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Deriver, Colorado, November 16, 1338.

From: Assistant Engineer C. W. Thomas
15O Chief Engineer
Subject: Report on inspection trip to study operation of outlet works,

Alcova Dam, Kendrick project, Wyoming.

l, An inspection of the Alcova Dam outlet worls was made dur-
ing the period October 5, 1938, to October 12, 1938. This inspection
consisted essentially of:

(a) Observations of the system supplying air to the needle-valve
jets with a view of determining its adequacy, and if inadequate to de-
termine some method of altering the gystem to provide sufficient air.

(b) An inspection of' the valves to determine the amount of damage
due to cavitation.

(c) Measurements of the pressure ir the discharge tunnel.
(d4) Observations of the behavior of the necdle valves in opsration.
(e) Observations of flow co:uditioans in the tunnel.

(f) Observations of flow conditions in the stilling pool.

Air Supply to Jets from Needle Valves

2+ As the necedle valves were progrcssively opened during the
preliminary testing, a drop in air pressurc in the operating chamber be-
came noticeable duc to discomfort in the car drums of the personncl. At
approximetcly 50 pcrcent valve opening, this discomfort beccame so severe
that the valves werc held stationary while an investigatior wes madc to
dctermine the causc, The 10-foot by 1l2-foot, 6-inch shecet-metal door
(drawing no. 144-D-192) betwcen the valve-operating chembsr and the cl-
evator shaft was open. A similar door between the clevator shaft and the
pump room was closed to within six inches of the floor. A strong current
of air was flowing under this door and the center was deflected a consid-
erable distance toward the puap room. Attempts to raise the door tc an
open position failed completely, and before the necdle valves could be
closed, the door partially collapsed into the pump room. This zallowed
access to the pump room and it was determincd that the alr was being ex-
hausted from this room into the shaft from the drainage gellery, and through
the 3=foot by 3-foot drainage tunnel, into the necdle~valve discharge tun-
nel (drawing no. 144-D-191).



3¢ The collapse of the door fouled the elevator car and it
was necessary to use the emergency ladder to return to the ground level,
Then the operating house was reached, it was fouund that the shest-metal
door between the loading dock and the slevator shaft (drawing no. 144-
D-188) had partially collapsed into the shaft, anc had been prevented
from falling down the shaft by the counterweisghts. o windows were
broken because the large ventilator on the roof suppnlisd sufficiernt air
to relisve the pressure witiidm the operating house., Thc upper elevator
door was repaired and roplaced. The lower cdoor was completely removcd
and no attoempt was made to repair it since it is planneé to scparatc
the pump room from the clevetor shaft by a holiow tiiec partition. A
3=foot by 7=~foot fire door will be installed in this partition for ac-
cess to thic pump room, A tumeorary 3-inch plank bulkhecad was placed in
the stop-log slot at the hot-water weir, ian the 3-foot by 3-foolt drain-
age tunnel, to prevent evacuation of air through this passage. A read-
ing on the aifferential gage taken just prior to the investigation of
the low-pressure condition showed the pressure in the discharge tumnel to
be 1,25 feet of water below the pressure in the valve-opcrating chamber,
The differential between atmospheric pressure and the pressure in the
valve chamber was not measured, but was @n eppreciable amount. As soon
as the repairs to ths elevator were compieted, the tosting was continucd,
Several windows in the operating house and the shset-metsl door at the
top of the elevator shaft were kept open.

