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Studies on the modul of the glory—hole snillwny for”

Owyhes Dam Werao mnda by the Buraun ' ; |
nel under the direction of E W. Lane, Hydraulic Reaaarch
Engineer, in the hyﬂraulic laboratory on tha campudﬂuf
the Coloredo State Gollege or Agriculturo’nnd loohnnio
arts, at Fort. COIIins, Colorndof_ i

Model tests in conneotion with spilIway alterntion
et Gibson Dam were nnaa by T, G OWBn, Assi‘tant Enginaar
under the direction of J.- E Warnock lSpni Engineer .
the Buruau of Reclamation hydraulic labofﬁtory. now aha‘F
doned, which was- locnted in the baaemant*of ths Old
Cuatomhousa At thh und Arapahoe Streot in Denver
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“spillway at Owyhee Dam‘were mado in 1930«51.
were mede in oonnnotian with altarations t“"the glory-hala upillway at

UNITED STATES L
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BURE&U OF RECLAHATIOH L

Brunch of Design and Conatruction "]f:Laboratory Report: No
Engineering and- Geological Control ‘Hydraulio. Laborator
end Research Division ' = = .~ .0 3‘§.“omp11ad byg" .
Denver, Colorado S "':'Raviewed by:
Fovember 15, 1944 ‘*? U

Subjeot; EHEydraulic model atudies for the glory—&ole npi ways‘gt“0wyhae “f{} ;
Dam - Owyhee progect. Oregon-Idaho,'and beaon Dnm - Sun’ Rivar, w;:fw .
projact Montana.‘j~‘ : : . R

1. Introduction. A& sarius of tauts on n’model of the glory~holo
In 19561 model studies

Tha splllwny  ﬂffj_ﬁ

waat of Nyaan, Oregon.

To ¢ontrol the flow into thia ahaft 5 So-foot dinmeter ring gate, 12

feet high, was 1natalled in the creut., Thn ring glba is a hollaw &nnu—;{‘j ; 

ler drum, seated within an Hydrnulic chamber looated in tho crest.. The

ring gete 18 thus & floating tvpe of orast uimilar in operation to F
drum gate, such a3 is. used at Shasta Dam. bun designtn for flow into n.‘
vertical, oiroular, spillwa; shaft, ‘ ’ '
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few ins 1lations of vartical shaft o g

as possible, that no- adverao evants*

prototype.

rinn-gate control, nnd the diucharge tunnel__~,-w
3, 4, end 5),

lumber, as shown on figura 4.¥ Tha spillwny‘ nlet :etwe

ey

e

ofﬁtne gate proper. Two crest. desigﬁéiw&ra etudied" he originnl de-

sl of the creat was symmetrical with overhanging‘

fe 2

str%Fm .and the downstream edges.: In the Iinal dasign!th”-lip at the up-

stg!am edge was rampved‘so‘thatiﬁhe'érqstfwaa.rlhsh:Wﬁﬁhhﬁhéﬁbhtét{cir
cunference of the- cylinder. ‘This gaté -whioh fits. snurly ‘An the:, 8
the oreatﬂq‘*tne spillway inlot waa qurated manually,; Tﬁreeg?ﬁi‘. ’
equally gpaced, were. fastoned to “the. bottom of the oyllnders ‘and pro-;'~“-
truded below the .floor of the model.

lot on

The gate wga posltionqd from belowﬂa
by raising or lowerlng theae puah rods and fastening them in plncs with a

ad justing sorews. Forty-eight - L/lG inch holes equally spaoed araund the f o

ciroumference of the lowar oreat ‘served as alr vents to aerate the crost
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when the gate was. raised. The verticnl shaft(of the apiliway below the 2
irlet section was made of 24-gage galvani:ed 'ron, formed‘ns,the_fruqtgum5ﬁif
of a cone for the. tranaition saction and au a:cyliﬁde';v - the oiroular .
sheft. The tunnel proper and the 90-degree elbow conneotin tha shnft _o

the tunnel were made of trnnsparant pyralln tubing

To measure pressnres in the model, 14‘
topography at various p01nts. ‘Four. piezometeruffure nlso plaoed on the

outside walls of the aplllway and twalva”inside the auillwayi.. ke

ured with a hook gagﬂ.. Dlscharge was measurad ovar " calibruted weir

which was part of the'permanent'bquipﬁQﬁtfo 'tﬁépxght[c§llih§. aborttory.,‘: 

4. Summary of 8 ‘x'q‘ ””LfW'7u Y 88ts ware made

on the model. In tests 1 tc 6, inclusiva,Ltnﬁ:original;déslgn wuslstudied.fi
In test 7 the upstream lip of the crest and. the accesa piar‘werq removadt' e
Tests B to 12, 1nc1u5lve, were - studies of the final dusign:tlfi‘ : l

was made by removing all topography to atudy the flowhinto the entranoo
with & perfactly'symmetrLcal approach. Tho procedure fdf pna‘ ]

similar. The gate was set at: a definlte eleVauion, and Tour r“f1Veﬁruns
were then made by varylng tle head and the dis harge. Taﬁts 8, 9 :N \cr
were run twice, once with the alr vents closed nnd anoe with them’open.jf
In each test one un was made at mnxlmum capaoity when tha inlet Qas suﬁ—‘.
nerged, that is, w1th the vertical qhaft flow1ng full of watar__;Thé othsr
runs were nade with the: apillway in normal oparatlon -'the wnter falling
cver the circular wolr into the: shaft wlthout filling the nhaf‘ :

rup the discharge, the water surface elevations. and tha piezometrlol'
pPressures wers measured; the flaw into‘uhe outlet a3 studied and phato-;

grapns were taken.

