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' PURPOSE

Studies were conducted to determme operatmg characterlstlcs,
coefficients of discharge, ‘and air demand for the most recent jet-
flow gate design dlschargmg freely into the atmosphere or mto a.
partly filled conduit. : : .

CONCLUSIONS
1. The revised and 31mp11f1ed Jet -flow gate performed in very
nearly the same way as the original design developed for Shasta
. Dam. Operation is characterized by relative freedom from: vibra-

~ tion, absence of cavitation, no hydraulic: downpull on the gate leaf,
con31derab1e spray around the Jet and heavy air demand.

2. The coefficient of’ d1scharge for the fully opened gate is 0. 833
based upon the orifice area, the total head upstream and the pres-
sure head downstream (Figure 10). ‘A curve of Cq versus gate .
opening ‘is presented and the data are apphcable torboth free: dlS-
charge and conduit dlscharge conditions. . :

3. Small changes in: gate opemng at the near. closed p051t10ns pro- ‘
duce large percentage changes in effective flow area. “Gate leaf -
positioning, or'leaf position indicating are very important and must
be closely controlled if agreement is expected between computed

~ and actual prototype flow releases :




4, At partial gate openings, ‘'small f1ns of water occurred at the
corners formed by the gate leaf bottom and the edges of the gate
orifice. The fins struck the downstream slot corners (Figure 9)
and partly filled the slots with relatlvely slow moving water. This
is the same action that occurs in the Shasta gates and no trouble
or maintenance proolems have been encountered. 1n the fleld instal-
lations. : : : ; '

5. Air demand mcreased rapldly as the model operatmg head was ‘
raised on the gate (Figures 13-19).. -

6. Air demand, as measured through the air inlet system increased
as the length of the downstream conduit increased (Figure 19). Partm ;
of this rise was believed due to a greater entrainment action in
the longer conduit. In addition, part of the measured rise was due
to the fact thata greater percentage of the total quantity of air '
actually being entrained had to go through the inlet system because,
as the conduit became longer, it became more difficult for air to -
move upstream in the fluidway above the water surface, Thus, a
greater percentage of the actual demand was measured when long
conduits were used. : : :

7. The vital need of aeration to the system was illustrated by =
severe negative pressures and a partial collapse of the 120-inch
long conduit that occurred when the air supply was cut off during
a run with a 100-percent gate opening and a38 -foot model head.

INTRODUCTION
The "jet-flow gate' is a high head regulatmg control structure
(Flgure 1) developed in 1946 by the Bureau of Reclamation for use .
in the upper and intermediate outlet tiers at Shasta Dam. 1/ It
consists of a movable gate leaf enclosed ina special frame or
housing with a contractmg orifice on the upstream side and a
larger sized opening on the downstream side. The Shasta gates

were fitted to 102-inch-diameter inletiand outlet conduits and had Sl BRI

an orifice diameter of 96 inches. -Air was admltted 1nto the con-
duits just downstream from the gates. :

The unique feature of the gate con51sts of the carefully planned
contraction of flow as water passes through it. This contraction
is obtained by diverging the walls of the approach conduit and then”
contracting the flow area with a 45-degree converging cone that
terminated in a circular orifice (Figure 1). In cases where the

1/ Refers to reference at end of report.




leaf throttles the flow, the spring point atthe upstream bottom

edge of the leaf produces part of the contraction. '‘By proper design,
the required amount of contraction is obtained to allow the jet to
pass the gate slots before it again touches the conduit walls. Thus
the flow does not strike the gate slots, and the usual difficulties
with negative pressures. and- cav1tatlon at gate slots are av01ded

Air is required around the jet to maintain the: free-flow conditions,
and provisions must be made for its admission. Tests have shown
that if the air is introduced at the top of the conduit at the down-
stream face of the leaf, it will be drawn into the regions where v
aeration is needed. S :

Experiences with the prototype Shasta gates show that the design
performs extremely well. No operational difficulties or unrea- =
sonable maintenance problems have occurred, and Operators find
the gates easy to. handle : :

A graph showing discharge coefficients for various gate opemngs
for the Shasta gate and conduit system was prepared from model
study data obtained at the time the final design was evolved.(Figure
1). These coefficients, based upon the conduit area and the res-
ervoir head above the gate, are for the entire outlet condult system,
not just for the gate itself. SR , L

In years following the initial development and use of the gates at
Shasta Dam, the basic design has been extended to other struc-
tures. The degree of freedom available in designing the newer
gates was greater than at Shasta where the conduits were already
embedded in the dam. Simplifications and des1gn changes have
therefore been possible. These included using an orifice of the
same diameter as the approaching pipeline, a conic expanding
section, a greater vertical drop from the: or1f1ce lip to the gate.
frame invert, and larger conduits (oriin some cases, free dis-
charge) downstream. The 84-inch jet-flow gate for the Trinity
Dam auxiliary outlet works is the latest and most advanced of =
these de51gns (Flgures 2 through 5) :

Detailed information concernmg the operatmg characterlstlcs
coefficients of discharge, pressure ‘conditions, and air demand
at various gate openings, was desired for this newer design.
Model studies were made to obtain this information, and dis-
cussions of the model, the tests, and the results are glven in
this report.