4, Previous to the oreration of the ncedle valves for test pur-
poses, thec construction engireer had installed, in accordance with draw-
ing no. 144=-JEW-101 (figurc 1), a pitot tubc and supporting strut in the
6-foot by 8-foot air shaft (drawing no. 144-D-1292)., A differential gage
from the Denver hydraulic lab%%%gory was uscd to detormine the velocity
hecad at the pitot tube. With nceédle valves boing opened simultancously,
completec pitot tube traverses werc made in the 6-foot by 3~foot 2ir sheft
at 25, 50, 75, snd 100 percent valve opcrings. These observations showed
an excellent velocity distribution. Fitot-tube readings were talken only
on the center line of the shaft for the tenth-point valve openings. These
readings were corrected to average cross-sectional velocity by a conctant
derivecd from the complete traverscs. The mean cross-sectional velocity
plotted against valve openiug is shown in figure 2. The quantity of air
flowing into the discharge tumne! plotted against valve opening is also
given in figurc 2. A study of thesc curves and prossures taken in the
discharge tunnel resulted in a decision to remove the louvers and grill
installed at the entrance to the sir shaft (drawing no. 144-D-1064).
Pitot-tube investigations were repeated for this condition and the re-
sults are given in figure 2, ©Since there was no simple means of further
augmenting the air supply to the tunuel, no furthcer air-demand tests wore
made.

5 The air-supply system as originelly installed caused a very
bad entrance condition to the shaft. Lossss through the wire grill over
the louvers were undoubtedly quite high. Air entering the system was de-
flected upward 45 degrees by the louvers and then turned through an angle

(5)
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FIGURE 2

MEAN CROSS-SECTIONAL VELOCITY IN FEET PER SECOND

AIR SUPPLIED TO VALVES THROUGH 6'x8' AIR SHAFT

IN 6'x 8 AIR SHAFT
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PRESSURE IN DISCHARGE TUNNEL IN FEET OF WATER
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of 135 degrecs before starting downward in the shaft., This caused ad-
ditionzl loss. The high velocity of the air passing through the louvers
caused thum to vibrate considerably. This vibration,combined with the '
noisc caused by the ailr peassing the grill, resulted in en intormittent
high=-pitchced howl tliat could be heard a considcrabl ¢ distance from the
operating house and was an snnoyance to the residents in the nzighborhood.
Pitot-tube measurcments showed the maximur: velocity in the chaft was as
much as 25 percent above ths average velocity, and the minimum velocity
an wqual amount below. This rapid change in instantancous velocity re-
sultcd in the air entoring the louvers in gustas, with comsequent chango
in piteh of tho neisc, The reason for the change in veleeity in ths

shaft was the change in air demand of the jot, es will bs expleincd later.
The removal of the louvers almost completely eliminated the objectionable
noise and allowed approximetely 20 percent mors air to be delivercd to the
jetses Tho velocitics in the shuf't were smuch highor and therc was less
variation in the velocity. However, the air suply to the valves is con-
zidered inadeguate even with the removal of the louvers,

Damege to Valves Due %o

6. Both needle valves show evideice of cavitation. Damege to
the nesdle and to the vronze nozzle sent is more proncunced in the right
or no. 2 valve, where the semistesl portion of the necdle immediately
dovnistream from the bronze seat is pitted to a depth of approximately one-
quarter inch in concentrated arcas (figures 3, 4, and 5). These areas ex-
tend from 6 to 8 inches dowvmstream from the bronze seot, and from 18 to
24 inches around the neriphery of the needls, and are senarated by areas
of little or no damage., The pitted areas do not extend into the bronze
seal ring. The nozzle seat is not damaged. In the left valve, the re-
sults of the cavitation are evidenced by chauneling in both the bronze
nozzle seat and the bronze ncedle ssat, The channels are¢ more or less
evenly distributed over the entire periphery of the rirgs and on the
needle, and extend into the semistsel portion. In both valves, the pit-
ting is downstresm from the seal, since no leakage occurs when ths valves
arec closed,

