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su"' MARY 

This i s an interim report on th t. o .. d.imcnsio m el · .. udy. 

·to taae 

the de:J gn ~! t e structure .. T e ·obj ectives o! the stud ? · er ~to e crt 

the ·.ructure cro - sedio and to determin_ U!. · ef! cl o! sediment d posi .. 

·uon up~re m of the structure on flo w me aB"..L.rement accuracy and c !!.!rol . ·. .. . . . . . 
Th.~re su1ts o! th.e .study in ica~e tha! the ucture pe o! V1 irn D, 
• 
E and F were all hydraulic 'y eatis f C

4 ry . . . .· 
perio! , .ho vever , in·t at s ediment did not accumulate· on the c.r ~ • o! 

. .. 
·the ~ructure~ Th: _ z.t'o-m.a broad-er-· r.ed ·w ~ , 

gre ly affect d by. e iment depoeit ioo. upstre 

• 

irA, we.:J four. ·t be 

o! the ctruclur • 

\ .. 

J 
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INTRODUCTION 

Un er ater treaty o! 1 .H between t d: 

Mexico ~ }lation.a. Owne r shlp o! w~t e~ of the ... io Grando !rom F o it:n 
I ' • ' • 

. . . 
-eo"ntrols b the ri ·e: .. ~. e· c n~"'~ D:L~ · 7> . 

• • J 

'r~i dac. sb ra3 c n rrf~ 

~ 'Cnlcr~ o . T he re · ~~s e. 

tion o! g, zin atat!on 'tes by U:e g r o .'.p ~c Co cr do r:, -: iv · ~iy i 

D .1du.res to Impr ove S.r eam G""uzi!:..:O :f\cc:a.r "'cy fu 'no · o. G a.nr 

r a in 11
, CE 13 05SK34 , dated J u.ne , · l '950 ,. 

T he fie d in. ;e.at r.1.ticn r e Q e .. so incl de !""'C 

tions o! t .... ar.uici con:Xol.<J to b iil h Rlo 

• J 

r 

' 

/ 
/ 
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·' .. 

T he D 1 Rio site gested and subsequently chosen· for .iniU · mo .li.n.._:c . 

It s contended tt: t beC3.use of the i.m1lar ities. at man;r ·of the ro o and 

exi ing gaging ~~~.ion sites on· th Rio G!"ande , m 1 ab:.dy o! thi~ .opaci• 

fie site ould a ;,;to p~ovide valu ... ble in!orm..~tion !or design o! the ct .. 

co rols . 

The m d~l study v s planned in t wo ph ~es : Fir * re .. ed 

her in , a 'two-dirnension 1 study o! gen ralli ed structur de to 
0 0 

d etermin · s . vera.t. basic factors which .auld 1d in th ctu y o the ~1 io 
. . 

cdel. S c d will ·b'e· a • ee- dimen io model o! ti . ~1 Rio lJ 3..:.13 . 

tion site to es• .li th locatio 

ture to a..s u.r.e ade }late h.yd~aulic per!orm.:mce . . ~~ 
The immed te ob ectives of intercr inlt'.J.~p· a . e er : 

' 1. T C? determine the general b.:.tp o the .r..1dure eros 
' 

e tlc-n co si tent with, 'if cle::.t hy~ra· 

im!lr'.f co s dera.tio in c.~t .. bli.~hl.::g 

~'"'""'c .... : ( ) •lo, v.eloc .. "h3s o er th. 

.. 

2. To ba rv_ the e !ect.s 9f s 

.. :ruct r c • e hy 

as flo 1 :I:J.e"' ~u.rem. nt B .... c:tlon. 

J.. To o~ ~ c:-v 

.. To determl.rie n ap. ~oxim9..e r a!kg cu .e , o mo ... ..., c m 

pr hensl-e~Y. to ut"dy the • s · r ...,e .... eJ.! c .. 

recomm~ ed ~":rud~e~ {To d t _r ~e o t 
'./ - .. 

:za di? 3.!'ze r e ticr:: ...... y.p_! r the !'oa~ • -C~l-!l .r!~b. ------ . -.- - ... ----- ·- . 

.. - .. .. . . •· 

l 

" 
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·' .. 

