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ABSTRACT

| _-;A 1:2. 857 scale model of the 12-in. outlet works bypass pipe, con-

" “trolied by a 10-in. jet-flow’gate, for Silver Jack Dam, Colorado,
‘.. operated: satisfactorily when positioned correctly with relation to the
.. ;stilling'basin.. Surface flow and:penetration:in the. mam outlet works

..='stilling'basin caused by the jet from the bypass pipe were observed.
- ~Air demand immediately downstream of the:gate, ‘supplied by flow
. ‘upstream through the nain: p1pe a.nd by flow through the air vent p1pe

.T'Was mvest1gated ,

--"--_.?DESCRIPTORS-- Small structuresl stﬂlmg basmsl *wave act1onl *alr
~.-demand/ closed ‘conduits/ hydraulic models/ jets/ *penetration/ model
tests/ outlet works/ energy absorption/ hydraulic gates and valves - : L

. IDENTIFIERS-~ Silver Jack Dam, Colo/ Bostwmk Park Pro;ect Colol G
- #jet-flow gates/ *bypass pipes. "

G




B P UNITED STATES
. . DEPARTMENT OF THE INTERIOR
. 'BUREAU OF RECLAMATION

'Offlce of Chlef Engmeer ‘ Report No. Hyd -568 =

- Division of Research . ..~ . . . Author:. =~ W. F. Arris
Hydraulics Branch ' - Checked by: T. J. Rhone
K Denver, Colorado S Reviewed by: W. E. Wagner
o . December 12 1966 - _ _ : -Submlt‘ted by H. M Martin

. Ry o
/7 HYDRAULIC MCDEL STUDIES OF THE SILVER JACK
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Pl . RN

E S _. ""-E e PURPOSE , X .. . :i‘. . T . ) {_,' ‘ .

The model study was made to determme the operatmg characte‘/tstmb - =

 of the outlet works bypass d1scharg1ng a maximum design flow of 36 cfs

. “(cubic feet per’second) into the main outlet works -stilling basin. Air =

‘demand 1mmed1ate1y downstream of the Jet -flow gate was ‘also mvest1- :
: gated o ‘

2 g : . 2

CONCLUS IONS

1. The prehmmary lateral a.ngle of 9° with a 30" vert1ca1 deﬂect1on _
. ‘angle, centered the impact of the jet in the basin and created a mini- . 5
- . mum of turbulence and spray, Figure 6. There was adequate clearance i
. between the jet and the blockout floor for all'discharges, Figure 7. o (
' -Penetratlon occurred well upstream in. the basm for the 30° angle

_ 3.'2. The gate was adequate to pass a11 discharges, and the: downstream S
L p1pe was large enough to.contain the d1ffused ﬂow and form a smooth I

g Sand and rock placed in the basm was e1ther carrled out of the PETRE
. ._...=bas1n or lodged at the base: of the Sloplng ﬂoor of- the basm _

4.7 Most. of the air-demand was sat1sf1ed by a1rflow upstream through -

' -_;_the discharge: plpe - Gate openings from 80 t0.100.percent of maximum
:ereated.a sharp rise‘in: a1rﬂow through the .air vent pipe, but tests = C
-showed that" a’ large percent of the tota[ air, was st111 ﬂowmg up ‘the: dlS T !
charge p1pe , : - _ _ S




INTRODUCTION
Silver Jack Dam, a feature '0f the Bostwick Park Project in western
Colorado, is located on Cimarron Creek about 25 miles southeast of
Montrose, Figure 1. The earthfill dam has a height of 138 feet above
the creek bed, a length of 1,070 feet at the crest, and a fill volume of
1,260,000 cubic yards. The hydraulic features include a spillway, an
‘outlet works, and: an outlet'works bypass, the subject of this report

