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UNITED STATES
"DEPARTMENT OF THE INTERIOR
'BUREAU OF RECLAMATIOR

Branch of Design and Construction . Laboratory Report:iNa. 136 ~
Fngineering and Geological Control Hydraulic' Laboratory
and Research Division : : : ' i o :
Denver, Colorado S ' Compiled by: J. N. Bradley
October 12, 1943 ' . C. J. Hoffman '
' . Reviewed by: J. E. Warpock -

Subject: 'Hydraulic model studies for the'design-offRDSS'Dam‘abillwgy,”
City of Seattle, Washington. ' - C ‘ T

1. Introduction. 'In an agreement made .January 21, 1343, 8nd ap-
proved Februery 25, 1943 (contract 12r-14571), between the United States
of Americe, represented by the Chief Eugineer,.Bureau.ofiﬁeclamatibng
end the City of Seattle, Waskington, represented by the Superintendent
of Lighting, 1t wes agreed that the Bureau would:conductvanlinvEStigae;:_
tion pertaining to the design of the spillways to'be used ‘in-connection.

with increesing the height of the Ross Dam located on the -Skagit biver |

in the State of Washington. This jnvestigetion was conducted by -the

use of hydraulic models by the personnel of the hydraulic laboratory . =
of the Bureau. The scope of this-work and the resulis; obtained are
reported chronologically herein as the final report. '

2.  Ross Dam. Ross Dam-is lo¢ated in the‘Skagit-River-samiles
stream from Disblo Dam and 8 miles upstream from Gorge Dam {(figure

1), all of which constitute projects undertaien by the City ol Seattle, .

Kashington. Power plants are in operation in conpection withithe

latier two dams, and a power plant:i also proposed at Ross Dafic .

~ The first stege of Ross Dam-has been completed to elevation 1365
(figure 2), copeisting of en:arch ring about 1180 feet long at the
crest, rising 165 feet.abcvehphe.bailuater;dwhichtis;thegreservqirtlevel
for Diablo Dam. The crest of this dam is surmounted by ‘a:l5-foot  tim-
ber dam over which the f1 odwater spills. Thetentative plan is to
continve construction in several stages to an ultimate height of about
520 feet‘above-tailwater,.or elevat1on;l725;f»Atpthié;finﬁlﬂst&ge*ﬁhe '
dam will be commtructed as.a gravity arch section byiedding to the down-

stream face of the thin-arch dgm,‘iTheﬂimmgdiategplanﬁis“to continue the
arch ring construction {rom ita{present,stage-inft1033teps;:first‘t0“ '
about elevation 1550:and“lgter:to‘elevationulGSO. These are referred to

in this report as the second and third*stages;;respectively, s

The design of the spillweys, with:which this report deals. primarily,
is based upon the above assunptions..‘Inxthe,designu6f~the:spillwayngor.
the second apd third stages‘of:constructidn,-anﬂendeavor'was.madé“to'matph
the designs such that & large portion of ‘the Spillwgy-channela_for:tbe PEETE |
second stags could be utilized, with little alteration, ‘for completion of = .
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the third stage. 1% was anticipated that this pra‘bﬁ planning could
result in a considerable saving. T&; : o -

3. 'the spillwavs. The maximum expscted: Llood computed from pre+
vious records was established as 70,000 second<feet. . The finel spill-
way design, howevsr, provides for & capacity of 100,000 second-feet -
made possible by utilieing an additional five feet of fresboard on the
dem. . IR ‘ R o .

The plans for the ultimate gravity arch dam rising to elevation
1725 showed & drum—gateboontrolied,'open—channel”spillway;;kirting‘the"
left abutment of the dam. The topography ‘is excellent for that type
of spillway in this case, btut with the top of the dam limited to eleva~
tion 1650, an additional 80 feat of out would be required, thus making
open-channel construction impracticabdle. Llternate designsicwuld'be. =
side-channel or stoney-gate spillways skirtigi either or both -abut-
ments, with tunnels throuph to the downstrear canyon walls. Both
achemes are expensivaj; consequently, iq;&cco' anice with your instrue~ -
tions, studlies were concentrated on spillways which would di scharge. the
water over the dem proper, regardless oif coh;tructibn stage.

; ‘ L

4. The models. & model was constructed of the entire arch dam, =
with top eisvaticn at 1650 to & 1160 ucalé-;;fhntographs”of;the~0riginal
model showing the canyon-wall topography'are?preseptad’on figure 4.
A drawing indicating the final extent of the:model is shown on figure L
The arch was construoted of wood and linad §ith sheet matal on the up-
stream side. The head box wes of similar offnatructlion, consisting of
s wooden box lined with sheet iron and buily integral with the upstream
froa of the dame The downstream portion off the model dam and the ad-
jacent topography consisted of metal lath'ﬁbnatructiop‘faoad with 'an
inch of cement and sand surface coating. (Fhe metal lath was held in
place by wooden supports. The box downstngam. from the dam was linsd
with shest matal to a point_“alightly-abovf'maximﬁh:tdilwater]levql.'-
The spillway overllow sections were cast in a rich concrete ‘mixturs and
in such & way that the :sand did not penetrata to the outer surfaces.
The plers were constructed of wood, and the :gates were fabricated of
sheet metul. - ' : = ‘ -

i second model, to & 1;25 socnle, was constructed including one full
gate with a half gate on each side to study prossure conditions in the
closed portion of the spillways and on the face of the dam. The over- -
flow section was made of concrete, the piers of wood, and the gates of
sheat metal., Piszometers were installed throughout for measuring the
pressures, and the deflector hood wus & transparent plastic sheet
through which the action of the weter could be observed. '

The water supply to both models wal measured through accurately
calibrated laboratory venturi meters which are syatematically checked
at repular intervals. i
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5. Overflow section l. .As:a preliminary triel, overflow section
1 (figure 6) was constructed to a 1460 scale with provislon for 35,000
second=feat controlled by six 26= by 22-foot monocoque gatea.  The
center lins of the overflow section was midway between sonstruotion
joints 6 snd 6. Although it was intended that gimilar ‘'spillways be
looated near each-abutﬁ.nt,lthua-mnking‘the'totalfspillway'oapqoityl
70,000 second-feet, each of the preliminary designs was constructed on

cne aside only. In other words, each succeeding design was alﬁernatqu,m'

constructed on one side and the following design on the opposite:side.
The crest of overflow section 1 was-at elevation 1614.0, making the .
reservoir elsvation approximately 1630 for = dischargo of ‘35,000 second-
feet. The gateu'were'set downstream {rom the crest, as shown on-figure
6, to obtein a trajectory with initial velooity dirccted .at.a downward
angle rather then horizontal as is usually the casa. The portion of
the overflow section upstream from the gates was dasigned to produce no
subatmospheric pressures in-this reglon for discharges up to 35,000
second-{eet. : o ‘ ‘ Lo

