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UNITED STJ�TES 
DEP.li.RTI.TiiNT OF Tiill nJTERIOR 

BUREAU OF RECLi\lILTION 

FORT COLLilJS , COLOR.l\.DO 

:i.�!.!ORJJrnUE TO CHIEF DESIGHilJG ENGINEER 
( J. E. Wc.rnock and J. 1[,,i. Ball) 

August 10, 1936 

Subject: Linits of Ripro..p · on River Bo.nl::s belm7 To.ilra.ces of 
Gra.ncl Coulee Da.n, Colunbio. Ba.sin Pro joct. 

1. In conplio.nco ·with your verbal instructions of June 
5, in vrhich you referred to i ton 8 of'th6 report of tho boo.rd of 
consulting .engineers of April 6, 1936, the nodol of the ultinC1.to 
dovolopnont of tho Grand Coulee D:m. -vTc.s roinsta.lled in tho Fort 
Collins lo.boro.tory ru:id o.ctuo.l testing; vms con-:J.ondecl on July 21. 

2. The April 16 report of the boo.rd on this subject is 
as follovrs: 

11It01:i. 8 - Linits of Riprap on River Ba.nl-cs'bolon �ailraces. 
In our study of this itc::-:i., Tro hC\.vo looked over, in such 
deta.il a.s ti::i.o ho.s pornitted, the results of t ho Fort 
Collins r:V)(tol oxporin.cnts bea.rL-1:; upon this problon. 
We ho.vo o. lso inspected on tho crounc1., the 6enora.l concli-, 
tion of tho bo.n1.::s betTroen tho da...":1 a.nd t ho hichvm.y b ridGo, 
ospocio.lly on tho ....-rest side of tho river, ta.kine note of 
tho nore recent fills o.loni; this bank ., and their i;enoro.l 
condition o.s roga.rds cha.ra.ctor of no..terio.l o.nd slope. 

In the li6ht of tho results of those nodal oxperinonts 
a.nd in the exorcise of our best jud�:1cnt othorvriso, we rocon­
raond a.s follo.-rs: 

(1) On tho ,;rest side of tho river, riprap protection 
throe foot in thickness, plC1.ced generally between tho linits 
of olova.tion of 950 a.nd 1000 a.nd oxtondinc for o. nb.inun dis­
ta.nco of 1500 feet dormstroa.n from tho end of tho present 
tn.ilra.ce riprup. 

( 2) As a protect ion to t�1.c bcrnl:: noa.r a.nd just o.bovo tho 
hi6hwo.y brid1:�o piers on tho co.st side of tho river, o..nd os­
pocio..lly as o. safocua.rtl QGainst o..ny cutting ,�1.ich ni;ht on-
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d:::mser pier No. 1, no 1·ccorn'1ond the present plo..cinc; on tho 
ca.st ba.nk, of ripra.p of t:ho sane thickness a.nd bohroen the 
so..-r:ie linits of oleva.tion ., fron tho bricl(;e pier for a. q.is-, 
to.nee of 100 feet both upstrea.n a.nd dm:mstroru:i.. 

(3) We roconnond tho sottinr; up of a. nodol sini16.r 
to tho.t with which tho studios thus fo.r hc,vo boon no.de ., but 
of such loncth o..s to indica.te the cha.ro.ctor of tho floYr for 
o. disto.nco of sono 2500 foot clormstroo.n fron tho present 
riprctp li_r:1.it; o..nd tho conduct of such oxporinonts a.s sha.ll 
servo to indico.to the 6hc.ractor of tho flovr over ct river 
stretch of this lcncth, or o.pproxino.toly botvroon t ho dnr.1 
o.ncl tho highi:my bridr:;c. Ho rccorr10nd f\.1rthor tho.t con­
sidora.tion be given to such o..dditional ripro..p protection on 
either or both sides of tho river o..s tho results of those 
tests 1:1.ay inclico..te to b o needful. 

· In co1moction with this riprctp protection ., Tro no.y note 
tho.t, nith tho le.rec ru:iount of scaling -r1hich hc..s d6volopod as 
nocosso..ry in the cc.st coffcrdo.r.i. 6.nd abutnont o.roc,s, o.nd fron 
other oxco.vo.t:i.ons yet to be no.de, there ,crill be o.vo.ilo.ble a.u 
a.bunda.nco of rocl: for such purp::iso o.ncl for tho plo.cinc of 
which it a.ppoo.rs probrcblo tho.t o.rro.ncenonts co.n be no.do Tri th 
tho contractor at ct lorr cost. 11 

