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S ARY

Spillway otudies

The gnillway studies described in this report were made to detcrmine
the elements of a spillway crest sand deflector for the Ross Dam with
spillway crest at clevation 1582 and to revise the 3tape 3 nronosals where
necessary to insure rood splllway oerf{ormince under all conditions of

¢ischarge,

esults and recommendations contained herein are hased on tests of

hydraulic models constructed to azpnropriate scales. & 1:3D scale model of

part »f one snilliway was used to letermine the crest and deflector shapes
and other details, & 1:20 scale model of tte eantive arch dam, including
the spillwars, elevation 1340 oitlets, and the downstream topogravhy was

used to sturfdy the overall nerformnace of the snillwars and chiates.,

i spillway crest and de{lector were develoned, (verflow Jection 9,
Fipures # and %, which when used togetrer, prevented excessive negative
pressures on thre snillway face without causing excessive oositive pressures
on tre deflector, The spillway crest wis then modified slightly, Gverflow

n

Section 10, Fipure 22, so that it joined the partislly complete Stage 3

) I3 3 13 .
spillway chutes, :n? no changes in tre {inished portinns of the chutes are



neczas ry. The chtes were made shorbter thian orisinally oroposed for

stece 3, "ioure 11, because noor rock foundation was encountered in the
field,

. change in the upstream pier nose radius at the ends of the
spillways was ound to reduce the end contractions, marticularly at high
dischorges, :nd tre downstream ends of tre plers were streamlined where
tre; wroject beyond the end of Lhe deflector, to prevent fin formation
and resultine svray on the face of the spillway. The piers beneath the
dellector on Lre right snillway were curved in vlan to imorove ihe dis-

ribution of flow on the spilliwsy chute, These detalls rre shown on
Fimres A and ¢, I ipht nlers are used in ‘fhn nrototype in place of
the curved plers, 14 will be necess v Lo raise & nortion of the outside

training will as indicated hy Piemre 16,

“rosion tests indicated .1 considerable meterisr]l will be croded
at the base of the snillwsy chutes, but none ot the base of the arch dam,
Thms the asafety of the dam is assured for =11 diséhnrges. Dxtensive
erosion stwiles on Schemes .\, ¥, and O were made to aid in determining the
best method of rivarbed snd soillwey chute nrotection.  'inal decision as
to the methad Lo e used rests with tre Lity of Jeattle and cannot be

given here, /4 discussion of these Lesis is piven on pages 11 to 14.

The best order of onening the solllway gates was inVestigated to
prevent overtopoing of the traininr walls when only a few gates were open.
The best order was found to dbe 4, 2, 2,1, 5, A, Gates on each spillway
are nunhrred consecutively, {rom nesr the center of the arch and continuing

outward, ‘igure 20 shows the necessity for following this schedule.

4 spillway rating curve was determined from a single gate on the
1:30 scale model and multiplied by 12 to give tre Lot:1l discharge for both
spillways. Sigure O The {ree lischarge curve ntows t¥ot the spillways

dischorge, 127,000 second-feet, with tre reservolr

Pressure neasirements were made on tre {inal spillway shape,

“verflow lection 10, risoure 22, to obtain Jata on tre model spillw:y and




defllector which would be strictly comparable with prototyne measurements
to be obtrined later. Wianres 73 and 24 show tre location of the piezometors

in the model and the pressures obtained for a range of discharges.

liowell-Bunger Yalve Hocd Studies

Studies 1o determine a satisfactery hood for jet control on the
Howell-Bunger valves were made on a 1:12 scale model. A model of the 72-inch
prototype valve was constructed and tested in combination with three different
hecod schemes, Tests were made over a considerable range of discharges and
valve openings for heads up to 410 feet. Of the four schemes considered,

T~

Hood I, ¥imure 27, was {ound to be satisfactory in that it was effective

in controllineg spray from the valves and was not subject to cavitation

damage, since 71l pressures neasured inside the hood were positive, Figure 29,
™

fhere was no unbalwnced thrust on the velve since the hood was. an independent

unit and was irn no way ohysically connected to the valve,

ice-prevention Svstem

X

5 & result of the tests made by the Hydrazulle Laboratory of the
Bureau to determine tre eftiectiveness o the air-lift system of ice
prevention for Grand Coulee Lam, the laborstory was reauested to determine
the essential reatures of an ice-prevention system for installation at
togs Nam. tudlies of thre Orond Coulee system were made ond some of its

features adanted for use at lioss Dam. liodifications were made where

recessary, based on experiences .t other dumas, and the resulting proposed

<

sysiem i3 shown on isure his schematic diagrzm should be considered

as a oreliminary nrooosal rather tran a {inal design.

These investig-rtions were conducted by the nersonnel of the Hyvdraulic
Laborator: of t's Pureau of Hecl~mation, Tescrintions of tests and the

results cvtrined are resorted Yerein as the Tinal renort.




PART T - DPLLLAAY STULIRS

Introduction

foss Dam 1s Jocated on the Jkarit Niver in the ltate of “ashington
about. 3-1/2 miles unstream from Idablo Dam and about 7 miles upstream from

Dam, Pieere 1, all of which constitute projects undertaken by the

of Seattle., YPower nrojects are in ooperation in connecticn with the

latter two dams, and & poweroplant is also orovosed it Hoss Dam,

1t was planned oririnally teo build Noss Dam in four stages, with

reservoir surfaces of anvroximately elevations 1365, 1550, 1635, and 1725,
respectively. These were called Stapes 1, 2, 3, and ultimate, respectively,
“te dem, a thin arch-type structure, was completed to Stage 1, Figure 2,
retore the livdraulic laboratory of the Bureau of ieclamation was authorized
Lo muke model studies of the spillways cf Stages 2 and 3 in 1943. The
results of the tests on Stages 2 and 3 are contained in Hyvdraulic Laboratory

“enort No. 1736,

In Stages 2 and 3, Frontispiece, the dam was to be increased in beight
but not thickened. 1In the ultimate stape, the dam was to be increased in
helght anc also thickened. Construction of Stage 3 had begun when trial
leal studies indicated th+t the stresses in the thin arch of 3tage 3 were
higrer than was thought desirable, s a result, this stare was modified

4 section used with the spillway crest at elevrtion 1572 rather than
at elevation 1612 snd normal reserveir surface elevation 1600, Jith this
secticn, 1t would not be necessary to thicken the dam. At the same time,
en the basis of recommendations by the Federal Yower Commission, the snillwayvs
were desirned for a maximum discharge of 127,000 second-feet instead of
100

,000 secend-feet considered for the Stame 3 model tests.,

bince construction of the Stare 3 spillway chutes was well under way
in the field when this investipg-tion was started, certain obvious modifica-
tions in tre soillwar chutes corld not be made since it was necessary that
the new snillway crests and chutes join the alread:. constructed nortions of
Gtare 3. Instead, modificstions were made at the unper end of the snilliways

o £

wrere construction tad not been started, Trese were ‘ound to be satizfactory.




Spillwav Design

Jeneral

with the s~illwsy crest lowered from elevation 1612 to elevstion 1582,
it was -~ossible to nrovide a flatter crest, since the arch rine 1s thicker
at elevation 1582 than at elevation 1612, the crest elévation for Stare 2,
The thickness of the arch :nd the head on the crest mnde it vossible to
desirn the crest and deflector so that the theoretical nressures on the
spillway face would not exceed minus § feet of water for any discharre, as
ceimpared tc a minimum pressure of minus 17 feet for the earlier desiom, &
deTlector was necessary to oreveni. greater nepative oressures, and for the
larger discharges, to orevent the {low from leavine the saillwav face

altogether.

“ractically all of the tests cn both the 1:70 and 1:80 scale models
were made on Overfsll Uection 9. This was the section recommended by the
“ureau for vrototyne construction, However, constructicn in the field
continued at such a racid rate durine the model tests that it was necessary
for the Cily of Leattle to revise (verfall Jection 9 slirhtly to fit it to
the already constructed ocrtion of the spillway. The differences in these
sections are minor and for o»ractically all purposes are the same, Hather
than rely upnon Jjudmient slone, however, Cverfall Section 10 was censtructed
to a scale of 1:2?0 nd retested, Lxce»t for the distribution of arescure
on the spillwav face and deflector, the sections were identical in ner-

foruance.
The Models .

