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From: 

To: 

Subject: 

Denver, ,Colorado, November :16, 1938. 

Assistant~Engineer C. W. Thomas 

Chief Engineer 

Reporton inspection trip to study operation~ofoutletworks, 
AlcovaDam, Kendrick projecm, Wyoming . 

I. An inspection of the Alcov~ Dam outlet works w~s made dur- 
ing the period October;5, 1938, to 0ctober!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, 2and if inadequate to de- 
termine some method of altering the ~ystem to ~provide sufficient air. 

(b) A~l inspection of the waives to determine t}ie?amount of damage 
due to cavitation. 

(o) Measurements of the pressure in the discharge tunnel. 

(d) Observations of the~bahavior of~the needle valves :in~aperation. 
i 

(o) Observations of flow conditions iin the tunnel. 

(f) Observations of fl~ conditions ~in •the stilling:Lpo01. 

iI 

Air Supply to Jots from Needle Valves 

2. As the"needle valves wore progrossive!y opened, during :the 
preliminary testing,, a .drop in .air pressure :in the operating--chamber be- 
came.noticeable duo'to discomfort :in the~oar.drums .of tho-personn01...At 
approximately.50 percent valvo.opuming, this discomfor~.bcc~e so s~ere .. 
that ~he valves were held stationarywkile an investigation was madG ~to 
determine the cause. Tho~lO-foot by 12-foot, 6-inch sheet-metal door 
(drawing no. 144-D-192) between the valve-operating chamb,~r and the el- 
evator shaft was open. A similar door between the elevator shaft and ;the 
pump room was closed towithin six inches of the floor. A stzong current 
of air was flovring;u~!der this door and the center was deflected a consid- 
erable distance:toward the~pump room. Attc~apts to raise the door to an 
open position failed completely, and before the needle valves could be 
closed, the do Qr par+~ially collapsed into the pump~zoom. This allowed 
access to the pump room aud it was determined that the air was:being ex- 
hausted from this room into the sha2t from the drainage gallery, and through 
the 3-foot by S-foot dr,~inage t~unol, into the necdle,val~e discharge~tun - 
nol (dra~ing no. 144-D-.191). 
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S. The collapse of the door fouled the elevator car and ~it 
was necessary to use the emergency ladder ~to return to the groundilevel. 
When the operating house was reached, it was found tl~t the,~sheet.metal ~ 
door between the loading dock ~d the elevator shrift ~(drawing no. '144' 
D-188) had partially collapsed into ~the shaft; ~an~d ~had bcen~prevented 
from falling down the s}mft by the ccumterwoiGh-cs, iNo W~ndows vlere 
broken because the large ~ventilator on the~roof suppli4d sufficient air 
to relieve the pressurewithin the opera~ig~house. The:upper e].e~ator 
door was repaired amd:roplaced. S'he 'lower doer was completely~remo~zed 
and no attempt was made to repair ~it ~since:~it is ,planned :to-separate 
the pump room from the elevator ~shaft by a hollow tilepartition. A 
S-foot by 7-foot fire door ~vill be iinstalled 'in this partition*for ac- 
cess to the pump room. i~ temporary 3-inc h plank bulld~ead, was placed ~in 
the stop.log slot at the hot-water weir, in the 3-foot by ~:~3.foot /drain- 
age tunnel, to, prevent evacuation of air through this passage, A~r,~ad- 
ing on the differential gage 'taken just prior ~o the investigation of 
the low-pressure condition showed the pressure ~_n the discharge 'tt?m~el to 
be 1.25 feet of ~aterbelow the pressur~ Lin the valve-operating chamber. 
The differential between atmospheric pressure and the pressure/in,the 
valve chamber was not measured, but ~as an appreciable amount. ,As soon 
as the r~pairs~to the elevator were completed, the testing,was continued. 
Several ~;dndows in the operating house and the sheet-metal door at the 
top of the elevator shaft were kept open. 

