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T •• l'L'~~r~ ;>I.Y Al:~ fAR TOo I :.1:1 ..... o.J 13 ~une 1968 
..... TP - ... c,.,, • 
t>~..~v .. .L . l1cdel Stndy of Ripra.p P ... ·o~0ct ion for Subi:npound.ment Da."TiS, 

Rend Lake Reservoir 

Dis".:rict EugLneer 
:.J . S. J: .. :n:~- En~i neer District, St. Lou.is 

~ 

90t Olive Street 
s~. :Louis' 1¥-:issouri 63101 

1 ii'l.. • - • l .;:. . 1 11 " .. . 'J.!l:!.s LC-c"vc:::· 1s "t ... ~ J.l.no. rc:po1·r. of ~r.o\.lel tests of the Bic; ltlud.dy 
Gub::.r.~pouLldme n-_; Dam, R~Jnd Lake Re sc1·voir, conducted at t.he \•/aterways 
Ex.p::;::·im~llt Sl-;. c . .;.c~: dur~Lng March m:d A:9ri1, 1968. The -purpose of these 
t~.;;"'cs \·.r::ls to J.·,:.v.:.dc c~ta needed -cc p:a.:.. ::-econst~uction of the "Big 
• . - II " "C = l II b. ~ t - A t d . . ~.u.o.uy o.t:u ...... c2: y .r or\. su l.m}JOuna.r.l=n uams . s req_ues e 1r.~. your 
l~tt.er of autl:.Jl·ization (Subject: Rend Lake Reservoir, Illinois -
R::.:"':."3.~J Protection, Subimpoundment DamJ ::.iodel Study) do.ted 21 February 
1s;68. "vests \vere conducted to determine the size riurau needed to in3u.re . ~ . 
.:.t:.-'.:ility of the crown and downstream s2.ope of the "Big Muddy" and 
11

CUS\.:!j' Fork" overflow embankments at the nost severe flow cond.i-cions 
n '1-- .: c ~ ,, .- . e d 
""""L V- -~C..V • 

2. A 25 ft section of the overflow por~ion of the dam was installeC in 
a~ exis-ci~g 2 . 5- fl- - wide flume at a scale of 1:10 . The model reproduced 
a 10-~~-tig~ J~ction of the original drun shape, having upstream a~d ~Oivn
s-c~ea~ 1 : 3 slopes , a 13 . 58-ft - wide crest at elev . 412 with a 3 - 5 :t deep 
1-.rc.terstop at the crest centerline (Incl 1) . The thickness of ri:9rap vras 
1 l/~ times the naximum stone diameter for all tests . 

3. A ~otal of six riprap gradations were used during the model tesv 
pl"CG~ar.. . Gradations #1, :/t2 and #3 simulated, within model accure.cy, the 
criginal design 12, 16 and 20 inch rip~ap, respect-ively, whereas, 
t.-~~daticns =i/4, )¥5 ar:d //6 simulated progress i vely larger stone ( Incl 2 
a~~ 3) . R~prap gradation #2 was used on the upstream slope and grada~io~ 
#: on t~e upstream side of the crown of the embankment as shown ~n Inc1 : . 
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J.) ,JU!"tG 1968 
hoacl Study of Ri n_ r.:~.p P:r·ctec tion for c.•ub" ~n'"ur ~ ..... r.. ... d· ~"' .. ,~ .... U ........ l....-JV .u..i .• - ·- v .!.JC!.__u...,) 

Rend L:.1kc Reservo:Lr 

:oJ.i. t.h th:. ::; st. cue protection the up~:; tr~ D~n clde of the emban1 ... ~r.c nt rcr:-ta;. rv.;d 
stE~ble uuring all tests . Gradation::: //1, fP~) //') i..lnd 1/-6 -vrr:;rc tectr.::CJ. on 
t.he dot.·rn::::tl'0 am slope and the do,·m~tre '='m GldL: of the erect at unit di !.i
chD.rg-=~ rc.nclnt!; f1·om 6.2 cfs/ft (15)000 cfs) up to 18 .0 cfs/ft (43,000 cf::::) . 
Du~:.ns tests with each discha.:cc;c the tailwater was varied from several feet 
ab~.1ve ·l, c seve::.~.:~.l feet be low nor.t:al t o.il':ro.ter . With nonnal t o.ilwatcr, free 
:2lu•,; condit.ions exicted at all di.3charces . The headpool versus discha.re;e 
:.·l'~~nt:onship for fr.::e flow over the embankment is givGn on Incl !~. 

1:. . T\:'l~:.tl failu r e occurred on the <.lownstrel.l.m slope wl'Lh c;t·uuation //1 us 
\.;as ~:,.)~ri~nccd. in the prototype . Whi lc mo.into.ininc; a con::;to.nt unit 
discharGe of 12 . 3 cfs/ft (30)000 c.f::;) the tailv1atcr wno lo.·rc:red from a 
~•ubme .• :~ ... ~J. condition through the elevation a.t vrhich initial stone ;novc -
ment occurred (elev . 413.0), then to normal tailvTa.tcr (elev . 410 .8), a~!d 
final ly do~m to total failure (elev . 410 .4), where a mass movement of s~one 
o:: th.e dmmstream slope left the core exposed . Total failure 0:' g:rada~:.on 
#1 (.nax. stor:.e 170#) at other unit discharges also occur;.~ed very near tt.e 
nor~al tailwater (~ncl 5). Initial stone movement for various discharges 
is incicated on each tailwater versus unit discharge plot . The plo~3 
we~e n. 1.1.1e using unit discha:."'ge so that results could be readily correlated 
•·.tit.n design conditions at either of the two subimpoundment dams . 

