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ABSTRACT

Studles on a 1:14 scale model of the low level outlet works of Portage
Mountain Development show the fixed-cone valve~ring deflector com-
bination provides a relatively simple and effective device for flow con-
trol and energy dissipation. The ring deflector contributes signifi-
cantly to energy dissipation. Baffle piers downstream from the

~ deflector and a weir at the downstream tunnel portal can be added
later to improve energy dissipation if necessary. The extent of the
steel-lined section required downstream of the valves was determined.
High fluctuating pressures were measured on the wall of the liner in
the impingement area of the jet and on the upstream face of the ring
deflector at the crown and invert. Pressures on the lip of the deflector
were slightly subatmospheric. No uniform simultaneous peaking of

- pressures at widely separated areas occurred on the deflector ring.

A recirculating air supply tunnel was developed to provide near aimos-
pheric pressures within the cone-shaped jet as well as upstream of the
jet at the valves, Nonsymmetrical operation of the valves is not recom-
mended. The design discharge of 10, 000 cfs per tunnel at reservoir
elevation 2125 was verified by the model operation.

DESCRIPTORS~-~ *outlet works/ diversion tunnels/ conduits/ tunnel
plugs/ hydraulic structures/ *hydraulic models/ hydraulic jumps/
stilling basins/ *air demand/ head losses/ discharge measurement/

-energy losses/ backwater profiles/ steel linings/ welr crests/ baffles/

vapor pressures/ cavitation/ *energy dissipation/ water surface/ .
erosion/ turmel linings/ oscillographs/ transducers/ laboratory tests
IDENTIFIERS-- *jet flow gates/ tunnel transitions/ fixed-cone valves/
ring deflectors/ subatmosvheric pressures/ Portage Min Dvipmt, Can/
bell-mouthed entrances/ British Columbia, Canada ' '
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PURPOSE

R B .

This study was undertaken to develop a satisfactory method of
- dissipating the energy of the high-velocity flow in the low-level
outlet works, and to determine the hydraulic flow characteristics
- - ofthe structure. - o : : o

CONCLUSIONS -

1. In the preliminary design hydraulic jumps formed in the baffled: . -
area and in the tunnel for discharges obtained at reservoir eleva-~ -
tions up to 2000. Above reservoir elevation 2000 the jump-in the

‘baffled area swept: out and shooting flow with large turbulent boils

' or waves was present, Figures:10 and 11.

' 2. Additional baffle piers improved the energy dissipation, but did -
- not'force a-hydraulic jurap in the baffled area. ‘A 14-foot-high weir .
- .at the downstream tunnel portal was.necessary to provide sufficient - = .
. ‘tallwater to retain a hydrauli¢ jump:in the baffled area, Figure 14, . = -

1003, A 43-foot-diameter barrel replacing the preliminary 40-foot- . .~
~ diameter barrel and an off-center position for iie air inlet made no
" .significant.changes in the‘energy /dissipation or air demand. However,
-a slight instability or flutter in the jet emerging from the deflector .~ -
. ringwasmnoticed. Reducing the height of the ring deflector from 6to -
. 4-1/2 feet-stabilized’the jet and slightly increased the air'demand. -

-4..2A1E foot-high weir at‘the portal provided sufficient tailwaterfor = =
-a-good: hydraulic:jump:and smooth. flow: conditions with the’larger . .~ -
?arre;i’ gﬁmg;l_er__;_dgﬂec;or,eﬁandiwnh-ithe_'-number,.‘.of:-‘baif_l'epiers;rfédiictéd- s

R




5. Dynamic pressures on the baffle piers fluctuated widely but the
lowest average pressure was about 9 feet of water below atmospheric
and the highest average pressure on the upstream face was about

34 feet of water above atmospheric. Instantaneous pressures from
vapor pressure to 81 feet of water above atmc)sphenc were measured,
Figure 19 _

6. Cone-shaped (Dokan) fﬂlets under the valves caused mstabﬂlty of
- the jet e21é1erging from the deflector ring and were not recommended
- Figure

7. The final design, which did not include a porta’.l we_ir or baffle
plers, operated satisfactorily. The fixed-cone valve-ring deflector
combination provided a simple and effective low~level outlet device

for flow control and adequate energy dissipation, Figures 29 through 33.

8. The maximum air demand at the valves in the final design was 9, 000
cfs (cubic feet per second) at a water d.tscha.rge of 10, 000 cis.

9. Average pressures on the ring deflector were as high as 112 feet of
water above atmospheric near the base and as low as 7 feet of water .
" below atmospheric on the top. surface near the upstream edge. Instan-
taneous dynamic pressures fluctuated from vapor pressureto 175 feet
of water above atmospheric, Pressures on the barrel wall fluctnated
from near atmospheric to vapor pressure except.in the jet impact area

' where the pressure at{ained instantaneous peaks of about 476 feet of

water above atmospheric, Figure 36. There was no simultaneous peak-
. mg of pressures m widely sepa.rated areas on the deflector rmg.

::5-\10 Va.por pressures were observed less than 1 percent of the operatlng
time on the baffle piers and along the barrel wall and ring deflector. -
Camtatton damage is not expected under these cond.tttons _ _‘_;:,;'i'

11 One valve operatlonals not. recommended and. should be avo1ded

- 1a. 'I'he dlscha.rge capacity of the valves Was 10, 000 c:fs per tunncl at
. reservoir elevatiou 2125 and 11, 100 cfs at reservoir elevation 2225,

gure 43 , . e o _-f
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INTRODUCTION

Portage Mountam dams1te is located in the Peace Rlver Canyon in

. northern British Columbia 480 miles north of Vancouver and 80 miles

west of Dawson Creek. The nearest community is Hudson Hope,
approximately 11 air miles from the site. "The nearest center of
communication is Fort St. .John, approximately 55 air miles east of
the site. The map of the catchment area (Figure l) shows some of
the above-mentmned geograph_tcal locations. : _

The general arrangement of the development is shown in F1gure 2

The zoned earthfill dam has a 6, 700-foot-long crest at elevation

2230 and rises 600 feet above the riverbed. A radial gate controlled .

- spillway is located on the right abutment. An underground powerplant

is in the left abutment upstream of the diversion tunnel outlets. Diver-

sion of the Peace River during construction of the dam will be effected

. by means of three 48-foot-diameter horseshoe-shaped concrete-lined

. tunnels located in the right abutment. Ultimately, the diversion tunnels
. will be plugged and two:will be converted to serve as low-level outlets

‘during and after the:réservoir filling period. The third tunnel will -

‘serve for access to thé*remaining two by means of transverse tunnel

'connectlons Flgure 3w

The low-level outlets Wlll be placed in the tunnel plugs and are des1gned
‘to control the reservoir level and to prov1de minimum flows in the
Peace River during the initial reservoir filling; after completion-of the

' dam their f‘lll’lCthIl will be reduced to standby duty as emergency outlets.

" The d_wersmn works mclude the mtake approach channel the three 48-—:

foot-diameter, concrete-lined, horseshoe—shaped_dlversmn tunnels.

.together with thelr intakes; outlet transitions; and outlet channels, as
- ishown in Flgure 3. The intake approach chammel, located .in the r1ght
“bank of the river about 1, 800 feet upstream. from the axis of the dam,

-ﬁ 1s d1v1ded 1nto three separate channels by shoulders of rock left in S1tu :

| THE MODELS

: ‘Two models were used in the. study. - The. flI‘St was bullt to develop an
- outlet works using jet-flow gates for flow control; and the second was
used for'the development of an.outlet scheme utlllzlng fixed-cone valves
(Howell-Bunger type). Fixed-cone valves were adopted for the proto-
- -type installation and the development of an adequate energy dissipator
“.is the subject of this report.. The scheme ut1112.1ng the ]et-ﬂow gates
s d1scussed brleﬂy in the append1x L o

Tl -"‘,The mciel for the: flxed-cone valve. scheme (Flgure 4) was a'l; 14 scale Pk
T .-t_reproduct1on of a. pOI‘thIl of- DlVEI‘SlOI’I Tu;nnel 2 from the tunnel plug to




a point 472 feet downstream of the plug. The model included about
58 percent of the true length of the 84-inch outlet conduits through .
the tunnel plug. The bellmouth entrances were studied and found to -
be satisfactory in'the initial model, and were not rebuilt for the
Second model but were represented by cone-shaped transitions. The
shortened tunnels and cone-shaped transitions were provided to in-
surethat the head at the valves would egual or exceed the equivalent -
prototype head.  The two Howell-Bunger valves were constructed
- from brass; one valve was available in the laboratory and the second

‘was built from the same plans. These valves had four vanes support-~
ing the center dispersion cone. Information received near the end of
the studies revealed that the prototype valves would probably have

~sixvanes, It is believed-that this dﬁference will cause only minor
varlations in the flow pattern. : .

' 'I'he model was 1nit1ally operated with air supplled d1rect1y from the -,
atmosphere through-a 12-foot-diameter air inlet located in the tunnel
. -directly above the valves.: However, before any extensive air demand
- .measurements were made, the complete 12-foot=-diameter recirculat-
ing air tunnel was installed as shownm in Flgure 4, Three different ,
: glzed %rcu;ar or1f1ces were used in the air tunnel to measure the a1r
eman T

‘Flow was supplied to the model by raeans of the 1aboratory‘s permanent
-pumping system; discharges were measured by calibrated Venturi meters
permanently 1nstalled in the laboratory supply system. The:operating
“head (or .reservoir elevat1on) -was measured one tunnel diameter upstream -
from the plug by means of a differential mercury manometer."" Flow -
‘depths in the downstream tunnel were controlled by an adjustable tail-
~gate at the downstream end. of the model tunnel and were measured by
a staff gage’at Statmn 13+67 approxuna.tely 401 feet downstrea.m from g
the tunnel plug - _ . , i

[

| THE INVESTIGATION

_ ..Introductlon

: The mvest1gat10n wa.s prnna.r:ly concerned with dlssma.tmg the energy
. ‘in'the flow from the outlet works control valves. - Studies of the.flow
... .characteristics in.the bellmouthed conduit entrances were conducted 1n -
- the:model of the Jet-flow gates {see A.ppendlx :

o Prmc1pa11y, the studies were conducted Wlth both valves dlscharglng
- 'simultaneously at maximum capacity of approximately &, 000 :and 5, 500
. _cfs:each at'reservoir elevations 2125 and 2225 However mvest1gat10ns
.- -were also made-with partial valve openings for:flows as low as 2,500 cfs
- per valve:at reservoir elevation 2125, ‘and with fully open valves. operat-
‘" 'ing-at‘all reservoir elevations. ra.nglng from 1, '?00 to 2 200 feet, Smgle- >
_. __-rvalve opera.t1on was also studled _ _ - R




Tests on the 1:24 scale model using the jet-flow gate control had
indicated that-an extensive stilling basin would be necessary to :
effectively dissipate the flow energy, or that a major portion of

- the diversion tunnel should be reinforced with a thicker concrete
lining. Therefore, the jet-flow gates were abandoned and a second
scheme utilizing fixed-cone (Howell-Bunger type) valves with a
ring deflector similar to the design for the Oroville Dam outlet
worksl/ was adopted. This arrangement permitted energy dissi-
pation to be effected in a relatively short distance between the
valves and a ring deflector in a steel~lined barrel section.

