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UNITED ETATES
DEPARTMENT -OF THE INTERIOR
BUREAU OF RECLAMATICN

Branch of Design end Construction Laboratory Report No. 49
Ingineering and Geologicel Control Hydraullc Laboratory

and Repearch Dlvision Compiled by: Board of Englneers
Denver, Colorade ‘
February 3, 1339

Subject: Test to determine operating charecteristics of Tunnel Plug

- Outlet fiorks ut Boulder Dam—-Souluer Canyon Project.
Description of tests. In sccordance with office letter of Novem—

ber 22, 1938, and memorandum of lLecember 7, 1938, to Aciing Chief

‘Engineer from Mr. J. L. Savege on the ubove subject, ihe Tunnel Piug

Qutiets at Boulder Uam were operstet on uvecember 13 ane 14 under the
survelillance of Messfs. Blbmgren,‘Winter, Xinzie, Thomas, anu Varnock
of the Deaver office, together with interested members of the field
 operating force. The flow and operating conditions in Tunnel No. 3
were stucled on December 13 with flows lucreasing progressively from
l0,0QO second-feet to full cepacity of slightly over tweuty thousand
second~-feet. Durlng the forencon of December 14, similar sludies

were made on Tunnel No. 2, with flows increasing progressively

from no flow to full capaciﬁy.‘rAt the conclusion of the Tunanel Nc. 2
.studies, the flow wug maintuined,at full capscity in-that tunnel while
the flow in Tunnel Nv. 3 was increased progressi#ely by 5,000 second-
feet increments from no flow to full capacity. _Iﬁll capacity fiow from

both tunnels wes zcinteined for 30 minutes. 4guring tiie entire Frogram

measurements were mude of the pressure concitions in Lk tunael below

the needle velves and still end motion pilctures #ere mude of the flow
conditions in the river beiow the portals. Iuring the tests op Tunnel
No. 2 osclllogreph measurements were made of the Pregsure and strain
congitions at eritical pointe on the penstocks, Qbgervations of the
differeace in the elevation of the water surfac::&y theﬂintake towers
and in the reservoir were wade with one and two getes open. & complete
record of the reservoir, tarilrace, and river elevaﬁiuns.was made in the

waternasteris office., On Leceaber l5-uﬁb&tezing'the Tunnel hue. 3 was




started, and on December 17 and 18, a cloae inspection of the conditions
in the invert of the tunnel wes made by Messrs. Thomas und Warnock.

Pressure conditions in tunnelé and needle valve discharge guides.
Throughout the tests, observations wére made of pressures in the tunnels
and in the discharge guldes. Connections from manometer boards in the

valve operating chambers were carried through the velves in the obser-
vation doors (dwg. No. 45-D-7777) to the tunnels. In the Arizona Tunnel,
an eacitional connection wes mude by tapping the lZ-inch pipe used for
the tube valve test. Observations of pressures in the . -discharge guides
were made by tapping outlets through the guides -on the top centerline,
The discharge guldes for Valves Nos. 9 and 10 in each ocutlet works were
tapped in three positions, one tap near the downstream end of the wvalve, -
one near the well, and one midway between these two. Tne-dischurga
guides for Vulves Nos. B and 11 in each outlet works were tapped midway
batheen the wall and the downstream end of the valve, The discherge
guides for Velves Nos. 7 and 12 in each -outlet works were tapped in two
positionb, one near the -domnstirean end of the valve and one near the
well. The connections from the taps in the discharge guldes were '
arranged so thet the prussure at 8 single tap could be observed or

-ell cennections in a single discharge guide .could be manifolded

together to give one reading at the mancmeter bosrd. The menometer
boards were equipped with both water and mercury columng ;n order that
{iuctuatione, as well as average pressures, .could be observed.  For
‘comparison all obéervations vere reduced to feet of water below
atmospheric pressure. '