7 ERem \BIlE closure/gf the dam on February 8, 1938, until the
time of this inspection, appropimately 1,000,000 acre-feet of water has
passed Alcova Dam. Projcct records show that the rescrvoir was at ecle-
vetion 5461.3 on May 20, 1938, and the total water passcd prior to that
time was 58,000 acrso-fout. The passame of this water was through the
needle valves., After that date, the operators estimate that between 90
percent and 95 percent of the flow was passed over the spillway, and the
ncedle valves were uscd only for close ropulation of the river. This
means that the ncedie valves had, prior to this iaspection, passed 58,000
acre~-fuet, plus an cssumed 7-L/2 percent of the 942,000 acras-fuet, or a
total of approximately 128,500 acre-fect of water. Due to an inhorent
tendency for the right valve to vibrate during operation, it was used
very little. Tstimotes differ as to the actual time that this valve has
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FIGURE 3

VALVE NO. 2 = EXTENT CF DAMAGE DUE TO CAVITATICN.

VALVE NO. 2 - MARKED ARFAS ARE SHCWN IN THE FCLLCWING PHOTCGRAPHS.
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been in operation, bhut an average of the estimates indicates that it has
passed less then z0 percent of the total guantity. Assuming this to be
true, the left valve has passed 102,800 acre-fect, snd the right volve,
25,700 cecre-feet., This is an average flow of 214 cubic feet per second
through the left valve ond 54 cubic feet per second through the right
valve for the 240-duy poeriod of operation. If on average reservoir ele-
vation of 5480,0 is essumed, 102,800 acre-fcet coula have been passcd
through the leit valve in & wide open position in 20 deys, in a three-
gquarter open position in 25—1/2 days, in & one=half open position
in 30—2/3 deys, and in a one-quarter open position in 59 days. Under
the same conditions, 25,700 acre-fect could have beon psssed through
the right valve in @ wide open position in 5 days, in a threc-quarter
open position in 6 diys, in a onv=holf open position in 7-3/4 deys, and
in a one-quarter ope:: position in lé—S/@ days. Very severe flow con-
ditions must exist i the valves to produce this damage to the metal in
such a relatively short period of owceration. Apparently the contour of
the needle and of the nozzle seat are conducive to the cavitation. The
contours of these pairts should be altered to conform to soume curve that
would cause the flow to remein on the surface of the metal, Some work is
being done in the hydraulic laboratory,in commection with the Boulder
valves, that should hec applicable to the valves at Alcova Dam,.

3., A 1-1/2—inch nipe extending through the 3-foot concrste
wall, separating the gate-operating chamber from the discharge tunnel, was
installed during construction (drawing no. 144-D-190), A differential
gage was connected to the valve-chamber end of this pipe for observing
the differential pressure between the valve-operating chamber and the
discharge tunnel. Axn aneroid barometer showed that the pressure in the
valve-operating chamber remained atmospheric after the bulkhead was
placed in the 3=foot by 3-foot dreinage tunnel., Avcirage pressures in the
needle-valve discharge tumel for the different gate openings, with and
without the louvers a2t the entrance of the air sheft, are shown in figure
2. These curves show that the low pressure was relicved somewhat by the
removal of the louvers, This average pressure was in no instancce deanger-
ously low but the fluctuatio: of vressurs was of considerable magnitude
and was rapid. For instence, vith the valves 30 percent open and the
louvers in place, the pressure varied from -1.0 to -2.1 feet of water,
and the period was approximatsly one second. With the louvers rocmoved
and similar valve op.ning, the variation was from -1.,1 to =1.6 feet of
water and the period was slightly longer. Tho lovw pressure in the tun-

2l was & diruct result of an insufificicnt supply of ailr to replace that
carried away by the discharging jects. There was no outlet comncetion in
the needle-valve discharge guides, so0 thc actuwl pressure cxisting et the
outlet of the wvalve wwas not moasured. Howcver, it was below that measured
in the tunncl, as wosg indicated by tho strong currcnt of spray and water
drops which flowed tovard the exit of the guides during opcration of the
valvese. © hag beon suggested to the operators that a sultablc connection
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bz provided and pressurc mcasurcmcnts mode ot o future date.