Iwo limitations sufficed to make the design of 'these. spillways
difficult. PFirst, the dam was of ineufficient thicknoes at ths top to
construst a true veouumless overflow shape; and second, outting :into

the dam below elevaticn 1600 was prohibited bacause of stress considers-

tions in the aroh, Overflhw section 1 projected past the downstream
face of the dam and the jet of water leaving the seation fell free.of
the dam fmoe. From the instigation of the studies it was considered
advisable to have the sheet of water in contact with tha face of the
dam. A8 & result of this particular test, no other condition-was con-
siderad macteptable. : R ‘ : :

§. Overflow section 2. In all subsequent tests the oriterion: .-
was that the overralling sheet of water be in direct contact with -the
downstream face of the dam for all conditions of flow. A heavy son-’
orets bucket was to be provided at: the -junation of dam and roak sur-
faces to deflect the jet, and a supereleveted channal was to be pro-

vided downstream from the bucket to conduet the [low safely :to the river.
With the jet making definite contaot with these surfaces, no ‘damage was.

expected. ’

Overflow section 2 {figure €) was the same as section 1 .except for
the conorete pad added to the downatream face of the dam. The jet per-
formed as desired for the lower discharges but sprung free of the:pai
intermittently for discharges greater than :25,000 second-feet. The
steepness of the overflow shape encouraged vortices tc play back end
forth across the sccetion, producing very unstable flow. Fhotographs
of this spillwuy are shown for a discharge of 35,000 rocond=-feet on
figure 7.4 snd B. The original topography had not been -disturdbed.

7. Overflow section 3. Overflow sestion 3 (figpéu &) consisted
of a combluatlon of two redii used with no intention of simulating the
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“aotual ‘shape Of -the ‘lower neppe of ‘the overfalling sheet. The pedding o
on “the. dam face=was”remqvud*£ﬂdbthe;gatébvagﬁ#ﬁauuspéndod{to{operﬁteiﬁ."h
on the*ou:vod-portxon‘offthe“avérfluw=section. “In this case, ‘the ot ject *
was to davelop nugatiﬁo‘préaaurosuundar.tho;dqt‘Ln*hn=attemptfto¥&irﬁu&j
.allyfforaattha«ehaot'Ofuwntér?hgainstutheﬁovafflowifacé. ‘Results:were

lesa-deqirdble'thqh;fbr;tha»prgcbdingvoaqq{gqivortibqéﬁmaépi@téppqi;b;h;["
for eir to‘ehterfintermittdntlylunder.thaﬂjpt,ﬁrnsultlngﬁin}anxintdldr;

able mnke-and-briakvaction. ?Pth°$f3Ph3‘dff*hisf‘?illﬂiyi‘rbyéhownéfér S
The-matural = =

‘g .dischurge of'35,000‘secdﬁdéfeet on5figqpp'7ﬁAﬂandip;‘&
‘topography was still .intact. N SRR IR

8. .overflaw=aeétioﬁu4.'lItlbac§¢dﬁ§pparant.thdt?thé{dbsigﬁt o
free ovefffbw'shapefto‘porform?gaFdQ$inédcwasjaerMOté;poihipility,ﬁqq;';?¥'
pecially with:the limitation,prohihiting;duttinglintd'th&fdnm*héIgﬂf*{ '
alevation‘lsoo._.In'thefdeaignqdffoiéﬁflbﬁﬁspction§4:(figu;qgs),;dn,}, e
attempt was mndeitoEforcefthecUvarfglling;jétiag¢insﬁﬂthafdan;faﬁeﬁby s

a defleotor,plate._TThayoger£10ijuéo;ppbjectédfpatt‘thé;dpwnjtrégmifdcq ‘”

of the: dam-on which & vent:.slot waa}prpiidjd forJg§rgtion§tﬁdéfjthéﬁditf
'Thquateswware:suapendad-diroctly_o,grftho;crast;%phusfdocrﬁdBLng;thbiri

height. mThefpassagawaylbotwuen'tbeﬁuvdfflawffueekanditheidirlootoriiillfff

.wes proportioned to. flow full at the maximum’discharge. " . i’

‘The spiliway was operatédww&th{ahdxﬁithdﬁt5gergtion§boﬁégt' the : .
jet. .Thefflaw‘conditions~w§re:imprpvad¢§but:thsréwiaswdgdécideﬁipﬁlikJ“ B
“tion in flanwhen'air“wxs<ddm¢ttq@bb§naath«thqﬁnappql’;Aﬂlbnd noticeable ' -
" fluctuation ocourred wh’en‘the’r:é.i_r;{;sizpﬁl-y'";;ms;fﬁliqqop.*ti;n\;'ed.fQI‘n elther
cnse, however, tould pulsstion: f"flqw&be;télcritdqgg?AEséddﬁdﬁdiQidér"'5 8
.vantage of this‘designywnp}thégdb:ugt&qnglcfhtmwﬁichﬁtﬁdijgt“impingdd:i;;;»J
ageinst theudam”face‘aagit}empnged?ffbmfthafooﬁduit;‘“bﬁ#étfikingﬁtﬁh“~‘Ij
~dam, ‘& portlon of the jet was deflected sway .fromithe face. '‘Uncertainty -
‘existed .as to the damage that ‘might resilt at the .zone “of iimpaot, [Pho- i
tographs -of overflow soction‘4;&i§chafgingwat§35,000jqégankaétgﬁrq;ﬂ;‘ .
uhown'on*figure-lOrA}anduB;.?In?this:¢as§?the$¢@gybh%!hllmddjaqbnt;td.:.qﬂy :
the;spillwaysﬁ&siexoavgtcdgcn-q?141/@i1+slppa%mansﬂréd}normglthﬁxhe]f e
line of :centers of the dam. | R e
9, iOvcfflowsaectiongs;_;OVerflawmaectibnfS;(figunagll)awﬁaithbi'f;'-
anmn.as:bvnr?[ow*aection*ﬁ-excppt‘for.theasdditionioffsideflqctpr}hopd;'*"'
The spiliway consisted of six gates 25 feet in width and - was .desipied
‘for-a ‘maximumfdischarge?of‘35;000aaecppd—fset;iitnﬂthq%taéqrvétrggg'3 ST
approximately elevation 1630C. Theargaulting;perfdrmanqp;dfitniaf@bi}}-;f,'__
xway.‘as=a;doe1dad‘improvemmnt.ovqr<theﬁpbaviqus$¢nag5iEIdwfc¢nditibﬁ37'
were gxcallent for thojhigherrdiucha:gég,;deofousing;ln}deairabiligyiﬁ‘5fh-*
a8 the discharge was reduced. A dribbling: sotican. oocourred from the-end . -
of‘theuddflactor=hood‘at.vpry?low‘fldﬁéé srhaymnin;jdtﬁOfwn;tarygﬂipéﬂ‘“ SRS
tained contact with the face of the'overfIQWflaation;sndgdnugithusixho”;gf
4ridbling was;primar11y<caused*by‘fins:adjsaontzto‘thgxpiﬁrs.-'Phdto- '
graphs affovbrflqw~sautlonf5‘oportting"atwa~wuximmmudiuchnrge'orf
36,000 - second-Leet are shown on figure:10 A and.C. L