TH E MODEL

A 1:14.87 scale model of the Trm1ty Jet: flow gate was' obtamed
by using the upstream: body of the original Shasta model and by
adding a new upstream conic expandmg section, new side plates,
a new floor plate, a newleaf, and new downstream: body and con-
duit sections (Figure 6). Partlcular attention was given to the
shape of the orifice lip, the ring seal just.downstream from- the
lip, the gate leaf bottom, and the leaf, wheel tracks, and down- -
stream frame. - The general geometry of the leaf, tracks and
frame affect the path the air must take to reach and aerate the
jet. A protractor scale graduated in degrees was attached to.

the top of the gate bonnet below the leaf operating crank so accu-
rate gate settings could be obtamed by appropmate turns of the
lifting screw. ,

A 24-inch-long transparent plastic conduit section downstream
from the gate allowed flow conditions to be observed inside the
conduit. Sheet:metal sections were added to the plastic conduit
to make total lengths of 48, 72, 96, and 120 inches. The air
conduit, which is formed by a partltlon ‘at the top of the main con-
duit, was included in the sections. An-air inlet measuring
statlon consisting of a vertical' 3-inch pipe fitted with appro-"
priate flat plate inlet orifices, was built onto one 24-inch-long,
sheet metal section. The air conduit was sealed off at the
downstream end of this pipe so that all air that.entered the
system came through the orifice meter.  The metermg section
was always placed at the downstream end of the plpe system

One-sixteenth -inch- dlameter plezometers were: prov1ded at the
reference station ahead of the gate and at points within the gate
and conduit where low pressures were conSLdered poscible
(Figure 6). The pressures acting at these points were measured .
by single- and double-leg water manometers and'by a mercury
manometer. The rate of flow was measured by calibrated 4-,
6-, 8-,-and 12-inch venturi meters in the laboratory water
supply system. Very small flows were measured: by a laboratory-
designed and calibrated orifice-venturi- meter -using '1.250-and
1.750-inch flat plate orifices. Flow was prov1ded by a 12-inch
centrlfugal pump operating alone, or by two 12-inch pumps opera-
ting in series. The water leavmg the model was directed 1nto

the laboratory storage reservoir for re01rcu1at10n




INVESTIGATION .

Method of Testing

Tests were made by settmg the: gate to the de51red openmg and
passing water through it. Measurements were made of water and
air flow rates with appropriate pressures acting in the system. '
For the calibration data, at least five discharge settings were
made at each gate opening with heads: rangmngrom 20 to 57 feet,
model. The data were plotted as Hversus Q4. A straight line
of best fit was drawn through the points for each gate opening to
establish the mean values used in determining the coefficients. '
Several spot checks were made to check the reproducibility of
the gate settings and data. ‘Reynolds .numbers for the test
points ranged from the lowest of 3.1 x 10 at a’ 5—percent opening.
to 2.0 x 10° for full -opening. These values were based upon the
diameter of, and the velocity within, .the 5..65-inch conduit and
orifice. On the basis of the velocity: through the gate opening,
and on equivalent diameter for the opemng, the mmlmum value
becomes 2.25 x 109, ,

Tests were first made with the gate d1écharging freely into the
atmosphere. Other tests with various conduit lengths installed
downstream from the gate showed that air demand was appreciable
and that the pressure regime downstream from the gate was'
affected by conduit length and quantity of air supplied.

Discharge Into the Atmdsbhére

The flow under free d1scharge condltlons at va. rlous gate opemngs ‘
is shownin Figure 7. Considerable spray occurred at all openings.
The pressures to. be expected under a 370-foot. operatmg head are-

given in Figure 8. Pressure:factors, by which the pressures can. ,
be determined for other prototype heads. are. also given. These pres-.

_sure factors are dlmensmnless and are: defmed as. }}11’; - Eg where

hy is the pressure head at a partlcular p1ezometer hg:is the pres-
sure head at the reference station one conduit:diameter upstream
from the gate, H; is the total head at the reference,station, (hg +
hy), andhg isthe pressure head just downstream from the gate.
The value of h, is measured at Piezometer 15, Figure 6, and is
atmospkheric 112no conduit is used. Prototype pressure values

are obtained by using the factor for the piezometer in question,
and: 1ntroduc1ng into the equatmn appropriate prototype values of -
H; and h2 and hg . ; w2 ,

s RN
i,




‘At small gate openings, minute errors in. posmonmg the leaf
resulted in large changes, percentage-wise, in effective openmg
This made accurate positioning of the model leaf 1mperat1ve ‘in
order to obtain consistent data. Similarly, accurate positioning:
of the prototype leaf will be imperative to:obtain reasonable cor-
relation between actual and computed ou’let\releases.. Zero open-
ing is obtained when the bottom upstream: edire of:the leaf is level.
with the orifice invert. 100-percent openingiis obtamed when the
leaf bottom is 1eve1 with the orifice crown. J;j;‘

A slight flow 1nterference occurs in the’ gate at the begmmng of o
the downstream frame, particularly at: small openings (Figure’ 9A).
Small feathery fins of: water form at the corners. of the jet as it
passes through the control area in the gate. A part.of:each of
these fins strikes the downstream frame and is deflected into the.
slot and track area. Enough water is deflected to:partly fill the
slots with turbulent, aerated, relatively slow moving water.

