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Subject: Hydraulic model studies. of Glendo Dam outlet works--Missouri 
River Basin Project, Wyoming 

PURPOSE 

The model studies were conducted to investigate the causes of the cavitation 
erosion in the stilling basin and to develop the necessary corrective measures 
to eliminate the cavitation erosion on the flow surfaces. 

CONCLUSIONS 

1 . The 1: 18 . 4 scale model. of one bay was adequate to study the pressures 
along the flow surfaces and the sweepout conditions in the outlet works still­
ing basin. 

2. Excessive wall divergence just downstream from the control gates caused 
the cavitation erosion along the flared walls, Figure 2A. Installation of the 
air-admission equipment with seven 2-inch drilled holes and a 2-1/2 inch by 
1.0-inch opening as vents, Figure 3, will elimin.ate the cavitation erosion in 
the, upstream portion of the flared walls. 

3. The cavitation erosion in and downstream for the stoplog slots, Figure 
2A, will be eliminated by filling the slots with concrete. · 

4. Severe cavitation on the chute blocks was caused by insufficient stream­
lining of the block surfaces. Pressure studies indicated that the installation 
of Chute Block 5, Figure 8, will eliminate the cavitation on the chute blocks. 

 5. At gate openings above 50 percent and certain tail-water elevations, cavi­
tation. -e;rosion may occur on the stilling basin floor immediately downstream 
from the chute blocks, Figure 14. No practicable method of relieving this 
low-pressure region was determined from the model studies. 

6. Although no cavitation erosion was detected on the prototype baffle piers· 
after the 1958 irrigation season; the study indicated that cavitation may occur 
on the sides of the pier at near maximum discharges. The streamlining, Pier 
6; Figure 16, is adequate to prevent cavitation on. the surfaces of' the baffle 
piers at all opera.ting heads and gate openings. 
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½. 

7 . The installation of the air-admission equipment and streamlining the 
. chute blocks and baffle piers reduced the stability of the hydraulic jump. 

Lj-(:,5"'3 ,- . 

8. Under existing tail-water conditionsf:~~3with the reservoir surface 
at the top of the flood pool, or elevation _ feet: (a) the outlet works 
stilling basin will safely handle the desig.n~dfscJiarge of 10,000 second-feet 
when the powerplant is operating; (b) a combined flow of 10,700 second-feet 
can be released through one power unit and th~ gutlet works without the jump 
sweeping out; and .(c) with no flow through the powerplant, the jump will sweep 
out when the outlet works discharge exceeds 8,000 second-feet. 

9. With the reservoir surface at elevation 4640 feet and no flow through the 
powerplant, the jump will sweep out when the outlet works discharge exceeds 
9,200 second-feet under tail-water conditions existing in 1959. 

10. Model pressure measurements in the stilling basin were inconclusive 
in establishing the source of the thumping and related vibrations in· the · 
structure. Sufficient pressure variations to induce vibration were measured 

 · along the . training wall. 

11. M_odifications of the chute blocks and baffle piers, as determined from 
this study, will have no adverse effect on the erosion in the outlet channel. 

ACKNOWLEDGEMENT 

The testing and development program discussed in this report reflects the 
cooperative efforts of the Dams Branch, the Mechanical Branch, and the . 
·Hydraulic.Laboratory Branch of the Commissioner's Office, Denver, Colorado. 

INTRODUCTION 

Glendo Dam is located on the North Platte River about 30 miles northwest 
of Guernsey, Wyoming .. The intake of ·the outlet works is located ab.out 
one-half mile upstream from the dam a:nd by making use of a "hairpin" bend 
in the river flow from the outlet works and powerplant enters the river channel 
about 3 miles downstream from the dam. The circular outlet conduit supplies 
water to both the powerplant and outlet works which adjoin each other and dis­
charge. into a common outlet channel, Figure 1. The outlet works with a 
designed capacity of 10,000 second-feet is controlled by three regulating 
slide gates, each 7 feet 3 inches wide and 7 feet 9 inches high.· The power­
plant has two generating units with a total discharge capacity of 3,400 second­
feet· under full generating load. 

Construction of Glendo Dam was completed in 1957 and water storage started 
in October. -. Releases .through the outlet works began in April 1958 and ranged 
between 4,000 and 5,500 second-feet during July. Turbines were being in­
stalled in the .powerplant, so no powerplant releases were made during 1958. 

2 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



When the outlet works was first placed in operation, an audible., periodic 
thump was noted. in the stilling pool a:t certain gate openings and vibrations 
could be felt in the basin training walls and the walls of the powerhouse. 1/ 
In July when the discharge was increased to about 5,000 second-feet, the_ 
thumping and vibration became more pronounced and the top of the left 
training wall was. observed to deflect about l / 8 inch. On July 22, the. outlet 

 works was shut down and a diver inspected the flow surfaces in the stilling 
basin. This inspection disclosed evidence of cavitation erosion at the be= 
ginning,of the flared walls immediately downstream from the control gates, 

 in.the stoplog slots in the flared walls, and on the sides of the center chute 
block in·Bay 3. 2/ During the remainder of the irrigation season, releases 
were made through ~es land 2 wUh Gate 3 closed. 

In October, the basin was unwatered and a detailed inspection of the flow 
surfaces disclgsed extensive cavitation erosion in the flared walls, at the 
bottom of the stoplog slots, and along the sides of the center chute block in 
Bays 1 and 2, Figure 2. 3/ No evidence of cavitation was found on the 
baffle piers or at any construction joints. 

The extensive .damage in the. flow surfaces at the flared walls. and. on the 
chute blocks required immediate corrective measures to prevent further 
deterioration of the surfaces by cavitation. A hydraulic model was con­
structed and tested to determine the cause of the cavitation and to develop 
the necessary corrective measures. 

This report discusses the results of that model study. 

THE MODEL 

The studies were conducted on a 1: 18. 4 scale .model of the. outlet works and 
downstream river channel, Figures 1 and 22A. Because .of fund and time 
limitations, only one ofthe three bays was made operative. An existing 
gate was modified and installed in Bay 1, and the flow conditions for 3-bay 
operation were represented by extending the dividing wall between B~ys 1 
and 2 to. the sill at the end of the basin., thus forming a: line of symmetry 
at the left edge of Bay 1 . 

Three-bay operation was represented :in the 1-bay model by releasing one­
third of the basin discharge through the model gate in Bay 1 · and .setting the 

1/ Travel Reportl'Inspection of Bonnet Cover Leakes in the 7. 25- by 
7', 75-foot outlet ga.tes--Glendo Dam, tt April 2.9, 1H58, by Warren Kohler. 
2 / Travel Report rrinspection of Glendo Dam Outlet Works Stilling Basin- -
Glendo Da:m~" August 27, 1958,11 by R. W. Whinnerah and W. E. Wagner. 
3 / Travel Report "Examination of Outlet Works Stilling Basin- -Glendo Dam, 11 

November 3, 195 8; by M. A . Jabar~. 
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tail water for .the total basin dis.charge., , Sweep-out data obtained from the 
1-bay model check reasonably clo::ie ,the; op.el"iiti.on of the prototype and .the 
results of the previous model study with three operating bays. Therefore, 
this isolating 1-bay model was considered adequate to study the pressure 
conditions along the flow surfaces and the sweep-out characteristics qf the 
stilling basin for 1- and 3 ~bay operation. 

THE INVESTIGATION 

.General 

The inspection of the prototype flow surfaces indiGated three regions of cavi­
tation damage that required corrective .measures: the flow surfaces .along 
the flared walls, those in vicinity of the stoplog .slots, and those.on the sides 
of the. chute· blocks. During _the study., a fourth region -of probable. cavit~tion 
damage was found along tp.e .sides of the baffle piers. This condition was 
aggravated by changes in s~ape and streamlining of the chute blocks .. 

Thes.e four regions .of low pre~sure were.investigated more. or less simul·+ 
taneQUSly during the study. For presenta,tion in this report, however., each 
is discussed separately O . ., • • • • .• 

Extensive pressure data were ·recorded from piezometer taps pla.ced in 
critical regions of the flow surfaces. Single~leg water manometers. were 
us,ed to. obtain the average pressure at the pie:z:ometer taps. When the aver.age 
pressure reading indicated pressures near the cavitation range, a dy~mic 
pressure transducer .. and Sanborn recorder .were used to measure and record 
the pressure variati.ons. From these.recordings,. the maximum and minimum 
"inst~ntaneous" pressures were. obtained. 

Sever.al res.ervoir elevations .were used in investigating the structure .. E~rly 
in the study, the tests were. c·on_ducted using heads comparable to the maximum 
reservoir ·elev:ation of ~669 feet. aetween reservoir elevations 4653 and 4669 -
feet, the uncontrolled spillway will operate. and con~derably more tail witer 
will be avail~ble at the outlet works.which.would change the.flow chal".acteristics 
of the stilling basin. Later in the study., reservoir elevation 4653 feet (iop of 
flood storage) was used because this elev~tion is the maximum head at which 
the outlet works will -opez-ate without ~ddition;;µ t;,µl w~ter from the spillway. 
Several s:tudie.s _also were.conducted using.reservoir elevations of 462,5 ~d 
4635 .which were the representative operating heads during the: 1958 and 195.9 
irrigation seasons. 

Reports .on· the operation of the prototype structuI"e have indic~ted that com-
paratively small .changes in ta:il water eieva:tion_affects the performance of 
the stilling basin. Consequently., Ir_lany of the tests were made at tail"'."water 
elevations' other than normi:u .. The tail water used for a particular test is. 
referred to normal t~l-wa:ter elevati.Qn, which for the purpose of this study 
is 1 foot below the tail-water curve used in design, Figure 23. The tail-
water curve existing in. 1959 falls slightly above the "normal" tail-water 
elevations used in .this .s:tudy. 
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lrlared W aj].s 

To eliminate the. cavitation erosion in the flared 'WEills immediately down --­
.stream from the gate., it was -proposed prior to the model studies that air­
_admission equipment with.a 2-1/2-inch by 10-inch .opening at the base.of a 
3-1/2-inch offset be installed at the upstre~ end. of the flare in Figure 3. 
Tests were conducted.both with .and without this proposed v~nting sy.ste;m 

· installed in the model. 

With the structure as originally cons.tructed (no air vents), average pressures · 
equivalent to 30 feet of water below atmospheric were ob.served at piez.ometers. 
pl.aced immediately downstream from the start .of the flared ,walls. and 9 .and 
37 inches prototype above the.chute floor., Figure 4. When the air-:admiijs.ion 

. equipment (Z-1./a-inch by 10-inch .opelling only) was in.S.t~led, the .minimum -·· 
average pressure as: :me:aaured by water man.ometers was p feet below a:tmos­
. pheric immediately q.ow:ns:tream from the air vent., ~d the mini:mwn ins-tan;_ 
ta:neo:us pressure .measured by pres.sure cell was 12 feet below atmospheric., 
Table lA . . The vents took .air. at· all ·gate openings. and discharges; however, 
the demand for .air was greater when the jet from the gate was submerged . 