1:30 scale model. A 1:30 scale model of the pronosed spillwav and
. M .

deflector was constructed with one full gate, on which spillway fsce and

- deflector nressures were measured, nnd a half rate on either side to insure
proper flow conditions in the vicinity of the plezometers, Firure 4B. The

. spillway was made of concrete, the niers of wood, and the deflector and rate
of sheet metal., The crest and hood were equipoed with piezometers at close
intervels above elevation 1515, iirure 4. The model was installed in the

headbox of the 1:8C scele model for testing, rirure 5,

5




1:20 scale model. A second wodel, built to a scile of 1:20, was

constructed of the entire arch dam, Firures 6 and 7 show the model as
constructed, and Firure 5 shows the model limits and topoprashy. Crest and
deflector delails were based on results of tests made on the 1:30 scale
model, Figures A and 9., Cther dimensions and details of construction were
taken frow field construction drawinrs supplied by the Citv of Seattle. The
arch was constructed of wood snd lined with sheet metal on the unstream side,.
The neadbox was of similar construction, consisting of a wooden box lined
with sheet iron and built intepral with the upstreax face of the dam, The
downstream »ortion cof the model dan and adjacent tonoerachv consisted of
metu)l lath coustruction, faced with an inch of sand-cement surface costing.
The metal lath was held in place by wooden supoorts. The box below the dam
was nlso lined with sheet metal above the maximur tailwater level. The
spillway crest was cast in rich concrete mixture and finished to a smooth
surface., Thec defleclor was cast in the same mixture and fastened to the
wood wiers. The s+illwar gates were made of sheet metal., The 72-inch
outlets =t elevation 1365 consisted cf lenrgths of l-inch oipe, reduced to

ne otroper size -t the outlet. These outlets operated cnly wide onen, and

no attemnt was imade to investirate nartial valve openinrs,

Upillway and veflector Tests, Cverfall Dection 9, 1:30 liczle Model

Uesirm. Frowm considerations of the head, discharge and thickness of
the arch, it was impossible to provide a crest shape that would pive satis-
factory spillway face oressures for the larper discharges witnout the use
of a deflector, In fact, without the deflector, the nappe soruns clear of
the spillwav for discharpes above 50,000 second-feet. With the deflector

in glzce, sati.factory perf{~rmance for all discharges was obtalined.

Ueine previously det rmined exneriumentsl data,l/ the splllvsy crest
as desirned to provide theoretic:] neerstive pressures zlonc the snillwsy

face, equal te 20 o-recent of head, or sbout minus ¢ feet of water in the

.

1/ ibstract of .tudies of Zrests for Lverfsil Dars,

Hviraulic Investirations, Boulder Canyon Final Renorts, Hyd.-112 by

v

J. N. Tradley, Decenkb r 71, 1942,




nrototype. Nerstive pressures of this marnitude are nect considered harmful,
The spillway Zeflector was desirned ‘o hold the sheet of water against the

snillway fuace for discharpes above 50,000 second-[eet, and st the same

time prevent excessive nositive nressures on the deflector. Detsils of

+° 1

tre recommenrded crest rndd deilector shzpes =nre stown on Fipures 8 and 9,

_esulis of tests, Tre ests indicated ths=t for «disckarges

o

between 20,000 nnd 127,000 second-feet over ~ free crest, th» maximum
nrgative oressure ncourred st riezometer 10, Fipire 10, The maximum
riefative pressure was the equivalent of minus 10 feet of water prototype,
and occurred Tor the maximum discherge, fTressures measured on the
daeflector Tor the same range of dischorges showed a maximum of plus
12 “eet of water {or tre marimum ciscr-rpe. The comnlete set of pressures
shown plotted en “irure 12, In créer that the deflector opressures
exceed tre v-lues shown, tre borizontnl distrnces between the spill-
ce #ng tve deflector shown on Figures 2 and ¢ should not be reduced.
Tfor 40,000 secend-feet only tre extreme nottom end of
in contact with tre flow., Tor 127,000 second-fcet the

ontact witr tre deflector {rom about elevation 1585 to the

in the model, tha water first ~ontacted the rood at
ioes not mewn that the prototype bood nmay be saflely

levation. Tn a small scale model, it is not nossible

renroduce tre insufflation, or bulking, which Is ¥nrwn to exlst to

some Cegree in the nrototyne, =5 & result of this -nd otrer uncertainties,
~ecomenied trot tre deflecter be extended sbove 1585 to elevation
with ‘he hood at elev-tlon 1600, the structure was

140,200 secona-Teel, without overtopping.

{llway face orescures nlotted on igure 10 are minimm

fluctustine cclumn of weter in the model

while tre deflector wressures are maximum,

Cregoures Top btk bt geilluny nd Lve deflector were also investi-

“low under = nartiazlly roisesd gnte, These nressures were not




recorded since maximum pressures on the dellector and minimum nressures

on tre snillwry lace were found to occur for dischirges cver a free

crest.,

The constriction at the end of the dellecltor; botween tre deflector
an’? the s~illway face, was incornorated into this desipn on the basis of
previous tests which indicated that "dribbling,” that otherwise occurred,

was considerably reduced with the constriction in nlace.

Srillway Tests, tverfull Section G, 1:80 Sczle Model

Teneral, Tre spillway ond defllector shepes, {verfleow Section 9,
otbained from tre 1:30 scale tests were incorporated into thre 1:80 scale
model, joined to the Stoge 3 spillway chute, and furtrer tests to determine
tte nerformance of the stricture, as a whole, were made. Some refinements

in desimm were found tc be necessary, and these are 4discussed under

aroropriate headings. Figure 5 shows the model limits, Tipures £ and 9
the det=ils of the anillway #nd chutes, and Figures 11 and 12 the layout

of the snillw ys with respect to tre arch,

Spillway vier noses, The elfect ~f variocus radii on thre upatream

nier neges »t the ends of {re opillwnys was thoroughly investipated. The

noiel was btuilt with a 12-foot radius nose, a3 vroposed for “tage 3, and

considerabls contracticn was evideat for hirh dischrrges with the gates
raised free of “he water surfazace, Tn an attemot to reduce the contraction,
the radiis of curvaeture was doubled, but only a smo1ll amount «f improve-
mant was evident, <ther radii and arrangements were tried, and finall- the
curved nddition nn tre unstream face of the dam was remcoved cntirely and

a 5-foot radius curve was made tangent to the face of the dam and the face

of tre nier, “ignres 8 and 9. Tris arrangement nrcved entirely satisfactory

r

ant is recommended as being the hest, consistent with cost. The radius

own is as large as can be used without interfering with the pate seal,

S

Geflector wier noses, The deflector niers were Ulrst installed with

4 scuare nose on tve downstresm onc, Uperation of tte model at SO;OOO second-

feet or more showed that the sudden expansion of tre ‘ets, after leaving

L]




deflector, cansed a (in to form downstream from the square end, which,
in the nrototyne, would cause needless snray on the ovnen spillway face.
np the model niers, as shown on Fimires 2 and 9, reduced the size

fins until they were hardly discernible on the model, and the water

ace for auite some distance below the plers nnoneared much smoother.

effect was narticularly noticeable fer 127,000 second-feet, Figure 6.
e

the nier noges are cssential in the operation of a vacuum crest.

Deflectcr nier curvature. An exanination of tte distribution of flow

at tre end ~f the right spillway chute showed that tke spillwny
was concentrated along the supecrelevited side of 4he chute,
third of ths width of the chute was carrying annroximetely two-thirds of

the total discharpe. /s a result, there was a tendency for tre discharge

s;ill over the training wall atout half way down tle chute,

Zince at  the time of these tests Lhe prototype chute and trrining
walls were completed uo tc elev-tion 1490, it was not vossible Lo change
Lt e curvature or suporelevation of the chute, and improved flow conditions

1o be cobtained only by wmaking chanpes above elevation 1490, The

5

possivilities {»r nreventing overtoopiny of tre downstream training wall

H

.

were trereflcre very limited,

Imorovement in tre distritntion of flow was evident nlong tre ecntire
lenpth and 7t tre end »f ive chute when the nlers under 4'e deflector
hood of tre rieYt spilliway were curverd in plan as stown in “igure G.
Turving the siers slac directed the water away frov the superelevated
side, and trere was no tendency %o spill ovror Lre troining wall, figure 134,
Uistribution st tre end of tho chute was still not nerfect, but t;e
imorovensnt was sufficient,from a hydranlic standooint, to justify the
Installstion of tv» curved piers.

