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~.!ORZ/,1D~! .T0 CH E i 

Subjoct: Limits 0"1 
Gramd Co~ 

~, in which you rofoz, rocl to 2or~'ii~of-tho,'bo~d Of !~ 
consulting onginoors of. April,6,/l-9~6,,tho!no,/of of tho .ult~u~o ,IL " 
dovolopmont of t r io Grand CoulooDsmvm 

@ 
"Iron 8 - - L i m i t s  of~Ripr~p~ion/Ri~or: B.4Z~ks,;.boloT~JT~.~lr.~6s~.~! 

I n  our  s t u d y  o f .~ th is  itc.~., ,v~ ~vo~!~ Iookod~.o~or , .  i'~' such '~,',,%~',- .~.~ ~.~.~ 
dot~il as t~ 
Collins ,.:no(h 
l~o havo ~ isc 
tion of tho 
ospo'oi~'lly c 
tho moro roe 
c ond ~t ion ~,s 

In: %ho liGht of thc~rosults 
.and ~.in tho ox6rciso ~ 0f. our -~ b~cst .j 

@ 

tailr~co ripr~p. " • ..... ;!i- " " '-~ ........ 

high~y bridgo piers on~%ho oas% sido of: tho rivor, and: os- 
poci~lly ~s a s~focu~rd. ~cainst omy ~ cuttin~ ~i~h night on- 



, 

d a n g e r  p i 6 r  N o .  i , . ~ ' : o  r0oo~moz~l  t h e  w r 6 s o n t : p l a c i n ~ .  o n  t h e  
east ba=2~, of:riprap 0f~ho 
samo limitsof olovation, ~h , 
tanoo of .100 f c 0 t  ~ o ~ h ~ - u p s ~ r o a m  a ~ l  d o ~ m s t f o a r a , '  

to tlmt with :v~ich 
of such iong'th!as 
a distanco/o£ some 

s e r v e  t o ' . ~ u d i c a t O  .r :'•: ~, . : 

i@ 

tests zmy indicat0:~to be ~noodful..~ ~. ,:-~ ,i.! . -/t,~:~ ~, i , :~i:: ~ -i • 

that,~s, Tith :the lo~go amount ~'~ich~/has d6volopod :as 
necessary intho cast .obff . 
other excavations yot%~o~/~ 
abundance of rock ~ ~ 
which it appo~s pr 
the contractor at a 

3.. The ~modol 
Coulee Dmuto a scale ra 
structod t o :as si st i: 
too of ~o dam, but 
study o f the -divcrsi 
cofferdam area. In 
bed dowastr0.~.~ from '~ 
up to Olavation 1075. n!~ 
strutted O£ sheet metal, ~':o 
topography (plates landS) 
of which 100 percent passed 
replaced at .~hc bog!.nning o 
graph ~Mtich was especially 
for that purpose.. The ~riprap, v~en:usod, v~sa ~rd: crush~di'shale, - 
screened and mixed ~0 co~for= c.s noariy as p0ssibl'o itb~ho, r6cksizo- 

• ~].' 

specified ~n a letter i?on Cons%ruction E~inoor B~uks to'.t~C Chief ' 
Engineer, dated 0ctobor i~, 1935, ~'~ich says: . . . . .  ~: 

"In response to the request in your lottor of '~ 
September 20 on tho abo~o ~ubjoot, V~ ~dld advise' ..... ~ ~ • 
tb~qt the cradation'in size of the riprap actua~lybcir ~ 
used for the pzotoc~ion of ~hodo~'~strcan sid0 of the • 
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tailrace from the %rest p~orhouso, is os~Lmatod as 

0 

exeavutod from lthc floor of %Im~wost four~ation.:i:Tho: 
rock from the WoBt i abu i 
izos, possibly beca~ 

falliug from the :stoop 

Dust :zto 
I,, t6 1 
l:'cuA:~a. 