Y

An apalysie of the results included the tonversion of pressure and

discharge measurements to prototype by the laws of hyaraulic simiiitgd.'

g




and computltien of coefflcientl of discharge.w Frum pressure monauremantl
it was possible to- ascertain whether severa vacuums or othsr unreauonable
pressura conditions would Occu:. The coefflcient of diachnrgelir‘ 3

tained from the express*on o

Q= dzscharﬂe in - sacond-feat .
H = heed over the spillwny creat in feet &nd

L= tna clrcumferance of the crest:

t is well to amphasiza thnt The coefflcient of diacl
of the capacity of the spil1wav but wnly the rating for_thea

at the crest.

crest section, which was 208,10 fset prototype, in teats 1 to ' clusive
and 203 feet in tests 8 to 12, lnclusiVe._ This would make the _ffj;f :

¢lents in the final design appear slightlvllarger than thosq_i fth5:origi-.
nel design. To avoid such’ ccnfuaiOn and: t; havo 8 hetter ba:is tor 06m £

parison with other studies the coefflcienﬁ of dischafgi 1n this nemoran-;;
dum is besed on values of H and L referred to thﬁ GD»foo ,Eiamstori i
crest (188.5 feet) These coefflolents will be slightly larger than'

values orlginally computad.

5. Summary of results uﬁ Owyheakspiliidy} The results of the modcl

studies of the spillway are given in table 1. Ratiné and dlscharge-fjﬂ

coefficient curves for the final deslrn are shiown in figure 6, and photo—"

graphs of the model in action are shqwn in figure 5.

In table 1 the pressure data has been condensed by eliminating pie~ .




tometers 1 to 18, inclusxve. and 51 ‘and 32.?'These pielomotara rawloontedr'??
upstream from the acontrol at tha crest, 1n ragions of law volooity; oon-
sequently, in every 1nstance pressures wnre equal or noarly aqunl to the

head atove the crest. Originally they ware 1ocated to determineadiffef-

would indicate the- presence of cavitatlon in fhéjpr £qtypa. In gunera:,
pressures for the original and the flnal designs ware ‘the. snme " indie
that there wag little basic differencs in the two doslgnul

The final orast d651gn testa 8

the overfa11.~ The removal of tha lip at the upstraam edge of" hd oreat

was to 91mnlifv conatruction in the protouype.‘iih.f

A comparison ‘of p*essures for testa
tests B, 9, and 10 irdioatcd that remova

and 10 with tests BA.-SA. and 10& revaalod that tha aotiOn?of the air f 
vents hed 1ittle effaot upon the spillway performanca ¥ umodel tha
shest of water flowing over the spillwav was usually not p 'aﬁrioal withﬁ
firs snd troughs near th= pier; so it aas possible to prcviV !aerationfto“
the lower nsppe of the overfall wi hout vents._ Such a oondition mny'nd
gocur in the protot pe. Thera the flow w0uld be much smoothor, And with
Jet several fest thick it uould be diffxcult to provide aerutlon l:thout

vents., In test S, run 2, sunh a condition aotually occurred; tha under

nappe lailed to aerate,. produclng undesirable flow conditlona.' Iherqu;u, e

air vents were included in thne final dosign.
As may be seen by the rating curves (figure 6), the flow over {hd _
spillway increased with head until a discharge of about 40,000 socond-feet

wus reached under & 14-foot hesd. The vertical shaft of the npillwny then, ;‘-

10




SMMMLALY gy

LATA TR R Rar ey

ats flow | bisanarge 'p “readyrer in pillwy -uur.tn«.-‘-;‘:, - .h-' ‘::-n SR
Teat eraxt < ‘| wEwiliojent 1982netere oy T, _Hiesomate 1 i, Jliviomatere ot Xl, N KN
] Dl Y B B R o r i e h‘["'ﬁ—r‘"@!'—r'!g"

Yo, wlmy, LLLTEY o

1 QLU 10,200 33 T oo Uy ; TEA e ) e 40 Oeb A5 mi] “raste’ tha vertimi
“ate P K B 7] = U]l - -3.7 - 2 o LeQ | T EPTTH and the iy,
atar . L7 N €0 e 2,6 1B : : 3 & it S U suvmepgen st “d100hn s,

; 3.5 + a8 ] ; el b : : CUeremtar than 40,000 -
ely LN o] 421,y Joli] . ' - . bt Rt o mesany=pewt, o e

PR L + L3 e
AT . dolu * Lo leanaie
s 4.5 oMbl 0
| M 1 L2 e L Fera,e * i ’ ; . : T
10k daw e s Faelsla R ATEICN b bl 2 Tvats 1 1 ¢ ol

: 2,5 4w gs ] i ’ ; : ; oy TIOTemal Zeadgn 0
3'3 ::'; :‘:,':' ’ il = bt ] Bt =1 O 2 Lip.on YPBITIRY Bdpe of
* - * . R . Rl 1} BT
Bl 3]s s ey : i ) e, - FIFAr fouiting,

i SO By

draiin ntiny Lot -
8,41 p La3)
1.t ; : [
IS 7] Tl

danied
el

Vide

Lour supie
L i e tad

L T T

R N IR

el
Wt
relamg

H o fane

[N
R

v
-te
izeg
17 feme

[ AN

e A e

LS

!
e
Hited

Fiv

WLy ma
4150y

RE e unger. ]