'Pre11m1nary Design

~ Description. --Two 84- inch ' flxed -cone valves discharged into the
diversion tunnel from two 84-inch-diameter conduits that passed
throu%h the tunnel plug. The conduits were 3.5 feet above:center-
line.of the diversion tunnel and were spaced 19 feet apart. A 40-
foot-diameter reinforced concrete barrel lined with steel plate
extended for a distance of 63'feet downstream from the tunnel plug,
. Figure 5. The lower half of the liner extended downstream for an
additional 31 feet, and a qua.rter segment on the invert another 65
feet.:

A4, 5-foot-high ring deﬂector was located 42 feet downstrea.m from
‘the tunnel plug.and two rows of five baffle blocks each were located
80 and 145 feet downstream from the plug.. The baffle blocks ex~
tended to a helght of ll 5 feet above the tunnel invert. _
-__Operatmcr conditions. -—The tests were znade under the fo]lowing
opera.tmg condit1ons. : .

. Taalwater conditlons | Reserv01r elevatlons . Valve opening

VI

Curve A _ 1690 1770 Fully open only
. (F1gure 6 .~ 1770-2000 . - Fully opendown to
o SR . o T g 500 cfs/valve
L ~2000-2125 ' Fully open to- close
. “Curve B o 7 1830-1770 - ;Fully operconly .. .
.(Fig'ure'=6) . R 1'7'70-2000. o ~ Fully openr down to -
- e r ' ' 2 500 cfs/va.lve
Curve A represented completed pro;;ect cond1t1ons when the mvert at
the tunnel outlet portal, elevation 1640, controlled the. upstrea.m tail-
'_;.Water level Slnce only -a, port1on of the tunnel Was reproduced 1n the _

17 "Hydra.uhc Model Studies of the. River Outlet Works. at Orov]lle Dam.~

‘California‘Department of Water’ Resources --State of Ca.li.for'ua., A

;Report No I-Iyd -508,. D Colgate-




model, stage-dischar ge relationships (backwater curves) in the tunnel
upstream to Station 13+67 were computed for this type of control, Fig-
ure 6. ‘Backwater curves obtained from the computations indicated.
that the slope of the tunnel was supercritical and a hydraulic jump
‘would form downstream from the 40-foot-diameter liner. .Therefore,
Curve A prov1ded a shooting flew ta\lwater condition downstream from
the liner.

Curve B represented high tallwater conditions estimated to exist in the

river during a temporary construction phase when the river channel was

partially blocked. The tailwater elevation at Station 13+67 in the tunnel

;as a.ssgmed to be level with that in the river channel for thig condition,
igure

Discharge capacity. -~For the initial model operation, the d1scharge
capacity of the valves was determined for 25-, 50-, 5=, and 100~
percent gate openings and related to the reservoir elevation measured
in the model tunnel upstream of the tunnel plug, Figure 7. These
‘capacities were expected to be slightly greater than would occur.in

. the prototype since all of the head loss was not represented in the

" model. In the initiz] studies, 10, 300 cfs was discharged at reservoir
elevation 2125 with the gates fully oper.. In the final capacity tests,

with the computed operating head measured 1 diameter upstream of -
the valves, the d1scha.rge proved to be 10, 000 cfs. _ _

. 'Flow characteristics. --For taﬂwater Curve A Flgure 6 two hydrau-
Tic jumps cccurred in the tunnel downstream from the deflector’ ring
for all tesf discharges obtained at reservoir elevations up to 2000,
Figures 8, 9, and 10. One jump occurred in the baffled area in the
40-foot-diameter linsr-and the other in the 48-foot~diameter horse-
shoe tunnel

" At reservoir elevatlon 2125 with the valves fully open, dlschargmg :
about 10, 300 cfs, the jump occurred only in the tunnel. .The jump in
the baffled area ,swept'out and a large boil or surge occurred over
‘each: of the two sets.of five baffie piers, Figure 11. Similar condi-
tions occurred with the valves 50 percent open and discharging ap-~

3 prom.tnately 7, 100 cfs at reservoir elevatlon 212b.

For tauwater Curve B, F1 e 6, a l*ydra.lﬂlc jump formed in the
‘baffled area of the 40-foot iner and tranquil flow existed in the down-
- -stream tunnel with-the valves fully open and reservoir elevations 1690
to 1770, and for flows of 5, 000 to 8, 600 cis at various valve openings
and reservoir elevations ranging from 1770 to 2000 feet. The energy .
~ dissipation was quite satisfactory, Figures 8, 9, and 10. Tt was not
- anticipated that the outlet works would dlscharge at reservoir eleva-
-+ - tions above 2000 with Curve B tailwater; t‘nerefore, hlgiler reserv01r
e ‘elevatlons were not tested in ’che model. A s

jt




- '-Second Desmn

Air demand. ~-The air demand at the valves in the 40-foot-diameter
barrel liner was measured initially with air supplied directly from
outside the tunnel, and later with the air supplied through a recircu-~
lating tunnel as premously described. No significant differences in
the' quantity of mrﬂow could be detected irom either source of supply

A maximum zir velocity of 300 feet per second is norma.]ly used as a
design criterion to keep below the "whistling" range. The head dif-
ferential required to create an air velocity of 300 feet per second is
about 1.5 feet of water, Assuming an entrance, line, and exit head
loss in the air duct of 0.5 foot, a maximum subatmosphenc pressure
of 2 feet of water was perm1551b1e in the tunnel around the valves. :
The air demand was approximately 7, 000 cfs for valve openings of
'50-, 75-, and 100-percent when the pressures at‘the valves was

about 2 feet of water below atmospheric, Figure 12. Tailwater eleva-
‘tion did not affect the air demand unless the tallwater was extremely
‘high, TlCh as tailwater elevation 1675, and then only a very negllgible
amoun

Ba.sed on a maximum air demand of 7,000 cfs, a 6-foot—dlameter flat-
‘bottom horseshoe tunnel would promde sufficient area for a velocity
- of about 220 feet per second. Since the accurate prediction of proto-
type air demand by the use-of scaled models has not been proven 1t
was desirable to provide a sufficiently large tunnel to maintain _
air velocity well below the "whistling" velocity of 300 feet per second _
. Therefore, a 10-foot-diameter flat-bottom horseshoe tunnel was chosen
which provided a theoretical velocity of less than 80 feet per second
‘when theairflow was 7, 000 cfs. . '

The. mlet to.the recirculating air tunnel appea.red to be suff1c1ently far
downstream to prevent splash and spray at the baffle blocks from en-.
tering the -air tunnel or interfering with the inta.ke of air. o

A curtam wall e‘xtendmg from the water ‘surface to the crown: of the
* tunnel was installed at the downstream end of the model to simulate
- -a prototype curtain at the portal that might be used to prevent ex-
" tremely cold-outside air from. entermg the tunnel ‘This curtain = =
_.shghtly reduced the air dema.nd ' S

_!?

New design rgulrements --At this stage of the mvestlt*a.tlon, the desn;n
- ' ‘criteria were modified such that the outlet works might'be required to
"-operate with the valves fully:open.at reservoir elevation 2225, or 100

. feet higher:than originally specified. In addition, tallwater Curve B i:a '
Figure 6 was ellmmated as an operaimg condltmn : _ R

E -_‘_":‘Descrlip.tlon. --Twenty-four dlﬁerent a.rra.ngements of the ba.ﬂle plers
an g e ector were: tested .tn arrivmg at the arrangement of the




second design shown in Figure 13. The design was essentially the
same as the preliminary design except that five additional baffle
piers were installed and the baffle piers in the upstream TOW were
rearranged. : _

Flow: characteristics. --At reservoir elevations 2125 and 2225 with

- the valves fully opemn, this arrangement provided considerable energy
dissipation with & minimum amount of splash and high boils for the
Curve A tailwater vperating conditions. However, the additional
blocks failed to create a hydrau.hc jurnp and. shooting flow existed in
the baffled area.

Tailwater requirements. —-Tests were made to determine the taﬂwater
depth required at Station 13+87 to bring the toe of the hydraulic jump to
three locations in the tunnel: (1) the downstream side of the downstream
row of baffles; (2) just upstream of the downstream row of baffles; and
(3) at the downstream end of the half liner, Figure 14. These tests
were conducted with gate openings of 35-, 50=-, 75-, and 100-percent

- for a range of reservoir elevations from 1690 to 2225.

Computatlons based on these tailwater tests indicated that a 14-foot- -
high, unobstructed weir at the tunnel portal, with its crest at eleva-
‘tion 1654, would provide sufficient tailwater depth to maintain the toe
of the ]u.mp upstream of the downstream row of ba.fﬂes, Figure 14.

' _-Third Demg& .

_Descr1pt1on -=The dla.meter of the barrel lmer at the downstream end
-of the plug was increased from 40 to 43 feet for structural reasons.
The elevation and spacing of the fixed-cone valves were not changed,

.. The cross-sectional height of the ring deflector was increased from
_4.5.to 6 feet, while maintaining the inside diameter at 31 feet. The

| -'iiupstrea.m toe of the: ring:deflector was located at the same station as -

,ba:EELes were not- altered

" The 12—foot dmmeter air vent Wlth. its inlet at the same tu.nnel station, -
- wWas rotated to a position 45° to the right of the tunnel crown, and ter- ,
- minated in an 8- by 10-foot rectangtﬂar duct tangent to the tu.rmel crown

" in thepreliminary design.  The number helght and loca.tlon of the -

e ‘at the valve chamber.

..Flow character1st1cs and tailwater de th requ_trements -~There was no

' erencein. energy. dissipation or tailwater depth require<

‘ments from those observed in the second design. The principal differ-

~_ence.in the flow. conditions was a slight msta.blllty or ﬂutter of the ﬂow
' mergmg from the: rmg deflector. : ‘ _ B

:Alr dema.nd -—--Nelther the larger barrel liner nor- the relocatlon of the -
+ air-tunnel inlet caused s1gnit1cant cha.nge J.n a1r demand over the pre-— -
‘ ':_rlmunary de31g'n : : L :




Fourth Design

Deccriptlon. --Approximately 18 modifications to the third des1g'n,
uding different arrangements of baffle piers, ring deflector size
and location, and valve spacing, were tested in arriving at.the fourth
design. As a result of these tests and other design con31deratlons
four major changes were: adopted, as follows, F1gure 1b: - - e

a. A 15-foot-h.1gh weir (not shown in Flgure 15) was proposed at
the downstream tunnel portal.

b. The number of baffle piers was: reduced from 15 to 8.

~ The cross-—sectlonal height of the ring. deflector was reduced
from 6 to 4. b feet, thereby 1ncreasmg the inside diameter of the - .
~ ring from 31 to 34 feet.

'd. - The spacing between the valves was increased from 19 to 21 5
. feet for strucwural reasons: the elevation was not changed.

: e, The air vent supply tunnel was relocated to a p031t10n dlrectly
e above the tunnel crown. _ .

L
=

Flow. characterlstlcs. --The deeper tatlwater prov1ded by the 15—foot- .
‘high weir at the portal, Figure 16, maintained the hydraulic jump.in -
the baffled area and eliminated the need for the large number:of baffle.
piers that were requlred in previous arrangements. However, eight .