• 3- ' 

pa.rtic$r c eg9.rq to the niovin upst.ream b d 2"' diflerent 

~evela ~! sediment deposition. 

. -
5. To con · der th !ta.aeibill_.y or dasira ility of p-..rm 

f/~v 
or ml- permeab e -;ructures in : •.- . ~!an impe 

structure . ,. '·. 

6 ~ To dete~ID.in th typ . 

three- dimension model • 

o b Uf:l !n. ti e 

..,/ 

• 
7. To e study o! e p "o-:::,1 ms o ' a ci1 .• ~ ..... d . 

three-di..ornen.s .. onal m o · b e b xno Cl 

~ . . . . . 

. . . 
.• . . 

. .. 



ndictortcd m'O l .... c.i:Ue v .. '..a c' .o::;nn! -·tho twc• ~ "'\'.:Ml 1 

c:J. io>UJ c! t _e • Yailable :.t' .. 
·not the in.abillty to obta.in 

, b-:.:.t to obtain a c!isC::1n- [!o small to rcproc nt .l , .9 . . 
pro~"".!yp ... en.d o.t th.e aam tim to ci~velop velocltica. 0 mov 

. . 
: c;_ ·;rn. n.t ill t e flw:nc . 

i:: ·+ in the E!o G-andc, particul.r.rl.y '"'t ~e -

c ... :J 
. • I 

I : .. ' . 

10, 000 cfs... Thls o::.u.mpti.on vao b·ulc en cbE:e.rvnt1o!!B ::cr . ... 

g ficl iuv ... ti ... ~onn and co • cr.L m""'" • bJ · ... rt"' of 

.... . 
. U !ng t!. Froudc · c:: -~e:-ion !or mow~l aiinlli:"udo "'d t: e . c . r • 

-lc, ·~ e follo ·;ins ~c · +ion.nhlpo hold: 

L · !) 

. ' L . =-- IS 5 
r L~ 

(L )1/2 · r ~~ .. . . 
• 

• 
. . . 

. 2. 

. . 

:' 

I 

.• 

•• 
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T Flrun~ 

Th flume uaed fo the t ·o- clim :1!: o 

flume 60 feet lc::1._. , l. feet \l'i.de· and 2. 5 f 

the equi me • 1 shown in Fi • 1. T e fi• me . 

e ste 1. B th v;a). 

r ·ed.l"cul nted th~oug 1 ~-inch ce ~liu· 

led by a 

llne . · h 

lve a.r..d mea ur d by a cillbra.!-:d orillc 

do stream nd. 

nt 
• 

· T o typas of vedlm ~nt reused., T 

m~ s.... (d50) f;;. dhm ~ """, 

. .. 

s:peci!'ic ··rav~~y 0 z~~ :i o ..-t ""- ard cb 

· m:ie!" 1-. 

~em :m a :;r .J · te p 1"' t in L·- m:. 
· thi m..a~ ••• · 0 . 3y ~, t._e 

. evia.!ion '"a 1. 61 ; U::: .... o ... th 

oltr 

. a.- US- t ..,..., .. -J.. ,..,,t t 
.............. ....,:,.....:J ... _"~'-~ .... 

·' .. 

.. . 

o! 
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we m del t fl me. 

C' in ... ca z--. 
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I 
- - 1!.0--

·. 
- 1 .• z. 
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. . 
The upstream and do"Nr..Strea.m slo .. . aa -'0! Weir B W:!..:J 'cb,~· .... g_•: 

to 3:1 an ~-i .... re _ctively. - ~her dim nsio lS ·we-e th s~ :"l f.;:' 

. : W\"::ir A. .. 
~ .1r c-

.• 

I 

iz . ~ .. 
. 

A clrcu..t.e..r c.rc3t made o! 3 L ... -c.h. !'~;:;e 

lli:.J.~ o! t~<1 cr~at o""' V/clr .. , 

.• 

'r:' - ~---------------~ 

.... 

