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gﬁenver,'Gdlorado,‘Novamber”IG,JIQSB.

”Asaistant*Engineer‘c. W. Thomas
Chief Engineer

Subject:  Report on inspection trip to‘studyroperaﬁionﬁofuouﬁlet:wnrks,
Alcova Dam, Kendrick project, Wyoming.

l. “An.inspection of the Alcova‘ﬁam.outlet»wofks wes made dure

ing the period October:5, 1938, to October 612, 1938. . This inspection
consisted essentially of:

(a) Observations of the system:supplying;air'to.thefneedle-vaive
Jets with a view of determining its adequacy, ‘and if inadequate to de-
termine sone method of altering the system to.provide sufficient air,

(b) An inspection of the valves to determine the -amount ‘of damnge
due to cavitation, : . '

(o) Measurements of the pressure in the dischargé tunnel,

(d) Observations of the behavier of ‘the necdle valvesiinicperation,
. a

(o) Observations of ‘flow coiditions iin the tumnel.

(£) Observetions of flow"éonditions:inxthe‘stilling;poél.‘

-Air Supply to Jots from Needle Valves

%e As thenocedle valves woro progressively opened during :the
preliminary testing, & drop -in air pressurc in the operating -chamber bo-
camo.noticoable duo to discomfert ‘in the.ocar.drums of the personncl. At
'approximntely ‘60 perecent valve. apening, this discomfort beeame so sovere |
that the valves woere hold stationary whils an investigation was madc to
dotermine the cause. .Tho:lO-foot-by l2~foot, G-inch shootemetal deoor
(drawing no. 144«D=192) botween the valvo-opcrating chember and -the el-
evator shaft was open. 4 similar door betweon the clevator shaft and-the
pump room was.closed to within six inches.of the floor, A _strong current
of air was flowing wnder this door and the.center was deflected . a consid-
erable distance toward the pump room. -Attempts to raise the door-to an
open pogition failed completely, and bofore the needle volves could . be
closed, the door partially collapsed.into the purp:-room, ‘This: allowed
access to the pump room and.it vas determined that the.cir was boing ox- .
‘hausted from this room into tho shalt from'the drainage gallery, and through

the 3~foot by 3-foot drainage tunnol, into the necdle-valve dischargaxtup—,_:

nel (drawing no. 144<D-191},
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3 'The collapse of ‘the door-foﬂled'fhe‘élevatof:car'andAit

was necessary to use the-emergency“ladderato4réturn“tovthe:groundllevél.

When the operaﬁing.house-was:reached,'it"was found that the:gheat-motdl®
door hetween ‘the loadlng*dock'Knd.the‘élavator'Shgftf(drawing:np.“144—
D~188) had partially callapsed into ‘the shaft}tanﬁ;hadLbcen*prqventod '
from falling ‘down the shaft by the counterweighes., No windows vere
broken because the largewventilator'on‘theurodf:supplidﬂ:sufficiéhtfdir,
to relieve the pressure within “tho operating . housa, -Tho . upper .¢lurator
door was repaired and:replaced, ,Thc:lcwer‘doorvwancomﬁletély:rcmoved
and no attompt was mado to repair- it sinee ‘it is.plammed ‘to -soparato

¢ess to tho pump room. JA-tompornryVSéinch;plnnk‘bulkhcadﬁwus;placod.in
the stopélog.slot‘at:the'hot-wnter'woir, inthe 3-foot by ‘B-foot ‘driine
age tunnel, to:prevent evacuation of 4ir through .thic passage, “A.rcad-
ing on the differentialJgage:takenhjust_priorito'theEinvestigqtionfof.
the 1ow-pressura-cdndition's owed the pressure 'in the ‘discharge ‘tunnel to
be 1,25 feet of water below the pressure in thejvalve-operating-chamber.
The differential-between-ntmospheric pressure and the . pressure in the
valve chamber-wns:not‘meusured,-but WS bn appreciable emount. 'As soon
&s ths rapairs:to the- 6lovator wore completed,'thcitosting;wus‘GOntinuod.
Several Windows -in the opcrating house and the sheet-metal door at -the
top of thoe elevator shaft were.kept open, C ‘ '