• _ 8% 

The riprap material u~od.."~u 
pounds per -cubic ~foot, with 
concrete slab v~s :-p1acoa'~i~: 

foot  o m  r0 ,:to r:epr  

the tim0 of its oomplction~~ 
Denver office, i.lu~Hoso prolim i 
on the slopes of:the tailracos.~ 
over the spillv~ay~horo was no.:m 
bc_uks other tham~ s!ight::sott~i 
shore. As the :flow r~s incro.~sO 
eddy developed n~caeh tamlraco~ 
produced by the ihigh-voioclitywm 
spillway training v~lls,, :T~o oddios -" - 
erosion of the ~ailrio6.1,si0p~s/~at "or ~ 
could ~o pa~t!y o!inimatod~.,by.0pSra~i ~ . 
hou~o~, but, s imoo, t~is ~i~s ~no~ i pra'C%ic - 
feasible ~sOlutiom,. : '  ' - .... : ~'-, " 

.5.. ~.i~ 
topography ,of 
(plato !)'.'. The 
t h i c k  a t  thO:b~  
house roo.   y. 
of the .Board. 
dow~stromn I imi 
on the I~:120 Gr 

I~ -chargo ,olat~om 
in discharge.:. :The Ea~os wet9 ..0porat0d ~o.::~.intain:an.~.app~ox~:&'o ' 
ros.or~oir ~olova,tlon :o f. I~88, . The tcihva~.~r 616ration, .obs0~od :'. 
iz~odia~oly upstroam~ifrom th0 hi~)n',ay bri~o, ~'~is ' rOgulatod ac0ording 

k 

"?:, 

.2; 
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noti 
°xpo 
riGh 
(fic 

tho 
att~ 

but 
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to t ho ra~ing .curvo .!on figurc .~, which vn~s :a.!so usod for/prcvioU~ ,.~ 

tosts on this :s~ano .mo~ol...- 
of 250,00 :. i ;~ with disolnrgos ' " ' 0; 

foot. Tho: f011ow~ng.'t/bl0'. 
the rivor :hod v~s' not :di's%l 

..... .I!odol-.% ~a.~ .............................................................................. 
Dis oh"-~go ::: '.%o ' ~ ~%~ll~ 

: ,m  . e  • " ' " 

Soc, Ft. ,. , .  D~so~rg, 

250,'000 '.: "~0 

500,000 ~: O. 

TSO, 000 _'" 0 

I, 000,000 :: ,I 

T~ 

tho 
foot 
Brio 

sovorc :and i~coz~ ~dorablo •,or os~on p oour~.od ~ton~ :tho : r ~ o r  -b~s, . • .  p~r 
ticularly,~thoro ~hoy.~'mrc ..s~oop ..(..piatoi:2),~i i~'Tho ciont.lnui~y .Of i~ho ~ 

along .~ho' ,b~lC ~doposi~Od"-~,ory f ~ o  s and..,.on :~ho ~ slopo o i n  rr.on~7ox 
tho ~poworh0us0s i(pla.~0s".~c mzd 5c)i, A portion of ~o ripraPa~ 
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of tho tailracO slopos-v~s disturbod:.~nddopositodi: ...... 
thoi~z~odiatolyfOOt d~Tnstro~u from the ,lip O~f!~l~c ~.buckbti' (plato." a)J;: t -  ..... 

Erosion ~.t tho bridgo(incroasod oxpo f:top;,o ~ .... 
footir~. Of pior.~ 5i:(pl~ 6C)",; ~ Tho. longtk]Oi~tiloli~'~r~ <~;~s),~(~6urs 

(d). Flow- 1,000, ~s~au, ~ ................. , ~ 000 •sooomd~, foot. ~::-Vor~,i.sovoro ~.gr¢ . ,[,:: 
oc currod f o r '  : t h i ' s ;  ' d i s  ol~,r~-o ..i i , ,Thc~r,~ " " , . . . . . . . .  : d i s  cl,,~,r g °', :vm~'). %Or-":!/'~i :i,:i 

. . . .  i~n.h.;hr p'.o,r ~.;d ,.~: ab: m- cmoie/o f 'it]iO !:~;b'6 d!?,~ gr ial,;~ i , ~O. :S OVC 

oxoo.nt t.~.t oausb~ibx, vmvo aCt.io~ . . . . . . . .  
Thc t a i l r r . c o  : S l O p o s . i ~ r o r o : ? s C r i 6 u S i Y  ~ ~-i o r o d o ~ ,  and . , , . l a rg  . o r o d ~ d ~ i  ' " "~-  ' - ". "6';~,.~[io's~:o:f::ScLud ~.'z:. . 
w o r o  d o p o s i t o d  in~ f r 6 n t " . o f ,  e l~o  povro~'hO~.a'os~(1)(Piatols':~,..:~di~!SD)i~;~): • ~::]:(} 
but no ~sand ~S ,dopos~tod .~:%hd::Ldraffbii,~b, b,.~r;.:~iEb0si0= ' 0~:i, rivor'/:' :./:. 