This action is greatest at small gate opemngs particularly at.
about 5 percent. No damage or difficulty is expected on the gate ;
due to this minor interference. This is attested by the fact that
the same interference was present in the Shasta model and pro-
totype gates, 1/ and no trouble. has been experlenced axter ‘
extensive field operation. : o

The coefficient curve based on. the orifice (or “ci,onduit)‘are’a for the

modern jet-flow gate and upon the head differential across the
gate was determined (Figure 10). The coefficients are considered
appropriate for use for all jet-flow gates of recent design.  The
curve for the Shasta gates, based on the same. parameters, also .
appears in Figure 10. ,

Because no water is present within the. gate bonnet, no water Ioad
occurs on top of the gate leaf. Slmllarly, the bottom of the'leaf

is free of water and is subjected only to.an air load. Thus; there
is no appreciable downpull force on the leaf during gate operation,
and no heavy loads are 1mposed upon the lifting stems and hoists.
Movement of the gate leaf is relatively friction-free because the -
leaf is carried on wheels that roll on metal tracks. The. greatest
source of friction occurs at the large circular seal ‘which is always
held in contact with the upstream face of the: leaf (Flgure 5).

Discharge Into a Conduit~-Free Water Surface

Tests with various conduit 1engths‘ of the same cross-section placed
downstream from the-gate showed that a number of factors affected




the water flow and air demand. The condults were egg-~ shaped in
cross-section, 6.457 inches wide and 7,919 inches high (Figures 6
and 12). Lengths ranged from 24 inches to 120 inches, or the
equivalent of 3.72 to 18.58 times the: downstream condu1t w1dth Ds.

Small fms of water contmued to: strlke the downstream gate frame
and rise up the sides of the. downstream conduit and then fall back
to the bottom(Flgure 9B). Part of the water was deflected into the :
slots. No d1ff1cu1ty is expected w1th thlS mmor actlon ‘

Effect of Air System Restrlctlons The first'tests were made with
a conduit 72 inches long. Orifice plates with diameters of 1. 00,
1.50, 1.90, and 2. 75 inches weresusedon the.air: 1n1et entrance
to determine the effect of restrictions on the air flow. All tests
were made with the gate 100 percent open and at-model heads
ranging from 10 to 50.feet. The 1.00-inch orifice showed a def-
inite restrictive effect (Figure 13). A much less restrictive
effect occurred with the 1.50-inch orifice. Little:difference
occurred betweenthe 1.90- and the 2.75-inch orifices. The
appearance of the jet was not materlally affected by" these d1f—
ferent restrictions in the air- supply system. i

To reduce the number of test varlables andvto ease analysis of ©
the data all subsequent tests were run with the same orifice

plate. The 1.90-inch orifice was selected for the purpose because
it provided reasonable differentials for low-flow measurements,
without producing appreciable restrictive effect at high flows.

Effect of Head. An increase in model operating head, :and hence
discharge, had the effect of appreciably increasing the air demand
and the ratio of air flow to” water flow (Figures.13 through 19).
Also the quantity of spray around the jet increased rapidly as the
model head increased. .Conversely, :increases in upstream head
produced decreases in head in the conduit just downstream from
the gate. This was expected because as greater quantities of

air are carried away by the water and. Spray at higher flows, -
lower pressures must necesoarﬂ.y result inthe downstream con-
duit.

Effect of Gate Opening. As the gate was opened from fully closed
to the 50-percent opened position, air demand increased, partic-
ularly atthe 25- and 40-foot heads (Figures 14 through 18). The
flow in a 24-inch-long conduit with a 40-foot head, “is shown in
Figure 11. Further opening at the 25 and 40 —'foot_heads produced
a condition where the water jet occasionally became relatively -




smooth, and then broke up again to produce a great deal of spray.
The air demand was affected by the jet changes and was greatest
when the spray was greatest. The unstable reg1on is indicated in
the curves of Figures:15 through 18 No surging or appreciable
pressure variations occurred in-the hydrauhc gsystem while the
unstable conditions were being experlenced At a 60-percent

gate opening the flow became stable again and the air demand
dropped to that experienced at a 40-percent opening. The demand =
progressively increased at 70-, 80-, and 90-percent openings, and .
then rose rapidly to the peak uemand at the: 100-percent openmg -

Runs made with a 10-foot: model head dld not produce the unstable |
conditionsatthe 50- to 60-percent gate openings, and. did not' pro-
duce an intermediate peak demand at these opemngs

Effect of Conduit Length. Several lengths of downstream condult ;
were tested to determine the effect of length upon air’ ‘demand, and
to insure havmg sufficient length to obtain: satlsfactory repre-
sentation of the very long prototype cond: rit. “Data: obtainedin .
these tests are applicable only to the- type of jet released by a jet-
flow gate, and to the conduit cross sectmnal shape and area
ratios used. : : :

The rate of flow through the air inlet system followed erratlc -
patterns as the conduit length was increased (Figure 19). Gener-
ally similar patterns occurredat 25 - and 40-foot heads at'a 100-
percent gate opening. In these cases the zir. ‘demand increased

as the conduit was: lengthened to about 7. D2 then dropped
slightly as the conduit was further lengthened to about 12 D9,