. These tests µidicated that the .2-1/2.-inch by 10-inc_h opening was adequ;a:te to 
eliminate the cavitation erosion.along the .wall at the level of the opening.· It 
was. .believed that the . offset., with. air .supplied near .the floor, would per.mit 
.sufficient circulation of air ·to relieve any -Gavitation pres.sures above. the 
.opening. The ,air"'.'.a:dmission equipment with the 2-1/2- by 10-inch opening, 
therefore., waa installed in the .s.tru-ctur.e ~arly in 1959. · · 

Sustained outlet works releases. up,to a.ma:ximum .of 7., 000 second-feet ttt 
re.servoir elevations between about 4, 595 and 4, 625 · feet were ma'de during 
_the 1.95-9 irr:igation seas.on. The po.werplant was discharging up.to 3,600 
second-feet which raised the available tail water and submerged the jets 
during these rele~_se,s. In October ~95,9, the stilling Qasin ag;iin was un­
watered. C-avit«tion.damage., 14.to· 2.5 inches above the chute f].OQr., was; 

. found.along,the £1.a:red walls., Figure 5. Most .. of the relea:se_s.were made 
· aj; gate opening$ between 10 ;;md 2.4 inches., indica.ting that the cavitation 
:Occurred in the vicinity of the .interface between the high-velocity jet and 
.the backwater from the stilling basin. · 

When it wa:s learned that.the 2-1/2- by 10-inch opening was insufficient to 
ellm~te the cavitation above the opening, additicmal model tests were 
c.onducted,with six circular holes. spaced above the opening (see sketch in 
Table 2). ·Tests.were.conducted with the ori~nal 2~1'/"2-by 10-dnch opening, 
with six 1-1/2-inch circular holes drilled on 3-inch centers above the opening., 
and with the .six 1·-1/2-:i.nch holes enlarged to 2 inches. Pressures ob.served 
with these vent ~rrangements are shown in. 4a:ble 2 ~ 

The 6 additi~I vents placed.above the 2·-1/2- by 10:...inch opening helped.the 
pressure.conditions along.the fla.red walls. The 2-inch holes., which were 
.the hu'-gest circular vent.a that c.ould .be placed in the .. offset., gave higher 
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pressures than the 1-1/2-inch holes. The.ins-tantaneous press.ur~s using.the 
2-inch vents, however, still indicated possible cavitation at Piezometer 8 for 
20 perc~t _ga:te opening a;nd at Piezoiµeter 9 for 2.5 percent mite opening. It 
was. decided to reduce the spacing of the_.vextts from 3 to a-1/2-inches between 
centers and provide .seven vents in ~e- ,s:ax,ne vertical distiUI_ee, Figµre 3. This 
vent arrangement, which was not te.siep..in th~mod~:,_, _pr.~vided.the largest vent 
a:rea consi~tent with.,ad~uate struc~-1,.support for-the air d.uct .and,w~s chosen 
for installation in the. field. · 

Figure 2 contains representative oscillogr;:1ph records of pressures recorded 
at criij.c,al piezometers .with .one 2-l / 2- by 10 ... inch vent installed a.1;J comp:ared 
to-~ ar-rangement of one 2-1/2- by lQ ... inch vent and six 2:-inch holes. 

Stoplos Slpts 

Two piezometera were installed m the vicinity of the stoplog slots, Figure 4., --·· 
where cavitation erosion occurred in the prototype. Limited model tests indi­
cated no. cavitatiQn pressures at these piez.ometers .. No additional piezometers 
.were installed to pinpoint the .cause of the .cavitation in the prototype, because 
. the modifications to the .s.tructure included for.ming a: continuous: .surface along 
the flared walls by filling the existing grooves with concrete which would elim­
inate any cavitation tendenci~ in.this .area . 

. Chute Blocks 

Average pres.sures observed .on the original chute block indicated cavitation 
.would occur near the spring point of the. elliptical .curve at gate .openings aboye 
50 perc~t and reservoir elevation 4653 feet (top of flood storage), Table 3A . 

. In:s:tantaneous pres:sures measured at other piezometer.s indicated a .still larger 
cavitation region in the vicinity of the spri,ng _point. 

In developing ~tis:factory chute blocks for the pa,sin, it was desirable that two 
design requirements be met: (l) the block .s-qrface must be free .of iCavitation, 
and (2) the effectiveness of the stilling .basin .should not be impaired. In 
general, t}:lese two requirements oppos.e each other; that is, additional curvature 
on the sides of the blocks is normally :needed to raise the pressures, ~d .in-. 
creas.ed curvature reduces the e!fectivenes.s . .of the block in deflecting the high 
velocity jet and stabilizing the hydraulic jump. 

Seven chute block designs were tested and varied .in height (2. 9 to 7 feet), · in 
width (5 to 7 feet),. in slope .of the block t,op, and in curvatur_e· of the sides of 
the block. 

In general, the test~ show.ec;i that the origilµu bl-ock. (7 feet high with upwatrd . 
slope) was best in .stabilizµtg the hydraulic jump but gave the lowest pressures 
.on the block .surface. Improved pressures .were obtained by increasing the 
curvature of the sides of the original block, but the.improvement was insuffi­
cient to insure cayitation-fr~ block surfaces .. The upw~d slope was then 
removed from the original _bloc~ making .a .b;l.ock about 2. 9 feet high; this 
shorter block .caused large boils of water to form above the baffle piers and 
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more tail water was required,to hold the jump in. the basin. Next1 a block 
wJ.th horiz.onta:i top· ~d 4 ,feet 7 inches in height was teste.d1 and the b,asin 
perfOrmancewas similar to that with 1:be,original block installed. 

The pre.li,minary tests indicated .that the.chute block ,should be at least 4._1/2. 
feet. in height, but the te.st results were _inc.onclusive in esbi-blishing. that a 
block with.an.upward slope gave a betteriumpthanthe qne with~ horizontal 
top. Therefore, it was decided.to develop' a block with a horizontal.top and 
a: height such that the. top -of the ,block .intersected the chute floor at a point. 2 
feet.downstream from the contr~cij;on Joint.at Stafi.on 30+46, Figure 1 .. Te'Sts 
.of .several variati.cm:s' of this. b,asic design were .. cQnducted, -including .blocks· 
with par~llel sides, t~pered .sides. to conform w.i:th the.diverging-flow, and 
with_widths .of 5 and 7 feet. The test res:ults indicated little preference among 
the various- .shapes.\as far as jump performance .was .concerned. Although n-o 
pr.e~ure tests were. conducted on_ the various .sh~es., a block with tapered 
s'ides.w~s chos:en for detailed pressure.tests ,si_nce _a flow .surface that j,s 
ptµ-aUel to- or encr.qachin:g . .on the flow lines genert(Uy requires less strea.tn 
lining than one. diverg;i,ng ~way fro:m. the direction of flow. 

The .sides· or the tapered block (Cht\te Block.5) -w~re:streamlined with a: 5:l 
ellJptical curve in,. the direction -of flow or parallel to the. chute. floor, Figure 
8. Average pres,S.ure observations recorded for 25_ tq 100 percent gate openings, 
reservoir elevation46.5.3, and.normal tail w~ter_are .shown.in Figure 9. The · 
l@es:t ave~a:ge pressure. ob.served on the block was about4. 6 f-eet of w«:rter 
bel{)w a:tmqsphe:r-ic a:t Piezometer .21 located on:the downs.tream end of the 
bloc1:t. About 4. 4 feet· below a:tmQspb¢ric _at .. 83: percent gate opening was. the 
le>w-eat average pr~s.sure .observed.on.the sides of the block. _ The lowest 
ins:tant~eou.s pressure with normal urll water .occurred at 50 percent gate 
op.e:nin:g and reached. about 10 feet below atmospheric at Pi.ez.ometer. 4 . on the 
_side of' the block.and at Piezometer 21 on.the do\llT.IU:itream.end of the block, 
Tgble 4. It. is interesting that the !owe.st ave:t'.'age pr~ssure occurred at 83. 
perctmt gate :op-en:i,ng.while the lowest instan:buleo1J.s, pressure was observed -
at 50 percent ga.:te opexµ,ng. This app~ren;t inconsis..tency was due_ to the posi"'. 
tion of th,e hyd~aulic jwn,p in.the basin; a.t 83 percent. gate, opening, the jump 
W1!S pr.a:ctically .swept from the basin, ~d the. chute block w~s. free of back­
wat~ from the jump; at 50 per:eent gate.opening.the jump roller extended up­
stream completely .cqvering the.chute_b,l.ock, -·~-the s:urges. inherent in.the -
jump roller c~ed large preS~llre fluc~a:tiQllS'. .oxfthe block_surfa.ce. 

Average and mstan:_ .-_ ta;n_ eous_ pres's,ur_ es als.o were recorded for va __ r;lous: gate 
openings. with the_ tai.I water .elevation 1. 5 a;nd 3 . O feet above normal, Table 
4. In general, sli,ghUy higher average pres;sur~s were observed with .the 
higher- tail_ water elev~c;ms.. The instanta.neous pressure., however, gene~ally 
was. lower.with the :i,ncreased tail water for the reasons stated above. The 
low.~st ~s.t~ta;neous pres$ure observed on the .cl\ute block was 17 feet belmv 
aµn,gspheric at Piez:qmeter 3 at 50 percent gate opening and tail water 1-1/2 
feet above norm~. SllghUy lmv'er presa-w-es were observed at PJ..~z.ometer 
.25. in the fl-QOr- downstream from the block; these _are discussed .under "Basin 
Floor Pressures .. " 
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On .the basis .o:f the above block tests, Chute.Block.5;,. Figure 8, wa:s. ~hosen. 
for constructiQII in the prototype. Plots of :the avera.ge pressures observ.ed 
on Chute Block 5 for gate openings of 25, 50., 75, 83;, and 100 percent and 
cliff erent tail water elevations is shown on Figure 9. Figures 10 and 11 shaw 
a_ comp~rison of. the vari~tions in press;ure for the original and recomm~nded 
chute blockat gate opening of 60 and -83 percent and normal tail wate:r. 

Basin ;Floor Pressures 

.Piez.ometer 2.5 lo~ated :0n the basin floor, Figure. 8, indicated that a: low­
pressure region existed immediately downstream from th.e chutE~ blocks. To. 
deter.mine the extent .of this low-pressure region, tests were .conducted_ with 
12 piezometers placed in the basin floor., Figure 12.. The aver.age .pressure 
p~ern for differEµtt gate openings and tail-water elevati,ons is shown in 
Figure 13. - The lowest average pressures.were observed at 100 perc--ent gate 
bpening and norm.al tail wate:r. Increasing the ta:il-wa.ter eleyation 1..,1/2 .and ---
3 feet had .the effect.:Qf increasing the average floor pr.es.sures a:t all gate .ope:rti,ngs r 

' . 
Table 6 cont~ the average and instantaneous floor pressures recorded down-
stream from the .original and recommended .chute.block for v.arious gate .open­
ings and .tail-water elevations. These.test results indicate that changing the 
stream linlng and .size. of the. chute block .slightly increased the instantaneous 
pressures on the floor do.wnstream from the .block. Although the average 
pres.sure,$ gener~lly incr~a;sed with higher tail-water elevations,_ the minimum 
ins.tantaneous. pr:ess:ur.e .became lower as the t~l-water elevatiqn .was increa:s-ed. 
Thus, the higher·tail water apparently changed the vortex flow pattern and in­
creased the pre_ssure variations downstream from the blocks. The minimum 
preS.sur.es at Piezo:meter;S 2, 11, and 12 were within the cavitatiqn ~ange ~t 
all gate openings_ above 50 percent, Table 6 . Rec.ordings of instantane.ous 
pr~satu-es .. ~t representative piezometers for 50 percent gate opening .and 
.normal taj.l water is shown.in Figure 14. 