7. Tho.thic!~oss ~ Of .tai]~acc, _..:: _ .:: _.,, %.z~ ~ '  " ~'acC0rding'.e6:i~l~o ~>::_:;.. ra co .rzpr ap 
nronont aosign ..... ~s insufficiont:'.for ii~-.~zX ,< 
;ocond foot., tTo"proeoct tho/rivor, b:~i ,di'~toiy:bolow,i:.th021 ~ '~I ''; ~ ~i: '; 

~OO0 r ~ p p i n c  of thc.lrivor bm"~.* b0Linc! .:i!?~Oa~'~y:-bri, dg0.:.p,i~r:::ii~;'.~s,:.. ~ s-.: :' .,; :: 
s~ry for thc pr otoctiOn.of ~,p~or/:l;-::: !z~tor : car oful"stu~y:gf;,tho ~, :,,.. ,..- " 
rosults OBt~inocl fro~:%o~t ' ~"i'il p~rotiC'tii~riy :i'~°:~O(:i~:£°~-??~i{O.r~'~i::':i-i): ;:!/ ' ' ' " 

C ri~rapping of/~both ;.tv;ilraoos:, (f~curo:.3)ilv~s ,X~o~&oa':.t'o:tho.: Ohm:.:;: :: .,,- 
:thic!:noss.; 0:f"i:. 

~'m~s ~od bo' 
a l~..~it of 
this thic!.~ 
ond of..tho 
thc 5:! slo 
in shapo ro 
~butmont on 
p o,,Torhuus o ~ .. 
it from tho 
highv~y :br.i .... - 

• ,, , .- " , : ,t~. ........ "~ ' .';-" ~-';."' i~ tlIO~"~OCIOA '~ t a ~ l  of ,  o ~ c r  2 . . : 2 " / h o n  ,~hc~o  o h a ~ , o ~ , ~ r o r c  . . . : . . . . . . ~ , . . .  
( • I. o .  ) , o t  8 ,~ho .soJ~o~p r o o o d u r o  . . . . . . . . . . . . .  ~ s , , f o l l o ~ (  . ..... ..,,- 
"P.7 ~ Z _~ o ~'~~"~ ~,.~.~".~1(0 riora~ v~s st:ilY: i~,.sufficiont; to'. 

- ; r i t h s t e m 6  ,.ti~. v ~ V o  !a6eiOn- .  at :ehohigh.qr.:, d i s  o ! ~ r g o s ,  (: '. B 0 t ~ o r :  p.0.nd~.W.::} .- 
tioRs'.wor0 .prcv6.1d:ft, :howovor, :for 4.1sch0.rsos! up to ~nd~.!::!nclud~nS •!• 
~-=0 OO0 Socond'f6;6,~)::(~c tos. -9 Go ~,~iinci. ,"~I figur:oS "i5":%o : 20, :: 
12 ~ . - . , ',, ~ ~:.?,,r--.- ., "-. '.. ' . . . .  . • ;" ": ,. .... . , 

incl., ).. It' ' is: b'~l~vod ~l~.t • c:d ¢liti onc:l .thic!mao s s. along ..:th 0 ,,uppor ,. 
ILmits of ~ hc~taiiraco slopc:::'a~4 ~ho. ox~onsion: .of tho riurap"to,a 
point foxthor .dOwns~roa~.r~uld o.~d ~n :roszst~ng th~s oros•~on, but 
would not oomplotoly ol~:.~uo.to it. "Tlt0;?thrco • foot of rock;'"On[ tho 
right baruk hoar pior ~ is suffioi.;nt protootion for, disoho~rgos up 

, ~i; '~ - 

5 
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t6 750,000 sdcond • 
1,000,000 sooond-f~ 
piers (plato 14). 
usi:~s a complete s, 
ond piors v;cro no% 
2 thus pro 

tions ~ " 
at the hi~;: 
suGGestion 

(ai 
thi c!mo s s 
oxt o.nc!ing 
excavated 

-': . i I 

C; 