3. Tho :J.odol of tho ul tir:ic,to clevolop�·.1ont of tho Gro.nd 
Coulee Don to C\. scale ro.tio of 1: 120 ha.cl boon ori[;ino.lly con­
structed to o.ssist in tho dovolopnont of the protection o.t the 
too of the dan, but ho.cl boon dj_sno.ntlod to provide space for tho 
study of tho diversion of the Colunbio. River throuc;h tho y;ost 
coffcrclnn a.rco.. In tho nevi insto.llo.tion a.bout 5,000 foot of river 
bod dovmstroo...'IJ. fron tho dnn ho.s been roprcsontod ,Tith t he t6po6ro.phy 
up to olovo.tion 1075. Ili.:;hwo.y bricl;:_;c pierc 2 o.nd 3 (fic .l), con­
structed of shoot ::10to.l, Tr.ere included in tho first tvro t csts. The 
toposro.phy (plo.tos 1 a.nd 8) wo.s noldod in fino sho.rp-cro.incc1 so.nd 
of ..-rhich 100 percent pa.ssod o. ton-nosh screen. Tho topogro.phy wo.s 
roplo.ccd o. t tho boGiTuviinc of co.ch test by tho use of tho profilo­
cro.ph uhich vm.s os?ocio.lly closicncd and l:Suilt in tho lr.tboro.to ry 
for tho.t purpose. Tho ripro.p , ,-,'hen used, YJD.S o. ho.rd crushed sho.le, 
screened o.nd nixed to conforr:i. o..s noo.rly o.s possible to t he rocl:: size 
specified in o. lotter fro1:i Construction �nf;inoor Bo.n!:s to tho Chief 
En;;inoor, do..ted October 3, 1935, ,-rhich so.ys: 

11In response to tho request in your lotter of 
Scptenbor 20 on tho o.bovo subject, vm vmulc, o.clviso 
tho.t the r;ro.da.tion in s izo of tho ripro.p n.ctuo.lly b oinr:; 
used for the protection of tho do-vm.stroo.n side of tho 
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ta.ilro..cc fron tho wost powerhouse� is cstimtcd a.s 
follovrs. T,;ro el3ti,-:ic.tos o.ro ;:;i vcn, one for roe!: ox­
co..va.tod fron tho ·wost a.butnont, ond the other of rock 
oxc::tvo..tcd fron tho floor of tho ·wost foundo..tion. Tho 
rock fron tho wost a.butnont is broken up to sr.mllor 
cizcs, possibly boca.uso tho broo..kinc up effect of 
bla.sting is supplcncntcd by a. sinila.r effect duo to 
fallins fr01:1. tho stoop o..nd h ich abutnont. 

Dust to l" 4 
¼" to 1 cu.ft. 
1·cu.ft. to 1·cu.yd. 
Over 1 cu. yd. 

Rock fron Rock fron floor 
Wost Abutnont of Wost Foundo..tfon 

5% 2% 
40% 20% 
50% 70% 

5% 8% 

Tho ripro..p 1:1.'1.torial used in tho nodol ha.d o. not· dens ity of 151 
pounds per cubic foot, ·with a.n o..no..lys is a.s shown on ficuro 2. 
concrete slo..b wn.s pla.cod irn:1cdio..tcly bolov,r tho bucket extending 
360 foot downstroo.n to represent tho rock o..t tho da.nsitc. 

L�. Prolinina.ry tests on this noel.cl ,·rorc witnessed o.t 
the tir.10 of its conplotion by :Cng incors Ho..::'n:i.ond o.nd Hornsby of tho 
Denver offi co. In those prcl inino..ry tests, no ripr:ip vms placed 

II 

on tho slopes of the to.ilraccs. ·with a. flon of 250,000 second-foot 
over· the spillway there 1;ro.s no novcncn t of tho sa.nd a.lone tho r iver 
bc,nks other tha.n Ll. slicht sottlint ca.used oy ,·mvc o.ction o.lonr; tho 
shore. As tho flow TJUS incrco.sod,· a. lo.rgc, slow-noving surfo.cc 
eddy developed in CO.Ch ta.ilrC\.CO re sultin[; fron o..n 11cjector o..ction 11 

produced by tho h ich-voloc ity ,.,,. a.tor o.t tho d ovmstroo..n ends of tho. 
spilhm.y tro.ininc ;-m.lls. The eddies vrnrc rospons iblo for severe 
erosion of the to..ilro.ce slopes a.t or 1100..r the vvo..tor surface. Those 
could be pa.rtly olinina.tod by oporo.ting all hu·bincs in tho power­
houses� but, s ince this is not pro.ctico..l it wo..s not considered a. 
foa.siblo solution. 

5. Upon tho conpletion of tho prolinino..ry tests, tho 
topogro..phy of tho river bod vm.s restored to its initio..l she.po 
( plo..to 1) . Tho to.ilrn.cc slopes T-rcro covered with r ipra.p ton foot 
thick at tho bo..so a.nd three foot thick at tho top noa.r tho povrcr­
housc ro�dway. This is a.ccordinb to tho oricino.l rcco!:ll:ienda.tions 
of tho Boa.rd. Ripra.p linits for test 1 o.ro shoYm on figure 3 (tho 
d01,·mstro01:1. li.':1.it in tho ,·rest to.ilra.co wa.s that dotcrninod by tests 
on tho 1: 120 Grc.nd Coulee di vors ion nod cl). · Tho tnilvm.tor-dis­
cha.rco relationship was r:10..inta.inod dur inc a.ny incroc.sc or dccroa.sc 
in d ischo.rso. The gc,tos wore opcro.tod to no.into.in a.n·o.pproxino.tc 
reservoir olova.tfon of 1288. Tho tc,ilwa.tor clovo..tion , observed 
ir.ncdio..toly upstrcan fron tho h ic;hrmy bridi:;o, vra.s rog;ulc. tod n.ccordil16 
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t o  t ho ro.ting curve on f i6urc 4, ,;,rhich wus also  used for pr evious 
tests  on this s o..so nodol .  ' En.ch ' t o st ,;ro.s ' div ided  ii1to i'our runs 
with d is cl-ursos o f  250, 000, 500, 000, 750, 000 and 1 , 000 :, 000 s oc ond­
fo ot . Tho follmYing ta.blo was o.dhoro d  to in nn.kins tho tests  3..11.d 
the r iver b od vro.s not d i sturbed b etvmon runs . 