The results of the pressure neaaufemants are given in Table 1.
The valves used for each run have_bgén grouped togethéi;in the table,
Pressures at the different taps ia the digcharge guides Qhowed,no
consistent aifference; hence, in cases where readings were laken a%
more than one tep, these pressures have been averaged and are shown in
the table as an average reading for the particuler discharge guide.
Average pressure in the tunnel is given for each run. In instances
where the differeace between average and maximum pressure was large,
the maximum pressure has been inserted in the table. .Since the
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‘discharga through the velves was detarmined ‘by. two methoda that'are
-not dn cluse ‘Bgreement, the: dischnrge for -esch run &l determinad hy
:both ‘methods is given in the table. '

‘The»worst condition of oper&tion appeared with.flowé'or 3, Gdo'fn
5,000 - aecondnfeet ‘through ihe Nevadu Tunnel and no flow thrnugh the
. Arizona ‘Tunnel., Momentury fegetive pressures*of 3.5 Test of water
‘were .observed on the water menometers : connacted into the uppsr tnnnel
trangition. A similer condition wag ‘also noted in the Nevada Tunnel
-when the tunnels were discharging & total of . approximntely eight
‘thousand becond—feet ‘at ‘the -close of the test program on December 14.
At these discharges disturbance in the munnal cauned aplashing which
seensd to cum,&eteiJ seal the tunnel near the downstream end with spray.
‘Thie momeatary saaling ceused irreguler .pressure conditions 4n the
‘tunnel for . an instant. This diaturbance 4n the tunnel might be traced
to two sourees: (1) The lack. of ,ufficient ‘momentum in the jets to '
move ‘the slack water i1rom the tunnels -at low flowa, .or (2) the excesaive
- :height .of ‘the water surface in the river immediately uownstream from
the tunnel portals. ‘The :maximum neg&tive pressure ior the maximum
-discharge .wae 0.75 foot of water for ‘Tunnel No. 2 and 0.82 foot of
-water for: Tunnel Nos 3. At maximum flow the cnnditiona were ve:y :
:Bteady. ' _ L e

i ,_-\_
© s

Flow conditions in tunnelsg ann,river channel. The initial flnw

that there was no opportunity to see ‘the condltiona at lower flows, but
the flow in the Nevada Tunnel weg increased from o flow to full capacity
with sufficieni time to observe, uo far as possiuue, the condltiona 1o
the tunnels and in the river channel below.; A complete record of
.;conditiona at the downstxeam Pportals and in the river chunnel wa.s made

by stil; and motion pictures. The gertinent atill Pictures have been e
included as Figures 1 to 16 in this repert -and ‘the mution pictures will
be edited by the uyur&ulic laboratony for future ahowing %hen the ,5'
needle valves in Tunnel No.hz were opened to e diacharge of 4,009 Becond—
Teetl {fig. 74), the hyaruuliﬂ Jump eppeared to form in the tunnel and
‘there was little indication of ‘the dndreft of air ovar the outflow af




ﬁwater. It wag at this flow ‘that tha negutivenpreaaurea in ‘the &unnel
‘wara'the.greatest. A8 the Tlow increesed to 8,000 :second-feet; the
adiaturbnnce ‘moved down -and .out of the tunnel ‘&S .Eeen in Figurea ‘B

'-5anu B. ,ﬁt this point the most Bpectncular explosions occurredo Water

or heaty spray was shot 1nto the air -as if by detonation and the . apray
AN halquy up*the Stanrv Oete. The pulsations of air under the Stonqy
:0ate wara .sufficientily rgtrong to .swey n persun leaning against tha hand-‘
‘works column. As the flow was further ircreased, the disturbance wap
‘moved farther .down the chnnnal -and decressed in intensiﬁy ' The onLy
explauation of the explosicns ‘18 the inflow of the return eudy in the
river .over the outflouing hign v.anity stream. For :an 'instant the
return|edﬁyucOVErs the needle yalve.atream_annlnhan the energy.becohes
too great the c*:q:)lm;.i.‘on occurs. At hnxiﬁuﬁ diécharge, the flow was
comparatively -stable and & steady flow of alr into the tunnel portal
.prevailed. :

