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—prug ve-uclt Works at Boulder Dam - Boulder Canyon project.

% Description of'f%sts, In accordance with office lutter

of November 22, 1938, and memorandum of Decembor 7, 1938, to Acting

Chief Enginecr from Mr. J. L. Sevago,on the above subjcct, the tunnel
plug outlets at Boulder Dsm were opcrated on December 13 and 14 under
the surveillance of Messrs. Blomgren, Wintor, Kinzie, Thomas, and
Warnock of the Deaver office, togother with intercsted members of

the ficld operating forco. Thc flow and opcrating conditions in
tunnel no, 3 werc studicd on DPeccmbor 13 with flows incrcasing pro-
gressivoly from 10,000 sccond-foct to full capacity of slightly over
20,000 sccond-fcet, During tho forenoon of Deccmber 14, similar
stidios woerc madc on ¥unnclio. 2, with flows incrcasing progrossivo-
ly from no flow to full capacity. At thce conclusion of tho tunncl
no, 2 studics, the flow was maintained at full capacity in that
tunnel while the flow in tunnel no. 3 was incrcasod progrossively

by 5,000 socond~foot incremonts from no flow to full capacity. Full
capacity flow from both tunnols was maintained for 30 minutcs, Dur-
ing tho ontire program measurements wecro made of the pressure condi-~
tions in tho tunncl below the nccdle valves and still and motion
pictures werc madc of the flow conditions in the rivor below tho
portals, During tho tosts on tumnel no. 2 oscillograph mcasurcmonts
were made of the proessuro and strain conditions at critical points
on the penstocks, Observations of the difforcnce in the clevation
of the water surface in the intake towers and in the reservoir wore
made with one and tvwio gates open. A complete record of the roservoir,
tailracc, and rivor clevations was made in thc Wastormaster's offico.
On Decccmbor 15 wnwatoring of tumnol no, 3 was started, and on Decom-
bor 17 and 18, a closo inspection of the conditions in the invort

of tho tunncl was made by Mussrs, Thomas and Warnock,

2. Prcssurc conditions in tumiiels and necdle-valve dischargo
guides, Throughout thé tests, obscrvations were made of prossurcs in
tho tunncls and in thc discharge guidcs. Comncctions from manomctor
boards in the valvc operating chambors werce carried through the
valves in thc obscrvation doors (dwge no. 45=D-7777) to the tumncls,

In the Arizona fﬁnncl, an additional conncetion was madc by tapping
the 12-inch pipc uscd for the tube valve test. Obscrvations of




pressures in the discharge guides were made by tapping outlets
through the guides on the top center line, The discharge guides

for valves nos. 9 and 10 in each outlet works were tepped in three
positions, one tap noar the downstream c¢nd of the valve, one near the
well, and one midway between those two. The discharge guides for
valves nos. 8 end 11 in each outlct works wcre tapped midvay betiicon
thc wall and the dovmstrcam cnd of the valvo. The discharpge guides
for valves nos. 7 and 12 in cach outlct works wero tepped in two posi-
tions, onc nocar the dovmstrcam ond of the valve and onc ncar the wall.
The conncetions from the taps in the discharge guides viere arranced
so that the pressurc at a single tap could be cbserved or all con- .
nections in a singlc discharge guide could be manifolded togethor,

to give ono reading at the manomcter board. Tho manomcter boards
wiere cquipped with both tator ond mercury columns in order that
fluctuations, as well as averaro prossures, could be observed. For
comparison cll observations ierc roducced to fuect of iator below
atmosphoric prossurc.

1

The rosults of the preossurc meosuroments oro. given in
table 1. Thel valves used for cach run have boen groupcd togothor
in the table.. FProssuros at the difforent taws in tho discharge.
guides showcd no consistont differcncce; henco, in caoses wherce read-
ings werc taken ot morc than one tap, thosc pressurcs have boen
averagodiondiarcishoumiin the toblolas on avorogefroading.for the
perticular discharge guide. Averego prossuroc in the tunnel is givon
for cach run. In instanccs where the difference between averago
and maximum pressure was larze, the maximum pressurc has boea in-
sortod in the table, Sincc the discharge through the valves was do-
tormined by two mcthods that arc not in closc agreement, the dis-
chargc for cach run as detcrmined by both methods is given in the
tablo.

1

»

Tho worst conditicn of operation appcared with flows of
3,000 to 5,000 secend-fcct through the Nevada tunnel amd no flow
through tho Arizona tunncl. IMomentary nogative pressuros of 3.5
fcot of wator worc obsorved on the vmter manometors conrocted into
the upper tunncl transition. A similar condition was also noted
in the Hovada ttmnol vhen the tunnels worc discharging o total of
approximately 8,000 second-foet at the closc of the test nrogram on
Docombor 14. At thosc discharges disturboncc. in the tunncl cousod
splashing which scomed to complctely seal the tunnel ncer the dovmn-
stroom ond with spray. This momontary secaling causcd irrcgular
pressuroc conditions in the tumnecl for an instant. This disturbanco
in the tummol might be traced to two sourccs: (1) the lack of
sufficient momentum in the jets to move the slack woter from the
tunnols at low flows, or (2) the oxcossive height of thc woter sur-
face in tho rivor immedistely dormstroam frem the tunmol portals,