- baffle piers, five in the downstream row and three in the upstream row,
were still used primarily to stabilize the hydraulic jump. . The hydrau-

| lie jump was a little farther downstream with the fewer. numbe_ of .

"baffle piers. However, a good hydraulic'jump formed in the batfled -

. area'with a fairly smooth water surface in the downstream tunnel, .
‘particularly with the valves. dlscharging fully open at reservoir eleva- g
 tion 2125, ‘Discharges at reservoir elevation 2225 caused considerable -
" turbulence, but the operation was: believed to’ be satlsfactory for thlS

: _' _'m:Erequent operatmg condltlon. ,

- The reductlon in the helght of the ring: deﬂector 1mproved the: stabﬂlty
- -of-the jet-and reduced the flutter, and small spurts of water from the. :
~ ‘jet'only occasionally. splashed: aga.mst the walls of the tunnel. ‘However,
-+ due to-the smaller obstruction offered by the deflector, ‘the hydraullc
- jump! formed a little farther dowmnstream- m the tunnel. -

- .:-'I'aﬂwater depth re 'mrements. ~-Tailwater. elevatlons necessary to- ma1_n- .
~ rtajn the hydraulic jump at.three different locations inthe baffled area .
were: determlned from the model,, for :60~, 75-, ‘and 100~percent: valve -

o hopemngs “Tailwater elevations were: determined :(1)-with the toe.of .

the hydra.ullc ]u.mp ]ust upstream of the downstream row .of. flve bafﬂes,




(2) with the toe of the jump near the upstream end of the upstream
baffles, and (3) Wlth the toe of the ]ump near the 43-foot-—d1ameter
barrel.

The tailwater-depth required to maintain the jump at the first loca-
tion was the minimum to prevert a jump from forming downstream
from the baffled area; any tailwater elevation that equaled or ex-
ceeded this mninimum requirement provided satisfactory flow condi-
tions in the baffled area and in the downstream tunnel. Tailwater
depths required to place the jump at the second location were pre-

- ferred, inasmuch as these depths provided a large margin of safety
that would permit these depths to be'reduced, or exceeded, byap-
proximately 3 or 4 feet and still hold the jump in the baffled area.
‘The pool that formed beneath the valves never. submerged the valves
with the jump at any of the three locations,

Water surface fluctuations at Station 13+67 in the tunnel were recorded

for the minimum tajlwater elevations, Figure 16. .The maxzimum fluc-

tuation from peak to trough was: apé)romma.tely 4. b feet with the valves

fully .cpen at reservoir elevation 2225. The amplitude of the fluctuation
for any specific discharge.did not vary noticeably with tailwater depth.

Pressures. -~Pressures on the baffle piers were recorded for the

" design tailwater, assuming the use .of the proposed 15-foot weir, and
for no tailwater, assuming no welr at the porta.l and no hydraullc Jump
in the baffled area. - .

-Piezometer locations. and water manometer pressures are shown in -
Figures 17 and 18. Neither tailwater elevation nor discharge had any
‘significant effect on the pressures observed on the upstream baffle
when the valves were discharging:at reservoir elevation 2125 or. = .
greater, Figure 17. :However, on the sides and top.of the downstream
. baffle the pressures were lower with no tailwater than with the desiqn
tailwater. Lower pressures. also were observed for either taﬂwater

gggdltlon when the reservou' was mcreased from elevatlon 2125 to
. 5 . ) . . .

T -‘The lowest pressures on the upstrea.m ba.fﬂe occurred near the. elhptlcal
. -upstream corners on the baffle 5.75 feet above'the floor: The lowest
- .pressures.on:the downstream baffle were also observed at the elliptical -
corners'but were near the bottom of the baffle. The lowest observed
. pressures were about 8 feet of water below atmOSpherlc on both upstream
L -and downstream ba:fﬂes. C _

A representatwe group of the more crltlcal pressures that md1cated low
.- subatmospheric, . ~high'impact, - or large fluctuations in pressure were .
- . further: evaluated using pressuretransducers and a direct'writing osc:l- :
-;:1ograph 'Ihe dyna.mlc pressures mterpreted from these osc:llograph




recordings are tabulated in Figure 19 and some are plotted in Figure 20
for comparlson with the water manometer pressures.

The maximum and minimum dynamic pressures recorded'in Figu.re 19
were chosen so that the pressure was within these limits at least 95 per-
- cent of the time, For example, Figure 20 shows that the dynamic pres-
‘sure at Piezometer No. 10 fluctunates from 5 feet of water above atmos-
pheric to 17 feet below atmospheric, or a range of 22 feet, as compared
to a range of about 2 feet as measured by the water manometer. Extreme
maximum snd-minimum pressures were also recorded to show the ex-
tremes to which the dynamic pressures occasionally fluctuated, Fig-. .
ures 10 and 20. The extreme fluctuations for Piezometer No. 10 were
~from 30 feet of water above atmospheric to vapor pressure., ‘The fre-
quency of dynamic pressure fluctuations and the number of these fluc-
tuations that reached or exceeded the maximum and minimum pressure
limits, including hesitations and minor.reversals in the pressure trace,
were recorded Figure 19. Only a small percent of the fluctuations
reached or exceeded the 11m1ts, for example, at Piezometer No. 10, for
-a discharge of 10, 300 cfs-with either hi gh or low tailwater, the average
number of fluctuations was 8 per second while the average number that
reached or exceeded the maximum and minimum limits was 1.2 per
second. Pressures that reached the vapor pressure at a:ny p1ezometer
occurred less than 1 percent of the 0perat1ng time. .

Air demand --The smaller ring deflector apprommately doubled the

subatmospheric pressure in the valve chamber, which increased the

air demand. However, for a chamber pressure of 2 feet of water,

below atmospheric, the maximum air demand only increased from g :

. about 7, 000 cfs to about 9, 000 cfs. At 100~ and 50-percent valve open=.
ings, the air demand mcreased to approximately 8, OOO cfs, F1gure 21.

 The larger air demand increased the computed velocity in the 10—foot
horseshoe tunnel - from about 80 to 100 feet per second, which-is still
‘well below the 300 feet per second 11m1t recommended for desugn
 purposes.

3 Other Desm'n Modﬁlcatlons

Tests were also made with the valves ralsed 14 75 inches- to 4. ‘7 3 feet
above the tunnel centerline and, at the same time, with the valve spac-
ing reduced from 21, 5 to°19. 43 feet. This arrangement provided a more
.stable jetemerging from the ring deflector.and. a good hydraulic jump.
(This arrangement was-tested prior to increasing the inside-diameter.

of the ring deflector; subsequent tests indicated that the larger inside -
"‘;dlameter ring: deflector also stabilized the jet, making it unnecessary"
‘to raise the valves.) Tailwater depths under the valves were greater

" ‘withsthe valves.in.the higher position: ‘Air demand was:slightly- more

- than: m the thlrd desugn but’ sl1gh’r_ly iless. than in the fourth d881gn




Cone-shaped fillets placed under the valves, Figures 22 and 23,
snmlav to those used at Dokan Dam in Irag, proved to be of no
value.”’ The fillets increased the instability of the jet emerging
from the ring deflector, particularly when used with the smaller
inside diameter ring deflector. The fillets prevented the pool of
water from forming under the valves, and appeared to increase the
force of the jet striking the lower half of the ring deflector, causing
the jet leaving the ring to spurt mtermlttently upward and unpmge
- on the crown of the tunmel. Since the ring deflector prevented the
formation of a pool of water that might submerge the valves at high -«
‘tailwater, fillets for this purpose at Portage Mountzain were unneces-
'sary The air demand was not. mgmhcantly changed by the f:]_lets

.Fma.l Model Design

,Genera.l --A review of the operating hlstory of the pro;ect mdlcated

“that the prototype tunnels had discharged river diversion flow at ve-
- _locities up to-55feet per second with no apparent damage to the orig-

Inal tunnel lining. It was conceivable that the baffle piers and portal -
weir of Design could be eliminated in the final design if velocities
in the outlet works flows did not exceed this value. Therefore, tests
were:made to determine the flow characteristics without the baffle
piers or ring deflector. From these tests it was concluded that the
fixed-cone valve-ring deflector combination without baffle piers pro-
vided a relatively simple and effective low-level outlet device for flow. .
control and energy dissipation. Under the maximum gross head at :
Portage Mountain Dam, and with full open valves discharging about
11, 000 cfs per tunnel the energy would be d1351pa.ted approx:_mately

. asfo]lows

' 'In tunnel and conduits upstrea.m of valves . .- 120 feet
~ From valves to-a point 100 :Eeet downstream = -
- of ring deflector v e e e e e e o 390 feet

In low energy]umpintunnel e e e e e e e ... 1Bfeet
| 525 feet

| :”Assum.mg a 25-foot flow depth in the tu.nnel the -
‘total: rema]mng energy would be a.bout 27 feet.

Flow characterlstms. —-Flow depths were mea.sured and the veloclty
_and enerqgy in the flow computed at Station 13+87 assummg no weir
_-control: at the downstream portal. The measurements were made with

. .%d mthac;ut the ba.f:ﬂes and also w1th and. mthout the r1ng deflector,
gure o

o With the. ba.fﬂes and rlng deﬂector removed, a.nd operatmg with the
‘va.lves 100-percent open at reserv01r elevatmn 2125 the portlon of

]




the jet emerging from the crown of the barrel liner followed a tra- ..
- jectory which reached the invert about 200 feet downstream of the : .-

valves, i.e., beneath the air-circulating tunnel inlet, Figure 25.
From this point the extremely turbulent flow shot downstrea.m at
a velocity estimated at over 70 feet per second, or considerably -
higher than the velocities realized during the diversion flows (ac-
curate measurement of the model water depth and velocity was
‘difficult because of the turbulence and fluctuating water surface). N
The total energy head at this velocity and flow depth exceeds 80 feet
‘and the jump would be swept from the turiel. This test showed con-
clusively that the ring deflector was esseintial to intercept the jet -
flowing along the walls of the barrel liner, to deflect it inwardon. -
itself and to direct it downward toward the tunnel mvert :

Wlth the baffles removed and the ring deflector in pla.ce the veloc—

ity downstream was only 45 feet per second for valves fully open
discharging 11, 300 cfs. The corresponding energy head was about
32 feet, as compared to the gross head of 550 feet. Under these
conditions, a low energy jump, with dowmstream depth about 25 feet o
formed in the tunnel. .

With all 'e1ght ba.f.ﬂes in place in addition to the ring deﬂector, the .
velocity was reduced to approximately 38 feet per second for both - -
~ valves fully open discharging 11, 300 cfs. The total energy head

- ~was about 32 feet as compared to 39 feet with the baffles removed.