4. Previouswtoitho,operution.of-the;naedlezvalvasjfor:test‘pur-
poses, the construction enginger had “installed, in%accordanoezwith drow=
ing no. 144~JEW-101 (figure 1), a-pitot tube and . cupporting strut ‘in the
6-Toot by'B-foot‘air:shaftffdrmwing no. :144-D-1292), ‘A differential .gage
from.the Denver hidrauliclabgrﬁﬁoqy'was‘usod to deternine the volocity .
‘head ot the pitotutuba.';WithAﬁ ¢dle velves ‘boing oponod simuwltancously,
completo pitot tube “traversos were‘made-in.tho'S-foottby'Bnroot;dir;shC£t
at 25, 80, 76, and . 100 percont volve openings. These . observations showed
an excellent.velocity;distribution. ‘Pitot-tube roadings -were “talcen only.
on the center line of‘théashaft;for'the1tenth7point'valve.cpénings; These .
-readings were correcteditoraverage cross-sectional.Nelocityzby;afconspgnt,‘
derived from the complete traversos, ‘Tae maan:crbss-sectionﬂlrvelocity _
plotted against;valveaopening’is;shown’ihffigurcga. ‘The quentity of .air
flowing into;theidischarge4tunnel plotted‘against;valve;qpening;is-also
given in figuro 2, ‘A*study.of{thesa;curvbs and;prossures%takeniin the
discharge tunnel-resultod5in,a:decision:touremove;tho;lochrSaand3gnill
installed at the-emtrancc.to the air shaft‘(druwing}np,f144¥Dé1064);
,Pitot—tube1investigations were repeated fox this condition and the .re~-
sults aro given in. figure 2, Since theoro was. no simple:means .of :furthor
augmenting the air -supply to'the tunnel, no further: air-demand ‘tests wore
mado, . o - : :

uginally:installediéauscdsauvcgy’“
bad entranco condition to the shaft,  Losscs through.the.ui:eégrill-ovdb‘_

the louvers were undoudtedly Quite high, ;Air‘enteripggtheqsystem‘wns:d97
flectod upward 45 dcgrees;by-theglouvers'and“then,turnedfthrough,anfangle _

9 The air-supply -system ns ori
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of 1356 degrocs boforoe startlng ‘downward in tha cshaft, Thms caUSGd ad= .
ditioml loss, Tho high 'velocity of the eir pabszng throuvh the louvers i
causced them to vibrate cun51dorably. ‘This vlbratlon.comblned with tho :
noisc icaused ‘by the ‘air pess;ng the grill, rosultod 3in en intormittent. ﬁ
high-pitched howl that sould bs heard a considerable distance from tho
eperating houso and was ‘ax onnoyenco to tho residents in the nclghborhoo&
Pitot~tubc measurcmonts showed the maximum velocity :in the .shaft was &s |
much jas 26 percent abovo ‘the avorage valoalty, end the minimum velocity i
an oqual amount below.‘.Thzs repid change in instantaneous vnloclty res~’
sultod in tho air enboring the louvers in gustb, with consequont chango !
in piteh of the moisc, ;. Tho reason for 4he ¢hango in velocity in tho

shaft was the change in nir demand of the Jjet, ‘ms will be explainod later,
The removul of the louvcrs slmont complolcly eliminsted the objoctionable.
noiso and allowad upuromlmntclv ‘20 porcont mors air to ba déliversd to the
jotss Tho volocitics in the shat't wore wmuch higher. arid thorc was loss
variation in the volqéyty However, tho air supply to the valves is conr
sidored inndoquate evenw with tho rumoval of tho louvers.

T
Ie

Danupe to Valves Due to ‘Covid tation

6.)»Both nesdle valves show evidsice of GdVltEuan. Domage to
the needle ond to the joronze nozzle sent is more pronounced in the right
or no. 2 valve," wherﬂ the .semisteel poriion of the needle immediamtely
downstream from the hronaa geat 1s pltted +t0 -2 dspth of approximately one-
quarter inch in concentroted arcas (figures 3, 4, ond 6}, These areas ex-
tend from 6 to 8 indhec dowmstreor from the bronze sent, end from 18 ‘o
24 inches around +the periphery of the needls, and are sepuraued by aress
of little or no damage., The pitted areas do mnot extend into the hronze
seal ring. The nozzle sent is not dameged. In tho left valve, the re-
sults of the cavitation are evidenced by chammeling in both the'bronze
nozzle seut and the bronze needle seat. The channels are more or l&ss
evenly distributed over the entire periphery of the rings and -on the
needle, and extend into the semisteel portion. In both valvcs, the 'pit-
ting is downstream.from the seal, since no luwknge occurs when tho v&lvos
are closed.