9. The internal pressurc in the jot as it possos the coatrol
scetion in a needle valve 1s very low, If this jet passes into o region
of highor pressure, the extorncl pressure is sufiicient to bulanec the
internal prassurc and stapble flow rosults. If, howevsr, thc dischargc
is into o low-pressurc region, the internal pressure is not bnlarced and
the jet tends to disintegrate. The result is a very rough exterior on
the jet and a tendency ror the {low to septirate fra: tiie guide surfaces
near the exit of the valve, Cavitation and itvs harmful effect on the
metal parts of the valve are a result. Although the existing low pres-
sure in the dischargs tunnel is not entirely responsible for the damage
to the valves, it is conducive to the conditions causing the damcge.

Behavior of HNec ule Velves in Operation

10, The mechanical opcratiornn of the left needle valve was very
good.s There was a very noviczeble vibration in the right valve at all
discharges. This vibration could be heard in ths valve chamber and
could be felt by placing a hand on thc body of the valve or thc di
charge guide. Inspection oif the wody of tihe valve, both externally and
internclly, and of the necdle, externally, vielded no explanation for
the vibration., From all appearancecs, the two valves are identvicul. The
vibration may be caused by the cavitation in the low or by some malad-
Jjustment of the internal parts of the ncedle.

11, While thc valves were being operated for the air-demsnd
tests, observations wers madc of the head-discharge relation of the
valves., This relation is given in the following teble:

1 ; Head om center line Discharge
Valve opening of valves in cubic fect
(percent) in feet por second
25 124.7 1,645
50 125,.4 3,175
LEET 2 3,095
75 124.5 4,145
100 128 4,825
122.6 4,800 |
Thesc valuecs were obtsinoed with both necdle valves open the same amount.

The discharge was taken at the gaging station just dovmstream from the
dam. The accuracy of this scction is probably within five pcrcent.
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Flow Condition: in the Tuniel

11, Some observation in the tummel was mede possible by the
instellation of a ome-inch plate-glass vwindow in the downstream wall of
the valve chawber aund a fioodlight in the tunnel, The air sliaft dis-
charged into the tunrel abeve the window and ths high-velocity jet of
air agitated the sprey to such an extent that visibility was very low.
Occasionel glimpses seenmed to indicate that the smoother the surface
of the jets, the less the demand for air in the tunnel., This rolation-
ship could not be definitely established becawse of the poor visibility,
Since the portal of the tunnel did not seal, it seams probable that the
fluctuations in the velocity in the air shaft, and the pressure in the
tunnel, were directly related to the condition of the outside of the
jets. The rongh jet absorbed and carried away more air than the smooth
jet. BSwray was observad to travel toward the discharge concs and towarid
the left-hand side of the air-gheft exit. The velocity distribution of
the air entering the tummel was very bad hecuuss of the bernds in the
shaft and duct upstream from the exit. No observation of flow condi-
tions was possiblc beyoud @ few fest from the valve chsmber,

Conditious in Stiiling Pool

12, Flow conditions in tie stilling pool for four valve set-
tings are shown in figures 6, 7, 8, 9, and 10, The hydraulic jump oc-
curs within the tunnel for digcharges below approximatcly 2,000 cubic
feet per second, and conditions in the pool are fair. At higher dis-
charges, the pool is very rough and turbulent. At dischesrges above
2,000 second-foeet, there is a rocturn flow along the left pool wall near
the tunnel portal that cntsrs the hydraulic jump from the side, thus im-
pairing the stability of this phenomenor, snd waves arc producaed in the
pool. These waves overtop the walls of the stilling basin for discharges
abovc approximately 4,000 sccond-feet, The tunncl did not flow full at
any discharge (figures 8, 9, and 10). The flow leaves the lined section
of the pool at high velocity (figure 10). The boulder-strewn stream bed
downstrecam from the pool (figure 11} is sufficient protection against
erosion in the bed. However, erosion of the right hanl at the end of the
lining is quite severe and has exposed most of the cut-off well (figure
11). In fact, some of the large riprap was moved during the relatively
short time that the tests were beiag made. The riprap on this bvenk was
dumped from the top. The left bunk shows 1litt ¢ or no tendency to erode
(figure 11). The difference in stability is due to the fact thet the
riprap on the left bunk wos olaced wnd swings bucl on o long are from
the end of the concrete, If the right bank is allowed to erodc until it
is similar in plan to the let benk, and then covcred with placed riprop,
the tendency ior erosion in this area should be complately eliminated.
The sharp offset in the walls and floor of the stilling pool et station
15+00, cesuses the flow to leave the walls, and possibly the floor, im-
mediately downstrecam from the squsre corner. An cexpansion joint traverses
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FIGURE 6