4. Previous to the .operation of the~needle .valves if of :test pur- 
poses, the construction engineer had installed, in~accordanoe~vcith draw- 
ing no. 144-J~.101 (figure i), a ~pitot tube and supporting strut fin the 
6-foot by 8-foot air shaft (drawing no. la4-D-1292~. ~ difeo~--~ ..... 
f r o m  ~ - . '  ' - • . ,  : ~ . ~ , , ~ A ~  ~ t ;  the Denver hydraul~c labDra~orv was:use ~ • . _ .~ ~ 
head at the nitot +,,~,. ~w~o~o~n.." . d t.o determine .the velocity 

= ........ • ,,,~n^nue.a-o valves 'oezng opened simultancousl~, 
complete pitot tube":travorses .';~ere made in the 6-footib~ 8~foot.~i,r:shaft 
at 25, 80, 75, and ilO0 percent valve openings. ~Those,-obscrvations showed 
an excellent .velocity dis.tribution. Pitot-tube readings were taken only 
on the center line of the shaft for~the te~uth.point valve openings. These 
readings were corrected ito~ average cross.sec~ional :velocity ,by,a constant 
derived from the complete traverses. :The mean cross-sectional -velocity 
plotted against :~valve ~ooening is shorn in:figure/~2. The quantity .of air 
flo~W_ug into the ~disclmrge tunnel plotted against-val~e ~opening :is also 
given in figure 2. 'A study of[these ~curves and pressures'taken in the 
discharge tunnel resulted .in a: decision to remove-:the ~louvers end gr.ill 
installed at the entrance,to the air shaft (dravring no. 'I~4-D~/I06"4). 
Pitot-tube investigations were repeated for this conditionand the re- 
sults are givenlin figure 2. Since there was no si~@ple~means:of~further 
augmenting the air:supply'to the tunnel, no further air-demand ~.tests were made. 

5. The. a i r - s u p p l y : s y s t e m  as _ o ~ i g i n a l l y  i i n s t a l l e d : o a u s e d  a, ~very 
bad entrance condition to t1~e shaft. :Lo:sses through the ~cire~grill over 
the louvers were undoubtedly ,quite hiEh• /Air entering:the,syste m vms de- 
flected upward 45 degrees :bY the :,louvers arid then turned ,through an angle 
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of 135 degrees before sta'rting downv~rd in the 'shaft. T~his:..caus'od ad- 
ditiom%l loss. The high !Velocity of the air passing thr0u~h the louvers ~ 
caused them to vibrs.te considerably. This vibration, combined ~i~h the 
noise caused by ~he 'air p~.ssing the grill, resulted in an intermittent 
hi~)~-pitchcd howl that could be heard a considerab].o dists;~ce from the 
operating house and was ~an ~moyance to the residents in the neighborhood. 
Pitot-tubo moasurc.n~ents showed the n~ximt~ ~. vc-locity in-the Sb~c v~s ~as 
much as 25 percent above the average velocity, and the minimum velocity 
an equal ar~unt ~below. This rap~id change in instantaneous velocity re- 
sulted in the air entering the louvers in .gusted, with consequent c~ngo 
in pitch of the noise, lho reason for the change in velocity in the 
shaft was the chan~e in air demand of' the ~et, as vri.ll bc e'xplainod lat~r. 
The removal of the louvc~'s almost completely e].~imimatod the ~ol,~ectionable 
noise and allowed appre~cimately 20 ~percent mor~-..air to ~be delivered to the 
jets. The velocities lie the sh0i't .wore ~mch higher ~id there was less 
variation in the volac'~ty. IIowover~ the air supply to the .valves is con- 
zidered inadequate even with the removal of the louvers, 

/Da~ge to ~/alves Due to Co~vi~ation 

j- 

6. ,Both 11e6dle valves show evidence of cavita~ion. Damage to 
the needle L~d to ti~,'bronze nozzle seo.t is more ~pronounced in the right 
or no. 2 'valve, where,the semisteel portion of *She 'needle i~mediately 
downstream from the bronze seat is pitted to a depth of approximately one- 
quarter inch in concentrated arc~s (figures,-3, ~, and 5). Thes~ ~roas ex- 
tend from 6 to 8 inches downstream from ~he bronze seat, and from 18 ..%o 
24 inches around the periphery of the needl6, and are separated by areas 
of little or no damage. The pitted areas do not extend into the !bronze 
seal ring. The nozzle seat is not dar~.ged. ~n :the left valve, .~he re- 
sults of the cavits.tion are evidenced by Channeling in:both the 'bronze 
.nozzle seat and the bronze needle seat. The .channels are more or less 
evenly distributed over the entire periphery of ~he rings ~nd on hhe 
needle, and extend into the scmisteel portion. In both valves, the pit- 
tin G is downstream from the seal, since no lu~kn..ge occurs v;hen the valves 
are closed. 