The 12-inch- d1a.meter outlet works bypass controlled by a 10-inch
jet-flow gate, 1/ will be ‘used to discharge small quantities of water to
-sa.t1sf downsfream water rights during the winter. The bypass
extends from the side:of the right outlet conduit just downstream of the
wye branch, Figure 2, bypasses the 2-foot 3-inch square main outlet
WoiLkS hlgh pressure shde gates, and discharges into the right half of
the main oiitlet works stilling basin, Figure 3. The jet-flow gate is in
.the outlet works control house near the downstream end of the bypass.
‘A 16-inch (prototype dimensions) inside-diameter pipe extends 19.5
-inches downstream from the gate and connects to a 32. 5-inch length
of 17.62-inch-inside-diameter pipe. This pipe carries the flow through
the control house wall and directs the jet into the right half of the still-
ing basin through a blockout in the right sidewall of the basin. A 2..76-
inch-inside-diameter vent pipe attached at the top centerline of the dis-
.charge plpe 3.56 inches downstream of the face of the jet- flow gate

prov1ded air to the gate. _ =
7

THE MODEL

) The model was bu11t to.a scale rat1o of 1 2, 857 so that an avallable
3. 5-inch- diameter jet-flow gate could be used to represent the 10-inch-

o diameter prototype gate. The model included the jet-flow gate, the

- downstream pipe, and a-portion of the right half of the outlet works
- - stilling basin, Figure 4. The pipe bends upstream of the jet-flow gate
:were not modeled; instead, a straight 30-inch-long section of 3. 5-inch-

:diameter pipe was attached to the upstream face of the gate; the straight
.. pipe was: attached to the permanent laboratory supply System with 8 feet

- of 3- mch inside-diameter flexible ‘hose.

_The.. gate and-plpe assembly was p1Voted__t'or vertical movement at the

Eoe -pipe centerline 1-foot (model} downstream of the gate; horizontal move-

" ment could be made by shifting‘the baseplate on its mount. Pressure

B head was measured 1 diameter upstream from the: gate by four piezom-
.eter taps connected to'a common line leading to a mercury manometer.

~ .Discharges were measured with volumetrically calibrated Venturi meters.

- Airflow’ through the air vent/pipe was rneasured by a sharp -edged or1f1ce

R and .an. open tube water manometer

y .o

1[Refers to reference at end of report




Water surface levels in the stilling basin were controlled by an adjust-

_ able tailgate, and the elevations were measured by a staif gage on ‘the

" wall of the basin near the downstream end. of the model. “The portion
. of the basin represented in the model extended from Station 9+30 down-

- stream 53. 5 feet to the tailgate which was 23. 5 feet upstream from the
end of the prototype basin. A glass window mounted in the right basin
sidewall extended 23 feet downstream from Station 9+54, and verticallv
7 feet above the basin floor to allow an area below the water surface to
be viewed. All model data presented in prototype form were computed
according to Froudian relationships. -

THE INVESTIGATION

Operating Conditions

- The normal design discharge- for the outlet works bypass is 8 cfs, and
the maximum discharge is 36 cfs; intermediate discharges of 9, 18,
-and 27 cfs were also observed in the model. The pressure head, meas-
~ured 1 diameter upstream of the jet-flow gate, was computed and set in
-"the model. -With the computed pressure head, the maximum de51gn dis-
charge of 36 “cfs could. be obtalned with a 100 percent gate opening.

B The water surface elevatlon in the st111mg basm for the range of bypass
dlccharges and assuming-no flow from the outlets is shown on Flgure 5.

:f _.Almernent of the Gate and. Plpe Assembly

" The model. gate and pipe assernbly was ad_]ustable 50 that the almement .
which would provide the smoothest flow in the basin could be determined:
‘In the preliminary design, the gate and pipe assembly was set to direct
‘the‘jet: mto the basin at'a lateral angle of 9° relative to the basin- center-—
"'lme Thlb-angle t*{as satlsfactory and was not cha.nged durmg the tests..