NO FLOW.

VALVES 25% OFEN - DISCHARGE 1645 SECOND-FEET.



FIGURE 7

VALVES 50% OPEN - DISCHARGE 3175 SECOND-FEET.

VALVES 100% OPEN - DISCHARGE 4825 SECOND-FEET.
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NO FLOW.

VALVES 25% OPEN = DISCHARGE 1645 SECCND~FEET.



VALVES 50% OPEN = DISCHARGE 3175 SECOND=-FEET.

VALVES 75% OPEN - DISCHARGE 4145 SECOND-FEET.

AICOVA OUTLET WORKS = STILLING POOL.



VALVES 75% OPEN ~ DISCHARGF 4145 SECOND~FEET. VALVES 100% OPEN - DISCHARGE 4825 SECOND-FEET.

VALVES 100% OPEN - DISCHARGE 4825 SECOND-FEET.
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BEFCRE TESTS. AFTER TESTS.

RIGHT BANK = RIPRAP AT EFD CF PCCL.

STREAM BED DCWNSTREAM FROM PCOL. EXPANSICN JCINT AT STA. 15 400,
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the pool at this point (figure 11). The mastic in this joint had been
removed to & depth of 2-1/2 feet due to the low pressure, The jolint in
the floor appeared to have suffered no damage. It is suggested that the
remaining plastic be ramoved from this joint and the joint grouted to
avold possible damage to the walls,

Miscellancous Cbservations

135, During thc tests on the needle valves, the behavior of
appurtenant cquipment was also studied and several suggestions of im-
provement arc offercd. The service clevator botween tiie opcrating
housc and the valve chawber is o constant source of trouble, While the
genecrel instaliation eppears to be satisfoctory, cortoin equipment is
faulty. The safety switches on the elevator doors are corroding badly
due to the excess nioisture in the shaft, and the 44C-volt fuses on the
control board in the top of the operating house arc due in part to %oo
close spacing and in part to the moisture in the control room. During
the preliminary tcesting, the elevator failed twice due to trouble in the
safety switches. Since no one is allowed in the operating house but em-
ployces, the safety switches were ta%en out of the circuit, It was re-
alized that this is not good practice but no othsr expediency existed
at the time., With the elcvator machinery or the top floor of the oper-
ating house, in case of failursc, it is necessary to climb the emsrgcncy
ladder and the stairway, make nocessary repairs, and revurn to the ele-
vator car by the emergency ladder. With the car at or near the bottom
of the shaft, this msans a round trip up 165 feet of ladder and 25 fect
of stairway. It would scem advisable to include a manusl control and
indicator at the control board so that the car can be moved up and down
by a person at ths control board. If an electrician is availabls, he
can atvtach leads to the control panel to raise the car, but this is
dengorous due to the possibility of overrunning the car and damaging the
machinacry.