(]
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Average pressurs be- Average pressure be-
low atmospherie - Discrarge in subio feet | low atmospherie - Disersrge in subic feet
Par- Poet of mter r second e | Par- Feost of water ond
Valve cent { Discharge | Biwfoo® | Mnc{ui Fatermaster's Yalve ot Dlasharge | SO-foot | ore tarmaster's
rimber apen guide turmel eurve | ourve number 1 oper gulde | tamel | eurve ourve
- + + T
1]
A-T 3 0.68 ! »7 9% 1.16
A=D 53 0.75 ' 0.82 - | 10,056 -8 éo0 1.09
A=11 53 0.75 | n-9 95 1.02 0.e8 21,300 19,140
12 53 ) 0.85 *10 5 136 |
*11 &0 1,09
| *12 % 1,16
a7 L 1,01 |
-8 | 55 1.01
A9 32, .10 | o.e8 - 12,728 57 % 1.09
A-10 30 1.15 5-8 & 1,02 :
a-11 55 115 9 95 0.95 0,75 22,640 20,150
A=12 = 1.15 ¥=10 95 1,09
‘ *11 & 1.09
*12 % 1.16
A=7 54 0.2
A-8 55 1,01 0.2
4-9 57 1,01 16,730 15,540 7 9% 1.02
4-10 57 1.00 ax, | w8 95 0.95
A-11 55 1,01 130 | %9 % 0.95 0475 23,160 20,430
A12 2 0.95 %10 %5 1.02 Durnsamy
| | B=11 95 1.02 3
| n12 % 1.6
A-7 54 0.82
a-3 55 0.28 |
- | 5 0,86 0,02 | 18,58 17,072
A-10 9% 0.86 | »7 9%
A-11 55 0,83 | »8 95 Nevada
A-12 2 0,08 ] 95 0,82
! %10 % 1.2 25,430
] b1 95
AT 5 0.95 | L-12 95
A8 ; 5 0,95 | ! A9 3 Ariscza
A9 % 0.95 | o, 22,80 10,004 A10 53 2.5
420 9% 0.9 | y
A-11 =_| ot |
A-12 95 0,95 ' =7 9%
W8 95 |
l »9 95 Fevada
AT & 0,85 %10 95 1.2 0.82
a8 0,88 | Be-11 % | 30,430
9, 9% 0.68 0.82 23,160 20,436 »12 %
A~20 9% cs | ————— | e A=T 53 Arisoma
A1 el 0.88 ‘ { A-8 3 | 160
1R 95 0.88 | [ &9 53
\ A-12 53 g
{ v
=9 Lo - 2.25 Laso | 300 -7 %
10 Lo - x. 3.80 »38 95 Novada
7 Lo - %9 % | 0.2
=5 o - 2,60 8,10 7,660 %10 % 1.22 :
%10 a - Baxe 3,50 ¥-11 % 35,30
12 Lo - 12 g
t;’ 53 |
: Arisesa
»*7 b 0,82 [ 49 53 [ “o.e2
59 1. 0.95 0,02 10,110 9,35 A-10 53
¥=10 62 0,88 fpax, 1,30 A1 3
$-12 Lo 0.95 | Ael2 53 l
|
*7 1o 0,80 %7 % | Kevadn Lo, 974
=) ] 0,75 0.75 11,460 10,310 %8 to ¥-10, 0.82 a %
B-10 80 0,88 12 95 1.22 '
»12 o 0,88 A7 to Arizona |
1= 5 | 0e79 ;‘
=7 & | 0.8 ] i
»9 95 0,61 0,61 13,405 12,293 {
¥10 95 0,75 %7 70 !
B2 5, 0,82 -8 53
»9 95 Novada
¥-10 95 1.2 =136
=7 80 0,75 =11 53
-3 95 0.8 0460 14,900 13,7 12 70
¥10 95 0.75 7 95 Arizons
12 80 0,82 :g | ;35 0,92 36,508
M1 %
-7 9% 0.2 A1 53
9 95 0.75 0.75 15,450 13,620 =12 5
*10 ek 0,82
»12 3 0,88
57 ta l‘-g !-:1-2-
12 14 1
»7 96 1.09 A=T to = Arisoma Sl
»-8 30 1.09 12 53 1.12
=9 95 1,02 0e95 18,560 15,011
10 95 1.09
11 25 1.22 50 3
512 3 1.2 B9 53 Nrveda
10 3 2,10 ol
B-11 Arizona 19,
T i 1.9 A-8 g 1.30 !
=0 1,09 9 3 v
:zn 95 :2 0.95 19,590 17,340 4-10 53
=1 B 12 11 53
12 3 1.2
-3 3 Nevada
=1 53 2.50
d 0 1 3 Arizona 9,99
A~ 53 3,00
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The maximum negative pressure for the maximum discherge was 0,75
foot of water for tunnel no. 2 and 0,82 foot of water for tunnel
no. 3, At maximum flow the conditions were very steady.

