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SUMMAHY 

Spillway Studies 

The spillway studies described in tris report were made to determine 

the elements of a spillway crest and deflector for the Ross Dam with 

spillway crest at elevation 15P.2 a11d to revise the StR.ge 3 !-)ro!)osals where 

necessary to insure good spillway perforrn;c,nce under c:,11 conditions of 

discharee. 

Results and recommendations contained herein are based on tests of 

hydraulic models constructed to appropriate scales. J... 1:30 scale model of 

part of one S?illway was used to rlet0rmine the crest and deflector shapes 

and other details. A 1:00 scale model of He entire arch dam, including 

the spillways, elevation 1340 outlets, and the downstream topogra?hY was 

used to study the OVP.rall nerformnnce of the spillwa�iS and chutes. 

A spillway crest and deflector were developed, Overflow Sect:i.on 9, 
Figures 8 and 9, which when used together, prevented excessive negative 

press1.tres on the spillway face without causine excessive positive pressures 

on the deflector. The spillway crest was then modified slightly, Cverflow 

Section 10, Figure 22, so that it joined the partially complete Stage 3 

spillway chutes, :md no ch1mp,es in tre finished portions of U1c chutes are 



necessFU'}. The ch11tes were made short<"'r tr2.n orir:inally proposed for 

�U<ge 3, Fi.znre 11, because poor rock foundation was Ancountered in the 

field. 

A ch;:mge in the upstream pier nose radius at the ends of the 

spillways was round to reduce the end contrRctions, ':larticularly at high 

discharges, .Jnd t11e d ownstream ends of tre piers were streamlined where 
'i 

they project beyond the end of the deflector, to prevent fin formation 

and resulting S})ray on the face of tr.e spillway. The piers beneath the 

deflector on tre rie;ht sp:i.llway were curved in plan to imorove the dis­

tribution of flow on 1 he snillway ch11te. Tl->ese details :-re srown on 

Figures 8 and 9. If straight oiers .::-,.re used in the urototype in olace of 

the curved piers, it -rill be nPcPss"ry to raise a nortion of the outside 

training wr:11 e.s indicated by ? ir�1re 16. 

�rosion tests indlcated tr.t considera�le m�terirl will be eroded 

at tre base of tbe spillway chutes, but none at the base of tbe .'.-lrch dam. 

Thus tre safety of the darn is assured for ,,11 disch�,rres. S.xtensive 

erosion studies on Schemes A, E, and C were made to aid in determining the 

best met rod of riverbed r-md soillwuy chute nrotection. Final decision as 

to the metbod to be used rests with tbe City of Jeattle ?nd cannot be 

given here. A discussion of these tests 1.s given on pages 11 to 14. 

The best order of onening tr1e sp:i llway r,ates was investigated to 

prevent overtoppin� of the trainine walls when only a few gates were open. 

The best order was found to be 4, J, 2, 1, 5, 6. Gates on each spillway 

are numbered consecutively, from ne-�r the center of the arch and continuing 

outward. ?igure 20 shows the necessity for followin� this schedule. 

A spillway rating curve was determined from a sinr.;le gate on the 

1:30 scale model and multiplied by 12 to r,ive the tobl discharge for both 

spillways, Figure 21. The free discharge curve shows n·,;.1t the spillways 

will pass the maximum dischArge, 127,000 second-feet, with tbe reservoir 

at elevation 160S. 

Pressure measurements were made on tre final spillway shape, 

Overflow Section 10, Figure 22, to obtain data on tbe model spillway and 

2 



. 
l 

deflector which would be strictly comparable with nrototype rneast1rements 

to be obtnined later� ?igures �3 and 24 srow tre locAtion of tJ1e piezo:netors 

in the model and the pressures obtained for a range of dischar�es • 

Howell-Bunger Valve Hood Studies 

Studies to riet8rmine a satisfactory hood for jet control on t re 
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 

hood schemes. Tests were ma.de over a considerable range of discharges and 

valve openings for heads up to 410 feet. Of the four schemes considered, 

Hood D, Figure 27, was found to be satisfactory in thnt it was effective 

in controllinp; spray from t he valves and was not sub.iect to cavitation 

damage, since all pressures measured inside the hood were positive, Figure 29. 

There was no unbalnnced thrust on tre v�lve since the hood was an independent 

unit and was in no way physically connected to the v2lve. 

Ice-prevention System 

As a result of the tests made by the f�drm1lic Laboratory of the 

Bureau to detFJrmine the effectiveness of the air-lift system of ice 

prevention for Grand Coulee Dam, the laborr,tory was requested to determine 

the essential features of an ice-prevention system for installation at 

Hoss Dam. Studies of the Grrind Coulee system were made and some of its 

features ada.pted for use at 1ioss Dam. llodificcitions were made where 

necessary, based on experiences ._,t other dH.ms, :-nd the resulting proposed 

system ts s1,own on Fig11re 30. This schematic diagrD.m should be considered 

as a orelirninary r.irooosal rath�r thcin a final desi.gn. 

These investigr:iti.ons were conductfld by the Personnel of the Hydraulic 

Laboratory of t,l-e 3ureau of Recl·,mation. Descri.,tions of tests and the 

results obtA.ined are renorted herein as t.'be final report. 
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PART I - SPILL,;/;\Y 3'I'U[)IES 

Introduction 

Ross Dam is located on the Skagit :aver in the State of :Jashington 

about 3-1/2 miles. upstream from Diablo Dam and about 7 mile s upstream from 
Gorge Dam, Fir,ure 1, all of w},kh constitute projects undertaken b;i' the 

City of Seattle. Fower rrojects are in operation in connection with the 

latter two dams, and a powerplant is also proposed at fl.oss Dam o 

It was planned ori,:inally to build Ross Dam in four stages, with 

reservoir surfaces of aoDroximately elevations 1365, 15 50, 163 5, and 1725, 

respectively. These were called Stages 1, 2, 3, and ultimate, respectively. 

The dam, a thin arch-type structure, was completed to Stage 1, Figure 2, 

before the Hydraulic Laboratory of the Bureau of Recla.ination was authorized 
to make model studies of the spillways of Stages 2 and 3 in 191+3. The 

results of the tests on Stages 2 and 3 are contained in Hydraulic Laboratory 

f/.eport No. 136. 

In Stages 2 and 3, Frontispiece, the dam was to be increased in height 

but not thickened. In the ultimate stage, the dam was to be increased in 
height and also thickened. Construction of Stage 3 hn.d begun when trial 

load studies indicated tl1· t the stresses in the thin arch of 3tage 3 were 

higher than was thought desirable, As a result, this star:;e was modified 
and a section used with the spillway crest at elevation 1582 rather t ha.n 

at elevation 1612 ;:,_nd normal reservoir surface elevation 1600. ';Jith this 
section, it would not be necessary to thicken the dam. /It tre some time, 
on the basis of recommendations by the Federal Power Commission, the soillways 
were desip:ned for a maximum dischcirge of 127,000 second-feet instead of 

100,000 second-feet considered for the Sta.r;e 3 model tests. 

Since construction of the t3t,ap;e 3 spillway chutes was well under way 
in the field when this investigr1tion was started, certain obvious modifica­

tions in tJ,e spillway c hut.es coi:.ld not be made since it was necessary that 

the new spillway crests and chutes join the alread:v constructed portions of 

Stage 3. Instead, modified.ions were made at the upper end of the spillways 

where construction had not been started. These were �·ound to be satisfactory. 
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Spillway Design 

General 

Wit h  the s1illw,1y crest lowered from elevation 1612 to elevation 15tt2, 

it was ")Ossible to r>rovide a .flatter crest, since the arch rlnP.: is thicker 

at elevation 1582 than at elevation 1612, the crest elevation for Stare 3. 

The thickness of the a rch ;md the head on the crest made it possible to 

design the crest nnd deflector so that the theoretical oressures on the 

spillway face would not exceed minus 9 feet of water for ,qny disch;,,rpe, a.s 

compared to a minimum pressure of minus 17 feet for the earlier de siim. A 

defl ector was necessary to prevent greater negative pressures, and for the 

larger discharges, to :,revent the flow from leaving the snillway face 

altogether. 

Practically all of the tests on both the 1:30 and 1:80 scale models 

were made on Overfall Section 9. This was the section recommended by the 

Bureau for prototype construction. However, construction in the field 

continued at such a raoid rate durinp: the model tests that it was necessary 

for the City of Seattle to revise Overfall Section 9 sli�htly to fit it to 

the already constructed portion of the spillway. The differences in these 
sections are minor and for rractlcally all purposes are the same. Rather 

than rely upon judgment alone, however, Overfall Section 10 was constructed 

to a scale of 1:30 nnd retested. Exce-,t for the distribution of pressure 

on the spill way face and deflector, the sections were identical in ner­

f ormance. 

The Models 

1:30 scalf" model. A 1:30 scale model of the prooosed spillway and 

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

defle ctor 'Jressures were measured, m1d a half gate on either s:!..de to insure 

proper flow conditions in the vicinity of the piezometers, Fif'.1.lre 4B. The 

spillway was made of concrete, the oiers of wood, and the defl ector and �ate 

of sheet metal. The crest and hood were equipped with piezometers at close 

intervals above elevation 1515, Fieure 4. The model was installed in t1)e 

headbox of the 1:80 scale �odel for testing, Fif.:Ure 5. 
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1:80 scale model. A second model, built to a scl'l.le of 1:80, was 

constructed of the entire arch drun. Figures 6 o.nd 7 show the model as 

constructed, and Fi,r!Ure 5 shows the rr.odel limits s.nd topop:raohy. Crest and 

deflector details were based on results of tests made on the 1:30 scale 

model, Figures 8 and 9. Other dimensions and details of construct:ion were 

taken from field construction drawinp:s supplied by the City of Seattle. The 

arch was constructed of wood .<md lined with sheet meta.l on the urstream side. 

The headbox was of similar construction, consisting of a woodon box lined 

with sheet iron and built integral with the upstream face of the dam. The 

downstream nortion of the model dam and adjacent topo."ra�h:-,r consisted of 

metal lath construction, faced with an inch of sand-cement surface co�tinp. 

The metal lath was held in place by wooden supports. The box below the da.m 

was also lined with sheet metal above the maximum tailwater level. The 

spillway crest was cast in rich concrete mixture and finished to a smooth 

surface. The deflector was cast in the same mixture and fastened to the 

wood niers. The s .., illway gates were made of sheet metal. The '72-inch 

outlets at elevation 1365 consisted of lenrths of 1-inch pipe, reduced to 

the proper size i:,t the outlet. These outlets operated only vride onen, and 

no attempt was made to investir,ate partial valve openings. 

Spillway and Deflector Tests, Overfall Section 9, 1:30 Scale Model 

Desim. From considerations of the head, dischArge and thickness of 

the arch, it was impossible to provide a crest shape th,9.t would give satis­

factory spillway face ;,ressures for the larger discharges without the use 

of n deflector. In fact, without the deflector, the nappe sprung clear of 

the spillway for discharges above 50,000 second-feet. With the deflector 

in place, satitifactory performance for a.11 discharges was obtained o 

Usin� previously determined ex:,erimentnl data,1/ the spilhni.y crest 

was desifned to provide theoretical negative pressures ,i,lonp: the spillway 

face, equal to 30 Pf! rcent of head, or about minus 9 feet o f  water in the 

1/ Abstract of Studies of Crests for Overf�ll Dams, Part VI, 

Hydraulic Investip.ations, Bouldfr Canvon Final Reoorts, Hyd.-118 hy 

J. N. Bradley, Deceinb,. r 31, 1942. 
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pr ototype . Negative pressures  of thi s maviitude are not cons�ered harmful . 

The spillway deflector wa.s de signed to hold the sheet of water  against the 

spillw ay face for d ischarges above 50 ,000 sec ond-feet , and at  the same 

time prevent excessive positive pressures on the deflector . Details of 

the recommended crest ,?.nd deflector shapes are shown on F igures 8 and 9 .  