A general rise in demand occurred with further lengthening
between 12 Dy and 18.57 Dy the maximum length tested. The
10-foot head data showed a different pattern with a peak demand

at about a 12 Dy conduit length and lower demands w1th shorter :

and longer condults

Qulte different patterns: occurred with’ 50—percent gate. openmgs at
the 25- and 40 -foot heads. ‘Sharp rises in demand accompanied
conduit lengthening up to about 12 Dg. W}\th the 40-foot head, a
more gradual rise followed up to the 18.58 D5 length. The 25 ~-foot
head data showed a peak demand at a 15 Dy length and a drop with
further lengthening. The 10-foot head, 50-percent gate opening
data showed about the same pattern as did the 100-percent gate
opening. In all cases, the demand at 50-percent gate opening

was much less than for the 100-percent -opening.




An apprec1ab1e, but unmeasured: portlon of tr ftotal air demand

of the system was supphed by air entering atithe outlet end‘of

the conduit and movmg upstream along the: top of the fluidway.

This reentrant air was particularly noticeable with the shortest -
conduits; however, even with a conduit length of 18,58 D3, a small
part of the total air demand appeared to be obtai.ned in this manner.

In summary, the type of jet emanating from the gate and the geom-
‘etry ofthe conduit downstream apparently interact to produce-air
demands.that'vary erratically as the conduit length is changed.
Stable, predictable conditions were no+ completely achieved, -
even w1th a conduit 18.58 D3 long. 1t did appear, however, that
further increases in length would have only minor effect upon the
air demand, and further tests were deemed unnecessary :

Effect of Closing Air Inlet. Drastic pressure reductions occurred
in the gate and conduit system when the air flow through the inlet -
was severely restricted. ' Tests were made with the 120 -inch-long
conduit, ‘a.37. 8-foot. model head, and with the gate wide open. .The
discharge was 7. 35 cfs, and the upstream conduit piezometric.
pressure was 10.10 feet The air flow was slowly restricted by
sliding a cover over the opening of the 1. 90-inch-diameter air
inlet orifice. Pressures immediately lowered throughout the
system. The downstream conduit began to collapse when the
pressure in it reached minus 17 feet. The reference station
pressure reached minus 7 feet. The air inlet restriction was ‘
quickly removed to avoid more extensive damage. The test served
as a graphic example of the importance of adequate aeration =
of prototype gates discharging into tunnels so that satisfactory
pressure gradients will be maintained and 80 that cav1tat10n and
other damage will be av01ded ‘ : :

Effect of Froude Number, Kahnske and Robertson 2/ have shown
that the rate of air entrainment in a hydraulic Jump in a circular
pipe is related to the entermg Froude number minus 1 (Figure 20).
Prototype outlet works air demand data obtained. by the United
States Corps of Engineers 3/ also shows a relationship, and a
suggested design curve has been presented(Flgure 20). The
model data from the Trinity jet-flow gate is shown on the same
plot, and conforms generally to the Kalinske and Robertson data.

G

;/"‘; . .
Interpretation of thw Trinity model. results in terms of prototype
performance must’oe approached with cautlon ‘First, there was




in the Froude number calculatlons were th.e computed vena con-
tracta velocities using the.full'head. .Analthlrdly, ‘the: depths
used were the computed depths:in the downstream conduit = |
assuming that the flow was traveling at.the vena.contracta velor'
ities. These mampulatlons were necessary to-obtain:a basis for
comparison with the existirig.data and are believedito be Just1f1ed
They may also be used for later .comparisons with: prototype Jet—
flow gate data, as it becomes: avallable, but they cannot ‘ag’ yet
be regarded as estabhshed rules e i :

1/ "The Hydrauhc DeS1gn of a Control Gate for- the 10"-1nch Outlets
in Shasta Dam by_ F. C. Lowe Report No ~Hyd. 201, USBR

2/ "Entralnrnent of Air in Flowing Water --Closed Conduit Flow” “by
A. A. Kalinske and J W, Robertson, Transactlons ASCE Vol
108, 1943, : E

3/"Hydrauhc Design Criteria' Sheet L050-1, »Unit'ed ‘States Army L
Corps of Engineers. , ' A SIOE
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t gdjacent rings of grouf holes 45°
For details of grouting pipe
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A

——D a/nage holes @J 20*0/‘5 0"+ deep

70957

“Increase dimensions -
-to provide requ:red
space for tunnel ot

. concrete placementd Xy

SECTION A~

»

SCALE OF FEET

40 C 0
for pressure and backfill v
grouting in liner section,
«Plone forming is optional but no odditional
payment will be made for concrete
outside concrete payline
.-£ Conauit
[ e miem 120" 2 e =T

N o -3 b.ﬂ

L.-Originol ground surfa;
NG -0r1qmal rock surfoce

Pipe or drilled holes for . .,' !

