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From: 

To: 

Subject: 

Denver, Colorado, November 16, 1938. 

Assistant Engineer C. W. Thomas 

Chief Engineer 

Report on inspection trip to study operation of outlet works, 
Alcova Dam, Kendrick project, Wyoming. 

l. An inspection of the Alcova Dam outlet works 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 a.dequacy, a.i.'1d if inadequate to de­
termine some method of altering the system to provide sufficient air. 

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

(c) 

( d) 

( e) 

(f) 

Measurements of the pressure in. the discharge tunnel. 

Observations of the behavior of the needle valves in 

Observations of flow co,1di tio:.1s in the tunnel. 

Observations of flow conditions in the stilling pool. 

Air Supply to Jots from Needle Valves 

operation. 

2. As the needle valves ·wore progressively opened during th0 
preliminary testing, a drop in air pressure in the operating chamber be­
came noticeable duo to discomfort in the oar drums of tho personnel. At 
approxirnately 50 porcent valve opening, this discomfort became so sov�re 
that the val vos were hold stationary w}1ile an investigatior:. 1Nas made to 
dotermino tho cause. Tho 10-foot by 12-foot, 6-inch shoot-metal door 
(drawing no. 144-D-192) between the valve-operating chamb,:,r and tho el­
evator shaft was open. A similar door botvmcn the elevator 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 di stance toward the pump room. Attempts to raise tho door to an 
open position failed completely, and before the needle valves could be 
closed, the door partially collapsed into tho pump room. This o.llowod 
access to the pump room and it was determined tho.t the air was being ex­
hausted from this room into tho shaft from the drainage gn.llery, and through 
the 3-foot by 3-foot drainage t'unnel, into the needle-valve discharge tun­
nel (drawing no. 144-D-191). 
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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. 
When the operating house was reached, it was found that the sheet-metal 
door betiNeei:. the loading dock and the elevator shaft (drawing no. ll'c':J,­
D-188) had partially collapsed into the shaft, and. had been prevontod 
from falling down the shaft by the counterweic.;ht,;. No windows 1Nere 
broken because the large ventilator on the roof sup�:ilied suf:'icim,.t air 
to r-3li3VC the pressure vii tiiin tho operating house. Tho upper el8V8.tor 
door was repaired and r,'.,placed. The lower door v<re.s completol�, removed 
and no attm,1pt vras :made to repair it since it is planned to separate: 
tho pump room from tho olevf,,tor shaft by a hollow tile partition. A 
3-foot by 7-foot fir0 door will bo installed in this partition for ac­
cess to the pump room. A temporary 3-inch plank bulkhead wc;.s placed in 
the stop--loe; slot at the hot-water 1Neir, in the 3-foot by 3-foot drn.in­
age tunnel, to prevent evacuation of air through this pass:,ge. A rca.d-­
ing on the differenti0.l gage taken jm;t prior to the i:i.1vestigation of 
the low-pressure condition showed the pressure in the discharge tunnel to 
be l o 25 feet of water below· the pressure i:1 the valve-operating chamber. 
The differential between atmospheric pressure n.nd the pressure in the 
valve chR.mb er was not measured, but wc.s o.n D.ppreciable amount. As soon 
as the r0pe.irs to tho elevator vvere compJ.eted, the;; testing was continued. 
Several ?J:indows in tho opc,rating house o.nd tho sheet--meto,l door at the 
top of tho elevo.tor shaft w0re kept open. 

4. Previous to tho operation of the needle vnlves for test pur­
poses, tho construction engineer ho,d installed, in accordance with draw­
ing no. 144-JEW-101 (figure 1), a pitot tube and supporting strut in the 
6-foot by 8-foot air shaft ( drn.wing no. 144-D--1292). A differentin.l gage 
from tho Denver hydraulic l[',b.pr%tory W8.S used t o  determine tho voloci ty 
head at tho pitot tube. 1/Vith�:8.oedlc vc.lves being opened simultaneously, 
complete pi tot tube traverses ·1v0ro mo.de in the 6-foot by 8-foot :;.ir she.ft 
at 25, 50, 75, c,nd 100 percent valve openings. Those observo.tions showed 
an excellent velocity distribution. fitot-tube readings were taken only 
on the center line of the shaft for the tenth-point valve openings. These 
r-eadint;s were corrected to 8.verat;e cross-s0ctional velocity by a constant 
derived from the complete travorsos. The moan cross-sectional velocity 
plotted ai_';ainst VFllve opcni�1g is shown ir.:. figure 2. The quantity of air 
flowing into the discharge tunnel plott,>d agai_nst valve opening is a.J.so 
given in figure 2. A study of these c urves and pressures taken in the 
discharge tunnel resulted in a decision to remove the louvers and grill 
installed at the entrance to the 0,ir shaft ( draw:i_ng no. 144-D-1064). 
Pitot-tube invest:i.6ations were repeated for this coxidition and the re­
sults aro given in figure 2. Since thoro v,as no simple means of further 
augmenting the air supply to the tun_YJ.cl, no further air-demand tests wore 
made. 