R.esnlts of test s . Pressure te sts indic ated that for disc h arges 
between 20 ., 000 and 127,000 second-feet over a free cr e st , t),e  maximum 

negative pres sure occurred at Pie zometer 10 , Fig,1re 10 . The maximum 

negative pres sure was the equivalent of m inus 10 feet of water prototype, 

and occu�r ed for the maximum d i schar ge. Pre s sures measured on the 

deflector for the s ame range of  di sch�r ges showed a maximum of plus 

12 feet of water for the maximum d ischr, rge. The complete set of pressures 

are shown plotted on Figure 10 . In order t h.",t the deflector pressures 

not exceed the V8lue s sbown ,  the hori zont �:, l  d i strmces b etween the spill­

way face and the deflector  shown on Figures 8 and 9 s,-.ould not be reduce:! • 

It may be seen thAt for 40,000 sec ond-feet only the extreme bottom end of 
the deflector is  in contact  with t.re f low .  For 127 , 000 second-feet the 

nappe is in contact wi t h  the deflector from about e levation 1585 to the 

bottom of t he hood . 

The fact thcit, in the model , t he wa ter f i rst contacted the hood at 

about elevati on 15g5 does not mP.an that the protot�rpe hood may be safely 

cut off at this elevation . In a small scale mod el , i.t is  not possible 

to repr oduce the insufflation ,  or bulking , which is known to exist to 

some degree in t he prototype. A s  a result of  t his and oth,:,r uncertainties ., 

it i s  recommended that the deflector be extended above 1585 to elevation 

1600. In t he model, with the hood at elev�tion 1600 1 the structure was 

capable of di scharp,ing 140 »000 second-feet without overtopping . 

The spillway face pressures pl6tted on Figure 10 are minimum 

pressures obt:iined from a fluctuating column of wat0r in the model 

manometer tube, while tre deflector pr essures are maximum. 

?ressures f or both the  spiJ.lwny .c, nd the deflector were also investi­

gated for flow under a partially raised gate . These pressures were not 
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recorded si.nce maxj_mum pressures on the deflector and minim.urn pressures 

on the spillwe.y face were found to occur for discharges over a free 

crest . 

The constr iction a t. the And of the deflector, between tr.e deflector 

and the sriillway face , was i nc orporated into thi s design on the basis of 

previous tests whfoh indic ated that "dribbling , "  that otherwise occurred , 

was considerably reduced with the con stric tion in place . 

Snillway Test s ,  Overfall Section 9 ,  1 : 80 Sa ale Model 

General . The spillway and d efl ector she pes , Overflow Section 9, 

obtained from the 1: 30 scale te st s were inc orporated into the  1 : 80 scale 

model, joined t o  the .-3tage 3 spillway chute , and furth er t e sts to determine 

the performance of tre struc ture , as a whole , were made . Some refinements 

in design were found to be nec e ssary, and these are d i scussed und er 

apE)ropriate headings. Figure 5 shows the model J. imit s ,  :-'igures 8 and 9 

the detA.il s  of the  spillwa:/ c>nd c hutes, and Figur es 11 and 12 the layout 

of the spillway s with respect to the arch. 

Soillway oier noses . The effect of various radii on the upstream 

pier noses at thP. ends of the spillwnys was thoroughly investigated . The 

model was built with a 10-foot radius nose , as proposed .for Stage 3, and 

considerable contraction was ev ident for hie:h discr. r�rges w1. t.h the gates 

raised free  of t he w ater surface . In  an attemnt to reduce  the contraction, 

t he rad ius of curvAture was d onbled , but only a smnll amount of improve­

ment was evident . Ct her radii and arrangements w ere tried , and finall ; · the 

curved additi on on t l-, e  unstream face o f  the darn was removed entirely and 

a 5-foot radius curve was made tangent to the face of the d.am and the face 

of the pier , Figures 8 and 9.  Th is  arrangement proved entirely satisfactory 

and is recommended as bein� the best ,  consistent with cost .  The radius 

shown is as large as can be used without interfering with the gate seal . 

Deflector nier noses . The deflector pier s were first installed with 

a · square nose on the  downstrernn end.. Operation of the  model at 50·,oooi second­

feet or more s!- owed that t he sudden expan sion of t�e _i ets, after leaving 
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the deflector , caused a fin to form d ownstream from the square end , which ,  

i n  the prototyoe , would cause needless s�ray on the open spillway face. 

Taperi ng tl':e model piers, as s!i own on Figures 8 and 9,  reduced the size 

of the fins until they were hardly d isc ernible on tre rnodel, and the water 

surfac e for quite some d i stance below the piers a.poeared much smoother. 

This effect was particularly noticeable for 127 , 000 sec ond-feet , Figure 6 .  

Thus , the pier noses are essential in the ooaration of a vacuum c rest . 

Deflector oier curvature. An examination of the distribution of flow 

at the end of the right spillway chute showed th :,t  tr.e spillway discharge 

was c oncentr8ted along the superelevated side of the chute. About one­

third of the width of the c hute was c .qrrying approximately two-thirds of 

the total discharge . As a result, there was a tendency for the discharge 

to spill over the training wall about half way dmm the c hute . 
""' 

Sinc tS at tr,e time of these tests the prototype c hute and training 

walls were completed up to eleve.tion 1490 , it was not oossible to c hange 

the curvature or superelevation of thP. chute, a nd improved flow c onditions 

could be obtained only by making changes above elev_ation 1490. The 

possibilities for preventing overtoppinr, o f  the d01,mstream training wall 

were therefore very limited. 

Improvement in trie distribution of  flow was evident 0 long the entire 

length and ;:i t  the end of the chute when t he piers under the deflector 

hood of the right spillway were curved in plan as sl-'own in F i.gnre 9 .  

Curving the piers ,1lso d i rected the wate r ·  away from the suoerelevated 

side, and tr.ere was no tendency to spill over th e tr,1 ini.ng wall , Figure 13A. 

Distri but i on R.t thP- end o f  the chute was still not perfect , but the 

imnrovement w as suf ficlent , from a hydraulic standpoint , to justif., the 

installe.tion of the curved pier s .  

F ie;ure 16 shows the water surface nrofiles obtained Hith straight 

ancl wit}� curved oiers . I f ,  for r1.ny rer. son , tr1e curved oiers are not 

c onstructed on the rigr.t spillway of Vie -irototype, the training wall on 

the snperelevated side o f  tl:e right spillway chute, between elevations 

1315 .-;nd 1395 , should be raised to prevent �·low over the wall for 
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disch�rges above 100 , 000 second-feet. At least 2 feet of freeboard should 

be allowed over the water surface profile s,..'. own on Figure 16 . For a 
discharge o f  100,000 second-feet with the straight :piers, the water 
surface profile i s  below the top of the wall at all ooints . 

Further improvement might have been obtained by increasing the 

curvBture of  the piers ,  but it we.s found thr,t this wc,1ld reduce the 

capacity of tr.e spi.llwny J) since the control in the bay s th d, we re made 

narrower would be moved from the gate t.o the end of the deflector . The 

bays that we re made wider would not compensate for this reduction , since 

in those bays the control w ould remain at t he gate . 

Flow cond1.t lons on the left spillway chute were found to  be better 

than t·hose  on the right chute . Some concentration of flow on the super� 

elevnted side of the  left chute was also evident , but the in stallation of 

curved piers was not considered necessary since there was no tendency for 

the flow to spill over the training wall, F igures 13B anc:l 16 . 

Spillway chutes . During field construct ion of Stap:e 3 ,  poor rock 

w as found to exist 13 t  the ends of t re spillway chutes . Acc ordingly, it 

w A s  believ13d advisable to shorten t he chutes to a point where sound rock 

w as evident. It was planned to  shorten eacJ-, chute about 12 feet in plan ,  

r,nd tbis mod ification was incorporated into the model for testing . The 

ends of the model chutes before modificat j on ,  however, were not built 

accord ine to the plans given in the previously-mentioned '. i.eport No . 136. 

Instead of  t�e unifonn slope shown in the c bove r eport , the end s o f  the 

chutes ware turned slightly upward with respect to the uniform grade. 

This feature had been incorporated into t he C ity of Seattle drawings 

after Report No . 136 had been issued . 

Tests on the shortened chutes with the upturned ends showed Uiat , 

for all d i schnrge s ,  each j et was directed so as t o  cause excessive 

erosive action at the base of the opposite chute . Also, it was found that 

the action in tbe stilling-pool was slightly unstable p oulsating from side 

to side at r egular intervals . It was believed trnt unde rmining of  the  

structures would undoubtedly _ oc cur c:..nd that more stable operal ion c ould 
be obta ined i f  the upturned lips were removed.  

10 
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The lips were removed , :-md the uniform chE,nne l p,rad e was maintained 

to t�e end of the  c hute s .  r,urtr.cr t e st s  s li owed th:i.t the pul sat ing c on­
dlt ion in the  s ti.lling-pool then ceased t o  exist , and tre j e t s  intersec ted. 

at th e c ent ':' rline of t h e  c h c.nne l bottom .  
und ermining the structure was reduced and 

ind i c ated on F igure s 6 ,  13 , 14 , and 15 . 

sp�. l lway c hut e s  i s  sh own on ? ig�1 re  11 . 

Thus , tr e tend ency toward 
operati on greatly improved , as 

The rec om:.rrlQ11ded l ;;:.yout for  the 

Sinc e  t r A  end s of tJ, e c hute s are s ome d i stan c e  b,:1c k from tre steep 
rock wal l s  of  t l-> e  still inf-pool , i t  ,.iv. : . ·  bP n ec e·s s -" r: ·  to e xc ;i.v� t e  3 c hn.nnel  
U rou e;r U:e roc k from the  end  of eac r. c }- ;ut. e to  · the  edge of t he bluff . 

Thi s exc ava t ion should be deep enough t o  prevent the und ,!rsid e o r  the 
j e t s  from striking the exnosed rock surfac e a nd suffic i en tl�, � de to 

provide ae rati on of tr: e  und erside  of the  nappe . Any redu c t  i.on from 
'\ 

atmospheric pre s R11re ben eath  t)·; e nappe wc."Jld tend to (! e nre s s  t } , e  t raj ectory ,  

and i f  a sevPre c ond ition we re enc ountered in th,,, field , t l1 e  pP r! o '."'manc e 

of  the stilling-pool might be affec ted . 

Ero s i on t e st s--Sc heme A .  i\ study was made t o  d et r:- rmine t he e ffect s  

of  the  spillway di sc'h.s rge on an  e rodible , . h omogeneou s riverbed below the 

d arn . The morl.el ri vP, r ch,, nnc l was c on struc ted ac c ord ing t o  t r e  s ound ings  

• submitted t o  t . hi s office  on C ity of Seattle lJraw:i.ng :Jo . D-13 122 . The 

near-vert 1 c al  s ide s of the  c hanne l were reproduc ed in mortar , and erosion 

of the si.d ewalls was not c onsidered / for t h1 se t e st s . The riverbed was 

levelled at eleva t i on 1160 at t h e  p tart of e ac h  erosion test , &nd the  

tailwater elevnt i on was set at eleva t i on 1205 . Rec ord test s were made 

witr. both spillwa: ' s  operat ing sinc e this  was the most s e r i ou s  c ond it i on .  

Figure 1 5  sh ows t r e  operat ion of tr.e stilline-poo� wit.b one S?illway 

o perating . 

Th e mater ial  c ompo s 1.n�  tr � erod ible bed was a well-graded gravel 

M-ric h ,  in the  protot:: ·nA , wou ld re ore sent roc k s  from 6 inc h e s  to 5 feet in 
ma..'<.L"llum dimen s ion . The tests  we re run for JO minut e s ,  wh'l c h  would c or­

re spond t o  about 4-1/2 hou rs o f  prototype operat i on . The s i z e  of tr.e bed 

mater:i. :i l l'ln --� the  leri�th o r  t b� t e s t s  nre not intended to repre sent exactly ; � 
the c ond i ti ons t h r1t will obtain in t h e  prototype . H owever ,  t. l'-.i s information 

11 
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i s  pre sent ed to  a icl in internretinp; the re sult s  of  t h e  ero s i on te st s made 

on the  model .  rorlel t e st s , i..n gene ral , are not c onc lu s ive a s  to the exact 
amount of mat eri nl U-, ; ,_t will be moved or the d enth to wr, ic h e ros i on will 

progre s s . Howevrr , mod els  d o  c onclu sively s r,ow where t ,1--. e  ero sion ,  if any , 
will occur and wr. e re d e positions of e roded 1naterial , if any , will be made • 

Ero si on t e s t s  were made for d j sc ha rge s of 20 ., 000, 40 ., 000 , 60 , 000, 
80 , 000, :md 127 , 000 sec ond-feet . Photograph s of t }�e t e st re sult s were 

mad e with 10-.foot c ontour line s indic ating the de pth Dnd extent of' the 
erosion ,  Figu re 17 . It should be noted th P.t no e:r:o sion oc c u rred ne ar the 

base of  the arc h dam . :Maximum depths  P. nr.l y a rdage s were d et e rmine d for eac h  
t e st and a r e  shown plotted age.inst d i sc harge on f j gu re lR . 