T aappe fuiled ity sarate,
118 ather ruad tow ypder
Y Al ™ mairensrated, -

1262
Loy

LR B
e vy

i
Gate
nentys

X
Lol 3 - : 1 N
oo ; 31 & : = 3e : Fri 132 1a8t 0 b pier v res -
e h E : . : : CLADYG, - am3 115 0p upairess
Liosd - SR o 4 . H {0 w9ke of eramt aus orf, .
. : . E L o o lewer peppe uf - orerfgll X
ta

VA AR P e

PR SRR - - - ; i s S | et we e
2ot } (G : -
2 v B eln.'-d }

N

LR T Y )
7.8 5100

i N L B B SR SR
DO i el : : : qon Temte 8o Jped
- 0di=1.0 -1 pEhed sl il : ¥ianl lenign’
=l e 10 . 2.0 4alu2]a 1.8 TR R Tiseliiemien
- Soel BEG) & ol fm 5.7 =8 Beli,
+12.1 La g,y . «0,11-71.6. B '

168 17,2 ‘ : L-

WARET M G g

) k RS B TH o E1 oD 0 Peeey
i : S B B el Innests G b, apa
LR RN X-X y : 2_ . . . YT wnu'u;nd ;
, Leate: 84,004, 16R 00 12 I
- j-g I b p Lé, @1 wentd opan, |
-3.2 i, i A
R L g

Y 'Y

¢ 0
i Gl

3,500 PR
31,50 L 40,3
2,200 =08 {a 1,1 [u 1ip
32,500 = dedle doe el

-7 ! 0.7 ,!4 0,0'| e 1.8
1,00 k . Gl - b.b i 0,5
2,0 12 [» 17 =50

! " .

1900 } Gl - 0,2 |<i0u1 {+ 00}
12,000 Lol te il [ o.e-t-o.z . s ’ :
W, 0 4 Lot [m B0t 4 1,1 fa gop ! # F TR 13 opogracey aal prer
Bl : E'xb';i::'f Jarf 6 6.7 : 13 § RN o

) 0 16, . ol B - N 1Y 3Y &k 1 58
5.207 | L2, 15.8 fus.s]m..o 12,3 . ':1”—“- Fival -.-mu ;m.s‘ *

11
ota
mlewd
1 Iaer

- 0!!0" 0.8

LT NI SV

12
Gata
rajued
12 faex

13
-1 37}

[T Ore)

o I Rl

Tiw acarficiest ar disenargs ¢ 14 peges "pan therelation ¢ » . . *

iere Ce dlegnarg,, ! y




LM

N RS ”....m.\.uau. $UBIDII30D oy}

: u q . .
S rnm?‘msm:o gne P2 mfa:., m«c.EctB
E‘E.,mu.é:um 3 Savhavorme
mf '45842 9A0DGO Y bl -
meE;oganc nam: uaym_:|- 2 .
uar. .omm:t m.:um. o
_tm Pas5i0i 305 +:
145 pEsins 8109V
e pasios 9409 x I . e . .. L .
p8inas a1o9 o.,_..“ S RN I : B 104 84091
NOILYNYVIdXT —if e

[

L

M IDWAON

_. ‘.“___.:m,
umm_ﬁ: mE@_Ua
S

L4 NOILYA3I13 30v440S 43

| S

)

F

SONINIHO 1V ¥04 1§3Y
1l (,wbp jo:do

YGIM XD
|

F et




.haad increased uhe dlacharge only alivhtlv.x'

in the disoharge—cOe

‘ing aotion wnuld bd un

wa.3 suggested. Howev '

tern. This did not p*eclude th

: e y‘HGWis-G. Snith 5331atant nngineer,
"fReelamation Bra, August 1940 and also in an hydraulic laboratory repcrt




Prectice and the Oparation of Structures in tha Fleld ' bv J. E._Warnook,rq
Senior Envlnoar.- In: dascribing thc 1low over. tHe plllﬁuy, Lewis G.;;: -
Smith quotes the Owyhee morithly r‘eport dated ‘Yo ; '

~that the ring. gate worxed perfect‘v

maximum Plow of 9 300 aecond-feet inspection of‘fhélspillwnyf hait and
diversion tunnel ravenled no indicationx? ' '
spillway was deacrlbad in the Smith repor

"Durinw fluw arcund 1 1/2
the water falls 1n & solid she“
spillway ‘shaflt end: apparently‘i t
can‘be ralesSad et the outletyénd of tha splllwa tunnel : :
aaus*nc the air pressura to build up until gralt snough'ﬁo 're-:ﬁ;l‘ 
gurgitato' or break through %he sheet of overf1ow1ng wuter. L
This air comaa through with enourh forc “to darry apray 50 d'
80 feot above tne lovel of the gate crost 'as“mnv b Vs;ap:@n

figura 8 [Smith PQ}OTt . Thls phenomenon occurs

1nfluancad, also by the wate:
outlets st the dam._

_end. It is belieVed thut a supplemenfal air duot could he
readily providod for air eacape near the nottom oi the shaft
which should prevent this regurgitaticﬂ.‘u‘x - u_, f&;-

' Warnock also observed the flow *nto fhu splllway, and in additlon,l"'

4y

he desorited s ooLstion at the exi%t which wna not antxcipated. 5

With the 1,000 second=foot dischurga the flow into the

stilling pool below uua undisturbed Eut as the flow inoreesed




an unexpocted disturbanae occurred which;{so far aa is knawn,“

was not detected in the model. The stream o;_water from the_y

gpillway tunnsl. created wnves on.the  urfaee of the stilling

pool. These waves traVeled acros‘gtha canyon, reflected and

returned. As they struck the oncoming hish-veloclty strenm

from the tuanel an incidant occurred wh*ch for»lackvof'a

hotter term, is called an’ 'explos

flow (3,000 second-lest) the spra‘

wind., This has baan observed at other splll ‘

the exit for a short & 1me and the alr i




GiBsoN DAM

7« The splllwaj alterations at’ Gibuon DamJ Glbson Dam, oompleted ’
in the fall of 1826, s located on. the north fork of the Sun Riv  abcut