R N

S .12




TG oH

E N d,,}..i”m. »&zﬁ.:.w 137
KFPAATIES Lo
e Nraﬁ_oaiw L@,vuum J,(ui.y.r,

1...1/

.r>mw>:am w..

,ﬂ..~

Eﬁfu WO n.u .«
Eﬁw ;mc ?,,OO\?

T vt

‘ B =
Fm uzcouoE_ﬁ Nsz.m :

- S% 58 10 31
BEILES RS scu‘
i© 8&.58&@ ’; ) ¢ T
“dn of juabud e AT o HERE & ST eNE
aq o} Aomijds | DUERNPRPPORLIN 1 omn.ym,ﬁm
e 0-§€ -4~ MU

140 2005 woxLsan oL -&#M-
Wop 40 e Se.a wop jodel g
auD} Emmhma: : : - _ A
: .







.. E T NOSIs MoiS (SA0 .
u.\qu.BEm Z,qamm ek

l::;

109°

a 53 :am.us .&

b »

SN TES

N -

T Eav

aooj wosasumog N T Tl o g
e wtasistn

Laigbgona
. el
10 wun_» WoEsEn -
bunf 8q ¢ hom
3I04° E.u&..m..aD

oo 1
S 454D

Koooe %: 3
S 3. %D 2 .

g\—_)v ~O
370} Eumﬁma:




As this type of design showed promiae,ma'l;25ﬁmndelgwlsfoojstructegfjﬁ{‘:
to investigate pressure conditions. i SR e
10. Overflow aootidn:ﬁ.‘ Overf1owfseutioﬁ=6ﬂ(figurp?12),;u§Q§pg§j
struoted to & 1125 scals equipped with.uufficiaﬁt;p}a;qmetorugtofgtu@y;_
the prsssures on the ovsrflowfrhco?qnd’the'def;eotor;bogd}i'ihq»ddfithor
hood was axtended to elevation 1560, and ‘each ‘spillway was designed ‘to
flow full at a dischargefof'B0,0oo=sauond-fébt,withergpérvoirfﬁtjnpprpx- o
imataly'dlevatidn'1635-and,ovorfloﬁﬁutostggt>élqvation51§12,‘fgftergqu o
digest of stream-flow}data‘by*SenioryEngineersxvnan.gnquk,;tha4oqp;oxty o
of the two spillways wns:bQOStédvto;aitotilﬁof'100;OOD¢§hbpﬂd4feet-hsia‘ :

conservative measure.-'The_gnte;*were;ruduoad7in width from /26 t0:20
feat (figure 12) without archange‘in‘numboriindiwarqﬁhingidﬂingtha Oppo- - ;
site direction to those in previous tests. The ‘new spacing permitted
the instsllation of ‘two spillway gatoufbgtyaan'udjqoent;cqnstructionf _
joints. The split'piers at tha,poﬁutn;ctinnfjgints”we?ofﬁglfgfeetan{dn;j.i
gnd the intermadiste plers 3.83 fée‘t_:'_wrid.q;v‘bothmygs_urmnta"’dai__ng ‘&t the
greatest width. ‘ N TN SO S el & o T

The 1326 modal consisted of one fullLgateiwith;a*h&lf;gatevonféach"
side and a short section of dam bslqw‘thqm,-fHodélsresultsiconvdntgd[ .
to prototype preasures are ghown on figure 13 for overflow sactlon 6 =~ -
for free crest oparation as well as for four gate positions. A maximm’
negative pressure on the overflow face of 20-feet bf;waterﬁis;ﬁhpﬂn.ﬁt*.f“

plezometer § with affree'dischargéﬂdf*100,000“secondérpét,[ﬂmho}dis—-'
charges as referred to on this model,repfésent1the“¢orrbspbndingiﬁ1§r

for twelve gates, or the total-forlbothﬂgpillways;{:Aﬁ’the.¢i§chnnga{a'
was increased above this value, & vack pressure in the cordult pros. [,
dused by‘additionni:fricﬁion”ralie?cd_thg73ubatmo§ph§fi¢gconditiqns3ﬁoﬂ .
soma extent. Figure 15 shows that the pressures were more severe .for -

100,000 second-fact than for dischargasﬁatwpartiﬁl*gategppdﬁinga?with; o
reservoir at elevution'lGSO,tﬂhioh'waa?contra:y;ﬁofa;béotatibng;*—If .
was desired to limit the*maximnmfnggative-praasnraftoaqnéehalf an
atmospheré._or,abdgt‘lﬁufeptuofxwator.‘f - EERENE :

The maximum‘positive,prassure‘on'tha<dorlactor”hppd,_on'thcspther',fv
hand, is shown as.20 feet.of water or ‘837 pounds ‘per square inoch for
a flow of 125,000 second~feet. The heavy dash line on figire 13 re-
presents the maximum positive-pressure,racoﬁdodxon-the;hoodlfotdéll.@7A
conditions of operatione Disocharge st partial gate .openinps definss
this 1ine in the vicinity of piezometers 30, 46, end 60. - B '