14, In making the tests on the needle valves, it wes mnecessary
to know the reservoir elevation to determine the operating head on the
valves, Before the tests were started, attempts were made to determine
the elevation of the reservoir water surface, using the mercury gage in
the outlet-works operating house. Consistent results could not be ob=-
tained due to faulty installation of the conduits from the bottom of the
reservoir to the gage and to probable leaks in thesc conduits. Bench-
marks on the upstream face of the dam were used to determine the res-
ervoir elevation for thes tests. This was not satisfactory because wavocs
and surfacs disturbsnces made it d4ifficult to obtain accurate readings.
When opsration of the canal is started, it will bs necessary to kcop a
very close clicck on the rescrvoir., This cannot bc donc with tho present
gagce A stilling wcll of standard galvarized pipe could be instslled in
the counterweight recess in the clevator shaft. A rccording float gago,
a neon-glow tape gage, or a game of the type uscd at Pathfinder Dam
could be placed at the top of the well and would be accessible from the
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emergency door into the elevator shait at the foot of the spiral stair-
way. Since the elevator shaft 1s warm, the gage would operate regard-
less of temperature outdooi's, It is recommended that zome change be
mede as sooil s possible,

15, After the tests on the ncedle valves were completed, the
inspection and drainage tunnel was unwatercd by pumping. The pump re-
cently installsd operates satisfactorily. Approximately B—L/Q hours!
opcration oi the pump dreined the sheft and turmel, The blower in the
ventilating system was allowsd to rur for approximately 1-1/2 hours bo-
forc the shaft was entered. The shaft-cage hoist mechunism operatcs
very satisfactorily. The shaft-cage safety mechanism was dameged dur-
ing or shortly after installation and has been removed from the cage.
This cquipment should be repaired and replaced. The temperaturc in the
shaft was approximatcly 130 dcgrees F, At thc junction of the shaft
and tunncl the temperaturc was approximately the same but dropped slowly
until at the extreme end it was 97 degrees F. he temperature of the
air entering the tunnel from the ventilating duct was slightly above 100
degrees F. It was very unconfortaeble to work in such temneratures, even
for short periods of time, particularly because of the high relative hu-
midity. A blower of sufficient size to deliver twice the amount of air
at the far end of the tunnel should improve conditiomns considerably.

The ventilating duct passes through approximatcely 500 feet of hesnted
rock; thus the air delivered to the tunnel is preheated and expanded.
Some of the air is now lost through the drain from the air duct. It is
recomuended that a larger blower be installed. With the larger blower,
the pressure in the alr duct will be greater =nd the loss of air through
the drain from the air duct to the sump in the shaft will be greater
than at present. To prevent thic loss, the drain line should bc supplied
with a valve that could be closed as soon as the air duct is free of
water. The metalwork in the tumnel has been damaged very little from
the action of the hot water. The valves on the drainage pipes opening
into the tunnel are corroded, All metalwork in the shaft is corroded and
pitted and is deteriorating rapidly, particularly near the top of the
shaft.,

16, Although thc weather was too moderate to witness the con-
dition at the time of the necdle-valvec tests, the operators related that
during the winter months, the hot, humid air from the pump room rises
through the clevator shaft and is cooled in the upper room of tiiec outlect-
works operating housc, The onerating machinery fer the elevator, the
blower and motor for the ventilating system, and the transformers arc
containcd in this room, The moisture conderises from the air and com-
pletely covers the walls of the room and all contents., The previously
mentioned tile partition betwsen the clevator sheft and the pump room
will partially rce¢licve this condition but there will still be somc con-
densatc from the warm air rising from the volve-opereting chomber and
clevator shaft. The proposcd partition will also prevent the escape
of the vapor from the pump room. This vapor will condense on the pump
and motor and all metalwork within the room, and damage will result,
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A hood built over the shait to the drainapge galiery and vented to the
outside of the room should greatly reduce the humidity., Likewise, a
hood built over a portion of the grating in the floor of the upper room
of the outlet-works opsrating house and conmected by a pips to the ven-
tilator in the roof should lower the humidity in the rcom and lessen
the damage to the elevator machinery, The portion of the grating not
covered by the hood would necessarily have to bo closcd by some suit-
able meanse The disposition of the air from the hood in the pump room
will reguire further consideration,