7. TFrom the clesure of the dam on Fobruary 8, 1938 untml the
time of this inspestion, app“ox,mately 1,000,000 -acre~foat of veter has
passed Alecova Dam., Frojoct records show that the reservoir was at cle-
ration 5461.3 on Mey 20, 1938, ond tho total water passced prior to thut
timo was 58,000 smoro-fout. The passage of this water wes through tho
needle valves. After that date, the operctors estimate that between 90
peroent and 95 percont of the flow was passed -over the spillway, ‘and the
necdle valveos wore used only for clos¢ rogulation of the river. This
mocans that the ncedlc valves had, prior to this inspection, passed ‘68,000
acre-fuot, plus un sssumed 7-1/2 percent of tho 942,000 asro-foet, or a
totel of approximetely 128,500 acre~foct of wotor. Due to an inherent
tendancy for the right valve to vibrate during opcration, it vas used
very little. Estimetes differ ns to the actuel time that this valve has

b
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been in operation, but.on average of the estimates indieates ‘that it has
passed less then £0 percent-of “the total quantity. Assuming this to'be.
true, the left valve hns passed 102,800 scre-feet, and “the .fight valve,
25,700 acre-feet. This ‘is’an avernge flow of 214 cubic feet per second
through the 'left valve and 84 cubic fest per second through the right -
valve .for the 240-day period.of operstion. If nn averapo reserveir elo-
vation of 5480.0is assumed, 102,800 acre-fest could have been passcd
through the left valvo in « wide opon position.in 20 -doys, in o three-
guarter open position.inHES-l/?,dnys; 4y o one-half openposition
in 30-2/3 deys, and ina one-quarter.open;positionin B9 days. Under.
the somo conditions, 25,700facre-fect»coﬁlé hove boon passed through'
the right valve in o wide open'position in 5 days, in asthroc-quarter .
open position in 6 duys, ig‘aeonuéhalf.open;positiqn:in'T-S/% doys, ondé
in a one-guarter open position in 14-3/4 days. Very savere flow con-
ditions . must .exist in the velves to produce this damage ‘to the metal in
such a relatively short:period of .operation. Apparently ‘the .conbour of
the needle and of the nozzle s¢zt are conducive to the cavitation. The
contours of these parts should be sltered to conform to soue.curve that
would causec the flow -to remnin on the surface of the metal, Somo work ‘is
being done in the hydraulic laborctary,'in conneetion with ‘the Boulder
valves, that should be applicable to the valvos at Alcova ‘Dam.

Pressure in Discharge Tumnel -

8, A 1-1/2-inch pipe exterding through the 3-foot comorate
wall, separating the gate-operating chamber from the discharge tunnel, was
installed during construction (drawing no. 144-D-180). ‘A differtntial
gage vas connected to the valve-chamber end of this pipe for -observing
the differential pressure between the valve-operating chamber and the
discharge turnol. -An aneroid berometer showed -that the pressure’in the
valvenoperating‘chamber‘remainedfatmospheric-afturﬁﬁheLbulkhead“waS‘
pleced in-the 3=-foot by I-foot.drzinange tunnel. Avorage pressures. in the
needle-valve discherze tunnel for the different gate openings, with:and = -
without the louvers at the entrance of the air shaft, are shown in figure
‘2. Thesc curves show that the low pressure wns relieved somevhat Ty the
removel of the loiwvers, This average pressurc was in no instance danger-
ously low but the Tluctuatio: of pressurs was of considerable magnitude.
and was repid. ‘For instanec, withithe vilves 30 percent -open:and“the
. louvers in place, tho pressurc varied from -1.0 to -2.1 Tect -of water,

‘and the period was approximatoly one second. ‘With the louvers -romoved
.and similar velve opuning, the varistion wes from ~1l,1 to -1.8 foet of .
woter and the poriod was slightly lorger. The low prossurc in the tun~ .
nol wos a direct result of en inswfTicicnt -supply of cir to raeplace that -
carrisd ewdy by the dischoarging jots. Thore was:no outlet conncetion 'in
the neodle-volve discherge guides, so-tho actuwl pressurc cxisting et the
outlet of the-valve tas not moasured, Howovor, it was below that measured
in the tunncl, es vas indiested by tho strong current of -spray and water
drops which flowed toward-the oxit -of tho guldos during opcration of the:
valvese It has boon suggested to the operators that a suitablc connection

Al
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bo provided and pressurc measurcuenbs modo at o Tuturce dato.