The negative pressures &re effactive in meintaining contaot -be-
tween the jet and the o?erflqw:face;but'ara'not;sufficientfto control
the entire sheet. There was s tendency :'or the outer portion to separate
from the main jet, thus causing impingement on the defleator hoed for
all but the very small discharges. The hood therefore served an im-. .
portent purpose at practically all fiows. ' : . o
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Overflow seotion G was overdeai;ned Y] the closad portion of ‘the'’ .
spillway did not flow full until- e d;sohnrgeaof 125,000 aecondafeot was’ b
reached. It was. intended ‘that this condition would oceur - at 100,000 . T
.second=-feet., The proportions of "the" closed ghotion were ‘arrived at by_i’
computing areas throughout baged on’the theoretlvul velocitiea lass 15.°
parcent for frietion: -and - impact 1losses, The. computation WA, repeated :
gllowing = ‘total of only ‘5<percent loss Tor: ‘B dxscharve of . 100 000
gacond-Test, and the resulting shape is designated as overrlow aectiunV
7. The losdes were found to be extremely low, . even-at’ maxlmum discharge;
therefore the efftcienoy of “this aplllway should compawa favoraoly with
the open, free ovarflow gegtion. o 5

il. Overflow seotlon 7. ovarplaw section 7 showm.on figura 14
wag the ssme as ssciion 6 except for the change of positidn and ‘the =
dimensions of ths deflector hood.  The closed: port;on,floWed Tull: &t 8
discharge of approximately 100,000 second=[eat, A small. lip was added
to the lower end of the deflector. hood to defleot the -smaller discharges
toward the dam fece, thus reducing the dribbling. previously’ oxperlenced.'
Pressures on the overflow. face and the deflector ‘hood are’ plotted ‘for .
overflow section 7 for free’ flow and also for gate : operatlon on’ Plgurs
15. The maximum negative pressure in this case. is shoswn as 18 feet af
water, which occurraed at: piezomﬁte. 9'for & dxsch&rge of “5H,000 seconde
fest., The negniive pressure. decreased-as the: conduit: flcwed fill-at:
100,00C second-feet. The ma i mam posxtive pressure on tha deflector
wall was reduced from 20 to 15 feet, butl Lhe decrease in- discharge An

the lattesr casc was principslly ;resnonsible for -this ‘reduction. "hoto—\ "'

graphs of the 1:25 sectional spillway:.operating: ak 10 000, 40,000,
75,000, and 130,000 second-faat are shown o Tigurse 16.‘_Tha discharges
‘ag gstated are omsed on twelve. gates=d£scharg,ng at-the same: rate as the
two snown. The dribbling can be.sesn in. figure 164" with & discharwa

of 1G,00C second=-fest. A3 the discharge was inureaaed £low conditions
oontinually improved until the ultimste desired flow condition was *-
 reached at 100,000 second-1eet, at wh1ch point the iconduit: flowed full.
The pressures on the face of the dam. ware pos¢t1vs throuuhout ‘the on=
‘4ire dischurge range. : : :

12. Over{low secticn 8. .In.an attempt to reduce tho negative
pressura the constant. radius inoverflow section '8 wa.s changed ‘tora
compound curve as shown on figure 17. The object was to reduce ‘the
negative pressure at piezomster 9 and ‘increase it at other points by
shortening the radius of curveture immedistely downstream’ from the creat

and lengthening it in the ‘vicinity of plezomater 9._ nssum11 uhﬂt

p = epplies in this particular case (where p = orassure on face.

vV = velocity, und r = radius ol cu*vature) tha negative pressura at
piezometer 9 should be about 15 percent less. From the curves on figure
17 the chance in curvature improved the pressure. et piezomstar 9 by
only S5 parcant, or reduced it to a negutive 17 feeS of - watar. The'
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overflow section 6 was cverdesigned as the closed portion. of the
spillway did mot flow full until a,dischnrge,ofg125.000.ﬁacondquqtuwua'ff
reachad, It was intended that this condition would ocour at 100,000
second=f{eet. .Thé_proportions"of'the‘dlbsqdwscotipn.waro=arrivod‘dt.by‘_;
computing arems throughout lmmd:Dn‘thﬂ‘,‘t:tua"cu*o_t‘.‘i.'t::s@.i.--]..‘.ren].‘dc:lt‘.ﬁ.‘gia‘".\.c:"aa'-‘15-= X
percent for friction and-impact losses. The computation wes repeated, '
«llowing e toteal of onlyfs-percentﬁldqgufor¢s_diﬁoharge}of;lﬂO;OGO;[ﬂ‘ =
gacond-reet, and the resulting shape iafdeaigﬁatéd]us;overflqwﬁaeetan :
7. The losses wers found %o be”extremsly§low,;avan“atfmaximumﬁdiibhdngeii, i
therefore the efficianeylor~this‘spillway‘Should‘compa?e:£avdfﬁh1?@ﬁith~ .‘
the open, free over{low aection. B R ST

11. Overflow seation 7. Overflow section 7T, shown on figuro 14, o
was the same &8 3ecLion 6. except foruthﬁﬂéhange-of:position%and the : . .
dimensions of the defleotor hood, The closed pqttion;fluvedjfull}it‘a S
discherge of approximately loo,ooo‘socqndéreét.-'Kfamallwlip‘wds;addad;,”
to the lower end of the defleotor hood Lo dofledtftha;umallsr%diuchgrgel:
toward the dam face, thus reducing the dribblinglpra#iously§¢xpafienced.f
Pressures on the ovarfloW‘faoe,qnd3the*d&flectprﬁhood;ara;plbttbd”rdﬁU ‘

. overflow section 7 for free [low and'also‘ib:ugaté:qparaﬁidﬁ}bnfrigﬁro_“”'
15. The maximum negat;vu.ptessure'inbthig”casorisQShorn;as“lsrfeétquﬁ,'
water, which occurred at pisezometer 9 for a discherge «of 196,000 acond= =
fest. The negutive pressure decraased as the condult flowed “full at = o

100,000 second-leet. ‘Phe ' meximum positive pressure on thé?dﬁflacﬁorjﬂ' ‘

wall was reduced from 20 to.15a£qat.:but‘the;denreaau:inidipchango‘in E

+the latter case was principally raapohsible‘fo;rthiﬂ'raductipn.f_Photq- SR
graphs of the 1325 gseotional spillway operating at l0,000j-A0.00Q, ]Tﬁ:Qg o
75,000, and 100,000 aacohd-feet'are~ah9wnﬁpnjrigurellﬁ.w”Thé di'scharges = -
as stoted are basad on twalve getes discharging at the game -rate .as the

two shovn. The dribbling can be aéan1in;ftgurd”lﬁﬁ;;vith,afditchargq" ‘

of 10,000 second-feat.j‘ﬁs.thé disaharge'wgaw1n¢réqadd,'flaﬁ'nonditiops3
continually inmproved until theFultigatb,deaired3£lbw,cdndition miaj_.
reached at 100,000 second-Teset, at which poin ‘the conduit flowed full.