• 
.. ., 
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EXPE.RDA.,.., IT _\L PP.OCEDURE 

T h lope o! t!ie ::.:~--n e wa varied durin pr Ji min;:u-y teS:a 
• 

t o dete-mine its e! e d on the e.xpe.l.menhl strcy.. It waa fo 

.iruclure Wa.:J pla.·ced in tl . !1 •me , ! Lo- dep-th , 
-·---

by the struct..tre , d1sch~ __ e and moyernent of. • · e s~.'.im;:ll • (Ch:ar.ze., i : 

~el ed form c.xJ..s 

gJJ t .e di:Jt ·Ce "~C+A 

cre .... t to tho po!.n 3 o~ r;:&.:e r su.r!a ce m eas'lrement ; 11 ) 

f:ume wo.s mllin.ta.ined c'J. s:.a:1t for the r~mait:d ~r of th L sts .. v 
.• 

' !1 , • 
I • . • 

..... to tl 0 n~ ~ from . 

the city "~-:~~er main an o·.ved to on o Yfhen a sullicic:nt po::. L"'1J vr.:;rlli 
' I 

· a.a a eve oped t'.e pump •·~.s 

of t::.c f.luinc .. ·i:::":.er ".U'f C!.ce elevauo·r~a \T re n.::>.~nred t'i~L a ....... n t -:-~:: # Cl 

a tr Vtllling c :l..~ria~e . Flmn~ .... lo!Je wau c ~t·.,.rmi.rL by l~v 1 Ii:;;.~:-.. -.r:r ... i:: .... il~ .. . 



EXP RllrfE.::ITAL RESUL':' 

The results o! stu 1 s with \,7dl:"a A and B :zho '"';... r. 
on hyclra.ullc perforinanco dtt.e to c ruJges in nlo a of the -c:ps~ :::tl ..., .v· 
downc.trean:i faces o! tLe : i.r. The re ults are sh.own in Ffa. th 

co fi!cient of discr..arge, C , a a !Wlction c! unit mcdeldiach~ea. Th_ 

. cod:ficl nt C w a caJ.cul:1ted !ro:n 

T.his m be reduced :o 

. 3/., 
. q ·• c.. .. 

0 
q 
·. 'L 

as corr.ected for ·the vclccity o·f apprcac • . 
. . 

. Obs~rv·ations m ude .ch..rir."' the :~.:c:s ih:dic: ted no diGcer:o.:ili_ ... 

~ er-:J.ce in e..ggrsd~ tio of tl:.e p~tream bed ·o~ .. co:u- do\\-nst.r .... C-'7' . . . . .. 

It ·wz.s noted that as material wa3 :::.d.ded upstre from the · l!!tr · ro.d!!s.l. 

uggradatic~ of the stream bed ocCi r:-ed., ho·. ·cvCl·, the ere 

tv.re !l.a free from: ediment de[;osit a all ci!..s 1 rges . ·' .. 

J ~/' ... tv 
l 
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·m~ted st~p·wise hydro::;r~p .owe_ e run !n tl.'3 flu~e '!;· 

·investigate the e!!ects of risirq and fallin ~ rlver stae~o on tl:.e h.y·,:-. 
~ __ orL.la.I!.C . of ._:cirs A a d B.. Fi~.s .. n !'!.d 10 ·S .ow t:J.e reucl.lt..,. :. i"'. 9 

p;..l"t'' cul "" .hows &...&~ the d. nch rge c. · ;.::( i !lt ch~C a ."it" n,e:.: ... 

in the ivere ... :To nttempt is made here t rel t th.t~ simulated lj' 

·.; ·- YJh "+ miG 1t occ· T in tl. io G~and~ Riv- • 
• ' . I 

edl.:ment move.n:1-n.t in the fiu .. ''lle is p~o .. ·))y v ·ry: lare in co.o. 
' ' 

tl.H~ p::-ctc. .ype riv r , as indica·~ d ";)y t .e rate a c • nr;grruiation in b . . . . 
sh:.d_e, by t.i.e rapid decrease in th valu.e !r. , tl:.e. cre:Jt hefaZ.t 

upctreQ.m bed . . 
In vic\v o the g::-adual d.epo Uio!l of s di!nmt in t.'tc ot::"c~ .. c. n: 

. . 
U!?:;":: u..m !roJl1 the ctr'1..lc'tu.:::-e, n EJ+udy w, :n ... dc to etermine thee .. -'; o! .. .,., 

ri:J. z c~e:un. bed lev 1 on the by~ .raulic per .. ormance o the ct:;--a. ~ .. ., .• L 

d ... ec cocldbcst ba re;:-:-cc n.ted ·by_ plo"::i g the coefi'icie~ta o dioc . ... ,.e 
the v"-+ious stream b~d l ei!c-o . The r0stlts, LLovm in Fi ·• '11 

eo c:1~ · al.ly no varlo.tlon : · .. c.' 1 in the vc.l · _ ·. ~f C ·for q · rc to : · /: · . 