placing backfill ?rour
?\or mortar, loco 5]
0s directed - T

~Invert
£1.1995.50

Opfmnal consfr :
Joints=m-~—anl

=== ==Pervious backfill -~ _

ff' ‘ plashc coumpaund

WROUGHT IRON wAa TER TOP

- BRI e
Stondard black pipe-* . /
Sfandard pipe caupllngl

ZGROUT: PIPE GONNECTION

’Arr ducf metalwork -
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P et
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SECTION H-H - Bline-" goshg-_
: £ Auxiliory outlet Tie rods-- 7
L L works tunnel: . . e o . if i
e migeres  en bRy F-ALine

Bipe or dn//ed holes for placing ’,‘ ‘---Venr holes at h/ghesr breaks

“bockfill grout or mortar; e in excavotion
/ocafe as d/recred~ A ru,,,,e,

& A Line

Han

A" Linge=--~ N
'B'Line, see Tya/cal
Tunnel Sections - -~

stagger adjacent
rings of grout .’
holes:q5% < ~=- =~

HALF SECTION E-'E HALF SECTION F-

- 'Grave/ or rock fragmenfs
B Lme ~ o5\ 1 ogrouted affer pldcing
S8~ concrete funnel

lining, ».

-£1,1987.25 DETAIL X

funnel” . concrete tupgel m/ngk

—E Sp/llway -

Y

DETAIL W

‘*B’ Line for '5plllway

Wrap mpple w:rh paper to arevenr :
“bonding to concrete. After.... .-
grouting remove pipe nipple and

paper and fill recess with :
dry pack flllmg-_ .

n" Line for tunnel with la"hmng without

for tunnel with 12”lining without
orcement orreinforcement
only:in :nslde face

w:fh /2 lm/nq and
‘reinforcement each

8" Line, see Typical ;
foce Ra 5=7"for tunnel,

Roof sy ort bolt
Tunnel Sections. - o Ry

I“'--g Tunnel

Roof support botr\

cham linkfabric 7
where d:recred/

DETAIL Z

; - "A" Line for tunnel with i2" lining
and reinforcement each face and /—-/-
r‘or tunnel with steel liner- . - -
vy L:ne for tunnel with 18"
w:fhau? steel liner for6,
! with 12" lining wifHout
i re;n forcement or rein-
“forcement onlyin‘in s/de

DETAIL 'Y face-.

N T .
N A L/ne'/.
n
A Line Steel rib -

HALF SECTION HALF SECTION
y ROOF SUPPQRT BOLTS

: -,aeraux
" 'T/e rods
N

~lemporary
\timberspréaders

Saaces berween continucus fiier plates or lagging
B ond the excavated surface shall be solidly packed .
A Line For™ yith clean rock fragments orgravel and filled with
T8piliway - mortar or grout by grouting methad after placing

LINER PLATES ONLY

Grown details similar to rhase
far secr/an w:fh sfeel r:bs only,
>

DETAIL v

Metal Iagging;-

‘Base of steel rib
- (foot beam omitted)

HALF SECTION HALF SECTION

STRUCTURAL STEEL

RIBS ONLY

},—E Tunnel

,-8"Line
r «‘ .
X ¥ ,rLiner plates
-~Steel rib

TN cDetail v
)

‘Base of sreel rib- 7

{ faar beam am:rfed)

iy T 4 9-Venf hales af hlghesr
2 breaks in excavar/an

,-Tunne/ suoporf detdils gnd -

B line with reference
104" line similarto circuior
rungel see. Details - -

Graur holes 15+ deep,,
stogger od jacent PPN
rings gs shown.--

Inve'[r E11995.50

SECTION Cc~-C

SECTION D-D

SECTIONJJ 2400 L[N SRy S S RSt O R S
L Normal W.5. £1.2370.0 ===1X
Z 2350 !!l I‘[[l!“
5 ‘szng%d %ack 2 Mox. discharge 22500 ¢.f$ -z
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L2150 -
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¥
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. 3 —
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NOTES

: »Demqn based on concref'e of 3000 pounds per sq. inch compressive

‘strength at 28 days.

"For rubber waterstop dera/ls see Dwg. 40-0- 2867,

Gate chamber details shown on Dwg. 416-p-73.
Infake structure details shown on Dwg. 416-D-172.

Wrought iron waterstops in a/l transverse tunnel cansrrucnan

_oints.
Ra indicates radius to ‘A" Ime

Spacing of transverse construction joints in tunnel not to be

greater thon so0'
Details of steel linerpipe shown on Dwg. 416-0-149.
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HALF SECTION “HALF: SECTIDNa
 STRUCTURAL STEEL ) :
RIBS WITH METAL

:STRUCTURAL STEEL
RIBS WiTH LINER

PLATES

TYPICAL TUNNEL SECTIONS ’

CONCRETE FINISHES
Surfaces covered by fill or concrete,frand ul-
Belimouthed entrance, tunnel berween Sta. 21 +00.00
and Sta. 23 +33.51,and tunnel.downstream of gate
chomber below-P C.C. of arch,f4 ond u3. -
All other surfaces,F2.and U2, .