“ipure 16 shows tre water surfhce onofiley nbiiined with straight
s with curved niers., 1, for any resson, the curved niers are not
constructed on the rirht spillway of te -rototyne, tre training wall on
tre superelevated side 7 e right spillway chute, between elev:tions

~at 1395, stould be raised to nrevent “low o ver Lde wall for




alschrres sbove 197,000 second=feet, t least Z feet of freeboard should
he allowed cver the water sarface profile shown on Uigure 16, Tor a
iischerge of 100,200 second-feet with tle strais>t niers, the water

surface vrofile is bhelow the too of tre wall at 211 »noints,

Further improvement mipht have been obtrined by increasing the

curv: ture of the niers, but it wns found t!it this weald reduce the
cavacity of tbe spillwry, since tre control in the bavs tv- 1 were made
narrcwer would be moved from the gate to the end of the deflector. The
bays tbat were made wider would not compensate [or this reduction, since

in trose bays the control would remain #i tre gote,

“low conditions on the left spiliway chute were found to be better
than ttose on the risg*t chute. Jome concentrstion = [low on the suver-
elevate? zide of the left chute was ilso evident, but the installation of
curved niers was not considered necessary since Lhere was no tendency leor

M

the flow to snill over the training wall, Figures 13B and 16.

Jpillwav chutes. laring field construction of Stape 3, poor rock

founs to exist =t 1 he ends of the spillway chutes. Accordingly, it

elieved alvisahle tc shorten the chutes Lo a voint where sound rcck

evident, Tt wrs nlanned to shorten each chnte zbout 12 feet in plan,
“rel this modificntlon was incornorsted into the model for testing. The
ends o7 the model chutes before modilicnition, however, were not built
according toc the plans given in the previously-mentioned eport Mo. 136,
instead of the uniform slope shown in the :bove renort, tre ends ol the
chutes were turned sliphtly upward with resoect Lo the uniform grade.
This feature vad been incornorated into tte Tity cf Seattle drawings

after levort Yo, 136 tad been issued.

.3 on the shortened chutes with the upturned ends sh-owed that,
for 211 dischirges, each jet was directed so as to cause excessive
arasive action st tis base of t've opposile chute. <lso, it was found that
tte Jion in tre stilline-pool wrs slicbtly unstable, oulsating {rom side

s »

at regular intervils. 1t was believed tr-t underuining of itre

stmictrres wenl! undoubtedly occur wnl thut more stroble coerat lon cound

1ined 18 tre yntuyened liong wepe remnved,

10




The lins viere removed, :und the uniform zhinnel grade was maintained
the chutes,  Further tests showed thut the pulsating con-
~t171inp~nool then censad te exist, wnd the jets intersected

cent rline o0 tre chrnnel hottom, Thus, tre tendency toward
undermining tte structure was reduced and operation greatly improved, as

indiznted on Figures 6, 13, 14, ~nd 15, The recommanded lsyout for the

%

A YT e vy H o o IR
il lwey ehutes doo @ emoon Tigire 11,

dince tve ends [ the chutes are some “istence brck from the steep

reck walls af e =tilline—ponl, 34 m= be necesssr. to excavste a chrnnel
tie rozk from the end of each chute to the edge of the bluff,
exoav:lion shonld be decn enoupl to prevent the undrrside of thre
Jets from strikine the exnosed rock surface snd sufficiently wide to
nrovide aeration of &*a underside of the nappe, Any recduction from
atmosnheric oressure beneath tte nanne weald tend to Feo e wre trajectory,

a1t i a severe condition were encountered in the field v erf{: mznce
7 3y

of the sti111ling-nool m¢ph‘ he allected,

“rosion tests--Gcheme A, . study was made to detrrmine the effects

cf the snillway dischirge on an srodible, homogeneous riverbed below the
dam,  The medel river chrnnel was constructed accerding Lo the soundings
subnitted to tris office on ity of leattle lirawing o, -13122. The
near-verticsl sides of Lhre channel were reproduced in mortar, and erosion
of the sidewnlls was not considered for tiese tests. The riverbed was
levelled at elevetion 1160 at Lbe ptert of each erosion test, =nd the
tailwater elevation was set at elevition 1205, Record tests were made
witv botr aspillwa' s overating since this was the most serious condition.

Firure 15 shows tve aneration of tre stilling-pool with one snillwny

SRt

€ materinl composinn the erodible bed was a well-praded gravel
wbich, dn pre orototooe ) would reoresent rocks from 6 inches to § feet in
meximum dimension, The tests were run for 20 minutes, which would cor-
esoond ‘o about L-1/C vours of nrototyoe operation, The size of tre bed
matert-l an’ *re lenptt of tve Lects are not intended to renresent exactly

the conditions 4r-t will obtain in the orototype. towever, thris information

11




is aresented to aid in internreting Lhe results of tve erosion tests mude
on e vodel, odel tests, in peneral, are nol conclusive as to the exact
amount, of nateris] tr:t will be moved or the deott to which erosion will

wropress, P owever, molels do conclusively stow where the erosion, if any,

will occur nnd were depositions of eroded mabterial, if any, will be made.

“rosion tests were made for disch-rges ol 20,000, 40,000, 69,000,
oy M0, =nd 127,000 second-feet, [hotographs cof the test results were
made with 10-Toot contour lines indicating the denth =nd extent of the
erosion, ¥irure 17. It should be noted th=t no erosion occurred near the
base of tre rreh dam, MNaximum depths nd ysrdages were determined for each

test and are shown plotted apsinst discharge on Tigure 18,

Tre eroded materinl was denositecd immedi-tely downstream from ttre
ans as thte test progressed, moved downstream slowly., The Lop

usually at elevsation 1200 or thereabouts,

The nffect < the elevation 1340 outlets was investigated during the
ernsicn tests, Firure 6, The ountlets were opened both with and without
tre gnillwara onerating, Uperation wilh the spillways showed that the; had
no measurnble effect on the actien in the stillinv-pool. UOperatineg alone, in
-

snite of tve concentrotion ol flow, the action in the stilling-pool was very

7314 and enused less ereosion ttvan tre snillwaps discherging 20,000 second-Teet.

The bottom ~f the srodible bad in the model was at =levation 1110,
heins limited by the hotton of L'e outlet bex, Had the pravel extended
deeper,the erosion wonld have been deeper {nr dischrrges above 40,000
second=feot | o5 indicated by Jirure 17, In determining the maximum erosion
‘ni the corres oniine vardares for larps discharpes, the orobable deoth
t,0 wrih srosion would tave nropressed was used, This was found by
vrojecting t'o axisting slones of (e ornsion hele until they met, *or

y 0=seconi-Tool dischrrpe, this method wis believed to be accurate;
Ter 20,930 second=fest, Pirly acecursie: and for 127,000 second-Teet,
purely on estin te,

e

~a yardares c'ven in Tigure 18 do not necesz rily recresent the
amount of ercsion Yo be eyoected in the oprototyne, but do rcive 3 com-
rurisnn of the relative smounts of ~rosion to be exoected Yor various

lacharpes.




It is known, however, that solid rock exists in the prototyve at
some unknown elevotion heneath a layer of relatively loose materinl, The
solid rock will erode slower than the loose materizl, nd so some
consideration should be given this condition. {n the other hand, if
the element of time is removed from consideration, or, in other words,
if the nrototyne is crerated for a suflficient léngth of time, the
erosion will anoroach that indicated by the model, regardless of the type

of materiz) in the prototyne river chmnnel.

“rosion tests--3Scheme B, From the cerosion studies made on Scheme -,

it was conclusively shown that no erosion was evident ot the base of the
arch dan for any discharge, and the safety of the dam is assured for all
overating conditions. The greatest tendency toward erosion is in the center
of the river chb nnel near the downstream edge of the spillway chutes. &
lesser tendency toweid erosion is evident near the steep sidewalls of the
~hannel. Thus, any progressive srosicn that would tend to undermine the
spiilway chutes orobably will not sccur until the sidewalls have been

exvosed by the ercsion of the channel bottom.
Jdith the spillways in operation, it was evident thrst as erosion
oropressed, enersy Adissination in the stilling-vool becnme more satisfactory.

"his led to the conclusion that it would be desirable to excavate and create

a deen stilling-pool while construction equimment was still on the site.