(b) 
raco slopc 
tion~ 975 
the ct~vo 
stream on~ 
placod sho~. ~ ....... - ..................... 
_~nak-o it nero rcs~istant 

(c) : Place ripra~ noon on 

east river bm~'. bo'~'m¢ 
~.-~t ely 500fo 
tailr~.oc slop 
necessary to 

ro.co slopes,: 
975 ~I I050, 
cur~o oonno o~ 

of t he fattox 

; e n d i n g  . a p p r  o x z -  ,.,~ 

,;(.~ 

@ 

tromo lin, its of the o!or:baso. "~,.- :! '~.  : ::~ - -  :Jr~ 

9. ~II the fOaturos in:~arasr'_ , : : F  -. . 
corporatod in the z ~ d 6 1 " a t " : ' t l l c  nrcsont tL.~c including a:OOmplotoi:, , ,:~ 

sot of bridge piers. The rosul%s vrill be fOb:tarriedtO you before ,~ 

the conclusion of the mooting o f the Board. , - " : : ~  " ...~:~ 

6 
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Branch of Design and Construction 
Engineering and Geological Control 
and Research Division 

Denver,~Colorado 
A~gust 12,, ,1936 

DNITED $ TATES = 

DEI=A/-~T~NT OF THE INTERIOR 
BUREAU OF RECLA/v~TION "~' 

Laboratory Report No.'~ 10 ~ 
Hydraulic Labo~atoryl ~ 

~. W, B a l l  j 
Re'viewed bY: ' ~..Eo _ W a r m o ~  ~ 

.? 

Subject: Limits o f  rlprap on river banks below t811raeem of Grand 
C o u . l e e D a m  - C o l u m b i a  B a s i n  ~ ~'~' ~ . . . .  
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,I~MOP&NDUM TO CHIEF DESIGNING~::~qOII~'~R 

:-: Subject: Limits of riprap:on~:ir~ 
r~ces of Grand l CO,lee... 
• .'Pro J e u t  • ~,:!~.%.:..,~ : •  

under paragraph S in our memora 
1936, has Just been c~mpie%e'd~:~a 
is presented herewith as a • sup~. 
report contained in thati:~memo: 
to that taken:for previ6Us test 
does not permit its entlre~:~ 
you before the end of the b0a~d 
short discussion, withpictures 
this time.- Cross-seetionB::~0fi th 

- able in the near future :and :Tf 
each member of the.board. 

2. The features, exc 

reques~ec 

• out line d in paragraph 8 ! o ~:/ouri :memo~~da~:~ 
August i0, 1936 were i:foli:~edi:iexpl!~ti~(~ 
:: In parts (b) and (d);,the•~lllekeaes:i!:O~,ri~rap~ 
the points of Curvature/Of the'3: i/'~slope~:~::i 
300 feet upstream w a s  :~e variabie:ii~s:t~ii:6~ 

-,:~and 20 A.- As this differenc6:~e~d'!/:with~n:~s 

,,on the results, F ~ , , ~ . . h e r m g r e  , ~ : i f  b O ~ i : ; ' l ~ i : ~ s : E  
< . the lO-foot thickneSS o f r i p r a p  Wili~:~i :be:V~ 

, ~: .  ~ , . .  _ 

-_ (a )  Flow 250,~()00 s e < ; o ~ - f e e t .  ~ ~: : ~;:~ :~:'NO movem~:/ ~:~ ::: ~ 
o f  m t e r t a l  was  n o t e d  o t h e r  t h a n  t h e .  ~ t s ~  ! : ~  

:~ of the river bed ~ust dow~tream from , '~he:!.b~¢~ 

. , -  . 

~.: C o r x " e  8 

' j , .  , :  . : . p , - ;  

2 . 2 "  : < i :  5 : • - " . . . .  : c  :.:i ,  

~ 

. :/: . :  i. . &f::< 

19 

i i:: :i::: : :  .....   iii:'i 

• .2 '" j ;  : 

• , :¢ 

. - , " .  , .  . .  
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, .  • . ' , . : .  . . . . . .  , , '  . . . ,. , ~ .  ;. .  , ,  : _  ~,. :?.' ~; :~ , : / ;~ ;~ , " . . , .  ",,;:..,~.,,, 

~:  