Various accessories were placed in the basin in an attempt to relieve the -
low pressures downstream from the .block. These included 6- to 2.4-inch­
high ver:tical steps. between.the chute blpcks at Station 30+75. 72.., Figure 1; 
3. 6-foot-high extension w:alls at the block sides ~d.-downstream from the 
chute block; a 4. 8-foot-high fin .wall along the block.:center line and downstream 
fr.om the chute .block; ~d triangul~r-_shaped extensions .downstream from the 
blocks. 

Each of these accessories either hid llO_Etppreciable affect on the pressures 
or-moved the low pressure region farther downstream from the block . 

. An air vent was. ;µso placed in the flo·or immediately downstream from the 
· chute.block. P:relimin:~ tests at 75 and.83. percent _gate opening indicated 
that the vent took .no air. Different quan:tities .of .air were.then forced through 
. the vent. Small q~ij:µes of forced !:li:r 1qwered. the ip.inimum pressur~s ~d 
a- comparatively larg.e blast of air was r:eql4red to dampen the pres.sure fluc­
tuations and raise the minimum pressures. 
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These test results indicated that there were no known., ~acticable method -·· 
.of relieving or raising. the lQw pressure in the .basin flour immediately down­
stream from the block. It is possible., therefore., that cavitation erqsion 
may occur in this region at gate openings above 50 percent, · 

Baffle Piers 

Average pressure.s observed on.the original baffle pier., Figure 15., indicated 
that cavitation would.occur on the pier -surface at reservoir elevation 4653. feet 
and gate openj.ngs_above 50 percent., T·able 3B. During the 1958 irrigation 

. .season., the Glendo Basin operated .over .a consider~ble period of time ~t gate 

. openings of about 60 percent and reservoi.r elevations between.approximat.ely 
4595 and 4625 feet., and no ca:vitati.on erosion on the prototype baffle piers · 
was reported .. Average p:re.ssures .observed .on the.model indicated t~at the 
minimum pressures on the baffle piers will occur at .83. percent gate. opening 

. and reservoir elevation 4653 feet.. Instantaneous pres.sures observed ~t 36 
and 60 percen,t gate opening$- also .showed.that cavitation.was probable at 60 
percent gate, opening. The fact that no .ca':Vita'tion erosion was noted ·on the 
·prototype bilffle piers .w.as probably due to the lower ... than-maximum opel":ating 
heads and .the large amount of ent.rained air in the jump . 

. As a result .of the .above .studiea., it was evident that additional stream lining 
of the baffle piers was required to i;nsure.cavitation-free piers at near-maximum 
gate openings. and. ope~ating heads . Six baffle pier d~igns with varying. degree.s 
of stream lining were teated, Figure 16. Average preasures in or near the 
cav;Ltirtion range were observed .on Piers 1 (original), 2, . and 3 . Tests on these 
piers j,ndicated that the lowest pr~ssures occurred .. on the pier sides next to the 
training wall ~d the extension: J.>f the dividing wall; .c,onsiderably higher pressl.Il"es 
were obs.-ervea .on the sides next to the center line of the bay. 

For structural r.easons and ease of construction., it was desired. that the shape 
of the eJd,sting pier be .modified by placing a .minimum of 6 inches of new rein­
fo~ced concrete.on the exposed pi.er surfaces., thus making the new pier 12 
inches. wider ~d longer and 6 inches higher·than the original. Increasing 
the width and height of the piers had.the effect .of .offering more resistance to 
the fl0,w and permitted ;more stream lining .. of the. pier without sacrificing its 
efficiency. Piers 3 through 6 were thus larger than Piers 1 and 2.. 

The minimum average pressure obs.erved on Pier 4 .was 23 feet below atmos­
pheric .at 7 5 percent ga;te .openi.ng and oec.urred .. on the elliptical curve .nea;r 
the upstream.nos.e. Thus., still more stream ij,ning was indicated in the 
vicinity of the pier nos.e. 

Extreme stream lining of the sides was provided on Piers .5 and 6., Figure l6, 
and. c,onsiderable improvement ·in .the pressures was noted. 
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Pier 

1, 2,, 3 
.4 
5 
6 

1rumum mmum'· 
- a,vera e pres:sure ;.j,ns::w.;nt ressure 

-30 feet 
-23 feet 
-10 feet 

O feet 

Not obtained 
Not obtained 
-26 feet 
-15 feet 

The above.·table.clearly. i,miica::tes the preference of Pier 6 over ~e other piers. 
as. far as pr~sau:res: were c.oncerned. Als-o., the basin. perfor.m.ance, which is 
tllscus:sed later, was similar when either PJ.er 5 or 6 was installed. There­
fore, Pier 6 (Figure 17) was .chosen for installation in the p:-o~type. 

I 
Average pressures observed on the recommended baffle pier-are shown on 
Figure 18, and,a tabulation of press.urea for different gate openings _and 
tail-water elevations: is contained in Table 5. All observed average l':Uld 
instantaneous pressures were well above the cavita:tion r~ge. A compa;rison· 
of the variation of the ins.ta:ntanecru.s pressures .on the ori~al !a,nd recommended 
baffle pier for -60 .and 83. percent gate openings is shown in Figures. 19 .and 20. 
Details .of the recommend,ed °Qaf:fle pier is $hown in Figure 21 .. 

:aasin Performance 

The 'basin performance with the various test blocks and piers wa.s evaluated 
· p,rimarily by recording the tail-water elevation wh~n the hydrau3:1c jump 
'~ept'' from the basin. "Jump aweepout11 was defined as the tail-water 

elevation at which the entering fl.ow broke throJ.Igh the tail water .and. was 
deflected .upward at the baffle piers, Figure 22B. 

Tail 'Yater and sweepaut curves for the stilling b~sin are shown in Figure 2.3. 
The.uppermost curve is the.computed tan water curve used in origiruilly de­
signj.ng the structure. Pr.ototype tail-water elevations observed at Glendo · 

.during 1958 and 1959, however., showed t~t the existing b(il water was con­
siderably lower than the computed .curve used in design. 

In J~e 1959 test release.a were ma;de through the outlet WOJ"ks to determine, 
· among.other things, the stilling ba.si:n perform:ance.a,nd the existing_tail~water 

1conditions.-in.the outlet works: 4/ The test relea:ses showed that the existing 
tail water,. as observed in the powerhouse .tailrace near the draft tubes., W'$S: 
from O. 5 to 1 ·:root lower-than the design tail water when both the power units 
and the. outlet works were. operating, Figure 2.3. When releases. were made 
through the outlets only (no flow through the powerpl~t)., a still lower tail,­
water curve was obtained. The lower tail water for outlet flows. only wa:s 
attributed to the "ejector actionrr of the high-velocity flow at the downstream 
end of the sfilling .basin. 

4/ Travel Report "C.onbtolled Test Releases Through Glendo Dam Outlet 
W·orks and Powerplant,--Glendo Dam,'' July 16., 1959, by W. E. Wagner. 
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S.weepout curves as determined from the model, are also shown in Figure 23. 
· Curves A and B are the sweepout curves for the original and recommended 
stilling basins, respectively., with the reservoir elevation at 4653 feet. When
the original basin was modified by lowering the block height a.nd by additional 
stream lining of the baffle piers., the jump swept from the basin at a higher 
tail water elevation; thus some of the safety against sweepout, amounting to 
_about O. 6 foot for a discharge of 10, 000 second-feet, was lost by modifying 
the basin. · 

The sweepout characteristics for the stilling basin also were determined .for 
reservoir elevation 4640, Curve C. In addi'tion, the tail-water elevation at 
which the chute blocks were uncovered or the toe of the jump coincided with 
the downstream end of the chute block was determined for res.ervoir elevation
4640. These -tail-water elevations are represented by Curve D. 

Certain conclusions may be reac_hed by compa'ring the position of Curves A, 
B, C, and D with the existing tail-water curves. · · 

A. Reservoir surface at the top of the flood pool, or elevation 4653 feet: . 
. -

1. The outlet works stilling basin will safely handle the design dis­
charge of 10,000 second-feet when the powerplant is operating. 
Under full load both power units discharge 3,400 second-feet and 
provide about 1. 4 feet of additional tail water which places the 
existing tail-water curve for powerplant and outlet works flows well 
above Curve B. 

2. By placing one power unit in operation (discharge 1., 700 second­
feet), the tail water is raised a minimum of about-0~ foot which 
places the existing tail~water curve for outlet flows only above 
sweepout Curve Bat discharges less than 9,000 second-feet. Thus, 
a combined flow of 10,700 second-feet through one power unit and 
the outlet works can be released without the jump sweeping out. 
Additional safety against sweepout probably will exist, because the 
. flow from one unit will partially nullify the "ejector action'' and 
raise the tail-·water curve above that for ou-Uet flows only. 

3. With .no flow through the powerpla:nt, the jump will sweep out 
when the outlet works discharge exceeds 8,000 second-feet. 

B. Reservoir surface a:t elevation 4640 feet: 

i . With .no flow through the powerplant, the jump will sweep out 
when the outlet works discharge exceeds -~~_200. second-feet. 

2. With no flow through the powerplant., the chute blocks will be­
come uncovered when the discharge reaches 8., 000 second-feet. 
As the discharge increases above 8, 000 second-feet, the toe of 
the jump moves downstream and at about 9,200 second-feet the 
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jump sweeps out. Discharges between 8,000 and 9,200 second-feet 
places the full jet impact on the baffle piers. Such a flow condition 
is not recommended for prolonged periods of operation. · 

Scour· tests conducted with the original and recommended designs indicated· 
that the basin modifications will not cause greater displacement of ripra:p in 
the outlet channel,. Figure 22C and D. · The scour pa,tterns resulting from a. 
discharge of 10, O~O. second ~feet are· practically identica,l for the two designs 
and are similar to that observed in the prototype when the basin was unwatered. 
It is concluded, therefore. that modifications to the chute blocks and baffle 
piers have not affected adversely the scouring characteristics of the flow in 
the outlet channel. 

Trainin~ Wi\11 Vibra(ion 

When Glendo outlet 'lfV-Orks was placeq. in operation during the sumn:i.er of 1958, 
an audible thumping ;noise was noted in the stilling basin and-vibrations were 
observed in t:\l.e basin traµipig walls, · part±cu.la.rly the left wall which. is canti'­
leve re<;l between the ha.sin ~nd the tail.race. There appeared to be a direct re­
lationship .between the poun4ing noise ~dthe waU yibration:, because the greatest 
wall deflection appeared to fiCCompany the loudest thumps. The thumping noises· 
lil,lld vibrations persisted through the 1958 irrigation season and became more 
pronounced during the latter part of the season when the outlet works.discharge 
ranged between 4,000 and 5,500 second-f~et. No power was generated during 
this period. · · 

At the end of the 1958 irrigation season, the basin was unwatered and extensive 
cavitation damage to the sides of the chute blocks was found, Figure 2. The 
structure was modified during th~ winter of 1958-59 by changing the heig.ht and 
sp,ape of the chute blocks and baffle piers a~ determined from the studies des-
cribed in this report. · 

The powerplant was placed in .ope_ratj.on in May 19&9 and during the 1959 irri­
gation . ..season tlle powerplant discharge varied between 2,000 and 3,600 second­
::feet. and provided about 1 to l-1 / 2 feet of additional tail water for the outlet 
works. · The outlet works discharges .during this period ranged between 3, 000 
and 5, 000 ·second·-feet, except fo:r 6 days when the discharge averaged about 
7, 000 second-feet. No thumping r.10ise or wall vibratio1t1. we·re reported during 
thes.e normal releases. ·· · 

Thumping and vibration was note'd, however, durill.g the test releases in June 
1959. The thumping was first observed when the outlet works discharge 
reached about 7,000 second,-.feet and persisted through the remainder of the 
tests,,. including 7. 500 s.econd-feet through.the outlet works only and c.ombined 
outlet and powerplant discharges of 7,500 up to 9,100 second..,feet. Following 
these releases, which were made by .increa;sing the. discharge in increments 
of 500 second-feet, the outlet works test releases.(no flow. through the power­
plant) were repeated with discharges decre;~ing frOl:tl....a:bout 7,500 to 5,000 
second-feet. Thumping noise.a and wall-vibration we:re-'noted during,each 'Of 
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thes.e repeat tests. It is'·significant thilt vibration.was not noted in the.earlier 
tests uµtil 7,. 000 second-feet was released while thumping noises and vibr.¢tion 
we:i:-e.clearly noted. ~t lower discharges of 6-iooo ~d 5, 0.00 sec.and-feet dur~ 
the repe~ tes'fs . . Als.o, a.lightly higher tail-water elevations were recorded 
during the re~t test relea:ses. 