The ity of lJeaittle felt that this would cost less thon removing the eroded
materisl from the crznnel at some later date after the construction equip-
ment. tad been removed. This procedure, however, would exmose the channel
sidewslls Lo the immedirte erosive effects of the rirst discharge tha
passed ovar the spillway, rngafdless of size. To reduce the nossibility

of underaining the chutes, it was suggested that a hole or sump be
excavated downstresm from the area where erosion would normally occur.
Then, us orosion nrogressed, the eroded materisl wenld be deposited in
evcaveted sump, =nd the rock sidewalls in the vicinity of the svillway
chutes wvonld not be exnnsed to erosive action until sozne of the bottom

nmateriszl rad actusrlly bren eroded -l moved,
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Tests on this scheme were mnde for z discharpe of 60,700 second-
fent, iftsr an erosion test, similor to those made for Ocheme A, the
size of the eroded hole wns carefully measured, Lhen reproduced about
200G fect downstream from its criginal locaticn, Fipure 194, The eroded
hole was filled to elevation 1160, the Jischrrpe of 60,000 second-feet
reset, and the test continued for 30 minutes. The excavated sump filled
as exnected, but the eroded hole below the svillway was considerably

s

lTarger thrn Tor the Tirst test. Comvare Pirures 170 and 1953, Thris was

nrobably due to tre fact that the excavated sump was too near the spill-

wa!", and the loose bed materia) was pushed, rather than eroded, out of
nlace. Tris may or may not occur in the prototype, denending on the {irm-
ness of thr matarial cemvesing the riverbed, It was believed that more
satisfactory renults could be abtained with the sump moved farther down-

nnd tasts on Scheme I were abur ioned,

nrosion tests--Ucheme ©. 'The test was then repeated, this ti

the sump about 400 Ceet dowmstrean from its original locationm,

s the test orogressed, the eroded material was deoosited,; gradually, in

~
)
i

tre excavated sump. The Uinal eroded hole, Figure 190, was very similar

Lo the one oroduced in the origincl erosion test, igure 178, Uowever,
more material was eroded for this test (BO,QOO cubic yards) than for

tre oripinal (65,000 cubic vards), and the excess materisl was deposited
chove elevation 1160 in the qdownstream channel, th-reby partially deleating
the opurpose of t»is scheme. DJome advantage remained, however, since

Yor dischirges less than 60,000 second-feet or for short-duration dis-
charges above 60,70 second-feet, the eroded meterinl was not sufficient

te Ui11 the sumn, sa, conseausntly, no denosit was evident. At the

swme Line, the area nesr the ends of tre spillway chutes would not be

suviect Lo orewsture erosion,

T 1t is Mnallyr decided Lo excavate ¢ stilling-pool or a sump
#hile constructicn equinment is on the site, Figure 1? will be helnful
in determining the “mount of mat-risxl to be remcved ofter a study of costs,

nrobable ischarpes, and character of bedrock are considered,
L. y




3pillwav Uperation

soneral

Cperation of the model indicated that although it is preferable to
operate both snillways tugether, either may he operated alone without

causing excessive srosion., In operating edther spillway, the procedure

given below should be followed, The spillway rating curve, Figure 21,

reservoir elevation versus discharpe, may be used to aid in regulating

spillway Jdischarpges,

Zate Cperating Schedule

An investirgation of the order of ovening the spillway pates was
made, and it was found that considerably better {low conditions are
obtained if th%e nroner seauence is fellowed in onening and closing the
snillwar pgates, Certzin pates, or groups cf gates, vreduce flow conditions
which are not desiratle, and briter conditions may be obinined by following
the ovening order 4, 3, 2, 1, 5, 6, regardless of thre number of gates that
are to {inally remain oven., The closing order should Tollow this sequence
in reverse, The pates on eazch spillway are nunbered consecutively {rom

the center of thre arch towsard thre abutments., Figure 20, shows the [low

concentration caused by opening Gate 1. Figure 208 shows the improvement

b

obtaine? when Sate 4 i3 opened {irst, Fignre 200 shrws tre concentration
of flow alsng the training wall and at the end of tbe chute with Gates 4,
5, anc § open. Better distributlon is evident with Tates 4, 3, and 2
open, Figure 20U, Similar studies of other combinations, not illustrated
here, sheowed thst tha ovening order given above wis most satisfactory.
The figures show the right snillway overating, but the test results are

alse anvlicshle to the left spillwey.

Spillway Hatiag Jurve

A srillway rating curve, reserveir elevstion versus discharge, f{or
hoth spillways was obtained {rom the single bay of the 1:30 scole model,
The single gote discharge, determined for Overfzll Section 9 and checked

for {;verf211l 3echtion 10, was multiclied by 12 to give the discharge for




M)

the pntire snlllway, Two check points, for ressrveir elevitions 1600 nsnd

and 1A0B, made on tve 1:%) nzale model, stowed reasonable agresment,

Pimure 21 shows the enillwsy rating curve obtainsd. The spillway
coel{icient curve 1s also shovn sivine "I din o = CLH” 2 in terms of
resorvoir elevetion. Tn this equation, . is the Jischarpe in second-feet,
Iothe lenrth of crest mneamured bhetween piers, and ¥ the difference in
elevition btetwern the crest and tra reservoir surface. 't reservoir
elevetion 1600, ton of g ie, tre .arximum discharpe wos 70,500 second-feet.
The maximum desicn discliorege, 127,000 second-feet, oécurs with the

’

eadwater at olevation 1508,

-

xact dischrrees Por onartisl pate owenines cenid not be detormined
instollation of the prtes is g . of a future nroprem, znd the
were not known., Tite 111 noi be instzalled until the
reservoir has Tilled or until shartares of gate naterial have been
alleviated, The da 1-11 urves of Firure 2?1 show annroximate
dlscharges o ha rted Tor orrhinl pate ovenings, These curves wvere
“etrruined using o Fr11 Jectien 10 and o Monocosue pate inétnlled
arcording te tre trunnion locztion given for verfr1l Section 2,

f

draulic Tatorriery enort Yo. 135,

s

Yodel and Prefciyoe Yeriflizotion Tests—=Cverfall Jection 10

ile the model bLests on verf:ll lection ¢ were in nrogress, con-
struction of “te rrototyne srillway chules continued, {ollowing the
olan for the Stare 3 layoub., (n July 77, 195, while the 1:30 scale
morel of ‘wverflow lection 9 was being tested, the nrototyne construction
ned oreached elevation 1475, The drawings of Jverflow Section 9, Fipures
£ ool Gowere mide to tie in to the stape 3 chutes at elevation 1430,

v tre 2ity of Jeatile received these

o

bt oy oupest D3, 1946, the

én
drawings, cnastruction had slready nropressed Yo elevetion 1500, Thus,

neces:=r for tve Tityv of Seattle Lo modify vverflow Section G

‘e tie Lve two sections tomether. The minecr c¥-npes made in

shone were downstream Srom thre crest, ant ther will not




affect measurably the verformence of the spillway. However, they were
believed 1o be of sufficient importance Lo pravent & strict comparison of
oressures between the model of Gverflow Section 7 2nd the modified section

being constructed in the nrototyne. OSubsequent tests showed t!'is to be true. -

ince it iz tve »ractice of thre Pureau to install necessary equip-
in »rototype structures to enable verification of model studies,
of Geattle was requested, and they agreed, to install a series
zometers in tre left snillway face zn’ dellector between Joints 22
and 23, Tipure 8, The City of Jeattle was requested zlso to submit to
the Fureau tre s-illway sectlon which they planned to actually ~onstruct
in the vizinit; of Joints 22 and 23, hereafter referred Lo as Overfall

Section 10, so that & model of ihis section could be tested in the

c
laborztory. FPressures measured on this mocel could then be caupared
it

with tre nressures obtnined at some later date on the nrototype.

Pressure Measurements on Crest and Deflector

-
e
»

A model of Uverflow section 10, Figure 22, slso referred to in the
corresnondence as Altern-te 2, was constructed to a scale of 1:30,
equipped with niezometers, as shown on Fiqure.ﬂh, and pressures on the
spillway :nd deflector measured [or a range of discharges with free flow
over the crest, Visual investigation of pressures under a prriially
gate indicated trat this condition was nol as severe as for free
flow over the crest, The results of the free {low tests are shown on

e . - -
Fimires 3 and 24,

“ressures on ‘e snillway face sre shoun Tirure 73 In feet of

s A

g

water, -rototyos, and ~re nlotied apainst the niezometer number. For
noourpeses, the nressures are not significantly difforent than

hose {ror ‘wyerfall Oection G, differing only in depree. For Clischarges

un to 15,000 second-feet, -ressures on the scillwa: face were nositive

aver siost ~0 she syrfzace, becomine slisbtly below atmospheric in thre

recion of Mezometers %, 10, snd 11, As the dischirpe was increased, tcre

ol tve snillwar was subiected e rediced oressures until for 127,000

second=-feel, nrzetizally the entire face below Lhe crest was below




atmospheric vressure, The greatest negrtive pressure recorded was for
127,000 second-feet ~nd was minus 6.4 feet of water at Fiezometer 8,
The recorded vslues are the avierage of at least three determinations,

each determination being the lowast pressure indicated by the piezometer

over 2 meriod ol abou! 30 seconds,

“ressnres on tte deflector are shown on Figure 24, These tests also
ndicnted results similer to throse obtained for Cverfall Sectlion 9., The
maximum nrsitive nressure on the deflector was equal teo 12 feel of water
xnd oceurred for the maximem discharge, 127,000 second-{eet, ixcent for
a nositive "hump" in Lhe pressure cnrve between elevations 1530 and 1545,
the pressures incresse more or less uniformly from the top to the bottom
of the deflecter for & siven discharge. In general, the -ressures also
increase with {le discharge. lowever, ut ¢ fisch rge of 40,000 second-

feet, only the lower nart of the deflector is in contzct witk Lhe water.