G." cu! ·1.3 c a/ft . There :c.r;, o·.vev ·r, r..-tic-a. le v:!l"i:.tio:ia -~or 

\Then he bed \.'rs 1 vel \7i!ll.' .c C!"cct, C rcmn.incc!. vi 

cons ... ..;nt !or all discharge s o C'""nvertin~ th.. ·model diSc .'Argo to 1:!'4""4.::-."'c 

ccordio.g to the Choee'n mo 1 sc 'e, ~:3 ci:>/f~ :rc ... re'"'ezo.ta 71 . 3 .cr /-..~ o·,; 

tt...e :-c:otype • . Fro!n aelc~t d c::-osa ---~~io:nz:3 c! the D""l -:--1o. rro"·l,. A 

. to yp crest len.;"Jl oft~~ .etr:-.:.c.tu.re v. o;1.ld be abo:;.t_ 360 !' fc_ -;.:..4_6 
. . . . - . 

. c: !.Dlir.g fr.. n, uniform flow cv ~ the cre!'t, the tctal. flew r e_ :...• . 

.. ~e r~ver o'.lid be .. _ut·z:,.-o o ds . T' .us .. or d!cc:~<:..:::-,.,-!3 up to ?..7 C~O (.: 
---- .. ----

rc ... t:J."" .:::1:!;-:;.Cl.·;i ... 1..0~ ctr, .n:1 r:cirr: on t· ·-~ ... io. G .. n ' . ~,.... v._r c"L- .• · 
. • . . I • . ' • 

f rent "' .., ._.._ ... ~rue:' r w~re i'lY .s~far;, d ; . .,:1-.~c mor ccn. t • ·· o Jl 

... 

. , ' 
' 
1'\ 
'I 



eir C' .· . . . . . J 
Veir C was tested in an ntt~mpt to p"ovlde a more·&iable dlacharg · /., ( 

coefficient . ·Aa· is shown in Fig. 1.2~ l a.!"p.f! r n~d more co stant coef!icicn.t s /:L• · 
. . 
of diechn.rge .for ei.r C were obs.e>rved tha...'1 !or tr.t.._c~urcs A tu:!.d B .. · :lhlle 

. . 
a more stable coefficient was obtaineo:. , tl~e u rc~ :!-able feature of thia WC'Lr 

. -lJ!.,c ·. ;- .. 
was th t hl~h veloc ties v.-ere crca:ed on the[-ve3 portion o! the ~trt c~ ··re 

becuuee the flow depth ,~,ould ·pass t.h.rough ~ritic at the crest . ·The high 
• • ' ' I • ' 

velocities would make· it .dli!icult to. obt;l.in cu:.~I7 nt meter ~e suremcr:ta en. 

the structure .. Thin undesirabl~ fe ~ure from the standppiD.t of ~eld pr~c-

t .; ?e, ras aleo common. to a'L-ucture a A :md B. Furthermore, a! certain: t 1• 

'I ter co~ditions, a hydraulic ju.."'D.p coald fo r:....:. en ... ~e level portion of i:rt.ruc

ture C, th.ua m~ curre-! _meter ~eaa~ements ~lfficult or impoo!:i..bl • 

. . 
• 'Weir I;> and its alternate Wei!- E were tested to overcome the 

undcEirable features of \Veir C . For .stru.cture D, the pipe creet v aa moved 
. . . \ 

to the do\vo.streo.m point of th1?l level surface of the structure . The .location of 
------- - "" 

the cor .... ol at this po t..sre tes sub-c:-iticnl velocities on the portio of t.ha 
...; ·' - -- - . . 

. otructure which is~e·~ Weir Ep simply m:.bstit~tes the pi~e c:-e \7l!l. a sill. 