5. The air-supply s)rstom e.s ori::'.;inally installed caused a very 
bad entrance condition to the shaft. Lasso::: through the 1.-viro grill over 
the louvers were undoubtedly qutte high. Air entering the system vras de­
flected upward LJ:5 degrees by the louvers o.nd then turned through an. angle 
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of 135  degrees before, starting downward in the t,haft. This caused ad­
diti onal loss. Tho high velocity of the air pa ssing throu,c;h the louvers 
caused thom t o  vibre.to consideni.bly. Thi s vibration,  uombinod vfith tho 
noise caused by tho air p1:.ss:i .ng the grill, rosult,Jd  in an int urmittent 
hi gh-pitche d howl that c ould bo heard a consi dorabJ o <i ista:i.1c e from the 
operating house and was an o.nnoyanc o to tho residents in thn ne::ighborho od , 
Pi t ot-tube moa suromonts shovrnd tho rnaximu:r. vel ocity in the Ghaft was as 
much as 25 p crc ont abovo th-::: average  velocity, and the minimum vel ocity 
an 0 qual amount bel ow·. This rapid changG in instantm10ous velocity rc­
sul tod  in tho air ent ering th8 l ouvers in gust ,;, Yvi t:-1 c onsequent ch:mgo 
in pitch of t ho noise. Tho reason for t ho c hane;o :i n  voloci ty in tho 
shaft was tho chango in air d emand of tho j ot, e.s vrill be oxpl::.i.inod lat er, 
Tho removal of tho l ouvers :::,.lmost compl et ely eJ. iminatcd tho obj ect ionable 
noise and allovrnd approxim&t oly 20 porc cmt ,nor:, air t o  be delivered to  the 
j ots.  Tho velocities  in th0 sh�:.f_·�t Vforc r11ucl1 hich.or e1.J:1d there: 1Nas l o ss 
vario.tion in tho voloc j_ty . However, tho nir s uppl;y to  t ho val vos is con­
::;idorod inadoquato even with t ho nmovo.l of tho louvers. 

Damage t o  Valvo " Due to  Cu.vitatio-n. --·-----·---- --- ---·--·-· .. ------�- .. - ·-- ---· 

6. Both needle valves show evide�1c e of c::;.vi tat ion. DumD.ge to  
the needle c"nd to  t he oronze noz zle seo.t i ,s mo:ce  pronciunced in the right 
or no . 2 valve, where the send.st eel portion of the ne edle iITL11ediat ely 
dovrnstremn from the bronze seo.t is pitted t o  a depth of approximat ely one­
quo.rter inch in concontro.t ed ar,:ln.s ( fi gures �:.S, 4, ari.d 5 ) .  These areas ex­
t end from 6 t o  8 inche:J dovmst reo.m from the bronze seo.t, c.nd from 18 to  
24  inches around tho periphery of  the neecl.le , and are separR.t ed by areas 
of J.i ttle or no da_mage. Tho pitt ed o.reas do not ext end j_nto t he bro n z e  
seal ring. The noz zle sent i s  n ot dame.gee.. I n  th<J loft valve, the re­
sults of the cavitation are evidenc ed by channeling in both the bronze 
no z zle  seat and the bronze ne edle seat. The channel s are more or less 
evenly distributed over the entire periphery of the riLgs and on the 
needl e ,  and extend into the s emisteel portion . In both valves , the pit­
tin:!; i r,; downstream from tho s eal, si nce no l ualrn.ge occurs whon tho val vos 
are closed . 

7. From the closure  hr ·tho darr1 on  February 8,  1938,  until tho 
time of this inspection, appr o �j_mat ely l, 000, 000 ae.ro-foot of water has 
passed Alc ova Dmn. Project r ec ords shovr that t he reservoir wa s at ele­
vation 5461 . 3 on W1ay 20 , J. 938 , ' and tho total water  pa :r n ed prior  to  thc..t 
time was 58, 000 aero-f oot . Tho p::tsso.sc of this wat er wa s through tho 
noedJ. o valves. After that dr. te, the opers.tors  0stimat e that betw0on 90 
porc ont and 95 p0rc ont of tho flow was po. s s od over tho ,,; pillvm.y, and the 
no o cU o  valve s wore usocl only fo r close rop;ulation of tho river. This 
mE",arw that tho no ecll o valves haci , prior  t o  this inspection, pas sed 58, 000 
acre-fcH:,t, plus an c. s sun10 d 7-1/2 porc m1t of t ho 942 , 000 ncr3-fo0t, or a 
t otc,l of approximat ely 1 2 8, 500 o.cro-foot of  'do.t or. Due to c:,. n  inhoront 
tendency for the rir:ht va lve to vibrate dµring operation, it vm.s used 
very little. Estimo.tes differ as to  the actual time t hat this valve has 
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FIGURE · 3  

VALVE NO . 2 - EJCT'ENI' OF DAMAGE DUE '.1' 0  CAVITATION. 

VALVE NO . 2 - MARKED .AREAS ARE SHOWN IN THE FOILOWING PHCtrOGRAI'fil?, 



FIGURE 4-

AREA NO . 1 .  

AREA NO . 2 .  