3s Plow conditions in tunnels and river chamnmel., The initial
flow during the tests on tihe Arizona tunnel plug was 10,000 second-
feet, so that there was no -opportunity to see the conditions at
lower flows; but the flow in the Nevada tunnel was increased from
no flow to full capacity with sufficient time to observe, insofar
as possible, the conditions in the tumnels and in the river channel
belows A complete record of conditions at the downstream portals
and in the river channel was made by still and motion pictures.
The pertinent still pictures have been included as figures 1 to
16 in this report and the motion pictures will be edited by the
hydraulic laboratory for future showing. When the needle valves in
tunhel no., 2 were opened to a discharge of 4,000 second-feet (fig.
74), the hydraulic jump appeared to form in the tunnel and there
was little indication of the indraft of air over the outflow of

~water. It wos at this flow that the negative pressures in the

tunnel were the greatest. As the flow increased to 8,000 second-
feet, the disturbance moved down and out of the tumnel as seen in
figures 7B and 8, At this point the most spectacular explosions
occurred, Water or heavy spray was shot into the air as if by
detonation and the spray came halfway up the Stoney gate. The
pulsations of air under the Stoney gate were sufficiently strong to
sway a person leaning against the headworks column. As the fiow
was further increased, the disturbance was moved farther down the
channel and decreased in intensity. The only explanation of the
explosions is the inflow of the return eddy in the river over the
outflowing high velocity stream. For an instant the return eddy
covers the needle-valve stream and when the energy becomes too great
the explosion occurs. At meximum discharge, the flow was compara-.
tively stable and a steady flow of air into the tunnel portal pre-

vailed.

4, Cavitation on needle valves. As a matter of interest,
the cavitation which is occurring on the faces of the nesedle valves,
both in the tumnel plug and in the canyon-wall outlets, was examined.
Photographs of particular examples are 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 through the walve body
was menifested in the same way as shown by paint tests made in the
lgboratory., In places, due to cross flow, the direction as indi-
cated by the rust marks was normal to the main stream, This par-
ticular condition is shown in figure 18,




FIGURE 1
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'@aragé’ Landing

A. BAR IN RIVER BELCW SPILIWAY TUNNEL PCRTALS OI" DECEMBZR 12, 1938,
BREFORE TEST PROGRAM - AS SEEN FRCM 150-TON HOIST

Tecrnnel No.3 4

‘-; .

721nne/ No.4-
A

B. BAR IN RIVER BELOW SFILLWAY TUNNEL PORTAL ON DECEMBER 12, 1938,
BEFORE TEST PROGRAM - AS SEEN FROM GARAGE LANDING.
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B. NEVADA STCNEY GATE STRUCTURE AND CANYON WALL ON DECEMBER 12, 1938.




A. CCNDITIONS BELOW ARIZONA TUNNEL NC. 3 WITH DISCHARGE OF 12,500 SECOND-FEET.
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B. CCNDITICNS BELCW ARIZONA TUNNEL NO. 3 WITH DISCHARGE OF 16,000 SECOND-FEET.
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B. CCNDITIONS BELOW ARIZCNA TUMNEL NO. 3 WITH DISCHARGE OF 20.500 SECOND-FEET.




A. CONDITIONS BELOW ARIZONA TUNNEL NO. 3 WITH DISCHARGE CF
20,500 SECOND-FEET - AS SEEN FROM 150-TON HOIST.

B. CCNDITIONS BELOW ARIZONA TUNNEL NO. 3 WITH DISCHARGE OF
20,500 SECOND-FEET - AS SEEN FROM GARAGE IANDING.




< Jurnel No.l

Arizona Stoney Gale —> -

Z’Vevaab Stoney Gafe

<~ Tunnel No. 3
Tiennel No. 27

A Approximate Locakon afy
Old Lower Gaging Station' |

A. BAR IN RIVER BELOW SPILLWAY TUNNEL PCRTALS N DECEMBER 13, 1938.
AFTER OPERATICN CF TUNNEL NC. 3 - AS SEEN FRCM 150-TCN HOIST.

B. BAR IN RIVER BELOW SPILIWAY TUNNEL P'RTALS CN DECEMBER 13, 1938,
AFTER CPERATICN CF TUNNEL N°. 3 - AS SEEN FRCM 150-TON HOIST.




A. CONDITIONS BELCW NEVADA TUNNEL NO.

B. CONDITICNS BELCW NEVADA TUNNEL NO.

2 WITH DISCEARGE OF 4,000 SECOND-FEET

2 WITH DISCHARCE OF 8.000 SECCND-FEET.

FIGURE 7
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B. C-NDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 8,000 SECCND-FEET

¥FIGURE 8




A. CCNDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 10,000 SECCND-FEET.

B. CONDITICONS EELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 12,000 SECOND-FEET.




A. CONDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 14,000 SECOND-FEET.

B. CONDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 15,000 SECOND-FEET.




FIGURE 11

A. CONDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 17,500 SECOND-FEET.

B. CONDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE OF 20,500 SECOND-FEET.




FIGURE 12

CONDITIONS BELOW NEVADA TUNNEL NC. 2 WITH DISCHARGE CF
20,500 SECOND-FEET -~ AS SEEN FR'M 150-TON HCIST.