-Cavitation nn'neédle valves., ‘As 8- mﬂtter -of interast, the .cavi-
tatiun which is. occurring .on the faces of the needle valves, ‘both in
-the tunnel -plug -and in the canyon-wall uutlets,-were‘egamined. Fhoto~
'g:aphs*of'particular'examples-&ré included in Figures 17 and 18. A
peculiar condition -was noted in the rust marks on the inside of the
needle valve body. The flow pattern sthrough the valve body wua mnni-'
fested in the same wsy as shown by peint tests made in the laboratozy.
AIn :places, .due to cxoss flog,.the direction as indicuted gy the rust
marks ‘was :normal io the .pain stream. This,phnticularuconditionxia‘
.shown 4n Figure 18. -

'-Dabfis‘in‘invertrof ﬁunnellﬂom_j. 'After<the.completibh;bfxthe
-test'program the-unw&tering-of Tunnel No. 3 was begun. As fhé ﬁﬁw&ter*_
ing progressed it wes found that the entrence to the urainage pump in
the tunael plug -.control worke was plugged by debris which wes left in
the tunnel .at the completion.of construction. This materisl extenued
from the headwall of the tunnel to a point slightly below theaend of
the upatream trnnsition. It ended in a vextical irop - of about four :

 feet and -appeared to be so f;rmly compacted as to require breaklng
wtools for remoV&l.‘ This debris consisted of 1rregular massesrof '




A. BAR IN RIVER BELCW SPILLWAY TUMNEL BCRTALS o, DZCEMHIR 12, 1928,
' BEFORE. TFST PROGRAM - AS SIEN FROM L50-T7F wOISD

B. BARIN RIVER BELOW SPLLINAY TUNNEL PORTAL
BEFORE TEST PROGRAM - AS SEEN FROM GARAGE IANDING

ON.DECEMBER 12, 1928,
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B. CCNDITIZNS BELOW ARIZONA TUNNEL N2.

3 WITH DISCHARGE -F 16, 000 SECUND-FEET.




A, CONDITIORB BELCW ARIZONA TUMNEL N). 3 WITH DISCHARGE TF 17,000 SECU
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A. CONDITIONS BELOW ARIZONA TUNNEL NC. 3 WITH DISCHARCE ©
20,500 SECOND-FEET - AS SEEN FRCM 150-TON HOIST.

CCNDITIONS BELOW ARIZONA TUNNEL NO. 5 WITH DISCHARGE OF
20,500 SECOMD-FEET - AS SEEN FROM GARAGE LAMDING.
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A. CONDITICHS BELOW NEVADA TCNNEL NO. 2 WITH DISCEARGE OF

‘14, 000 BECOND-FEET
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A. CORDITIONS BKILOW NEVADA TUMNEL Mu. 2 WllH LLSCHARUE ur
£0, 800 EROOKD-PEET ~ A8 BEEN FR'M 150-TON HCIST.

B. CCEDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF
20,500 SECCND-FEET - AS SFEN FR(M GARAGF LANDING.




£ AMD 10,000 SNCORD-FRET IN TUNNEL KC. 3.

B. MAXTMOM DISCHARCE TN TUMREL 10










A..BAR IN RIVER BELOW. SPILIMAY TUNNEL P-RTALS AT CONCLUSION OF
TFST PROGRAM - AS:SEFN FRCM 150-TON HOIST.

B. BAR IN RIVER BELCW SPILLWAY TUNNEL PORTALS AT CONCLUBICN OF
TEST PROGRAM - AS SEEN FRIM GARACE IANDIMG.







‘B« FLOW LINZS IN RUST CN INSIDE OF NEEDLE VALVE BODY.