The e roded material was d e po s ited im."Tled i · , tely d ownstream from U:e 
sc oured 'bole and as t r·.e t e st progre s sed , moved down stream slowly . The top 

of the d epo sit  wa s u su ally at elevRt ion 1200 or thereabout s .  

The e f fect o f  t 'b �  elevat.l on 1340 out l e t s  was inve sti gated during the 

erosion t e st s , F i .€11 re  6 .  The out l e t s  were O!)ened both with and withou t  

the  spillway s opera.t ine; . Ope.rati on wit h  the spillways srowed thr: t thP,:/ had 

no measurable e f fect on the ac t ion in t. rc  stilling-pool . Operat in r alone , in 
spite of the c o�c entrntion of flow , the ac tion in the s t illing-pool wa s very 

mild a.nd c m1sed  le s s  erosion t r rm  t.re  sp:i.llwa:: s d i sch "-i rp;ing 20 ., 000 second-feet . 

The bottom o f  tl-·e  erod ible bed in the mod el wa s 1:t t  0 ] ev;:i tion 1110 , 

be ing limit ed by t he bottom of t�e  outlet box . H ad the gravel ext end ed 
de ep er,the  erosion wou ld have been d eeper for d i. sc hR. rge s above 1+0 1 000 

sec onrl -fe e t , .s s ind i c ated by F' i r;u re 17 . In det ':! rm ining U: f! maximum ero s i on 

and th e c orre s�onc!. i n p; y ardage s f o r  large di scharge s ,  the probable d e pth 
to wh i c h  e rosion would have -orogre s sed wa s used . Thi s was f ound by 

pro,j ec t ing U- e e xi st ing slone s of the e ro s ion hole unti l they met . F or 

the 60 , 000- sec ond- foot d i scr-2.rge , t h i s  metbod was bel ieved t o  be ac curate ; 

for  80 , 000 second -feet , fR i rly ac cur n t e ; and for 127 , 000 sec ond-feet , 

pure ly r m  e stiin,.i t e . 

The y ardage s � 1.ven in F i 1rure  18 do not. nec e s s s rily reore sent the 

amount of erosion to be expected in t t1 e  !'.)rototype , but do eive a .  c om­
pari son o f  the relat ive amount s  of  e ro sion to be exDect ed for various 

d i scharge s .  

12 
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It is known , however , that solid rock exists i n  the prototype at 

some unknown elevf.l.tion beneath a layer of relatively loose materinl. The 

solid rock will erode slower thD n  the loose materi�l, and so some 

consideration should be given this condition. On the other  hand, if 

the element of t L�e is removed from consideration , or , in otrer word s ,  

i f  the prototype is operated for a sufficient length o f  time, the 

erosion will approach t hat indicated by the model , rega_rcJless of the type 

of mate rial in the prototype river chMnel .  

Erosion tests--Scheme B. From the erosion studie s made on S�eme A, 

it was conclusively shown th ;1.t no erosion was evident a t  the base of the 

arch dam for 1my discharge, and tJ,e safety of  t.he d ;,,m is  a ssured for all 

operating conditions . The greatest tendency toward e ro sion is in the center 

of the river channel near the d ownstream edge of the spillway chutes . A 

lesser tendency toward erosion is evident ne ar the · steep sidewalls of the 

channel . Thus , any progressive erosion that would tend t o  undermine the 

spillway chutes nrobably will not occur until the sidewall s have been 

exposed by the erosion of the channel bottom . 

With the spillways :i.n operation ., it wa.s evident tr r,t as erosi.on 
pror,re ssed , energy dissi�ation in the stilling-�ool Dec �:me more satisfactory . 

This led to the conclu sion that it would be desirable t o  excavate and create 

a deep stilling-pool while construction equipment was st.ill on the site. 

The C ity of Seattle felt that this would cost less than removing the eroded 

material from the channel at somA later date aft er the constructi on equip­

ment had  been removed. This procedure , however , would exnose the channel 

sidewalls to the immedi�te erosive effects o f  the first di scharge that 

passed over the spillway , regardless of size . To reduc e the possibility 

· of undermining the chutes , it was sugeested that a hole or sump be 

excavated downstream from the area where er osion would normall y occu�. 

Then , as P-rosion progressed, the eroded material would be depo sited in the 

excavated sump, and the rock sidewalls in the vicinity of the spillway 
chutes would not be  exposed to erosive action until some . of the bottom 

material had actually been eroded Rnd moved . 

13 



Te sts on this  scheme were made for a dischnr.ge of 60, 000 second­

feet . Aft"lr an erosion test , similar to those made for Scheme A, the 

size o f  the eroded hole wa. s carefully measured, then reproduced about 
200 feet  downstream from it s original location , F igure 19A . The eroded 

hole was filled to elevation 1 160 , the disch� rge of 60 ,000 second-feet 

reset , and the t e st continued for 30 minutes . The excavated sump filled 

as exnected, but the eroded hole below tho spillway was considerably 

larger th n.n for t h'! first te st. Compare Figures 17B and 19B . This was 

probably due to the fact that t he excavat ed sump was too near the spill­

way , � nd the loose bed material was pushed ,  rather than eroded , out of  
place . Th i s  may or mey n ot occur in th0 prototype, depending on the  firm­
ness of the  matP rial e omposing t,1-e ri. verbed . It was believed that more 

satisfactory re sult s  c ould be obtained 1.-ri th  t },e sump moved farther down­

stream, nnd tests on Scheme B were aban:i oned. 

Erosion tests--Scheme C .  The test wa s then repeated ,  this time with 

t hP- sump about 400 feet downstream from it s origina.1 locat ion, Figure 19C . 

A s  the test orogre ssed , the eroded material was deposited,  gradually, in 

t he excavated sump . The final eroded hole, F igure 19D, was very similar 

to the one produced in the original erosion test , Figure 17B . However, 

more material was eroded for thi s  test ( 00, 000 cubic yards) than for 

the original ( 6 5, 000 cubic yards) , and the excess material was deposit ed 

above elevation 1160 in the downstream channel , th e reby partially d efeating 
the purpose of th i s  scheme . Some advantaee remain_,ed , however ,  since 

for d i scharge s less  tJ-- ;m 60 , 000 second-feet or for short-durat i .on dis­

charges ahove 60, 000 second-feet , the eroded materi ;:il was not sufficient 

to fill the sump , and , c onsequently, no deposit was evident . At the 

SP.me time , the area near the e nd s  of tr e spillway chutes would not be 

subj ect to premature e rosion . 

If it i s  finally dec ided t o  excavate r, st illing-pool or a sump 

while c on struc t. ion equ inment i s  on the �ite , F igure lR will be helpful 

in det Prmining the amount of matP rial to be removed afte r a study of costs , 
probable di scharge s, and c haracter of bedrock are considered . 
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Spillway Operation 

General 

Opfl ration of the model indicat ed th::it although it i s  preferable to 

operate both snillways tor;eth L' r, either  may be operated a lone without 

causing exce s sive e rosion. In operating ei ther spillway, the procedure 

given below should be followed. The spillway ratine: c urve, F iQ.lre 21, 

re servoir  elevAt :i. on versus cl i scharf,P., may be used to aid in regulating 

spillway ri i. schare;e s .  

Gate Cperatine; Schedule 

A� inve sti gation of the order of opening the .  spillway gates was 

made, and it was found that c onsiderably better flow c onditions are 

obta-Lned i f  V..,e pro:-ier sequence i s  .foJ lowed in ooenine c:,nd c lo sine; .t1-,e 

spillwR:' e;ates . C e rta in e;;:,tes , or i:;roups c f  gate s ,  nroduce flow conditi.ons 

which are not rlesirable , and better c ondit i. ons mny be obta:tned by followi ng 

the openine; order 4 ,  J ,  2, 1, 5 ,  6 ,  regardless of tre numbr.r of gAtes that 

are to finally remain onen , The c losing order should follow this sequence 

in reverse , The gates on e ach spillway are numbered c onsecutively from 

the centP.r of the arc h toward the abutment s.  F igure 20A shows the flow 

c oncentration c au sed by open:i.ng Gate 1 .  Figure 20B shows the imr:irovement 

obta inerJ when Gate 4 i s  opened first . F ig1 1re 20C srows tr e c onc entration 

of flow alon1_7, the tr;:iin i.:1g wall ond at the end o f  u, e c hute w ith Gates  4 ,  

5 ,  an d  6 open . Better Jistribution is evident with Gate s 4 ,  3 ,  and 2 

open , Figure 20D. Similar studies of other c ombinations, not illustrated 

here , showed trAt the ooening order given above was most sat i sfactory. 

Tr.e figure s sl-Jow the ri g;ht spillway operating , but the test re sults are 

also applic ;:ible to the left spillway. 

Spillway Rating Curve 

A spillway rat, j  np; curve , re servoi. r  elevation v ,=-rsus :' i sc h2 rge , for 

both snillways was obtained from t he s ingle bay of the 1 : 30 sc a le model . 

The s ingle f,Hte d i scharge , detPrrnj ned for Over fa l l  Sect. i. on 9 c1nd c recked 

for CJverf;:,11 ,3ec t i.on 10, was mult:i.clied by 12 to f,iVe i · h e  di schr4.rge for 
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t he e!1tire snillway . Two check po ints , f or res ei rvoir elAv,,t i. ons 1600 ;,nd 

and 1608 , made on the l : RO sc a] e model, sr owed reasonable agreement. 

F' ip:11re 21 s•· ows t .he snillwr-,y rating curve obtained ,  The soillway 

c oe fficient curve is also shown 17,iving: 1 1C 11 in � =  CL!-13/
2 

in terms of 

reservoir elevation. In tris equation, �,. is the discharee in sec ond-feet , 

L the lenp.:th of c rest :-neasu red betWF�en oiers, and H the d i fferenc e in 

elev2.t :i. on betwcPn th=i crest and tre reservoir surface .  At reservoir 

elev:: t · on 1600 , to!) of g"te , tbe 'laxirnum disc rar13e wP.s 70, 500 sec ond-feet. 

Trc maxim1m desi �n discb�rge , 127, 000 second-feet , occurs with the 

headwater at clev2tfon 1608 , 

: :xact discht r,e-es ror part:i ::1 gate openings c culd not he determined 

since tre inst�llati on of +.hR gates :i s  nart of a future orogrµm,  and tre 

sate d etnil.s were not krwwn. r;,,tes 1--• il.l not bP. insb=, l.led until the 

reservoir ras filJ ed or until srortage s of gate T1atP.ri.�l rave hP-en 

alleviatP.d . The dashed-line curves of � ir:ure 21 show crn ,,roximate 

oisch?.rp;es t o  be exnected for n: .rti cil  r,ate opening s .  These curves were 

d etf!rmined usinp: C·vPrf:- 11 3ect j  on 10 and a l'" onoc oque gate inst;:illed 

ac c ord in13 t. o thA trunnion loc c-1tion given for C-verfr ll 3ection 8 ,  

Hyd raulic I,abor11tory He port '.fo . 136 . 

Hog�l and Prototyne Verific �i. tion Tests--Overfr,11 3ec tion 10 

'.Jhil.e tJ-, e model tPst s on Gv-Prf,..,11 Sec tion 9 were in nrogre ss, c on­

struction of the -.,rototy ne sr,illway c hutes c ontinued, f ollowing the 

plan for the 3tage 3 layout , Gn July �2, 1946 , wh ile the 1 : 30 sc ale 

mod el of Cve rflow :-.1ec tion 9 was being tested , tl-1e nrototype c oristruction 

had reached elevation 1U�5. The drawings of (,verflow .Section 9, F i gure s  

.13 ·:nd 9 were !",A.de t o  tie in to the  · ;tage 3 chutes a t  elew·,tion 1490, 

but by Aur,ust 23, 1946, the d ay the C:ity of Seattle rec e i ved these 

draw:i.nr,s , c onstruc ti on had :=ilready nroe;ressed to e J  evcition 1500 .  Thus, 

it •,ras necessA r;';' for t be City of 3ea.ttlf, to modify Ovr.rflow Sect:i on 9 

sliRrtly to tie the two sections together , The minor c b �nges made  in 

the s'"lil.lw2 ;-. sh«ne were d ownstream fro111 the crest , anrl t hey will not 
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affect measurably the per formBnce of the  spillway . However, they were 

believed to be of  suffic ient importanc e  to  prevent a strict comparison of 

pressures between the model of Overflow Secti on 9 and the modified section 
being c onstructed in the nrototype . Subsequent tests showed this to be true . 