B. CONDITIONS BELOW NEVADA TUNNEL NO. 2 WITH DISCHARGE
20,500 SECCND-FEET - AS SEEN FRCM GARAGE IANDING.
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A. MAXIMUM DISCHARGE IN TUNNEL NO. 2 AND 5,000 SECOND-FEET IN TUNKEL NO. 3.
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B. MAXIMUM DISCHARGE IN TUNNEL NO. 2 AND 10,000 SECOND-FEET IN TUNNEL NC. 3.
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B. MAXIMM DISCHARGE IN TUNNELS NC. 2 AND 3.

FIGURE la




A. MAXTMUM DISCHAROE IN TUNNELS NC. £ AND 3

MAXTMUM DISCHARGE IN TUNNELS NO. 2 AND 3.




FIGURE 16

A. BAR IN RIVER BELOW SFILIWAY TUNNEL PCRTALS AT CONCLUSION OF
TEST PROGRAM - AS SEEN FRCM 150-TON HCIST.

B. BAR IN RIVER BELCW SPILLWAY TUNNEL PORTALS AT CONCLUSICN OF
TEST PRCGRAM - AS SEEN FRCM GARACE LANDING.




FIGURE 17

B. CLOSE-UP OF AREA 1

CAVITATICN ON NEEDLE VALVE A-10 IN ARIZONA TUNNEL PLUG OUTTFET WORKS.




B. FLOW LINES IN RUST CN INSIDE OF NEEDLE VALVE BODY.

ATTMTT TTATYII A 1A TAT ADTZANTA MTAAMTTT DTIT NATMT M WADwRwQ




5, Debris in invert of tunnel uno. 3. After the comple-
tion of the test program the unwatering of tumnel no., 3 was begumn.
As the unwatering progressed it was found that the entrance to the
drainage pump in the tunnel plug control works was plugged by debris
which was left in the tunnel at the complction of construction., This
material extended from the headwsll of the tunnel to a point slight-
ly below the end of the upstream transition. - It ended in a vertical
drop of about four feet and appcarcd to be so firmly compacted as
to rcquire broaking tools for removal. This dobris consisted of
irrogular masses of concrecte, rock, gravel, castings, timber, rails,
pipe, cable, cte., and was from 7 t6 9 feot deep at the tunnel
headveall. It was necessary to dislodge portions of the material
before unwatering could be continued and tho opinion was expressed
by different mombers of this board that the romainder should be re-
moved, The Director of Power was in agrcecment and it has boon statod
in a letter of Januwary 18, 1939 from him that "Tho material in no, .3
tunnel will be removed by the end of tho present veek.,"

The first impression was that similar conditions cxisted
in tumnel no. 2, but later detailed examination by the oporating
staff accompanied by Chief Designing Engineer J. L. Savage dis-—
closed that the conditions were very different from those in no. 3,
In a letter dated January 18, 1929, the Director of Power rcports
"There was very much less material and it was not cemented as in no,
3. Only a small portion remains in the tumnel and that does not
extend downstream very far from the plug. Thorec is no mterial near
vhero the jet strikes.™ }

In a letter from thc Construction BEngincor to Chief En-
ginocr dated May 13, 1937, subject, "Rosults of initial operation
of ncedle valves in tunnel no. 2",it was reportcd that therc was
some damage to the concretc surfacc at the downstrcam ond of tho
tunnel aftor continuous operation during tho previous month.  The
opinion vas exprossed "Part or all of the wear may bo due to loose
rock fragments being moved along under comparatively high velocities.,
When diversion was first medc through the tumnel ncedle valves, a
comparatively large percentarc of sand, gravel, and clay covered
the invert of this tumnel dovmstream from the valve chambeor, It
wes declded to pormit the moving weater to wash this materinl out
and in so doing it is possible that scour occurred over the arca
shown, A second possible damsge from scour was thought to be
possible from loosse rock in the channel immcdiately dovmstream from
the portal being brought baclz in the tunnel by an undercurrent.
Pieces of this rock as large as & foct in diamoter have been shot up-
ward 20 or 25 feet above water surface at the tunnel portal., However,
at one of the reriodi¢ inspections thelStoney gate was lowoered and
the water pumped dovm to within a few feot of the tunnel invert and
no loose rocks were obsorved on the bottom at the lower end of the

-
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tunnel, A third possibility of the causec of the damage was theought
to be cavitation due to a wvocuum,"

4 careful examination was made of these damaged surfaces
after the test program had been completed but no evidence of fresh
scouring was disclosed. It is believed that the original damage
was caused more by the pounding or impingement of the rocks carried
in suspension into the hydraulic jump, which presumably formed or
tried to form immediately upstream from the portal. The Stoney cate
seats were damaged during the initial operation by the impact of
this debris being sluiced from the tumnel invert. The Nevada gate
appears to be in a worse condition than the Arizona gate. No attempt
was made to use the Nevada gate for unwatering., The lecakage around
the Arizona gate combined with the clogging of the intake to the 16-
inch drainage pump by debris proventcd the complecte unwatering of
the Arizona tumnel immsdiately following the test program,