. .. MERDLZ VALVE A-10 IN ARI7CKA TUMNEL Rl




concrete, rock, gravel., castiﬁgs, timber, raila,;pipe,fcable,.etc.,

and was from seven to nine Teet deep Bt the tunnel.hgadwall. It was
necessary to dislodge portions of the material before unwatering could
‘be continued and the oplnion was expressed by different members of thig
board ‘thet the ‘remainder ghould be removed. The Director of Power was
in sgreement and it has been stuted in a letter of Januaxy 18, 1939 Lrom
him that "The materisl in No. 3 Tunnel will be removed by the end of the
presen; weel, !

Theé first impression was that similar‘éonditions existed in
Tunnel No. 2, but later detalled examinntion by the operating staff
‘accompanied by Chief Designing Engineer J. L. Savage disclosed thet
the conditions were very different from thase in No. 3. 1In & letter
dated January 18, 1939, the;Director'of Power reports "There was very
much less material and it was not cemented as in No. 3. Only & Bmall
portion remeins in the tunnel ané that does not extend downstream very
far from the plug. There is no material near where the jet etrikes.v

In & letter from the COnstructioniEngineer to Chief aninéer

dated May 13, 1937, subject, "Results of initiul operation of needle
valves in Tunnel No. 2, it ‘was reported that there wes some damege -

to the concrete surface at the downstream ena of the tunnel after
continuoug operation during the previous month. The opinion was
expressed "Pert or all of the wear may be une to loose rock {ragments
belng moved alonb .under comparatlveLy high velocities. When divarsien
was first made through the tunnel needle vaivos, a comparatlveky large
percentage of sand, gravel, and clay -covered the jnvert of this tunnel
downstream from the valve chamber, It was decided to pernit the moving
weter to wash this mﬂferi&l out and in 90 doing it 1s bossible that
scour occurred over the area shown. A second possible damage from
scour was thought to be possible from loase rock in the channel immed-
letely downstream from the portal being brought back in the tunnel by
an undercurrent. Pleces. of this rock a5 lerge as a foot in dismeter
-have been shot upward twenty or twenty-five feet above water surfuace
a! the tunnel portal. HoweVer, at one of the pericdic inspections the




‘Stoney Gete was lowered and the ﬁatar:pumpsd down to with;n e few fest

of the tunnél invert and nc loose rocks were obgerved on the bottom at
the lower end of the tunnel. A third possibility of the cause cf the
demage wae thought to be cavitation due to a vacuum."

A careful examination was made of these demaged surfaces after
the test program had been tompleted but ro evidence of f;eshvscouring
was disclosed. It 1z believed that the ‘original damsge was caused
more by the pounding or impingement of the-;ocks barriad in suspension
into the hydraulié jump, which presumably formed or tried to'form
immediately upetresm from the portal. The Stoncy‘bute Seats were
dameged during the initial operstion by the lmpact of this aebris
being sluiced from the tunnel invert. The Nevada Gate eppears to be
in a worge condition than ‘the Arizona Gate. No attempt wae made to
use the Nevads (ate for unwatering. The leakage around the Arieona
Gaete combined with the clogging of the intake to the 16-inch dreinsge
pump by debris prevented the complete unwatering of the Arizona Tunnel
immediately following the test program. '

Erosion of channel immedistely downsiream from tunnel portsls. -

Soundings made for a distance of 125 feet below the Arizona Portal
after the operation during these tests indicated nc change from similer -
" soundings made in Juns and‘November J938. Beyond this point loose
moterial was removed for a depth of 10 feet in a distance of 125 feet,
the extent of these soundings. This indicetes that the rock at the
portél is substantially stable.aﬁd will withstand‘considerablﬁ operation
of the outlet works in the present conditiuﬁ. Topogrephy in the river
channcl below the tunnel plug outlets as of November 18 and December 15,
1938, is chown on Figures 19 and 2C. Comperiscons of cross sectlons on
the came dates with the final excavation are shown on rigures 21 and 22.
It is necessary, however, that a very close chack de wade from time to
time to detect and evoid undercutting the gate structure and adjecent
canycn walls. It is believed that a training wall and an spron imued-
lately downstreum frum each portal would eliminnte inflow of the eddy

formed by the high-velocity water from the tunnel and prevent undercutting
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of the foundation bf’the‘stoney Gate structure and adjacent'canybn:wdlié.