Tre deflecter prezsures s!own were ovtrined in the same manner as

e snillway aressurnsg axcent the wmavimun velues of the oressures were

Tonsiderable 4ifficulty was encountered in cbtaining consistent
iellector pressure rendings, esneciully for Ziescharpges bhelew 127,200
wins believed ue to the viriaticns in the flow pattern,
4 break" contact witht fve viecometer orenings in the
i7tions exist Lo the s-ie depree in Lie orototype,

may be [iTlcult to correlate swodel wnd prototyne dellector pressures,
he mressures indicste Lhat Uor desien ourposes Cverfall Cection 10

s me zs Jverfnll Jection .. Vor como.rison of model and nrotetyne

3
Yoweveor, < lCTerences were great encugh to warrant raking

sressure tests on ¢ verfall Section 10.
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s DUT 1Y - BOWRLL-RUINGUL VALY WOC 3TULIES
;.‘:" :
Introduction
: Previous to the tests described in tVis report, olher tests on tre
Howell-tunper valve installati-ns st the toss am were made by the Pureau's
llvdraulic Laberatory »nd reperted in Hydraulic J.aboratory Pevorts MNos, 156
.
and 168, In trese repcris, the operating characteristics of the vilves
*
and the merits of two hoods were discussed. Thre hoods nronosed by
the 5. Morgan ‘mith Zomnany were unusable becnuse of excessive unbalanced
trruyst, und the Jitr of JSeattle requested thet additionzl tests be made
to develoy s workable hootd {nr control of the jets below the valves,
The Set, emitting from tre valve without a tood, spreads at an
ancle of =bout 4S5 degrees with tre centerline of the valve and procduces
. o . - . -
excessive soray, Fisure 224, In tre vieinity of transforaers or other
electrical ecuipment, esvecially in cold weather when ice forms, this is
very chijectionable.  The use of the hosd will prevent excessive spreading
20 the let and therebr reduces the spray, “igure 287,
Food "lesipn
Tre lodels
Tests Lo determine the efficiency of 1>e roods made it necessar. to
nrovide a valve, correct in every detail, to properly direct the discharge
thronch the hood, The 4-inch model valve was mnde of bronze and machined
Lo cimensions furnisted by Jetter from 5. llorgen Smith Comnany, dated
Ylarch 2, 1645, 4 photostat - that letter is contained in Yydraulic
Laboratory flenort Vo. 148 The valve was constrmicted 30 th-t it was
hemolopgous to the orototyne 7Z-inch valve -nd ~-yuld he tested at any
decired openine,
. The velve, with o waitable length of condnit, wes connected to a

pressure vtk which conld supnly water in varying quantities st heads

ur te 410 Teel ) -rototyne. The hroovds were constrmicted of -etnl znd




were equinped wilt »iezomnters st points which were believed to he

subject o reduced pressures,

tesults of Taents

fenerzl,  Tre criteria used to evaluate the desirability of a
partisular hood were (1) the effectiveness of
spreading of the jet «ftar the disebrrpe left the Yood snd (2) the

pressures occurring inside the hood during operation, Chservrtion of

the hood in prevvnting

the mcdels in omeration was sufficient to detrrmine thrt 211 hoods tested
ware e¢lfective in controlling the Jet. Dressures obtainesd from plezcmeter
reslings were used to determine whotiver cavitation micht occur in the

nrototvpe structure,

Yood A, THis nroposal was submitted by the Jity of .Jeattle on
irawing o, D-13132-12 2nd censisted of two verticsl wells =nid a roof,
ing both vilves in a commen niriecture,  This Food was not tested
cne nadel velve was imrediqtely available, and it wonld vave
resn necessary to conatruct another ~odel vialve tefsre the teats could
be min, BRefore constrmicting another valve, it was considered advisable
to Lest otder -~roeosgsals which mode use of individual roods {or ecach

valve,

r

tiood B, U L consisted of & cylinder 17 feel in diamebwsr angd
15 feet long, ™i: 25, beld in olace by independent supports, and in
no wayr connected to the valve, The jet issulng [rem the downstream
end of the hood was quite satisfacrory and wes very effective in con-
trolling the iet. However, the proximity of the hood perivhery to the
valve crused a considerable zmount of water te be forced out of the
npstresr end of the tood, coupletely submersing the valve, Luring the
winter monihs lent ice 2lg“l vorm on the valve to mrke 1t difficult,

L7 net imnossibtle, Lo ooerate, lonsequently, this desipgn was abandoned,

Tn this design, the hood was connected to the vilve, making
the rood #nd velve a complete unit similar to the original hrond wroposed
by the 5. l'organ Smith Company. Changes in the dimensions were made,

Tieure 26, to increase the cressures inside tre hood. lnder test




conditions, this hond would be usable for srototyme reads un to 200 feet,
At that Fead, the mawimum negative nressure inside the hood was minus
17 feet of water,

At this stage ol the testing, the laboratory was informed thet the
valve was to be oncrated at heads un to 385 feet, This nosed an entir?ly
rniew oroblem, since at this head the =ressures would be so low that
crvitation wonld undoubtedly occur. Tre thrust weonld be increased,
making it difficult, if not imnossible, to close the valve after it had

been nnene-,

ry

iiood "——-[inal design. As a result eof the tests on llood C, the

physical connection between the valwe and the hood was eliminated, and
each valve was considered as an individual unit. Although only one valve
‘ni hood was constructed, in effect, i separate hood was ;rovided for
cach valve., The hood was made as large as possible, taking into account
Lre clear-once between valves, 'nd was anchored to a foundation located
nelow the valves, FTigure 27, This arrangement was a combination of thre
sche e used by the Tennessee Valley ‘utnority and the nroposal submitted

by the Tity of Jeattle, &nd oroved satisfnctory.

It should be noted, Figure 77, thst the c¢lenrrnce botween the model
valve-sleeve ({lange and the inner ring of Lhe hood is very smidl, The
corresnonding nrototyme clearance should also be keot to a minimum,
t=king intc consider-tion bolt hexnds or otrsr nroiecting surfaces that
nirkt aftect this dimension., Thre diameter of the inner hood ring should
not we crangad, it the minimm clesrance shanld be cbtained by extending
the floage of tye valve sleeve. If, in spite of holding to minimum
clenrances, the nrototyne vroduces nn excessive amount of {low between
tre valve sleeve {1 nee =nd Lhe inner heod ring, a sezl Tlanre could be
nlaced on tre valve sleeve, Pignre 27, sc that contact witk the inner
Food ring {s maintained st 211 times, This sbe 1d keen the area

nnstream from tte hend dry ¢ all times.

comnlete set - nressares over Lbhe unrer renpe of heads was

obttairied for tris desien, Tre nlezometer loc:iticns #nd the onerating




of’ u?it nres=ures 7. To oblnin Lhe oressure [or any given head, multivly
the 7 velue for & partisulsr niezometer and valve opening by the
prototype head, Tvis pgives the pressure at the niezometer opening in
feet of wat. r, nrototyne.