The pressures on the face of the dam-ware positive throughout the en-

tire discharge renge.. - R R D P R s

12, Overf{low section 8. in en attempt to'réduce'thnjhegatith-;}fV.
pressure, the constant radius in-ovenfldﬁ-sédtion 8 was changed to's
compound curve as shown on {igure 17. .Thé.objeqﬁ-wus‘to-roduceﬂt&e;“‘ '
negative pressure &t piezometer 9 and increase it st other points by
_shortening the radius of curveture immediastely darnstream from the crest
and lengthening it in the vicinity of piezometer 9. ~Assuming that

p —= applies in this,purticulah auss (where p -'prassuto‘oh.fgoq.

'V = vpelocity, and r = radius of curvature), ®he negative pressure at
pieszometer 9 should be about 15 percent less. From the curves on figure
17 the chunge in curvature improved the pressure ut plezomeier 8 by
only 5.5 peroent, or reduced it %o a negative 17 feet of watere. The
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10,000 Sacond-Feet 8- ODisoharge 40,000 Second-Feet

C- Diacharee 75,000 Smeond-ifret 2= Dimckargs 100,000 Seccpd-Fest

SECTIONAL MODEL Oif 1:25 SCALE EMRODVING TWO GATES
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3

negative pressures at points avove plezomster 9 did increase but not

to the extent expactad, The conclusion is ‘that the theory does-mot
completely apply as the curveture was ‘too great for the weter to follow.
naturally. Mo additionaluapyreoidbléfAnmtovemdnt in:prassuraaQOndi#,

tions on the overilow faoefby'furthdrfgtperiﬁentation”wna apparent as

long, as it was necessary to aompIyHWithﬁthe-qsb&blish&dilimitations.*,,
The shape .as shown on figure 17»ﬂgs:thgreforajconaidoredftheifinal:dq~‘
sign as far as the laboratory 1nvéstigationa'were‘cqnnernddf_‘ ' Sy

The maximum BVerage ?oaitive;présSufeuéﬁwtheJdéfibétbfﬁhdéd (fig-

ure 17) was reduced to 12 foet’cf'watqr»for.a‘diSGharge=of'100;000 -
socorid-fest, With the alteration.in shapegof;overflowaseotiou 8, a

correspondiny change was made inﬁthe‘dimﬁg&iénéf&fiﬁhe*defIéctorﬁhodd,“,‘

which was responsible for this pressure-reduction.

Due to the nature of-thia-design;iinformationwwuéfddSier?dbncerna
ing the periocd of vibration snd ‘the magnitudeﬁof;inatantdnébus“preBJ"-'
cures on the deflector hood. It was not possibleﬁto¢obtainwcdmpirab1¢
+ibration measurements from the model whioh~wo01d‘app1y,to”thagproto-,
type. It can be said, hcwaver,’thﬁt‘vibrationgdidJQXiStiinithe'mcdel :
but was not of sufficiant mhgnitudé*tq~causaLconcern;j:Iﬁstanténdpua-f4

. pressures wers observed at various poihts on the deflector hood-of-the

' model by an oscilloscope. The fluqtuation'inﬁpressurejequalléd:thn_,j
sverage measurad pressure in most cases. In- other words, for the avers
age maximum pressure of 12 feet of watar measured on the hood, the. S
aastual instantaneocus preasuresﬁvaried‘from-ﬁ to 18 feet of water, or,
the maximum foroe, inoludingaimpact;3amountad3t0150;pencentsof'the_aver-

age msasured pressures. It ia”recammenddd_thatﬁthb‘fofGGS'uqedjfor:dée -

sirn be increased about 100 peroent to take mocount af ‘this impact.

A study was made on the d#qrflow,ggpﬁicﬁ"ﬁotdetermiqe”;hdfﬁost"»
economical elevation at which to termirate the downstream: extremity of

the deflector hood. . Figure 18 shows & portion of the nood ending at
olevation 1570 with the remainder at e'lm'ra'gtioh11:560."';Fi:g;ufe'a"ilﬂ_;A‘?und
B show flows of 40,000 and 100Q,000 second-feet, respectively. 'The
photograpas do not‘depict‘élearly,theﬂdifférenoe?inaflowvcncpﬁntgredgf
for the two hood elevations. The jet. of water leaving ~the 'longer hood .
was forced closer to the dqufaoesand'thsrafohe;ezhibitqd]a'morb1de-ﬂ
sirable appsarance from-a hydrau1ic;standpdint,thﬁn the shorter hood.
Figures 18 C and D fllustrate the;pbint‘mofe:CIéarly.*VThegdbfledior
hood extremities are atfelevations;1570511580;'andﬁlsﬁo,.viQNeddffom o
left to right. The jet offwatcrfcvertopped.the.pia:s‘with7thé hood
ending et slevation 1580. "The same condition ocourred to a lesser ex-
tent for the hood ending &t elevation 1570. Figure 19 shows the varis-
tion of taper with the length of hoods From & hydraulic viewpoint the
most sconomical point to end the hood is at elevation 1560. Although
ths tests on overflow sestion 8, figure 17, were made for .a hood ‘ending
at elevation 1570, it is recommended that the final design be made tc

conf'orm with the section shown on figure 19. The shapes are exactly
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A= Digobargs 40,000 Bscind-Feel - Discharge 100,000 Secotd-Peat

T ori5o0 5t Hovation 1570 on Left mnd 1360 on Right

_ o~ Discharso 40,000 Segond-Fest - Discharge 100,000 Seccoi-Fes'
' Pt of 4S04 ot Klevsticn 1O70, 1580 asd 1860 ~ Lefe vo Right

STUDIES TO DETERMINE LENGTH OF DEFLECTOR HOOD ~ 1:25 MODEL
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the same oxcept that cn the Intter figure the dcfléotbrihécd3has baen .
axtendod to elevation 1560;‘ Cro R . R .