':!odol t i:r.10 
D is cho..rcc to o.tto.in Duro.t ion o f  Discho.rc;o 
S o c . Ft . Dis chn.rgo * Ltodol Prototype 

: Hour s :}.1inut o s : Hour s :r.Iinut o s : Do.ys Hour s :Einut o s  

2 50 , 000 0 22 2 0 0 21 55 

500 , 000 0 L�o 3 0 1 e 52 

750, 000 0 52 5 0 : 2 6 L�6 

1 , 000, 000 1 0 7 0 3 L� 41 

* Tho s o.:-.i.o tines were  used in reduc ing to  z ero d is cha.r[;o , 

6 Cros s - s oct ions wore ta.ken at vo.r j_ou s po ints along 
tho river fr)l" all nus except tho.t \'Tith o. flow o f  2 :.50 , 000 s oconcl­
foot . Tho s o  s o ct ic.-n.3 o.ro shoTm on ficuros 5 t o  12 inc l us ivo • 
Brie fly, tho r e:sults of  t o st 1 o.ro o..s fo llm-rs � 

( o. )  Flovr -- 250, 000 s econd- foot (pio.to T.:J . Durin6 o. run of 
t-wo hour s on tho m.odol t ho r ipro.p vm.s not disturbed or t ho bo.nlc s 
not ic eab ly eroded . Tho usua. l  roo.rro.n6inr; o f  the r iver bod  occurre d  
oxp o s in6 tho ro ck s urfo..ce o. t  o. po int 180 feet d ovmstroo.r.1 fron tho 
right end of t ho spillwo.y. The top of tho nound in this vic inity 
( fir;ur o 3 )  vms i-:1.oved o. short d ist a.nee do,mstrom:;i . 

(b ) Flov-r - 500 , 000 second foot . 1:..ftor o. run of thr e e  hours 
t�1.o oros ion incroa.scd dm0mstron.m fron tho bu.elect . Tl1.o nave a.ct ion 
o.tto.cl::ocl tho r iver bo.nks but s o on roo..ehocl o. sto.go of sto.b il ity, 
coas inc t o  do further Cl.Cl.111."-GC • Tho tc. ilro.co r ipro.p vms disturbed 
but v,c,s not c o.rriod o.vm.y ( phtos L� o.nd 5B ) and s liGht eros ion 
o c curred o.t the bridcc piers ( plo.to 6B ) .  

( c )  Flow· - 750, 000 sec ond-foot . Tho vruvo o. ct ion beco.1:1.0 1:1.oro 
s evere o..nd cons icloro.blo eros ion occurred a.lone tho river bo.nks , par­
ticularly ,.-1horo they ,Toro ctoop ( plrtte  2 ) .  Tho c ont inuity of tho 
to.i lro.co  riprap wo.s broken by tho wave not ion o.nd a r- oturn flovr 
a.lon6 the ba.nl:: depos ited very fine s a.nd on tho slope s in front of 
tho povrorhous o s  ( plo.tos 4c and 5C ) .  A port ion of th o r ipro..p o..t 
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tho foot of  tho fo.ilr c-.co  slopes \70.S disturbed o.nd d eposited · 
ir:inodio.toly dmmstroa.r.1 fron t he lip of tho bucket ( J?lcrco 2). 
Erosion C\. t tho bridbo incrocssod oxposinr; tho top of tho roctC-.ni;ulo.r 
footi11£ of pier 3 (place 6c) . Tho loncth of tho run wn.s five hours 
(nod cl t inc ) • 

( d )  Flow 1 ., 000 ., 000 second-foot. Very sever e erosion 
oc cur rod for this disch .. "..r;:;c . Tho · run o.t this discha.ri;o Y1as tor­
ninc.tod after C\. sovon-hour period, o.G novor.1011.t of tho bed nn.tcrial ., 

exc ept thC'..t caus ed by Ym.vo o.ction (plo.tc 7B ) prc.ctic c.lly _ coo.so d ,  
The to.ilrr.cc  slopes noro s eriously erod ed ci.ncl lo.rec pile s of so.nd 
ncro clopo::.,itcd in front of tho powerhouses , ( plo..tos �.D a.nd 5D ) 
but no s :::i.nd ,·ro.s deposited in the clro.ft tube s. Eros ion of river 
bo.nks noo.r tho hichvmy bridcc piers wets s evere but did not o :x-ooso 
tho tops of tho tvro footin;:;s ( pkto 6D ) .  