6, Drosion of chamnel immodiately downstream from tunnol
ortals, Soundings made for a distance of 125 feet bolow the Arizonsa

portal after the opeoration during these tests indicated no change
from similar soundings made in June and Novomber 1938, Beyond this
point loose material was removed for a depth of 10 feet in a dis-
tance of 125 foet, the extent of these soundings. This indicates
that the rock at the portal is substantially stable and will with-
stand considerablo operation of the outlet works in the present
condition, Topography in the river channel beclow the tunnel plug
outlets as of Novomber 18 and Decomber 15, 1938, is shown on figurocs
19 and 20, Comparisons of cross soctions on the samo datos with tho
final excavation are shown on figures 21 and 22, It is nccessary,
however, that a very close chock be made from time to time to detect
and avoid undercutting the gatc structurce and adjacont canyon walls,
It is believed that a training vmll and an apron immediately downstream
from each portal would eliminate inflow of the eddy formed by the
high-velocity water from the tunncl and prevent undercutting of the

\\\Tbundation of the Stoney gate structure and adjacont canyon wallsy

This condition is not considered to be sericus for a limited operation,
Such work if actuslly instigated would probably have to be doferrod
until after the coming operating season because of the time required
for the construction of cofferdams and unwatering, Beforc any work

of this naturc is done a model study should be made based on tho
present river bed topography as determined by sccurate surveys callod
for in the rocommendation.

7. Bar in river channel below spillway  tunnol portals,
Moterial left in the river bed after construction, or washed in as
a result of outlet operation, has formed a bar across the river chan-
nel immediately below the dovmstream portal of tho spillvay tunnel,
The extent of this bar can be seen in figures 1, 6, and 16, The

24
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moterial in this bar is too heavy to be moved any distance by opor=-
ation of the tunnel plug outlets and will have to be removed from
the channel by dredging. Its removal will improve the tailwater,
conditions and increase the head on the power plant. The effect

of tho oxcessive tailwater duc to this bar is not serious so far
as tho tunnel plug outlets arc concerned, but a lower tailwator
will reduce the disturbance at the tumnel portals; tend to minimize
the spray at the portal structurc for flows of 5,000 second-fect

or less; ond allow the high-velocity woter to continue into the
river wherc it is loss likely to do domnge; end will incrcase the
air supply to the turbines and thereby improve the surging charac-~
teristics of these units, The bar did not movc appreciably under
the full discharge from the tunnel plug outlets. Actually the tail-
water vms raised approximatoly 0.6 foot duc to the deposit of more
matorial in the bar. The tailwater curve at the powerhouse before
and after the test program is shown on figure 23 compared to the
discharge curve at the old lower gaging station as shown on drawing
no, 45-D-908 and to the proscnt gaging station, the location of
which is showvn on figure 6. .

8. Calibration of flow through intake towers. During the
test program, the flow conditions in the Arizona intake tower were-
observed with one cylinder gote only open and in the Nevada intake
tower with both gates open., The difference in elcvation of the
water surface betweon the outside and the inside of the intake tower
vas moasured and the condition of the water surfacc within the tover
was observed., This differcnce in elevation is a mecasurable angd
steady condition. The water surfacc within the tower even at maximum
discharge was very quiet and smooth, with practically no evidonco
of the formation of a vortex., At maximum discharge o large vortex
developed about 75 feet from the Arizona intake tower betwoen the
towoer and tho canyon well, as seon in figure 24, At moximum discharge,
two arcas of smoll vortices werc notod between the Nevada intake tower
and the canyon wall.

. The discharge through the needle valves in the tunnel plug,
outlets was determined by two methods during the test program. A
discharge curve for one valve has boon plotted from calculations of
velocity and areas in the valves at different openings of the valves
and different roservoir elevations., This curve is referred to as
a theoretical discharge curve since it is based on calculations
and an assumed coefficient of discharge. All valves were considerod
identical and when morc than one valve was opened the dischargoe was
calculated by multiplying the discharge for ome valve by thc number.
of valves opened which is inaccurate since the head losses aro propor-
tionately higher with all valves opened than with one valve opemed
and the head losses in the penstocks vary with the load demand in
the powerhouse. The curve used by the watormaster, which is probably

29



 expLamaTion

_ n3 uy " .
b =K -':v.""" c. 13, 19

) = 3 N 3 . 2 8
N ‘ll‘l / . 7/ c40 \ - :

gt -t
£20. e o

e =% £ — . ' =
S ¥ Sta 37+96.8 ' =y ‘ 4

(/ ) ! | 1 | 3 ' l T

Sta 34+974

|
B .- F- o 7 «ab
clas ' I ‘ T -N = ot
- / x b BN emrmamee e I — —
= 620-1— - \T\T—v—' L T e e : N Al it ol T
= TRs - ) ' AN : O] ey e
= 2 ' " Sta. 36+970| 1 ity
R e ] . . - Sta. 38+81.2 a