A T  [',OVA nTTPT 'tiTT'  11rrYovc, 
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been in operai:;ion,  but an c,verage of the e stimates indi.ca.te s thut :i.t ho. s 
po. s sed le s s  then 20 percent of the t oto.l quantity. Assu.mj ng thi s to be 
true , the left valve hr. s pa s s ed 102 , 800 acre-fe et , and the right vnlve , 
25, 700 c. cre-feet. This is  an o.vero.g:e flow of 214: cubic feet per s ecoicd 
through the left vc.lvo o.nd 54 cubic feet per second throurh the right 
vo.lve for the 240-day period of operation .  If ,m o.verngo re servoir el c -­
vation of 5�l80 . 0  is e.s sumed,  102, 800 acre-feot coul d have been pc, s s o d  
through tho l eft valve i n  (.., 1Nide open pos ition i n  2 0  dr-.ys , in a. three­
quo.rter opGn position in 23-1/2 dc,ys, i:a c. one-half open position 
in 30-2/3 do.ys, o.nd in a one-quarter open position in 59 dc,ys.  Under 
th t, somo conditions , 25, 700 ac r,3 -fect coul d h:::tvo becm po s s od through 
the right VO.l VO iri 0. wide open posi.  tion in 5 days , in 0. throo-quo.rter 
opun position in 6 d: . .  ys, in n orw-he:.lf cpon position in 7-3/4 do.ys, f'.nd. 
in a one-quarter ope1,. position in 1�1-3/4, days . Very s svere flow con­
ditions must exist i:c1 the v£dve s  to produc e  this  damage to t ;1e ,netal in 
such a relatively short period of op era c1 011. Apparentl y the con.tour of 
the needl e  and of the noz z l e  seat are conducive to tte cavitation. , The 
contours of the se pa;:·ts should be al te red to conform to soue curve that 
would cause the flow to re;,12.L.1. on the surface  of the me-tal .  Some work is  
b eing done in the hydraulic laborn.tory, in corLnection with the Boul der 
valves,  that shoul d b o  appli cable to the Vf,lvu s at Al cova Dam. 

8. A 1-1/2-inch pip e ext endi ng t hrough th e 3-foot concrete 
wal l, s eparating the gate-ope rating chamber fr om the di s charge tunnel ,  was 
installed. during construction ( drawing no . J.44-D- 190 ) .  A diz'ferential 
gage vras conne cted to the valve-chamber end of thi s  pipe for observing 
the differential pre s sui·e bet·ween t he valve-operating chamber and the 
dis charge tunnel. An aneroid barometer showed that the pres sure in the 
valve-operating chamber r emained c..tmospheric after the bulkhead '•Nas 
pl ac ed in the 3-foot by 3-foot drainage tunnel . Avorage pres sures in the 
needl e-valve dis clmrr:;e tum1el for the different gate openi:!'.l.gs, vvith and 
without the louvers c.t the entra::.1ce of the air sne.ft , o.re shown in fignre 
2. The s e  curves s how that the low pre s sure was rel :i. eved somev-rhat by the 
removal of t he louvers . · Thi s  averag e pre s s ure vms in no instance danger­
ous ly low but the fluctuatio:, of pres c.ur•,; wo. s of considerabl e magnitude 
and ·nu s rapid. For ins tc,nc e, VD. th the valvc� s  30 pe rce:1t open and the 
louvers in place, tho pr o c sure varied from -1. 0 to -2. 1 feet of wc.ter, 
and t he period was approximatel y  on o s econd. YTi th the J.ouvers removed 
and similar valve op-..ninl!.- , tho vario.ti on ,va s  f l· om  -1. 1 to -1. G foet of 
wo.ter and the period wa s slightl y lor.gor. Th,) 101 • .' pres sure in  t ho tun­
nol was a direct r u sult of an insufficiunt supply of o. ir  to roplaco that 
co.rrir,d  away by the: cli sclmrging jots . Thero  i:;as  no outl et connection in 
the neodJ.e-vulvo di sr::hc .. rgo guides,  so tho actm, l pres sure existing 1:.t the 
outlet of tho val vo ·;;ns not mea sured. Hmvcvor, it. was below tho.t measured 
in tho tum1ul, o. s  vm.s indicu.tod by t!'le strong current of spray n.nd water 
drop s which flowed tov;o.rd tho ox:i. t of the guiclos during operation of the 
V3.lvc s .  It h:� s boon suggested to tho op orc.tors t hr.tt a suitabl e conne ction 
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bo  p1· ovidod o.nd pres sure moasurorncnts r.lfl. do at a future chto. 

9 .  Tho i:nt orno.1 pres s ure in tho j ot o. s it p'.'.s s cs tho control 
section in o. ne edle vo.lvo i s  va ry lov. If this j ot po.ssos  into a region 
of higher p ressure ,  the ext ernal pro s sur E:  is suffici tmt to b::;.laac o t ho 
int ernn.l prc;ssuro and sto.b1o flo•;r rosul ts . If, houovor, tho di scho..rgo 
i s  into c.. lmv-pro ssm·e r egion, tho int ornn.l pro s suro is not bn.11 ... ncod 8-nd 
t ho jot tends to disintegrate. The result is a very rough exterior on 
the jet and a tendency for the flow t o  s ep, rate fr or:, tl-ie !:;Ui de surfaces 
near the  exit of the valve. Cav itation anC. it s harmful effect on the 
metal parts of t he valve are a result . Althoug-h the existing low pres­
sure in the di scho.rge tunnel is not ent irely re sponsible for the darnagc 
to thu valves, it is conducive to the cond itions cau s ing the d,nnc,g_e. 