, 20° vertlcal deﬂectlon angle --The prehmmary vert1ca1 deflectlon
angle for the gate and pipe assembl v was 20° below thée horizontal.
‘Surface flow for this arrangement was generally very turbulent with:

. “high waves, ‘foam, and splashing extending far down the-length of -
. .":the*basin. The high'boil due to:the impact of the jet against the water
.+~ surfacestruck the center. wall Figures 6A and B.  There was: only
~‘a.small clearance between ‘the Jet and the r1ght basm ‘wall for all
: d1scharges L _ : _ :

: The pomt of 1mpact of the Jet on the water surface varled from Sta-5'5 -
e ;;_t1on '9+52 ‘at 36 cfs. dlscharge to Stat1on 9+55 at the 8- _efs d1scharge

S ;".s.lthe average Water surface ‘at. ‘Station' 9+69;for 36; CfS o8
o l_,*::.the average water surface at Statlon 9+5aafor the 8-cfs: dlscharge




The 20°’vertica1 deflection angle wasconside_red undesirable because
- of the turbulent surface flow conditions. Therefore, other angles -
were tested to obtain more efficient energy-dissipation '

' 30° vertical deflection angle (approved) -—Increasmg the vertical
deflection angle to 30° caused the jet to hit the water surface near
the center of the basin pool and provided smoother flow conditions
for all discharges, Figures 6C and D. Surface roughness, waves,
foam, and splashing were less than for the previous test and did not
extend as far downstream. The boil at the jet impact area rose about
3 feet above the water surface at 36-cfs:discharge, but the waves
along either side of the basin and downstream from the boil were
1foot high or less. The pool upstream of the jet was smooth but

- surged about 6 inches vertically with the average water surface

~ about a foot lower than the tailwater. There was adequate ciear-

- ance between the jet and the sidewall and between the jet and the

floor of the blockout under the jet for all discharges, Figure 7.

~The depth of penetration was the ‘same for the 30° deflection as it .

-was for the 20° deflection for corresponding discharges. The 10°:.

increase in vertical deflection.angle caused the location of Jet impact-

‘to move upstream about 8 feet for all discharges and the region of

~maximum jet penetration to move upstream about 9 feet at 8-cfsdis-

charge and about'14feet at 36-cfs discharge. On striking the stilling pool,
-+ -thejet wascentered in the basin with no impingement on the center wali,

"Sa.nd and rock placed in the, basm was either carried out of the basm o
" or lodged at: the. bottom end) of the slopmg ﬂoor at the upstream end '
"~ of the basin. . .
: A35° vertical deflection angle for the gate and pipe assembly was
~ also tested; however, the lower surface of the jet hit the floor of the
"_blockout. . -It was not desirable to lower the, bottom of the. blockout
'"so th1s test Was not contmued

Satlsfactory flow conditlons in the basm were- obtamed with the g°
- "lateral angle (from the preliminary design) and the 30° vertical
. deflection angle derived from the investigation; therefore, this
- arrangement. of: the gate and p1pe assembly was approved for pro-
; totype mstallation T _ _ : o \ ) ’

u

-Air Demand

3 : "The prototype air vent pipe. extended from the. downstream 51de of the e
. ‘gate about 3 feet: through the control house ! ‘wall to.the atmosphere thow-

-ever, 'in:the model only:a: short. stub was; .placed ‘on the pipe on the down--_*f,i-._ S
. 'j'.rstream side of the! gate, Figure. 4. 'The:rate of airflow through' this"
e 3 pipe stub: connection ‘was measured with a- sharp-edged orifice placed

m the end of a 2 2 1nch—m51de diameter ail: chamber The differential '




head of air across the orifice was measured with a U-tube water
‘manometer and the quantity of airflow was computed from the equation

Q = CA VEgH

where C = coeff101ent of discharge (0 60)
‘A = area of orifice

'H =.differential head in feet of air corrected for temperature

and barometric pressure. :

Airflow through the air vent pipe was negligible for gate openings of -

60 percent or less. For these gate openings the aerated water did not-
‘fill the pipe downstream of the gate, and the air required at the gate
flowed up the unfilled portion of the discharge pipe. There was air-
‘flow through the vent pipe for gate openings greater than 60 percent _
"and air demand data were obtained for gate openings of 80 and 100 per-
cent for both the 20° and 30° vertical deflection angles. The air demand -
‘at the large gate openings was directly proportional to the water dis- -
. charge and was greater for the 20° vertical deflection. angle than for

the 30° angle, F1gure 8. : : ;