A pQ$Sible exp'l~tion for the .noises _and v!bra:tion is the fprmaij.on ¢nd.cqllapse 
· of cavit~ti,on envelopes on t}le flow surfaces in. the vicinity .of the ,chute blocks. 
Cavitati.on envelo~s coll.a:pse audibly with.tremendous force which could be 
t~msmi.tted.to the walls, but the frequency i,s considerably higher than the 
frequency of the no.j.ses ~d vib~a:tiqn, observed ,a:t Glendo. The fact th,at no 
.cavi,ta'tion damage was reported after the 195.9 irrigatio11.seas:on fails to 
support this- theory. However, the basin operated .. only .a comparatively short 
period of time at dis.cruµ-ges accompanied by.noises.and vibration. 

Another explanation for the noises and v!bration is the. unsteady pressure forces. 
on. the blocks c~.ed by variations of the separation and. vortex flow pattetns ·- · 
with ~d without cavitation. These variable loads.. on the blocks may be.trans­
mitted .through the .structure to the wall; or the pressure variations in eddy 
patterns near the trailing edge. of the blo.cks might be transmitted to the wall 
and initiate.the vibrations. Changes ,in.tail-water elevatl.ons.affect thes.e 
_.s:ep-aration and eddy patterns, which would explaµi why vibrations were ob.s.erved 
during the repeat test releases.and not du:ring-_the earlier tests. 

In an ~ttempt to correlate.the pres.sure variations with the vibration.of the 
trm.nilig .walls at Glendo, piezometers were placed in the ~plitter wall extension 
between Bays 1 and .2 in the model, Figu,re 24., to .determine the variation in 
pressure along the wall. Average and .instantaneous pressures for three 
reptesentative flow conditions we:re recorded, Table lB. No attempt w~s. made 
to represen;:t the wall rigidity or t-o measure. the wall vibration in. the niodel. 

The greatest pressure variation., eq.uiva1ent t-o a:bout 40 to 50 feet of water., -­
oe.cur:r:ed lit Piezom.eter 1 located .near the basin noor and about 3 feet down­
stream from the chute blocks. The pres.sure variation decrea:s.ed to about 
20 feet .of water near the downstream end .of the wall and to a few feet of 

_ . , water .near the water ·Surface. The m~tulie .of these pres.sure variations 
is-s:uffi,cient tQ cause the wall to vibrate, particul.B:rly if ,the frequency of 
pressure variation,s .cq1.ncides with .the natural frequency of the ·training wall. 

These tests a+e inconclusive in establishing the source of the thumping noises 
and~vibrati.~ they merely indicate that sufficient press,u,re variations. to 
conceivably induce vibration are present along the. training walls. 
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A. PRISSURBS OB FLABBD VALIS 

Gate Tailwater Pie110111Btric Preaaure in Feet of Water 
opening elevation 

PieZOllltter 18 19 20 21 22 23 ~ 

1. OrigiDal. Desip (wi tbout air - ) 

l00f, 0 Ave* o.4 0.9 3.8 9.3 -29.8 -5-3 o.4 

(12;8o0 eta) 
45(11..1 (Rormal.) lfaxtlll -26.3 28.2 

lb** -13.9 0.7 

T"o . 4503.5 (Rormal.) Ave -2.8 2.2 
9,500 eta) 

5.4 10.7 -30-7 .3.7 -1.3 

6rlf," Ave -17.8 7.2 5.2 9.8 -26.1 -23.5 -1.8 
(4,500 eta 4501.4 (Rcinal) Max 23.0 27.6 
2 gates) Min -36.8 -23-0 

50110 4502.4 (Rormal.) Ave -14.2 15.8 5.1 ll.l -12.3 1.3 2.8 
(6,400 eta) 

3$" 
4501.2 (Rormal.) 

Ave -16.6 18.o 7.8 12.0 2.9 4.2 4.2 
Max 59.3 36.9 

(4,200 eta) MiD -45-5 .15.9 

2» c 4495).8 (Rormal.) Ave -3.5_ 17.5 
(2,200 eta) (2 gates) 

6.9 u.5 0.7 0.9 1.3 

2. llitb 2-1/2- b,y 10-:!Dah Air Vant Imrtalle4 
100f,C Ave .... 3.1 10.9 10.9 .... .... -3-5 

4501>, 7 (llormal.) Max 
MiD 

75~ 0 4503.5 (Rormal.) Ave 1.5 7.6 8.4 -0.9 

Ave o.6 6.7 9.6 -2.2 
6r1f, a 4501.4 (Rormal.) Max 

Min 

5~0 4502.4 (llormal.) Ave 0.2 8.2 12.4 -1.7 

Ave 8.8 10.9 12.8 10.5 
3$" 4501.2 (Rormal.) Max 

Min 

B. PRIISSUIIBS 011 SPLlT.r1!R WALL IIX'lZllBIOB 

Piezometer 1W 2W . 'JJI 4W 5W 6W 

4505 .2 (Rormal. Ave 8.3 19.3 19.1 23.2 1.7 7.9 
plus l-l/2 feet) Max 36.8 35.0 35.0 27.6 3.7 22.1 

Min -18.4 4.6 1.8 20.2 0 0.9 
8~ b 
(10,000 eta) Ave J.4.7 21.2 22.1 ~-9 3.1 9.4 

45()6.7 Max 42.3 33.1 3.7 18.4 
Min -9.2 8.3 -4.o 0 

4501.4 (Rormal. Ave 8.3 14.2 18.6 20.2 o.4 7.4 
plue l-1/2 feet) Max 26.7 23.9 u.o 

6r1f, a Min -14.7 · 3.7 2.2 
(4,500 eta 

9.2 tbru 2 Ave 12.7 17.7 21.0 21.7 2.9 
gates) 4502.9 Max 29.4 27.6 3.7 l.Ji..7 

Min -1.8 u.o 1.8 5.5 

Ave 16.Ji. 19.3 20.2 20.Ji. 5.9 9.8 

~:OC, eta) 
4501.2 (llormal.) Max 26.7 23.9 6.Ji. 

MiD 7.Ji. 17.5 2.7 

Rote: See Figures 4 am 24 tor piezometer locati011S. 
•A,,.,.._ piezcmatric pressure ea meeaured by water 1111UJ011111ter. 

HMax1JIIIIII and millimlllll piezometric pressure as measured by pressure cell. 
-...zometera ware covered by air vent passages. 

a Reaenof.r elevati011 a 4,625 feet. 
b Reservoir elevati011 a 4,653 feet. 
c Reservoir elevatiOD a 4,669 feet. 

'1W 

10.5 
~-8 
0.9 

13.2 

9.6 

u.6 

u.o 

2S 26 27 28 29 

2.2 -34.o -1.0 -6.7 -3·3 
-3-9 

-10.9 

-Q.6 -34.0 -6.8 -6.5 -5-3 

0.6 -34.o -5.0 
25.8 

0.1 3.7 

,.22.1 

2.6 -34+ 14.2 -13.1 -6.1 

3.7 -32-1 -1.5 4.o 7.9 
49.8 
81.1 

1.7 -33.l 12.2 -u.9 7.2 

-o.6 ... ... -0.2 0.7 
5.3 

-1.0 

-0.7 -Q.6 -0.2 

0.7 -1.3 -1.5 
-1.5 

-u.7 

1.8 -3.2 -2.9 

5.2 -3.4 -2.2 
1.0 

.9.5 

8w 911 lOlf 11W 12W l'JJI J.4W 15W 

13.8 --· 2.6 4.4 6.8 15.8 10.7 7.7 
20.2 2.7 10.1 10.1 29.4 23.9 17.5 
12.0 0 1.8 6.4 2.7 1.8 0.9 

15.6 - 4.8 6.6 8.3 l.8.4 13.6 9.9 
31.3 ~.8 18.4 
5.5 1.8 2.7 

u.o -- o.6 3.7 Ji..o 12.1 8.5 5.9 
20.2 16.6 12.0 
0.9 0 0 

12.7 -- 2.9 5.0 5.2 16.2 u.6 9.2 
~-8 17.5 12.9 
9.2 7.Ji. 5.5 

u.2 o.4 2.8 3.3 3.3 18.8 l4.2 u.o 
23.9 16.6 13.8 
17.5 u.o 7.4 
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- 1 2 ' .... Tailnter 

C I - elevaticm v ..... - A • C A • A • C 

Ave ,.1 1.8 ,., ,.2 ,.a 4., -0.7 -1.2 2., 
4500., (..,,.,,_) - 2'.0 2:1.0 22., 18.4 18.4 18.4 

·10$ MID -18.4 ..u.o -18.4 -'6.8 -'2.2 ...,.2 
(1,220 ote) 

4'°1.8 - 2'-9 2'-9 18.4 18.4 
111n -22.1 .. 1,.a ..n.6 -u.a 

Aw 0.1 -0.4 0.2 0 1.2 1.7 4.9 .,.2 -1.0 
·4'0i.4 (..,,.,,_) - 27.6 2'.0 27.6 18.4 18.4 18.4 

in 111n ~-0 -'6.8 ...,.2 -'2.2 -'6.8 -43.9 
(1,840 eta) 

4'02.9 - 29.4 27.6 2'.9 2'.0 
111n -3,.2 ...,.2 -'6.8 -22.1 

A .. -0.4 -1.1 -1., -0.1 -0.l 0.9 4.8 4.9 4.7 
4'°1.8 (nmmal.) - 27.6 14.7 27.6 

2{I{. 111n 4,.o ..n.6 -22., 
(2,430 ota) 

"'°'·' - 27.6 29.4 
MID -'6.8 -18.4 

Ave -1.l -1., -1.9 -1.2 -1.0 -1.2 4.2 4.3 4.9 
4'(12.l (..,,.,,_) - 14.7 14.7 18.4 

2n: 111n ..u.o 4'-0 47.6 
(:J,000 ota) 

<l'03.6 - 16.0 2'.0 
111n 47.6 43.0 

,.,. 
4'02.4 <-> Ave -1.1 -1.7 -1.6 -1.6 4.2 -1.6 

(3,480 of'a) - 7.4 9.2 11.0 
111n -14. 7 -18.4 .14. 7 

,n 4"'2.7 (..,,.,,_) Aw -1.5 4.6 4., 4.7 4.6 .,.o 
(4,020 ote) - 9.2 5.6 9.2 

111n -13.8 -14.7 -18.4 

~ Ave 4.4 4.9 .,.2 .,.2 .,., .,.4 
(4,'80 ofa) <l'0'-0( ....... ) - 4.6 5.6 ,.1 

111n -22.5 -18.4 -11.0 

5o:I <l'O'-'( ...... ) Ave 4.9 .,.o .,.2 
(S,'100 ote) - 4.6 3.7 

-23.0 ..ZJ.O 

~ 4'04.0 (..,,.,,_) A .. -1.5 -1.6 -1.9 
(6,7'0 ota) 

l!5ZI!.: See Pigme 6 tor J.ooa:Ucm ot ab 'ftllR8 IIDII pinamteN. 
•Vat - _._ 2..J.h-1Dlh"' 10-1Dlh 8lot. 