BehG.:vi o1· of Need.le Vs.lves in Operation 

10. The mecha;.1icttl op8rati o1:. of the left needle valve vms very 
go od. There was a very notic-:oabl0 vibrati oE in t he rip;ht valve 8.t all 
discharges. This v ibrati on could be heard in tho v<1lve chamber and 
could be  felt by placing o.. hand on the 1)ody o f' t :he ve.lve or tho dis­
charge guide. Inspection of the body of t ho valve, both externally and 
int erno.J. J.y ,  and of · the needle, EJxterne.1 ly, yi elded no explanati on for 
t he vibrati on.  From all appearanc es, tho two valve s are identicd. . The 
vibration may be caused by th o cavitation i n  the f low or by some malad­
justment of t he int ernal part � of t ho needl e. 

11. Vvhile tho v:1lves were bei ng operated for tho air-dem:-,_nd 
tests, ob servations wer:3 nu.do of tho  heo.d-discharg e relati on of tho 
valves. This relati on is gi v on in tho following.; to.b le :  

Valve opening 
(percent) 

2 5  
50 

Head on center  lino 
of valves 

in fE:Jet 

1 24 . 7  
1 2 5 . 4  
1 2 3 . 2  
1 24 . S  

100 123 . 9 
1 2 2 . 8  

Di scharge 
in cubic feet 

p e;r s econd 

1 , 645 
3 , 1 7 5  
3,095  
4 , 145  
4 , 82 5  
4., 800 

7 5  
j 

t_._____________ ----------- ------ --------- ---
Theso values were obto.inocl Hith both needle v�1.lves open the sam o amount . 
Th o discharge was taken at tho c;aging stati on just dovmstroam from t he 
do_m. Tho accuracy of this section is probably ·within f :ivo percent . 
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Flow Condit ion::; in the Tunnel ---··-------.---

11. Some observation in the tu:rm cJ. was 11-ie de possible by tho 
instP.. llation of a one-inch plate-glass vrindow in the dovmstream wall o f  
the valve chai,1ber  ai1d a floodlight i n  the tunnel .  The a i r  sl iaft dis­
chart;ed into the tunr:el ab ove the wi.ndov1 and the hj_gh-veJ.oci ty j et of 
air a[;itated the sprl',y to such an extent that;  visibil ity was very low. 
Occasiom:.l gL i_mpses se e1i1ed to indicate that tbe smoother the surface 
of tho j ets, the le ss t he demand for air in t he tum1.el. This r 1 Jlatio'1-
ship could no-t be definite ly establi shed because  of tho poor visibil ity . 
Sinc o t he porta l  of the tumwl did not se0.l, it seoms p robable that th,; 
fluctu'.ltions in the velocity in the ai:c sl1.aft, and the pressure in the 
tun ... '1.el, were directly related to the c 011.di tion of t he outside of the 
j ets o The ro1igh jet absorbed and carried a:way more air than the s:nooth 
j ot. S:?ray was observed to travel t ovvard tho dischar;;e conos and tmmrcl 
the left-hand side of the e.ir-sh[tft exit . The v0J . ocity di stribution of 
the air enterir>.g th0 tunnel .VD.s VE::r�r bad bec'rnso of the bends in the 
shaft and duct up stream from the exit . No observation of flow condi­
tions was possible beyond a fuw foet from t}w valve c he.mbor . 

Condj_tions in St iJ. lh1g . P�ol 

12. Flow conditions in t�rn stillinp: pool for four valve set­
tings are sho,vn in figures 6, 7 ,  8, 9, s.nd 10. The hydraulic jump oc­
curs within the tunnel for dischargos bolov; approximately 2, 000 cubic 
feet per second, and conditions in the pool are fair. At higher dis­
charges, the pool is ve ry rour:;h and turbulent . At dischD.rges a1.iovo 
2 , 000 second-foot, there is a rGturn flmv along tho left pool wc1.ll near 
the tunnd portal that ont ers tho hydraulic jump from the side, thus im­
pairing t he stability of thi s phenomenon, e nd wo.vos aro produc ed in the 
pool. The s e  waves overtop tho vrn.11s of tho stil 1 ing bE�sin for disc har ge s 
above approximn.toly 4, 000 second-foot. Tho tunnel did not flow full at 
any disc harge (figures 8, 9 ,  cmd 10) .  The flow leaves the l ine d section 
of the pool at hi ch ve locity ( figure 10). Tl1.e boulder-strewn stream bed 
downstream from .the pool (figure 11) is suffici0nt protection against 
erosion in the bed. HmYever ,  erosi on of the r ight bank at the end of the 
lining is quite sev•Jre and re s exposed most of the cut-off we.11 (figure 
11) . In fact , some of the large riprap vvas moved dur ing t he reln tively 
short time that the te sts were bein3; mR de·. The riprn.p on this Ol'..11.k 'NO. s 