~

e sressure eurves of Fileure 29 were obtained from tests in whiceh
tre head varied from 173 to 410 feet prototype, and indicated that all
pressures are positive over the entire cporating range. Accordingly, no
cavitition is expected in the nrototype, 3ince the vrlve hood is
independent of the valve, no unbalanced thrust can affect the normal
Torees necessary to open awd close the valve, 3ince the hood is mounted
on an independent foundation and is not denendent on the vrlve for
structural suoport, Lte vibration of the entire structure should be con-

siderably reluced,

o

Tre Zity of Zeattle renuested, throngh the fiydraulic Laboratory,
trot the Pureau check their oronosal to use l-inch tlick steel plate for
comstructing lood £, As & res:lt, the Technical “ngineering Analysis
Jecticon made a stress analysis of the hood, using the data from

imre 29, Treir renort, in the form of a meworandum from C. C. Srawford

te AL J, Peterka, is given below:

", Introcduction

'

he following study was wade at vour request to
f ene inch steel nlate is :dequate for fabrication
Tor the Howell=Bunger Valves &t Hoss Zam,

w
i
-

detarmine
cf vzlve bhoods

"2. Sonclusions
The one inch trick end plate as srtown in the sketch
farnisted to this office is not strone enough to withstand
the hydraulic leoads obtained Trom the model tests and at the
same time keep the naxdmum unit stress at a desirable figure,

*3, Cecomnendstions

1t i3 recomnended th:t the end plate thicknes: be
incressed to 1-3/8 inches,




"y, Qﬁggwnts
The drawing Turnished tvis office is only a sketch
an? not » comnlete desirn drawing, however, from the data at.
hand, it apnears thst radial stresses in iy~ end onlate due
to hydraulic londs obtained from the model studies may reach
vilues on the order of 20,700 pounds ner square inch,

1f tve end nlrte trickness be increased to 1-3/8
inctes, the radi~l stresses in the end nlate can be reduced
to v:lues below 16,000 pounds ver sauare inch,

An altomotive design, satisfactory {rom the noint
of stress considerations, could be affected by using a
1-3/8 inch thick end plate with an ocuter cylindrical shell
3/8-1ncb thick, This desion would require throt a 1/2- by
bH-inch stiffener ring be welded to the hood shell at its
fiischarge end, This stiffener woulc have to be anchored to
the concrete tc be effective,

"5,

fadius o hood . v . v ¢ v « . . . . . 72 inches

VYaximum pressure on inside of Hood .. 621 lbs/in2
Maximum avernge pressure on end plate, 16 lbs/in2

", Tecknical Details

The maximum stress in the cylindrical nortion of the
shell due Lo an internsl pressure of 62.1 pounds per square
inch was computed from the formula S = pr/t where S is the
tensile unit-stress in the shell in sounds wer square inch,

p is the internal hydraulie pressure in pounds per souare
inch, r is the radius of the cylindrical shell in inches, and
t is the thickness of tre shell in inches. The pressure p
was computed from values of p/H obtained in the model studies.
The vilues of p/E were multiplied by 410 and 0,433 1o obtain
tre equivalent intrrnal pressures,

The end nlate was snalyzed as a circulsr {lange
and suprorted at the cuter edge wilh tle inner edge
against rotation, ~ud soubjected to uniform nressure

the actusl surface,

1nee

. lheflrrences
Ao trawing ttled 'floss Dam, Howell-Punger Vslve
F'ood L==Tinal lesion, flezoneter locztions nnd
“ressutes,’!
cCarmond U, loarmz, 'Fformlis Uor ltress and
second cditic
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Introduction

Sbress astodien ade o loss lan, Uor i stape vtk 4ba opest at
Plevat Ton 1590, tonk into aceount marimum {lood #nd e rthenake stresses

.
}

put 41 net inelwde icelond stresses. Tris fellowed the request of the
Federnl fower Commission tbet ice br mrevented from forming in the
vicinit oY the snillwey pates, In planning on icewnrevention system,
it was believed sdvisable to not only prevent ice from forming in the
vicinity of t»o spillways but alszo around the entire length of the arch,

i
. -

"revions extensive investipallons of rn ice-prevention system for
Oonlee Lam showed thnt the rir-1lift system was the most satisfactory.
system makes use of n geries of nozzles on the upsiresm side of the

dam, discharsine s2ir into the reserveir 10 feet or more bhelow the surface.
The resultine circulation bringing warmer water {rom below to t.he surface,

prevents the “ormntion of ice near tve unstreanm frece of the dom,

The desisn of tre Orand Coulee system was based on tests made on a
1:1 scale model by Lbe PFureau's Hydraullc Laboratory. From ttrese tests,
the tvpe of noznle, the direction of *'e air jet, the quantity of air
necessary at each noznzle, the inside diameter and shene of the nozzle
itself, the verticul smacing of the nozzles, and oth r detnils were
~

determined. Using this and othsr data, tve details of the Grand Coulee

instsllation were nrennred,

hen an ice-orevention system for Hoss lam was sugvested, the

«

Pvdranlic Tabarstory was remiested to make & nreliminsry investigatlion

to determine “re ecasentials n¢ *ve svetem, luring the vinter season
when freezing would oceur, the reservoir will be betwern elevations 1500
aqrt 15580, The ice-prevention s:stem outlined in this reovort is similar
to the Arand Toulee system and is designed to protect the entire arch

from ice nressure withy Lhe reservoir ahove elevition 1500.

Frelimin rv Sonsideraiions

tre SGrend Toulee am lce-nrevention system may be adsnted

L, Vewever, certsin dissimilorities in the structures




make it necessary to provide » different wniping layout for the air supply.
The lack of =n insnection or operating gallery at « convenient elevation
in lloss Uam introduces oroblems not opresent «t Grand Coulee, Hecause

[ the thin arch section, it will not be feasible to construct 2 gallery
in Ross Jam [{or the installation of comoressors, pines, snd headers,
Thus, it will be necessary to install the compressors at the roadway
rlevi tion, say, in one of the abutments, and run picing throur® the rrch

to the nozzles on the upstream face of the dam,

The thin arch section alse introduces another nroblem in that during
severe uinter conditions, the temocrature gradient from the front to the
btack ol the Jam may nlace the air sun»ly pipes in » freecing zone, The
viping should be located nesr the upstresm (ace of the =reh ind arranged

sc th t freezing L0 condensed moisture in the vioes be eliminated.

Pronosed System

T K
ues.A.EEE

Two horizontzl rows of nozzles are considered necessary, the lower

c
at elevation 1490 and the wanner at elevailinn 1530. This should rrovide
Al

comonlete orotection agsinst fermation of ice for reserveoir clevations
i590 to 1550 #nz also for rare cuses where the reservoir mirht be above
elevation 1550 durine the winter season. Two rows are -ecessary to

nrevent excessive presaures at the comoressor,

“rom actur] experiesnce on Veokux und cther dams, it has been found
desirablne to place the nozzles between 10 and 12 feet, apart, laterally,
in each row, Thus, at “oss larn, whrere winter conditions can be severe,

he 10-foot spacing was nmcessary,

assuming 1,000 feet of arch to be srotected, there would be
100 nozzles in cach row, or a total of 200 nozzles on the unsiream
face of the dam, 1f szach noznnle discharpes 2 cuhic feet ol free air
ver minute, this would make & total and maximum dischsree of 207 cubie
feet cf Tree ajr ner minute, since only one row of nozzles would be

cischargins at any one time, /ilr would be sunplied by two compressors,




cack ereabtle of headlinge 110 cubic feet ¢f free sir oor vinute, 0 third
connressar, sinilar to the othars, wouls be necessary sc a shandbr unit
snd would he dnterconnected to the cther two. It is suzeested that these
comrresaors be of tve moter-driven air-cooled rotar. tyvne aimilar to
trrse made byt Yeonan Yanufacturing CTomnany, Ureliminsry estimates

indigrt~ tht AV comnressors he capable of maintainine o LD heound
souare inch race oressure during operation of tr~ system.

Tiere AN stows a schemztic laveud eof A surccested instollation for
Tosu TEry, Aach ol Lre two oneratine comrressers ilsatarees into a
L~in2* Reader to which are cennectrd four 1-1/h-inck cermar distributing
cipes, each servin~< 'porovimaiely one-eichth of the srch,  “ach distribution
pine should srrve ateat 12, on . more than 15, noa~les, The nozzles

stould be connected to the - ibutineg oip with 1/2-inch conner pipe,

Just below tie ‘tweader, distributing line should he esuinned
“itr s recsulstine valve and a Tourdon-tine gape, Glesnouts should be

provides ot each end of tre distributing lines, in the *eader, and at

enach norle

CUeetiveneas

Jince no reliatle dzta are at sresent svailable on air snd water
vemperatures, it is not possible to nredict accurately tre effectiveness
o tre sapzested system,  Powever, bised on weather conditions at Toss am
as renorted by a “ormier resident of tre gsreg and from exneriences nt other

t'e survested sustenm should nrevent *reo formntion ¢f ice for a

tistance of 17 feet unstrens from 've dom with intermittent oversztion of

L hours on g 4 rours of ) cad be canable ol remevins 12 inctes of ice

withy 2 houra ~f continuons eneration,

recsut inns

"rere are some mrecantions to te chesrved in ooy leting the desim
svstem, “are shoulsd be takeon to insure Liat no nozvle disch rges
ably more than 2 eubic frel ~7 freec 2ir cer minute, “ric is

mraevent freezine inside thve nozuie an?d also to nrevent




unenual dstribution fo other nozrles on tre same sunnly line, The
“ourden gape readings for various reserveir elevaticns should be
neleulated [~r sach row of nozzles to insiare the wroner distribution
and gquantity of air, In briel, ihe system sugpested here should be

consideresZ & oreliminnry propossl rather than @« {inal design.