7. From the closure of the dam on ':February 8, 1988, until the 
time of this inspection, approximately 1,000,O00 acre'feet of ~,~ter has 
passed Alcova Dam. Project records shay that the reservoir v~s at ele- 
vation 5461.3 on May 20, 1938, and the total vmtcr ~passod prior to that 
time was 58.,000 acre,feet. The passage of this water was through the 
needle valves. After that d~ta, the operators estimate that b~tvreen 90 
pcrcent and 95 percent of the flow was pass,~d o~cr the spillway..and the 
needle valves were used oILly for close regulation of the river. TKis 
means that the needle valves had, prior to this inspection, passed ~88j000 
acre-foot, plus ~n assumed 7-1/2 percent of the 942,000 aaro-foet~, or a 
total of approximately 128,800 acre-foot of ,.'~tor. Due to an inhor.ont 
tendency for the ri~.ht valve to vibrate d.uring operation, it v~ used 
very little. E~tir2.%es differ as to the actual time that this valve has 
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been in operation, but an average of the estimates indicates that it has 
passed less th~n F0 percent of the total quantity. Assu~ng this to;be 
true, the left v~lve hn.s passed 10~,800 acre-feet, .and ~he right v~lve, 
25,700 acre, feet. This is an average flow of 214 cubic feet .per seceded 
through the left valve and54 cubic feet per second through ~che right 
valve for the 240-day pc.tied 0f opera~ion. If an averageyesezvoir ele- 
vation of 5480.0 is assumed, 102,800:acre-feet could h~.ve been passed 
through the left valve in a wide open position in 20 dc.ys, in a :~hrce- 
quarter open position in 2~-1/2 days, :in c. one-half open position 
in 30-2/3 days, and in a one-quarter open}position':i~] 59 do.ys. !Under 
the same conditions, 25,700:acr,.~-feet coul6 .have bo6~ passed throu~}~ ~ 
the right valve in a wide open position in 5 days, in a three-quarter 
open position in 6 d~ys, in a :one-half open[position in 7-3/4 days, and 
in a one-quarter ope~ position in I~-3,/4 days. Very severe flow con- 
ditions must exist in the valves to uroduce t]~s damage ~to the metal in 
such a relatively short :period o- ~ o~eration. Apparently the contour of 
the needle and of the nozzle s¢~t are conducive to the cavitation, iThe 
contours of these parts should ~be altered to conform to some curve<that 
would cause the flow to re:,~in ou the surface Of the metal. Some work is 
being done in the hydr~-ulic laborctory, in cormection with the Boulder 
valves, that should bc applicable to the valves at Alcova Dam. 

• o 

Pr(~ssurc in Discl~rg,~ Turn, el 

8. A l-I/2-inch pipe extending through the 3-foot concrete 
wall, separating the gate-operating c~nmber from the discharge ~tunnel, ~as 
installed durin~ construction (drawing no. 144-D-190). A dlffer~ntlal 
ga~e was connected to the valve-chamber end of this pipe for observing 
the differential pressure be~veen the valve-operating chamber and the 
discharge tur~el. A~ aneroid barometer showed that the ipressure in the 
valve-operating chamber remained atmospheric after ~:he bulkhead was 
placed in the 3-foot,by S-foot drainage tunnel. ~Avora~e pressures inthe 
needle-valve dischar~oe tunnel for %h~ different gate openings, with~and 
without the louvers at the entrance of the air shaft, are shy'as in figure 
2. These curves show that the low pressure v~s relieved somewhat by the 
removal of the ~lolrvors. This average pressure was in no instance danger- 
ously low but the Tluctuati~n of pres~ur~ was of considerable magnitude 
and v~s raoid. For insurance, v~th;the v-'.ives 30 percent open,and ~he 
louvers in-place, th~ pressure va~'ied from "l.0 to -2.1 feet of waber~, 
~nd the period was approximately one second. With the louvers removed 
and similar valve oponing, the variation v~as from-1.1 to -1.6 feet of 
water and the period vas sligJ~tly longer. The low pressure in the tun- 
nel was a dir~ct result of ~ ins~fficicnt supply of air to replace that 
carried array by the disc]zrging jots. There ;vas no outlet connection in 
the needle-valve disc}~rgc guides, so the actu~l pressure cxisting at the 
outlet of the valve was not measured. However, it was below thab measured 
in the tunnel, as v~s indica~ed~by the strong current of spray and ~;~ter 
drops which flowed to~;ard~the exit of the ~uides during opora~i0n of the ~. 
valves. It Po~s bccn suggested to the operators that a suitable connection 
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be provided and pressure mcasure:ao~s ~o.de at a future d~:-to. 