dumped from the top. The left br.,nk shows litt · e or no tendency to erode 
(figure 11). Tho differenc e :i.n stctbili ty is d u0 to the fact tlmt the 
riprap on the left bunk wr,s l)lo.cod t.tnd swings bc.. ck on t1- long; arc from 
the ond of the concrete. If thv rig;ht brm.k is al lo..-:-ed to e rode until it 
is similar in plan to t ho left bo.nk, and thon cov ere d  vrith plo..c ,Jd ripro.p, 
the tend.ency for erosion in this area should be completely eli.minated.  
The sharp offset in the walls and floor of the stil ling pool at station 
15+00 , causes the flow to leave the walls, and possibly the floor, im­
mediately dovvnstream from the square corner. An expr..nsion j oint traverses 
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FIGURE 6 

NO FLOW. 

VALVES 25% OPEN - DISCHARGE 1645 SECOND-FEEI' . 



FIGURE 7 

VALVES 50% OPEN - DISCHARGE 3175 SECOND-FEErr'. 

VALVES 100% OPEN - DISCHARGE 4825 SECOND-FEE!'. 



£ .L \.T UH.L u 

NO FI.OW. 

VALVES 25% OPEN - DISCHARGE l645 SECOND-FEEi' . 



FIGURE 9 

VALVES 50% OPEN - DISCHARGE 3175 SECOND-FEEI' . · 

VALVES 75% OPEN - DISCHARGE 4145 SECOND-FEEI' . 

AWOVA OUTLET WORKS - Sl'ILLING POOL. 



VALVES 75% OPEN - DISCHARGE 4145 SECOND-FEE!' . VALVES 100% OPEN - DISCHARGE 4825 SECOND-FEET . 

VALVES 100% OPEN - DISCHARGE 4825 SECOND-FEE!' . 

AI.JJOVA ourLEr WORKS - STILLING POOL. 

lzj 
H 

I-' 
0 



BEFORE TEsrs. ATI'ER TEsrs. 
RIGHI' BANK - RIPRAP AT END OF PJOL. 

srRFJ\M BED DOWNsrREAM FROM PJOL. EXPANSION JOINI' AT srA. 15 t ' OO .  

AIJJOVA OUI'LEI' WORKS - SrIILING POOL. 
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the pool at thi s point ( figur e 11 ) .  The ma stic in this j oint lw. ,·! b een 
r emoved to a d epth of 2- 1/2 feet due to th e low pres crnr e. The joint in 
the floor app eared t o  have suffered no dame.g;e .  It j_ s sugge sted thf:l.t the 
r mnaininp.; pla stic be r emoved from thj s joint and t he joint grouted to 
avoid possible damage t o  the walls . 

Tl[:i. s c ellaneou s Ob s ervation s 

13.  During tho test s on the needle valves , t ho behavior of 
appurt enant equipmEmt waG al so studj_ e d  o.nd s ev;:,ral sugge stions of im­
pr ovement arc offered. The service  olovator b etween t:itc opor8.ting 
hous e and tho val vo cha:nbor is o. const::mt source of t rouble. Yv'hil o tho 
goncrcJ. installn.tion e,ppears t o  be satisfo.ctor:y, e erta.in equipmnnt is 
faulty . The safety switche s  on the elevator d oo1n s are corrodi ng b::i. dly 
due to the exce ss moisture in the shc:.ft, and the 140-vol t fuses on the  
control board in the  top of the  op erating hous e  arc rl.ue in part to too 
clos e s pacing and in part to t he moisture in tJ1 e control room. During 
the prel iminary testing, the elevator failed twic e due to t roubl e in the 
safety swit c hes.  Sinc e no one is allovrnd in the operatin[; hous e  but em­
ploye e s, the s afety swit che s  vrnre  tal::en out of the circuit . It was re­
alized  that this is not good pract i c e  but no oth,3r expediency exi sted  
at the  time .  With the e::. ovator mac hinery or the top floor of the oper­
ating house ,  in ca se  of fai lure , it is ne c e s sary to climb the emergoncy 
ladder and the stairway-, mako n oc os sary repaini, and r eturn to the 0le­
vator car by t he emergency ladder . 1.i'fith t he car at or near the bottom 
of t hG shaft, thi s  means a round trip up 1 6 5  feet of ladder and 25 foot 
of stairway . It would seem a dvisable to include a manual control and 
indicator at tho control board so that tho car can b o moved up and down 
by a person at tho control board. If an e l ectrician is availabLJ , he 
can attach leads to tho control panel to rai s e  tho car, but this is 
do.ngorous due to t ho pos sibil ity of overrunning t he Cf.'c r  and damqging tho 
mac hinory. 