~ 2..1/a-lnoh 1:17 l0-1aob 81.ati and a1x 1-1/4-inoh Di1'0Ul.ar boles. 
C-4111 2-1/2-tnob b;r 1Q..lmh alot. 81111 ab: 2-1.Dcb oiroalar llolea. 

-=~e-=::::=:: =: :C~~ oell. 

I!!1!l&...! ......,.,~ =-~ =f" 1llffll 

4 ' 
A • C A • C 

2.0 2.9 ,.1 a., s., 9.8 
,.1 22.1 "'·' '3.1 ,,.e 27.6 

_,._, -'6.8 -22.0 ..n.6 -18.4 -18.4 

22.1 "·l 29.4 '5.0 
-'6.8 -18.4 -18.4 -14.7 

4.6 -1., -1.1 .,.1 4.8 7.4 
,.1 18.4 27.6 44.1 :14.9 40., 

..62., -44.1 -z:1 -44.1 -».1 -43.9 

"·' 29.4 '6.8 44.0 
-44.2 ..U.9 -3'.2 -43.9 

.,., 4,4 4.8 4.8 -0.9 -0.6 
9.i 14.7 18.4 .i,.o 27.6 ,S.6 

_,._, ..n.6 -22.0 .,,.2 49.4 4'.7 

27.6 22.l 42., 47.8 
-'6.8 42.1 -'6.8 49.4 

4.0 -1.a 4.8 -4.0 4.9 .,.1 

4.0 4.0 .,.1 .,., 

4.0 4.6 .,., .,.5 

4.8 4.9 .,.1 .,.9 

4.9 .,.9 

-1., 4.0 

Piescmatrio preaure iD f'eet ot wt.er 

6 7 8 9 

A • C A • C A • C A • C 

13.l 12., 12., 7.2 7.2 8.6 9.8 10., 12.1 10.1 9.6 9.8 

11., 11.6 11.6 ,.1 4.8 6., 8.1 9.6 12., 9.9 10., 10., 

4., 2.0 2.9 4.0 0.4 0.9 ,.3 6.4 7.7 10.1 9.6 9.9 
41.4 41.0 27.6 

""'·" -46.0 -,40,, 
60.o 42., 

-'6.2 -,40., 

.,.4 4.9 .,.1 ..a.a .,.1 4.9 -1.7 1.8 o.6 9.9 7.7 6.8 
'6.8 ..U.9 '3.1 22.1 22.1 22., "·' 29.4 '6.8 

_,._6 -'6.8 -3'.1 -44.1 -'6.8 47 .6 -49.7 49.4 -'6.8 

'6.8 '6.8 27.6 27.6 40., ,S.6 
-46.0 -3'.l _,,_. 47.6 -'6.8 -'6.8 

.. ,.2 -4.a -8.4 -4.0 -7.4 .,.1 7.5 3.7 
22.0 4.6 11.0 18.4 14.7 9.2 27.6 22.0 14.7 

49.4 -'2.2 -18.4 -46.0 -18.4 -14. 7 -44.2 -2'.8 ...,.2 

-4.9 -4.4 -7.4 -4.0 -9.9 -4.2 -0.9 4.8 
29.4 ,.5 4.6 18.4 11.0 ,.5 ,s.o 27.6 2'.9 

-14.7 -18.4 -14.7 -'6.8 -22.0 ...,.2 ·"·o 47.6, -22.0 

-4.5 -4.4 _,_9 -4.2 -8.4 -4.4 -8.6 -5.7 
,.1 5., ,.1 11.0 11.0 0 40., 14.7 16.6 

-'2.2 42.1 -9.2 -'6.8 -22.1 -16.6 .,a.a 47 .6 ..J.S.4 

.,.9 -4.0 -4.0 -5.9 
4.6 5.5 

-32.2 47.6 

4.2 4.0 -1.7 4.4 

~~ 
PLAN 

Start of 
flared wait 

~ 

•' r.:·''. ,.-~ 
i . 9 10 l 

nt..> ,e' l 
~ ~ 
:: 6 sPaces 
·· at 3•=1a• 

1/'1 ~-31· 

: Air~ M.lil 6 Spaces 
duc:.t, Ti at ~ •:r:i 3311 

l ...i~-i f 

' 1:c for 2" hales 

,(.J 
J1'fi : 

·'· D.S. END OF 
AIR DUCT 

PIEZOMETERS 

10 11 12 

A • C A • C A • C 

9.9 9.7 9.9 9.8 9.4 9.4 9.2 a.a a.a 

10., 10.9 10., 9.4 9.7 9.4 a.a 9.4 9.0 

11.4 11.0 11.4 9.2 9.0 9.0 a.a a.a 8.6 

12., 11.4 10.7 9.0 , .. a.1 9.4 9.6 9.0 

14.D 9.6 10.7 7.9 10.7 10.1 

8.6 4.0 a.1 4.4 12.1 10.5 

-o.6 -o.6 -0.4 0.1 9.9 a.a 

-4.6 ..a., -1.1 
1.8 9.2 14.7 ,.1 

-3'.1 -18.4 -3'.l -18.4 

4.4 4.8 .4.9 
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Gate Tailwater 
opening elevation 

l~ 
(12,200 cf's) 

45oi. .4 (Normal) 

8~ 4503. 7 (Normal) 
(10,000 cf's) 

75~ 
(9,000 cf's) 

4503.3 (Normal) 

6~ a 4501.4 (Normal) 
(4,500. cf'a tbru 2 gates) 

5~ 
(6,100 cf's) 

4502. 3 (Borma.l) 

~a 
(4,200 cf's) 

4501.2 (Normal) 

2~ . 4500.6 (Normal) 
(3,100 cf's) 

Table J 

PRESSURE ON ORIGINAL CHUTE BLOCK AND BAFFLE PIER 
(reservoir elevatian = 4,653) 

A. PRESSURES ON oamnw. CIIIJTE JILOCK 

Piezometric Pressure in Feet of Water 

Piezometer l 2 3 4 5 6 7 8 

Ave* -29.0 -25.0 -13.8 -0.2 2.6 -35.0 -23.9 -1.1 

Ave -29.1 -25.2 -10.7 0 2.4 -52.5 -29.4 -20.0 

Ave -25.4 -24.3 -5.l 0.9 2.4 -45.0 -25.7 -19.1 

Ave -17.l -10.7 -2.9 1.5 2.6 -35-0 -20.0 -9-7 
Max** l.8.4 23.0 25.3 32.2 27.6 
Min** -41.4 -34-5 -27.6 -1.8.4 -16.o 

Ave -13.8 -5-3 -o.4 3.1 3-5 -31.3 -9-9 -5-9 

Ave -0.2 2.6 5.9 8.3 10.1 -14.5 0 3.9 
Max 16.l l.8.4 15.6 13.8 11.9 
Min -29.9 -24.o -9-2 -2.8 -l.8 

Ave 2.4 4.6 7.7 9.6 11.2 -l2.l 2.0 5.1 

Note: See Figure 7 f'or piezometer locations. 

9 10 

-o.4 8.6 

-4.2 5.7 

-2.9 6.4 

0 6.4 

0.7 6.8 

8.3 11.9 

9.0 12.7 

ll. PRESSURES ON ORIGINAL BAFFLE PIER 

Piezometer 30 31 32 33 34 35 

l~ 
(12,200 cf's) 

45oi..4 (Normal) Ave 0.2 -1.1 -5-9 1.7 7.4 7.0 

83~ 
(l0,000 cf's) 

4503.7 (Normal) Ave 2.0 -6.l -3.1 l.l 7.2 7.0 

7~ 4503.3 (Bormal) Ave 0 -8.t -2.8 l.l 5.9 6.6 
(9,000 cf's) I 

601, a 4501.4 (Normal) Ave 4.o -3.9 3.1 5.3 8.3 9.7 
(4,500 cf's tbru 2 gates) Max 20.2 

Min -19.3 .· 

5~ 
(6,100 cf'a) 

4502.3 (Bormal) Ave 7.9 -2.9 5.1 7.2 9.2 11.0 

~a 4501.2 (Normal) Ave 10.7 6.6 9.0 ll.4 12.3 12.5 
(4,200 cf'a) Max 4.6 

Min 3.2 

25~ 4500.6 (Normal) Ave u.o 8.1 9.7 u.o 12.3 12.5 
(3,100 cf's) 

Note: See Figure 12 f'or piezometer locations. 
*Average piezometric pressure as measured by water manometer. 

**Maximum and minilllulll piezometric pressure as measured by pressure cell. 
a Reeervoir elevatian = 4,625 feet. 

36 37 38 39 

-35.0 -37-5 -6.6 9.6 

-42.5 -31.1. -13.1 3.5 

-35-0 -29.2 -3-9 6.2 

-1.8.6 -5-3 2.2 10.7 
l.8.4 13.8 29.9 24.8 

-5().6 -20. 7 -21.6 -3-2 

-14.2 ._1.3 8.l 13.2 

2.0 7.0 13.8 16.7 
ll.O 10.1 10.1 10.5 

-15.6 -9.2 3.7 7.3 

4.4 8.6 14.9 17.1 

ll l2 13 

ll.2 3.3 -lO.l 

8.3 -2.9 -5-7 

8.6 -3·3 -1.0 

7.4 -2.8 -6.2 
13.8 1.8 

-12.0 -l2.4 

8.3 -0.5 -5-5 

15.1 12.7 2.6 
11.9 4.6 
2.3 -9.2 

15.4 13.1 4.0 

40 41 42 46 47 48 49 50 51 52 53 54 

11.8 0.7 8.l -27-5 .37.5 -6.6 11.2 -ll.2 5.3 1.3 -13.4 5.5 

lO.l 0.2 5.0 -32;5 -47-5 -20.8 l0.3 -ll.O 5.5 7.0 -i7.6 4.0 

10.l 1.7 6.4 -30.7 -40.0 -13.6 15.1 -4.8 7.2 12.3 -14.o 5.0 

13.6 7.0 11.6 -22.8 -8.5 1.3 23.9 11.2 13.2 25.4 10.1 14.7 
45.o 14.7 17.::; 
14.7 0.9 9.6 

15.8 15.6 15.1 -15.4 2.0 7.9 6.8 13.2 14.7 25.4 13.1 15.6 

17.3 ll.O 15.4 4.6 8.3 14.5 16.2 l2.l 15.4 14.7 13.1 17.1 
10.5 4.l 
8.4 1.8 

17.3 ll.O 15.6 6.4 9.9 15.6 16.2 12.9 15.8 15.1 13.6 16.7 
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Cle.te 
.. 