60 miles wast of Grasat Falla, Montann. The apillway wn’&of the vert1ca1-:5

shaf{t or glory-hole type. havmng an eccentrio' 5 _

at elev. 4711.5 (figure 7) This' shaft flafed;in  rd

61.6 foot at elov. 4704.2, 36.0 fest at elev. 4676,

low elev. 4625.75. 4t elev. 4623.75 the 5ﬁaf‘~“

on a S9=foot radius +o. a- ciruular tunnel 29 5 : B
floor: at elev. 4550. O. There belng no gates on. thl »

water level above elev. : orage éapacity abe

could not be utilized. f0 : 8
ent that the extra storage whloh might be ralllzut by holding the

above elev, 4711.5 would bacome necessany as the watar uEE'in the

incressed; therefore; in. 1930, desdvns for sPillwny alteration war ﬂ ﬁ i1'  .

gun which involvad placing plers and gates arouqd the Ep
possible storage up o elev. 4724 0 (figure 8)“

An hydreulic model was used in connectlon w1th‘theseAalt"ations,

to study the flow into the spillwny with the gates ln operntio

compare

8. The Gibson Dam model” spillway. A 1;63 6 uoalefm"del was built

which 1ncluded the topography surrounding +he aplllway, the prop “ed'
piers and the gates, and the’ splllway and the discharge cunnﬂl bel

(figures 9 and 10). The topography was made of wzre 1ath nnd plaster.;;f?f"

The spillway entrance between elev. 4712 0 and elev. 4676.0 was madexn
of concrets, poured with bases on which to set the piers, and with ‘
piecometers in plaoe. The transltlon aaction between elev. 4676 .0, and ;hgs}
4623.75 was made of 1/10-inch pyralin in the form of a frustrum of e
cone to permit observation of the Tlow in that region, A pjralin albow
balow this trensition cOnnected the vertiecul shaft to ﬁhe dlscharge tun-
nel. Having been userd in the previous Owyhse model, th‘s elbow wae not
entirely to scale in the Gibson model in That the radius of the bend

16
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was 12528 inohes when' 11: should have hoen 113 12 inche's. rna,[ .'neet-maml

i

; diacharge tunnel: sonneoted . to: tha dowpstremn lida of the elbow wnaathus

*
i

h; élacud 1.18 inches too 1ow._ HOWever,;such e disorepancy>was not con-'"'
_;i  %i erod important beoausa it did not affact the 1low*past the gatasfand
uﬂ“' " into the" spillway., ‘ LEEt . :

. <
vy
e

top. The radial gates, of sheet metal, ﬁare‘fitted 1nto slots between
thﬁuglers on the orlginabwde§¢gna but 'dra: '

Tinal designs.

N e e o e s —

spillwnngntrance, asshown. in flguro 1LA
traﬂsition and’ the elbow*were availnble but“

tative obaervatlons., The diacharge was meaaured over

and was- brought ta the model thrcugh a fluma"

éthe g&tes wers raversed and iaOed downstre&m

Iused at Gibaon Dam- are ordinaril

£ Ral
pins swung downsfraam.‘ Thus, thij are!' c

gall times. however; durlng the ourse of theustu ies on .h

poﬂ°1ble if the gate& were: rovarsed from thelr conventional positlon..

Only visual tests wera mnda on the orisinal d381gn because SBveral
v adverse features ware npparent immediatelv. The bobtail piers oausad

-lerge fins downstream. -The bobtail. piers causod large zlns downstream;’ff}gi'

"Savere narativa prssaures occurred ind the spillway entrance bQIOW'the
brerk in.profile st alev, 4704, 2. “Bhere. waa an unttabie rlaw uondltion
at the maximum discharre* oausing & surging. actior where the sp,llwny
shaft alternately illed and ?mptied ‘a8 .WaS. ooaerved {n the vahee ol
model. The or*ginal design. was thore;qro revised, By adding pier tailn,

19
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A.  AREVISED ORINTINAL DESIGN . :
PLASTICSHE PILLET 1N CREST ~REVISED ORIGINAL DESIGN
AND PIER TAILS ADIDED DISCHARCE = 30,000 C.F.4.

FINAL DESIGN - 223° PIERS ESIGN USING 4%° PIMRS
GATES OPEN GATES RAISED 3 FEET

DISCHARGE = 35,000 C.F.S. DISCHARGE = 13,000 C.F.S.

THE 1:63.6 KYIRAULIC MCDEL OF
THE GIBSON DAM SPILLWAY




Prqi;sure measured:-o ‘rewsed :
~crest of. origine! desrqn which
ls;s:mr!ar fo cresf o final desogn :

L The d:scharqe curve is for free Flow . cver cresf
that is with the gafes wide ‘open..