Head-discharge ourves, obtainod‘by»Cﬁlibratinguong”gate“ongthﬂg‘
1:25 modeluand‘multiplying'the results by-twélve,*ure‘showonn‘rigura ‘
20 for free low and also ﬂdr;gnté_operatipn. fThe7curv¢s‘gpp;y;tuiboth ;
overflow sections 7 and 8. ~For free flow: a discharge of 70,000 second= "
feot can ba developed with reaervoirvelevation;of”1630.5I\;To.obtain e
100,000 second-feet through the ‘twelve. gates requires s reservoir ele= -
vation of 1635.0. A,head-diacharge"coeffiéicntgburvéffbr”freé'flcwfis :
also shown plotted on figure.20. S 2 PR

13. Final spillway desipn for dam 1o sl 1650. ‘ypon ‘conolusion of
+he above Lests, overilow section e‘ﬁfiguro?19),was*instnlled at both '
ands of the arch on the 1160:model and;studies‘wﬂreucbmmenced.to’dater—
mine the grades and wall positions for the channels downstrean. “The
spiliwsys were jocated as near the dem abutments ns‘possible;"VTho‘rlght‘
spillway, as originally planned, was batween'sectionijdints“4¢nnd'T»and_
the laft spillwey betweer joints 20 and 23. ERTER SRR I

The dasign of the spillway chunnclsfdownstrqam‘frdm?the.deflector-=' '
hoods was not based on theory. ‘Rather, the désignﬂwnsjanbitrarily‘,””“
astablished from consideration"of'the‘atrangamnnt\of the ‘dan-and the
topographic‘conditions:downstream and then varified by model parformince.
A plane surface was,first.establishedffor nrchanpal,fthis«plane[intef- ‘
gecting the dam.on & slope. A'fillet‘ﬁas~émployedjto,b1andrthis”plane
in with the downstream face of the dam. * For the first‘irial;the-pliné

yus projected parsllisl to.the.1inelbf.qenterswon a}1f1/4{l slope with
e 100-foot radius fillet betweon-this'slo?e‘andﬁthé dam Tace. The

scononics of the layout were notﬁoonsidefad»;p‘th;s'first study. The .

wall positions were arbitrarily 1ocatodfon;pgper;?butfthisfmethpd was

not satisfactory. The model teat indiceted that ‘the will looationsa . .
were dictated primarily by tae positidnjof‘tthchannellglane. Subsegquent
tasts also snowed thatuconaiderable.ldtitudeféxisted@in-the ohoice of = -
slope and direction for the channel floor,lwithuthefréstrictionlthat”

the murface be & plane for‘theﬁentire,width:ofjthb_channel and “that

wall positions be(date;mined-separgtely_fo:.éach:layquﬁ. ‘

Informationuobtained'duringtthe‘course of thettex&a'indiontedfthat
the .spillway channels be 1imed throughout thelr éntiréflangthsland be-
cause of the high cost of excavation be-designed with .ésonomic balance -
between . cut and fill as-a,major-consideraticn.I 4 coay of 38.00 & yard
" for excavation end 318.00 a yard for conorete [ill was essumed, and
pstima tes were mde for a number of schemes in which the slope and the
direction of -the channel ‘planes were varied. Dﬂring'tha»course-of v
these studies it wae found economical Lo slift the right spillway from
its looation between joints & and T to that between joints .5 and B, as
shown on fipure Z1. In addition Lo decreasing the cost, this shange -
resulted in a symmetrical spillway layout, thus making it possible‘fdr
the jets from the two chennels o direatly oppodse one gnother in the
river, improving the ef ficiency of dissipation.
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After determination of the most_achomiﬁél chenﬁﬁl‘positidhs, o
slopes, fillets, and wall ‘loentiona, each spillway was operatad at
dischurges ranging from 200 to-ﬁO;OOO'sudgnd-ﬂeetlwhileﬁthe‘maiimum

observed watar surfaces were drawn on the channel walls, The drib- - .
bling action of the waterrfromethe’dgrlactqr,hobds;-aﬁ'thafextramdlyfff
low discharges previously_diacussed,idictaﬁéd}the'haights"of‘thé'f'f_,
upper portions of the walls, while the downstream heiphts were .detar=-
mined primarily at maximum discharge. The wall heights as .finally " '
determined consisted of the mensured depths of flow at the walls plus =~
fiva fest of freeboard td_accommodate‘sp?ay;'uplash;}and'tho‘in&qu'r i
flation of air in the water. The‘finnl“spillwny;1éoations,‘channals,-,
wall positions, and wall helghts :are  shown ‘on figure 22. It is:recom-
meried that the right spillway channel be excaveted onm'a 1+l tc 1l =
glops and the left spillway channel on a 1.2 to 1 slope, both meaSuUred-
normul to the line of centers. The alinement of ‘the ‘downstream walls
of toth spillways is shown gymmetrical about the line of centors. This

is not true of the upstream walls as ‘these varied to compensate for'thefdf

differerce in slops of the two channels. The top surfaces of the

channel walls were {irst shaped normal to the inside frces of;thepwallé"4'

and later beveled so that they were parallal'with,the“chahnal‘ﬂldof..;
The latter was the better from'an‘pbseryer!a'viewpdiht;r7Photpgraph9"ﬂ
of the final spillways discherging -at 75,000 second-leet are shown.on
fipgures 23, 24, and Z5. sttention is directed to the guiet nature of -

the water at the base of the dam. Loose material remained”unafﬁéctdd

by the spillway discharge, and no ‘sogur ogcurred,ét this point.

The model river channel wns ccnstrugtedfaccording:to'the‘sound;"
ings submitted to this office on City of Seattle drawing No. B-13122..
The extent to which the river‘channelgwill:sﬁpur:aé.gifloo¢.apprbadh&s
sizuvle proportions is ungertain, -but the model indicatad_that"thd
deepar this occurs, the more desirable will be the flow in the river. .
and the nore effective the energy dissipation. 1 no provision were . -

made for the dissipation basin,at-thg‘foqt.of;thg_spillﬁays;-the;firSt. : ¢

sizable £low would excavate that:portiéw“ofitﬁejpiver.td:bad:ock,'de;.
positing much of the movablogmaterialkin,therrivér;chgﬂnalgdqwnstream.
It would then be necessary to remove a“large portion of ‘vhis deposit .
from the river. It-is estimated thut bedrock lies 60-to 83 :feot be~ - -
low the present river bottom.and thet this depth will be required for -
efficient operation of the dissipation basin. . The pool in. the model,:
as shown on Tigures 23, 24, and 25, extended down tdkelavatian_1l25;