14 .  In making the te sts on the ne edl e valves, it was nec e s sary 
to know the re s ervoir el evation to det ermine the ope rating head on the 
valve c .  Before t he te st s  1,vere start ed, att empt s were made  to det ermine 
the elevation of the r eservoir water surfac e ,  us ing the mercury gage in 
t he outlet-works operating hous e. Consist ent resu,l t s  could not be ob­
taj_ ned due to fa.ulty installation of t he c onduit s fr om the bottom of the 
r e s ervoir to the gage and to probable leaks in th0se conduit s. B ench­
marks on the upstream fe.co of th3 dam wero  us ed to d et ermine the res­
ervoir elevation for ths te st s . This was not satisfactory because waves 
and surfac e di sturbanc es  made it difficult to obtain accurat e roading;s . 
When operation of the canal is sturt od, it wi ll be nec ossary ·�o ke ep a 
very close chock on t ho roscrvo ir. This cannot be done with the pro s ont 
gage. A stilling woll of standard galva.rciz o d  pipe c oul d b o  instl:1.ll od in 
the count erweight recess  in the elevator shaft . A recording float gage , 
a noon-glow tapo gage, or o. go.go of t he typo u so d  at Pathfinder Dam 
could be plac ed  at tho top of tho well and would be ac ces sible from the 
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emergency door into the el evator s haft at t he foot of the spiral stair­
way. S ince t he eJ. eva.to:c shaft is warm, the gage would ope rat e  regard­
l e s s  of t em];Je rature outdoors .  It is recoiilmenc1.ed t hat some change bo 
:ma de as soon 1:t s pos sible. 

15. After tho tests  on tho needl e  valves were c ompl eted, tho 
insp ection and drainage tunnel was unwaterod by pumping. The pump re­
cently iEstal LJd operate s  satisfactorily. Approximat ely 2-1/2 hours ' 
operation of t ho pump drained tho sho.ft and turmol.. Tho blovrcr in the 
ventilating system. was allowed to run for c.pp::"oximat oly 1-1/2 hour s bo­
foro tho shaft was ent ered . Tho s haft -cage hoist mcchc.nism op e:i·at os 
very sat i sfactorily. Th o shaft-ca.go safety mechanism was damaged dur­
ing or shortly after installation a nd has b G 3n removed from the <:.ago.  
This equipment should be r op&.ir cd a nd roplo.cod . The t empm·aturo in the 
shaft was o.pproximat oly 130 d.otreos  F .  At tho junction of tho shaft 
and t unnel tho t omporaturo YTD. s appro::imatcly tho S[Gtc but dropped slowly 
until at the extreme Emd it was 97 degrees  F. The t emperature of t he 
air ent ering the tunnel from t he ventilat ing du.ct was slightly above 100 
degrees F. It was very uncom..forhtble to work in such temperatures , even 
fol' s hort p eriods of til.ie, particularly b ecaus e of t he high relative hu­
midity. A blmver of suffi�i ent E: i z e  to deJ. iv er twice t he amount of air 
at the far end  of the tunnel should improve conditions considerably,  
The ·ventilating duct pa s s es t hrough approxirn.at ely 500 feet of he rlted 
rock_; thus th e air delivered. to the tunnel j s  pr eheat e d  and expanded. 
Some o f  the air is now l o st through the drai n from the Qir duct. It is 
recommended that a larger blower be installed .  With the larger blower• 
the pre s sure in the air duct ·will bo gr eater and tho los s of air through 
th e drain from the air duct to the surnp in  th o shaft will be great er 
than at pre s ent. To prevent thj_ s los s, the drain line s hould bo supplied 
with a valve t hat could be  cl osed  as  soon a s  the air duct is  free o:' 
wat er . The metahmrk in tl1e tunnel has b ee n  damaged very little from 
the action of t he hot wat er . The valves on the drainage pipes  opening 
into th e tmmel are corroded . All metalwork in th e shaft :i. s  corroded and 
pitt ed and is det eriorating rapidly, particularly near the top of the 
shaft. 

16. Although tho w eather ,rns too moderat e to  witne s s  the con­
di ti on at the timo of the ne c;clle-valvc t e s t s ,  th8  op0rators related that 
during the wint er months,  tho hot , humid air from the pump room ris e s  
throur;h t ho elevator shaft and i s  cool ed in the, upper room of t he outlet­
works op erat ing housG. Th o op er(1ting_� rnuchin ory f or the  elevator, the 
blower and motor for the ventilating syst em, and the t re.nsformers arc 
contained in this room. Th e moisture condenses from thc air and com­
pl ot oly covor s the walls of tho r oom and all cont e:nts . Tho pr eviously 
mentioned tile  partition between tho el evator shD.ft and tho pu.1,1p room 
will partially r cliove this c ondition but there \'Ji ll still b e  some con­
donsato  from t ho warm air risi ng from tho V8.lvo-operc.ting cho.rnbcr and 
elevator shaft . The propos ed  partition w ill als o  pr event the e s cape 
of the vapor from the pmnp room. This vapor will condens e  on tho pump 
and motor and all meta.l·work wi thin the room, and damage will r esult . 
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A hood built over the shaft to the drainace gallery and vented to the 
outs ide of the room s hould greatly reduce the, humic1i ty. Likewi se,  a 
hood built over a portion of t he grating in the floor of the upper room 
of the outJ.et-works op '.:,ratins hou se  and c onnecJced by a pipe to th e ven­
tilator in the  roof should lower the humidity in the room and. le s s en 
the damc, ge to tho elevator ma c hineT�r. The portion of the grating not 
covered by the hood would :nec u s sarily hn.vo to be c lo s od by some suit­
::i.bl o mo ans . Tho disposition of tho a i r  f rom thu hood in tho pump room 
wj_ ll r oqu iro further c onside ration. 