2. The coefficient of dischaige - C' i5 obrumed t‘ram
the relationship Q= CLH% where Q=discharge. [fepgth -
or’ cresf q_tcresf € and H=heaa’ above crei# ‘

; Dischar?é'-—.s/ B

WATER SURFACE ELEVATION IN FEET:
HEAD ABOVE CREST IN FEET

£,
1

2 T T AR T
' cozmcnﬁn-r OF DISCHARGE
T T} - Te 30
D!SCHARGE N mousmg ssconu FEET B
xi ;

B RELAT!ON or HEAD - TO mscumee

~ GIBSON DAM - SPILLWAY ALTERATIONS
S HYDRAULIC MODEL STUDIES 1636 . o
PRESSURE AND’ mscochE cuaves FOR FmAL m




10. Preasuras on’ craat-,fﬁsﬁ

tlvely, shown in this flgure, arej'

other dlaoharges. ﬁ mnximum nesative pr i;” ”

at the apiilwav antrnnae.

damaga should result._.”‘

11. Cause of surging at miaX imum dischnrg

determine the cauue of surging at maximum

shaft fllled. Actually, the aontrol mey ‘
At normal dlschﬂrge thé*dqptﬁblﬂﬁas}a_‘tEE'Qircui e

head increased, a flow- was reached when the crest uubmerged "nd}tne con'

- T

trol shifted, either to an orﬁfiue near ths top of tha shnft _the Toe
tion dependlng upon the ahape of the inlet, or to a control at the bo;
tom of the shaft. This thlré GOntrol was really hypothatioal and in-
eluded the reuistmnce and tha obstructiona in the tunnei the elbaw, w
and the vertical ahaft.. For moderats discharges when tha control was

at tho crest, the control at the bottom of the shnft wnuld also back f‘
water up the shaft _Bome, hoight. depending upon tna diachurge. AB the‘.
head incroau-; ;ncre;sing the discharge, water would baok up the shaftV




and it was agparont tha; eventunlly the shaft would be filled and the 3

orest submergod.‘ HOwever, befora the uhuft fillod . LC _

8t which the control shifted frum the orastito3the orifice atfthe top
of the spillway, submerginu the crest befor 

When this ocourred pressures at the orific:

the crest submerged.‘ The negativeiprgs”_

A8 the experiments 1ndicated,,1t wné possi‘_'«;ff:g' 
favorable condition by placing a rostriction in nel:
to inorease the resistance of tHﬁ control at the hottom-of the sha;t.‘
The water rising in ‘hﬂ ahaft would then aubmerge he". ‘_:: :

or;fice. Eowover

shift from the creat to the orifivé.

1z2. Alr in the shaft. Another mathod of e.’f.i,mima.‘tln''E

at maximum discharge would ba to provlde &1r vents 1n thefﬂ_

lisve negative presaurea. The use ‘op air vents wau not considered be-

ceuse the events that mi5h+ ocour in tha prototvpa az's extremoly un- R s

certain as far as the inhala*ion and ‘the. ejeotion of air are: concernad. :
Alr bubbles that wore drawr into the model were comprcasad at the Dote
tom of the shaft and 4n tha tunnel and than ejeotod from the tunnal in

Such mannsr as to siggest that if similar bubbles axiated in the proto-,fffi
type, they wou 1d vlrtually explode at the exit. thhin¢ could be dora “';:.f
t0 prevent the entruinment of air in the prototype; but a f1 ood great_"“ i




onough to cause a surging f‘ow, nith tha 1nhnlation of air in large
gulps, would: ba 8. rare ocourrence ‘of short durauion.

that might result should not be extansive.r"“

e Since the model studies on the Gibaon apillway (19u6) thia condi- ;
- tion, explosion of air bubbles at the tunnel exit actually ocourrad in

& similar type of splllway at Sar Pablo Dmn in Califb'ﬁl& :”Intense vz-"i'

A complete . revision of the San Pablm spillwﬁv_wuv

recurrenae of damage.‘ At ohher spilliiys, however, it haa.beentobaerved? N
that the motion of air is. not always the aame" | .
strong wind-.lt may be. mixad with water to: fo:: )
Owyhee, it may cause an exploaion whanf.,
- . as deacribed :!.n saction. 6. In ‘the ca.sé o.f.‘
that the exit wa.s eubmarged mav have bea
However, this is not certain.. Tn unders
2
as aubbles, the relief into the vent may Y OTL ] ib‘atibn 1n”the sumeiﬂ],f! .
v | manner as would the discharge from tha‘funnelﬁexitluhﬁT’ e E
B 13. The final doaign of Gibson Dam spi lwa <with fadial Fater;
faced downstream. 4s far as the hydraulics were concorned the rovised
original desim wa o aatisfactory; however 2 more OOmpact arranrement
we.s desirahle. Thls was aucompllahed by reverslng uho mates so that _
they faced downstreem. The final orast design wus similar to the crest:t}'
- of the revised origlnal design. but muoh shorter.- The piers were 1aid o i

out in a more symmetrioal pat ern than befo”e, although their genernl

locatlon was the same (figura 9K}, Two types of pierﬂ uaro proposed

a 22-1/2-degree pier and & 4b-degree pier. The 22-1,/2- degrae piar wau

- tested first and seleoted as thne {inal des1Ln when no maried improvaments
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ﬁ
could be seen in later tusts on the do—dagrae pi qrs}_ Four testsyon thiS'a
final arrangement were mnda.  In test' : 22 1/@ dogres niera and;abut--

ments were used (piers F and G, figura QG) Run3=Were made at.wisohargeag¢.wif

speotively. A run was also made at maximum"

tunnel to stabilize tha flow.

‘made in this test. Test 2 wus similar to test'l‘ax ap

fillet was placad. at the upstream edgs of the crest ﬁo(imp. v,

over the crest, The" flllat howevor, was not vary affective.

was similar to test 2. exuapt that: 4o—dagrae piers and abutmcnhs‘, -
instead of the 22~ 1/2 degree piers (piers E anleﬁ'figure QG) No marked

which is about 3.4 for this head uas baaed upon thnw s f“A
Q= CL.(H 3/2, where L ia the total creat 1ength,beth :

spillway, or o+hars. because, as already mentionad uhe ooef“ioient of

a glory-hole splllwav is not, an 1ndex of the spillw&y cnpaclty”"f"f‘

To conelude testa on : the Gibson splllwav, a Series of runu ub  l"fP
made with the gates at partial openings, varying tho discharge and the "

head, From all appearancas, tne operauion of the prototype would be
la*isfactory under all condltions.