9.., The ~intornc~l :pressuro :in the jot as it passes the control 
section in a ~oe~lc valve is very low. :If this jot passes into a region 
of higher pressuro, the external prossm'e is sufficient ~te ba!anec the 
internal pressure and stable flovr results. I£, ',ho.;zevor, fho discharge 
is into q low~prcssuro region, the internal pressure ~is not balanced and 
the jet :tends to disintegrate. The result is a very rough exterior on 
the jet and a ~endency for the flow to separate frc~ the ~uide surfaces 
near the exit of the valve. Cavitation and its har:.Aful effect on the 
metal parts of =the valve are a result. Dalthough the existing low .pres- 
sure in the discharge turn, el is not entirely responsible for the damage 
to the valves, it is conducive to the co~iditions causing ~he damage. 
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Beha'~lor of Needle Valves in _Oueration 

lO. The mechanical operation of the ~left needle valve vms very 
good. There was a very -noticeable vibration in the :riGht o~alve at all 
discharges. This vibration could be heard in the valve chamber and 
could be felt by placin~ a ]~nd on the body of the valve or the dis- 
ckargo guide. Inspection of the body of the va.lvc, ~both e:.~termally and 
internally, and o2 theneedle, externally, yielded no explanation for 
the vibration. From all appearances, the two valves are ~iden~ic~l. The 
vibration:may be caused by the-cavitation in the ~flew or ~by some malad- 
jus~.~ent of the 'internal parts of the needle. 

7 

ll. T/bile the valves were beiz~ operated for the air-clem~nd 
tests, observations were made of the head-discharGe relatiom of the 
valves. This relation is given in the followin~ table: 

Valve opening of valves i|iin oubio feet =~ 

50 ; 125.4 j 5 ,175  
"~ 125., :2 !i ~= ~.,095 

il 4,145 75 1 2 4 . 5  ~ 
I00 12S.  9 4, B25 

1 2 2 . B  / '~,  800 ~ , 

- " ~ ' I L  

These v~ir.eS Wore obtained with both needle valves open the s~le amount. 
The discharge-was taken at the gaging station just dovmstr.eam :from the 
dam. The accuracy of this section is probably within Ti~o percent. 
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Flow Conditior~ in the Turn,.el 

Ii. Some obser~ation in the tunnel was :~de po~,sible by the 
inst~.llation of a one-inch plate-glass window in thG dovnaztream wal~ of 
the valve chs~,~ber and a floodlight in the tur=~l. The air shaft dis- 
clmrged into the tm~.el above :the window and the high-veloCity jet of 
air agitr.ted the spray :to such all e'xtent that visibility w~s very low. 
Occasional glir."@sos seemed to indicate that ti?e sn~ooth~z, the surface 
of the jets, the less the demand for air in the turn, el. This :r~latiou- 
ship could not b~ definitely established because of' the poor visibility. 
Since the portal of the tum Ael did not seal, it seemz ~probablo that the 
fluctuations in the velocity in ~he air shaft, and the pressure in the 
tmmel, were directly related to the condition of the outside of the 
jets. The rough jet absorbed and carried away more air than the smooth 
jot. Spray was observed to travel t~ard the discharge cones and tov~r~ 
the loft-hand sida of the air-s1~c.ft exit. The velocity distribution of" 
the air entering th~ tu~=~el v~s ve~, bad because of the bends in the 
shaft and duct upstream from the exit. Ne ~obsenvation of flow condi- 
tions was possible beyond a few feet from the valve chamber. 