This condition is not considersd to. bé-aerioﬁs‘for a limited operation.
Such work if ‘actually instigated would ‘probably ‘have to be Geferred until .
after the coming. operating ‘season :because of the time: required for ‘the
construction of cofferdams and unwatering. Before -any work of this
aature 15 done ‘s model study should be made pused on ‘the present ‘river
bed topogrdpny'asudatermined'by sccurate ‘surveys ¢&1led‘fpr in the

recommendation.

Bar in river chasnnel below spillway:tunnél portals. ‘Materialﬂleft'

in the river bed after construction, or washed in as a result of outlet
operation, has formed a bar acrosc the river channel lumedietely baloi
the downstream‘pdrtal~of the spillwey tunnel., 'The.extent of this ‘bar
can be seen in Figures 1, 6, and 16. The material in this bar is ‘too
heavy to be moved any distance by operation‘of*the‘tunnel plug-outiets‘?
and will have to be removed from the chennel by dredging. Its removel -
will inprove the tailwater conditions and increase the head on the
powerplent . The effect of the exceasive tailwater due 'to this bar is
not mericus sgo fer as the tunnel plug outlets are concerned, but -a lower
tuilwater will reduce -the disturbance at the tunnel portals; tend to
minimize the spray et the portel structure for flows of 5,000 -gecond-
feet or Less, and aliow the high-velocity water to continue into.the
river where it is less likely to co dancge; and -will increase ‘the air
supply to the turbines and thereby improve tne .surging characteristics
of these units. The bar did noi move appreciébly uncer the tull discharge
from the tunnel piug outlets. Actuaily the taillwater was-raiaed‘upprox;
‘imately O.6 foot due to the aeposit of more material in -the bar. Tﬁe )
tailweter curve at the powerhouse vefore an& efter the tést;yrogram.;s
ghown on Figure 23 compared to the discharge curve et the old lower
gaging station as shuwn on Drawing No. 45-D-908 end to the present
gaging station, the location of which is shown on Flgure 6. A

Calibrantion of flow through intake towers. ‘During‘thértestvprugram,

the flow conditions in the Arizone Inteke Tower were observed with one
cyiiader gate only opened and in the Nevade Intake Tower with both getes

A




,"R- curve as shown. on Dwg 45~D-*908
which.is the d:sc‘"arge eurve
. for the old gagify stotion.
"..1500 feet below damsite. I
the.old station were stiil fn -
operotion the .gage heights,’
~ would be pracwcauy identical -
to those from the present
failrace gage. See Figure 6-A
:-for approxarnare iocu*hon.;.
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open. The difference in elevation of the water surface between the outeide
and the inside of the intexe tower was mensured and the condition of the
water surfrce within the tower was cbserved. This difference in elevation
is a meapursble and steady condition. The water surface within the tower’
even at maximum discharge was very quiet and smcoth, with practically no
evidence of the formation of & vortex. /At maximum discharge a large

vortex developed ebout seventy-five feet from the Arizone Intake Tower

between the tower ana the canyon wall, 2§ séen in Flgure 24. Al maximum

digcharge, two areas of small vortices were nouted between the Hevada Inteke

Tower and the canyon wall.