,41'

9. Theiintornel pressurce in the jot as ‘it passes the control
svetion in q.ﬁcchC'vo;lvc is wvory low, -If this jot pagsos into o region
of highor pressurg, tho extornul prossure is suffiecient te balancc the
intornal pressurc.and stoble flow rosults. 1L, ho‘:ovor, “the dischorge
is into o lowwpressure rogion, the intornnl prossuro is not baloncod ond
the jot tonds to disintegrote, The result is a very rough exterior -on
the jet and a tendency for the flow to .ssparote from the guide surfaces
near the exit of the valve, Cavitation anc its harmful effect on the
metal parts of the valve are a result, Although the existing low pres-
sure in the dischorge tunnsl is not entirely responsible for the domagde.
to the valves, it is conducive to the conditions causing the damage.

o~

Behavior of Nesdle Valves in Operation

. id

10. The mechexical oporation of the left ncedle valve was very.
good. There was a vory noticedble vibration in the right velve at all
discharges. This vibration could be heard in the valve chamber and -
could be felt by placing a hand on the body of the volve or the:dis-
chargoe guide, Inspection of the body of tho velve, ‘both externally .and
internally, and of the necdle, externglly, yiclded o . explenation for -
the vibration. Fromall appearances, the two valves are identicdl. The
‘vibration may be caused by the cavitation in the Tlow . or 'by ‘SCME malad-,
justnent of the 1nt0rnal P&T‘bb of the naedle.

'1l. TWhile the valves wore being oparatea for -bhc alr-demw.nn
tests, observations were made of the hoad-discharge . rcle.tlo.n of bhe
valves, This relation is given in the following’ table-

I Head on center lino |- -.Di‘schrge" = e
Valve opening .of velves . i}in cubic Teet
(porcent) in feet | por second

25 et 124T . 1,645,
50 o '125,4 L - P & £
= 1232 7 3,095
75 : 124,58 o ool 4,146
00 123,98 il 4,825
‘ 122.8 qo 74,800

Thess wulués woro obteinod with both necdle valves open thae sane nmouht-:'”
Tho discharge was token at the gaging stetion just downstroam from +the
dom, The accuracy cf this scetion is probably ‘within ‘five porcenta.




Flow Conditions in the Tumnel

1l, Some observation in the tunnel was mede ponsihle by tho
instellotion of a one-~inch plate~glass window in the downstream wall of
tie valve chamber aud a floodlight in the turmel, The air shaft dis-
charged into the tunnel above the window and %the high=velocity jet of
alr agiteted the spray to such an extent that visibility wes very low,
Ocoasionsl glimpses seemed to indicate thut the smoothar the .surfaoce
of the jets, the leas the demand for air in the tuwmmel. This relotion-
ship could not ba definitely estohlished becnuse of the poor viszibility.
Since the portal of the tumel did not senl, it seams :probeble that the
fluctuntions in the velocity in the air shaft, and the pressure in the
tunnel, were directly rolated to the condition ‘of the .outside of the
Jets. The rough jet sbsorbed and carried away more air then tho smooth
Jjot. Barey wes observed to travel toward the discharge conos and tovmrd
the loft-hand sida of the alr-shenft exit. The velocity distribution of
the air entering the tunmnel wns very bed hecnuse of tho bends in the
shaft and duct upstream from the exit. No observetion of flow .condi-
tions was possible beyond o fow feet from tho valve chenber,.