& ol . : : : “l_ s l‘ : ‘ Lomnmwmm =

L0y = e ) | | | \ : TUNNEL NO.3 OUTLET |CHANNEL g

1

CROSS SECTIONS T

-~ o . i _"’ 7
N - o ‘K‘\ - X y { ] 3
' . “ = N . y — 4 | 4

AL T

.
=
-

a
i
A
Z

wi 1

e Wi B Lk
¥
L

B| T )i
'\ -"43 l

. S 4 :
— Tw W SR ) 3 . , N | =
i oy v o e Rl ' / 640 A (I =
e e =t 7 ‘\\ (=
T R N | A . '
el Sta. 36¥25 | e i
JE= s et e —— |~ A e e e =
—— —620 o 626 e - |

‘\/’

1}
i
fl

l
|

Sta. 37427.3

el
4l
wi521 P

}

.
¥
i \]"

Zi- -

'
= —_— — -
\
|
!

o - SRS S e

i
o
)



FIGURE 23
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# Curve as shown. on Dwg. 45-D-908
which is the discharge curve

for the old gaging station
1500 feet below damsite. If
the old station were still in

operation the gage heights
would be practically identical
to those from the present

tailrace gage. See Figure 6-A
for approximate location.
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the more accurate, was constructed from data obtained by gagings

at the river gaging station 1-1/2 miles below the deam during normal
operation of the valves. This curve was based on numerous gagings
with one or more valves open and was coustructed to show discharpge
throush one valve at different openings end differeat reservoir
elevations. Such trcatment also assumes that each valve discharges
an equal quantity under similar conditions of* opening and reservoir
elevation, which is an incorrect premise since the sume fluctuation
of head exists as in o theoretical curve., HNeither metliod can be
considered on accuratae mwans of determining the relcease through the
valves. Both metiiods ars in error in thet they are reloated to
reservoir eleovations, which is not o measure of prossurc at the
valves. In the case of more than ono valve open, the losses in the
conduit system are highor thon with one valve opon, hence the prossure
ot the valves will be less, resulting in a decrcese in dischargo.
This error is poartly compcasotod for in the wetermaster's curve
sinee much of the dota woro tal:on with more thon onc valve operating.
There is also a difference in loss when onc or both gotes in tho
inteke tower arc opcned., The ccecuracy of the thoorctical curve is
depondont upon o coefficient of discharge for the various openings
of tho valves, Little data aro nvailable regording the value of
these coofficicents. Tho accurzey of the watormnster's curve is
dopendent upon the accuracy of the goging stationsin the river below
tho dam., Here again the accuracy of tho gagings at the river
station is questionable becausc of the constont fluctuation of

the wotor surfree due to load variation in the powerhouso,

With the present storage available in Lake Mead, the
present powor load at Boulder Desm, and with Parker Dam in operation,
extreme accuracy of measurement in rcleasing water at Boulder Dem
does not appear to be so important. Closc rcgulation of rclease
does not appoar advisablc as such procedurs will reguirc that some
of the nocdlc vnlves be operatod ot pertial openings over long poriods
of time with the attendant repid erosion of their neodles and seats
due to covitation. It will probably be morc satisfactory to operatc
tho ncodle valves only at wide opon positions and rcgulatc the flow
by operating part of tho valves wide opon all the timc and oponing
othors widc opcn part of the timc to mcet the requircmonts for a
24-hour poriod. Equalization of flow can bc accomplished at Parker
Dam where the flow can be reguletiod by rclease through the spillway
getes to the projects bolow. ’

Since apparcnt discrepancics exist in the present methods
of discharpge mcasuremcnts, consideration should be given to obtaining
an accurate noans of moasuring rcleaso of water in order that the
nccossary calibration may be completed prior to the time that closor
regulation becomes nocessaryv. All normal rolcasc of watcr is through
the intako towers. Thoerofore calibration of these structures veuld
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afford a means of obtaining tobtcl relcase as well as establishing a
standard from which other units could be calibreted. Gibson cali~
brations of the power units have already beer made, The results

of these tests could be transferred to the towers and with the exist-
ing model data only a few additional runs made by some reliable
method would be nocessary to obtain an accurate discharge curve
suitable for all normel reclease. As previously stotod, the differ-
ence in elevetion of the woterssurface between the outside and the
inside of the intake towors was mcasured et differcnt discharges with
onoe cylinder gate opon and with both cylinder gates opon. The indi-
cations are that these prototypc decta are comparable to the model
date as shown in Boulder Canyon Reports, Part VI, Bulletin 2,."lodel
Studies of Penstocks and (utlet Works", page 99. The results obtained
from the observations made during this test program hove been plotted
on a vrint of the curves showing the model results (fig. 25). The
discharges shown in this figure were obteined from the watermaster's
curvee The discussion of the results of the model tests in the

above reference states: "The relation: of Dj to discharge has been
plotted on figure 54 for both conditions, with and without trashracks
in place., It is believed that the curves shown for the prototype
without trashracks are essentially correct, It has been previously
stated that the friction loss through the model trashracks was un=-
doubtedly excessive., Therefore it can definitely be stated that the-
curves on figure 54, calculated from the model tests with trashracks,
are higher than would be similar curves iade from actual tests on

the prototype". Observations have been made of drop in head through
the trashracks on the prototype but no consistent results were obtain-
ed. It was concluded that the loss is so small that it is practically
negligible. In such case tho prototype observations of drop in head
into the intake towers should agree guite closely with the curves
plotted from model results obtained without trashracks. Such agree=-
ment may be seen in figure 25, The observations mede during these
tests cmphasize the possibility of utilizing the drop in head into
the intake towers as an accurate measure of flow through the outlet
works,