DISCHARGE CURVE

ﬁEVISED FNOFIL! BETWEEN STR.L5+4597 8 STA.Z7+07.53 TO CIRCULAR
OUGHT IRON WA fEﬂJrDPS TO BE PROVIDED IN EONSTRULTION
D/5 OF GATE CHAMBER. REINFORCEMENT REVISED
YO AGREE WITH Cﬂl{s’ﬁllﬂﬂﬂﬂ DRAWINGS.
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+~L41"0.D("l) Reinforcement bar " =

‘ " Gates in closed position-..” .',%Flangas
...... e N
Jar o A /\

Az Exfra sfmng p/pa

;DETAILV, a

'NOTE i
o _All 1.41"dia. *11) rein forcement bar anchors and alf adjusrable A
-Contre Icamer L L T IC SE ] B TR B \ X% : ) supports.shall be furnished by the contractor, Parfsﬂﬁﬂ ;
O : s e s y 2 / ; o = Y R NN - R andéleI be furnished with 84" /er f/aw gafe e !

AT h

l

INSTALL.ATION INSTRUTIONS

A Insfal/ the portion of the gares ﬁm‘ls to be embedded be/ow
elevation 2010.25.; . RS
2. The embeded porrran of the gares shall be complefaly ot
. iiw. assembled except.for the gate leoves and hoists. .
"3, Support ‘the gates and downstream liner on odjustable -
.- supports..Bolt.up the gates, liners, and-connector.
L e e e O o L - : : L 3 Coostesoent 4 Assemble ond weld oll anchor bolts as.shown,..
L . EE TR e, | S PRI, SR : R ey ! o L : = ay 5. Aline the gates by adjusting the nuts on the anchor bolts
- L R v N : S v B ‘ Sl R : SEQTIONEE ' .and the adjustoble supports which shall.remain embedded

Flanges-"

K DETAIL B
(Far a4 1ef flow gate only)

SECTIONAL PLAN

.--€ Gate chamber Sta. 24 +07.51
’B s R R REI . : : L k SR ‘ Sem . : : A ) ‘ ; . B o 6..The first-zoncrete lift-shall fill_the ringfoliower: blockout to =
84"Ring - Fallower gafe, < : <_-|D B R Sy el e PR e o R L : ) Sl : L N elevation 1992.50. The second [ift shall come fo 6inches’
7 v D : : ' I [ B : . B : ; . o : : ey e T above ‘the bottom .of the jet, Flow gate..Thereafter the concrete . .
.shall be placed aroundthe go te in 3 ft..but not more thon
5foot lifts and the alinement sholl. be rechecked after each Iift
i, '7..For-furthen instructions for alining and embeddingthe gates )
and for fairing the water passageway, see Paragraphs e
140 and 142 of Spec:frcatwn No.oC- 4824

hooks for.
" 16=ton hoist----""

.-.6‘..0':.. o

e wee g% m ‘

ey
oy Oil tank”

Conl'ml cabmef -
2
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_ Platform | R I
I ;

: LIST oF DRA WINGS
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INSTALLA TION-LIST OF DRAWINGS . [0l il ..l 316D -3t4 _|

o -Pas: tion md/cafur'

S
.

84"JET FLOW GATE-ASSEMBLY - LIST OF DRAWINGS..--.."IG-D—JI5 [
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e ” ‘5 0 ' L3t LIST.OF DRAWINGS, ... o ol il liidusd 416-D-74
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R PIPING = LIST-OF PARTS. ... uin il il ol i il & :s’n 301
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"R ,A,,- ygnf ;) cmeroz.s INSTALLATION LIST OF aRAwwss_-._.___-us-D 27z |
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. REFERENOE DRAWINGS
= AUXILIARY OUTLET WORKS - : L ‘.
4 ; 7. GATE CHAMBER-CONCRETE DETAILS. .. . olililis ‘.-.. .4I6-D 246 .
i =4 - : _84"RING FOLLOWER AND JET FLOW GATES= _ -
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U F ' AN i ' E1.1999.00°
T " .
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beect | e [ | . : 60 -
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- -~ TRINITY RIVER DIVISION - CALIFORNIA
; \\ " SECTION .F-F : e B A 2 “TRINITY "DAM
- *Adjustable supports }' : _ - : . “Buttweldpart59 . ' "AUXILIARY OUTLET WORKS -~ .
Lower bonnet | o : SRR I PRV : fo embedded anchors- 84" RING FOLLOWER AND JET FLOW. GATES
COVer----- 'Gonnecfor' ’ : L FIELD NOTE . o SEGTION ‘D’_Dg INSTALLATION-LIST OF DRAWINGS
: i ; “-Buit weld part 59 to embedded - - ' 1iON.Lml.
: : : ..4.51,...‘..-5.3.....: anchors. Cut of f part53 or (Gate shown in open position)
Ad'\\: A% ; "‘JD . embedced anchors or both . . e
ustable supports-* i
/j Ippo . :fnecessaly. SECTION B-B

. SEGTION :A-A

(Gafa shown in‘open pasirion) pznvtﬂ.i::zorn:g:; JAN, 31,1088 I 4|6 D - 3,4
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"HALF SEGTION A-A
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HALF SECTIONAL . °
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; LIST OF DRA WINGS
. ASSEMBLY = LIST- OF DRAWING
ASSEMBLY - SECTIONS........
(LIST OF PARTS- MATERIALS. .
BONNETS i .0l i . ..
UPSTREAM '800Y.. ...
DOWNSTREAM - BODY_
CLEAF.LL L.