Asa result of these tests i¥ wa.s concluded that the ring deflector .
‘was essential In reducing the velocity and energy in the flow but that -

. the baffles did not significantly increase the energy. dissipa.tlon It

was-also concluded that formation of the hydraulic jump in the steel- -

- lined section was not necessary and therefore, the 15-foot~high weir =
at the tunnel portal could be omitted. However, after the reservoir-

filling period, the tunnel inverts should be mspected for damage and-
%g need for portal welrs and baffle p1ers should be reassessed a.t
t tn:ne s

Tallwater regmrements --The tests as dlscussed above, showed

at the baffiepiers-and portal weirs were unnecessary for satis--. -
factory energy dissipation, and that a low-energy jump will form in.
the downstream tunnel. However, should tunnel damage occur as

 the result of the low-energy jump, a weir crest at the tunnel - portal AT
- could be installed to provide suft'1c1ent tailwater to move thejump .

location to the lined section. - The tailwater depth at Station 13+67 ..
required.to accomplish-this without the addition of baffles is- shown

in ‘Figure 26 for two different jump locations. If at that time. it is |

also decided to use- elght baffles arranged as:shown in. Flg‘ure 15
_.the ta.:lwater depth requlrements are. shown m Flgure 16.




N Water surface profiles. --Water surface profiles through the lined
R section downstream from the ring deflector were obtained for -
. 11, 000 cfs to determine the necessary length and height of the
43-foot-diameter liner, Figure 27. The tests showed thai the _
. - 85-foot-long quarter liner along the invert should be replaced with .
- a 52-foot-long liner in the lower half of the tunnel ] -

- A long sloping. f:lllet divergmg from. the end’ of the 43—foot—dla.meter
half liner to the 48-foot-diameter horseshoe tunnel was considered
but not tested. The velocity of the downstream end of the liner was -
estimated.to be 40 feet per second; it was believed that adverse :
pressures would be more likely ,.o occur with a fillet than with the
offset at:the end of the liner. Abrasion damage at the offset is not
likely since debris is not expected to be present in the flow. It is
important that all foreign material be removed irom the tunnel be-
fore the outlets are placed in operation.

Final Design Operation

The final design evolved from this series of tests resulted ina
simple and effective energy dissipating system consisting of the
4, 5-foot-high ring defiector in the 43-foot-diameter barrel liner
and an 83-foot-long semicircular extension of the liner along the
© - invert downstream from the deflector, Figures 28 and 29; the ba.fﬂe
- .- plers.and portal weir were eliminated. _

- Flow conditions in this. structure were satisfactory over the full
range of discharges and reservoir elevations, Figures 30 to 33.

_ - Pressures. --Pressures on the walls-of the barrel liner, andon -
- -~ - the'ring.deflector were recorded during operation with full open
' walves discharging.10,-300 and 11, 500 cfs. Data were obtained
- first:by means of water ma.nometers Figures 34 and 35. Piezom-
. eters No. 2and 3 in theliner were located in the jmpingement area
- of the‘jet from the left valve. Piezometer No. 1 located immediatel
“.* upstream of the impingement area, and Piezometers No. 4, 5, and
.. were.on'the downstream side. Piezometer No. 7 was located inan
5. impingement area of a fm of water cau.sed by one of the structural
rlbs on the valve cone..

- 'The geometry of the. mpmgement areas and to some extent the mag- -
~nitude of -the- pressures werenot truly represented in the model, in-
. asmuch as there were only four structural ribs in the model valves
- .as compared to six inthe prototype. However, ‘the piezometers =
" Werelocated in areas of maximum impact pressures, and the maxi~
“mum: recorded pressures can be. used asa gmde for. prototy-pe desxgn

e :purposes




The pressure at Piezometer No. 2 for the two discharges averaged .
approximately 133 and 161 feet of water, respectively, and fluctuated
tremendously as discussed later. The pressure at Piezometer No. 3
was about 80 feet less than at No. 2 and the pressure at Plezometer
No. 7-was much less than at either of these two, Figure 34.  Just up-

7= stream from-the impingement-area at Piezometer No. 1 and down-
stream at Plezometers No, 4 b, and 6, pressures were near -
atmospheric. _ S, _

Pressures on the upsiream side of the ring deflector were highest .
near the base of the deflector at-the crown and invert of the barrel
liner, Figure 35, and fluctuated considerably. At Piezometer No. 1
(nearest the crown) the average pressures were approximately 112
feet and 86 feet of Water for discharges of 11 500 and 10 300 cfs,
respectively.

The average pressure at Piezometer No. 15, near the upstream
edge of the horizontal lip of the ring deflector on the invert, was
slightly below atmospheric and fluctuated to as much as 7 feet of
water below atmospheric at 11, 500 efs. Pressures on the down-
stream side of the ring deflector were atmospheric or above. .

A representative group of the more critical pressure readings that -
indicated low subatmospheric, high impact, or large fluctuations in
‘pressure on the ring.deflector and.walls of the liner were‘further
evaluated using pressure ‘transducers and a direct writing oscillo- - -
graph. The dynamic pressures interpreted from- these oscﬂlegraph \
recordmgs are tabulated in’ Figure 36

The. dynam1c maximurn and mlmmum pressures tabulated in Flgure 36
were niot exceeded more-than b percent of the time. | Extreme maximum
and minimum pressures are also tabulated to show the extremes to.
which the dynamic pressures occasionally fluctuated. Tt is. belleved
that the maximumn . a.nd manlmum hmits chosen are conservatlve

For comparlson of the dynan:uc pressure ﬂuctuatlon with the water
‘manometer pressure fluctuation the following two examples.are .. -
- cited: " at Piezometer No.: 15-on:the'lip of the ring deflector. at the .
' tunnel invert, the dynamic pressure fluctuated from about 22 feet .
-of water- below atmospheric to 14'feet-above, with extremes as low
.as.vapor pressure and as high-as 44 feet above: ‘atmospheric; the . :
' water manometer measurement-had shown fluctuations from- a.tmos- ST
. ..pheric pressure to7:feet below: atmospheric. At Piezometer No. 2 = ==
. inthe‘jet impingement area on the wall liner, the dynamic pressure .-
©. . fuctuation-ranged from.28:feet of water.to approximately 378 feet: of
: ~ water above: atmosphemc for 11, 500 cfs with extremes from 30-feet. .
below atmospheric to 476 feet. above atmospheric comparedto.a max1-— .
mum water manometer ﬂuctuatlon of abeut 70 feet of water ThlS mde

i




fluctuation in pressure at Piezometer No. 2 possibly is due in part to
a quiver or movement in the location of the impingement area of the
jet on- the model Wa.lls. 'I'he reason for the quiver-is not known. '

The: frequency of the: dyna.mm pressure ﬂucmatlons, and the frequency
at which these fluctuations'reached or exceeded the maximum and mini-
mum dynamlc pressure limits, including hesitations and minor rever-
- sals in the pressure trace, are tabulated in Figure 36. Only a small
percentage of the fluctuations reached or exceeded the limits. For
example, " at Piezometer No. 2 in the jet impingement area on the wall,
the average nurnber of fluctuations per second was about 15 and the

- average number reaching either limit ranged from 0.9 to 3.2 for dis-
charges of 10, 300:and 11, 500 cfs. : ‘

The high-frequency dynamic pressure vibrations could easily be felt

~ on the 1/4-inch-thick plastic wall of the model barrel liner upstream
of the ring deflector. . A -much lower frequency vibration could be seen

and felt on any part of the model tunnel downstream from the ring de-

flector. Dynamic pressures were recorded simultaneously at eight

piezometers shown in Fiqure 37 to determine if simultaneocus peaking

of the pressures occurred. - Six of the ‘piezometers were at two dif- -

ferent cross section locations in the ring deflector; the seventh was a

probe extending through the wall of the barrel liner into the interior

- of the hollow cone-shaped jet; and the eighth piezometer was located

in the wall of the barrel lmer upstream of the jet. The latter two

- plezometers measured the ambient pressure in the hollow portion of

the cone jet and in the valve chamber rather than waterflow pressure.

‘These simultanecus recordings were obtained for discharges with the
~ valves fully open for reservoir elevations 1800, 1900, 2000,-2125, and
. 2225. "There appeared to be no uniform simultaneous peakmg of the

| -_pressures, ‘except for some UI]J.‘EOI‘InltY noted at adjacent piezometers

in the same cross section of the ring deflector. Oscillograph record-
ings obtained during operation at. reservoir elevatlons 2125 and 2225
are shown on Figures 38 and 38. % .

' Tt was noted that the average pressure at Piezometer No. 15, located
on the horizontal lip of the ring deflector at the invert, wasnear at-.
mospheric but'that at reservoir elevation 1900 to. elevation 2125, the
dynamic pressure fluctuated sometimes to vapor pressure. This was
also true'in previous test data discussed-above and recorded 'in Fig- -
~ure 36, "This was due to a ﬂuctuating submergence of the piezometer -
-by the backwater ‘pool under:the jet from the ring. deﬂector, -which was

. .greatast-at:reservoir elevations 1900 to 2000. . At reservoir elevations

1800 and 2225 the plezometer Was Open to the atmosPhere nea.rly 100
‘ ‘percent of the tlme - .




- To prevent these low, fluctuating pressures, the top surfdce of the
ring deflector should be redesigned 'to provide a sharp edge-as. shown
-in the alternate designs in Figure 40. Although these proposed modi~"
fications were not'tested, the square corner and offset will prevent
the jet from clinging to the top surface of the ring deflector.

‘The recordmg charts of Flgu_res 38 and 39 do not show the rapld fre-— )
‘quency- of pressure fluctuations which existed at Piezometers No. 20;
21, and 22 located on the ring deflector near the horizontal centerline.
Thls was due to the extra long copper leads between these: plezometers
and the transducers attenuating the pressu.re ﬂ'l.lCt'I.lB.thIlS ' .

Reference is made to Harrold's paper _/ in Whlch he cited: the Corps

- of Engineers as-having concluded from model and prototype comparl- o

son tests that vapor pressure’existing 25 percent of the operating time
‘could'be tolerated for infrequent operation. = At Piezometers No. 2, 14,
and 15, Figure 36, pressures as low as the vapor pressure occurred
only about 1 percent of the operatmg time.

Air demand. --A1r demand was the same as that reqmred for the fourth
desugn, Flgure al. , -

urther observations were made usmg a pressure probe to the interior

" “of the jet and the wall piezometer in the valve chamber. |The dynamic -
pressure measurements disclosed that the pressure within the jet and

- in’'the valve chamber upstream of the jet were nearly identical, Fig- SN
ures 38 and 39. Pressure measurements were also made in- the inte- o

- rior.of the. Jet near the valves, about halfway between the valves-and

-

Sy

deﬂector ring, and just upstream from the deflector ring. The,pres- i

“sures of these three points:were nearly identical, 1nd1catmg that tne
inter1ors of the Jets were well aerated. - e _ _

One valve operatlon --Flow appearance w1th one valve open a.nd t.he
other: closed was unsatisfactory. The jet from the ring deflector im-
-pinged upon the:side of the tunnel opposite the operating valve inan
‘area-extending partly above the top of the'half liner, Figure 41.. The
‘flow oscillated from side to side throughout thetunnel, and the toeof - o =
. the jump was on.a: chagonal lme across the tunnel because of the non— SEAT
umform ﬂow dlStI'lbut.LOIl ' _ _ =

P
ALY

Complete aerat1on of the downstream S1de of the ring deﬂector 11p at

--about:35° up from the invert was not-evident. . However, pressure

- ‘measurements;at this point:on the lip of the ring deflector showed the -
'.spressure to be atmospherlc for one valve. d1schargmg at all reserv01r -

::', “_ETxpenence of.the Corps of Engmeers, " Trans-
erica:n Soc1ety '_o_f C1v11 Engmeers, Paper No. 52225




elevations. The recommended alternate modifications of the ring
deflector lip (Figuie 40) should provide adequate aeration of the
downstream side of the ring deflector. Nonsymmetrical operation
of the valves is not recommended, except for emergency releases..