4s long as it would be necessary to remove & large portion of the de-
posited materiol :from the river aftor the first flood, it may prove
more economical to excavate ‘for -the dissipation pool during construc=
tion. If the latter method iz followed, the pool cculd be widened,
which is desirable, and any irregularities of the underlying rock re-
moved. The extent of the pool as used in the medel is outlined by

the dobtted contour lines in the rivser on figure 22. For efficient dis-
sipation the basin should be ro smaller than that indicated on ‘the
above figure, but preferably deeper. Deep scouring was limited ta the .
area shown, Deposition rather than gcour will occcur downstream from
the pool., :
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14, Loocation of Eoweritunnéliinfékaigfg0£¢sbhaﬁdlevanﬁlgyduts, Fall
mide on the intake structures andatunnelnuleading;tdﬂthe‘poﬂqrhonse,j,,"_ r
thres of the most desirable were inatallaed in the model. - The purpose ' '~
was not to study flow through the intake structurs but tofobserve the -
action of the water as it flowed past the structure when ‘the ‘left

spillway wes in operation. Thq;attent;dfnthﬁEihﬁakez;trﬁbtubalﬁpffahf-,

as the model was concerned waSjmarély'a~raék%with'sfdb{i&lls;‘whgre'j;;
neoessary,‘1acated-as=specified_in.thetvafiousgsfudiesg;gIn:pG‘casa: TR
did . flow exist through 'the ‘intake ‘as ‘the power tunnels were snoticom-
pleted. The intakes were 1ncorporatedlin.the}mdddlﬁmq%oly;tb[mgke‘jfr~V_*W

certain that adverse {low conditionsfwould,notfaxist‘iﬁ-the.vidinity;ffV
of this strueture during flood discharge over the spillway . The first’

intake investignted, study 6, is . shown:in plan on figure 264, Very = [ =
1ittle cut was required for this design'as the intake -structure pro-
jected out from'the.canyon'aaaihowniihgphotogrnphra,;figure 2%}-ﬁEhg”fj4-_
head bax was of insufficiént“Sigowto:acoomMﬁdate?thb,entiraﬁ?ngk‘~J*'“. ~'
structure; so only the_pcntipn“that“ﬁouldﬁfit_inwtheﬂboxﬂis;ﬁhuwn._f”_
Pigure 27 B depicts the flow.in'the vicinity of the intake for -

a discharge of 50,000 sacdn@-feetfthrbugh‘the'laftuﬁﬁillway;.lCoﬁfetti’

s shown on the water surface to indicate‘the direotion of flow. ‘In- =
cidentally, the flow currents areunot;doffectjinfth;;:case,’duertthho»“;
‘1limitation in the sizé,qf"ths%mOdelihQEdﬁhbx.‘?Théfphotbgrggha,ihOWe.
aver, do give some idea as to the appearance of -the intake 'in this
‘location. S R A N

Study 8, figures 26 and 28, shows the ‘intake structure jlocated
in a large cut in‘close-proximity7t0'thexdam.',‘iguté_BE:BahdfC~iﬁdi~ e
catas excellent flow conditionsquribbthHdiachgrgesiofgza;CGOEand-j 7
/50,000 second-Teet through the left.spillway. ' The -intake 0ffered no
obstruction to spillway flow,-gndfitLappoired;thgt the -spillway would =
in no way interfere with‘intake.fldw;‘iﬂydrgulicqllygqpeaking;%this I
layout was excellent. ,From‘nn'éoondmi¢Eatgndpointlthé‘cutfwa$ exoés-7
sive. Structurally, it was decided ‘that-the intake :and the power . -

tunnels were too clase to the.abutment of the:dame. . -

Tha~th1rd‘1ayout.:studyill,;wasﬁagmnﬁhat}pfaafcbmgromise‘betwémn”
the two above schemes. The intake was moved upstream and set in.e .
moderate cut in the;odiyoh~wal;,xas.shown'onffigufeaEZQVund 3CA.  Flow
conditions near the strugture are -shown for discharges of 25,000 .and
80,000 segond~feet through the left spillway -on Tigure 30 B .and-C.
again, little or no interference batween spillwuy"flow-and‘intake;was‘
discernible. Of the -three intakes tested, design 11 proved the most.
desireble both from a structural and e&n ‘hydraulic -standpeint.  Some -
doubt remained, howevsr, as to the merits of design 6 as it was not’
fairly represented in the model. e =

. :15. Tailracc conditions at powerhouse. A4s velocities were ex-
Atremely high In the river for the large;vspillwny.disohargés;éikéwas, ~
‘thought sdvieable to -conatruct a model of the paowerhouse to study =

. tailrace oconditions. The modul«pcwqrhouse}was“loaatedras for study . o
‘11, -shown on {igurs 29, _Although.velocities&inkthe,tiVercware'high,aﬁ:3k' '
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the water surface adjancent To the powerhouse Wns‘surpriainﬁly_quiet“i'
'in comparison. For 100,000 second-feet of [flow in the ‘river, the. .
waves, measured from'crest”to“trough;vwdre1apprcximatquj8‘feetshigh
along the front face of the powerhousge. ,Tha'addition*of a wall et

the upstresm end and a pivr at the dovmatrean -end of ‘the powerhouse
improved tailraoce canditiOna,in;genprﬁl._'Themmnzimum;whfgihéight“in -
this case wna_reduced_tdsapprdximatély'fiveufeet.laTheudimensiona‘of‘

the upstream wall and the additional downstresm pier are ghown on .
figure 29, Photographs of the teilrace fbradischgrges~of§1005000,;'g‘l'
76,000, 50,000, and‘25.000_aedoﬁd-fegt:inithe'riverjate~shown;on?fig? R
ure 31. Tailwater conditidns}for'fivetﬁdi!charges‘6£‘50;000thcond-_'“
feet and lass were extremely satisfactory. %Evgu'fpr'disqharECafinfexé"*
cesgs of 75,000 second-foet-no‘majorfdiffi@ultiesfin‘powerggenérntidn;‘H';
should be encountered. : : N R RO R I e :

A rather interesting fact.was witnéssﬁ&_ﬁhrﬁughdﬁtJthéﬁ6 ttha;‘
Although the wnter‘uurfaoe-in-‘hatJropresuntodtniaQApﬁressrvdirfwas

maintained at elevatiOn‘lZOS?fon,nllJriverkdiucharfés;}the:avér§56j%ﬁ

water surface of the tailraoce adjucént'to:the:powqfhpuueyyas”cqnﬁistJ ®

ently two feet lowar, or~apprOXimiﬁely‘elévntionulzcs.'JThiaﬂphonbmgfﬁ‘f

non is no¥ ungommon. - It shohld.hé&gtated..howQVG;,;thatﬂinunc;oaadﬂ;{
wag thers any water discharging ‘inte the tailraon“frqm_thgﬁﬁoy@thund;"