Since i t  i s  the nra ctice of the Bureau to install nece ssary equip­
ment in prototype structures to  enable verification of  model stud ies ,  

the Cit: of Seattle was requested ,  and they a greed , t o  install a series 
of piezometers in tr·e left spillway face a rv' deflector between Joints 22 

and 23 , F igure g .  The C i t,y" of Sea ttle was requesterl nlso to submit to 

the Bu:-ea u the  s :Jillw.:,y section wt· ic h they planned to  actually c onstruct 

in the vicinity of Joints 22 and 23 , hereafter referred to as Over fa ll 

Section 10, so that a model of  this section c ould be tested tn the 
labo rator y . Pressures  measured on this  model c ould then be compa red 

with t'be pressu re s obtained at some l::iter date on the  prototype. 

Pressure Measurements  on Crest and Deflector 

A model of Overflow Sect j_ on 10, Fieure 2.2,  also referred to in the 

correspondence as Alternate 2, was con structed to a scale of 1 : 30, 

equipped with piezometers ,  a s  shown on Fip.;ure 24 , :ind pres sure s on the 

spillway and deflector measured for a r ange of discha rge s wi th free flow 

over the cre st. Visual investigation o f  pressu re s under  a pa.rtially 

raised gate indicated trat thi s  c ondit ion was not as  severe as  .for free 

flow ovP.r the crest . The reslllt s of t he free flow te st s a re shown on 

F igures 23 and 24. 

Pre s sures on the spillway face D re s ho-vm on ? i ,!u re 23 in feet of 

water , nr ototype , and n re plotted against the niezometer numbP. r .  For  ' 
de si gn r)urposes, the nressures are not s igni ficantly di fferent tha n 

those for Overfall Secti c,n 9, d Hferinr, only :i.n degree. For  d i scharges 

up to 1 5 ,000 second-feet , pressure s on the spillwa;:.' face were nos itive 

over most of  the surface, becoming slifhtly below atmospheric in the 

region of Piezometers 9,  10 ,  :,,nct 1 1 .  As the d i sch i� rge was incr eased , more 

of the spillwa :.' was snb,j ected t o  reduced :pre s sure s until for 127 , OOO 

sec ond-feet , prac t ic ally the enti re face below the crest was below 
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atmospheric pre s sure . The greate st negr t ive pre s sure record ed was for 

127 , 000 sec ond-feet 2nd was minu s 6 . 4  feet of water at Piezorneter 8 �  

The rec o rd ed va lue s are the ave rRge o f  at least three d ete rminat ions , 

each determinat ion being t he lowe st pre s sure ind i c ated by the pie zometer 

over a Der iod of abou t. 30 second s ,  

Pre s snre s on the  de flector are shown on F igure 24 . The se t e st s  al so 

ind i c � ted re sul t s  si mil0 r to  those obta ined for OvR rfnll 3ec t i on 9 .  The 

maximum riositive rire s sure on t he d eflec tor was equal to  12 feet of water 

and oc curred for trie maximum d i sc harge , 127 ,000 sec ond-feet . Exc eDt for 

a po sitive 1 1hump 1 1  in the  pre s sure curve between e levation s  1530 and 1545, 

the pre s sure s inc re c:cse  11ore or le s s  uniformly from the top to the bottom 

of the de fle c t o r  r or R given d i sc h arge . In general , the  nre s �1re s also 

increase with  U e d i scharge . However , at ; d i sc hr: rge of l�0 , 000 sec ond­

f e et , only th e lower part of ttie  d e flec tor i s  in c ontac t  witb tr.c w ate r .  

Th e d e flector pre s sure s sr own were obta ined in t.h e s ame manner ns 

the soillway :Jre s su re s  exc eot tre  maximum v;:;lue s of t r r:  ore s su re s  we re 
u sed . 

C on sid erable d i fficulty was enc ountered in obtainin g c on s i stent 

d e flector  pre s sure ret d i ng s ,  esnec iallJ' for ,] i sc h ri rge s below 127 , DOO 

sec ond-fe et , Thi s wa s believed due  to t he variat i ons in the  flow pattern ,  
c au sing "make ,qn:J break "  contac t witr 1 tre oiezometer oneninp.;s i n  the 

deflec t or . If trie Vc. r Ld, .lon s  exist to the s :s me degree in t l 1 e prototype , 
it may be :.:lif f icult to c orrelate ; r,odel and prototyoe d e flector  pre s s1 1re s .  

ThP. pre s sure s ind ic 2te that for d e sip;n purpo se s Overfall Section 10 

i s  tl-; e s sme JS Cverfall 3ec tion 9 .  ? or c omp0.ri son of :ctodel and nrototype 
pre s su re s ,  i-: owevf'r , c-: iffe renc e s  were great enough t o w arran t, :r,aking 

pre s su re te st s on OVFi rfall Section 10. 
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PAHT I I  - HOWELL-Bl fNGJ�;i' V i1LVJ: Hoc ;) :3TU DISS 

Int roduc tion 

Previ ou s to t ': e  t i:, st s  de sc ribed in t r i s  report , other t e st s  on the 

Howell-Bunger v;i lve installati0ns a t  the Ross Dam were made by the Bureau ' s  

Hydraulic La.boratory and reoorted in Hyd raulic Laborat ory Rei:iort s N os. 156 

and 168 .  In tr, e se report s ,  the operating c h aract ,�ri stic s of tre w1 lve s 
and the  merit s of two hoods were d i scussed , Tr.e hood s pro:1osed by 

the S .  Morgan ,Smith C om�any were unusable bec au se of exc e s sive unbalanc ed 

t hrust , and the C it :., of Seatt le requ e sted th;:; t addi tional te st s be made 

t o  develop a workable hood for c ont rol of t },f, j et s  below th� valve s .  

Th e j e t ,  emitting from t J-. e  v::-i.lve w i. thout a hood , spread s at an 

angle of About 45 degre e s  w i th tr1 e c enterline o f  the  valve and produc e s  
exc e s sive spray , F igure 28A . I n  tre vic in i ty of  trans former s  or other 

el ec t ri c al equipment , e spec ially in c old weather when ice forms , t h i s  i s  

ve ry obj ecti onable . Tr1 e use  o f  t.l-i e  hood will prevent. exc e s s ive spread ing 

o f  the j et and thereby reduc e s  tli e spray , ? i gure 28B . 

Hood De sign 

The Models 

Te st s to d ete rmine the effic iency of  tr-e hood s  made it nece s sar:1· t o  

r>rovid e  a. valve , correc t in every detail , t o  properly direct the discharge 

trroue;h t he hood . The 6-inch mod el valve was made of b ron z e  and mac h ined 

to  di.men s  ions furni shed by letter from S .  Horgan Smi th C ompany , d ated 

Marc h 2,  1945 . A photostat 0f · t h ,-tt letter is c ontained in Hyd raulic 

Laboratory Report No . 168 .  The valve was c onstructed so th ,-it it wa.s 

homologous t o  the prototype 72-inch valve ,nd c ould be t e sted  nt any 

de sired opening . 

The valve , with a suitable length of c onduit , was c onnected t o  a 

pre s sure t ;mk which could supply wat er  in v ary ing quantiti e s  nt  head s 
up to  410 feet , nrototype . The hood s we re c onstri1cted o f  rnet.'.11 and 
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were equipped with  piezometers at point s wl-- ich  were believed to  be  

subject to reduc ed pre s sures. 

Results of  Tests 

General . The c riteria used to evaluate the desirability of a 

particular hood were ( 1 )  the e ffectivenes s o r  the hood in preventing 
spreadine of the jet after the discharge le ft the hood nnd ( 2 )  the 
pre ssure s occurring inside the hood during operation . Cbservat ion of 

the models in oneration was sufficient to detPrmine th-it all hoods tested 

were effective in c ontroll ing t he jet .  P ressure s  obtained from piezometer 

readings were used to dete rmine whether c avitation might occur in the 

prototype struc ture . 

Hood A. Th is  proposal was submitted by the C ity of :3eattle on 

Drawing No . D-13132-12  -".nd c onsi sted of two ver ti c :-:, 1  walls ,md a roof, 

enclosinp, both v;:ilves in a common struc ture . This hood was not te sted 

since only one ::.od el v ;0 lve wa s irri1n�d iately availa ble , and it wou lrl  h ave 

been necessary to  c onstruct another ·nodel valve before the tests  c ould 

be run . Before constructtng anothr>r valve , it  was cons .i dered advi sable 

to test other nronosals  wMch m;:ide use of individual hood s for each 

valve . 

Hood B .  Hood B c onsi sted o f  a cylinder 12 feet in d iameter and 

16 feet long, F igure 25 , held in plac e by independent supports, and in 

no way c onnected to the valve . The j et issuing from the downstream 

end o f  the  hood was quite satisfactory and was very effective in con­

tr olling the _i et. Howevpr, the proximity of  t he hood periphery to  tl:e 

valve caused a c onsiderable amount of water to be forced out of the 
upstream end of the hood , completely submerging the valve . During the' 

winter month s suffi. cient ice mig�, t form on the valve to mr,ke it difficult , 

if not imnossible , t o  operat�. Consequently ,  this d e s ign was abandoned . 

Hood C .  In tris d esien, the hood was c onnected to the v al ve ,  making 

the hood and v,<1.lve a complete unit similar to  the original hood proposed 

by the s .  Horgan Smith C ompany . Changes in the rl i.'Ilens 1. ons were ma de ., 

F igure 26 , t o  increase the nressures inside tre hood . Und P.r test 
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conditions ,  t h i s  hood would be us able for orototype head s uo to 200 feet , 

.4.t tl1 8t  he ad, the m aximwn negative 0ressure ins:l. rl e>  the 1--iood was  minus 

.17 feet of water. 

At this stage of  the testing, t r,e l aboratory was informed th2t the 

valve w a s  to  be oncrated at he ads 1 1n to 3 85 feet. This  posed an entirely 

new problem, since at tris head the '.)res sures would be so low thnt 

ca.vitAtion would undoubtedly occur . Tl---e thru st wo1 1ld be incre ased , 

making it difficult , if not 1 moossible, to close the valve after it h ad 

been opened , 

Hood 0--fin al design. As a result of the tests on Hood C ,  the 

physic al connection between the v alve 2.nd the hood was el5..min ated, rmd 

e ach valve was  considered as an ind ividual unit , Although only one valve 

and hood w as constructed , in effec t ,  a se� arate hood was provided for 

e ach v alve . The hood was made a s  l arge as  possible, taking into account 

the cle arence between valves , , nd was a..l'l+!hored to a foundation loc ated 

below the valves, F igure 27. This arrangement was a c ombin ation of the 

scheme used by the Tennessee Valley Authority and thP- propos al submitted 

by the City of Se attle , and uroved s atisfGctory. 

It should be noted, Figure 27 , tr nt the clearence bP.tween the model 

v alve-sleeve flange and the inner ring of t he hood i s  very s:uall. The 

corresponding orototype clearance should also be kent to a minimum, 

taking into consider:1tion bolt heads or othr.r projecting surfaces th at 

might affect this dimension. The diarnetPr of the innfir hood ring should 

not be c banged , but the minirmL1l clea rance should be obtained by extenc3 ing 

tr.e flR.nge o f  t he valve sleeve. If, in spite of holclinc to minimum 

cleare.nces, the rrototyl)e nroduces an exc e s sive amount of flow between 

the valve sleeve flnnge And the inner hoorl ring , a sePl flanre could be 

nl aced on the ve.lvP. sleeve , Fignre 27, so that cont act ,.., ;_th t.he inner 

hood ring i s  ma:i.ntAlned at. -i } l time s .  n� j s  sho, ,ld keep t l·e area 

unstream from t r.e hood d ry E t  all times. 