Discharge capacity. --To verify the expected prototype capacities
‘the discharge meaSurements were related to the total head (measured
pressure head plus computed velocity head), observed one valve
diameter upstream of the walves; Figure 42. Computed head losses
from the reservoir to this point are also shown in Figure 42. A : o
friction factor of 0. 0096 for new smooth butt-welded pipe3/ was
assumed in computing the friction loss in the tunnel plug conduits,
and an entrance loss of 0. 10 velocity head in the pipe was assurmed
at the bellmouth entrance to the conduits. This total head 168s plus.
‘the measured pressure head and the computed velocity head pro-
- vides the anticipated capacity curves shown in Figure 43. These ',
- computations and the model verified that ap:;roximately 10, 000 cfs 2y
Will be discharged from two fully open valvss at reservoir elevation _
2125. At reservoir elevation 2225 the full open gates will discharge

| -
By

approximately 11, 1C0 cfs. \
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FIGURE 6
REPORT HYD—36G2

-~0,000¢fs

~=~Critical Depth o itical Depth'--f:

=i

———

r--2,500cfs | Hydroutic Jump -4

Critical Depth--

STAGE DISCHARGE RELATIONSHIP
FOR CURVE "A e
ROUGHNESS COEFFICIENT "n

ASSUMED AT 0.014 T.W. Gage at Sta. 13+67 |
: Invert El. 1638.64 ~-«_

WATER SURFACE ELEVATION

1640

16375

2400 3+00 4400 5400 6400 7400 . a+00 9400 10400 11400 12400 (3400 .

| STATIONING IN TUNNEL NO. 2
1670

Woter Surface Elevotion
for critical depth
at Sto. 13+ 87

WATER SURFACE ELEVATION

5 10 - 5 20 . 25
CURVE B - RIVER DISCHARGE IN 1000 GFS
" GURVE:A - TUNNEL DISCHARGE . IN {000 CF$S-

- 'NOTE.: -CURVE A, TAILWATER IS ESTIMATED AT STA. {34567
© FROM WATER SURFACE PROFILES ABOVE.

CURVE B. TAILWATER :1S ESTIMATED -AT .STA. 13+67

-TO .BE SAME AS IN RIVER CHANNEL AT PORTAL. :

'PORTAGE ‘MOUNTAIN DEVELOPMENT
: '.LOW LEVEL: 0_.UTLE=T‘.‘_NORK$'_
‘COMPUTED .. WATER SURFAGE
B |4 SCALE:MODEL

w




; FIGURE 7
"~ 'REPORT HYD—8g2
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-.PERCENTAGES REFER
TO MALVE. OPENINGS

R R U R A
' ‘DISGHARGE :IN 1000 cfs -

. ':NOTE For fmal cahbruflon sae anures 42 and 43
B8 i af vo[ve ‘at E\. IGGQ 96 '

Lo

PORTAGE MOUNTA&N DEVELOF'MENT'
LOW. LEVEL OUTLET WORKS -+

PRELiMINARY DISCHARGE GAPAGITY, cunves:’?" .
INCH. “FIXED:CONE VAL

1A SCALE MUSEL -
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POA =250 =54699 N B
T.W. El. 1647.0 (Curve A)

POA-25-D-547

T.W. El. 1862.8 (Curve B)

POA-25~D~58701 NAMN -«

T.W. El, 1669.0 (Curve B assuming total
river discharge = 28, 000 cfs)

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL QUTLET WORKS
PRELIMINARY DESIGN--TWO-VALVE OPERATION 60 PERCENT OPEN
5, 000 CFS--RESERVOIR ELEVATION 1800
1:14 SCALE MODEL

28




Figure 10
Report No, Hyd-562

Note: T,W, eleva-
tions are set
at Station
18+87

"

...’l"u ;_-;Eﬁfli

T.W. ElL. 1868.0 {(Curve B assuming total
river discharge = 28, 000 cfs)

DORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL QUTLET WORKS
DPRELIMINARY DESIGN--TWO-VALVE OPERATION 100 PERCENT OPEN
8, 600 CFS--RESERVOIR ELEVATION 2000
1:14 SCALE MCDEL




Figure 11 .
Report No, Hyd-562

Note: T. w eleva-

at Station
13467

Valves 100 percent open
@ = 10, 300 cis
T.W. El. 1651.0 {Curve A)

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL CUTLET WORKS
PRELIMINARY DESIGN--RESERVOIR ELEVATION 2125
1:14 SCALE MODEL

30




. FIGURE 12
‘REPORT HYD - 562

EXPLANATION
® — 25% VALVE OPENING
A - 50% VALVE OPENING
O - 75 % VALVE OPENING
o - 100 % VALVE OPENING

S¢ WITH CURTAIN AT END
OF TUNNEL

=4,200 CFS

Qy=10,300 &

B

10,300 cFsd A

-

=-0.5 . -1.0 -1.5 -2.0

 "HEAD.IN FEET OF WATER IN VALVE .CHAMBER

Qs =QUANTITY OF AiR IN CFS
Qw =QUANTITY OF WATER IN-CFS
-ZERD HEAD IS AmospHERf\EjﬂEssuns

. PORTAGE MOUNTAIN DEVELOPMENT
' LOW LEVEL OUTLET WORKS
AIR DEMAND - PRELIMINARY DESIGN
' |14 SCALE MODEL




REPORT ‘HYD - 8662 -

84" Fixed cone valves .

o

5 BLOCKS AT 2.0°
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FIGURE 14
REPORT HYD -562
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-~ 100 %
- 75 %
— 50 %,

- 35 %o
CIRCLED POINTS INDICATE

OBSERVATIONS MADE AT

RESERVOIR ELEVATION 2225

1
P
X

Py

L

{Weir‘ crest at

eievation 1654

v {CGomputed)
[N [ I T

-Toe of jump'cmlupé,‘t'r'ern:u'n= sid

{Minimum requirement)

of downstream row of boffles

//

~-Toe of jump

side of do

baffles

6 8 o
DISGH_ARGE IN 1000 GFS

NOTE: :
Model arrongement as shown in Figure 13

PORTAGE MOUNTAIN DEVELOPMENT
.LOW LEVEL OUTLET WORKS

TAILWATER REQUIREMENTS
~ SEGOND DESIGN

| ¢ |14 SCALE MODEL




CEIGURE 157

" 'REPORT.HYD - 562

: _,,84" “Fixed cone valyes
; .

r

K]

il

(5 BLOCKS AT 2.0

i

}':._:—lo.o':f Dia. flot bottom ho'rseshaa.' tu nnel

1
o s
L
I 4
Ao
S
1
-
1
.,:-1.‘
e

1
L

[---6.5' X'14.0":Vertical air ducf on'§

_L-Ring deflector

';-B'dfflres N

L [s=0.0005- I _ E “{

"’j_‘.sl 1543 45 A
T

s

SEGTION ON &

"fF‘ORTAGE MOUNTAIN DEVELOPMENT
] LOW‘LEVEL OUTLET:WORKS . .

BAFFLE -PIER- ARRANGEMENT
-7 ~FOURTH DESIGN

) : 14" SCALE MODEL




FIGURE 16
REPOQRT HYD—-562

Toe of jump neor the |
— 43 foot diameter burre!f\:
]

" T
Design tailwater for N
15 foot high weir——.] ?'
ot portal X // v’/--f‘
e of jump ot Vs 1

pstreem baffies) 4 v A2
g s /
y . tToe of jump at
/ downstream baffles
z
7

with three upstreom
baffles removed

.
/]
v

-7
/,/

- ~Toe of jump ot downstream
/ - O . - bof fles

e

TAILWATER ELEVATION AT STATION 134867

4 5 6 ) B 2 - 10 1 2 I3
~ TUNNEL DISCHARGE IN (000 GFS

NOTE: The model drrangem’enf gs shown .in Figure 15 .except as noted

2300

‘ - o O] EXPLANAT 10N

F“_:F‘:,;”“ﬂc'" at mi / e 0 ~100 % VALVE OPENING
' -t ® 0 -75% VALVE QPENING

AH—50% VALVE QPENING

) . . (®- 100 % VALVE OPENKING
2000 : WITH THE THREE
: : UPSTREAM BAFFLES

REMOVED (ONE POINT ONLY)

aadp

2100

'RESERVOIR ELEVATION

1700 :
o | 2 3 4 4 -]

WATER SURFAGE FLUCTUATION AT STATION 13 + 67

PORTAGE ‘MOUNTAIN DEVELOPMENT
LOW LEVEL OUTLET WORKS
TAILWATE_R REQUIREMERNTS
| 114 SCALE MODEL




FIGURE.
_"REPORT H‘l’D 552

i~
0

e : Y
Piezometer locations~ -

‘TOP-OF BAFFLE

PLAN VIEW

oo _"_"._PI_.EZOME"I'ER ‘GORNER
4 UN_ . DETAIL

'EXPLANATION
" DISGHARGE.
- 10, 300 CFS

SYMBOL T.W. ELEVATION
1657 AND. 1669

';9_3_-: 12

= 4,75 e o h

: NOTES
Valves 100% open
Numbers designate piezometers.

13
-=

mlslsn’ m
0-0-0-—0 —

> 1 e 2,75

. PORTAGE MOUNTAW@DEVELOPMENT
xLO\V'_ LEVEL ‘OUTLET WORKS
' UPSTREAM.;BAFFLE. PIER.
PIEZOMETERS ‘AND. . PRESSURES

I4 SCALE MODEL




FIGURE 18 g
- REPORT HYD-—562 :
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[

TOP OF BAFFLE o ~ Piezometer locations-” -
' PLAN VIEW

e PIEZOMETER ‘CORNER

e R

- " EXPLANATION =~
SYMBOL  RESERVOIR EL. DISCHARGE-

: SN 2150 . 10,300 CFS
89100 2 - . ‘ : ‘ T
POO0-0 ———————=—==2,200, : ‘ 2150 . 10, 300°CFS:

o
LA
o
Y
B

B
T
S
-
I
b

NOTES
Vulves 100% cpen L
Numbers desugnu‘re plezome'rers

o

k415 1817 18
- -0-—0

‘_.._._.._'__‘_.____.____________| 21

W }.g._'___;'_4_ 75
E . .

: SIDE or BAFFLE '
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o

X
\n
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Lok

_{WATER MANOMETER) "~

N T Nl PE .
M ia—'-'" . “'-n- :

PORTAGE MOUNTAIN DEVELOPMENT_.
LOW LEVEL OUTLET WORKS

DOWNSTREAM -BAFFLE PIER. |
PIEZOMETE S -AND {PRESSURES .