O 

O 

O 

Conditions in Stilling Pool 

12. Flow conditions in the stilling pool for four valve set- 
tings are shown i~:.f&g',---_es G, 7., 8, 9, and 10o The hydraulic jtmlp oc- 
curs vrithin the ~tunnel for discl~rgos belowapproximatcly 2,000 cubic 
feet per second, and conditions in the :pool are fair. At higher dis- 
charges, the pool ix w~.ry rough c~nd turbulunt. At dischar@es above 
2,000 second-foot, there is a return flow along the left pool ur~:ll near 
the tunn<~l portal that enters the hydraulic j~m:p from the side, ~hus ira-. 
pairing the stability of this phenomenon, end waves are produced in th~ 
pool. These waves overtop the v~lls of the stilling basin for discharges 
above approximately 4,000 sccond-foet. The tunnel did not ~flow fuI~l at 
any discharge (figures 8, 9, and 10). The flow leaves the lined section 
of the pool at kigh velocity (figure 10). The boulder-strewn streiM bed 
downstream from the pool (figure ll) is sufficient protection ag~ihst 
erosion in the bed. He,rover, erosion of the right bank at the ~end of the 
linin G is quite severe and has exposed most of the cut-off wall (figure 
ll). In •fact, some of the large riprap ~s moved during the relatively 
short time that the tests wet.- being ~,de. The riprap on this brink was 
dumped from the top. The left b~-nk shows little er no tendency to erode 
(fiGure ll). The difference in stability is due to the fact that the 
riprap on the left bank wu~ placed end swings back en a long arc from 
the end of the concr~t,~. If the right ba:Lk is ~dlowed to erode until it 
is similar in plan to the loft ba~c, and then covered with placed riprap, 
the tendency for ~erosion in this area should be completely eli~minated. 
The sharp offset in the walls and floor of the ~stilling pool at :station 
15÷00, causes the flow to leave the vm/ls, and possibly the floor, im- 
mediately downstream from the square corner. An expansion joint traverses 
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the pool at this point (figure 'Ii~). ~The mastic in:this :~6int hail been 
removed uo a depth~0f ~12~i/2 ~feet due to .the ~low pressure. The :joint ~in 
the floor appeared to have suffered no dmmage. It is suggested :thai-tire 
remaining plastic ibe removed from this joint and the -J0i~b grouted ~to 
avoid possible damage to the walls. 

Miscellaneous 0bs ervation s 

13. During'the tests on~ihe.needlo valves, the ~boh~vior of 
appurtenant equipment ~as also studio~and ,sever~l ,m]ggos~ions-of ;im- 
provo~t are offered. The service ol0vator~botwoen,lthc opor~.t'ing 
house and the valve chamber is a ~const~it :source of' trouble. While ~the 
general installation appears to be sa~i.~f~ctor3;, •certain equipment is 
faulty. The s'o/ety svritches on the ~s]~evator doors are (,orro'ding badly 
due to the excess moisture in the shaFt, and"the~ @-1O-;-olt fuses on the 
control beard in the top'of the operating house arc ,due in part='to too 
close spacing and in part to the moisture °:in the control room. During 
the preliminary testing, the elevator failed twice due%o •..trouble 'in ~the 
safety r.,vitches. Since no one is aYlowed in the operating ;house ~but ,em- 
ployees, the safety s~'~tches were ~ta.ken out of the-circuit• .It was re- 
alized that this ~is not good p~'actice but no other expediency existe*d 
at the .t%mo. With the elevator machinery on the top floor of the ~0per- 
ating house, in case Of ,~.ailurc, :it :!is ~necessarY to climb the emergency 
ladderand the stairway~, make n~messary ,repairs, and return to the ele- 
vator car by the emergency lad~er. With the car at or near the bottom 
of the shaft, this means,a ~ro~d trip UP :165 feet of 'ladder a~d 25 :feet 
of stairway. It would seem advisable ~to ~include a m~nuKl-contr.ol and 
indicator at the control board so that the car can be moved-up <and down 
by a person at the control~board. If an electrician is available, he 
can attach leads to the control panel to 'raise•the car,, but this ~is 
dangerous due to the possibility of overrunning the car and d~m~aging the 
machinery. 

w 

o 

14. In making the tests on :the ,needle 'valves, ~it was ~necessary 
to know the reservoir elevation'to determine ~the operating he~d on the 
valves. Before 'the tests were started, attempts were ~m~de to determine 
the elevation oi' the reservoir water surface, using the mercury;gage ~in 
the outletrworks operating house° Consistent results could not be ob- 
tained due to faulty ~installation of ~the conduits ~frcm~the bo'~tom of-the 
resorvoir~to the gage and to probable ileaks in these conduits, Bench- 
marks on the upstream face of the dam were used to determine the res- 
ervoir elevation for the tests. This was .not satisfactory!because wav~os 
and surface disturbances made it difficult to obtain:accurate readings. 
l~,q~en operation of the canal is started, it-will be necessary to kcop a 
very close choch on the reservoir. This cannot bc d~no with ~the ~prosont 
gage. A stilling wall of standard o~.alvanizod pipe could be i~st~llcd in 
the countemvoight recess inthe elevator shaft. A recording float gage, 
a neon-glow tape ~age, or a-ga~ of the type used at PathfinderDam 
could be placed at the top o~" thewell and would be accessible from ~the 
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emergency door into the elevator shaft at the foot Of the~spiral.S~ir, 
way. ,Sincethe elevator"shaft ~is'warm, ~the gage would,operate ~regar~- 
less of~temperature outdoors. It is ,reco~mmended that some change be .... 
made as soon as possible. 