Conclusions

17, Air supply to ncudle valves. The present alr supply to
the ncodle valves is not suificiont, aithourh tho louvers and grill at
the entrance of the air shaft hove been removed, Thosce accessories mey
be safely left out of the opening but a fcenece should be constructed
around the side of the outlet~works operating house iz which the opening
is located, to keep curious onlookers ot «u safe distaiice. Modsl studies
of the type of needle vailves installied at Alcove Dum chow that the ex-
terior of the jet is very rough ot sporoximantely the some valve settings
that the air demond is ths grectest, as shovm in figure 2, Thic con-
firms the limited observations of the jets on the pnrototype. HModel stud-
ies have aiso showm that the surface of the jet can be improved by chang-
ing the contour of the nozzle-~seat ring. To correct the condition at
Alcova Dam, 1t might only be necessery to replace the nozzle sccts, thus
improving the surface conditions of the jet sufficiently to diminish the
air demend to the exteant that the present system would supply adiequate
air. A% least the air demand might be reduced enough that thie prosent
system could be altered by tho 1ntroduct1cn of vencs in the turns in the
oir sheft to male it adequate. The chenge weuld tend to reduce the dam-
age to the valves due to cavitation. 4 maniifold conncction extending
around the cecutire pesriphery of cach discharge guide, as close to the
nozzlc of the wvalve as possible, could be instelled at o nominol cost.
The air could be supplied to these manifolds directly from the 6~foot
by B8~foot verticul alr shoft and siheculd improve the jet, thereby further
reducing the air demand. By toking the air from the wvertical shaft above
the lovier turns, the ultimote copacity of the nir system would be in-
creased, A methed of accomplishing a similar result, insofar 2s improving
the Jets 1s concerned, would be to dispense with the discharge guides
and move the valves dovmstrecm until they would discharge diresctly into
the tunmnel. This would allow the jets to bs dischurged into a region of
greater pressurc thon at the present and the alr suprly would be morc
evenly distributed around the jots. Othor vpossible nmcons of improving
the conditions would be to enlarge the present shoft or drill an nuxiliary
shaft, or continue thz 84-inch pipcs to the cnd of the tunnel end allow
the valves to discharge directly into the stilling pool.

18. Damage to ncedle valves duc te cuvitation, The damnge to

the needle valves duc to cavitution is ,rlous, nu51uer1n~ the short
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length of time that the valves have been operated. These valves will re-
quire repair at frequent intervals if they are operated to any great ex-
tent., Such maintenance will be costly because the vzlves are not read-
ily accessible, The present nozzle seats could be replaced with seats

of improved design at a very nominal cost. It is probable that this
change would not entirely correct the cavitation conditious but would
diminish them., Replacement of the needles, as well as the seats, would
be necessary to eliminate the conditions, Although this would neces-
sitate a greater initial expenditure, it would, nro doubt, be more cconom-
ical than the cost of maintenance over a pericecd of years., If these
changes are made on ths valves, in addition to re¢lieving the cavitation
difficulties, the air demand would probably bc materially reduced and
the question of air supply would be solved, at least in part, The exact
amount of reduction of air demand geined by this change cannot be def-
initely stated.

19. Pressure in the discharge tunmel., Although it is neces-
sary for the pressure in the tunnel to be siipghtly below atmospheric
before any flow of air down the szhaft can be expected, the negative
prcssures existing at prescnt arc excessive. All observations indicate
that the pressure in the discherge guide, although not measured, is con-
sideraply below thc pressure measurcd in the tuniiel. This low pressurc
is not, primery cause of the cevitation but is certainly a contributing
factor. The discharge guldes should be suopplied with monifolds, or the
guides removed and the valves moved doemstrcam in order to supply morc
air to thc discharged jet cloce to the valve. 4 greater eir supply or
an improved condition of the jcts necessitating less alr are the only
mcans of climinating the low pressurcs.