PO

el g

'CONNECTOR AND LINER ;

. BONNET  COVER - “CYLINDER-STEM=~PISTON.
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" SEAL ASSEMBLY AND DETAILS- HANGER PART,
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DESIGN - para: ‘ L s J e ‘ L 1 : /- e ‘ L S o Xiﬁtr:—j
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FIGURE 5
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4" Clearance

. Lock-setscrew 23 in place f)
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28 ‘ ; : \
10 87) See Note 3 | : >
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80) 39) (82 See Note.2 '
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r--c8-97 ==

msz====== 2 Nominal with

piston 13 against
cylinder head 10

W

84

vk L DETAIL L
- (Air, vent.valve BL shown revoived -
.- 90°from its. actual. position )

i

‘!
i
SR

93" (Overalf ) \-~<-awiii i

Tililiiln

il g

DETAIL M

DETAIL N

i

4

.(-;“;.:919

(Overall)

. SECTION H-H(315)

[ ALEAF SHOWN IN:CLOSED POSITION) "

7 Max. - i«

SECTION J-dJ (315
1TYPICAL)

~=<8'34" 0 € gote --mrmnermmnneer]

SECTION F-Fras o r/oN G-G s

NOTES

1. The contoct surfaces-of the.wheels and the frack sholl lie in g trie plane
with @ moximum deviation of.0.010%in ' feet. The upstream and down-
“stream sliding . surfaces of the guides and the seal surfaces shall be
in a plane parallel to the track and the clearances, as shown in Section
H-H, shall be accurately throughout the travel. See specifications.
2. Assemble piston rings with the pressure side of two rings turned upand
‘the other two turned.down. : :
3. To'reploce packing 82, [ with pressure under piston 13} remove plug =22 -to
: rel/'eveg'pressure from.packing recess. Affer replacing packing 87, replace
plug'23. : SRS et R
4. Lock screws 63 and €2 'in parts 20,23,24,26 ond 28 ,at three points with
center punch scores. ’

5. All V-type packing to be snug but not-tightly compressed .when. glands are

secured in place.

DETAIL P
"FIELD NOTE

“-Gasket 8E to be cemented tightly ot ends to provide o continy-
ous seal, i ST T i S

2 =15~ 88 | SECTIONING OF OVERLAY ON PARTS J AND 5 AND SECTIONING
D - FOR PARTS 11, 34, AND 42 WAS FOR STAINLESS STEEL

UNITED - STATES .

DEPARTMENT OF THE INTERIO

BUREAU OF RECLAMATION
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TRINITYSLRI‘VER DIVISION - CALIFORN!.

TRINITY DAM
AUXILIARY OUTLET WORKS
84" JET FLOW GATE
ASSEMBLY - SECTIONS

oRawn, T W, sunmr rrco-_._mm_/__ _________ -
nu:zn._.!;_’_-.Vy;___.nzcouuzunzn.ﬂgM ............... S

APPROVED.
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FIGURE '8
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GATE R PIEZOMETERS
OPENING
PERCENT - '3 4 8 g 7 -8 9 ] 10 g s

] = = 1-1.000/~1.000|-1.000|0.999]-0.999]=0.995 | ~}.000) =1.000{=1.000[-0.929]-0.966
10 - = {~1.000|-0.999{=1.000]-0.969|~0.999{-0.999 {-0.999/~0.999 |-0.999 =0.962]-0.915
15~ |~0.996{-0.996/~0996/-0.396 |~0.996/-0.087 —0.9961-0.997{-0.790/-0.823{-0.910{-0.994/-0.9 8
20 |-0 995/-0.991]-0.992[-0.990|-0.992|-0.99 =0.991-0.988-0.966|-0:905]-0.6! 0|-0.992]~0.988
30 [-0.972{-0.972{~0.970]-0.970|~0.971|-0.077 =0.9711-0.971|-0.970]|~0.961 |~0.945[~0.943|~0.97)
20_ _[-0.936|~0935|-0.933{-0.933|-0.934{-0.731|-0.74) ~0.813!{-0.934|-0.930{-0.930!--0.934|~0.934
|50 __|-0.873/~0.872|~0.872-0.672]-0.673|~0.860 =0.840(-0.81 8| ~0.874|-0.874|~0.874{~0.874]~0.873
€0 |-0.790,-0791/-0.785]-0.706|-0.785]-0.789 ~0/¢88}~0.786|~0.790-0.790/~0.790}-0.790| -0. 789
79 |-0.679{~0.680|~0.632|~0.624|-0.632/-0.679|—0.679 ~0.679]~0.679|-0.680|~0.679]|-0.679|-0.679
80 ' [-0.840/-0.540[-0.838|-0.538(~0.936]-0.541|-0. 541 ~0.54) |-0.540{-0.541 |~0.540/- 0.540|-0.540
90 [-0.408(-0.408/~0.378]-0.409 ~0.408)~0.409/~ 0.408)-0.409]|-0.408{-0.408]-0.408 =0.408|-0.407
~0.305}~0.308/-0.305{-0.304]-0.305]|-0.305 —9.305]-0.305/-0.304]-0.306 - 0.306]-0.306/-0.305

o . ‘PIEZOMETERS ER
PERCENT 2 37504 5 6 7 .8 9 o2 14/ :
= |t 0.06{+ 0.06{+°0.09|+ 0.4+ 0.41]|+"0.18|]~ 0.25|]- 028~ 0.13|4+27.83+12.94|+:5:07] .