A comnlete set o f  r:iress11res over tbe unner rAnge of heads w as 

obt ained for tri s  de sign , Tbe oiezometer locat i. ons And the oper ating 
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pre s s·, ; res are shown on Fit7ure 29 . The pressures are e.:x:rressed in terms 

of unit nres sures t •  To obtnin the pre ssure for any given head , multiply 

the f value for a pa.rtfo ulnr piezometer and valve opening by the 

prototype head. This  r;ives the pressure at the piezometer opening in 

feet o f  water , prototype . 

The pressure curves of  Figure 29 were obtained from tests  in which 

the head va ri ed from 173 to 410 feet prototype , and indicated that all 

pressures are positive over  the entire operating range. Accordingly , no 

c avit ation is e xpected in the prototype . Since the valve hood is 

independent of t he valve , no unbalanced thrust can a ffect thA normal 

forc e s  necess.�ctry to open and close the valve . Since the rood i s  mounted 

on an independent foundation and i s  not dependent on tl-:e ve lve for 

structural support , t he vibration of trP entire structure should be con­
siderably reduced . 

The C ity of Seattle requested , through the Hydraulic  Laboratory , 

thHt the Bureau check their  proposal to use 1-inch Uick steel platA for 

constructing Hood D. As  a res11lt , the Technical ��ngineering Analysis 

Sect:i on made a stress  analysis of the hood , u sing tb.e d ata from 

Fi :mre 29 . Their re;:,ort , in the form of a memorandum from C .  C. C rawford 

to .A . J .  Peterka , i s  given below : 

"1 . Introduction 

The following study was ma de at your request to 
d etermine if one inch steel plate is adequate for fabricati.on 
of valve hood s for the Howell-Bunger Valve s at Ro ss :Jam .  

" 2. C onclusions 

The one inch thick  end plate a s  shown in the sketch 
furnished to thi s  office is not strong enough to withstand 
the hydraulic load s obtained from the model tests and at the 
same time keep the maximum unit st ress at a desirable figure . 

"3 . :?.ec o:rmnend ations 

It is recommended th;:t  the end plate thickness be 
increased to 1-3/8 inches.  
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114. C omments 

The dra wing furnished t,1-, is office i s  only a sketch 
ann not ll. comnlete de si .r;n drawing , however , fro:!l the data a t  
hand, it a ppears thr.1t radial stresses in t h r>  end plate d ue 
to hydrauli c loads obtained from the • model studies may reach 
va.lue s on thf! order of 20 , 000 pound s ner square inch . 

If t�P. end plRte thickness  be increased to 1-3/8 
inches, the radi nl stresses in the end plate can be reduced 
to values below 16 ., 000 pound s per square inch . 

An altr,rnntive design,  s ati nfactory from the !)oint 
of  stress c onsi derat tons, could be affected by using a 
1-3/8 inch thick end plate wi th an outer cylindrical shell 
3/S-inch thick . This de siGn would require thn .. t a 1/2- by 
6-inch stiffener ring be welded to the hood sh ell at its 
dischn rge end . This stiffener would have to be anchored to 
the  conc rete to be effective . 

" 5 .  Basic Data 

A .  Radius o f  hood • o • • • • o • • • • o 

B .  Maximum pressure on inside of hood • • 
C. Ma ximum avera ge pressu re on end plate . 

• 116 .  Technic al Details 

72 inches 
62 . 1  lbs/in2 

16 lbs/in2 

The maximum stre ss in the cylind rical port�on of the 
shell due to an interm,l pressure of 62. l  pound s per square 
inch was com�mted from the formula S = pr/t where S is the 
tensile unit-stress in the shell in nounds �er square i nc h, 
p is the intPrnal hydraulic pre s sure in pound s per square 
inch , r is the radius of t he cylindric al shell in inches, and 
t i s the thickness of t�A shell in inches . The pressure p 
wa s c omputed from values of p/H obtained i n  the model studieso 
The v;,lue s or p/H were multiplied by 410 and 0. 433 to  obtain 
the equivalent j_ntPrnal pressure s .  

The end plate was Hnalyzed a.s a c ircular flange 
fixed 11.nd supported at the outer edge wit!-! the inner edge 
fixed against rotRtion, ,md s1 1bjected to uniform pressure 
over the actunl surface .  

"7 . Refe 1·ences 

A .  Drawin� t i tled ' Ross Dam, Howell-Bunger Va.lve 
f 1 ood , Hood D--F inal De sign , Piezometer LOC i.�tions and 
Hood Pres sure s .  1 

B .  Haymond J .  Hoark , ' Formulas rc,r  :Jtre s s  and 
Strain , 1 Second Edition . 1 1  
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Introduction 

Stre s �, stwJ i. e s  1 nad e on Dos s  ' ' ,,:,1 , fer t h: staE;e ·< t h  + . . e c re st at 

elevat.:L on 158;-i , took into account maximum flood ;:1nc: e �Ttha1iake stre sses 

but did ncit includ e icPloAd stresses. Tbi s  followed the request of t l-·e 

F ederal Power C ommiss i.on trr,t ice bP oreve:1ted from fo,ming in the 

vicinit�; or  the snillway 
it was believed a dvisable 

vicinity of thr sp:i llways 

e;ates. In planning 
to not only prevent 

but also around th ,,-, • c .  

an ic e-nrevcntlon sy stem, 
ice from formi:1g in the 

entire length of t-.h e  .::,rch.  

Previo1 1s e xtens ive inve sti r,ations of ;-,n ic e-prevention sy stem for 

Grand C oulee Dam showed th:-it the air-lift sy stem was the most satisfE,ctory. 

This system makes use ()f a series of nozzle s on the upstrer..m. side of the 

dam, dischar�iDe air into the re servoir 10 feet or more below the surfac e .  

The re sulting circulation bringing warmer water from below to t h.e surface ,  

prevents tbe :'orm::tion o f' ice near t >- e  u:sistream facf3 of  tbe d,:m. 

The de sit3n of lhe Gram� C oulee sy c1tem was based on te sts mad e on a 

l : 1  scale model by the Pure au I s Hydraulic Laboratory . From U-, e se te sts , 

the type of nozzle, the d irection of tr e air jet , the quan r, i ty of air 

nece s sary at each nozzle , the inside diameter and she :")e of the  no7.zle 

itself , the vertic al spac in� of the nozzles , anj otrr r d etails  were 

d etPrmined . Usine this and othPr d ata, th e d eta.:ils  of the r,rand Coulee 

installation were preonred. 

\'hen an i c e-prevent-Lon sy ster1 for Ros s Dam W-3.s sugge sted , th e 

Hydrauli c Laborc:otory was req1 1 e sted to make a nrelimin2.r-y investigation 

to detPrrnin8 thP. e s  sent i ::i ls  of  t,re s�: fltem , During tbe winter season 

when freezine wo1 1lu occur ,  tre r P, servoir will be betwe0n elevations 1500 

and 15 50 , The j c e-orevent-l on sy stem 011tlined in thi s  renort is similar 

to the Gr,:ind C oulee system anci Ls des igned to nrotect thP  P.nti re arch 

from ice  Dre ssure wit !-, the re servoir  above elevlltion 1500 . 

Preliminr,rv Consider;:i.tions 

Much of  the Gran� Soulee J�m ic e-orevention system may be act � nted for 

u se at :-lo ss  �;am , H owever , c ertRi.n di. s similz,ritie s in the str11cture s  
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make it nec e s sary to provide a d ifferent pi.ping layout for t h e  air SU!)ply. 

The lack of  :sn  inspection or operating 8allery at a c onvenient elevation 
in Ros s  Dam introduc e s  problems not pre sent at' Grdnd C oule e . Bec ause 

of the thin arch section , it will not be fea sible _to c on struc t a gallery 
in Ro s s  Dam for the in stn llat ion o f  c ompre s sors , pine s ,  And headers . 

Thus , it will be nec e s sP.ry to  install t h e  c ompre s sors  at the  ror,dway 

e levr, t ion ,  s ay ,  in one of the abutment fl ,  and run pining t hrou f1,r1 tr,e  P rc h  

t o  t he noz zle s on the upstrenm face o f  the dam . 

The thin arch sec U on al so introduc e s  anothe r 0roble.m in t h F,t during 

severe wint e r  c onditi ons ,  the temperature grad ient from the  f ront t,o t he 

back of  the d am  may rllac e the air su:')nly pi pe s in a fre e z ing zone . The 

piping should be located nea r  the upstre 2.rn fac e o f  t he a rc h  and arranged 
so th nt freezing of c ondensed moi sture in the nioe fl be cl�ninated . 

Pronosed System 

De s ign 

Two horizontal rows of nozzles  are c onsidered nec e s sary , the lower .,., 
at elevat i on 14.90 !-lnd the upo�r at elevR t i on 1530 . Thi s  should nrovide 

c omplete prot e c t  i on ap;a :i.n st format i on of ice  for re servoir e levat ion s 
1 500 to  1 5 50 Bnd also  fo r rare c a s e s  where the re servoir mi eht be above 
elevation 1 5 50 dnrinp; th(! winter  season .  Two rows are nec e s s arr t o  
prevent exc e s sive pre s sure s at t h, c ompre s sor . 

F rom ac tu2 l e xperienc e on K e okuk :md othe r d a:11 s ,  it has  been found 

d e s irable t o  plac e th!'?  noz?:le s bctwe 1rn  10 a!1d 12 feet.. a part , laterally , 

in e ac h  row . Thus , at ?oss  Darn ,  wl� ere wint e r  c ondi tion s  c A.n b8 severe , 
t h e  10-foot spac ing was nec e ssary . 

As suming 1 , 000 feet o f  arc h  t o  be  prot ec ted , there would be 
iOO noz zle s in eac h  row ,  or a tot ;1l o f  200 no�zle s on t h e  un stream 
fac P.  of the d am .  I f  eac h  nozzle d i sc h �, rge s 2 cubic feet of free a:tr 
pe r m inute , t h i s  would m.:ike B t otal  And maximum di sch.-o, rge of 200 cubic 
feet of  free a ir ner minute , fl inc e only one row of , noz zlP s i,mulct be 

d i sc harging at any one t ime . A .ir would bP. supplied by two c omnre ssor s ,  
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fl A.c h  c :'l oahle o f  h n r1 d l inr.; 110 cuhic feet  o f  f re e  r, i r  ,:,,,r  ninut 2 . /, t r i rd 

c omnre s s or ,  A i..rri 1. lar t o  t h e  othe rs , would be nec e s sary a s  a stnndb3 unit 

and would bA j nt P rc onnected to tl-ie  othP r two . l t  is S1 l ": f"e sted tL ,, t  th e se 

c ompre s sors he of u,"' rr :ot or-d riven ai r-c ooled rota.r:y tyne similar t o  

t h o se made b y  t h P  Y e oman }'anu f'a.cturinr; S om riany . " relimin;:i r;• e st ima t e s  

ind � c nt. "'  th :" t  t . 1� 0 c omore s sors b e  c apabl e o f  i:lainta ini n 1? r 40 '.,ound -:;e r 

squa re inc h ga r'.e nre s �m re durinp; operation of t r e  system . 

P i <".lJ.re JO si--, oNs a schemP..t ic layout o f  a SUf?.r,;e s t e d  ; n stA llat i on for 

; : o s s  f';:,m , ;:_:ac h o f  tre  two operat. in "" co:-n.:1re s sor s 'i iscr· n rp;P s i nto  a 

Lt-inc h readPr to wr ic r a.re c onnect e d  four 1-1/1�-inc h C O ':'"lne r d i. strHmtinp: 

pipe s , eac h s e rv j_n .c- approxi mat ely one-e i �hth of t f ,c, Are l� . ., 1, · ,ac , 1  d i strihut ion 

pipe should s e rve ah.out 12 , and not, more +;b an 1 5 , noz 7. le s . The nozzle s  

should b e  c onnec ted t o  t h e  ri i st ri but inp; r.iipe s with 1/2-inch c oppe r nipe . 

Just  below U'A read e r ,  eac h d i s tributing line s>iould be equ i p ped 

wi th a re ,crul,1 t in13  valve and a Dourd on-ty:ie gage , ·.:: lec1nout s s hould be 

provided ::, t e R c ri  end of the d i stribut ing line s , in the h P. 2d e r ,  and at 

e ac h  noz zle . 