20, Operation of the needle valves. The vibration in the
right valve may be due to cavitation or to some mechenical conditiomn.
Further inspection of the internal parts of the needle should bs made
to determine, if possible, the cause of this wvibration. The manual con-
trol for this same valve is hard to start st times, and the reason for
this should be investigated. The cepacity of the valves 1s slightly
above the contemplated discharge,

21, Flow conditions in the tunnel. Although very limited
visual obsarvation of flow in thc tumncl was possible, no adverse con-
ditions were noted. Insofar as it was possible to determine, the flow
at no time sealcd the tunucl. The tunncl was obscrved to flow frce at
the portal for all dischargcs,

22, Conditions in tho stilling pool. Although thc flow con-
ditions in thc¢ stilling pool arc¢ not satisfdﬁtory, no damage aside from
that outlined in paragroph 12 heas resulted. The water that overtops the
walls of the pool hes wroded samc mstorial, but the right side of the
pool, wherc most of the overflow occurs, 1s on rock and littlc damage
can result, Thc sound character of the river bed below the pool is very
recsistant to rctrogrcssion. If the contraction joint 1s grouted and the
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riprap on the right bank at the end of tlie pool in repaired, no further
maintenance should be necessary for some tie,

23. Operation of Alcova Dsm. Regulation of Alcova reservoir
should be accompliched by tlie use of the spiliway as much as possible,
The mechanical and hydraulic operation of this structure is very sat-
isfactory. It is not possibls to regulate the flow of the river belcw
the dam to an exact discharge without considereable manipulation of the
gpillway gates. Thercfore, it will be necessary to uss theg outlet
works for close regulation. This should not necessitate opening the
valves more than 15 percent. In the range from O to 15 percent owpen,
the air demand is not excessive and the pressure in the tuanel is not
dangerously low, However, it is probable that cavitation is more severe
in this renge. Otherwise no serious damage should result from this op-
eration. If the valves are to be opsrated at greater opening, the op-
crator should mske sure that the wooden bulkheacd in the 3-foot by 3-foot
drainage twanel is in good shape and that the damper on the end of the
ventilating pipe in the pump room is cloged. If sither or both of thesec
openings arc left open while the velves sre baing operated, damage to
the elevator--shaft doors and oncrating-house doors and windows might
result and endanger the lives of the operating porsomnsl, The bulkhead
should be left in the &=foot by 3-foot drainage tunncl. It should be
inspected poriodically and maintained in good condition. In fect, ser-
ious consideration should be given to the permenent plugging of the
3=foot by 3-foot drainage tummci. The ncedlc valves should be carefullys
inspccted at least once overy 15 days during opocration to dotermine prog-
resg of cavitation and noccssity for repeirs.

24, Suggestions Tor future design. Where possible to do other-
wise, the practice of diégﬁérgin@ needle valves operating under high
heads into a tunnel should be avoided, If this cannot e done, air pass-
ages should be provided to supply ample air to the tunnel to avoid low
pressures, These air passagzes should be designed to eliminate insofar

as possible losses due to eittrance cornditions and bends, or obstructionsg
in the passages. Discharge guides should be used only as a necessity and
then should be as short as possible. Tho sh:apc of the valve and needle
should be such that cavitation is reduced or sliminated.

C. W. Thomas.

=
L&



| :
L »
¢ Elevator skof?
N 65307
E 126056
o AN M—wl‘i ——- PN = o am 1 I 1 | -
3
, L
L
1 .
=
o |
g ]:l N
A

13.0

yEL3 =

Y drains -

'
l
i

I

!.

!

+!
| g
R o T T = ; : : 0
' s IEE 3
QR

ot
L
> 24

237

kI i o, i TBTR ) v - || I~ . b = kY & 1F <EEE] n

LI

thig
I
RIS



	^^^^^^001