TailVBter 
open1Da: elevation Pie10mDter 1 2 3 4 5 

4~-~ (lforllal) Ave* 9.8 5.0 1.3 -0.6 -0.4 
looi' 

Ave* 12.8 9.2 6.4 4.8 4.2 
4505-9 ...... 17.5 9.2 15.1 12.4 

(12,200 eta). Ki""* 2.8 1.8 3.7 -7-9 

4• .... 4 Ave l~.~ 11.6 o~o '7.8 1.6 
Ave 11.6 2.4 -1.7 -3°9 -i..4 

4503.7 (lormal-) Max 10.1 3.5 0.1 -3-1 -3-7 
111D s» 7.3 1.2 -2.0 -5.6 -5-8 

.. 
Ave 11.4 6.3 3.3 2.0 1.8 

4505.a - 17.5. 31.3 19.3 27.8 32.6 - 111D 6.4 -5-5 -2.8 -11.8 -7-9 
10,000 eta 

Ave 13.8 · 8.6 5.7 4.4 4.2 
4506.7 - 44.o 39.2 32.4 28. 7 35.3 

111D -2.0 -0.2 -10.1 -1~.4 -16.o 
4503.3 (lormal) Ave 8.8 2 ... -1.3 -3-3 ..... o 

7~ Ave 11.0 5.5 2.9 1.8 1.8 
4~.8 - 22.1 13.8 25.8 17.7 23.4 

111D 5.5 0.9 - -5-5 -8.1 -6.5 
(9,000 eta) 

Ave 13.6 8.1 5.5 4.6 4.8 
4506.3 - 40.4 4o.4 43.2 37.9 32.6. 

Nl.n -4.6 -12.0 -10. ~ -11.8 11.6 
Ave 7.9 3°3. 1.5 1.1 1.5 

7~ 4501.4 (IDl'IIBl) -111D 
(4,500 eta 

tbru 4502.9 -2 ateal 111D 
Ave 9.4 4-.1> 2.9 2.9 3.5 

4502.3 (lormaJ.) - 17.4 25.0 24.1 19.1 
111D -3-7 -7-3 -9°9 -5-9 

~ 
Ave 12.0 7.4 6.1 5.7 6.1 

4503.8 - 43.2 37.8 32.4 33.5 
Nl.n -15.6 -16.6 -11.8 -7,9 

(6,100 eta) 
10.i Ave 1".o 8.6 8.4 a.a 

4505.3 - 41.4 34.0 30.6 30.8 
Mill -12.1 -1~.a -1~.4 -11.6 

4501,2 (IOl'IBl) Ave 11.0 o ... 7.0 11.0 0.1 

~~eta) 4502.7 -111D 

1cf.100 eta) 
4,00.6 (RonBl) Ave 11.4 9.0 a.5 8.8 9.2 
1,502.1 Ave 13.4 10.8 10.3 10.5 10.8 

6 

2.0 

6.1 
19.0 
-9-5 

9.0 
-3-1 
-2.2 
-3.8 

3.1 
28.1 
-5.6 

5.3 
3".6 

-16.o 
-2.9 

2.7 
23.6 
-6.3 

5.9 
28~2 
-9-5 
2.0 

3.9 
19.5 
-4.4 

6.8 
29.1 

.13.2 

9.7 
25.4 
-'1.'1 

11.1> 

9.1 
11.2 

~ 

PllBSSIIBBS OB Rl!IOOIIMBRllll CBDm IILO{:B: 
(Naervoir. elaftticm • 4,653 teet) 

P:le-tric Preaeure ill Faet ot Water 

7 8 9 10 11 12 

6.3 2.4 -0.7 b.2 1.1 9.6 

8.8 5.9 3.7 5-3 6.4 11.4 

12.3 9.9 a.o 9.4 10.3 14.9 
4.2 0.6 -2.11 -1.7 -0.7 9.p 

1.4 -1.1 -1.9 . 0.2 
-1.0 · -4.9 "4.o -1.4 

5.2 1.8 -0.9 0.9 2.4 9.9 
4.4 6,6 9.0 8.1 

-1.8 -3-7 -3-2 -1.6 

8.3 5.3 2.9 4.6 5.7 12.9 

4.0 0.1> -2.6 -1.3 -0.1> 11.4 

5.7 3.3 1.3 3.1 4.o 9.7 

8.6 6.2 4.2 5.7 6.4 12.8 

3.7 1.11 0.2 1.11 2.1> 7.1> 
6.7 7.4 a.5 9.0 9.0 
2.2 0.5 -2.1 -0.4 1.1 

5.8 17.5 15.8 23.7 21.0 
0.'1 -4.6 -~-~ -3.9 ·..i,.a 
5.5 4.2 2.11 4.4 4.11 9.7 

8.4 7.0 5.5 7.0 5.5 12.0 

10.4 9.0 7.6 9.2 9.7 1".4 

11.3. 7.1> 7.0 11.3 11.1> 10.11 

37.5 23.9 25.0 26.5 24.6 
-4.8 .0.2 -7.1 -~.ci -~.o 
9 ... 11.11 _11.1 9.4 9.7 11.1> 

11.6 11.0 10.3 11.4 11.i. 13.6 

Rote: See Figure 8 tor location ot piesomtera. 
•Average pie""""'tric preseure aa 1111!&8~ by va,ter Ell0lll8ter ~ 

""llax1mum and lllilliJlmm pielClmDtric pressure aa IIIIBll1IN4 by pNSeure cella. 
a llaaarvoir el.evaticm=4,625 teet. 

13 14 15 16 17 18 19 20 21 22 23 24 25 

8.1 4.2 2.7 2.2 1.8 3.7 6;1 10.8 -4.4 2.7 10.8 7.0 1.9 

10.3 7.2 6.3 5.9 5.7 7.8 10.3 13.5 -2.0 6.6 12.4 a.o 5.5 
17.3 23.2 15.6 29,4 
-4.4 -11.7 10.1 -36.8 

14.o 11.2 10.~ o.o o.'7 11.6 13.6 16.o 1.8 10.1 16.2 10.8 o.o 
7.11 3.3 0.4 -1.1 -2.0 -0.2 0.9 5.5 -3-9 -1.5 11.6 7 ... -0.9 

0.2 -0.4 -1.3 1.0 1.7 -2.4 0.3 10.1 8.2 1.2 
-2,6 -2;1 -2.8 -0.3 0.2 -4.1 -3-0 8.3 6.4 -1.6 

8.8 4.2 .2.6 1.8 1.3 a-9 6.5 10.5 -4.6 -o.4 9.9 7.6 -o.6 
7.3 8.7 8.5 .9 10.1 0.7 16.9 14.9 15.8 

-0.5 -3-5 -2.5 0.2 0.9 .,.10.8 -0.7 8.9 -12-9 

14.o 4,7 12.0 7.6 6.2 5.5 5.0 7.2 9.4 -1.5 5 • .5 12.9 9.0 
10.1 19.5 37;·7 ·· es.a 

-11.0 -7.1 O.Q -18.4 
7.2 2.0 0 -1.3 -2.2 -o.4 0.9 5.1 -3-7 -2.4 11.1 7.2 -1.11 

8.8 4.4 3.1 2.4 1.7 3.7 5.9 9.7 -4.6 -1.5 9.2 7.8 -1.3 
12.9 1".2 12.9 9.0 6.4 4.6 12.2 16.5 1?7.6 
0.9 -0.5 -1.9 -3-0 0.5 -12.0 -11.7 8.3 -12.9 

12.1 a.o 6.6 6.1 5.3 7.8 9.6 14.7 -0.9 6.6 12.3 10.1 5.6 
12.0 21.4 40.4 29.4 

-12.0 -6.2 -6.6 -14.7 
7.0 3.3 2.2 1.5 0.1> 2.4 ... o 7.9 ..... I> -2.4 t>.l 6.1 -1.11 

1.8 7.1 11.6 6.9 
-10.1 -10.3 o.6 -12.0 

8.3 1".o 23.0 22.1 
-10.1 -6.2 -o.o 12.9 

9.2 5.5 5.0 4.4 3.3 5.2 6.2 10.3 -1.11 1.11 7.1> 0.1 2.1 
8.6 12.4 27.0 23.0 

-10.1 -6.o -1.6 -17.5 

11.6 8.1 7.6 7.4 7.0 9.2 10.6 14.8 2.4 10.3 10.8 11.2 10.0 
13.8 23.2 41.4 31.3 

-11.0 -4.4 -13.8 -18.4 

13.4 14.7 13.8 14.2 10.4 9.9 9.7 9.4 11.6 13.4 17.3 5.7 14.2 
13.8 23.2 41.4 31.3 
-4.6 -" 6 -7.4 -12.0 

10.6 11.1 0.3 0.5 8.3 10.1 11.6 14.9 6.4 13.1+ 10.3 11.0 13.7 

13.8 26.o 41.i. 29.4 
-0.9 4.8 0.9 0 

11.1> 9.0 9 ... 9.1> 9.2 10.8 12 ... 15.3 7.8 14.3 11.0 12.2 14.7 
13.8 10.8 11.0 11.2 10.8 12.7 13.8 16.7 8.5 15.6 13.1 15.4 15.6 
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Gate Tailwater 
opening elevation Piezometer 

number 1 2 3 4 5 

4504.4 (Normal) Ave* 85.4 32.0 16.6 9.6 8.6 

~ Ave* 74.9 31.6 17.5 13.1 13.1 
4505.9 - 101.2 46.o 36.8 18.4 14.7 

(12,200 cfs) Min** 36.8 -1.8 2.7 -4.6 -1.8 

4sm.4 Ave 66.4 28.2 lQ.l 16.4 16.6 
Ave 133.2 32.0 7.9 1.7 2.0 

4503. 7 (llonal.) Max 27.6 15.5 9,2 
Min -1.8 .7.4 .3.7 

8~ 
8.6 Ave 91.9 29.3 9.5 6.4 

4505.2 Max 27.6 16.6 18.4 
Min .5.5 .3.7 2,8 

(10,000 cfs) 
'14.4 13.8 13.8 Ave 23.9 12.3 

4506.7 Max 29.4 20.2 20.2 
Min .,;.,; 0 5.5 
Ave 125.8 31.5 7.7 o.4 2.2 

4503.3 (Normal) Max 20.2 9.2 9.2 
Min 0 .5.5 -1.8 

751, 
Ave 82.6 16.7 6.8 7.2 10.9 

4504.8 Max 23.9 20.2 18.4 
(9,000 cfs) Min -12.9 -7.4 0.9 

Ave 67.9 20.6 13.2 13.1 15.3 
4506.3 Max 27.6 22.1 21.3 

Min .5.5 -~.7 6.4 
Ave "°·" 7.9 7.2 10.3 13.6 

4501.4 (ll01'11Bl) Max 22.1 22.1 20.2 
Min .5.5 5;5 7.4 

601,B 
Ave 43.4 16.6 14.5 15.6 17.3 

4502.9 Max 23.9 20.2 22,l 
(4,500 cfs Min .3.7 7.4 9.2 

tbru 
2 mtesl 4504.4 Ave i'l.6 22.~ l'l.5 l'l.0 l'l.1 

.. 502.3 \llonal.) Ave ,.3.3 1:1.5 9.7 13.,. lb.0 

5~ Ave 41.2 19.3 17.7 17.7 19.1 
4503.8 Max 25.8 23.9 23.9 

111A 5.5 11.0 14.7 

(6,100 cts) Ave 39.9 21.4 19.0 19.0 19.7 
4505.3 Max 

Min 
4501.2 (llormal) Ave 26.7 19.9 18.2 16.4 18.8 

361, a Ave 33.5 21.9 20.1 20.1 20.2 
4502.7 Max 25.8 25.8 22.1 

(4,200 cts) 111A 14.7 17.3 16,6 
4504.2 Ave 35.2 22.5 20.4 20.2 20,2 

Ave 21:1.7 19.7 l.1:1.2 1.1:1.2 l.1:1,0 
4500,6 (Bonal.) Max 

251, 111A 

4502,l Ave 30.2 21,0 19.5 19,3 19,7 
(3,100 cts) 