4 scm_s MODEL




‘ No of pressure .,
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: PORTAGE MOUNTAIN DEVELOPMENT
T Low-level Outlet Works :
Dynamic Pressures on Baffle Piers -
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 FIGURE 207
- REPORT HYD -562"
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PIEZOMETER NUMBER e

[
5

" EXPLANATION
'=L-‘9-.EX'.I"REME7 MAXIMUM

i
S
A

o
— Wt

cooeo o T 0o b DYNAMIC PRESSURE FLUCTUATION:
"WATER MANOMETER _/} . WHOSE LIMITS ARE EXGEEDED
. FLUCTUATION - T _ONLY ABOUT .5 .PERCENT
EERE \__} .| - "OF THE TIME. -

AR

-

E!TREME MINIMUM

 NOTES i PRESSURES ‘NOT:AFFECTED BY TMLWATER
L VALVESFULLY OPEN. _

TAGE MOUNTAIN DEVELOPMENT
LOW EVEL OUTLET WORKS R

UPSTREAM BAEFLE" PIER .PRESSURE FLUCTUATIONS
© %10,300 :GFS -~~ “VALVES: FULLY OPEN -

e SCALE MODEL -




. FIGURE 21
‘REPORT ‘HYD-'562 .

5% VALVE DPENING
a- 50% VALVE OPENING
o-78 % VALVE OPENrNG

EXPLANATION  ©

- 100 % VALVE DPENING

| @=1800-F

=10,300 | 4|7

—30




FIGURE 22 °
REPORT HYD -'352
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B e 23
né%‘?frt No. Hyd-582

POA-25-D-54707 NA

A. Dokan fillet installed

=D=54708 NA

B. Reseryoir El. 2125, 10, 000 cfs
T.W. EL. 1669.2

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL OUTLET WORKS
OPERATION WITH DOKAN FILLET
1:14 SCALE MODEL,




o
4.

Figure 24
Report No. Hyd-562

Conjugate Depths for

1.5

' - Mean Hydraulic Jump Total energy
- 'Number and Tunnel velocity ' dl at
‘arrangement |discharge* at (measured at dg Sta 13467
of baffles (efs - Sta 13+67 | Sta 13+67 |Computed | (hy +dy)
: - {it/sec) (1) (i) (ft)
Fourth -
Design, 11, 300 38.6 8.6 23.5 31.7
2 rows of ' ' ‘
baffles '
8 total 10, 800 36.5 8.4 21.2 20.1
Upstream row|
removed 11, 300 40.0 - 8.4 24.2 33.3
Five baffles _
in down- ' :
stream row 10, 300 37.7 8.2 21.7 30.3
.. All baffles 11, 300 45.2 7.6 26.0 38.38
" removed - . =
: 10, 300 42.9 7.4 23.5 38.0
‘Ring deflec . '31.0
tor and ‘ | Gump
- ‘baffles - = | About |swept out _
removed; |. .10,300 5.0 of tunnel) 54,5

*Valves fully _6pen B

PORTAGE IOUNTATR DEVELOPMENT T
- - Liow=level Qutlet Works - =
- Flow Energy at Sta 13+67

1 14 Scale Model




Figqure 25
Report No. Hyd-562

A. Tet trajectory from barrel liner extends beyond
entrance to overhead air tunnel.

[ S0 s
POA-25—-D-54710 NA

B. Flow sweeps out of tunnel.

RESERVOIR ELEVATION 2125, Q = 10, 000 cis .
NO PORTAL WEIR

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL OUTLET WORKS
OPERATION WITH RING DEFLECTOR AND BAFFLES REMOVED
1:14 SCALE MODEL
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 FIGURE .26
‘REPQRT HYD-562 °

134+67

<
.
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o
- .
<.
>
L
—
AV
o
)
[
<
EJ
-
<
[

DISCHARGE IN 1000 cfs ..

EXPLANATION .

‘Gurve TA" is the tailwater. requlred to mamtr.nn
the 'roe of jump. at S*o. 16+78

Curve "B" is the tailwater required to maintcin
‘the toe of jump ot Sta. 16+353

PORTAGE MOUNTAIN DEVELOPMENT‘ "
LOW LEVEL QUTLET WORKS

TAILWATER REQUIREMENTS FOR A HYDRAULIC JUMP
= FINAL DESIGN .

i4 SCALE MODEL




~ FIGURE 27
‘REPORT HYD - 562
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" FIGURE 28 .
""REPORT. HYD-—582

<i.0' Deflactor

_84":-Fixed .cone valves o . ‘ N
, ixed .cone’ v

48' Dia. horseshoe tunnel-_

~

\
LR
1

=%h

21 g—
43,0’ Dig————>~
: .

‘ "_,fRing DefleCTOf_

%1%
2
,

L
: 1 g
quoai-s—az 92~ >J, '

Fe- —==51.08 P ]

i
L
|
q -
|-
|
I

.-100' Dio.’flat b'on'om horseshoa runnel
y - . v g B

—————— — e

' Air tunnel

L

© b

il
il

- ",4..--55 X i4.0' Vertical air duct on ‘E.

| 520.0095--

"SECTION ON &

‘f,eoRTAeE MOUNTAIN DEVELOPMENT
" LOW LEVEL OUTLET WORKS -

FINAL DESIGN
l4 SCALE MODEL




Figqure 28
Re%lgz.'t No. Hyd-562

POA=-25~D-54713 N

Looking upstream

PORTAGE MOUNTAIN DEVELOPMENT
IOW LEVEL QUTLET WORKS
FINAL DESIGN (MODEL)
1:14 SCALE MODEL




PoA—TeoD—t1; et } 1B ;
RESERVOIR ELEVATION 2000, Discharge 8, 500 cfs

7%

'POA—25-D-547

RESERVOIR EL.EVATION 1780, Discharge 4, 900 cfs RESERVOIR ELEVATION 2125, Discharge 10, 000 cfs

5 ”,

s s v By -
[POA-25-D-54718 N

RESERVOIR ELEVATION 1900, Discharge 7, 100 cis RESERVOIR ELEVATION 2225, Discharge 11, 100 cfs g
=
m -
S
Note: Valves fully open =
28
PORTAGE MOUNTAIN DEVELOPMENT 2
LOW LEVEL OUTLET WORKS &
FINAL DESIGN g
DISCHARGE THROUGH THE LINED SECTION o
1:14 SCALE MODEL &




Fiqure 31
Report No. Hyd-562

RESERVOIR ELEVATION 1800, Discharge 7, 100 cfs

PORTAGE MCUNTAIY DEVELOPMENT
LOW LEVEL OUTLET WORKS
FINAL DESIGN
DISCHARGE THROUGH THE BARREL LINER
1:14 SCALE MODEL




POA-25-D-54725 NA
tESERVOIR ELEVATION 2225, Discharge 11, 100 cfs

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL OUTLET WORKS
FINAL DESIGN
DISCHARGE THROUGH THE BARREL LINER
1:14 SCALE MODEL

ol

Flgure 32 -
Report No. Hyd-582

Valves Tully open




Figure 33
Report No. Hyd-562

3

D-84726 NALL .

Note: Flow through lined section

Valves about
30 percent apen.

POA=?R=N-R4727 N4

Looking upstream

POA—-25-D-54728 N

Flow through barrel liner

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL OUTLET WORKS
FINAL DESIGN
RESERVOIR ELEVATION 2125, DISCHARGE 5, 000 CF'S
1:14 SCALE MODEL




FIGURE -34 .
REPORT HYD - 562 7%
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L FYGURE. .35
. 'REPORT HYD 562 ..

ON DOWNSTREAM
“FACE :
T

PIEZOMETER NUMBERS
. AND LOCGATIONS
- .LOOKING DOWNSTREAM -

. EXPLANATION:- 7 =
. .SYMBOL - DISCHARGE -
| == i1i, 500 CFS
—— 10,300 CFS :

ASURED BY WATER MANOMETER):

:i?iitslsune”vf— FT. OF WATER = .

- — i T '_’
+T.W. 1658 |




: Hyd-562
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" FIGURE 40
- REPORT HYD - 562

‘SQUARE :CORNER -

‘--—-—-O_FFSET SUFF!CIENTLY TO ACCOMMODATE i

WELD WITHOUT GRINDING. -

SGHEME NO. |

A

- ~THIS DESIGN WILL PERMIT THE -
‘USE_OF ‘A RECTAHGULAR 3
PLATE® AND - StMPLIFY
FABRICATIOH




Fiqure 41
Re%ucfrt No. Hyd-562

Note:

Right valve

{uﬁy open.

Left valve closed.

Discharge 5, 000 cis.

POA—25-0-54729 NA-

Flow through lined section

POA-25-D~54731 N AN =t trimyr ST q -

Flow through barrel liner

PORTAGE MOUNTAIN DEVELOPMENT
LOW LEVEL OQUTLET WORKS
FINAL DESIGN
RESERVOIR ELEVATION 2125--ONE-VALVE OPERATION
1:14 SCALE MODEL
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APPENDIX |

Studies to Develop an Energy Dissipator,
for Jet-flow Gates =

Purpose

_'The purpose of this phase of the model study was to develop the
hydraulic design of Portage Mountain Development low-level outlet
works utilizing two 84<inch jet-flow gates in each of two diversion

- tunnels, ' '

' Summary

The above-atmospheric pressures obtained at all operating condi-
tions showed that the shape of the bellmouth entrances was satis-
tory. Head losses through the model bellmouth entrances and -

conduits down to the valves closely represented the computed pro-
totype losses. The discharge coefficient of the jet-flow gates was
0. 83 for 100-percent opening. The size of the air ventsto'the
gate slots and downstream conduit was increased from two 24-inch-
diameter conduits to one 42-inch-diameter conduit; the maximum

- air demand was found to'be about 2,000 cfs per gate, resulting in
‘a velocity of about 210 feet per second through the 42-inch conduits. -
The steel liner downstream from the face of the tunnel plug should
be lengthened several hundred feet.

- A stilling basin 300 feet long with the floor 26 feet below the tunnel
invert was required to adequately still the flow. In addition to the
" basin, a 9-foot-high weir was needed at the downstream portal to
provide sufficient tailwater depth for the hydraulic jump; the weir
height cannot exceed 9 feet to avoid surges from the hydraulic jump
' sealing the tunnel. The tunnel must be free of debris to avoid
~ erosion of the concrete by abrasive action of material in the -
 hydraulic jump. B . '

~ INTRODUCTION

" The initial investigations were concerned with developing an.energy
-dissipator when the outlet works flow was controlled by jet-flow
. gates. Flow characteristics. in the bellmouth entrances, the jet-
- - flow'gates, tunnel plugs,:and the downstream portal were also
- studied, Figures'l and 2. - B SRR, _
' Tests were made with both jet-flow gates simultaneously discharging
.: 'the'maximum capacity of approximately 10,000 and 11,000 cfs'at = . .
"' reservoir elevations 2125 and 2225, respectively. Testswerealso ' -




performed with the gates partially open for flows as low as 5,000 cfs
at reservoir elevation 2125 and with the gates fully open for reservoir
‘elevations ranging from 1, 700 to 32, 200 feet. - One valve operation was
also studied. _ _

THE MODEL |
The model was a 1:24 scale re'production of Diversion Tunnel 2

-~ extending from 288 feet upstream of the tunnel plug down to and

mclud_ng the outlet portal.