Col'.1.cl usions 

17. Air supply to noodle valve s .  Tho pre s ent air supply to 
the no 0clle  valves is  - not sulfi ciunt , although tho louvors and gri ll  at 
tho cntro.nc o  of tho air shaft hr.vo bo on r emoved. Tho s e  ac ces sori e s  nmy 
b o  s o.fcly left out of tho op ening but a fenc e  should b o constructed 
o.round th e side of the outlet-works operut inr, hr:m s e  i ::1 which the opening 
i s  loc ated ,  to keep c uriou s  onlookers :).t u. so.fe di ste..uce. Mod0l studies 
of the typ e of ne edle  vctlvc s instal l. eel o.t Alcove, De@ ::: hovv tlmt the ex­
terior of the j et i s  vory  roug;h G.t approximntel;y the c1c-,me val v e  s ettings 
tho..t the air dem1,_nd i s  th(� greo.ter;t, a s  shoYm in figure 2 .  This con­
firms the l imitetl ob s o:r·vn.tions of the j et s  on t he })rototype. Model stud­
ies have al so s hoV'm that the surfac e of the j et co.n b8 improved by chang­
ing the contour of the noz zle- ser,t rin6 • To correc t the c andi ·cio:a at 
Alcovn. Da�n., it might only be necessary to r •:;:pl n.c e the noz zle  s ec.t s, thus 
improving the surfac e  conditions of tlrn j et suffic iently to diminish the 
air d emnnd to the e�z:tent that the present system would supply r: u:equato 
n.ir. At least the uir dernand mi ght bo reduc ed enough tho.t tlw pre s ent 
system could bo al torou by tho introduction of vo.nos in the turns in tho 
a.i r  shaft to wnke it ad,c:;quo.to. The chongo woul d tend to reduc e the dam­
ago to t ho valvo s  duo to cavitation. A ma!1ifold connoction extending 
a.round t he ent ire periphery of each di sc h:,rgo guide , o. s close  to tho 
noz zl e  of tho VL,lvo as pos sible, could be ins t,,.J.led o.t a nomin�i.l cost. 
The air c oul d be supplied to the se mo.11j_folds dir· ectly from the 6-f oot 
by 8-foot verticc,l o.ir sho.ft r:i.nd s hould improve the j ot ,  th ereby further 
reducing the a i r  demand. By to.king tho n.ir from the vortico.l shaft o.bove 
th e l ovrnr turns • the ul timccto co.pa c ity of t ho :.1.ir system would be  in­
creas e d. A mothod of accompli shinf; o. similar result, insofar o. s improvi ng 
tho j ot s  i s  conc erned, vmuld be.: to di spcms o wi th tho cli schD. rgo guid0s 
and move the vo.lves dov.rnstrec.m until they would di schar g e  directly into 
the tuxmel.  Thi s woulci. o.l low the j ots to be d i schc rgcd into o. ro�;ion of 
greater pr e s sure: tho.n o.t the pre s ent and thn o.ir supply would be moro 
evenly d istr:i.but od around the j et s. Other pos s ib1 o moo..ns of improving 
th e c ond itions would bo to e:nlo.rgo tho pros ont she.ft or dri J.l n.n ::rnJciliary 
sho.ft , or c ontinue the 84-inch pipe s  to th o ond of tho tum10l c.nd 2J. low 
th e vo.lvo s to dischc.rgo directly into the, s tilling pool. 

18. Damn.go to needle vo.lves duo to cc,vito.tion. The df'.1 ,..-.·.go  to 
tho neodl o  valves due to co.vit�ttion i s  s eriou s, consiaeri"ng th8 short 
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l ength of time that the valves have been operated. These valves w ill re­
quire repair at frequent int ervals if they are operated to any grea t  ex­
tent. Such maintenanc e will be costly because the valves are not read­
ily acc essible. The present noz zle seats could be replaced wi th seats 
of improved design at a very nominal cost . It is proba.ble that this 
change would not entirely c orrect the cavitation cond itions but would 
diminish them. Replacement of th e needl es, a s  well as the seats, would  
b e  necessary to  eliminate the conditions. Although this would nec es­
sitate a grE::ater initial expenditure, it would, no doubt, be more oconom-­
ical th'-ln the cost of maintenance over a period of yoars. If these 
c hanges are made on the valve s, in addition to relieving the cavitation 
difficulties, the a ir demand would proba bly be  :mut orio.lly reduced and 
the question of a ir s upply would be solved, ctt least in  part. The exact 
amount of reduction of e.ir demand gained by this c he.nge cannot be def­
initely stated. 