Conditions in 5tilling Pool

12. Flow conditions in the stilling pool for four valve set-
tings are shown in.figures 6,'7, B, 9, and 10. The hydraulic jump oo~
curs within the tumnel for disclirgos below approximetcly 2,000 cubic
feet per sccond, and conditions in the pool are fair, At highor dis-
charges, the pool iz very rough and turbulent. At discharges above
2,000 second~foot, therc is a roturn flow along the loft peol “will near
the tunnel portel thut onters thé hydrawlie jump from tho side, thus im=
pairing the stubility of {lhis phonomonon, and waves arc produced “in the
peol, These wuves overtop the vmlls of the stilling basin for discharges
above approximately 4,000 sccond-foot, The tunnocl did not flow fu?l ut
any discharge (figures 8, 9, and 10). The flow leaves the lined section
of the pool at high velocity (figure 10), ‘The boulder-strewn strsiism bed
‘downstream from the pool (figure 11) is sufficient protection against
erosion in the bed. 'However, erosion of the right buank at the iend of -the
lining is quite severe and has exposed most .of the out-off wall (figure
11). In fnct, some of the lurge riprap was moved during the rsletively
short time thoat the tests werwe beinr mnde. Tho riprop -on-this benk was
dumped from the top. The left bunk shows litt:e or no tondency Lo crods
(figurc 11), The differonce in stability is due to the fact thet the
riprap on the left bank wne placed urd swings buck on w long arc from
the ond of the comcretn. If the right bank is allowed to erode until it
is similar in plan to tho lelt bank, and then covered with placud riprop,
the teudency for erosion ir this area should be oompletely eliminated.
The sharp offset in the walls and floor of the stilling pool &t .station
15400, causes the flow to leave the walls, and possibly the floor, im- _
medietely downstream from the square corner. An expension joint traverses

11




VALVES 25% OFEN - DISCHARGE 1645 SECOND=¥EET.
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VALVES 25% OPEN = DISCHARGE 1645 SECOND~FEET.

ALCOVA OUTLET WORKE -~ SPILLING POOL.
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~ the pool ‘at thls point (flnure 11) “The maatic :in“this. jdiﬂtfﬁaﬂ-been
‘removed to & depth:ofl: 2—1/2 foet ‘dus to .the low pressure. “The joint in
the floor appeared to have 'suffered no:damsge. It is suggested thet the
-remaining plasticibe removed from this joint and the Jjoint grouted to
-avaid possible damago to the wulls.

e

IMiscollaneous-Oﬁservations

“15, During tho tests-on: thb needlu valves, tho bohavmur of
appurtcnant equipment was also . studiod &nd severdl buggnsﬁzons of ‘im-
provomant arc offered, The.servico: olovator ‘botwoen “tiie oporeting’
housc and tho valve chamber is a: constﬂnt saurce of trouble, While the
generul installotion appears to be sntnsfuctory, certnln squipmont ds.
feulty. The safety switchesz on the rolevator doors are’ sorroding badly
due to the excess moisture in the shaft,and “the &i0=velt fuses on the
control board in the top'of the operating house arc .due in part to too
oclose spacing and in part to the moisture:in the control room, Durlng
the prelimivary tosting, the elevator failed twicc due to :trouble in-the
safety switches. Since no -one . is.dllowed in the operating ‘house‘but .em=
ployees, the safety switches were talzen out of the «¢ircuit, It was re-
alized that this ‘is not good .practice but no othor expediency existed
at the time, With the elevator mechinery on the top.floor of the:oper-
ating houss, in case -of failure, it s ;necessary Lo -climb the smorgency
ladder and the stairway, make necessary :repairs, and return to the ele-
vator car by the .emergency ladder, With thu car at or near the Lottom
of the shaft, this moeans a:round trip up 1656 feot of 'ladder and 28 feot
of stairway. It would scem.advisablc to include a manusl -contrdl -and
indicator at the control board so:that the ecar can bo moved up ‘and down:
by o person at tho control 'board., If an elcotrician-is availabls, he
cen attach leads to Tho control panocl to :raise-the car, but this :is
dongerous duc to the possibility of overrunning the car: and dumnglng tho
machinory.