, ,, . . . . .  : ::./.,~., ~ , ,. ,: • 

(b) Flow ....... ~" :~':' .... ' '"::: ..... : :"::~""":":':~":~ " 500,000 :second-feet. ,:.The ~,:eroslon'.,,~ ~::>i.: 
immediately downstream ,from.":the:::,bUCKO~ Wa~:klnc~eas~ 

-Some erosion due to th'e ~ve:.aetlonvwas :noted •. on~"-: 

both banks and Immsdia't,"~l~..:,~ '~ '~dOwinstrO~m, ''~: '~:'"" ":: : ..... .f~om' ~- ....... ~the.:."" ....... 4": 

e ct i on~ ~: •bonded - r i ~  ":(:~es 1i6 ;: : Ig ,  L'B ::anai::S6: i 

i and 2, [plate 16).,:: " '::"::~'":: : ';":':-:: '"'~'~"::~:':': .... :~:: ': ., ..:. .. ,.,:. ~::, ":':".-":'" :: ~.:.. -: 

the rlp~p alo~ • the,.loWe~_'~l~'ts.,:of.i:the:, 8~:l-.:ex~-a, 
~i:~ :::i.! " . tailrace slopes was-dlstum~ed.'~im~'oh'.:~•~t.:{~he:i:l 

,e ~t ~ on~ ~e~e •-~-~i=~a::(..~,~:e"s~:l~: C :~:~?::~o"i = 
!!!:::::'!::~.~ :" :":otherwise the. oohdi~:i~.:.al'O~!.!:~he::;.tail~a~L:~ 

::.~:.~. . .... which was ,:pzobably:d~ie :~o:'%he".stee~ : slo~:~:/!Ws 
,! - and the w e  ~- .near pler. 4 ....... st "' a~proach ii~o ...the:.Tb~id 

-~:~I 8).. ~rbension .of.:the erea"of Sd 

<::.~:. ,the -~o~er ~d~e, " ~ : :  ~':b::-. :ii:::: :-, : 

' "-' (d) Flow 1 , . O 0 0 ~ 0 0 0 s e ¢ o n d . - f e e t o . : i ~ : d ~  
:... - ;:mining o~ the bonded ripzo~ .So@tiO~s:~s.::::~ote 

if!" : i.... : .... :i.l~ D and ~-0.0) ,  Whe . e ~ o ~ i o n . i b e ~ ' ~ m o ~ i . : ~ e v ~  

J" 

~est 1 and.. ~,"..(.~late.. 
::.~he teilzae e:: slo~es,..~ 

~:h i~y ,10r i~Lge , :was  not ~ o h e d l a w o y ,  ",TZ 

.~le~4 and:'the :.a~pmoach c0ns 
• :noted. TheTi~map. settled-~::below.%he wa4 
-~,an~ was ~shed~.~y"~and~:.the :~oo~ ~ e~ 

- - ::::::.~:-.~i:.: i.'.:....~::.: ~ 

> . . , ' :  . . . . . _ , ~ < ' . : /  

river;, 
. . . .  

slopes 

, ~ :" : :  - . .  , 

' ; '  :, " I i .  : ': "].L!*;,'; ,~ "] ~'. :i'' ? ; ~ !  ~ ": ":~' ;:i L. .: :~ 

, I  ! -  

p ~ 

r • • 

T . ' A : : '  :~ '~ , ~ ;  , ' , " . ~  I: . " 

' ' -  " '  . [ " i - " : ,  

"~ > "  % ' "  

- " " Y "  

" "  . . "  

:iJ::~i:,:i~ ~ : i : : . ,  

i !Li: i i: .... : 

~ , • ~ ,  . . . .  .4. ~ . ,  ' :  . , ' . ~ .  . . •  . .  • • , , : .  • ' . . . . .  

~ , ~ ; ~ , ~ : ~ ' L , : " ~ ' ~ . ? . :  -~ . . . . . . . .  '~.~,? ~ ~ ~' ' v . . ; : ~ ~ . :  " . : . . ~ ' ~ . ,  , , • "~ ~ , . . ~ , : ; ~ . L  ~ - - ~ - •  ~, • , < " ,  . .~. , ~: : ' , ,  • / . '~  

• . - r  , . :  . - . • , . . ,  

*'. ~ 'L ,  , , , / "  . 

" - c  

• . - . . .  . 

" d  : ' : '  

, . :  : : .  • ,  : 
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