7 .  T ho thicl:nuss of to.ilro.c e  ripro..p o. c cordinc t6 tho 
pre sent dosicn is insufficient for floods croo.tor th:::i.n 500 ., 000 
second foot . To protect t>.c river bo.n!cs i:!:r.-.10di:::i.tely below tho · 
to.ilro.ccs for flooc1. s  of t;'.is ::1a,:_,1.1itu do , it etppoetrs to bo nocos­
s o.ry to oxtcnc:. tho r i�)ro.p o.t loo.st 500 fGot dovmstroa...'"".1,_. Rip-
ro.ppinc of the ri vor bo.:-ik behind l1 :�c;lw1t1.y bric1.co pier 2 is nocos­
so.ry for tho pr otection of  p ier 1. After c::-.roful study of tho 
results ooto.ined fron te nt  1 ., po.rticulo.rly those for tl10 ::1C-.xil:mr.1 
di schn.rco, :Cncinocrs Hc.rn.wnd a.ncl Hornsby rc c onnondod incroo.sinr..; tho 
thicl·::ncss of t ho r ipro.p c.s  vrcll ets o.n extension dou:.1stroo.n o  Tho 
ripro.ppinc of both tC-.ilrc..cos ( fi.:_;urc 3 )  uo.s extended to t ho ond 
of the 2-½: l oxc c..vc.tod nlopo cu1.d o. uniforn thicl:no ss o f  six foot 
nus us od bot•:roon olcvc,tion 960 and the oclcc cf t hu roo.dvmy o.nd to 
o. linit of olcvo..tion 1050 at tho lovrcr ond. Tho otI1.cr linits of 
thi 3 thicl:ncs s  .-roro tho poi;.1.t of curvo.turc of the 3 : 1  slope 0.11d the 
one. of tho 2½ : l  cxc0..vc,tcd slope. Fron tho p -::,int of c urvc�turc on 
tho 3 :  1 slope, tho sir. co  oc cupie d by tho o.ddcd rock nas tric.n::;ulo.r 
in sho.po ronc hinc tho orisi::1.0.l thicl:noss of three fce,t noc..r the 
o.but.1ci1.t end of c o.c h  to.ilrc.cc a.s ind ic o.tcd on fi;;urc 3. Tho co.st 
povrorhouso roc.chw.y wo.s plo..c ccl on c. four porcc21.t cro.do to prote ct 
it fron tho WV.VO o.ction durins lo.rec floods . Tho richt bo.nk o.t tho 
hir_;hvmy briclc;c wo.s ripra.;Jpoc1 botnocn clovc,tions 93 0 o.nd 1050 for 
c. disto.ncc of 1 00 feet upstroo.n and d mvnstroo.n fror.1 tho nose  n.nd 
to.il of nicr 2. 1Nhcn tho co cho.nr.; cs ncro incorporo.tocl in the noclcl 
(plc,to 8-) tho so.r.10 procedure wa.s follonod a.s for test 1 .  Tho ro­
s ul ts of test 2 L1.c1.icc.tod tho.t the ripro.p vro.s still insufficient to 
i;ri thstc..nd tho no.vo et6tion o.t the hir:;hcr d is oho.recs . Bott or concli­
tio11.s noro prc.vc.'.lc:1t , hovrcvor , for c.i schc.rt;os up to o.!1d incluc1.irt; 
750 , 000 second-foot (pktos 9 to 14 ,  incl . , ::u1d fi.::;uros 13 to 20, 
inc l . ) .  It i s  believed th.".t o.dditiono.l thickne ss o.lon;:; tho upper 
liD.its of t he to.ilrc,co slope o.::1e1 tho extension of tho ripro.p ' to o. 
:;_Joint farther dov,rnstrco.n Trould o.id in rosistil1[; this erosion, but 
vrnuld not ·conplctcly olinino.to i t .  Tho thre e foot of r ocl� on tho 
ric ht ba.nk 1100.r pie r 2 is s ufficient protection for discho.rccs up 
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t6 750, 000 Goc ond foot . Inc1.ic o..tions -r1e1· 0 th o..t Yrith c:. flo,;:r of 
l _, 000 ., 000 SOCOl1C1_:.foot ., e rosion TfOUld Ol1C1C.ll[:;Or th e Olld pridGC 
piers ( plo.to 14) . It is into:iclocl to veri fy this bel ief by toots 
usinc a. c onploto sot of bric1.go piers . Dos icn doto.ils of t ho 
encl piers 1:mro not o.va.ilo.blc until o.ftor tho conploti on of test 
2 thus provontinc the ilwlusion of thc.t c1.c.ta. in this nc:-.1ora.ndU1-:i.. 

8 .  As a. protection o..ca.inst tho severe scour concli­
tions a.nc1 tho hich vra.vo 6.ction prcva.lcnt in tho stillint; pool 
a.t tho hichor dis clmrcos ., o.s inc�icc:.tod by tho nodol ., tho follov1i11[� 
succostions a.re �-.10.do : 

(a.) Flo.co ri;,ra.p prote ction a.pproxin..'ltoly five foot in 
th:i.cl'.:noss on tho -rrost river bo.n:: ., bot-rroon olovn.tion::; 975 o.nd 1030 ., 
oxtom1inr; o.pproAino.toly 1500 foot do-rmstro::1:::1 fron tho encl of t!10 2½: 1 
oxco..vC1.tod slope. 