14, ‘In meking the tests on the meedle valves, it was ‘necassary
%o know the reservoir elevation to.determine the operating head on the
valves, Before the tests were started, attemots were:made to:determine
the elevation of the reservoir water .surface, using -the mercury .gage in
the outlet~works operating house. .Conmsistont results could not be ob-
tained due to faulty -installation.of the -conduits :Lrom the bobtom. of -the.
resorvoir to the gage and %o prcbable leaks in those conduits, Bench-
marks -on the upstresm face of tho dam were used to determine the res-
ervoir elevation for the tests. This was not satisfackory becauso WEVOS
and surface disturbsnces made it diffiocult 'to obitain:mccurate readings.
Thoen operation.of the -canal ‘is startod, it-will bs necossery to kcep &
very closc chock -on the rescrvoir. This -cannot be doeno with the proaont
gagce. A stilling wall of standard galvarized pipn could bo installed in
the countorweight recess in-the clevetor sheft, 4 rceording float gagoe,
a neon-glow ‘tapo gage, or .a gage of the -type used at Pathfinder D’
could be .placed at the top of tho well and wonld bo accessiblo from the
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emergency door into the -élevator -shaf't at the foot of the spiral. sﬁﬁlr- ,
way. -Since'the elevator shaft 'is'warm, 'the gage would operate regard-
less of ‘temperatnre . outdoors., I't is - recoxmnendcd that some cha.nge be.
made s soon as possible. :

15, After the tosts.on tho:needle valves were completed, the
inspection and: dmlnag;a tunnel was uamwatered by pumping. The .pump re-
cently installud .operatoes satisfactorily., Approximatcly 2- 1/ hours":
operation of tho . pump ‘drained tho:shaft and “tumnel. Tho blower :in the
ventilating syston was dllowed to run for approximatoly 1 1-1/2 hours ‘bo-
‘foro tho sha.i‘b was entered. .The.ghaft-cage hoist mochunism-operates
very satisfactorily. 'Tho shaft-cogo safcehty mechanism wes dmnagg.d dur-
Aing or shortly aftor instdallation and has'been romovod from the engo.
This cquipment  should be ropaired and replocod. The temperaturo in the
shoft was approximately :130. degrees ‘F, At tho junction:of the sheft
‘and tunnel the tomperdturc was approximately-tho same but dreopped slowly
until at the extreme end it was 97 degrees:F. "The temperature:of -the ;
air sentering the’ tunnal from the .ventilating duct 'was slightly above 100
degrees F. It was very uncomfortdble to work in:guch’ ‘temperatures, even
for shert poriods:of -tie, particularly because of the igh rolative thu-
midity., ‘A blower of sufficient size to .deliver twice the- amount of air
at the far end of ‘theitunnel should improve conditions ‘condiderably.

The wventilating duct passos: through apprommtcly 500 .7 eet of ‘heated -
rock; thus the dir delivered to the tunnel is preheated and -expanded.
Some of the air is now lost through .the drain fram-the tir duct. It is
recomuended that a larger blower be installed, With tho ‘larger -blower,
the preussurein the air duct will:bo grcatar wnd tho -loss of ‘air through
tho drain-from the air duct to thc sump in the:shaft will be groater
then at present, ‘To prevent this loss, the drain line should boc supplied
with a valve that coald be ¢losed as.soon as the air duct is freo of
weber. The mebalvori 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- deterloratlng rapldly, partzlcularly near the'top of the
shaft.

16. Although the weather was ‘too mederats to.witness -the con- -
dition: at the. tlma. -of the necdle-valve tcsts, tho operators related that
during the vwinter months, the hot, humid air ‘from the pump .room rises
through the olevator shaflt nnd 'is cooled .in-the uppor room.of the outlet-
works - operat ing housc, The overating machmery ‘forthe clevator, the
blower and motor for:the vontileting. system,.and:the transformers arc
containod ‘in this room. The moisture condenses fram the eir and com=. |
plctely covers the walls of the room.and all.contents, "The previously Ié
menticned tilc partition betwoen tho clevator -shaft and the pump room \
will partially.reliove this -condition but there will still be some con-
donsate from tho warm air rising from tho valve-operating chambor and
.olovator shaft. The proposed partition will:also prevent the escape

- of the vapor from the pump roem, 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 shaft to the- druﬂnage gallery and vented +to ths
outside of ‘the room should greatly reduce-the humidity, Likewlse, a
hood built over a portion of the grating in the floor 6f tile; uuper:room
of the outlet-works . operating house.and connected by a pipe \o “the ven~
tilator ‘in the roof should lower the huridity ‘izm the .room and lessen
the damage to tho elevator machinary, 'Tha portion of the grating not
covercd by the hood would ‘necossarily have to bo closcd by somo suit-
ablo moanse. The disposition :of the air from thy hood in tho pump room
will require further comsideration.