The bellmouth entrances to the two condtuts through the tunnel plug
were machined out of clear plastic; the condi:its between the bellmouths
and the jet-flow gates were 3-1/2-inch-diameier sheet metal pipes.
The jet-flow gates were constructed of brass, and the conduits down-

- stream from the gates to the downstream end of the tunnel plug were
4~inch-diameter clear plastic plpes.

‘The 48- foot-diameter horseshoe tunnel downstream from the plug

- had a sheet metai invert and a clea.r plastic sen:ncircular top.

The ‘model diversion tunnel was shortened about 23 percent to provide
flow velocity similitude between the model and prototype at the exit
portal. This'correction was based on estimated Manning's roughness
coefficients’ (n) of 0. 009 for ‘sheet metal and 0. 012 for, concrete. . '

The operating head on the gates was measured l-tunnel diameter

B upstream from the plug and flow was regulated by ‘simultaneously

adjusting the opening of the Jet-ﬂow gates and the discharge
. Tailwater elevation was controlled by means of an adjustable gate at
the end of the tail boi and was measured by a:staff gage located in
the downstream end of the discharge channel. o
THE INVESTIGATION

, “The Be]lmouth Entrances

| Previous studiesl/ have shown tha.t the bellmouth ent*ances to the
conduits in the plug should be located a minimum distance away
from the boundaries of the diversion tunnels and properly spaced to

B .prevent subatmospheric pressures from occurring on the bellm0uth ,

3 7Bureau of Reclamatlon Hydrauhc Laboratory Report Hyd-4'?0
- T Aerodynamic:Model Studies of the Outlet Works Intake Structure .

ior Twin Buttes Dam, San Angelo Pro:ect 'I‘exas ,‘f by D Colgate




surfaces, Twenty p1ezometers were 1nstal1ed on one of the model :
belimouths {five each on the ¢rown, invert, and two sides) to con- . -
. firm these criteria. These piezometers showed that the bellmouth
pressures were above atmospheric and therefore satisfactory during
. operation with both gates either partially or fully opened (Fig. 3).
Similarly, all pressures were satisfactory with one gate fully closed

The pressure data. expressed as a dlmenslonless pressure factor
Ah , are given in F1gure 4. Ay equals the piezometric pressure

referred to'the conduit centerline minus the conduit centerline pres-
- sure 53. 82 feet downstream from the bellmouth and hy. equa.ls the

' velocity head;% in the condult

it

In the final des1gn, the: bellmouths were placed hlgher in the plug
to provide a rock trap in the diversion tunnel and to steepen the - -
-angle of flow from the conduits into a proposed stilling basin.. -
- Since the bellmouths were no closer to the tunnel boundary than in
- ‘the preliminary deslqn, the pressure measurements were not .
repeated

. The: head loss from the diversion turmel to a pomt l-plpe dlameter s
~ upstream from the gate valves was measured for 2,500 efs'per

- valve at reservoir elevations 2100 and 2200 and for 5,000 cfs at

. reservoir elevation 2100. These measurements indicated that the
‘model loss closely represented the computed prototype losses and ‘

| -'_varled from about O 12~ to® O 18 2—

e f J et—ﬂow Gates i

SN :The Portage Mountain 84—1nch ]et-ﬂow gates were patterned after s
- ‘the gates used for the Trinity Dam auxiliary outlet worksa/, -
- “Pigure 5. :Coefficients of discharge computed from’'the model dis-
- :charge capacity calibration data; Figure 8, were almost’ 1dent1ca1
3 '_'to those determlned for. the Tr1mty Jet-ﬂow gates. :

y ‘.Pressures in. the 8-foot d1ameter conduit. were sllghtly subatmos—‘

.:.-Ephel'lu 1mmed1ate1y downstream irom the gate slot for the: °Pera.t1ng S

2/Bureau of: Rec,lamatlon Hydraullc Laboratory Report Hyd-472
‘THydraulic Model Studies of the Trinity Dam Auxiliary ‘Outlet Works

N Jet-Flow Gate, Centralr\VaJ.ley PI‘O]eCt Ca].lforma " by W. P.

e ?'Slmmons, .Tr. .




condition of 2,500 cfs per gate at reservoir elevation 2100. Pres-
sures 40° from the invert were about 2 feet below atmospheric
compared to about 5 feet below atmospheric at the invert piezometers
in this region. However, these low-pressure areas appeared to be
- in an area where the jet had not yet expanded to fill the conduit and
were probably due to lack of sufficient air supply from the vents
. rather than from the flowing water. For 5,000 cfs per gate at
reservoir elevation 2100, the subatmospheric pressures were
appreoximately 10 feet below atmospheric both at the invert and 40°
from the invert, and the subatmospheric pressure region appeared
to extend more than 1 diameter downstream from the gates. These
pressures also appeared to be in the vented area rather than in the
area where the flow was in contact with the boundaries; therefore,
additional piezometers were installed farther downstream to deter-
mine the pressure pattern in the regicn of flow contact with the walls.

- The additional piezometers showed that as the gates were opened, |

- the point of impact of the jet moved downstream. Upstream of the

o ‘300 feet per second, -

impact area, :pressures were below-atmospheric; in the impact area
- the pressures were well above atmospheric; and downstream from
the impact area the pressures were near atmospheric. ‘

The size of the.air vent was increased from two 24-inch-diameter
conduits to one 42-inch-diameter conduit to alleviate the low pres-
sures in the conduit downstream from the gate slots. - The increased
air supply reduced the instantaneous minimum subatmospheric
pressure from 24 feet of water below atmospheric to only 5 ieet
below atmospheric. S '

Alr demand measurements showed that'the alrflow ircreased with
increase in head or with increase in gate opening. In general, the
ratio of airflow to waterflow increased as the gate opening decreased
" _or as the head Increased. These data agreed with the Trinity Dam .
jet-flow gate test data, - B : , ' L

Maximum air demand was approximately 2,000 cfs per conduit -~

_supplied through one 42-inch-~dlameter air duct into the air chamber.

" Velocity of the air through the duct would be approximately 210 feet
‘per. second which is below the recommended maximum limit of :

Flow Q_ownsfréaﬁn from the Ttnnel Plug

‘In the reliminary‘dési_gn, +the conduits were to,be placed no closer

| " “than 12 inches from the walls of the 42-foot~diameter steel liner, -

... Figure 1. The 150-foot-long liner was installedin the model horse- . |
- -shoe tunnel so that it was tangent to a point on the outside wall of




~ the conduit portals, and an offset existed between the conduits and
the liner on either side of the point of tangency. Piezometers were

- installed‘in this area, and the pressures did not exceed 3 to 4 feet

. of water below a.tmosphenc. The jets were not submerged for the
design flow of 5,000 cfs or for an emergency flow of 10,000 cfs,
Flgure 7

~ The steel liner extended 150 feet downstream from the conduit por-
‘tals and formed a vertical offset between the liner and tunnel wall.

‘Although the liner extended beyond the impingement area of the

jets, the velocity of the flow at the end of the liner was almost as -

- high as at the conduit portal. Some of the flow backed up and sub-

.. merged the undernappe of the jet at the ofiset which could introduce

‘adverse pressure conditions, Therefore, it was felt that a long
transition section should be placed between the liner and the horse-
shoe tunnel -or that the liner should be extended fa.rther downstream. _

An alternative to lengthenmg the steel liner was to construct a
stilling basin immediately downstream from the tunnel plug to dis-
sipate the energy of the flow leaving the conduits. The model was
modified to include a stilling basin and all further 1nvest1gat10ns
were directed toward developmg a satlsfactory basin, :

) ‘.Stﬂ_lmg Basm in Tunnel

The initial stllllng basin development tests were with the tunnel plug

conduits placed on an 8°.30' slope discharging irto a basin 40 feet

. wide by 343 feet long with its floor 21.5 feet belew the centerline -

- :of the conduits, Figure 8. Since the computed tailwater depth at Sta--
tion 11420° (assummg critical depth at the portal Station 1+87) indicated -

- Insufficient depth to maintain the hydraulic jump within the basin at any =

o discharge,. a weir was required at-or near: the tunnel portal to prov1de
‘ '_su.'l':f1c1ent do- or: tallwater depth ' : : .

"The weir he1ght was a.d]usted S0 tha.t the basin performed well for

. flows' ‘up to-and including the design flow of 5,000 cfs at reservoir

- elevation 2100; the surging and waves that: developed in the hydraul1o

~~jump for &, 000 cfs were not eXcessive and did not reach: tunnel crown.

- However, the ‘basin appeared to be longer and wider than necessary.
~ With:-the same weir settings and operating at low reservoir elevations
with the gates 100 percernt open, the flow submerged the conduit
portals at the downstream face of the tunnel plug. Although sub- -~ =
- merged operation appeared satisfactory, ‘poor flow conditions existed-
_-.during the- transmon zone. from unsubmerged ﬂow to. submerged ﬂow

The' 1nverts of the conduit portals were ralsed 9 teet to. prevent the >

- . submergence during-operation at low reservoir levels, In addition™ * -~
L _":‘to elevatmg the porta.ls the condu1ts were pla.ced 1 foot. closer together_'-{




and the basin was narrowed from 40 to 38 feet. The narrower

basin periormed well for flows up to and including the design flow

of 5,000 cis at reservoir elevation 2100. Although the conduit por-

tals were not submerged at lower reservolr elevations, occasionally

the flow from both conduits veered to one side or the other and

flowed downstream along one of the side walls, Flow returning up-

stream alon aglt.he opposite side wall nearly submerged the portal
near that w However, the flow was sufficiently stable to be con-

sidered a satisfactory operating condition for the short time that -

t‘ahe é'eservoir would be discharging at reservoir elevations below

10

For emergency 0perating conditmns with either one gate: opera.tion

or both gates fully open operating at maximum reservoir elevation,

the performance was acceptable, However, the surging in the flow

throu h the tunnel increased with discharge until, at 10,000 cfs, the
occasionally filled. The surges did not £i1l the tunnel for '

9 000 cfs at about reservoir elevation 2000, although waves from one

side or the other sometlmes reached the crown.

' Data were obtained for this basin to determine how va.riation 1n welr -
. height affected hydraulic characteristics of the tunnel such as the
location of the jump, jump sweepcut, depth of flow at the face of the
tunnel plug, depth of flow in tunnel at the downstream end of basin,
surges at the portal and tunnel vibratmn and audible choking as
. caused by the surges.

These tests showed that the’ surges filled the tunnel near the down- . -
" stream portal causing an audible belching and tunnel vibration when
the weir was sufficiently high to prevent the jump from sweeping
out of the'basin. Based on these tests, the basin floor was: lowered
11 feet to elevation 1616, the sloping gron lengthened to 190 feet,
- and-the basin length was "reduced to 300 feet to maintain the same
- -overall 1ength, Figure 9 o . <

The same data obtained on the revised ba.sm determined that the
. welr crest should not be higher than elevation 1649 and that the
- basin floor should be placed at elevation 1616, ‘The hydraulic per- .
- formance of the revised basin was very satisfa.ctory at 5,000 cis .

-+ .and-acceptable at a discharge of 10,000 cfs, Figure 10. "The surges
- at the portal occasionally came close to sealmcr the tunmel at ilow..J
of 10, 000 and 11,000 cfs, but the a.udlble belchtng effect did not

occur, .