1 9 .  Pressure i:1 the discharge tunnel . Although it is neces­
sary for the pressure in the tunnel to be sl ir;htly below atmos pheric 
before any flow of air down the shaft c o.n be expected, the negative 
pressures existing at present aro ezc ossivo . All observations indicate 
that the pr essur0 in the di schar1.;e guido, al thou.ch not measured, is con­
sidora.gJJ below the; pr essure mea sured in the tunnel . ThL, low pre ssure 
i s  not" prirnary cau s 8  of tho cf.l.vj_tation but is c ertainly a contributing 
factor .  The dischn.re:e e;uidos should bo supplied with im:nifolds, or tho 
guides removed and tho val vos moved do1:mstromn in order to supply more 
air to th2 discharged j ot close to tho valve . A groator air supply or 
an improved c ondition of the j ots noc ossitn.ting less air are tho only 
moans of olimirn:tting the low pressures. 

20 . Operation of the needl e  valves.  The vibration in the 
right valve may be due to cavitation or to some mechanic e.l condition. 
Further inspection of the internal parts of the needle should bo made 
to determine, if possilJl e, th e caus e of this vibration. The manual c on­
trol for this same valve is  hard to start e.t times, and the reason for 
this should bo invest igated. The capacity of the Vfalves is slif�htly 
above tho contemplated discharge . 

21. Flow c onditions in the tum10l. Although very limited 
visual observn.tion of flow in tho tun...'1el was possible, no adverse con­
ditions wore notod. Insofar e. s it wa s possiblo to determine, tho flow 
at no time sealed tho trnmol . Th e tunnel wa s observed to flow free at 
tho portal for all di scl1J::..rg e s ,  

22 . Conditi ons in tho stillinG pool. Although the flow con­
ditions in the still.ing pool c.ro not s3,t isfo.ctory, no damage o. sido from 
that outlined in- pClr8.gr:.,. ph 12 hc, s r0sul tod. Tho water that overt ops the 
walls of tho pool hc,s c:rodod s ome mo.torinl, but the right side of tho 
pool , where most  of tho overflow occur s ,  is on rock o.nd li ttlo damage 
co.n result. Tho sou.rid character of the river bod bolow tho pool i s  very 
resistant to rotrogrossion. If tho c ontraction joint is grouted and tho 
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riprap on the right bank at the end of t l te pool i :: r 0paired,  no furtheT 
maint enance  should be necessary for some time • 

2 3 .  Operat ion of Alcovn. . Dl.i.m . ReguJ.ation of Alcova reservoir 
shoul d be ac complished by t he use of the spillway as muc h as possible .  
The meche.nical and hydro.ulic ope ration of this structure is very sat ­
isfactory. It is not pos sible  to regulate the f low of the river bel ow 
the dam to an exact di schar ge without cons ider5.b l e  manipulation of the 
spll lway gat e s .  Therof'ore, it wi l l  be neces sary to use  the out l et 
works for c l ose regul ation. This shoul d not necess itate opening the 
valves more than 15 percent . In the range from O to 15 percent open, 
the air demand is not excessive and the pres s ure in the tunnel is not 
dangerously low. Hmvever, it is pl'obr�,b l e  that cavitation is more severe 
in t his ra.ngo. Othervrise no serious damage should re sult from this op­
era.ti on. If the va.l vos tore to be op 3rat od at gn:ater openir..g, t he op­
orator should mo.ke sm·e :cho..t the ·wooden bul.kh0ac, :i.n the 3-foot by 3-fo ot 
drainage tu:r.mel is in gooc1. shup o and that t he damper on tho e;1d of the 
ventil ating pipe in the pump room is closed. If r0ither or both of theso 
openings aro l eft open while  the vc,lvos c .. re b (c:ing op erated. , damage to  
the  elovator-·shaft door s and oporatinr.�-house  doors o.nd ·,vindows might 
result and endange r tho lives  of tho operating porr,onn o 1 .  The bulkhead 
should be  left in th o 3 -::oot by 3-foot draina.go tu.rinol . It should be 
inspected p oriodicE�l ly and maintained in good  condit ion. In fr::.ct , s ET·­
ious cons:i.doration should bo givon to th o pcrmc'.nGnt plugt�ing of tho 
3-foot by 3-foot drainage turm.cl. Thu no odle  vnlvos s hould b0 caroful l�r 
inspe c ted at 102. st  onc o every 1 5  days during ope ration to determin e  pro[;­
ress of cc,vito.t ion and neces sity for r c:pe.irs • 

24. Suggestions for  future design. 1Nhere pos sible to do other­
wis e ,  the practice of dis charging needle valve s operating under high 
heads into a tunnel shoul d be avoided. If thi s  cannot oe done , air pas s ­
ages shoul d b e  provided to supply ample air t o  the tun,."'lel t o  avoid low 
pres sures. These  air pa s sarses should be designed to eliminate insofar 
as po ssibl e  losses  due to e:.:1trance co:ri.ditions and bends, or obstructions 
in the passages . Dis char ge guides should be us ed only a s  a neces sity and 
t hen should be as short as possible. Tho shapa of the valve and needl e 
shoul d  bo such that cavitation is reduc ed or eliminat ed. 

C .  W . Thomas . 
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