5. Gradation /#+ (me..._~· stone 400#) under exposure to identical test cor1cliticns 
\iC-5. more stable than gradation #l but total failure did occur with tailvrater 
lo·.v-ered only about 1. 5 ft below normal tailwater ( I ncl 6) . Total failure 
of cra<ic.tion #"5 (max. stone 780/f) was not obtained until the taihv-ater 1-:as 
lo;\rc:..~ed 4 ft below normal for a 18 cfs/ft unit discharge. For lesser ·-1~it 
d~scha~ses considerable sto~e movemen~ was evident t.hough total failure 
neve~ occurred (Incl 7). Gradation if6 (max . stone 1400#) remained 
essentially stable with only a few stones relocating during tests at the 
:'ull :range of discharge -tailvTater conditions ( Incl 8) . 

6 . ::>u.ring gradation #6 testing, timbers s:_mulatir.g prototype logs a.a.cl 
debris -vrere floated over the darn during flows of 30,000 and 4 3,800 cfs vri~h 
l~~tle effect o~ t.te riprap stability. In addition, a 5 ft dia . hole 
(Icc 1 9) \vO.s formed on the downstream slope be fo:ce indue ing !'lmv to 
de~ermine if failure would result from a local breach in the riprap . Unde r 
flovrs of 30 )000 atJ.d 43 ,800 cfs with the tailwater varied from elev . 413 
~o 407) no serious s~one movement resulted in the model (Incl 10 ). 
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Model Study of Riprap Pro"':-ectic~ fO!' 

R~nd Lal~e R~servoir 

13 ~-unc 
Sub :i.n:nounc1r:1e a't -

• 

·r. o;).:;c1·vation of flm·r patte1·nc uu.l'it1l3 various tests sho·:~ed that vi!:c.n 
t.1~ s~ ructur~ is not r;uhmCJrgcd the je't :f:'lo"Y.rs c1o·.-:.'l t!1e roc:: slCTJC u~.~J.L 1 ... 
i~c l'~o.ch~o the tc..ilHater whel'c it chanc;cs directions qu:.ckly v:.:.ttout 
}.1~ne ... ur:ltir-.:.:; d~C})ly into the tuilvro.ter . The resulting flo;.v l)attern is 
c1:.c.J:·;J.ct~r-i zed by standinG vraves on the '\vater surface and a reverse ~o~.ler 
t..nC:e ..... r~0o.J~h (J.ncl ll and 12) . \vi·ch the tail,.;ater at or ncar normal r::ost 
0~ -chc stones dis}?lac8d appear to come from the area \·There the ,jet ir .. te:r.sects 
t!:e -c:.1.ili·T:.,/:,er. Hith th\? test in.:; 1n·ocedure, 'i?hich i-::1volvcd setti~.l; a dir.
cl.::::..:·se H.:. th the sti:ucture subme:::ged and then lo~·n=ring the taib·Tu."'cer in ~·::.n:. t~ 
steps: the :point of m.::>st severe attack moved dm·m the slope :;.:::; t!12 tailHa~eT 
'\·:as l0' . .;e;.·ed. Tt is speculated that in this re~ion of intersection the 
in~e::.~r.ctio~ of ·~lle jet coming down the slope and the up:::;trea'll undercurrent 
:.~. the do-vmst~ceCL-n r-oller result i~ a combined lift - drag force mo:ce co~ducive 

to stona r.10vement than the predominately drag force exerted on tte s~o~es 
further up the slope. 

s. o~: 26 Ap:::-:..1 1968' a coni'cr0nce vTD.S he::.d at the vlatervro.··s Ez:;er:.::-.r::rJ.~ 
S-c::::.tion to discuss r .• odel test results . At that time representa:tives o:' 
yo-..::"' office and the Lower Nississippi Valley Di vis·~on ,tre re fur~ished 
p:.:Tlirr.:..nn.r,.- cop.:es of most of the r:1aterial contained in this re:pc_,t . 
?o:L i 0\·:ir:.r; discussion of -che test data and observation of te.sts of g:ra.cla~ior1s 
:f/:5 c..r:ci ://6 the conferees agreed that gradation #6 should provide sati.s:'e . .:tcry 
u:"otect ion for the dmvnstream face of the embankments at any ·~nticipe:r,.=ci 

flo-.-: co.:d.::tion. This gradation calls for a 50 percent size of abcut 55C# 
( ~2- in~.1 O..ia!;.eter sphere) vri th the maxi1:1um size stone '\veighing acou.t 1400/l 
( 30 - in~h d:.B.l~~ete:r) . Provision of the 50 percent size is considered to be 
:::ore in:portant than holding to the exact gradation . 
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Gradation 
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6 

MODEL STUDY OF SUBIMPOUNDMENT DAMS -

REND LAKE RESERVOIR, RIPRAP GRADATIONS 

Approximate Percent 
of Total Weight 

15 
60 
25 
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15 

5 
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