The discharge through the needle valves in the tunnel plug cutlets
wes determined by two methods during the test program. A discharge curve
tor one vazlve has been plotted from calculations of velocity and areas in
the valves at different ovpenings of the valves and different reservolr
elevatiocns. This curve is referred to as.a theoreticel diséharge curve
gince it is besed on celeulativns snd an agsuned coefficient of discharge.
All velves were consldered identical and when more then one valve was
opened the discharge was calculated by multiplying the dischnrge for one
valve vy the number of valves opened which is inaccurate since the head
losses are proportionately higher with all vulves openéd than with one
valve opened and ‘the head losses in the pedstocis vary with the load
demend in the powerhuuse. The curve used by the watermaster, which is
probably the more uccurate, was constructed from data obtained vy gagings
at the river gaging stetion 1-1/2 miles below the dam during normal oper-
ation of the valves. This curve wus bzsed on numerocus gegings with one
or more vaives open and was constructed to show discharge through one
velve at different openings and different reservoir elevations. Such
treatoent also mgsunes tiiat each valve discharges an equal quantity under
similar conditions of opening and reservoir elevation, which is an
incorrect premise since the same fluctuation of head exists as in a
theoretical curve. Neither method can be consldered an accuraie means
of determining the release through the valves., Both methods are in
error in ithat they ere related to reservoir elevetions, which is not a

measure of pressure at the valves., In the case of more than une velve
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open, the losses in the conduli system are hiéhér‘than with one'vélve
open, hence the preasure &t the valves will be lese, resulting in a
decrease in discharge. This error 1s partly compensated for in the'
watermester's curve eince much of the date were tsken with more than one
-valve,fpernting. There is nleo & Gifference in loss when one or both
gates .. % the intake tower are opened. The socuracy of the theuretical
curve is dependent upon a coefficient of discharge for the various
openings of the valves. Little date are avallable regarding the vaiue
of these coefficients. The accuracy of the watermasteris curve 1s
dependent upon the accuracy of the'gaging stations in the river beiow
the -dam. Here again the accuracy of the gngings at the river station
is questionable because of the constant fluctustion of the water surface
due to load variation in the powerhouse.

With the present storsge available in Lake Meed, the‘preaent
power lomd at Boulder Dam, and with Parker Dam in operaticn, exireme
accuracy of measurement in releasing water at Boulder Dam does not
appear to be so important. Close regulation of release does not
appear advisable as such procedure will requife'that some of the
needle velves be operated at partiml openings over long pericds of
time with the attendent rapid erosion of their needles and sests due
to cavitotion. It will probably De more satisfactory to opsrate the
needle valves only at wide open positions and regulate the {low by
opernting part of the valves wide open g1l the time and opening others
wide open part of the time to mect the requirements for a R4-hour

period. Fqualization of flow #an be aucomplisned at Parker Dam where

the flow cen be regulated by;;élease through the spillway gates to

the projects velow.

Since apparent dlarrepancies exist in the present ‘methods of
discharge measurements, “onsideration should be given to ontaining
an accurate mesns of measuring release of water in order that the
necessary calioration may be completed prior to the time that closer
reguletion becomes necessury. Al normal release of water is tnrough

the intake towers. Thefefore calivration of these structures would




afford = means of obtaining totel releage &8s well ‘as establishing & A
standard from which other units could be calibrated. “Gibson ocalibra- -
tions of the power units have alraady been made. The results of these
tests could be transferred to the towers and with the existing model
data only a few additlonal runs made by some reliable method would be
necessary Lo obtuin en sccurste dischnrge-cufva sultable for ail
normei release. As previously stated, the difference in elevation

of the water surface between the outside and the inpide of the intake
towers was measured at different dischargea with one cylinder gate
open and with both cylinder gates open. The indications are that these
brototype dsta ure comparable to the mogel data as shown in Boulder
Canyon Reports, Part VI, Bulletin 2, "Model Studies of Penstocks and
Outlet Works", Puge 99. The resulte obtained- from the obhaervations
made during this test program have been plotted on . a print of the
curves showing the model results (Fig. 25). The discharges shown in

this figure were obtained from the watermsster's curve. The -discussion .