(b ) Ii1croo..s o tho th:� c)�noss '.)f tho ripra.iJ on · tho wost ta.il­
rn.co slo;::ics , used in test 2 ., fron six to ton foot , b otrroon olova.­
tions 975 a..'1.c.l 1030, oxtondint; fron a. point 300 foot upstroa.."':l fron 
tho ctu- vo 0011.'lo ctint: tho 3 :1 c.nc1. t ho 2½:l slopes to the; c'co,;m­
stroa.n o:?J.d of t llc lo.ttor slope . It is boliovocl thc,t ripro..p thu G  
plc..cocl shoulc1. be bonc1.oc1. by !.lortc..r :>r s one aspho..l t conpound t o  
:.·.10..l:o it ::-rnro rosiGto..nt t o  the o cvorc Ymvo o.ction . 

( c) Fla.co ripra.p prote ction five fc·ot in tll ic>:nc ss on tho 
on.st riv0r bo.nl:: bo-c,;mcn clovC\.tfons 975 a.ncl 1030,  cxtonclinc a.pproxi-
1:1.r::.toly 500 feet f.'.'01:1 tho clownstroo.n ond of tho 2-i!t : 1 oxc:::.va.tccl 
ta.ilro..cc slope . /,_ s,.10.ll x:iount o f  c..dditionC'�l oxco.v::i.tion -.-rould be 
noccs sa.ry to lJroporly pl::1.c o  this riprup . 

( d )  Incroa.so tho thicbwss :,f tho riprc.p · on tho cc.st tc..il­
rc..co slopos , · uscd in test 2 ,  fr0n 6 to 10 foot ,bot-rrcon olova.tions 
975 a.nd 1030, oxtondinc fron a. p )int 300 fcot upstroa.n fron tho 
curve com1o ctinc; tho 3 :1  a.nc1 tho 2-';1· : l  slopes to tho do-r,:.1strox-:i end 
of t he la.ttor slope . It is  bolicvocl th.'";.t this ripr::..p nhould a.lso 
be boncloc1 . 

( o) Plo.co ri:)rc.p prot uction five foot in thic lmoss in tho · 
vicinity of bric\:;o piers 2 2.ncl 3 bot-rroon olcvo..tions 950 a.nd 103 6 ,  
oxtoD.c.lin:::_; 100 feet upstrcc.:·.1 C'.nc1. 100 foot cl c}rmstrox·.1 fron tho ox­
trono lL1its o f  the pier b::1.so. 

9 .  All the foc..turos in yC\.ra.cra.ph 8 a.re boinc in­
corpora.tod in tho i·.ndol o. t tho pres ent tine includinc a. c onplcto 
set of bric\;o piers . T!1c r os-ults ,·rill be forno.rdocl to Y'JU boforo 
tho c onclusion of tho :.1ootinc of t�10 Boa.rd. 
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10 • . It is do01:1.od a.cl.visa.blc tlK,t you, o.nd if poss ibie 
tho nonbors of tho Boa.rel ., viG it the lo.bora.tory in tho noa.r

. 
:tu� 

turo to ins pect tho noclcl in opcra.tion. 

J .  E • . Hn.rnock 

J. W • . Bn.11 
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TJNITED STf-1TES 

DEPARTMENT OF TH'E INTF.RI OR 

BUREAU OF RECLAMATION 

Branch of Desi gn and Cons tructi on 
Engi neeri ng and Geo l ogical Control  

a nd Re sea rch Divi s i on 
Denver , Col orado 
Augus t 1 2 , 1 9 36 

Labor atory Report �o . 10 
Hydr,:iul ic Labora to ry 
C ompi led by : J .  W .  Ba ll 
Revi ewed by : J . E. Warnock 

Sub j ect : Limi t s  of ri prar, on ri ver banks below tai l races of Gra nd 
C oul ee ram - Columb i a  Basin  Pro je c t . 

1 .  Tes t 3 ,  conta i ni ng the features not ed under paragraph 8 i n  

our memorandum d oted Augus t 10 , 1 936 , has  jus t  been complAted and part 

of the d ata i s  present ed herewi th a s  a supplement to the progress 

report conta i n ed in  t h�t  manorandum . Data corresponding to that ta ken 

for previ ous tests was obtai ned . Ti me d oe s  not permit it s enti r e  com­

pl eti on so qs to reach you befor e the end of th e b oa rd meeting and 

thus a short d i scussi on , wi th pi ctur es , w i l l  be pres 9nt ed at thi s  t i me . 

C ros s-sectio ns o f  the river b ed wi ll  be avei lab l e  i n  the near future 

and if  reque sted can be furni sh ed each membe r of the board . 