9, Pressure and vibration in penstock system., Throughout
the tests on both the lower Arizona and lower Hevada tunnel outlets,
observations were made on the penstock system to determine if any
transitory pressure wave or surges were transmitted from the walve
discharge chambers into the penstock systems. It was determined
that the vibrations set up by the high-velocity water discharged
from the valve under full capacity were noticeable for a distarce
of approximately 300 feet upstreom from the gate valve cliamber,,
These vibrations were of rapid frequency and low magnitude, such as
is notioceable when standing over a mneedle wvalve, and disappearcd
entirely at the upper anchor leading to the intake tower vhero
no sound of flowing water could be detected by placing the ear to
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the penstock pipe, Oscillograph charts were made at the take-off

of the 13-foot diameter penstock at unit N-3 to determine the efflecct
of the turbulence set up by 2,500 second~feet of water being taken
from the 30-foot penstock, which carried a total of approximately
27,000 second-feet., Pressure gages and strain gages were placed

on both the 13-fcot ond the 30-foot penstocks, These gages indi-
cated pressure and strain changes of such low megnitude that these
factors are definitely of no importance. A seusitive high-pressurc
Borden-type gage wos connected to the 30-foot pipe just below the
tako-off of the 13-foot penstock for unit N-3., This gage showed no.
evidence of hydraulic surges being transmitted from the ncedle valves
even under the most severc conditions obtained at low dischargos
when a maximum surge of epproximetcly three feet of water was
recorded by the water menometers connected with the necdle-valve
discharge tumnel, From thesc observations it wes concluded that the
relatively slight pressure changes developing in the tunnel below
the plug, roaching a maximum of 3 feet of water in a total head of 500
feet, were effectively dampened out, and offered no hazard to the
penstock systems,

10, Summary of results and conclusion, As a result of
these tests and irspections the following conclusions have been
roached concerning future operation &f the tummel plug outlets:

(a) Under the relatively high head existing during this par-
ticular test program, the general behavior of the tumnel plug out=-
let works throughout the entire range of operation was considered
satisfactory. There was no evidence of distress in any part of
the outlet works system at any time during the tests. However,
if in the future the storage in the rescrvoir should be evacuated
to the minimum reservoir elevation, the behavior of the tumnel -
plugs and particularly the Nevada.tumnel plug, should be observed
under these conditions. il

(b) Air shafts or inlets to supply air to the needle-valve jets
are not considered necessary. When recommended remedial measures
are completed, sufficient air will be supplied by the area of open
tunnel above the stream, With proper flow conditions established in
the tunnels, the maximum depth of flow will not exceed 3 or 4 feet
at the outlet portal with full discharge. At certain stages of low
discharge a supplementary air supply might be advantageous but this
condition will be improved and the advantage would not justify the
high eost of construction of the air shafts.

(¢) The worst condition of operation appeared with flows of
3,000 to 5,000 second-feet through, the Hevada tunnel and no flow
through the Arizona tunnel, The completion of recommended improve-
ments should result in better flow conditions even at those discharges.
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(d) A training wall and apron immediately downstream from
each portel would materially improve the flow conditions at that
point and possibly prevent further undercutting of the foundations
of the Stoney gate structure and adjacent canyon walls., However,
before any work of this nature is instigated a model study should
be made based on accurate surveys of the present river bhed condi-
tion.

(e) Removal of the bar across the river channel immediately
below the dovmstream portals of the spillway tumnels will reduce
the disturbance and minimize spray conditions at the portals of
the outlet works tumnels for flows of 5,000 second-feet or less
end will lower the water level in the tailrace. By lowering the
tailrace water level the air supply to the turbines will be increased,
thereby improving the surging characteristics of these units.

(f) Close examination of the invert and walls of the concrete
lining of the tumnel plug outlet tunnels failed to disclose any
evidence of fresh scouring beyond that which occurred during the
initial operation,

(g) 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 tumnels, The
Nevada gate structure apnears to be in a worse condition than the
Arizona gate.

(n) Observations of the flow conditions in the intake towers
during the test program lead to the conclusion that the difforence
in elevation between the water surface in the reservoir and tho
water surface within the tower, with either one or two gates open,
should be used as an accurate measure of releasc from Lake Mead.