15. After the tests~..on'tho:needle.valves were completed, :the 
inspection anddrainage tunnel~s .unv~tered by pumping. Thepump re- 

" - - " . . . .  roximatol ' 2 ' I  E hours' cently install~d.operates satlsfactorily. App, y / 
operation of the,pump drained the,shaft and%uamcl. The blo~':cr ,in .the 
ventilatim~ system v~s .allowed to run for approximat01y .I,-1/2 _hours ibe- 
fore the shaft,was entered. ~The.shaft-cage hoist mechanism oo.erates 
-very satisfactorily. ".The shaft-cage safety mcc1~.~nism wns-d~'gc~d.dur - 
ing or shortly afterinstallation-and has ~besn removed .from the .cage. 
This equipment should :be-repaired and .replaced. The:temperaturo-~in the 
shaft was approximately ~130 degrees ;~F. ,At the junction,of the sha~t 
and tu~mel the temperature ~'~s appro:~imate!y-the same but .dropped slowly 
until at the extreme.end it ~'~ ~97 degrees ~F. iThe temperature of .the 
air entering the !ttu~ol from.the ~ventilating duct v~s slightly ~ above il00 
degrees F. it was very~unco~lertable to.work in..such~.tempera%ures, even 
for short periods ~of-~ti~,~e, particularly because of thehigh',relative hu- 
midity. A blower of sufficient size ~to .deliver .twice the-amount of air 
at the far end of the ~tu~m.el should improve conditions consideraBly. 
The .ventilating duct passesthrough approximately 500 ifest of .heated 
rock; thus the air delivered to the tunnel ~s .preheated~and .expa~ded. 
Some of.the air is now. lost through.the,drain from:the .air duct.. ..It .is 
recomaended that a larger blower !be 'installed. .%;~ith the ."largcr"blower, 
the pressure.iin the air duct will :be greater and-~tho .loss of air through 
the drain:from the all- duct to the sump in the.shaft will ,be greater 
than at preset. :To prevent this :loss, '.the drain/line shouldbe supplied 
with a valve t}~t could be closed as soon as .the air duct ~is free of 
water. The metalvmrk in the-tunnel -has .been damaged ver.y~little ~from 
the action of the hot'water. The .valves on the drai:mge pipes opening 
into the tunnel are corroded. All metalwork in the s~t is corroded and 
pitted and is .deteriorating rapidly, .particularly.near :the::top of the 
shaft. 

16. Although theweather was too.moderate to.vritness-the con- 
dition at the time of .~e needle-valve tests, .-the operators related that 
during the vrinter months, the hot, humid air from the pump. room fishes 
through t he elevator shafl, and is cooled _in ~tho~ upper, room~of t he outlct- 
works,operath~ house. The.operating machinery"for the 01cvator.,-the 
blower and motor for ~th~ vcntilatin S . system,, and ithe ,.transformers arc 
contained in-this.room. The.moisture condenses .from the air and corn- il 
pl~toly ~ev~rs the walls of the room and ~ii contents. 'The prcvieusly~!i 
mentioned tilc partitionbetwoen the el~vator~sh'~it and the pump.room ~ \ ~  

.will.partially rcliovc this .condition but tb.orc v&ll still bc -some.con- 
densate from ~ho vmrm air ~rising from-.the valve-operating chamber and 

,elevator shaft. The proposed partition will:also pr~ent.the .escape 
of the vapor :from.the pump room. This .vapor ~will condense .on the .pump 
.and.motor and all .metalwork.within ~he room, anddamage will result. 
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A hood built over the shaft to the drainage gallery and vented to the 
outside of:the room should ~reatly reduce~the humidity. ~Like~lse, a 
hood built over a portion of the grating in the floor of t}le~upper ~room 
of the outlet-works operating house and connected by s. pipe \t.o the ven- 
tilator :in the roof should lower the humidity ~in the room and lesson 
the damage to the elevato~- machinery. The portion of the grating not 
covered by the hoodwould necessarily have to be closed by some sUit- 
able moans. Thedisposition ~of th~ air from th,:. hood in the pump room 
will require further consideration. 