::.:f fecti  vene s s  

Sinc e n o  reliable d c' ta  are a t  pre sent ti.vai lahle on air r mri water  

temperature s ,  it  is  not po s s ibl e t o  r,red ict  ac curately t i--, e  e f fec t i ve'.'le s s  

o f  the sugge sted sy stem . l : owevp r ,  b e:  sed o n  weath"r c ond i t :Lons at -1 o s s  :am 

a s  re nort ecl  by a former re s i dent of  t he are a and from e xpe r i enc e s  at  oth e r  

d ams , V · e  sug r-; e sted sy stem s hould nrevent tl--, P  formP. t :lon o f  i c e  f o r  a 

d i stanc e of  10 feet upstre;:,.m from t_., ,e  d :,m  wj tri intermi.t. tent operat i on of 

4 hrn1rs on �nd 4 hours o f f , · nd he c anable of remnvin � lR  inc � e s  of ic e 

wit h  8 hours o f  c ont inuou s c oerA.t i. on . 

'.' rec 2.ut i ons 

There are s o!"le r:irec ai1t i ons to be obse rved in c omrilet i n p;  the  d e sign 

of  thi s system , � are shou l d  he t ;:1 k cm to insure thF..t no novle d i sc r r  rge s 

a·:.,nrec iably m o :-e thnn 2 cu h ie f e e t  o f  free air  ner minut e . TM. s i s  

nec e s s ary t o  prevent free zin � in si rl e  the n o z z le Rnrl  a] so t o  �revent 
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unequal distribut i on to  oth�r nozzle s on t �P sRme supnly line. The 

Rou.rclon gage readings for variou s  reservoir elevati ons sbquld be 

calculated f or e ach row of  noz zles to insure tbe ,Jroner distribution 

and. quantity of air , Jn brief , the S} stern sum�;ested here should. be 

c onsidered a preliminary rroposal rather th2.n a final design , 

F' i p;ure 31  shows tbe general ol.:m of tre Grand C oulee install ation, 

Fir.ure 32 give s tre ooeratinf d ia17,ram :md instructi on s ,  � i r,ure 33 

indicates the type of air supply oiping c:.-nd the d et;; U s  of t he no7.zles, 

and ? i gure 34 lists t,1e e narts and s :i zes . These draw i nf7s should -:irove 

u seful in c ompletinp t1-,e  dcs :ipn o f  t he :1.oss  Lam ice-orevent i on sy s t. em. 

The enclosed drawi'lp-s, ?i".U res 30 tbroueh 34 , s1-iowin�� tr ::, installation 

at Grand C oulee Dam may be used as a f,l l ide in com-::ilet:i.n r: th e design of 

tbe Ros s  Dam sy stem , 

The hydraulic lahorat or;v tests on tl0 e s: stem inst.il] ed r, t Grand 

C oulee DH.IT\ are d :i  sc11 s sed in Jfydraul ic :...aboratory ·�eoort �.To . 6A . This 

reDort R ""l:::-ears in anoth er form H s  a ?<'-:)er by T .  G .  Cwen in tr e Transactions 

of thP. ;'_ , J .;,1 . ;� . , hril 1942 , Volume 64 , T'·l o. 3 .  Includecl with this � ··:iP.r is 

a discu s sion of the GrP.nd C oulee system by iJ . J .  Bie r ,  who d irected the 

mec hani c al d e s ipn work . 

Another refere'l.ce to  t r,e  r,r1md C oulee s:· ster:1 is c ont,i ined in the · 

'.)esign M r:inual , tentative ed i t:i on, " �enstock a nd r·ioe Lie sign �3ecU on of 

the i,;echnnic ril :-Ji.vision of tl'ie Braner of  Des i gn and C onstructi on, Bureau 

of Reclamation . 1 1  
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FIGURE 3 

View looking upstream. 

Right spillway and training-wall .  

ROSS DAM 
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A .  Pre ssure measurement s  on overflow 
Section 9, deflector in place . 

B .  Cre st shape and piezometers 
with deflector removed .  

ROSS DAM 
1 : 30 SCALE SPILLWAY AND DEFLECTOR MODEL 

FIGURE 4 



Bou n dary of Model ��'-, _ ___ _ 

l 
/- - Water  supply 

,,- ---... : 

L A K E 

r-----

,, - �hannel e x  ten ted 35·0· 
,' with vertical sidewalls 

for erosion tests 

,,Spi llway Crest 
: El. 1582 .0 

PL A N  OF M O D E L 

S C A L E  O F  F E E T  ( P ROTO T Y P E )  
00 ••o 240 

I 2 3 
S C A L E  OF F E E T  ( M O D E L )  

R O S S  D A M 

F I GU R E  5 

1:30 Scale 
model for 
Crest and 
De flector 
studies-

-, 

,,,,, .. , 

320 

EX TEN T A N O  L A YO U T  OF / : 80 A N O / : 3 0  

S C A L E  MODEL S - O V E R FLOW S E C TION 9 



� 

ROSS DAM 
1 : 80 SCALE MODEL--SPILLWAYS DISCHARGING 127 ,000 SECOND-FEET � 

Ol 



A .  Right spillway and 
Howell-Bunger 
valve location . 

ROSS D.A.M 
1 : 80 SCALE MODEL 

FIGURE 7 

B .  Left spillway. 
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FIGURE 13 

A.  Flow on right spillway. 

B. Flow on left spillway. 

ROSS DAM 
SPILLWAYS DISCHARGIN G 127 , 000 SECOND-FEET 



A ,  Discharge 40 ,000 
second-feet , 

ROSS DAM 
STILLING POOL OPERATION 

• 

B ,  Discharge 60 , 000 
second-feet,  

FIGURE 14 



A .  Right spillway 
only operating, 

ROSS DAM 

B .  Lef't spillway 
only operating, 

S INGLE SPILLWAY DISCHARGING 63, 500 SECOND-FEET 

FIGURE 15 
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A .  After 40 , 000 second­
fee t .  

c .  After 80 ,000 second­
feet . 

ROSS DAM 

EROSION TESTS 

FIGURE 17 

.; 

B .  After 60 ,000 second­
feet . 

D .  After 127,000 second­
feet .  
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A .  Excavated hole 200 feet 
from spillways.  

c.  Excavated hole 400 feet 
from spillways . 

7 

ROSS DAM 
EROSION EXPERIMENT 

I I 

B .  Re sulting eros ion· 
pattern after 60 ,000 
second-feet . 

=- •  

D .  Re sulting ero sion ·  
pattern after 60 , 000 
second-feet . 

FIGURE 19 

r 
I 



A .  Flow concentrated. 
Gate  l open . 

---

C .  Flow climbs training­
wall . Gat e s  4, 5, 6 
open . 

ROSS DAM 

Figure 20 

B.  Flow well distributed. 
Gate 4 open . 

D .  Flow well distributed. 
Gat e s  4, 3, 2 open. 

TESTS TO DETERMINE ORDER OF OPENING GATES 
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removed. 
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TR ASHRACK STRUCTURE ABOV� EL. 12 1 2. 33 . . . . . . . . . . . . . . . . . . . .  222  ·0 · 310/ 
TRASH RACK STRUC7URf · REINFORCEM!N1 ABDVf fL.1/77. 77 . . .. .  222 · D  • 310S 

. 0 
n . 0 <·ft f,'� a·,�ipecfion gallery 

. . .  : . .  · . . . .  · · ' · :  27:6·· · ·'.·';'· '}L.;;�6? . . 

BY·PASS ANO AIR !'/ PING . .. . . .  . . . . . . . .  . . . . . . . .•. . .. . . . . 222  ·D • 3640 
SHUTTLE CARRP.Gf SUPPORTS · BLOCKS 30,31 tND 64. 65. ?22 · 0 · 4 94 7  

./. . 
. ' . . · .:.3'-0" · .: 

. 
. � .... . 

,, . '! . o· 

,' El. /200. 00·· . · · .  · ·.:. · ----- ::-;--- -. - - - - -� �- ·:: . . t . ._ . . . .  :_.,r·\ 
_ :v . \7 : 

. · o · . 

.. 4 'A ir header 
0 

U N I TED ST,1, T £ $  
DEPARTMENT OJ:' T M £  IHTERIOR 

BUREAU OF R£CL..AMATION 
COLUMBIA BASIN PRO,,J£CT - WASH /NGTON 

GRANO COUl..EE DAM 
ICE PREVEN TION - A I R  SYS T E M  

GEN E. R A#- PLAN AHO SECT/OHS 

TYPICAL SECTIONAL ELEVATION 
PUMPING PLANT TRA SHRACK STRUCTURES 

TYPI CAL �ECTIONAL ELEVATION 
S TA TI O N  SERVJC� TRA S H R ACK STRUCTURES 

TYPI CAL SECTIONAL ELEVATION 
MAIN UNIT TRASHRACK STRUCTURES 

S E C TI O N  D · D  
TYPI CAL SECTIONAL ELEVATION 

DRUM GATE SPI L LWAY 

� 
� 

DRAWN: . . . . . .J c._vv . 

. . \ 

��µ���:!,�;;���������4�d 

j .. 
J 
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.,.....J' 

E X PLANAT I ON 
A - Control va lve - W S El . I 273 50 ro w s . E l .  1 290.00 
B - Control va lve - W S El 1 248 00 ro W. S. E l. 1 2 7 3.50 
C - Control  valve - W.S El 1 222  50 ro W. S E l  1248.00 
0 - Control va lve - W S  El 1 266.00 to w S. E l. 1 290.00 
E - Conrrot valve - W. S El 1 2 24 00 to W S. E l. 1 266 00 
F - Conrro l  VO Ive - W S El .  t 224 00 to W. S E I. 1248. 00 
G - Control va lve - W S El. 1208.00 ro W S E I  2 
H - Control  header "shut-off' valve. 

· · 1 Z4.00 

J - Control header 1hrortl in9 valve. 
K - Control header d rain valve. 
L - Pressure gage 
M - Plug valve on cc;>mpressor discharge Imes. 
N - Plug valve on h19h pressure 01r connections. 

OP ERAT I N G  I N ST RUCT IONS 
The Ice Prevention-Air Sysrem ,s  designed ro d 1scnorge from two to tnree cu bic 

feet of free a i r per m 1nure �er nozz le from o depth of e ight ro f 1 f ry-one feet 
below the water surface. To discharge more than three cubic feet of free air 
per minute per nozz le , operate ports of the system intermittently 

The lobte shows gage readings colculored lo d i scharge rwo cub•c feet o f  f ree 
a i r  per minute per nozz le for water surface e levot ,ons of two foot ,ntervo.s 
The curve shows the cubic feet of free air per minute that wdl be discharged 
through the o,r  nozzles for d 1 f terent1ol pressures across the nozzles from 
zero fo thirteen pounds per  sQuore i nch 

The air compressors are to be put in service and operated occord 1ng ro insrruc­
tIons furnished by the manufacturer. 

Determine wh ich nozzles to use  from the water surface elevot1on The operor1ng 
ranges for air nozz les at d i f ferent e levat ions and locot,ons ore shown on the 
d iagram . When 01r ,s  f i rst supplied from the control header to the nozz les 
valves "H", "J· and the control valve corresponding to the nozz le  e levo t 1on 
shou ld  be opened w ide. so that o maximum f low of air  w , I I  b low r h e  wafer 
out of  the riser p i pes . The flow of a i r  moy then be adIusted Dy rhe control 
valve unr i l the gage reading shows the desired amount of air f low,ng. When 
the system 1s operat ing the accumulated moisture should be drained from rhe 
l ine T hrough valve ' K" 

W�en the system is not  In operation I v a lves  ·A·, ·a:, -c·, 110', "E·, "F� "G·, ·t,�ond 
. 'N" should be c losed ond v a l ves  "J'; 'K', and "M should be opened. 

H igh pressure o i r  f rom the  power p lant may be o b tained for  supp lemen­
ta ry serv ice  e nd b low ing -out lines by open i ng va lve  "N" To protect  0 1 r  
compressor's, v a l v e  " M "  shou ld b e  closed before opening va lve "N". 