-y

Fieure 31 shows the general vlan of the Zrand Coulec installation,

Ripnre 22 rives tho oneratinge Ciageam o nd instructions, Sirure 33

inticates the type of air supply oiping “nd the detzils of the nozzles,
o Jieare AL lists the oarts and sizes, These drawines should orove

nselul in comnietin-: tve desirn of Lhe oss Uam ice-oprevention system,

-

Tre enclosed drawi-ys, Yirures 30 through 34, showine 2 instnllation
at “rarel Toulee lam maxy be used as a uiide in comnleting the design of

4

*o oss Lam s stem.
The hodranlic lahoratory tests on the s stem instnlled nt Grand
Toulee Cam are fiseussed in Uy ulic labnratery “enort Yo. 57, Tris

recort annears in anotrer form as 2 veger hy T, 7, Uwen in t'e Transactions

tre 5.V, 00, Coril 1942, Volune 44, Yo, 3. Included with this paner is

discussion of ke Trand Joulee system vy . J. Hler, who directed the

rchonicnl desioon work.

snotrer relorence to e Trandt Joulee s stem is contzined in the
Cesion Damual, tentative edition, "renstock snd Tdine lesipn tUection of
the techrnicsl Tivision of Lbe Tranck of Twsirn and Constrction, Mureay

of Ceclamation.,”
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FIGURE 3
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FIGURE 4
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FIGURE 13




A. Dlicharge 40,000
aacond=faot,

k. Dlacharge 60,000
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FIGURE 15

A. Right splllway
only operating,

E. Left spillway
oniy oparnting,

RO3S DAM
STHGLE SI'LLLWAY DISCHARGING 63,500 SECOND-FEET




Loz-ciH

ELEVATION

ELEVATION

500

1480

(2119

1440

1420

1400

1380

1360

1340

1320

1300

1280

1260

1240
1230

1320

1800 ¢-

1480

146C

1440

1420

1400

1380

1366

1340

1320

1300

1280

1260

Top of watl g5 wret

rutted rpectetype

‘Woter surface Y
profile 127000 CFF,

.
‘Foce of
F spiliwoy ©

'

jFoce of ,
spiliwgy

Woter surface
profile-R7.000CF5 1+

.

] L] c :-]

2 0 1 -3 ”

20

HEIGHT IN FT MEASURED NORMAL TO SPILLWAY FACE

QUTSIDE wALL
RIGHT SP|

INSIDE WALL
LLWAY

CURVED PIERS

_.-Yop of wall os constructed in prolotype-.

water surfoce’

Foce of
y'sittiwoy

- .

1240

L

~protiie 22000 S -{.

.
fFoce of
spifiwoy

[ $ 0 [H]

20 24
HEIGHT

QUTSIDE waL L

0 3 0 [

FT. MEASURED NORMAL TO SPiLLwAY FACE

INSIDE wALL

RIGMT SPILLWAY

STHAIGHT

PIERS

ELEVATION

1300

1480
1460
1440

1420

400}

1300
1360
IJ‘CO
1320
1300
1280
1260

1240
1230

woter surface - 4.

profie-27000 CFS

“Water surface

. profiie- 27005 LFS | ’ .
i
ol Feceof 4T T
1 spiltwoy - ™"
[ e e g
pFoce of A | L
spiltwoy
L R
b b . g I
PEUE N et
‘ . i '
; l[ Ca ; .
‘ 1 -l : {

3 0 [ s 10 15 20 2%
MEIGHT IN FT. MEASURED NORMAL TO SPILLWAY FACE
OUTSIDE waLL INSIDE waLL
LEFT SPILLWAY
STRAIGHT PIERS

NOTE

Troming walls constructed in prototype
according fo data given on Figure 22
of Hydrauhe Laboratory Report Noi3e

ROSS DAM

WA TER SURFACE PROFILES
OVERFLOW SECTION-10




FIGURE 17
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Figure 20

e

A. Flow concentrated, Flow well distributed.
Gate 1 open. Gate 4 open,

Flow climbs training- Flow well distributed,
wall, Gates 4, 5, 6 Gates 4, 3, 2 open,
open.
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FIGURE 26
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A, Valve dliscnarsing with hood

Vel

B, Valve dlacharglng with
Hood D In plece,

ROSS DAM
HOWELL-BUNGER VALVE OPERATION
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ELEVATION SECTION

LOCATION OF PIEZOMETERS

% OPENING

NOTES
# Values obtained from 112 model tests
H range was from 173 to 410 feet of
prototype head. Toobtain prototype
pressures multiply i by prototype heod

ROSS DAM

HOWELL - BUNGER VALVE HOOD
HOOD D - FINAL DESIGN
PIEZOMETER LOCATIONS AND HOOD PRESSURES
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FIGURE 30
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S § S Operating

VA
/
VAR
VA4

compressor for left side

1 &' Copper distribution lines--.

<{3-----Operating
compressor for right side

£

/ ourdon goge ----
\ Regulating volve----

4“dig. Header-------4

«gd--=-- Stand-by compressor :
interconnected to operating compressors

~--Nozzles-poinied down

.---~12~ Y2" Copper connecting lines spoced 10"
centers in each section.

Elicia

-------- Compressor house

NOTES

Compressors valved to operate either the elevation 1530
row or the elevation 1490 row.

1%" Copper distribution lines have 12 and more thon IS
nozzles per line.

Compressor — motor driven rotory-type, 110 Cu.lt. of
free air per minute ot 40 p.s 1 gage press.

Provide cleanouts at ends of each nozzie and ot end of
each distribution line. '

-
ES——

Yo" Nozzles on 10" centers--=--=-=sm==--

T o
wibMeomww == an=l
= 3

]
-

Y

UPSTREAM ELEVATION OF DAM
togveiopED) ¢
"""‘:‘WW‘ P Ttgs e o en

ROSS DAM
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SECTION T-T

-Drill 1" Dio hole 2" deep

, i .
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SECTION M-M=-Dwg. 222-D- 4292
> @ SECTION "mbu PUMPING PLANT TRASHRACK STRUCTUYRES, EL.IZ63 54 AND 1237, 71

SECTION N-N

SECTION P-P

Anneal pipe and
bend oppror 5° fofit-- "

12-24 To £ trashrock s
h

:N.wf'\ .

L 50 .

“Mole end of union to
have hex.as shown.
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SECTION L-L
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SECTION S-S

3

Drill4" hole*

THREADED AIR NOZZLE

BRONZE =204 REQUIRED

[}
Lr i
: !
' N
i ll
+ - Q
Vi
=2
LR M
5 ~— i
I ]
LI ;
o !
0 . N 4
L - -
i 344 A

xé Pipe faps‘ - "1 }.'; 4
(One in each S’de) SECTIBN 0-0

ANCHOR FLANGE
BRONZE -192 REQUIRED

(@9 -2

FLANGED AIR NOZZLE
BRONZE~182 REQUIRED

{nose fil ori 7

* Drill {'hole 2§ deep

INSTALLATION NOTES

All pipe threads and flamge faces
with a thin coat of red lead.

shall be coated

defore placing concrete close nozzle cutlets with
the countersunh plugs 250r 33 ana protect

face of flange )0 so flange air noz
may be properly installea.

zle 29

During concreting and pressure grouting maintan
hydrostatic pressure in all embedded pipes as
directed by the contfracting afficer.

After instatiation cch unit of piping shall be

L

air-tested at 50 %" internal pressure
Ali exposed solder and threaded joints to be
soar tested while the pipe is under

air pressure.