2 .  Th e  features , except rart s { b )  and ( d ) , out l ined i n  paragra ph 

8 of our memorandum dated Augus t 1 0 ,  1936 , were fol l owed e:xpli citl y  

{ plate 1 5 ) .  I n  i:e rts { b ) and ( d )  the th i ckness of r i prap  between t h e  

poi nts of curvature of the 3 : 1  sl ope and a point  300 feet upstream was 

mad e  variable  i nstead of a uni form 1 0-foot thi ckness , figure 21 , plates 

19 A and 20 A. As this differenc e occurred withi n th e r egi on of bonded 

ri prap thi s chan ge had no effect on the result s .  Furthermore , if  bond­

ing i s  used t he 10-foot thi ckness  of ri prep will  not be necess13ry. 

3 .  The result s  of teat 3 are co ntai ned i n  the  fol lowi ng di scussi on : 

( a )  Flow 2 .50 ,000 s econd- feet . No mov ement o f  ma teri al 

wa s not ed other than the usua l rearrangi ng of th e river b ed 

j us t  dow nstream from the bucket • 



< 

• 

( b )  Flow 500 , 000 second- feet . The ero s i on immed i a te ly 

d ownstream from th e buc ket wa s i ncrea sed . Some erosi on due 
to th e W8Ve acti on WAS not ed on both ba nks a nd i mmedi a te ly 

downstream from t he sect ions of bonded ri prap ( plates 1 6 ,  

1 9  B and 2 0  B ) . I n . gene ral the condi t i ons wor� the same B S  

i n  tests 1 and 2 ( plate 1 6 ) . 

( c )  Flow 7 50 , 000 second -feet . With this d i scha rge the 

ri prap al ong the l ower l imit s  o f  th e 2 ! : l  excava ted tai lrece 
slopes wa s di sturbed such thRt th e bonded sections w ere under­

min ed ( pla tes 19 C and 20 C ) , oth erwi se the c ondi t i on s along 

the tai l race slopes were much i mproved ( pl ete 17 ) .  Sl i ght 

i mprovement was also not ed a long th e banks b el ow the tai lr<J c es 

and i n  the vi c ini ty of the bri dge pi ers . A sm<Jll sl id e ,  whi ch 

was probably due to the steep slope , was not ed near  pi er 4 ,r nd 

the west a pproa ch to t he brid ge ( plate 21  C ) .  Extens ion  of 

the a rea of bonded ripra p on t he t a i l race sl o pes w ou� serve to 

prevent und ermini ng at the lower edge . 

( d )  Fl ow 1 , 000 , 000 second-feet . Continued und ermini ng of 

the bonded ri pr11.p sections was not ed ( pla tes 19 D and 20 D ) . 

The eros ion became more severe but di d not reacb proportions 

comparable w ith tho s e  of test 1 and 2 ,  ( pl ate 18 ) .  Some sand 

was depos i t ed on th e tai lrace  slopes immed ia tely downstream 

from t he spi llway end of both powerhous es ( pla tes 1 9  D and 

20 D ) . The ri prap on the banks of t he r1 ver at t he en ds  o f  

the hi ghway bri dge was not washed away . Th1Jt n�a r ri er 1 

sett led sl i ghtly but was not overtopped ( pl ate 21 D ) . Neer 

pi er 4 a nd t h e  ap proach considerabl e settl t n g  v.as not ed .  

The ri pra p settled below t he water s urfa c e ,  sand was washed 

away and the footi ng exp osed . Tb a top of th e rectangu lar base 

on pi er 3 was al so exposed. 

J . E .  Warnock 

J.  W . Ball 
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PLATE l 

LOOKING UPSTREAM. 

LOOKI NG DOV/NSTREAM . 

INITIAL RIVER BED FOR TEST l .  
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LOOKING UPSTREAM , 

LOOKIIiG DOWIIISTREAil. 

TEST 1 

RIVER BED .AFTER A FLOW OF 750 , 000 SECOND-FEET . 

PLATE 2 



PLATE 3 

LOOKING UPSTREAM . 

LOOKING DOVINSTREAM . 

TEST l 

RIVER BED AFTER A FLOW OF 1 . 000 . 000 SECOND-FEET . 



PLATE 4 

BEFORE TJ!:::;•.r . 

AFTER DISCHARGE OF 500 ,000 SECOND-FEET . 

AFTER DISCHARGE OF 750 , 000 SECOND-FEET . 

AFTER DU!CHARGE OF 1 , 000 ,000 SECOND-FEET . 

TEST 1 

EROSION AT LEFT TAILRAC E ,  



BEFORE TEST . 

AFTER DISCHARGE OF 500 , 000 SECOND-FEET . 

AFTER DISCHARGE OF 750, 000 SECOND-FEET . 

AFTER DISCHARGE OF l , 000 , 000 SECOND-FEET . 

TEST l 

EROSIO AT RIGHT TAILRACE, 



PLATE 6 

BEFORE TEST. 

AFTER D ISCHARGE OF 500 , 000 SECOND-FEET . 

AFTER DISCHARGE OF 750 , 000 SECOND-FEET . 

AFTER DISCHARGE OF l,000 , 000 SECOND-FEE'!' . 

LOOKING UPSTRE.AU . 

TEST l 

EFFECT OF FLOW ON R IVffl BANKS NEAR HIGHWAY BRIDGE PIERS 2 



IJI SCHARGE OF 250 , 000 SECOND-FliliT . 

DISCHARGE OF 1, 000 , 000 SECOND-FEE'!' . 