of the results of the mode; tests in the above reference stetes: "The
relaticn of D) to discharge has been plotted on Figure 54 for both
conditicons, with and without traabraoks in place. It is believed
that the curves shown for the prototype without trashracks-are
esgentlally correct. It has been previously stated that the friction
l3ss through the model trashracks was undoubtedly excessive. There-
fore it can definitely be stated that the curves on'Figure 54, calcu-
lated from the model tests with trashracke, ere higher than woulr be
similar curves made from wctual tesis on the prototype®™. 0bgervaotions
have been made of drop in head through the trashracks on the prototype
but no cbnsistent results were obtained. It was concluded that the
loss is so0 small that it is practically negligible. In such case the
prototype observations of drop in head inte the intake towers should
agree quite closely with the curves plotted from model results
obtained without trashracks. Such agreement mey be segn in Figure 25.
The observations made during these tests emphasize the possibility

of utilizing the drop in head into the intuke towers as an accurate
measure of flow through the outlet works.

Pressure. and vibration in penstoci gystem. Throughout the tests

on both the Lower Arizons and Lower Nevade Tunnel Oullets, observetions
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wore made on the penstock system to determine if any transitory‘prassura
wave or surges were transmitted from the valve diaoh&fge dhamhers into
the penstock systems. It was determined thet the vibrationa st up bty
the high<velocity water diacharged from the valve under full sapacity
were noticeable for a distance of approximately three hundred feet
upstream from the gate valve chamber. These vibrations weré-of rapid
frequency and low magnitude,.such as is noticeamble when-standing'over

8 needle valve, and disappeared entirely at the upper anchor leauing to
the intake tower where no sound of flowing water could be detected hy
placing the ear io the penstock pipe. Oscillograph charts were made at,
the take-off of the L3-foot diameter penstocxk st unit N-3 to determine
the effect of the turbulence set upfqy 2,500 second-feet of water being
taken from the 30-foot penstocik, which carried a totallof'approximateiy
twenty-seven thousand second-feet. Pressure gages and atrain BBZEes were
Placed on both the 13-foot and the 30~foot penstooks. Thede gages -
indicated pressure and strain changes of such low magnitude that these
factors are aefinitely of .no importance. 4 sensitive high-pressure’
Borden-type gage was conuected to the 30-foot pipe just below the takp-off
of the 13-foot penstock for unit N-3. This gage shoved no evidence .of
hydraulic surges being transmitted from the needle valves even under

the most severe conaitions obtained at low discharges when & meximum
surge of approximutely three feet of water was recorded by ihe wateyr
menometers connected with the needle volve discharge tunnel. From these
observations 1t was concluded that the relatively slightrpreﬂbure
changes developing in the tunnel below the plug, reaching a meximum of
3 feet of water in a total head of 500 feet, were effectively.dampened

out, and offered no hazerd to the penstock systems.

summary of results and conciusion. As & result of these tests .and

inspections the following conclusions have been reached concerning future

operztion of the tunnel pluy outlets:

&. Under the relatively high head existing during this pertic-
ular test progrom, the general behavior of the tunnel plug outlet

norks throughoutvthe entire range of operutions was considered




satisfoctory. There was no evidence of distress in any part of the
outlet worke system at any time during the tests. However, if in
the future the storage in the reservoir should be evacuated to the

minigum reservoir elevetion, the behavior of the tunnel plugs and

particularly the Nevads Tuanel Plug, should be opsgerved under these

conditions.

b. Air snhafts or iniets to supply air to the needle valve jeté
are not considered neceésazy. When recommended remedial measufes are
completed, sufficient alr will be supplied by the area of open tunnel
ebove thé streem. With proper fiow counaitions established in the
tunnels, the mayimum depth of flow will not exceed three or four feet
st the ovtlet portal with full discharge. At certain stages of low
discharge & supilementary air supply might be mavantageous but this
condition will be improved and the advantage would not justify the
high cost of construction cf the air shafts.

c. The worst condltion of operation amppeared with flows of
3,000 to 5,000 seconc-feet through the Nevads Tunnel and no flow
through‘the Arizone Tunnel. The completlon of recommended improve-. -
ments should result in better flow conditione even at those discharges.

d. A training wall anz apron immediately vownatream from each
portel would materielly improve tne {low conditions at thet point snd
possibly prevent further uadercutting of the foundatlons of the Stoney
Gete Structure and adjecent cunyon walis. However, before any vork
of this nature is instigated & model study should be madc based on

accurnte surveys of the present riverved :onditions.

e. Removal) of the bar across the river chennel lmnedielely
below the cownstream portuls of the spillway tunnels will reduce
the disturbance and minimize sprey conditions at the portals of
the outlet woriks tunnels for flows of five thodsanu second-Leet
or less and will lower the water level in the tallrace. By lowering
the tailrace water level the air supply to the turbines will be
increased, thereby iuproving the surging charzcteristics of these

units.