? 

,) 

,Conclusi ons ?, ." 

~ 17.- Afr supply to neodlo'valvo~. The p1"esont~air supl~ly !t o, 
the needle valves is ~not sufficient, althouj1 the louvers and grill at 
the cntranco of the air-shaft h~vo bocm.romovod. Those ~cces~ories may 
bc safely loft out of the opening but a~foncc s1~ould bc const~ctcd 
around the side of the outlet-works.operath~E house in wb_ich the opening 
is located, to keep• curious onlookers at ~ safe dist,%co. Model studies 
~ ,,~-~.j~ of needle valves installed at Alcova Dam show that %he ex- 
terior of the jet is very rou~ at appl-oximately the same valve settings 
that the air den~:~d is the - ' ~ g. eaoes~, as she':at in figure 2. This con- 

• firms the limited observations of the jets on the.prototype. I~odel~'st'ud- 
• ies k~ve also shown that the surface of the jet c~n be improved by chang- 

ing the contour of the nozzle-seat ring. To correc~ the c~dition at 
Alcova D~, it might only be necessary to replace the,nozzle seats, thus 

~' improving the surface conditions o~±he ,jet sufficiently to-diminish the 
air de~'.,.nd to thc.o:ctent that the present system wouId ~supply adequate 
air. At least the air dennnd might be reduced enough that the pr~scnt 
system could bc altered by the introduction of vanes in the turns ~in ~the 
air shaft to make it adequate. The change would tend to reduce the dam- 
age tothc valves due to cavitation. A manifold connection extending 
around the entire periphery of each disch',r~c gui~c, as close to the 
nozzle of the valve as~possible, could be installed at a nomir~l cost. 
The air could be supplie~to these m~ifolds directly from the 6-foot 
by 8-foot vertical air shaft ~d should improve the jet, thereby further 
reducing the air demand. Bytaking the air from:the ~vertical shaft above 
the lower turns, the ultimate capacity of the air system would be in- 
creased. A method of accomplishing a similar result, insofar as ~improving 
the ~ets is concerned, would be to dispense with the disc}mrgo guides 
and move the valves do~mstre~'~ until they would disck~rge directly into 
the t~2~.el. This would allow the jets to be disc~:.rg(~d 'into a re~:ion of 
greater pressure than at the present ~nd ~the air supply would be more 
evenly distributed around the jots. Other possible moans ,o£ improving 
the conditions would be to enlarge the present ~l~'.ft or,drill an o.ux~liary 
shaft, or c~ntinue the 84-inch pipes to the end of the tunnel ~md allow 
the valves to discharge directly iinto the s~illing~pool. 

~18, Damage to noodle valves due ~to c:tvitation. The @~a,~,,Go to 
• the needle valves duo %o cavitation is' serious-, cons{derin~ the short 
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length of time that the valves havebean operated. These valves wi'll re- 
quire repair at frequent intervals [if they are operated ~to~any great~ex ,:~ 
tent. Such maintenance will'be costly because the valves:are :not ;read- 
i!y accessible. The present nozzle seats could be replaced:~dth seats 
of improved design at a very nominal-cost. It is probable that this 
cl~nge would not entirely correct the cavitation conditions 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, no doubt, be more econom- 
ical than the cost of maintenance over a period:0f years. If thes~ 
changes are ~de on the valves, in addition to r~lieving the cavitation 
difficulties, the air demand would probably bc matcri,-.lly:•reduced and 
the question of air ~upplywouldlbe solved, at least in part. The exact 
amount of reduction of air denmnd gained by this chan~e cannot be def- 
init ely stated. 