TEST l 

FLOW CONDITIONS IN RIVER - LOOKING UPSTREA1i . 



PLATE 8 

LOOKING UPSTREAM . 

LOOKING JJOV/NSTREA!.i . 

INITIAL RIVER BED FOR TEST 2 .  



LOOKING UPSTREAM , 

LOOKING DOWNSTREAM . 

•1• 1!:::i ·r � 

RIVER BED AFTER A FLOW OF 500 , 000 SECOND-FEET . 



C.-LA'.J.'.1!, .lU 

LOOKil'G UPSTREAM. 

LOOKING DOV/NSTREJ\M . 

TEST 2 . 
RIVER BED .AFTER A FLOW OF 760 ,000 SECOND-FEET . 



.!'.LATE 11 

LOOKING UPSTREAM • 

.. 
LOOKING DOWIBTREAM . 

TEST 2 
RIVER BED AFTE:R A FLITT/ CF 1 ;ooG • OGG SEC OND-FEET • 



PLATE 1.2 

RRFORE TEST 

AFTER A DISCHARGE OF 500 , 000 SECOND-FEET . 

AFTER DISCHARGE OF 750 ,000 SEC OND-FEET • 

.AFT:ER A. DISCHARGE OF l. , OOO , OOO SECOND-FEET . 

TEST 2 

EROS I ON AT LEFT TAILRAC E .  



PLATE 1� 

BEFORE TEST . 

il�rER DISC HARGE OF 500 , 000 SEC OND-FEET . 

AFTER DISCHARGE OF 750 . 000 SECOND-FEET . 

AFTER DISCH..RGE OF 1 , 000 ,000 SECOND-FEET . 

TEST 2 

EROS ION AT R IGHT TAILRACE.  



BEFORE TEST . 

AFTER DISCHARGE OF 500 , 000 SECOND-FEET 

AFTER A DI SCHARGE OF 750 ,000 SECOND:fFEET 

AFTER DISCHARGE OF 1 ,000 , 000 SEC OND-FEET , 

LOOKING lJPSTRgAi,l 

TEST 2 
EFFECT OF FLOW ON RIVER BANKS NEAR HIGHWAY BRIDGE PI ERS 2 & 3 .  



H, 

.& 1/. l y Tli I\/ 
I.J 11 , J , 1 1..l...1_  J I I j ___ __, 

,oo .5o o /oo 200 �oo 4oo 

.5Ct"'fL.E IN F£l:i f",('".,,} rOrYPE 

1Vait<. : 
('9// ,'/'71b'/, S/017:i qr"" 
/,,1 :1'• t ,Pn>f-ot"y,P 





.l 

J!. (J<] 

3T,f ONS 

· I  
--. -- -l 

57:1T/6:tl 8 6-rOC-

,_......... -+­... 
�� 



- ·�--··-_J -�- --------

--, .. .. J _ _ ---�-I -·-· -- · ·  

I ·  
I I �- ' ;7)00 /tJ10C /_g t<c,, �,.,,!" .. 

I 

I 
I 

_c_•j _ _  I 
I 

eJ QO 

S7A"':.'0,i-

, 

.._::.,J 

I s.-,.- ;,. ; AL 

�. � ;  .! .. ,., ; ·i S.L .. .. , - - r.:. r-;-

zr (}() 
O L>A. J.I 

!::!;C;!:!..:;._-.l---__:-'-'---L--------------------�----------------�-------- ---------- ---- ---

FEET /"fi'OTOT /"£ 

I 

L - - - -
I 

--.....-_ 

. ,  

_J 
I 

/. , / ,t 

I f __ .. -r 
I 

I 

I .I 

57:.c /-_, :1 ,; 

l , . i 
I 

30 :JO 

··., ,. 

/ ·, 
,/ / y / .  



_________ .., 

_:� D"" 

,-4 a., vG .-I ,.� :.),r 

' ·-J, . 
-, -.. a 

.!.'?,c:: 





t 

S :TL.:&'S ·1--!,•.;;- I -
ET1 - _ 

� F D.4.o--: 11/.- FEE T 

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

i r- -;-... : 1. t t. ..; -

L ,-Jt ,e:u 

r-�-- ! , _ ,•;::-





:i::'.:: 
., . .. . 

-· · 
-j· 
, ... 

�: 

.. 
I-

.. .... r-+ ....... 

... � .... ·t-+-+-+-+-�- .... -·--t-+-+ , ... 
n--r ,.;; ,- h+H-• 

!· . . +--+-+++ 

..J. 

I 
•-+-t-++ 

:�: t:t-rr.: ··:·:t ..... �.,..........·: .. 
� �-4+ ++· ........... ,... 