WATER 
SUR l:' A C E  

EL E 'I A T ION 
1 2 90 

� 1 2 88 
1 286  

L.- 1 2 8 4  
1 2 82 

L__ l 280 
- .!1.J� 

1 2 76 
1 2  74 
1<72 
12 70 
1 2 68 
1 2 66 
1 2 64 
1 2 6 2  
1 2 60 
1 2 58 
1 2 56 
1 2 5 4  
1 2 52  
1 2 50 
,,49  
1 246 -· 
1 244  
1 2 4 2  
1240 
1 2 3- 8 
1 2 36 

� 1 2 34 
. ! 2  :g 

F IGURE 32 

TA B LE 
C A L C U L A T E D  GAGE R E ADINGS 

M A I N  UNIT iSTATON S£1MCl 
T R A StiRAC K TF'ASMAACK 
STRU".:TURE� S':'RUC TURES 

13 9 
1 3  I 
12 4 
I I  6 
1 0 8  
, o o  
9 2  
8 4  
1 7  

1 6  I 
, s  9 
1 5. 2 
14 4 
1 3. 6 
1 2  8 
1 2.0 
I I  2 
10. 4 
9 6  
8 8  
8 0  
7 ?  

16 3 
15 5 
,. 7 
1 3  9 
13. 1 
,2 3 
Ii 5 
10 7 

·- -

13 3 
1LS _ 
1 u_ _ ,o 9 
10 I 
9 3 
8 5 · rr ·-
• •  -,n 
IS 5 
14 7 
13 9 
13 0 
12 2 
II 4 
10 6 
9 .8  
9 .0 
8 2 
7.4 
6 6 
16 0 
,s 2 
14 4 
13 5 
12 . 7 
II 9 
-, ,..:... 1 
10 3 

�SN;R� 
kTAUCTURES 

1 3. 8 
1 3 0  
12_2 --
I I  4 
,or;_ 
9 8  
9.0 
8 .2  
7< 

16 8 
16.6-
15.2 
14 4 
1}6  
1? 8 
12 0 
I I  2 
10,4 
9 .§ 
8. 8 
8.0 
7 2  

164 
1 5.6 
1 4 8  
14 0 -
1 3 2  
1 2  4 
1 1 .6' - 107-

ORUM GATE 
ABU..,.MENT 

8 _'JCKS 
SP1LLVO.l'f 00,Jl,ANO M,65 

16 8 -- :�-� -16 0 
1 5 2  _ _  IJ. 5 ::_ 

.._ )4 4 -
10. 7 

n. 6 9 9  
1 2  8 9 1  
12.0 8_ .3 
I I  3 7 5  
10.S ,._,. 

. _- -- � - I�--
8. 9 15.0 
8.1 14. 1 
7' 1 3.3 

-� g� _ ....?n. - - � . JM. _ _  tQ� 
�.§ - � 1 9 .8  � - H --I� .s 

. IIH __ __L§__ 
_ !.!-� - -� 6 8  

16 5 . '-" 
,s 7 L-............. 15 � 
14 9 _ 14 5� - . 
14 1 - � ' --- � J- -·�� �-11= I I  7 
10 9 10.4 
10 I • 6  

� -: ½�� -- 9 9  - �  � - 99- 9. 3 8. 8 
9 1  8.7 9 I - -v+ - '-- 8 0  

'i.r-1 2 2 6  
1 2 2 4  
1 2 2 2  
1 2 20 
12  1 8  
1 2  1 6  
1 2 1 4  

L- 1 2 1 2  
1 2 1 0  
1 209 

� 7f-+--+-�+--+--i4--+---l--J 
0 
z 
� 6 

� 
-� 51f-+-+--'--+--+1--+--+--.I.-__; 
w .. � ·  .. • ,.f-+-+--+--1-+--+--+--+---l 
J . 
! � ,f-+--hl"-+--+--+--+--+---l 
0 

I 5 & 7 
CUBIC FEET OF FREE AIR PER �\NUTE 

so·. 2e.65 IN ,DISCHARGED THROUGH AIR NOZZ
1

LE 
SUBMERGED lN -EN FEET OF WATER 

PRESSURE - DISCHARGE CURVE 

:; 

8 3 7 9 8 3  
' 6  7 I 7 5  •• '- 4  
6 8 6 2 6 7  1 1 . � 1 1 .7 

· - - ·- - 10 7 ,n._4 
Q Q  •.� 
9 1  8 7  
B.• 7.• 

� 7.� 7 1  
6.6 6 3  . .  . .  

RE FERENCE DRAW I N G  
GENERAL PLAN ANO SECTIONS 222-0- 4287 

UNITt:O ITt.TI.S 
DEPAIU .. lNT 011' THI INTl[Jtl(MII 

•u•cau Of' 11t:cLa .. aT10N 
COLUWl1A BASIN '"OJtCT - •IHINGTON 

GRA N D  COU LEE DAM 
ICE PREVENTION - A I R  SYSTEM 

OPERATING DIAGRAM AND INSTRUCTIONS 

� UloCID 
:� c,uuto 
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SECTION T-T 
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SECTION N-N 
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, SECTION M-M - Dwg. 222-D - 4292 

43 ScCTION THRU PUMPING PLANT TRASHRACK STRUCTURES, cL,1263.54 AND /237. 71 

· /J ' , 

.
. 

e . 

SECTION P-P 

·_._j .' · 

· . ·o . 

, :  · ·PAX!_��: . . . 0. 

'v . '  

,,-Drill t" Dia. hole 2" deep 
: and calk in cinch anchor. ' 

DETA IL " W " 

:: ;� -: , · ' ' '  -�' �"" 
':' 
' ' 
: . 6. 
Lace. -- -_ -_ · :::.:7if[C,.-o.::.-:-:c·,=-"'-

Annea/ pipe and ·. · : '  - - - -
bend approx s• to (if_- - � :- : 

DETAIL " Y" 

. �- • ·  . . . . . . 
. . ' . 

SECTION L-L 

· ,;, . . 

4--i."TaP.s on 3{0ia 
B. C. for IJ. _ 

....... ,,,, 

� :_; · . · .'_'[_ e · ·  ·.:.. · .' · 

El. 1263.54-, L• t '-1;." 
t El. IZJZ 71, Le/ '-9'' 

SECTION S-S � 

-:r:-- r.,, 
' �o; --�·{'Pipe fhread 

,,,,,,,,, ,,,, /1/, 

g,;? .-Drill { hole 
l-+--�r-l===f 

@ 
THREADED AIR NOZZL E 

BRONZE-204 REQUIRcD 

/ 

--:::t::::'f':::t_:::-_<";., _ _ _ ____ _ _ _  � _ i  __ .! _  " ' 
1 2-{ Pipe taps '  �J

i
"1:';.;�£ 

(One in each side) S£CTi/f,.:/' 0_0 

@ 
ANCHOR FLANGE 
BRONZE - 192 REQUIRED 

' 
I 

5"R I , ' . .8 ' ,-Drill 4 - � . .  holes on .3{ r- - - - - - - · 4! - - - - - - ->( • Dia B. C. fe,r II 

�i7 / /  
- zJ " 

), 
Drill t hole./ 

I 

F I G U R E  3 3  

-1..:,� 
..:J- .  ·' 

l .oose f, I on 'JO 

\Drill {hole z{deep 

I �P�- -r  @ ,.. zr " • :. 
FL ANGED AIR NOZZLE 

BRONZE - 1 9 2  REQUIRED 

INSTA L L A TION N O TES 

All pipe threads and flanqe faces shall be cooled 
with a fhin coal or  red lead. 

Before placing concrete close nozzle outlets with 
the countersunk plugs Zj orJ_J and protect 
face or flange lQ so flange air nozzle 29 
may be properly installed. 

-

During concreting and pressure grouting maintatn 
hydrostatic pressure in all embedded pipes as 
directed by the con tracting officer. 

After installation each unit of piping shall be 
air-tested at so *lo" i.n ternal pressure 

All exposed :;older and threaded joints to be 
soap tes ted while the pipe is under 
air pressure. 

UNITC'D S TAT�S 
DEPARTM E N T  OF THE /NIE R / O R  

B U R E A U  O F  RECLAMAT(ON 

COLUMBIA BASIN P R O<.I E C T- WA S HINGTON 

G R A N D  C O U L EE DA M 
I C E  PREVENTION - A I R  S YS TEM 

PUMPING PLANT TRASHRACK STRUCTURc 
A I R  D ISTRIBU TION PIPING 

I 



L I S T  OF PA R TS 

0 LOCATION 
<'. <t MA /IV UNIT STATION SERVICE .... DESCRIPTION ii: TRA SHRACK TRASHRACK a: UJ 
<t .... S TRUCTURES S TRUCTURES 
Q <t 

:E DWG. No. DWG. No. QUANTITY QUANTITY 222 - D - 222 - D -
I I Pipe bend (detailed) Co aper 1 08 4288 
2 I" Piae bend (detailed) Coaoer 3 4288 
3 /" Pipe ben.d _!detailed) Coppe·r I B 4 2 9 0  
4 /" Pipe bend (detailed) Coooer -
5 /" Pioe bend (detailed) Capper 
6 3/4" Pipe bend Copper 1 08 4 2 8 9  
7 3/4" Pioe, 20'-o" lengths bent ta 16'-9" radius Cooper 1 3 5 4 2 8 9  
B 3/4" Pioe bend Copper I B 4 2 9 1 
9 3/4" Pioe 20'-o" lengths bent to 5 ' - 1 1" radius Copper 9 4 2 9 1 
10 3/4" Pioe 20' -o" lengths bent to 12'  - 3 112" radius Coaaer 
I f  3/4" Piae 20'-o" lengths bent to 12'- B l,,s"  radius Copper 
12 112" Piae bend Coooer 1 8  4 2 9 1 
13 112" Pioe bend(detoiled) Cooper 
14 1 "  Piae. Std. I. P S. random lenoths threaded and couoled Brass I I 5 ft 4288 2 0 ft. 4 2 9 0  
15  1"  Pioe 20'-o" lenaths Coooer 1 2 0 4288 2 I 4290 
16 3/4'' Pipe 29'-o" lengths Copper 1 00 4289 7 4 2 9 1 
1 7  112" Pipe 20'-o" lenqths Copper I 0 1  4 2 8 9  6 4 2 9 1 
18 1"-45° 125• Elbow screwed. I. P S. Bronze 5 4  4288 9 4 2 9 0  
19  1"- ,so• Union screwed. I.  PS. Bronze 3 6  4288 6 4 2 9 0  

20 1" Close nipple. Std. I. P S. Bronze 7 2  4288 1 2  I 4 2 9 0  ' 
2 1  1"-125• Street tee screwed. I. P S. Bronze 1 8  4288 3 i 4 2 9 0  
22 1"-125• Y type strainer screwed. I .  P. S. Bronze 1 8  4288 3 4290 
23 1" Countersunk ofuo. I. P S. Bronze 5 4  4289 9 429 1 
24 3/4" Countersunk ofuo. I.PS. Bronze 1 8  4 2 9 1 
2 5  3/4" Countersunk plug. I.PS. Bronze 2 7 0  9 
26 J/4" x l/2'' - 90°- 125# Street t!lbow, scre,·:ed. I. P S. Bronze 5 4  4 2 8 9  
2 7  112" x 1/4" Bushina. screwed. I .  PS. Bronze 1 8  4288 3 4 2 9 0  
2 8  Threaded air nozzle (detailed/ Bronze 2 70 4 289 9 4 2 9 1  
2 9  Flanaed air nozzle (detailed) Bronze 3 7 8  4289 4 5  4 2 9 1 
30 Anchor flange (detailed) Bron ze !l 7 8  4 2 8 9  4 5  42 9 1  
3 I 1" Piae ffanae /detailed) Bronze 5 4  428 8 9 4 29 0  
3 2  1 "  Copper x 4 1/4" 0.0. companion flange Bronze 5 4  4288 9 4 2 90 
33 1/2" Countersunk plug. I. PS. Bronze 3 78 4 5  
3 4  Tee 1" copper x 1" copper x 1" copper Bronze 5 4  4288 9 4 2 9 0  
3 5  Expansion joint 1" copper x /" copper Bronze 2 7  4288 3 4 2 9 0  
3 6  Coupling, 1" copper x 1" copper Bronze 2 6 4  4288 45 4290 
3 7  Cross (' copper x I copper x 3/4" coooer x 3/4' copper Bronze 5 4  4289 9 429 I 
3 8  Union ¾" copper x 3/4" coooer Bronze 1 0 8  4 2 8 9  9 4 2 9 1 
3 9  Exoonsion joint ¼ "  coooer x 3/4" coooer Bronze 
4 0  Tee 3/4" copper x ¼" copper x 3/4" copper Bronze 1 0 8 4289 3 6  4 2 9  I 
4 I Coupling 3/4" copper x 3/4" copper Bronze 4 5 1 4289 52 4 2 9 1 
4 2  90° Elbow 3/4 fitting x 3/4' copper Bronze 1 08 4289 
4 3  Tee 3/4" copper x ¼" copper x 112" copper Bronze 4 8 6  4289 3 6  4 2 9 1 
4 4  90" Elbow 3/4" copper x 112" copper Bronze 1 8  4 2 9 1 
4 5  Coupling, 112" copper x 112" copper Bronze I 0 1  4289 6 4 2 9 1 