— |-'034|- 0.19|-"0.30|-"0.09]- 0.08|- 0.09)— 0.09{+ 0.01 |4+ 0.12|+14.38] +32.62[+4% 75
20.06]- 0.17|+ 0.06]~ 0.06]~'0.44]-"0,06|~ 0.44 +8C7 11 467.15/+433.41[+.0.91{+5.76|+17.60
'20.09|~'0.32|+ 0.10|~ 0.32|-0.21[~ 0.09}+ 2.12 +11.36/+33.20/468.72{~" 0.45 = 0.1 |[+:3.91
=0.60[+ 0.49|+ 0.37|- 0.06]+ 0.08[+ 0.4+ 014]+ 037 +:3.76/+10.19[+10.85| +ilt
= 1.25|-"0:16}~0.16|+ 0.70|+78.16(+74.03+45.51 |- 0.66 +0.70{- 0.97{-0.86)
+0.811+ 0.81|+0.62/+°0.38]+5.51 {+13.19)421,68)~ 0.20|— 0.20{+ 0.04]-"0.08
=1.59/+ 0.73|+ 0.54+ 0.97|~ 0.62|="0.12/4"0.62|- " 0.97- 1,09/-°0.86{~ ¢!97|
=2.12/416.47|+16,73|+16.97|~51.81]~ 1.69)-- 1,811~ . 18 2.12/— 1.69|-  1.69]
=0:58/+ °0.54/+ 0.46/+"0.20|-"0.70/= 0.70|~ 0.82)~ 0.59/- o0.70~ 0.50|~ " 0,39
+0:08]+411.65/- 0,26~ 0.06{~"0.37]~ 0.16{~ 0.37|= 0.06/— 0.i6{~ 0.17/+ 0.05)
20.97)+ 0.17/+ 0.91] + 0.37/+ 0.26|+ 0,06+ 0.26[+ 0.52 0.06]+ 0.06/+ 0.0

‘B PROTOTYPE PRESSURES ~ 388 FOOT HEAD ~ NO CONDUIT

. %
P ¥

ogEAI‘IIEG ; Vi PIEZOMETERS L .

PERCENT 2 3 4 5 50 6 7 8- 80 ‘9 [ %% BT o 12 13 {14
20 -992/-0.9911-0.990/~0.862|-0.986| - — [-0.985]-0.985/|-C.986] — - ~0:962(-0.870|-0.827| — " |-0.980|-0.955|-0 .908] - —
30 _1-0.972/-0.972|-0.972|-0.846|-0.972] - ~— |-0.98% =0.9711-0.972{ —'"|~0.966/-0.883|-0.928] " — - |-0.968]-0.959 -0.937 —
40 X T [70.9341-0.807/-0.934| — |-0.75! [~0.75!{~0.798] -~ - |-p.932 ~0.920|-0.919] | =" 1-0.933|-0.929]-0.920] - —
50 3 — |70.875{-0.750/~0.875|-0.874/~0.854!~0.865/~0.807|~0.789|-0.874 ~0.872|-0.895}-0.737;~0.875/|-0.87i [-0.874]-0.713
60 ° . 7. =0.782)-0.681 {~0.785|-0.790|~0.790!-0.787]-0. 744]-0. 758 =0:790|-0.791{~-0.78%]~0.7581-0.791 |~0.791 |~0.791 |-v.787
70 . ~0.67€]-0.629|-0.626)-0.626{~0.640|~0.676|~0.676|~0.676|~0.671 | -0 676 =0.676/-0.676)~0.674|-0.676/-0.676(-0.676]-0.673
80 :223=0.540/-0.539/~0.538|~6.537/~0.533/-0.541 |-0.540]~0.540)~0.57 0 70.540/~0,840/~0.540/~0.539]-0.539(-0.539)-0.535/-0.5 38
80 :8101-0.:410]-0.411/~0.410{-0.411 |-0.405/-0.41 1 |~0.410|-0.410|—0. 410]-0.410/-0.410|-0.410]-0.410|-0.410]|-0.4 10[-0.415|-0.41 0

~0.303{-0.203 —o.sos -0.303]-0.303)-0.303| -0. 305|-0.305]|-0.302| ~0.304|-0.304]~0.301 |~0. 303] 0. 303 =0.303{-0.301{~-0.303

C. PRESSURE FACTORS 72 LONG MODEL CONDU!T DQWNSTREAMJ

where h -plezcmefer pressure. i, wuter
hg=pressure - in conduf | diometer upsfreom from gafe ft waler
H,. = hgth, = total head ot reference station, ft. water:
h,=pressure - in". downstreem . conduit (piez 15}, i wofer
(ufmosphenc when- no- conduit is present)
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PRESSURES 'AND PRESSURE FACTORS
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Figure 9
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B. Discharge into conduit. Hp = 40 feet
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C. Gate 60% open Gate 100% open
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