_Although the d1scharge pipe downstream of the gate ﬂowed nearly full

of air-saturated water at or near maximum d1scharge, air was observed
moving upstream through the pipe against the main flow, even durmg -
the maximum design d1scharge and also with a 100 percent gate opening.
Tkzrerid of the discharge pipe was partially blocked to prevent air from

entermgbythls access.. This partial restrictioncaused asharpincrease o

in-airflow through the vent pipe, indicating that a large amount of the :
. total. a.lI‘ demand was: normally supplled through the d1scharge plpe

Premous model tests?./ of ]et “flow gate dlscha.rgmg mto a horizontal
"conduit showed the effect of ‘lengthening:the downstream conduit on the
airflow through a vent pipe. Although the dirflow in the downstream
conduit-was erratic, generally the flow of air throughthe vent increased
. 'as the. conduit length was increased. _In the cited test for a ‘downstream
- ‘length of 3.72 D (D = -downstream -conduit width) the vent ‘airflow
~was- 0.5 cfs, ‘or less, up.to 80 percent gate opening but .rose sharply as
' -the gate was opened to 100- percentfull open.

”An apprec:able but unmeasured portlon of the total
 air-demand of the system was- supplled by air entermg
“.at the. outlet end of the ‘conduit and moving upstream '

- "along the top of the fluidway. This re-entrant air was
- particularly noticeable with the shortest conduits; how-

. ever,: ‘even w1th a condult length of '18.58 D5, a small ,

- part- of. the ‘total air" demand appeared to be obtamedam o
'Cthls manner "2/ % L




: rmor_e ‘than adequate- and: probably would never be:‘requ1red to supply
‘more than a'small: percentmof the ‘total air-demand. : The: pipe: down-

:stream of the ‘jet-flow. gate was> 'of :adequate:size to.carry the air- -
['saturated wa.ter Jet_ and to prowde partzal aerat!.on at all dlscharges




_ The Hydraullc Des 'gn
lets in:Shasta’ Dam, 'b;

"Hydraullc Model Studles of the’ Trl.mty'-Dam Aux111ary Outlet .
-Works,. Jet-Flow Gate--Central Valley Project, Cal1forn1a " by
W P S1mmons dr.,. Report No Hyd-472 USBR -




Table 1.

DI.MENSIONS OF IMPORTANT FEATURES

Feature

Engllsh un1ts

Metrlc umts

_'.Helght of dam :
 “Length of dam at- crest
- 1Outlet:works bypass pipe,
. :diameter .

‘ r"J et-flow:gate," dlameter

Al pipe,  diameter
/. ‘Basin:length’ (downstream of -

sloping floor). :

-' j‘”’:_‘Basm width (r1ght half)

“:"-";:'*.iMammum de51gn dlscharge

138-feet .
1,070 feet <

12 inches

10 inches
2 76 mches-

'_'53 feet

8 feet:

..36‘.:C'fs'-"":'- A

ol 42, _06-meters '
1 326.14 meters

30,48 centimeters
:23. 40 centimeters
- 7 01 centlmeters

| ‘16 15 meters
'2.44 meters.’
1,02:cms
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Figure 4
Report No, Hyd-568

Jet-flow gate, downstream pipe, and air supply vent.

SILVER JACK DAM
OUTLET WORKS BYPASS

The 1:2, 857 Scale Model
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"FIGURE 8
‘REPORT HYD —-568

~Gate full open
Gate 80% open
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The following conversion factors adopted ty the Buresi of Reclamation ere those publishied y the American Soclety for ..