4503.6 21.4 21.4 Ave 31.7 23.0 21.9 
, 

6 

6.6 

12,0 
16.6 

3.7 

1s.6 
-0 ... 
7.8 
o.4 

8.5 
14.7 
; .5 

13.8 
18.4 
7.4 
1.3 
3.7 

-1.8 

11.6 
16.6 
7.0 

15.8 
20.2 
11.0 
15.5 
18.4 
11.0 

18.o 
19.3 
12.9 

l'l.l 

Tabl.e :; 

PRBSSURES 011 Rl!COIIMlOOlED IAWLB PIER 
(reservoir elevation • 4,653 l.'eet) 

Piezometric Pressure in Feet of Wat.er 

7 8 9 10 11 12 

30.9 17.7 10.5 9.2 7,5 10.7 

30.4 17.1 12.3 12.0 11.0 15.3 
49.4 33.1 25.8 12.9 
17.7 .3.7 -1.8 -1.8 

2s.8 18.2 H.8 1,;.,; 14.Q 18.8 
20.0 11.0 4.8 3.1 0,9 0.5 

22.1 12.3 4.2 8.7 
0 -0.6 -4.1 4.2 

22.3 9.8 6.1 7.5 7.5 12.0 
21.4 13.1 12,2 16.6 
.5.3 0,2 4.4 9.2 

20.2 13.1 11.9 13,2 13.4 16.7 
25.1 19.5 19.5 22.1 
1.1 6.o 10,1 12.'l 

19.1 9.9 2.0 2.0 1.3 7.9 
9.5 7.6 6.7 12.0 

-2.5 -0.7 1.1 6.4 

11.6 7.0 7.4 10.1 11.6 13.1 
19.5 21.4 16.8 20.2 
-4.4 3.0 6.7 7.3 

17.3 13.2 13.2 14.5 15.3 18.o 
20.5 17.7 19.5 
-2.s ~.o 10.~ 

5.1 7.2 9.9 13.1 ~-7 17.3 

14.7 16.o 15.3 16.6 17.1 19.9 

21.4 18.8 18.o 18.4 18.4 2~.2 

13 

10.7 

15.8 

20.2 
... o 

12.9 
0 

12.9 
22,1 

5.5 

17.3 
26.7 
8.1 
7.0 

16.6 
3.7 

15.5 
27.6 

5.5 

18.2 

17.5 

18.8 

21.0 
lb.9 0.1 9 ... 1 ... 7 15.3 16.4 17.8 l.1:1.2 

19.1 17.7 16.9 17.7 19.1 18.6 19.9 19.9 
22.1 
16.6 

19.9 19.7 -17.9 18.2 19.0 19.3 20.8 20.4 

18.8 16.4 17.5 17.7 18.0 18.4 19.5 19.3 

20.1 20.2 18.8 18.8 19.1 19.3 20.8 20.6 
20.2 
16.6 
20,6 21.7 l'l.Q l'l.Q 20,l 20.2 21,Q 22,l 
l.1:1... l.1:1,0 17.5 17.5 17.7 17,9 19;1 19.0 

19,5 19,9 18.8 18.8 19,l 19.5 20.4 20,4 

21.9 22.1 20.6 20.4 20,8 20.6 22.1 22.1 

Rote: See Figure 14 ·for location ot piezometers. 
*Ave.._ piezometric preBBure as measured by water ...,.,_ter, 

*"llllz1lmlm and miD1lmDII piezometric pressure as masured by pressure cell. 
a Reservoir elevatiaD • 4,625 feet. 

14 15 16 17 18 19 20 21 22 23 24 25 

15.5 21.9 47.6 12.9 12.7 17.8 24.l 46.o -2.6 -2.4 11.6 o.4 

19.7 24.3 42.2 16.2 16.7 21.0 25.0 41.4 -4.2 .3.7 14.9 3.1 
31.3 42,3 69.8 23.6 27.0 29,4 31.3 58.0 -2.9 1.7 16.9 12.0 
l.8 -1.8 23.8 10.7 7,5 14.7 3.7 24.8 -14.9 -13.0 13.1 0.9 

24.7 i:><i.~ 4•.l 19.J 20.6 24., 28.7 42.1 1.1 -2.6 17.7 6.4 
10.9 20.0 oo ... 0.1 3.9 15.5 23.6 53.0 0 0 4.1:1 0.2 
23.9 4.5 2.7 8.5 0.9 

3.7 -1.7 .3.7 1.1 -6.4 

19.1 26.1 55.9 13.4 14.o 20.6 27.1 49.7 2.0 1.8 12.3 o.6 
35.0 19.5 23.2 7.2 10.9 15.1 4.6 
9.2 8.5 3,0 .5.7 -5,7 9.5 -0.9 

21.5 27.2 29.3 17.1 17.5 22.1 26.7 5.1 1.8 0.1 16.4 4.8 
35.0 21.4 28.7 9.1 10.9 20.2 12.0 
7.4 12.2 8.s -5.Q -7.5 12.9 2.8 

15.3 21.9 71.0 9.1 6.1 16.4 29.1 51.5 1.8 1.7 5.7 -0.2 
25.8 15.9 19.5 7.2 6.3 10.1 6.4 
9.2 6.7 4.3 o.8 -0.1 4.6 -0.9 

i.4.3 22.3 33.9 61.5 15.3 16.2 23.2 34.1 55.4 6.1 5.7 4.8 
36.8 11.8 10.9 18.4 11.0 
3.7 1.7 1.7 9.2 3.7 

22.8 28.9 48.2 17.9 18.o 23.0 26.5 46.o 5.3 4.8 17.9 6.1 
12.7 13.6 22.1 15.6 
-1,1 -0.1 14.7 6.4 

23.0 32.0 46.6 16,7 17.5 23.4 30.4 45.l 8.3 7.7 17.1 7.5 
10.9 10.9 21.0 lJ.8 
5.4 3.5 15.6 .4 

21.5 25.4 37.1 18.4 18.4 21.5 26.7 35.4 9.4 8.8. 18.9 9.0 
12.7 12.7 20.2 13.8 
4.5 4.5 15.5 8.3 

22., 24.l 28.5 20;2 20.4 22,l 21>.1 -m.4 Q.Q 9.6 20;1 10.5 
22.0 29.3 ,.5,,. 17.5 17.6 22,l 29.3 "3·6 9.0 6.f> 16.2 6.3 

21.5 21>.3 33-3 19.5 19.3 21.2 23.9 32.0 10.9 10.3 20.2 10.3 
14.6 16.4 23.9 16.5 
7.2 5.4 18_.4 11.0 

22.4 21>.5 32.0 20.1 20.2 22.1 24.1 31.6 9.8 9.6 20.1 10.9 
12.7 10.0 22.9 16.5 

~.,; 2.,; 18.2 11.0 
19.5 20.8 24.7 19.0 18.6 19.3 20.2 23.9 11.2 10.9 19.5 10.9 

21.4 22.8 27.6 20.2 19.9 20.8 22.1 26.7 12.5 12.3 21.2 12.0 
14.6 14.6 22.1 16.5 
5.4 9,1 18.4 12.9 

2~.o 24.8 l!<l.~ 21.4 21.7 2•.o 24.l 28.7 12.0 u.6 21.4 12.~ 
19.3. 20.1 23.9 16... 16.2 19.0 19.5 23.6 ll,2 10.9 18.8 10.7 

12.7 12.7 19.3 15.6 
10,0 10.0 16.6 12.0 

20.8 22.1 26.1 19.9 19.7 20.2 21.5 25.4 12.1 12.0 20.l u.8 

22.8 23.7 27.4 21.4 21.4 22.3 23.2 26.7 13.2 13.1 21.5 13.1 
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' 

Gato T&:t.:l.watllr 
OJlm.118 111v!iti!III 

l'S.OIOIIIIWI' 

~ 4,ol+,I+ (WOl'll!Al) Ml,Jcll4t 
(111,aoo ot1) Min* 

-•• 4,01,I+ (WOl'IIIIJ.) M&x 
(4,,oo at• Min 

111ml 
II pto1) 4,oa., Max 

mn 

5~ 4508,3 (WOl'lll&l) Max 
(6,100 ot1) Mf.n 

' 

Ave* 
4504.4 (l'lormal) Max 

Min 
1~ 

Ave 
4505.9_ Max 

(12 ,200 c:f's) Min 

Ave 
4507,4 Max 

Min 

Ave 
4503,7 (Normal) Max 

Min 
8~ 

Ave 
. 4505.2 Max 

(10,000 c:f's) Min 
Ave 

4506.7 Max 
Min . 
Ave 

4503,3 (Normal) Max 
Min 

75'{. 
Ave -

4504.8 Max 

Pjml3SURFS ON STILLING· BASIN FLOOR 
(reservoir elevati011 a 4,653 feet) 

Pi11cimotria PNeglll'I in J'l1t of W&tol' 
... 

l It l 4 ' 6 

~,o ,o.o n ltl+,8 73,6 .. 
• ,I+ •36,8 .. ·113,!J u .. 

··-- ----

'f,4 ~-6 .. U,O 31,a ... 
•U,O ,3 -- •111,!J -16,6 --

36,8 a,,8 36.8 1,., -- ---18, -e,.8 -- -11.6 ·1'1'·' --·- ·---

14,7 27,6 -- 11,0 31,3 ---1,.6 •14,7 -- -16,6 .3,,0 --

-0.9 1.8 11.4 -1.3 -0.7 10.7 
22.1 26.7 19.3 30.3 

-18.4 .35.0 -18.4 -42,4 

4.6 7.2 19.1 3.3 4,2 18.o 
40.5 69.5 27.6 59.8 

•22,1 -36.8 -41.4 .32.2 

8.1 10,5 21.3 7.6 8,5 20,8 

-1,1 7,4 10.7 .0.9 4.4 10.1 
-o.6 6.4 11.0 -0,9 5.8 11,5 
-2.5 1.8 3.2 .3.2 0.9 3.5 

-1.5 6.2 13.4 -1.8 3.3 12,7 
23.9 32.2 . 59.8 21.1 41,4 59.8 

.30.3 .27.6 .23.-0 .21.1 .33.1 -18.4 

4.6 8.6 17.1 4.4 7,4 16.9 
27.6 . 50.6 55,2 25.8 46.o 55.2 

-18.4 .32.2 -18.4 -25,8 41.4 -18.4 

-0.7 6.4 9.2 -1.1 ·5.9 9.0 
-o.4 10.6 -0.9 8.3 
·5,1 1,4 .5.5 o.4 

.. -1.3 5.1 10.5 -1.8 3.3 10.3 
19.3 23.0 16.6 

'f 
H .. 
·---
------

--
--

11,0 

19.9 

23.2 

2.2 
3.0 
0 

9.7 
64.4 

.36.8 

18.o· 
64.4 

-23.0 

1.3 
3.7 

-1.2 

7.7 
31.3 

·: (9,000 c:f's) Min -20.2 -23.Q .22.1 -28.5 
. ~ ; : Ave 4.6 9;4 16.9 4.2 6.4 17.3 

4506.3 Max 29.4 46.0 
Min .29.4 -38,0 

Ave 1,3 5.9 10,l'. 0.7 5.2 10,7 
4502.3 (l'lormal) Max 13.8 44.2 20,2 27,6 

' Min -11,0 ·33,1 -16.6 -20,2 
5~ 

Ave 8.5 u.8 18.0 7.7 10.3 18.8 
4503.8 Max 

(6,100 c:f's) Min 

Ave 14.2 16,0 21.5 13.2 15.1 

' 
. 4505.3 Max 

Min 

l'lote: See Fi~ 19 tor 1.oc·ati011 of' piezometers. 
*Average·p1ezometr1c preBBure as measured by water manometer, 

21,4 

**~ and m1111mwn p1ezometr1c pressure as measured by presaure cell, 
a Reservoir elevati011 = 4,625 :f'eet. 

18.o 

9.4 

18,8 

21.5 

... 