(i) The air demand of the necdle valve is greatest at small
openings. At those -openings tho raveling of the jet is more severc.
Two needle valves in each tummel plug outlet might be adjusted to
produce ninimum spray at small oponings,~ The other four valves can
then be opcrated at full opening, tihwus reducing the amount of re-
pairs to the valves. Until such time as a better scheme is detormin-
ed, the operation of the valves as recommended in Boulder Canyon
Reports, Part 6, Bulletin 2,pago 128, should be followed. Further
experiments during the coming operating season in regard to percent-
age of opening and choice of valves might produce an improvement
of operating conditions for low flaws.

(i) Observations of pressures and strains at critical points
in the penstock showed no aign of distress at any point of opcration.



(j) The tailrace at the powerhouse was steady under all con~
ditions of flow., The rise of the tailrace for a total river flow
of approximately 51,000 second-feet was 10 feet and at no time did
the tailrace elevation drop below normal, The tailrace elevation
at the conclusion of the test program was approximately 0.6 foot
higher than at the begimning of the progra:a and about two feet
higher than the stages before construction of the dan,

11, Reconmendations. The following recommendations are
off'ered as a means of improving the hydraulic conditions in the
tunnel and river channel and to improve the operation of the outlet
works:

() The compacted debris covering the invert of the upper
transition of the Arizona tumnnel plug outlet works has already
been removed at the suggestion of certain members of this board.

The maeterial in the Nevada tunnel plug outlet works should be re-
moved at the first opportunity, to reduce the possibility of further
damage to the Stoney gate seat.

(b) The guides and seats of the Stoney gates on the downstream
portals of the tunnels should be repaired to permit unwatering oper-
ations for which they were designed and installed,

(¢) An accurate survey of the entire stream bed for a consider-
able distance below the tunnel portals should be made at the present
time and should be repeated after each period of operation as a
check on the possible undercutting of the Stoney gate structures.

The soundings previously made have very well served their purpose
but a more accurate control is needed in future surveys., Plane
table or a stadia control for this work has been suggested to the
operating engineers,

(d) The bar across the river channel below the spillway tunnels
should be removed.

(e) A gage should be installed in each intake tower and connect-
ed by remote control to the operating panel in the wetermaster's
office as a means of more accurately measuring the release of water
below, either through the turbines or the outlet works, A calibra-
tion of one intake tower with one and both gates open should be made. .

W, E. Blomgren g
I, A, Winter :
P, A, Xinzie
C. We Thomas
J. E. Warnock !
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ABSTRACT OF CORRESPONDENCE

5-11-37 = Memorandum to Chief Designing Engineer from John
Parmaliian. Preliminary report of discharge tests on
Nevada tunnel plug outlet works. Described debris in
bottom of tunnel end in chennsl downstream. Reported
wear of concrete lining near downstream end of tumnel
and damage to Stoney gete seat.

5-13-37 - Letters from Construction Engineer to Chief Engineer,

and Results of initial operation of needle valve in no., 2

5-14-37 tunnel - Boulder Canyon vroject. Suggests cavitation
as cause of damege to tunnel lining,

8-19-37 - Lottor from Acting Construction Engineer to Chief En-
gineer. Description of conditions of river channel
below outlet works as described by Mr. Dana,

6-22-38 - Letter from Acting Construction Enginecer to Chief En-
gincer. Description of hydraulic jump in river below
Boulder Dam,

6-30-38 - Letter from Acting Construction Engineer to Chief En-
gineer, Information reparding needle-valve discharge
behavior, etc., Boulder.Dam,

7- 1-38 = Letter from Acting Construction Engineer to Chief En-
gineer., Sequel to letter of 6-30-33,

11-22~38 - Letter from Chief Engineer to Director of Power outlining
test program for Arizone and Nevada tumnel plug outlet
vrorks to be performed as soon as feasible,

12- 2-38 -~ Letter from Dirsctor of Power to Chief LEngineer discuss-
ing proposed test programs.

12- 5=38 - Letter from Director of Power to Chief Engineer ampli-
fying letter of 12-2-38,

12- 7-38 - Memorandum from Chief Designing Engineer J. L. Savage
to Acting Chief Engineer requesting authorization for
travel in connection with test program on tumnel plug
outlet works,

12-20-38 = Lettor from Director of Power to Chief BEngineer. Trans-

mittal of readings wade by watermaster during test pro-
gram of December 13 to 15, 1¢38,
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12-22~38

12-27-38

1- 6-39

1-11-39

1-18=-39

1-25-39

2= 4-39

Letter from Director of Power to Chief Enginecer. Des~
cription of debris in tunnel no. 3 and steps being talien
to remove it,

Letter from Chief Enginecer to Director of Power. Ro-
quest for additional test data.

Letter from Director of Power to Chief Engincer. Trans-
mittal of test records and retrogression studies.,

Letter from Director of Powor to Chief Engineer. Request-
ing return of certain records,

Letter from Direetor of Power to Chief Enginecer. Des-
cription of material left in tumnel no. 2.

Letter from Chief Engincer to Director of Power roequest-
ing additional data on tests made December 13 to 15,
1938,

Letter from Director of Power to Chicf Engineer trans-
mitting photographs of pressure recorder records.,
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