'f‘onolusions W

17, Air supply to neodlo: valvo Tha presont air supply ‘to;
the novdlo valves is.not suiticicnt, althouwn ‘tho louvers and grill at,
the entrance of the air-shaft havoe boun romovod. "Thoso accessorics: may
be safely left out of the-opoming but a:fenee should ‘be constructed
around the.side of the outlet-works gperating house 'in which :the ‘opening
1s located, to keep curicus onlookers at & sufe-distance, Modsl studies
- ooflthe type of needle valves installed at ‘Alcove . Dam show that the ex-
terior of the jet 1s very rough at: approximately the same valve settings
thot tho nir demend is the greatest, as shown'in figurc 2, This con- .
firms the ‘timitod observations of the jets on the.prototype. lModer ' stud-
ies have also.shown that the surface of the jet can be improved by chang-
‘ing the contour of the nozzle-soat ring. To . correct the emdition-at '
Alcova Dam, it might only be necessary to replnce the. nozzle seats, thus
improving the surface conditions cf@the,jet-sufficiently=tocdiminish.the
air demnnd to the.cxtont that the present system would .supply adequato
air. AL least the oir domand might be reduced. renough -that the presonﬁ
systcm could be altered by the introduction of vanos in the turns ‘in fthe
air shaft to make it adeguato, The chﬁnFD would tend to reduce the dam~
age to the valves due to cavitation. A munifold conncetion extending
around the omtiro periphory of cach dischargc guile, as closc to the
nozzle of the valve asipossibdle, could be installed at a nominal .cost.

" The air could be supplied to these manifolds. directly from the 6~foot

by 8=Toot vertical air shoft cnd should improve the jet, thereby further-
reducing the air demand, By tcking the nir from:the vertical shuft above
the lower turns, the ultimate capucity of the air system would be in-
creased. A method -of accomplishing a.similar result, insofar as improving
tho jots is concerned, would bo to-disponsc with tho discharge guides
and move the valves dovmstrecm until theoy would dischargs directly into.
the tunnzl, This would allow the jots to be dischurged into.a ‘rezion of
grenter prossure thon at the prosent and the cir supply would bo mora
ovenly distributed around the jots. Other possible moans.of “improving
the conditions woulcd be to -enlarge. the present sheft or drill an suxiliary
shaft, or. comtinue the 84=inch . pipos te the ond of the tumnel and allow
the valves to dischorge diroctly into-the stilling:.pool.

18, Domipge to.ncedle valves duc to cevitation. The dmuigoe to
the needlu valves duc to cavitation is sorious, considering the short
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length of tims that the valves. have been - operated. These valves will re=-
quire repair at frequent intervdls ‘if ‘they are operated to- any great-ex-
tent, -Such maintemnance will be costly becausse the valves-are not .read-
ily accessible, The presentinozzle seats could be replaced:with seats

of improved design at a very nominal-cost. ‘It is.probable that this
chengs would not enbirely correct the cavitation conditions but -would
diminish.them. Replacement of the needles, as well as the seats, would
be necessary to eliminate the ccliditions. ‘Although this would neces-

sitate a greater: iniiial expenditure, it would, no doubt, ‘be more cconom-’
E )

‘ical than the cost: of maintenance over a period:of yoars. .If thesu
changes are-made on the valves, in-addition to relieving- the cavitation.
difficulties, the air domand would probably be matnrially ‘reduced and
the question-of air *upply would ‘be. solved, at least.in part. The: exact
amount- of reduction of air demaxd gained by this change cennot be def—
initely stated, ‘¢

. : if .

‘ 19, Pressure .in the discharge tuinel. -Although it :is meces-
eary for the pressure in . the tunnel to be ‘slighitly below: atmospheric
before any flow of air down the shaft can be expected, “the negative
pressures oxisting at prasent aro.excessive, . Allrobservations iindicate

thet the pressure in the ‘discherge guide, although not measured, 'is .con- .

