dinchnrge on the air demand (tnble 1 andf ._“,
figure S). The spllluny dlscharge wls tnan hold cgnatant nnd th ’out-‘5~3u_ “
let discharrpe. varied to determ;ne the effoct of thﬁ oﬁtlet disohnrge on',}b'  B
the air demnnd (figura 6) _ Tha spillway dxscharge{-'ir demﬂnd curve, iaf~?
naarly vartical. It wauld bu more nearly vertical on the:prototype“"t

_8pillway Velocity"ould vnr) due to the chango“in hydruulic :;dius;

Wheress, on the model ‘the velocity ohangad»du'”_;' |

sure in tha diffuser with an’ 1ncrease in tﬂe diachnrgf“’ : :
charge: -uir demand curve 1s nssumed to be n straight line whioh doou not :i}'“
pass through the. origin. aa somu air. is requzred when tho flow ia passingfy'
over the spillway only.jjilq< % o : S : S I

The maximum rir demand was: obta;ned by cxtrnpobntion, as the maxi-.*’
mum outlet - dlachurge obtainablo with the Luborntory syatem when tha_'
“highar dischnrgas were raquired for the apillwny wuu llmitod to 3 83
second-feet. By a upecial arrnngement at a low spillwuy-diachnrge, the
cutlet discharge wea 1nereasad to 4.09 seoond-feet. Whon the: outlet :

'd;achnrge-air demend ourve was druWn, it was obaarved that the uir ]g
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demand increasad 0.07 seoond-foot when tha outlet diucharge wls in-: f

creased from 3.83 to 4 01 aecond faat. It wa: thun assumad that any

curve of spmllwny discharge-alr domand at a conatant outlat diachargeﬁr 7
would be parallel to the straight-lin@ ourve previously nhtained a”hgn e
the outlet dilohnrge wo.s’ npproximntoly 5 83 second-feet. Thua, tha “*
‘rair demand at’ 4 01 seoond-foot outlet dlschnrge and 8 02 s qond-zoot‘ | 20
spillway discharge would be 0. 07 aecond-foot greuter thnn at _}83 seeond? '

foot outlet diacharge and 8. 02 aecond-foot spillway discharge or equal to“;_‘=q

& total of 2.25 second-feet of air.k This nir damnnd equal to 56 percent3_ -nf

of the outlet dlschnrge, ‘was far less than the antioipated 200 to 400
'peroent;_consqquently, the size of the vents oould be reduced conalder--_ 

ably.

The difference in praGSure betwean the inside of tha chnmber nnd ,

the ntmosphere wes msasured on eaoh tnut. Thia praasure differential‘ﬁf: :JL%

we8 very small, and a8 tha dnta was f‘t ootained witn nu1fic1ent1y pre-*l."

cise inetruments, 1t w;ll not be usad in computing the p*ototype praa-;_¥ "

‘ CONCL:USIONS: i

7. Resul 8 of ‘the 1nves*igation

The tests demonstratad tngt hydraullc mndel studios of thu alr de—f ;
mnnd on structures to’ be buil should ‘be_ made whcn aqnlogous data is
;unobtalnable.- %ith the 1;m1+ea‘knowledge nUw avallable on the sub ect l:
it is‘benerallv imp0331ble 6" ascerta n baforohand any reliable eatlmata‘

of the air denand when two 39ts of water impinge on one anothar.:f‘r.,”

e
' = )
Obtﬂ.lnﬂ h = -—-‘—-é—s

viding by 1,000 ;eet the hulght of un sir oolumn equivalent in weight

U51ng the formula for flow through an orlfioe,, O = CA \/2 gh . ono

} Then by substltuting p for the head lx and

to & l-foot column of water,: one octains the relationahip Pp=

wnere P equ&ls the preabure differential in feet of watler, Oa
5




the eir. demand in aubic feut per necond Cuiquals a ooafflciunt of
dlscharge assumed to equal 0 GD, nnd A aquala tho urea of the orifioo {  ;i
oponing 1n squara faet which will give n satisfnetdry estimate of the :
pressure di“ferential. ’If 4-foot vents aro provided through eaoh ohnm-ge}
ber the a1r demand through the rivht chamber wall in ths prototype wnuld

be equ&l o 0 000 ; Q.56 . 5, aoo -econd-reet-‘r”air

= 0.6 x TE 57 ] SO
p _‘Z.QDO 3.32 2_‘1-‘ 2 14 faat cf wgter or 134 poundu per _:uafeﬁfégf.l

N AR r,_fﬂc
From tha relntionship v TTK

Fcr fna 4-1oot vent tharaforo,lfr

the valocity of the air may be obtalned..
e 02,800

. g x°12. 5 i 571 feet per second.;:'

Al” travellng at thls velooity 1s extramely noiay; thorefore the venta :k*,; -

ja‘muld be made approximately 6 feet in diametsr.‘fThe velocity wuuld then_ff ,

‘ba reduced to v = 2,800 165 feet per sooond and tha prasaura

0 6 x. 28 27
O 5 x 28 27
72,000 x_ 32, 3 2
per square foot. Thase vnlues apoaar raasonable“

- 0. 42 foot or watar or‘ZB_poundu -

dlfferenm1al to p,-

‘mendatlon that the size of the vents bo reduced from 12-foot to S-xDQt

diameter holes 1n each chamber.~{;.“f

An attempt was made to rasolve the da a into nond'ﬁénsional form;.ff?"”
but the reaul ta were unsatzafactory, and the undertaking'wns abandonad
after 1+ was seen that no pertinent data was obtainnble 7The npparatuatl
used in the study was’ not sufficlently precis :to_give results wnich

would aFree whan analyzed nonu1msnsionally.

A very worthy projecu for iuture study would ba ‘o determino nondiaf
mensional . data on the effect to the air demand of varying thef 7H _ "
' impingement and. the ralative veloclties of tha two jats of watd:‘ﬂa“ h-
data would enable the desiwner to predxct, with aoma dograo of certainty,
“the air demand Por structures 51m11ar to thla one.; The model datu 13

surmerized for use in future investlgations (taola 1)




:'_B. Reoommendntionﬂc

(c) The'thicknnss -of" the'wnlls remnln the some’ 88 ‘
' originally pravided inaamuch &6 the: pressur 'dif‘

00

ferantia1~is not sufficient to;cqllnpsa them
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