. Teoting ard Materiale (ASTM Métric Frectice Guide, Janoary 1964) except that sdditiopal factora (=) commonly used in
"~ the purean have been sdded, Further discussics of definitions of Quantities and umltse 18 given o peges 10-11 of the
ASTM Mrtric Fractice Guide, ’

The metric units and conversicn factars adopted by the “iSTM mre hased ¢n the "Irternaticmal Syeten of Unite" {designated .
5] .far Systese Imtermationsl ‘d'Onites), fixed by the Interpations] Comeittee for Welghts and Measures; thie gystem is
&180 imown as the Glargl or MESA (weter-kilogram (maa)—senond-ampere) gystem, Thia systen hac-been adopied by the
mmmummmmummmmtmn—n. C N o :
The metric tachmical wilt of force is-the Elcgrem-foree; this im the force which, when applied to a body having e .
-waes of 1.-kg, gives:it an acesleraticn of 9.206&% m/Bec/sec, the mtandard sccelerstion of. free 1] toward the earth's .
oenter for wea-lewel at 45 deg latitode. ‘The metric wit of force in ST wilts 18 the newton (N}, which ia definsd mo .
-4hat foroe which, when: applied to a-body yavivg a mess of 'L kg, glves it ap mccaleration of 1 m/seo/Bec, These urdts
must be dlstinguiched from the (fipcometert) local welght of a body having & maas of 1'kg; thet 1s, the welght of &
body 18 that force with which . a body .18 attracted io the equal to the mass of a body mltiplied by the
acoelerstion dus {0 grevity, However, because'lt ig genemal use "pound”’ than the technically .
correct term "pound-foree,™ the tern "kilogram" .(ar deri oA gulde lnstead of "kil
forne® In expreasing the conversian factors for forcea, | The newton urdt of force w1l £ind increasing use, and is
- esgential in ST units, BT ) P . T : ] '
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ABSTRACT

. the 12. in. outlet works bypass plpe, con-
ate, for Silver Jack Dam, Colorado;,

ac orily when positioned correctly with relation to the
:Surface flow and penetration in the main outlet works

in caused by the jet from-the bypase pipe were obperved::
ediately. downstre of. the gate;’ supplied by flow . .
he main plpe and y flow t rough the- alr vent pipe,

! N 'rks bypass pipe, con-

jet-flow gate, for Silver Jack Dam, Colorado, :

sfactorily: when positmned correctly with relation to the -
{19

nd penetration in the main outlet works
the jet from the bypass pipe were cheerved,”

sdiately.downstréam of the gate,- supplied by flow '

ght

main p1 e and by i'low through the au- vent plpe, . _' B

ABSTRACT e
Al:2. 357 scale ‘model of the 12 in. outlet works bypass plpe, con-

trolled by a 10-in. jet-flow. gate, for Silver Jack Dam, Colorado, -
operated satisfactorily when positioned correctly with relation to the

.stilling basin, - Surface flow and penetration in the main oiitlel -worke )
_-etilling baein caused by the jet from the bypass pipe were observed,
Air demarid immediately downstream of the gate, supplied by flow .

upstream through the main plpe and by ﬂow through the alr vent pipe,
waEg tnvestigated :

: ABSTRACT

A 1 2. 857 scale model of the 12-in. outlet works bypaas pipe, con-"
-trolled by a 10-in. jet-flow gate, for Silver Jack Dam, Colorado,

operated satisfactorily when positioned correctly with reldtion to the
stilling basin, . Surface flow and penetration in the main oltlet worka

.. gtilling basin. caused by the jet from the bypase pipe werc observed,

Air demand immediately downstreain of the gate, supplied by flow
upstream through the main plpe and’ by t‘low through the air vent plpe.

" was investlgated.
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HYDRAULIC MODEL STUDIES OF. SILVER J ACK DAM OU'I'LET WORKS
BYPASS--BOSTWICK PARK PROJECT, COLORADO, . USBR Liab Rept
Hyd 56 Hyﬂ Br Dec 196& . Bureau of Reclamation, Denver 7 p_, -

'Ltestsl outlet works/ energy absorptionf hydraulic gates and valves
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d-568 Hyd Br, Dec 1966 Bureau of Reclamatlon, Denver, .7 p,
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-= Bilver Jack Dam, Ct::lc:nr Boltwick Park Project Colol
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