REFERENCES 'ro ov:m GLORY-HGLE SPILLWAY‘S Gl

14. ‘The Davis Bridge Daun . aplllwny.~
£ill dems at locationa not suitable for maaonry dama»was‘largely raaponaible

spillway. An: attractlve design was the;:

way because of the aconomy of construotion,Aespacinlly when':

tunnel was neceasary, for, in suoh clrcumstanues”

with the diversion tunnel.f

However, many engineors were roluctnntrto”use ory-hola apillwuys as
there were several apparent diaadvantages.; For- nstanne,'ths discharge "f
capacity was limited- also,lthe wat‘fffalling into th shaft wauld act a8
an alr pump, compressinﬂ large quanti 1es of ir o shaft with uncer-;&

tain results, Prior to 19241thure were very‘few~spiilwavs "futhia type 4n-

AS.C.E,, vol. 88, 1925 wus one of the first

the subject. .

engineers. Much of their oriticiqm was adverqe.

shis type of p*llway ‘has increased and therei'

the subgeut covering prototype ins»allations._ﬁodel studlos

vastigations.

The Davis Bridge Dam, an earth-fill suructure 2u0 feat hibh is located
on the Deerfield Rlver about three quarters of ‘& mlle south or Whitingham,V .
Vermont. This dam is 51tuaued in tne neck cf & NArTow. valley w:th ‘high,
.aurraundinF hills, making the use -of an ovarflow tyPe of spillway imprao~ “-v“;'
‘tical, 4 glory<hole or .sha ft apillway was both practical and:economical,"'

‘The entrance of ths vertical snaft, 22.5 feet in diameter, was placed on a. -
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shell ubove the diverslon tunnel nnd conneched to the tunnsl by A 90-rw i

degrae olbow.

The basis of the theoretical design was to name thofentranc'
lar and reduca it +o a unlform dlamete‘mof 2? 5 fae.i‘ :
fulling over the llp ‘could bo acculerated to the raqu*rad velority. -

accamolxsh-uhis, the desihn was soparatec 1nto four distinct parts; "

(a) & circular, croad-cresﬁed welr was used at?the up.
stream edge of  the entranco, with;_he ooafficxent aasuﬁed ‘to
be the sane as that for.a- almalar rectllinaar wair.i

(1) Below the downstream edge of_the wei"_jthereé q. an;
open seation wnich’ wus desi»ned'ﬁb*fititna nabpe of the ‘fresly -
falling jet. Tne shape of th ‘nappa was7datermined by,aaauming
the path of the water at: the conter i1 e the |
rabela. This section continned until’t;

“(c) The cToqad nortlon of the ;raal i ’
ssction onntlnued uﬁtil tha requlrcd velocity th oughoutzth'i
remainder of the shaft wys rea hed. -

(d) The rﬂmainder of the desxéq:;qvc- he' closed:ver-
tical shalt, uhe elbow, and the diversth tﬁ nel Thaso seo-;

tions were daaibned from rswular 5ormulae"for Ppipss . and bends.“s.f3f

Tu check this tneoretlcal design,an‘ ?./ G
1 to 36 and tested at the Aluen Hydrauiic Lahoratorv of'the.Worcestar‘fi
Polytechnic Institute .at Worcester kass., Later’”thw mode; was movéd f@ :
to the testing flume . oi‘*he Pcwer Construotion Conpnnv on Sadana Broox,.i.}

near Whitingham, Vermont.

The Worocester tests were to ascer.ain the capacity of the spillway :
and to observe the manner in which tha wnter anterod the spillway. Nnyfﬁl
topography was included in these. ‘tests, 80 the ['low was symnetrical :
The discharge capacity checked theJthgoretiaa}uogpacitj,; nd Ihewhlgw ;ﬁ;;;!jj:;’f .
vonditions were as anticipated except thaut m mushroom of water ap?egfed‘t
where the jet ceme %Logether. This mushroom had no.offect:upon"thétfldw””;

into the spillway. Negutive pressures were abserved on sevér&l‘aactipns‘i_v
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of the spillway entraﬁné.___‘ ~'7

In the Whia.inghnm tes :f the fo'ect Of thﬂ topography n“’spif”"
approach to the splllwgy, und the effautfozi .
betwean the piers woard QLudied. The oapacitv “as the sam
The piers were useful 4n foroing the Wutar SR

in a more symmetrical pattarn.,‘"

15.. Mcdel experlmanta by Bri*iah enpineersl_;

shaf't spillway his beon used in England as far bacf“ p_.”Q' Although ,
it is doubtlul tha£ wr Bl atudies wera made in oonneotio 'with th, de-3 ""f
sign of the earlier . spillwnys nt more reoant 1natullaﬁions

studies have nean used.‘ Of particular'“mportanue are investlga

which have been deacrlbad in 8 aerian*of papers by;W 'J.ﬁ in

G. M. Binnie, A. M. Bunnie, and R. x. ergh S i

In “Bellﬂouthed weirs and Tunnel Out ets for th Dlspoaaifk

ilater," by %. J. .E. Binnie, Transnctiona q 

signs of some of these structures. The apillwaya dasoribed”wa

(1) The spillwaJ Por the' Taf Feohan Reserm _
8igned in 1912. The, Jllmouthed{entranca of "th: fmpillway.,.
flared inward from 8 Gs—zoot diameter creat tola 16-root diameter_
Shalt 30 feet below the crest, . The shaft was #
foot diameter tunnel 93 .7 feet e a-crast.