I. Close examination of the invert and walle of the concrete

lining of the'tunnel plug outlet tunnels failed to disclose uny

evidence of fresh scouring beyond that which oceurred during the
initial gperation.

k- The Stoney Gate Seats at the downstream end of the outlet
works tunnels were so severely damaged during the initial operation
by the impact of debris sluiced from the tunnel invert that they
cannot be satisfactorily used for unwatering the tunnels. The Nevada
Gate dtructure appears to be in & worse cendition than the Arizena
Gate.

h, Observetions of the flow conditions in the intake towers
during the test program lead to the conclusion that the difference
in elevation between the water surfece in the reservolr and the
weter surface within the tower, with either one or two gates open,

should be used as an accuraste measure of release from Loke Mead.

4. The alr demand of the needle valve is greatest at small
openings. At those openinge the raveling of the jet is more Bevere.
Two needle valves in each tunnel Plug outlet might be adjusted to
produce minimm spray at small openings. The other four valves can
then bte operated at full opening, thus reducing the smount of repairs
to the valves. Until such time as & better scheme is determined,
the operation of the vaives ae recommended in Boulder Canyon Keportas,
Part 6, Bulletin 2, Page 128, should be followed. Turther experiments
during the coming operating season in regard to percentege of opening
end cholce of valves might produce an improvement of operating

conditions for low flows.

J» Observations of pressures and strains at critical points
in the penstock showed no sign of distress at any point of operstion.

k. The tailrace at the powerhouse wes steady under all con-
ditlone of flow. The rigse of the tallrace for a total river flow
of approximately fifty-one thousand second-feet was 10 feet and at
no time dig the tallrace elevation drop below normel. The tailrace
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~elevation at the conclusion of the test program was approximately 0.6

foot highef‘than et the begiuning of the program and sbout two feet
higher than the stages Vefore construction of the dam.

Recommendations. The following rocomuendatlons are offered ns a

means of improving the hydraulic conditions ia the tunnel and river

channel unda Lo improve fhe operution of the outlet works:

&. The compacted cebris covering the invert of the upper
transition of the Arizona Tunnel Plug (utlet Works has alreudgy been
removed at the suggestibn of certain members of this ﬁbard. The
material in the Nevada Tunnel Plug Qutlet Works should be removed at
the first opporiunity, to reduéc the possibility of further Jdamoge

to the Stonegy Gate Seat.

b. The guldes and seets of the Stoney Uates on the downstiream
portaels of the tunnels should be repeired to permit unwatering oper—

ations for which they were designad  and installed.

c. An nceurste survey of the entire stremmbed for a consid-
erable distance below the tunnel portals should be mace at the present
time and should be repeated efter each period of operation &s a check
on the possible undercutting of the Stoney GatevStructures. The aound-
ings previously mede have very well perved thelr purpose but & more
‘mccurate control ie needed in future surveys. Plane table or & stadle
control for this work has been suggested to the operating engineers.

d. The bar across the river channel below the spillway tunnels

gshould be removed.

e. A gage should be installed in each intake tower and connected
by remote control to the operating penel in the waterpasterts office
as & means of more accurately measuring the relemse of water Delow,
either through the turbines or the outlet works. A calibration of

one intake tower with one and poth gates open should ve made.

W. E. Blomgren
I. A. filnter
P. A. Kinzie
Ce Wo Thomus

J. &, RWaroock
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