‘31dora9%y'below the p:esaurc mca>urcd in the tunnel, .This.low, prossurec
is not, priwcry causse of the cavitation but is cortainly a contrlbuting
‘factor. Thc discharpe guldos should 'besupplied -with manifelds, -or the .
guides removod and the valves moved downstroam in-order:to. sunply more
air to thc discharged jet close to the valve, A grﬁatcr air supply or
an improved condition of the jets nccessitating loss air are tho on;y

meens of clinminating the- low Prossurcs.

) 20, Operation of the needle valves. The vibration in the
‘right valve may be due to cavitation or to some mechanicnl condition.
Further inspection.of the internal parts of the needle should.be made
to ‘determine, 'if possible, the cause of thls vibration. The: manual . con-
trol -for this some valve is hard to start at times, and the:reason for
this should be investigated. The chaGltV of the valves is- sllfhtly
abova: thc conxemplatcd discharge, o .

" 2l. Flow conditions jn:the tunncl, .Although very limited
visuel observation-of fiow in thg tumnel wns possible, no adverse con-
ditions woro noted. Insofar as it was possiblc.to qotcnmlne “the {low
at mo time sealod tho twmmel. . The tunncl was obscrved to’ flow froe at
the pertal for all dlschargcs.--

22. Conditions in the stilling pool. Although tho flow.con= -

ditions in tho stilling pool arc not satisfactory, no damego: asldu Trom
that outlined in poregraph 12 hes rosulted., The water tth; ertops:the
‘wolls of the pool has sroded eame motorial, but:the r1gh+’s*dn oﬂ'thc
-pocl, where most of the overilow occurs, is on ' rock and 1ittlo dumagc
can result. The sound character of the river bed bolow tho-pool 1°'yory

rusistant to rotrogrossion. If the contraetion: 301nszs grouted and “the .
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*rlprap on the- right bank at the ‘enid -of “the ‘pool is repaﬂred no further
maintenance -should be : necessary for same tlme._

'23. Operation of -Alcova Dam. .Regulation .of Alcove reservdir
should be accomplished by the use'of‘the'spillway.as;much.as=pos§iblee
The mechaniceal and hydraulic operation.of ‘this structure is very sas-
isfactory. It :is not possible to regulate the flow of “the river below
thew.dam to an exact discharge without considerable munlpulatlon ‘of the
spillway pates., Thercforae, it will he necessary to use the outlet '
works for .ilose regulation. This should nol necessitate opening the
valves more than 15 percent, 1In the ranze from O to 15 :percent -opem, -
the air demand is not -excessive and the pressure in the tunel is not
dangerously low, However, it is .probible that cavitation is more severe.
in this range, COtherwise no serious damage should result from this ‘op=
eration, If the vilves are to be opaorated at greﬂter opening, the op-
erator should moke surs Lhot the wooden bullchead ‘in the 3-foot by 3=foob
drdinage tunuel is in good shape and that the damper.on the end of the
ventilating pipe in the pump .room.is cleged. .If either or both.of theso
openings aro left open,whllv 4he valves are being oporated, .damage tn
the elovator-shaft doors and oporating<house doors. and windows might
‘result and endanger the livos of tho operating -porsonncl. The ‘bulkhead
should be left .in the 3=foot by 3-Loot drainnge tunncl, It:.shsuld be
inspectod periodically and meintained in good condition, .In fact, ser-
ious considoration.should be:pgiven to the pormanent plugging of the
3-foot by 3-foot draiuage tunncl. The nceedlc valves should ‘bo carofully
inspuctod at.least.once overy 15 days during operntion to determine nrog-
rass of cavitation und.nocossity for repalirs.

‘24, Suggestions for future dosign. Fhere possible to do ather-
wise, ‘the practice of discharging needle valves operating under high
heads 'into a tunnel should be avoided, If. this cannot be .done, air pass-
ages should be provided to supply ample air to the tunnel to avoid low
pressures, These air passages chould .be designed to sliminate insofar
as possible losses due to entrance conditions end .bends, or.obstruections
in the passages. .Discharge.guides should ‘he msed only - as.a necessity and
then should be as shurt ‘as possible, Tho shape of the valve and necdle :
should . bo such that cavitation :is reduced or eliminated. ,,/j

C. W. Thom&s.
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