"' 46 90" Elbow 112" copper x 112" copper Bronze 2 1 6  4289 9 4 2 9 1  
4 7  Couolinq, (' copper x /" outside I .  PS. Bronze 1 8  4288 3 4 2 90 
4 8  Coupling 1" copper x 1 "  inside I. P. S. Bronze 5 4  4289 9 4 2 9 1 
4 9  9 0  Elbow 1·· cooper x 1/2· inside I . P S. Bronze 1 8  4288 3 42!i0 
5 0  Coupfina 3/4' copper x 3/•' inside I .  P.S. Bronze 2 1 6  4289 3 6  4 2 9 1 
5 1  Union 3/4" copper x 3/4' outside I.PS. Bronze 1 08 4289 
5 2  90° Union elbow 3/4" coooer union end x 3/4' outside I.PS. Bronze I B 42 9 1  
5 3  Tee 3/4" copoer x 3/4" coooer x 3/4" inside I. P S. Bronze 
5 4  Union tee (detailed) Bronze 
5 5  Coupling, 112" copper x 3/4" inside I. PS. Bronze 1 0 8  4 2 8 9  9 4 2 9 1 
56 90° Union elbow 112" copper union end x 1/2' outside I. P S. Bronze 2 1 6  4289 2 7  4 2 9 1 
5 7  Union tee 112" outside I.PS. x 'ii( inside I.PS. x l/2" copper union outlet Bronze 5 4  4289 
5 8  Coupling, 112" copper x 112" inside I. PS. Bronze 2 70 4289 2 7  4 2 9 1 
5 9  Couo/ina. 112" copper x 112" outside I. P S. Bronze 3 7 8  4289 4 5  4 2 9 1 
6 0  1"  - 15Q# Wedge disc gate va Ive screwed. I. P S. - R. S. Brass I B 4288 3 .4 2 90 
6 I 1"-150# Pluq type disc qlobe valve screwed. I. P S. Brass 36 4288 6 4 2 9 0  
6 2  150# Wedae disc qate valve 1" copper x 1" copper. R. S. Brass 5 4  4288 9 4 2 9 0  
6 3  Gage cock tee head. l/4" inside I.PS. x l/4" outside I.P S. Brass 1 8  4288 3 4 2 90 
6 4  Pressure qage Bross 1 8  4288 3 4 29 0  
65 1 '  Pipe c lamp I detailed/ Copper 36 4288 6 4 2 9 0  
66 3/4' Pioe support (de tai led/ Bronze 6 4 8  4289 36 4 2 9 1 
6 7  ¾ "  Dia. x 2 1/2'' lanq drive in stud type concrete anchor with hex. nut Steel,galv. 7 2  4288 1 2  4290 
6 8  112" Dia. x 3 l/4" lonQ hex. head c a p  scre w  �oval Brau 6 4 8  4289 3 6  4 2 9 1 
6 9  112"-2 Unit threaded cinch onchar. Phosoher bronze male oarts Bronze Lead 6 4 8  4289 3 6  4 29 1 
70 1/2" Dia. x 1 "  lonq hex. head cap screw 'Naval Brass 2 1 6  4288 36 4 290 
7 I 112" Dia. x I 3/e" fana hex. head cap screw !Naval Brass 1 5  f 2 4 289 1 8 0  4 2 9  I 
7 2  Hair felt. (' thick x 3'-0" wide 1 2 ft 4288 2ft. 4 29 I 
73 Solder 1/s" round wire. 5 • sooals /95 % Tin and 5% Antimony) 1 5  2 
74 Solder flux. 1• tins 9 I 

, 
OF PA R TS 
PUMP/IVS PLANT 

TRASHRACK 
DRUM GATE 
SPILLWAY 

STRUCTURES 
D WG. No. DWG. No. 

QUAN1'1TY QUANTITY 222 - 0 - 222 -D-

48 4292 44 4 2 9 6  
1 2  4 2 9 2  

1 1  4 2 9 6  
72 4 2 9 3  

4 4  4 2 9 3  
2 3  4 2 9 4  

60 4 2 9 4  
7 0 ft. 4 2 9 2  70 ft. 4 2 9 6  
48 4 2 92 52 4 2 9 5  
4 5  4293-9 .. 142 4 295 
4 7  4293-�4 26 4 2 9 5  
3 6  4 2 92 33 4 296 
24 4 2 9 2  22 4 296 
48 4 2 9 2  4 4  4296 
1 2  4 2 9 2  I I 4 296 
1 2 4 2 9 2  1 1  4296 
36 4293-94 22 4295 

204 264 

1 2  4 2 9 2  I I 4 296 
204 4293 264 4 2 96 
1 92 4 2 93 
1 92 4293 
36 4 2 9 2  22 4 29 6  
3 6  4 2 9 2  22 4 2 96 

192 
36 4292 22 4296 

132 4292 1 5  I 4295 
36 4293-94 22 4 29 5  
7 2  4293-94 

6 6  4295 
48 4 2 93 

255 4293- 94 1 4 2  4 2 9 5  
4 8  4 2 93 

264 4293-94 220 4295 
44 4 2 9 5  

4 7  4293-94 26 4 2 9 5  
1 4 4  4293-94 

1 2  4 2 9 2  I I 4 2 9 6  
36 4293-94 2 2  4 29 5  
1 2  4 292 I I 4296 

1 20 4293-94 
72 4293-94 

24 4294 
60 4294 

1 32 4293-94 264 4 2 9 5  
1 20 4293 

1 80 4293-94 
1 92 4293-94 

1 2  4 2 9 2  1 1  4 2 9 6  
24 4 292 22 4 296 
36 4 292 22 4 2 9 6  
1 2  4 2 9 2  I I 4 2 9 6  
1 2  4 29 2  I I 4 2 96 
24 4 2 9 2  22 4 2 9 6  

4 3 2  4293 
48 4292 44 4296 

432 4293 
432  4 2 9 3  
1 44 4 29 2  8 8  4 2 96 
768 4293-94 

2 4 ft 4 2 9 5  
8 5 
5 3 

� >- �  
_. ll:: ir U 
q >,.. Q.  <:[ � � ::, ll::  
::: ;::: vi �  

C:: c::  0 
� O U 
0 
1 0 8  

3 
I I D  

1 2  
1 1  

1 8 0  " 1 3 8  
1 8  

9 
�:- 4 5  
�i' 24 

I B 
6 0  

1C" 300 ft. 
{} 2 4 7  
l} 300 

1 8 5 
-:} I 3 8 
l} 9 2  
-� 1 8 4  
-}(' 4 5  

4 4  
i} 1 2 6  
-}{- 2 0  

7 6 5  
S} 5 6  
{:- 4 5  
* 7 6 5  
-3i' 6 2 5  
l} 6 2 5  
l<' 1 2 5  
;, 1 2 5  

6 3 0  
'){· 1 25 * 3 I 
l} 6 1 0  
-?} I 2 5  
�f- 1 9 5 
a, 6 7  
-}t- 1 9 8 
;, 9 2 5  
S} 1 6 2  
�t 102 5 
-:c 64 
-}� 1 9 4  
1i' 3 7 8  
�- 4 6  
1, 1 2 5 
��- 46 
s, 3 8 2  * 1 8 5 
1, I 9 
{�- 25 
-:� 6 2  
a, 5 2 5  
a, 3 7 2  ,, 5 6  
�� 4 8 8  
i:- 6 3 0  

4 4  
B B  

1 2  I 
4 4  
4 4  

;; 9 0  
'" 1 1 4 0  .,�. 1 80 
lf 1 1 5 0  
i> 1 1 5 0  
* 5 1 0  
i, 2s I o  
{(' 40ft. 
·i(" 3 0  
if 2 0  

0 
<'. 
.... a: 
<t 
Q 

I 
2 
3 
4 
5 
6 
7 
B 
9 
1 0  
I I  
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GENERAL /VOTE 

Al f  solder joint type a f  fittings s hall be made of cast  bro_nze al loy contain­
iQg 85 % copper, 5 %  tin, 5 %  zinc, and S �o lead. A I I. J?1nts 1nd1cate� as 
copper connections are to be properly s ized and f1n 1shed for capdlary 
type of solder joints. Al f  joints indicated c,s ,ran pipe s , z e  connections 
shall have full clean - c u t  A merican Standard pipe threads. Companion 
flange � shall be plain fac e d  with flangedia,nete r, th ick ness, and 
drilling in  accordance with M.S.S. 150 pound S P  Bronze Flange Standar.�. 
A lf solder joint type af fittings  to be air tested under water at 900/o 
gage pressure. 

A lf iron pipe s ize fittings s h a l l  be 12 5 •  A merican Stan dard banded 
fittings made from cast  bronze containing 85 % copper, 5 %  tin, 5 %  
z inc and 5 %  lead. Threads shall be c lean-cut  A m erican Standard type 
o f  p'ipe threads. Al /  fittings shall  be a i r  te s t e d  under w a ter at 125•1o" 
gage pressure. 

Alf un ions shall be of the ground joint type. 
Threaded air nozzle, flanged a ir nozzle,  anchor flange, 1" pipe flange, and 

3/4" pipe support; par t numbers 28, 29, 30, 3 1  and 66 respectively, 
shall be made a f  c o s t  bronze alloy containing 8 5 %  copper, 5 %  tin , 
5 % zinc, and 5 % lead. 

Alf copper pipe s hall  be type "K'; hord copper,  and conform to Federal 
Specification ww-T- 799 and be furnished in length specified. A lf bends 
ta be made up complete by manufacturer. A fight anneal of the  p ipe 
for m a k ing the bends will b e  pe rmitted, so that the bending  wil l  
return the pipe to it'S approximate initial hardn ess. 

All Standard iran pip e  size brass pipe s hall can form to the requirements 
for grade ''.A" water pipe as prescribed in Federal Spec i ficat ,an ww­
P - 3 5 1  and be furnished se m i -annealed. Pipe to be furn ished in random 
lengths, threaded and coupled. 

A lf cap screws shall  be hex. h e ad semi- finished nova/ brass cap screws 
with U.S. Sta ndard threads. 

Parts shall be marked ar tagged with drawing n umbers and part numbers, 
t h us : 4289 -27, 4 2 91 - 2 7, 4 2 93 6 94 - 2 7, etc. 

-:, Total quant ities f isted include excess for las s or damage of par ts by 
the f ield.  

u •>J • -:-- ::: - � 7' h T E S  
O E PA R T 'Y1 £ 1J''. ... OF Tj,E I N T E R r ( R 

B U R E AU OF R E C L,A M A T r ori 
COL U M B I A  B A S I N  PROJECT - WAS H I N G TON 

G R A N D  C O U L E E  D A M  
I C E  P R E V E N T/ O N  - A I R  S Y S T E M  

L I S T  O F  PA R T S  A N D  G E N E R A L  N O T E 

OR•w• _J_ C _w, . suat1,TTEO ,<.�/)51,.- � . 
TRACED.  F,C .  _R_ L � - • RE COMMENDED •..-1-• /2� 

� · CHEC K E D W .tli �- . APPROV£0 • , . � . - � .  :, � 1-------,.-o-, .-v-,-.-. c-o-,-
0
-
RA
_

D
_

O
_. -s-, .-,-,-

M
.;.
Rf
_

R
.;.

2
_;

5
_

>
.;.
9)
-

9
-.-,.,;..,.,;..n..;.;.;n.),.. _ _;_-I 


	+NEEDS COMBINE+ HYD 207 part 1
	+NEEDS COMBINE+ HYD 207 part 2
	Page 1
	Page 2
	Page 3

	+NEEDS COMBINE+ HYD 207 part 3