-'-'-'-· 4 

+:I+!+� :-:-:--:;:.;.;� -:-: : : R=i=H° :t-1++---Hti -:-: :�� ·.· : :_ .: . t"" 
:;:!: 14 ;.."1· -:-· t 

tm:t�-'++-: ,..· ·H:_ , ;.;.;.) � : : : l+Ri" ++; � ""!,; tii;,;..· t· � ++>++:2'-f,.::;::;. -:: · · .f. •. :a ca � -� � ao .. � . :.," . . . . . .. mm·. . . . .£ffl . . . . . - - . . . . . t•m1· !:ij- li2:ffi -.dtt-· ·· · · ··-· · · ... . ,.... . . • . . .  ··-. , .  
..;: : i:..: 

!TT �-. �: i: : : : : · F · · : . : ... · · : · � · : · : : ·_; : ; : : : : : · ..j..'. : : : :;..:.; .. : : t:; : : . . . _ ._ ...::: • • � .. . 

, ·_ ...,.....:++-,-

.. -···-

-'-�� 
7.szr.a.01, 

a,ozr,,cro 

-� 

.. ++ 

ell"" z:t • ., 

. -
t: - ;-:-

' 

If ."k Cc • 3/ v� 

.,SJ; [T/ONS , ,LQN(!i ,-,J/S er l;J. ,r,rr ,,,,,.. 'I F££ r p,•c T"• rJ."c 
.. ....  ·- f_j, . 

,_ 

-,....,- ,- ,. .• -HI+· +  P -4++ 

,. ; 

+ 

=::: �<Z?;¥.4 �,,s, i;}i >-T+--d ir · . . . . . . . .  ?;. . . 
'-h�H-.-+--•�+-,-++,-;-,.+......,-+H-+-'+··-4-/-+ ...1..,-..-+tfj-,-� 

,-

-
.... .,.. ;-- - .. 

.... :: .... ;1 .. 

. - .. --
I 
- r 

t 
... 

"t"+.�""7" ...... ·-:--++. � 
-+. 

+ H-
+ ...... 

+� 
- .-t .. .. ..... ;--....... - - � 

,-- ... 
... ,_, � 

-'-' . ___, 
+ 
..... ..,:.... .. 

� ..... + ·�· . 

r, AA 

-++ rl + -r-
.. 

:· · ·?#ffl· · . §r: . . +---- .... : . .,.. ....... 1 ..... 
" .I,.  • • •  .....+-.i.-i.... 

L)E, •,Mr,1i,r,y; o,r nu- , rvTTRTUA : -� .::::: 
� OR.EAU ( F B,£1::.£.:1',,YAT.F.4.N: ·- .. � :1:i:: 

COLVA'fi:. ',f .BAS/iJ, r"i'OJ£"C'J - �.i.l, Q l'.il:fN. .  : >--

"';ri' ,AA/I� ,
+

JI/ f:F . A 'AA'. : . 
RYlJIUJ, '.rJc MOLia-, S7lUJL "S' _ ••. ·. 14 . 

I
, Tl'ST J- Rl'VE"/i /l'fe,DE'l - Si; "££ I T < /.?.a 
SC r UR 5£C TIO/v5 .5TATklNS-z:;.-;_� "---�� ,-
i - , �i ... .,.,,---

. / T.i' �a.:, RE, a-h'-u E;v. >E.o iH: �� I tll:�1 t F 
1'' ,,1,. C�E.0 AA'.o,'i'OV,/D ,_ :

1: 

! :; r t- • 

p?Z·I J-.liJS -/t'f�;;/�£ /NS,GtL.a. e.-Z-/�� .t 



.t'.LA'l' E 15 

LOOKING UPS TRE,\11! . 

LOOK I !!G DO '//l!S TREAAI • 

INITIAL RIVER BED FOR TEST 3 .  



PLATE 16 

' LOOKING Ul?STREAM. 

LOOJCING DOWBSTREDL . 

TEST 3 - RIVER BED AFTER A FLOW OF 500 ,000 SECOND-FEET . 



PLATE 17 

LOOKING UPSTREAM , 

LOOXING DOWNSTRE£14, 

TEST 3 - RIVER BED AFTER A FLOW OF 750 , 000 SECOND-FENr . 



PLATE 18 

_, 

LOOl'.ING UPS'!REAM, 

TEST 3 - RIVER BED AFTER A FLOW OF 1 , 000, 000 SECOND-FEET , 



PLATE 19 

BBrOU 'HST . 

AnlR l>IIO 

01 ,10 .ooo sm�rm. 

TEST 3 - EROSION AT LEFT TAilRACE. 



PLATE 20 

BEFORE TEST . 

UTKllDISO & OF 600 , 000 SJ:C O 1>-FEE'l'. 

AFTER DISCHARGE OF 750 ,000 SECOND-FEET . 

AFTER DISCHARGE OF 1,000 ,ooo _ SlOOOND-FEET . 

TEST 3 - EROSION AT RIGHT TAILIUCE, 



"' 

.. 

.. 

BEFORE TEST , 

�-

AFTER DISCHARGE OF 500 , 000 SECOND-FEET . 

A.FTER DISCHARGE OF 750 ,000 SECOND-FEET . 

. . . . ...... : . -- -- ,:., : ,(· > /j,;,, . ·"x--· 

AFTER DI S::�.ARGE OF 1 ,000 , 000 SECOND-FEET. 

TEST 3 - LOOKING UPSTREAM - EROSION IN VIC INITY OF BRIDGE PIER S .  

PLATE 21 


	^^^^^^004
	^^^^^^001
	^^^^^^002
	^^^^^^003