3,040 second-feet. To: prevent the" formation oL f¥6rtex, four
fins, 9 inches: w1da were plaoed on the bellmouth entranca.

gl

(2) & slmilar spllluny for the bilant Valley Reaervolr An

nd, designed in 1826, whose entrancs flared inward from an
80-loot diemeter crest o a 16- -foot dimmeter shaft 27.5 feet be-
low the crest, The shaf't was connected to .a lﬁ-foot diemeter ~ -
tunnel 46.6 feet below the crast. The . capecity was 2,800 seoond-f"{
feat. Four Pins were used to" prevent the formatiﬂn of a vortex. T

(3) The spillway for the Pontian Katohil Haearvotr at

Singapore, designed in 1927, hed an entrance which ilared. inWard“
from a 50-foot diameter crest to a 13-foot ‘iamoter uhaft 23 faefi
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below the crest. The shaft WE.S aonnouted to n 13-foot dll-.ﬂ:
meter tunnel 53 Teet below the orent. The- mgximum cmpacity
wes 2,700 seoond-Test. To prevent tha formation of e vortex,
15 radlnl piers were placed on the crest instead: of - using
fins in ths bellmouth entrance, Thxn dasign resulted from
model tosts of the Devis Bridge Dem’ apillwav-whichvindioated
that piers improved the flow into ths apillway.‘ :

(4) The ahaft spillway at Davis Bridge Dam.‘ _;;,‘4
discussed in saotion 14'.1”;,‘“'- L

(6) The spillway for tha Burnhope Resorvoir 1u England.
deslgned in 1932-34. The -entrance flared. inward from a 50-"
foot diemeter crest t3'a 12-foot diameter’ sheft 25 feet belo
the crest. The shaft was connected to'a’ 12- foot[diumeter &
tunnel §7.6 feet below the’ creat.. The capacityans 2,830
second-feet.. A,curtain wall and two. Tin were used to. prevent
the formauion of & “vortex,’ as the res 0 téstséon & model

(6) The spillwuy for the Manuher kia
Zealsnd, des;gnad in 1832, The entranoe f

below the crest, This: shaft oonnected to a
tunnel. The capacity was: 19 400 seoond-faat.
used to prevent’ the formation Df a’ vortex,

*he crest, This shnft, only 3. feet 2 1/2 inches 10

dietely connected with & sloping tunnel 15 feet in- diamster S
and several hundred fest long. A curtain wall ‘wis used to ‘pre-.
vent the formation of a vortex.- Thewpapacity pP this_spil1way;f]mj
was 11,300 second—feet. S e '“'7“" LT

The model experiments by the Britiah conaidered first the reliabi- -
1i%y of the model results applied to the protetvpe._ For the’ Jubilee

Heservoir, experiments made with ‘models: conatructed to scales of 1;19 -
1424, 1,29.4, and 1;43.5 indicated that the model would predict oloselyl ‘
the performance of the prototype. To study the effect of ent'alned air,
moasurenencs were mede on & 1;24 scale mcdnl of the Burnhope s;illnay.

The results demonstrated that entrained air had no effeot upon the .

S0




tex flow in the splllways.' The importan,e of preventing vorte”'
emphasized in the Jubilee expariments where the formation of
decreased the dlscharge from 14 000 to 9 OGO second feet;f

monts showed that the danth at'thCh a voruex forms is noul

that it 5 inlluenced by the surrounding topography. other

which may cause tan entxul velocities, and'the form of £he ' 8spi.

itself, The use of fluS 1n the ballmout ,

walls will delay ths formhtian of e vor exrg

most effective dev&ce. The cuvtain wa]l divides'tha ;
semicircular weirs. Tésts wera made to ‘lnd th' opbi

curtair wall should extend ln Lo the entrance.l

rebion aof China, wnere the Jubilea Reservo“
ocour s0 severe that the r9351billtv of th

of mawo. GODCGI‘H .

sp111Wuy uu‘naxlmum capacity was alac necesaa“v._ Th,_béilmouth entrance
of the original design was shnped 51milar to those previously construotod.
A ourtein wall was used. to prevent the formatlon of a vortex, and air
vents were used to rel;eve negative pressures beIOW'the hallmouthed
entrance. Without air vents a maxlmum diﬂchavbe of 15 OOO second feet

was reached; but at a dlscharge of 9,700 second-*eet 'violent aurging

of the water level in the enuramce toak pluce (sucb BE WHS observad in Ll_'»fk

the Owyhee and the Gibson models). - is this surging was caused bv vacus

ums below the entruqcs, the air vents eliminated this uOﬂdltlQn} but

the discharge was considerably reducod, and unstable, varving from 11, 300 |
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to 9,000 seeond—feet.'