19. Pressure in the discharge tu'/iuel. Although it !is:neces- 
sary for the pressure in t}ie tu~e]-~-o be'~--/--~--rs~=~6.~" below~ atmospheric 
before any flow of air downthe shaft canbe expected, 'the~negative 
pressures existing at prcsent are. oxc,~ssivo. All,observations ~indicate . 
that the pressure in the 'discl~rge guido, although n0t~measured, is ~con- :i 
sidora~ below the pressure measured in the turn, el. This :low pressure 
is hot, primary cause of the cavitation but is c0rtainly a ~contributing ii ~! 
factor. The discharge guides should:bo:~ppliod with manifolds, or the .... 
guides removed andthe valves moved d~wnstroam in,order ~to:supp!y mot0 ;~ 
air to the dischargcd jet close to the valve. A:greator air ::supply or 
an improved condition of the jetslncccssitating less dir are the,only 
means of eliminating the low pressures. :~ 

~0. Operation of the needle valves. The,vibration in the 
right valve may be due-to cavitatio-n'or to some mechanical condition. 
Further inspection of the inter~l parts of the needle should be made 
to determine, if possible, the cause of this vibration. The mnual con- ~ 
trol'for this s~o valve is hard to start at times, and the~roason for 
this ~should be investigated. The c~pacitY of the valves is sli~,ht!y 
above the contemplated discharge. 

21. Flow conditions in the tunnel. .~Ithough very limited l 
visual observation of f'lo:g in the t~w-nOl-,¢as possible, no adverse con- 
ditionswore noted. Insofar ~ as it v~s possible to determine, :the flow 
at no time sealed the t~a~cl, iThe ~t~%rmol was observed to :fl~ow~froe at 
the portal for all discharges. 

22. Conditions in the •stilling pool Although the flow con, 
ditions in the stil'lini pool are not satisfactory, no dal~go aside ifrom 
that outlined in paragral/1 12 ~s rosulto~d. The water that~i9rt0ps ~thc 
walls ox thc pool ~s ~ro~od some material, but~thc r~gh~" side "6f<iho 
pool, whore most of t 1o ov " z " ~  r /' ~ } erzlow occur , l~ on ock and/httlo dm~gc 
can result. The sound character of the river bed bolo~ tho~pool is ~cry 
resistant to retrogression. If the contraction joint Its grouted and ',~he 
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~riprap on the right bank~at the Jend of ~.the pool io ~ G repaired, ~no further 
maintenance should be necessary for s~ne time. 

23. Operat_ion of Alcova Dam. Regulation of Alcova reservoir 
should be accomplished by the use of-t~e spill~2y as ~much as possibleo 
The mechanical and hydraulic operation,of ~this ~structure ~is very sat- 
isfactory. ~It is not possible ~o regulate the flew'of the :river below 
thee,dam to an exact discharge without considerable manipulatiom~Lof the 
spillway gates. Therefore, it ~i!l be "necessary to use the outlet .., 
works for 3lose regulation. This should~not necessitate opening the 
valves more tha21 16 percent, in the ,ran~e from 0 to 16 percent-open, 
the air demand is not excessive and the pressure in the tunnel lie not 
dangerously low. Howeven, it is probable that cavitation is more severe 
in this range. Otherwise no serious damage ~should result from t~is op- 
eration. If the valves are to be operated at greater opening, the op- 
erator should ,make sure ~hat the ~voodon bullchead !in the 3-foot by S-foot 
drainage tunnel is in good shape and that ~he damper ~on the end of the 
ventilating pip~ in the pt~o room is closed, i If either or beth of these 
openings arc left openwhile the va, ivo~ are ~being operated, damage to 
the elevator-shaft doors and oporating%hous~ doors s~d-~rindows might 
result and endanger the !ires of the opsrating~porsonnol. The bulkhead 
should be left in ~the S-foot by ~3-1'oot drainage tuamO1,. It should bc 
inspected p~iodically and n~.intaincd in good condition. In fact, ser- 
ious consideration should be giver to the permanent plugging of the 
3,foot by S-foot drainage tunnO1. The needle valves should be carefully 
inspected at ~least once ove~j !5 days during operation ~to determine prog- 
ress of cavitation and necessity for repairs. 

24. Suggestions for future design. V~cre poss~b!e to do other- I 
~se, the practice of discharging needle valves operating trader high 

t 

heads into a tunnel should be avoided. If. this cannot be done, air pass- , 
ages should be provided to supply ample air to the ttu~uel to avoid low 
pressures. These air passages should ~be designed to eliminate insofar / 
as possible losses due to entrance conditions and bends, or obstructions i 

passages. ~Dischargc guides :should be .~sed only as a necessity and I the 
then should be as ~ sh6~t--as--p6ssi'bl'o ", ..... ~o~ Si~ape of tlie valve and needle 
should be such that cavitation is reduced or eliminated. J 

. - j 

C. W. Thomas. 
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