.«

\HT!D 3TATES

COLUMBIABASIN PROJEC T~
ICE PREVENTION-AI

AIR DISTRIBUTION

DlPARYM!NY THE INTEFUOQ
UREAL 0’ RECLAMATION

WASHINGTON

GRAND COULEE DAM

R SYSTEM

PUMPING PLANT TRASHRACK STRUCTURE

PiPING

DRAWN W.G §. . SUBMITTED
TRACED. EM A RECOMMENDED) .
CHECKEDMINS. . ,49 . APPROVED. .
lo(wv

REG 157

SuEE‘r' YRR

zzz-o ms '




FIGURE

»
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OF PARTS

LOCATION OF PARTS

MAIN UNIT ]smnom SERVICE |PUMPING PLANT | o 0 e
THASHRAGK | TRASHRACK | TRASHRACK SPILLWAY
STRUCTURES | STRUCTURES | STRUCTURES

DWG. No. DWG. No. DWG. Na, DWG. No
222-D- [QUANTITY| 05 oo [auaNTITY| 550 2 louanTiTy 228D~

Copper 108 4288
I" Pipe bend {detaiied) Copper 3 4288
I" Pipe_bend (detaiied] Copper 4290
" Pipe _bend (detaried) Copper :

1" Pipe bend (aeforied) Capper
3/4" Pipe bena Capper
V4" Pipe, 20™-0" jengths, bent 1o 16 -9 radige Capper
34" Pipe bend Copper
4" Pipe, 200" langths, bent 1o 5-i1° radis Copper
314" Pips, 207-0" lengths, bent to i2 - 31/5" radius Copper 4293

314" Pipe, 200 lengths, bent fo 12~ 875" ragius Copper 4294 Threadea arr nozzle, flanged air nozzle, anchor flange, 1" dipe flange, ara
I/2” Pipe bend Copper 3/a" pipe support,; part numders 28, 29, 30, 31 ana 66 respectively,

12" Pipe bendidetgiied! Copper 4294 shall be made of cost bronze alloy containing 85% copper, 5% tin,
i_Pipe_Std 1PS random lengths, threaded ond coupled Brass 4292 5% zinc, and 5% lead L

1" Pipe 20-0" lengths . Copper 3252 All copper pipe shall be type K’ hard copoer, ang conform to Federgi

34" Pige 200" lengths Copper 9293-04 Specrfication ww-T-799 ang be furnished in iength specitied All bends
/2" Pipe 200" lengths Copper 229384 to be mode up complete by manufacturer. A hight anneol of the pipe
T-a5°-155% Bl screwed TPS Bronis 5 3555 for making the pends will be permitted, so that the bending wit!
TT150% Union, serseod ] 55 Bronce FYTY] — ' return the pipe fo 1ts approsimote initioi hordness

- L =3 All Standara iron pipe sire bross pice shail conform to the requrrements
N Close nippie Std 1.PS Bronze 4292 : for grode "A” water pipe gs prescribed in Federg! Specification ww-
111257 Streer tee) screwed TPS Bronze 4292 P-351 ong be furnisned semi-annealed Fipe 1o be furnished in random
[-125% Y type stramer, screwed 1P S 8ronze 4282 iengths, threaded and coupied.

I” Countersunk plug 1P S 8ronze : 4293-94 All eap screws shall be hex hegd sem:-rimished novel bross coo screws
373" Countersunk plug | PS Bronze

with US, Standord threods.
Ya” Counrersuna plog [ PS. Bronze ) Parts shall be morked gr 1099ed with drawing numbers and port numbers,
38" x 142" -90°%-125® Street albow, sereved TPE Bronze 2 thus: a289-27, 4291-27, 4293 § 94-27, efc
2SO Bushing, screwed | PS Bronze 3298 v 3 Total auantities histed include excess for loss or damage of ports Dy
Irreaded o nozzie (detailed) Bronze > 4253 ; the field
Flanged air nozzie (detaiied) Bronze 9293
Anchor fiange (getorled) Bronze 5 8293
1" Pipe fiange {detailed) Bronze 4292
I” Copper x al/s QD cormpanion flange Grongze 5 4292
122" Gountfersunk plgg 1PS Bronze
Tee, i copper s 1* copper » I copper 8ronze qae292
Ecpaasan joint, I copper x i copper Brongze
Counling, 1" copper 1 1" copper Bronze 4292
Cross, | cooper s I copper 1 34 copper a i copoer Bronze 4293-94
Unson, ¥<” cooper x %a" copper Bronze 4293-94
Expansion jomn® Ms® copper 1 s copper 8ronze
Tee, %" copper 1 34" copper x 34" copoer Bronze 4283
Goupling, 3/4” copper x 374" copper . Bronze : 4293-94
90° Ebow, Ya_fitting 1 374" copper ; Bronze : 4293
Tee, 34" copper « ¥a' ¢ 2gper x k" copper . Bronze 4293-94
9C" Elbow, ¥a" copper « 2" copper ) Bronze
Coupling, /2" copper « Uz" copper Bronze 5 4293-949
90" cibow, 2" copper x /2" copper Bronze E] 4293-94
Coupirng, " copper « I gutside | PS Bronze 4292
L..Caupitng, 1"copper x I"inside | P& Bronze 4293-94
90" E1bow, 1 ccpper x Y2 inside 1 PG Sronze 4292
Couphing, 3/a" copper 1 3/a insida L PS ! Bronze : 4293-94
Union, 3/a” copper v 34" putside | PS Bronze i 4293-94
9G° Unon eibow, 34" copper union end Ya"outsigy 1 PS ) Bronze : ]
Tee. 2" copper x 373" copper x e wside [ PS " " Bronze 4794
Union tee ideraned] " ] Branze . 4294
i Couging 12" copper s Ya inside | PS 8ronze | 108 4293-94
90° Union #ibow, 172" copper umon end x 72" vatsige T BE Bronze | 276 T 4793
Unwon tee, Vg outside | PS x " nsige 1PS xip" copper union outiet Bronze i 54
Goupnay, vz’ copper x " nsde [PS T 8ronze | 270 ‘ er .| .3e9 429394
Coupiing, «2” copper 1 2" outside 1PS o Bronze 378 " ST 178 9293°94
150" Wedge disc_goate valve, screwed | PS-RS . Brass 18 a2st 825 . 4292
1 71507 Biag 1 sc_globe voive, screwed | PS - 281 6 T 9292
ate voive, !” copper x 1 copper RS i Brass T84 . 4292

GENERAL NOTE

Ali soider joint type of fithings sholl be made of cost brofge gy contan-
g 85% copper, 5% tin, 5% zinc, and 5% icad . Al jounts ingicoted as
topper cannections are to be properly sized and finished for capitiary
type of soider joints All joints indicated ns IFON DiDE S12€ Connections
shall have full clean-cut American Standard pipe threads Componion
flange 32 shall be plain foced with flongediaineter, thickness, ang
drilling 1n accordance with MS S IS0 pound SP Branze Fionge Standgora
All soider joint type of fittings 10 be arr tested under woter at 30%"
gage pressure,

Alliron pipe size fithings shotl be 125® Americon Srandarg bonoed
fittings mode from cast bronze contoining 85% copper, 5% tir, 5%
zinc, and 5% lead Threads shall be clean-cut American Standard fype
of pipe threads All fithngs shalt be cir tested urder water gt 125%0"
gage pressure

All unions shali be of the ground joint type

DESCRIPTION

PART No.
ATERIAL

ON SUPPLY
CONTRACT
PART No.

M

OUANTITYI

TOTAL
QUANTITY REQD

1 Pipe bend (derailed)

8]

LOT-~-GAH

Jie{r{~vion|uolalwin ~
Wwinivininialwing!~

5

i

3

&

-k, tee head Ve inside 1PS 5 a oulsde . [ Brass | e T agge T T 4292
8O e T rass e a266 L 4292
e clamp (detgded) S 4.Gopper | 288 2} 3290 1 4292 |
e e e Bronze L9288 | 911 4293
. sledt Lype concrete anchor with nex nut Steelgol] | 72 2, 2 90 | 9292 | 44 1@ ¥ 180 | 67 eranivent o WY
_head cop screw ) B 42289 | 36 4293 f 68

. Jong - 2 € . e e C J L Qukr au CF we Trawatg -;
o Um? threaded cinch ancnor Fraspner pronze mole parts aleod. 648 c83 S <4293 COLUMBIA S45IN FROJECT - wasm NGTON
; 200 x i g hex head co . i 8292
gl X fog hex head

g vy e s DRQY C0D SCrew L e 1L 1296 [# 510 ! o GRAND COULEE DaM
E 13 x 0N X He - S ‘ -4
P ng her neod copscrew S | 43289 1 o1} 76 : 28 7 ICE PREVENTION - AIR SYSTEM

b
LMo
AL,

{Tager,  round wire 3% spoois (95 % Tnand St amignyt  p o r e B0 i I S i s N PR L £ 2 3| LIST OF PARTS ano GENERAL mOTE

Scider fius 18 hins =
Onawn VW LTS Y'AJX/%& Cobbon

reacep f ¢ a RECONMENCED R

A ‘#oxp -
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