A theoretical oesxgn wasg proposed ta eliminate nevative pressufeu Bt
in the sheft. This deeign consisted of 8 conicel sheft tapsred inward
to & minimum diameter: at *he bottom so that tbey Fcould be no control o
except mt the boutom, "'Such 9 d651gn could ndt .%‘ M'i '
for it required a horizontal tunnel wherens the 1ncl1nedytunﬁeliinwthe_"
Jubilee Reservoir spillway was nearly"” m : p
periments. Nevertheless, the entranoe 4 on-'o
nodiflien by using 8 conical shaft insteadﬁz‘ theﬂbellmouthedfshape as
used in-the prev1eu5 installations.; This rev1sion conside‘ably improved
the performance of tha spillway by reducinbfthe vacuﬁms iﬁcrees;ng hhe
discharge from 11, 300 to. 14, OOO second—feet (w1th ai.'vent‘j, and by‘“
greatly reducing the degree of surgin& ;}”_ ";fu nce :Tﬁere wererneg
ative pressures in the alopi g tunnel so alf veets WeIT uaed

the p0551b111ty 01 ebeolute vacuums 1n uhe prctetype

voir,

The conclusions from these experimenus wereg

"(a) Thut mo*el cxperlments,‘provlied\the model " o
not too small, cei 1'\e uged- L0 predict: approximatel"the re ation
between @ and H. for the protouvwe.ﬁ'"~'- ‘ ‘

"(b) *het the rete. of dlscharge obteined wi ch the.prototype 5
will be better at ccrrespo;dlnb deptha then predicted byjthe model.w:;

"(c¢) That a steadier flow at high rﬁtes of discharge is ob-f"
tained by using B COX ical shaft rather than the type of. bellmouth
hitherto adopted. ‘ : _ o

"(d) That better results, as iar as reductiO4 of vacuums is
concerned, are obtuined with a noearly horizontal *unnel rather
than with one Wthh is steeply inclined, : :




1
> iyt t

‘"(e) That a curtaln wall, extendzng across the waterwavi T
" 50 a8 Yo div;de the bellmouth: into two semi—ciraular uuirs, 15'
the best anti-vortox devies. f

“(f) That the crcss-leetional aroa,of the ‘channel of

spproach should be such as to 1imit the tangentlal veloolty:to;fg-Lz
3.8 feet per ‘second &t any cross Bection.* : :

™) That the tuﬁnel'should he made‘oflsuch cross- .

gactional area 8s. to prevent th fdlumtionfof cOnslderuble‘?.”
vacuums. :

_ ﬁpfeveﬁt;the setting up
of an apnreciable vacuum at *he maxim ra ate'of difcharge.

January 1839, G. M. Binnie describes in greate
on the Jubilee RelerVOir apillwuy.

son. In thess tests it was demonstrated that‘thers we ,a definite:'

limit to the discnargm through tha overflow
pending upon the iorm of '

tually refusad 'to paur mre W&ter. g RREARL PP

In “Laboratory Experlmentﬂ on Bellmon+h Spillwaya," by’A..M.i15¢IS° i
Binnie and R. K. ergh Institutiou of Civil Enginesrs,_vol. 18, H _””gﬁ ‘
November 1940-Febtruary 1941 there are descrlptions of further studiesgi f
The apparatus was & circuler tank with an overflow pipe 4An. the’ centa*
whoge inside diameter wes 1 inoh._

Different types of bellmouth un-g,‘
trances could be

placed on this overflow pzpe, and different typss of

tajlpieces could be used below it. Wieter flowed inbvthe hnbcin a radial Lo .
manner,

80 the stream filaments apgrOaching the entrance were rad1al and

t
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trance, by changlng the tailplece, or exlt;

(1) The teilpiece was ey 1 inch VafulC¢l plpéF5 ‘oot long‘

: unobstructed. S

(2) The same as (1) with nn oriflce 0 880 iAch in dia—7
matsr at the exlu._# B S w

(3) The same as (1), with an orifioe o 687 inch in dia
“meter at the BXIt- ER BT L

(4) The same aa (1), with ué.'hcriibﬁéal""iiiiié;_:éo“fe’é 1‘oﬁé°-“'-°“’7 o
added, belqn connacted to the: var;icu1§pipe'with -

{(5) The same as (4), but'“
diameter at the exlt.rrrﬁ‘»r

diameter at tne

(?).Tne same as‘(é) exi:
'suction side of & pump.‘~-:=“\?

The resultus of the experlments were; ‘

“(a) Whatever tne arrangemen o“ the,ba lmou - L
piece that was tested with rising head under“ideal eondltions,““‘
there was av Lirst s 'guiet stage with mno. imoortant entrainmaﬂt
of air,  Th!~ was Lollowed by a. noisy phnse when the air: in o
the ferm of bubbles was drawn downj but the air flow diminishad

- &8 the head increased further.f‘nbova 8- sharply marked critical*
hend, %the bellmouth and pipe ran full: and ‘the water: flow'
meined almost constant at its critical value. Belcw the
ical head the bellmouth acted as a wair; the. water flow was not.
reduced by the entra¢nment of air.~ T R A

(b) At heads above critical, no permanent vortices uare
formed. Transient vortices were more common with bellmouth B
(8. shallow, cu  3d trumpet) than with bellmouth A (& deep uono).
This result is attributable to the large negative pressuraa s
generated in bellmouth B near its. crest. : :

"(¢) All of the critical heads and water flows for the - e




Vurious tailpiaoea attached to elther bellmouth lay on - the e
head-~discharge: curve, obtalned w1th the. Lailpiene that cnuseuiﬂ;}#
the greatest flow. This: result can 'be utilized’ ‘when the ‘dis-
churpe through 8 new tailpleoe is to be pradlcued.

"(d) 0w1ng to the bst Ser. form of thewcrest
cient of discharge of bellmauth A waa; onsi v
that of bellmouth B.°

mouth could therafore ‘be deslgned 'combinin’f:_
the former w1th the loWer part of ‘the latt

e) Whan B small tangentia ' : :
the water entering ‘the. ‘be llmouth B, thg ooefficients
were practically unaltered but the criti“'l‘}
reduced considerably. At head :
tex wus formed,” '

It was pointed ouy that tha quel,tasts wers
it would b unwisge - and . uafalr to. attempt to app'
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