‘At this stage in the mvesttgation, it Was decided touse ﬂxed-cone
. (Howell-Bunger) valves to control the flow through-the low-level
©© 7 outlet works.and the studies on:the jet-flow~-gate-ccntrolied scheme .
N, '.were abandoned The decision to cha.nge the type of control was '




broughi: about’ by several considera.tlons 1nc1uding (1) the exl:remely
:high cost'and difficulties invoived in the excavation and. construction
-of stilling basins in:the existing diversion tunnels, and (2)‘the
“inherent danger of placing a ‘hydraulic jump: st:lllmg basin in t.he
“tunnel direcﬂy under the dam embankment L

This‘ éoncluded the’ testing of the 1: 24 scale model of the scheme
-utﬂizing the jet=flow: gates, and the model was rebujlt :Eor studies
ofthe new: des1gn o s
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APPENDIX FIGURE 4
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Appendix Fi
Report No.

e'l
yd-562

POA-25-D=58732 NA.

A. Both cates discharging 5, 000 cfs
Reservolr El. 2100. Looking downstream.

POA=25=-D=54733 NA Ehida

B. Doth gates discharging B, GO0 cfs
Reservoir El. 2100. Looking downstream.

‘f&‘,m_ i

C. left gate discharging 2, 500 cis
Reservoir E1l. 2100,

PORTAGE MUUNTAIN DAM
OUTLET WORKS )
FLOW IN PRELIMINARY DESIGN
1:24 SCALE MODEL.
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' CONVERSION rms—nan:sﬁmm:cm'rscrmrr

The following coaverslon factors mdopted By the Buremu of Reclsmation are thoge published hy the American Soclety for
“Testing and Materials (ASIM Metric Prectice Culde, January 1964) except-that sdditionsl factors (#) comscmly used in
tbhe Duresu have been added, Furtbher discussiop of defimticons of qumtd.tiee and unitse 18 glven oo pgas 10-11 of the
ASTM Metria® “Fractice Gn:l.de.

" ..The metric units and. conversion factors mdopted hy the ASnl are’ bcaed an t.he "International System nr Undts® (deaimted
‘51 for. Systeme Internetional d'Unites), fized by the Interoational Cammittee for Welghts and Mewsures; this system 1s
also koown w5 the Glorgl or MESA (peter-ldlogram (mmss)-second-ampere) Rystem. n::l.a awatun bas been gdopted hy the
International Organiut:l.m rnr Standerdization in IS0 Becommendaticn R-31.

. " The metric technical uxrlt of force ia the klogram-force; this is the force which, when applted toa ‘bod;r bhaving a

mmes of ‘1 'kg, gives.it en mcceleration of 9.80655 m/sec/eec, the vtandard wecelerstion of froe fell towand the earthts
. center for ses level et 45 deg latitude. The metrlc wnlt of force 1o SI units 1s tbe pewten (H), which 1s defined as .
~.that foree which, when applied to a body having a mass of 1 kg, gives It an sccelerstion of 1 m/sac/ses, These umdts .
must be aistingulshed fram the (inconstant) local weight of e body having e mass of 1 Xkg; that ia, the weight of e

" body 1o that force with which 4 body is sttracted to the earth and is equal to the mase of - body miltiplied by the

- acoeleratiod due: to gravity. However, because.it is genemal practice to use ™ ather then the technisslly

. correct term "pound-foree,” the term "dlogran™ {or derived mass unit) has been used in this guide instead of "mogrm-
. forea” in expreasing the comversian factarﬂ for foreces, The newton unit of e will:find increasing use, and is

- esgerrtial :Ln SI units. - : :

Table 1

QUARTITIES AND UNTTS OF SPACE

Square

Sq:ul.ra_f_sqt. .
'&umwa ;-ardu .
Acres, , , .-

Square miles

‘-cubicihclﬁs, A L : . . . . Cubde centimetears
: : [ 'a .+ Cublo maters
Cublo metera .

g'n'uid omces (U.S.) . B & . . .o o Cuble centlmeters . .
S dR . . : Mlliliters Lo
':I.iqu.id piﬂts (us) Ced ‘ LR il Cubic decimeters
.. Cubdo emtim‘bera-
Liters - .
7 Cuble eenu-tera

" gallcns (u.x 3]
" Gublc feet




{LLSHBOdD |

- I IETARD J TI
ey sawnba Jod edeyy]

. . asje exwnbs Ied edTRTTTRY
. L . 20 ofane 2ad GSLINOFTIRY
R v u-& BIPETTITRE AITnbo-wg -
. ) ux..a sxanbe Jod aﬂs

) ...3!-:.—1- 280 wiTeLoTTH

5 ‘ - -?!_33 Pesadap CFATSY IO SUINTE]

poosa 1ed easom ezwnbs

awipz axwnbe Jad poooes l!uoﬂ..__ .
w0 Aep aed aejen savebe ad !o,a.ﬂ '

¢ 4003 0FQN0 J0d SSTNOTTTMN .

1003 asd ST IeTNOLToeang
{merpmo

“300F) poa« axmbe 1od soeany

‘TR Jod #3708

' W{0FTNYD) UBRIBND JTMQUTNN

‘ ﬂ.ﬂ.«-ooﬂbu poed Jed qo8] sxenbp
..... Abﬂau-mbu

9007 !!5_- .sn PP0RE=pnad
(ePelons) Lop

aed 9003 sIwnte asd’ 499) u«p_._u .

{3903

ST JxBuunu ugoouieoou o.-pnu‘

U0 o1

" BIIAN GAV EA1LLIRV ERLD

dnin

Tros

T e e ST

| aofles awima) A3 H..\nnﬂ-uu

) aa-«.n.nj\uﬂo oM

9 8up 7 /Y0 By

.7 0 %P gER/eTATIIIN
o .uu-u%aédﬂqa_

oL pEep m oo/ By
. u?v u{-ﬂlﬂuﬂ_ !

Sgﬂﬁs .in.a: ._.{no..

‘2 Bep qumig

Ahﬂoﬂ-v __.-E 5 i Bop nd..:am
. [ecuEyeTeeL. -

‘mvﬂm\u_t.anua

y rsioaﬁﬂ.a
. TURIORY 3 Fi

430y 3 Ty o ¢

T v (A TARepuoD =N

Do N d Byl ma

- ada..--mlm oa
nim T

L e

- WoTar T
TR I8 weTIOf

L

- wepoTee wRBOLLY ¢

. -Uﬂha.

STIN
!..-Puo.:u

napﬂnk&g....
SLoe L WYL Ied emeap s

T 21 g

T dWeRTIaec O7qRG 181 EwID ©-
o7 awymiioen opqno ded sy ¢
ST ARes 0TI Jed emeaBotTTy ¢t
L GMTIURO OTNO Jod Mg Tt




~ ABSTRACT

3.

7 Studles on 2 1:14 scale model of the low level outiet works of Portage

-Mountain Development show the fixed-cone valve-ring deflector com-~

. bination provides a relatively simple and effective device for flow con-

. trol and energy dissipation, The ring deflector contributes aignifi-

_-cantly to energy--ssipation,  Baffle piers downstream from the

. deflector and 7, welr at the downstream tunnel portal can be added

" later to Improve energy disslpation f necessary. The extent of the

.- steel:lined secHon required downstream of the valves was determined.

- High fluetuating pressures were measured on the wall of the liner In
the imypingement area of the et and on the upstream face of the ring

" 'deflector at the crown and invert. Pressures on the 1ip of the deflector

- -were slightly subatmospheric. No uniform simultaneous peaking of -
‘pressures at widely separated areas cccurred on the deflector ring.

A recirculating sir supply turmel was developed to provide near atmos-
pheric pressures wi the cone-shaped jet as well as upstream of the

g jet at the valves, Nonsymmetrical operation of the valves is not recom- '

~ . mended, : ‘The design discharge of 10,000 cfs per tunnel at reservoir
- elevation 2125 was verified by the model operation. 7

ABSTRACT

. Stadles c:)n' a2 1:14 _St':‘ale' model of the low 'ieikel outlet works of Portage

. Mountain Development show the fixed-cone valve-ring deflector com-
“biration provides a relatively simple and effective device for flow con-
“trol and energy dissipation, The ring deflector contributes signifi-
“cantly to energy dissipation,” Baffle piers downstream from the :

i deflector and a welr at the downstream tunne] portal can be added
- later to improve energy disslpation if neceéssary. The extent of the

- steel-lined section required downstream of the valves was determined,

., High fMictuating pressures wera measured on the wall of the liner in

.the impingement area of the jet and on the upsiream face of the ring

_ deflector at the crown and invert.  Pressures on the Uip of the deflector

were slightly subatmospheric, - No uniform simultaneous peaking of

- Rr'esgﬁres-a{widely separated areas cccurred on the deflector ring.

~A recireulating afr supply tunnel was developed to provide near atmos-
pheric pressures wi the cone-shaped jet as well as upstream of the .

jet at the valves, - Nonsymmetrical operation of the valves is not recom-

“‘mended, - The design discharge. of 10, 000 cfs per tunnel at reservoir
levation 2126 was verified by the model operation, - S

ABSTRACT

Studies on a 1:14 scale model of the low level outlet works of Portage
Mountain Development show the fixed-cone valve-ring deflector com-
bination provides a relatively simple and effective device for flow con-
trol and energy dissipation. The ring deflector contributes signifi-
cantly to energy dissipation, -Baffle plers downstream from the

" deflector and & welr at the downstream tunnel portal can be added
-later to impreve energy dissipation if necessary. The extent of the

steel-lined section required downstream of the valves was determined.
High fluctuating pressures were measured on the wall of the liner in
the impingement arez of the jet and on the upstream face of the ring
deflector at the crown and invert, Pressures on the lip of the deflector
were slightly subatmospheric. - No uniform simultaneous peaking of
;Anressures at widely separated areas occurred on the defiector ring.-

recirculatng alr supply tunnel was developed to provide near atmos-
pheric pressures wi the cone-shaped jet as well as upstream of the
Jet at the valves, - Nonsymmetrical operation of the valves is not recom- -
mended, The design discharge of 10, 000 cfs per tunmel at reservoir
elevation 2125 was verified by the model operation,

iy

ABSTRAGT

Studles on a 1:14 scale model of the low level outlet works of Portage
Mountain Development show the fixed-cone valve-ring deflector com-
bination provides a relatively simple and effective device for flow cone
trol and energy dissipation. The ring deflector contributes signifi- '
cantly to energy dissipation. Baffle ptera downstream from the
defiector and a weir at the downstream tunnel portal can be added
later to improve energy dissipation it necessary. ‘The extent of the
steel-lined section required downstream of the valves was determined,
High fluctuating pressires were measured on the wall of the liner in
the impingement ares of the jet and on the upstream face of the ring
deflector at the crown and invert, Pressures on the lip of the deflector
were sughtlf subatmosphetric. No uniform simultanecus peaking of
ressures at widely separated areas cccurred on the deflector ring,
recirculating air supply tunnel was developed to provide near atmos-
pheric pressures within the cone-shaped jet as well as upstream of the
jet at the valves, Wonsymmetrical operation of the yalves i3 not recoms«
mended. The design discharge of 10, 000 cfs per tunnel at reservoir

elevation 2125 was verified by the model operation.
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