8 !J 10 u 111 

fi!J,0 .. l+!J,J '5,11 ,,,. 
l+,6 . . 1, ., .. •5',11 

--- - . .. 

41,1 . . 6,4 'f,4 31,3 
•l'f,6 -- .16,6 •1M •33,l 

44,a 44,e -- 111,!1 ,,.o 
•11,1 ·- -eo~e • 9,7 .36.8 

-·· -
1+1,e 

-- J·· eo,2 38,6 
.31,3 

-- - .7 .33,1 •33,l 

1,5 19.1 .3.7 -5-5 .5.7 
53.4 14,7 25.8- 41.4 

-42,3 -17,5 .50,6 -55,2 

13.6 24.8 o.4 ·3,9 I 3.7 
26.7 41.4 · 73.6 

-23.9 -64.4 I -46.o 

16.9 27,.2 3,7 -1,1 8.1 
31.3 46.o: 59.8 

-23,9 .36;8 -50,6 

-1.1 0.7 -1,1 -o,6 0.5 
-1,1 2.3 -1,4 -o.6 0.7 
-3,2 • 3.0 -4,1 .3.7 . -1.7 

1.5 16,2 -2,2 -2.8 0 
55,2 73.6 24.8 14,7 i 5!i,2 

.32.2 -27,6 -20,2 -22.1 · -27 .6 

12;3 22,8 1,8 0.5 i 5.5 
55,2 64.4 28.5 35.8 41.4 

.23.0 -13,8 .30.3 -46.8 .36.8 

-1,1 0.9 -0,9 -0,9 0,2 
-0.4 2.3 _-0.7 .1.1 1,2 
.5.8 -1.6 -4,1 -4.6 -2.3 

0.2 13.2 . -2.8 .3.5 .0.9 
46.o 11.0 7,4 41,4 

.30.3 •22,0 -23,9 .32.2 

11.8, 22,2 2.8 0,5 5.5 
19.3 23.0 55,2 

-16.6 -46.o .36.8 

4.6 14,9 0 -0.7 2.0 
36.8 12,9 23.9 31,4 
.9.2 •12,9 -24.8 .23.0 

16.0 20.6 7,9 5,5 11.6 
31.3 33.1 50.6 

.12.9 .32.2 .27.6 

20.1 23.6 13.0 10,3 13.6 
29,4 36.8 41.4 
-4.6 -24.8 -23.0 
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, ,.--3' Riprop , ,, , 
;<--:-- --------55 -o--- - - - - -----"1 
: _.-El. 4509.50 : 

.-Catch basin : 

_,-Power plant wall 

--El. 4502.00 

Sta. 30+84 

,.-El 4509.50 

--·Sta. 31+16.11 

El. 4482.00-,_ 

-El.4479.00 

·._·-6"5.P. drain 

SECTION A-A 

El. 4509. 50 

FIGURE 
REPORT HYD.-461 

Sta. 31+48.22 
,Sta. 31+96.2 2 , Sta. 33+13.22 
: ,.sta. 32+13_22 

El. 4494.0-. __ ,/ 
-,-----, 
' 

1 
El. 4498.0-' 

·-- -3' Riprap 

~-----93'-5'!...-+- -----~ 
I I 

-------55'-o" -------------, 
\,;---El. 4504.00 

"' I 
I 
I 

<;_ 

&, Wt I I I_ 

~,1/l 
,--Sta. 32+13.22 .-·El. 4482.00 

-------t--i--: 
I 
I 

: 
~,'( 
,( 

i 11 c' " (( i== acxrvo I ~ . '-c< 
' • 4-1 ' , 

C) -< - l ( 

,.-S. P drain outlets 
<o (' 

' ( ( 

·r 

0 ,! '" .--Sta. 30 + 84 ;:-o-15 -o 

-Cl__ ---,r, - -~: c r {c 
L_J I ,, c c(\c 

,, :6"5 p -,)., ' fl(( 
,, 0 • ·. · h) l 1l{· 

,8 S.P. <l, drains, 
1 

: <'CC\ -----·1· drains o .- : \ : , 
1

' 

--i-1--n' 1 · --l·c--- - -i-:2_4', I / :, l 1

1111 r i O, : \c,i 
--+---111+--l I ll I ' ,I El.4479.00.-' : 

,--!---Sta. 31+48. 22 

'-q; Outlet works 
Sta. 29+97-----

4
11

S. P _? f i 
drain---- ------1____ ,-Sta.f31+/6JI : 

r7 I _ _i___: 

:i!W-ft1ft--1>lf-18" [ ~-9- Jf?ts_-p ___ dr-.ab·nou 
1
tlets ~ 

-1r· -+--]Ii ..,. ____ 7i r-
- --L_ -----LL_ 

Selected surfacing ta er 2:1----l?'"'~ 
Sta. 30+46-----_____ .-- E~ 

·-- I 
7 
7 I .. 
I I -:-:[ . I C\/ 

,.- j, l j Catch basin---···F~ I \-24"5. P. drain 

-< C ~-- I~ 
\ 7 I 
\ [ I 
\ I I 
\ 11 
I 11 
\ I 
L __ -1.J 

,-Concrete gutter..:'. ____ t--
,· E ,-.-,, 

, ' 
/ \ 

/ lH '. PLAN 

-<JB GL 
6' -5" 

··24"5 P. drain 1 
,.-£/,4500.50 

fi;') •0 /· •.• ~\24"5. P drain 

El. 4499.50; 

-~-
10 20 

--11'0''-

\ 
' 
6 
.,,: 
"' .,,. .,,. 
i;j 

,.,,, 

\, 

30 
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CATCH BASIN PLAN SECTION G-G SECTION H-H 
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SECTION C-C 
'·--18" Bedding on shale surfaces 

""'lF ,-Welded fabric, 6"x 6" 
,~~~- -~i-<-/" / mesh, No. /0 x No. 10 wires ~-trt~/ El. 4509.50··"• 

·"·,,-~;-;;:_· 
, :-:]/~ 

SECTION E-E 

FLOW 
'.=--~ 

el ... 
SECTION F-F 

Sta. 30+84--' 

El. 4470.75 ~'f_ 

.-Sta. 3!+/6.11 
.,,,--' 

,--Sta. 31+48.22 

-<:_~op of riprap 

SECTION D-D 

NOTES 
Design based on concrete of 3000 lbs. per sq. inch 

compressive strength at 28 days. 
Apply two coats of sealing compound to one face of 

contraction joints. 
Concrete finishes, Surfaces covered by fill, Fl and UI; 

exposed surfaces, F2 and u2. 
Anchor bars not shown. 
Chamfer exposed corners J". 
S. P. indicates sewer pipe. 
Reinforcement not shown. 

REFERENCE DRAWINGS 
CONTROL HOUSE_ __________________________ 449-0-64 

STILLING BASIN-STA. 30+46 TO STA. 31+48.22 
SHEET I OF 2 __________________________ 449-D-65 
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TRACED 

INCREASED SLAB THICKNESS; MOVED CONTRACTION JOINT; 

SHOWED WALL BATTER; ADOED REF. OWGS. 

CHANGED LOCATION DF CATCH BASIN, DRAIN, 
AND GUTTER 
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A. Right flared wall of Outlet. Bay 3. 
Maximum depth of erosion is 3 
inches at flared wall and 8 inches 
in floor at stop-log slot. 

B. Left side of center chute block in 
Outlet Bay 2. Maximum depth of 
erosion is 17 inches. 

GLENDO DAM OUTLET WORKS 

Cavitation erosion on flow surfaces 
after 1958 irrigation season. 

Figure 2 
Report Hyd-461 
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PLAN 
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i 

INSTALLATION NOTE 
Saw cut and chip concrete as shown. Prepare 

the chipprd area in accordance with 
paraqrap IZB, paqe JJS of the Sixth Edit,on; 
of the Bu eau of Reclamation Concrete 
Manual. Using 1 and 2 as templates, 
drill holes far and install 11.. ApplyN·'2 
neoprene calking compound as shown on 
drawings following recommendations 
of manufacturer. 

Adjust 1 and 1. in position using anchor 
bolts i and weld anchor bolts i and /g to 
1 and 1.. Burn or cut off projections on fl 
and weld to 1 and l. "fill cavity behind 1 
and 2. with a repair concrete. 

~"---..,"Deep saw 
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LIST OF PARTS- A IR ADMISSION. EQUIPMENT 
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PARr NO. DESCRIPTION ,.,ATERIAL 
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3 3 Vent nininn Steel 
4 6 Hanner Steel 
5 9 Hanal!f Steel 
6 6 Anchor chair Steel 
7 9 Anchor chair Steel 
8 36 Anchor bolt Steel 
9 30 Anchor bolt Steel 
10 48 Anchor bolt Steel 

UNDETAILED PARTS 
PA!?T NO. USED 

MATE/1/AL DESCRIPTION WITH 
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A. Right flared wall of Outlet 2. 

B. Left flared wall of Outlet 3. 

GLENDO DAM OUTLET WORKS 

Cavitation-Erosion along flared walls after 
1959 irrigation season. 

Figure 5 
Report Hyd-461 
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FIGURE 9 
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A. The 1:18.4 Model - Original Design 

B. Jump Swept from Original Basin 
83% gate opening Q=l0,000 cfs. 
TW•4503.7 

C. Scour pattern in original design after 1-hour 
operation, at 83% gate opening. Q=l0, 000 cfs. 
TW=4505.2' 

D. Scour pattern in Recommended design after 1-hour 
operation at 83o/o gate opening. Q:rl0, 000 cfs. 
TW=4505.2' 

GLENDO DAM OUTLET WORKS 
1:18.4 Scale Model· 

Figure 22 
Report Hyd-461 
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REPORT HYO. 461 
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/Ir EXPLANATION 
~ Computed points. 

/ C Prototype tailrace observations wit·h 
flow thru powerplant and out·1et works. 

• Prototype tailrace observations with flow 
thru outlet works only (closing cycle). 

0 Prototype tailrace observations with flow 
thru outlet works only (opening cycle). 

Curve A- Model sweepout curve for original 
desi-gn - Res. El.: 4653: 

Curve B-Model sweepout curve for recommended 
design - Res. El. : 4653'. 

Curve C-Model sweepout curve for recommended 
design - Res. El. = 4640'. 

Curve 0-Chute blocks uncovered - Model- Res. 
El. = 4640. 

2 3 4 5 6 7 8 9 10 11 12 13 

DISCHARGE IN THOUSANDS OF CUBIC FEET PER SECOND 

GLENDO DAM OUTLET WORKS 
TAILWATER AND SWEEPOUT CURVES 

1:18.4 MODEL ANO PROTOTYPE OBSERVATIONS 
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