"16. Spillways for.se¢oﬁd’sfepfdam.;:Af the ¢dhb1uqi6djéftﬁhcﬂ*f 

tests on tne dam %O eIevation_I630,~¥Ee,moddlfias revi&éd;fb“rspfésént S

the second step dam. The overf16w¢aection3éwere?projectgd;Ygftqukly  L
downward with crests at -elevation 1525 o as to utilize the same chan- . ... -
nels for the second step ;pillﬁays."Sinqe"theithicknéaslofrthd‘whfﬂﬁj@,wﬁ

elevation 1525 was gruater*thnnkdtﬁlﬁlz;gitqus;pqsaible;toadeaigrLan

overrlow.séction.with,vacuumldus prof£1ef£or_dLSchargeSjnpktoﬁ44;000‘f S D

gecond-feet per spillway, which is shown dimensioned on.figure 32. .
This shape was ottalned frbm-réliable,-p;evxouuly'détermined;gxperi-
mental data;l thus pressure msasurgmgnta*wur@jomitted:initheseutpats;'

Tpbstract of "Studied ofnCreuté'fdeOQerfali‘Déms;FuBnilétiﬁ 5, Part . .
VI, Hydraulic Investigations, Boulder Canyon Final Reports, HYD-118 -
by J. H.-Bradley,'Decembar‘SI,ilgéz. Pl T T IR

The overflow shapes were.blended into the plane of .each chamel by &
warped surface, the radial slementsg of which were tangents comneoting
‘the overflow profile and the .channel. slopes, as shown on figure 32.
The warped surfaces will not be.alike for the two spillways as the dam
feoe and the channel downstream are hoth steeper on the right side.

The ovar{low sections for the two spillways will be free oresta, each
143 feat in length, without piers or gates. The charmsls downstream
from the connecting warped surfaces will be the same us for the higher
dam, with wall locations and wnll heights identical for both stages of
the dem. .
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With the above in mind, dﬂtails_bf‘the-spillway’channals‘foruthé
egcond mtep dam oan also be .obtainad from figure 22. -‘The approach '
dopth to the right spillway for the second step construction is:ade- .
quato since this spillway wgb‘ahifted‘towgrd“the"center.ofrthe’dam
and no excavation is nacessary on this side. To providawgiunifdrm
approach to the left spillway g-bench.waquxoavntethowélévatiodnlﬁls'
on about a 200~foot radius, asyihownwonmfiguregzz,"Phdtographs:6£
the topography upstream Zrom the spillways«gré”shgwn}for the right and
the left sides on figure 33 A-end C, tespectively. ‘Pigure 33 B oand D
depicts the floW-approaching‘the:rtgﬁt*and1théf1ﬁft‘spillw&ys'for.a;
discharge of 37,500 econd-feet per spillways i SRS

*1ow conditions were goheréily‘éatiéficﬁdfy for both spillﬁhjﬁﬂfor ;
the lowsr flows but had & tendenqy%to.COncentrateﬂtoward the dovmatream .

side of the chamnels as the flow increased. Flow conditions ware .
better on the right spillway where ‘the approach depth Wa§ gréa£ét}énd
in all probability could be improved dt]the 1eft‘sptllwa?‘byfindreaég.
ing the approach eToavation on that side. ‘ ‘ e e e

~ Photogrephs af.thb'seepnd”step'spillways;‘asunbcpmmﬁnddd,,hre shown'
in operation for s discharge of 31,500*secondafeot;per.alda:onﬂfigurés -
34 and 35. It.waslfortunateindeed«that:thesameohannela,andpulls'

could be utilired for'the:spiilways-on_both”stag633When'it-isgcoﬁéidured
that the valocltiaS'invclved‘ware“mdterially'dtfforenﬁ for ‘each :stage. ‘

A photograph of the scour in- the river produced by spillway*opera~‘
tion is presented as figure 38, The depth of scour in this oase was:
1imited to elevation 1125, which‘kas"thefelévatiqnfof‘the“floof-of.the'
model. Some of the scoured material'is shown in & more or less ‘perma-
nent deposit downstream vhile the”loose:mataqiul;at,the{busc of ‘the:
dam remained undisturbed. ‘ L ‘ S

17. Power tunnel intake {second step dam). The flow was Ob-

served adjacent to the power tunnel intake (study‘ll,uflgure 29) with
the sacenc step spillways in operation. “Although higher,valo@ifies '

than for the elevatlon 1850 dan were ‘involved, no adverse conditions ‘
were noticeable for any dischabge:thraughout thaadpillﬂdy;r&ﬁge.;APhotoAf
graph €, figure 33, presents the general appearanceﬁoﬂithe1ihtakeawith.f‘
respect to the second step dam, end photograph I} shows s flow of 37,500
second-feat approaching the lett spillway. L -

18. Spillway'dischar 6 curves for second atep dam. Head-diéchnrge

gnd discharge soetlicient curves Tor Ehg‘seoona step Treo-crest spill-
ay (figure 32) are shown plotted on figure 37.




SAVATTIIS 4SIS GNDOES 03 SNOIIIGNDD HOVOSIAV
1% fpras ex@ul Jems] ~-OMATTid] 401
Leartidg 328 19aJ-U90080 O0G'(R 9BIWNIY <O

bagno-ﬂs. -0




- CRESTS AT ELEVATION 1525.0

STEP DAM

SPITLWAYS FOR SECOND

2
5
5
g
B
2
2
g
&
o
2

DISCHARGE 37,




<
10
)
0
—
g
£
=
B
=]
]
'
E
2

, 500 - SECOND-FEET PER SPILTWAY

DISCHARGE 37

SPILLWAYS FOR SECOND




PATTERN OF SCOUR IN RIVER AFTER A TOTAL FLOW OF
100,000 SECOND-FEET -




H

o oo ]
i

i

‘r'.g_"..

e

ey

i

oo
4

R
S

K

i
¢

[ ';., -

-4

e

Rt e

o

i

b g

t

i

-0

PENEES S

H

ST S P SO S

b

')

[N

Ty PSS

4

PR Y E

§

Linwicm uboomd ey e

i

s

4

owdpe

-
i

r-—'ﬂh.qu

[

T

r bl

t

i 1t
oot dnd

'

17
e

1
i,

BEN
i

—en

-4

T

R S

e

S

%

[
T
SR

-
i

i
4
1

__i-

T e

£ i

doofcgandais.

i
1

O

L

[ RO S

Li..

e

J

1
= e

SPFIPAN A SO0 W Y
i .

!

v

R e L]

1

el
]

R §ir et

i

b

Lk

SIS SN
[FPRE S NN S

e

[

i

i SEEN

1=t

1