.:J :Fig . 13 indicates , the dis"'harge ·coefiici nts for the. hvo structli.rev ltl cu h 

nume!"ica.lly dliferent because of tl:.e lack of stream l.i.n.iil.g in Vleir E, are con-

stant as for ueir c. Observatior s """lO.~e du..rL~rt th~ t~stL .... "' of ·tr.ese mruc~w"" - . -~- .. -~~ ----·--- -,. 
indica!ed t ~~ althOl.".rrh the upstrer..m bed aa r1.c..(.d to the· ·· of the cr"" - -- - -----------·- _ .......... - -- - - -- ..... _..,;... __ -==-~ .. ___ ... __ •_-.: __ .... ... 

. . 
ctructu.re ··· s net bU!!ed ~Y-~~~§~~~-~- ~.: yo -~Q!r1.-~~ .. !h~-.o ..:'?!L.§.~e"~ 

no~ a1 ·o ar'";rade .. The unit diochru:ges for 7cir E greater thnn i . ·;- .: 
--------.. . e .. 
c~ _!.dcrable sediment movemen.t ·ir: t':e fi:.tme . It appe?-r n "ess~ ... I 

' ·. 

.. . I' h 

v· I, . 
I 

I • 

t. I 

.,. A' 

• 

. . 



.. J , ;.-: 

for the crest of tr.e stro ctur~ to be ~'":t'\' 1·.~d ::om the_ normal stream bed, 
. . . . 

its height to be consistent with pre ·aWrr: .'!lope of the river r each ruui yrft 

considt>r tion given to the amowt of ~ed.Lmen.t flo : in the. iv r·. . . . 
At low, di cllarges , sedio~nt may dep~sit en fr..e levels ct on o!· 

. . 
structures D and E w·heo. th stream be-d w· s a ,.,~r d d. bu a.t .hi -r diC3-

char ... s, the local acceler tion as suificier. t to keep the. top of the struc-· ./ 

tures free from sediment deposi~iono B cause of th.ia ob 'ervation and with .o. 

view to providing a ecti~n for current mder me surements on the str"J.ctUrt..!, 

eir F ~as tested as a possibl e atlern.ativ to \Ve~ E . 

T is structure pravi.df;d a . gradual up .:;tream slope (9 p·er cc!lt) · 

.... 

to the con.trol ill a t~~ top of the str-il •ure. :r'h~ te~t ree~ts , ploti: d in l{ , 
Fig o 1 ... how relati.vely ccnstant coe!!lc!en:t; with uni: discharge . Observa- / 

. I 

tiona indica!e~ that little deposHion c.f sedime-·4 occurred on the s+..rt.lctu.re. ·.' 
. . . . .. 

The o is a gre ter zone of ccelf>rotPd f1.o v for trJs weir than .was prev 

f r stru.cture~ D and E beca.us.e of tt· e ~lop ." leading to the ~igh point riJ. ' 

cr ... st, maldng the drop in wa er surface P- -:,file o.~ the- structure somey 1 "'t 
\ . . . 

compar .. ble to s.,ru.ctures A and B . . 

. · A. proxi ~e water surfac . profile s over this tructure for di!-

!erent d!.scha.rge ere plc::_d on Fi~Q l5o T .. e t water rating curve ~ d . 
to e~ablish these profilE-s·{. if'{ . 16) w. a c cu.lr.: d on the basis o! c r.;-. . . . . 

aectioc. da .. a of the Del Rio re. ch !u.rr....ished hy t}'l.·e. L'lternational'Bound cy '.nd 

~ter Commissiono The ra: .ng ct:....rye ·:.. ~ c-lc- t d on the nse1 

ormal d€ ":h. ex.is:ted in e re c ~or. ".1.! 1 . c.l-~~:; • Engineers c! c , 

o·.mdary. Comr:O.isa.ton Sta!f ind!c ted that n.o well defined control was, bclleved 

to exi in th.e -river downst.reaL'l ·rrom the Del B.io Reach . 

I , 

! 



The profi~e~ sh "'A. +.hat a: 10 ; 000 cfs and larger ~ •• e et::.-~ctu.r 

is practic:c:i . .!ly totally i>Ubml:'rg.-d , . :'~c~-:- dLscrl-t.rges .of about 5,000 ~i's or 

less, h.owt::ve~ ~ th cr st wowd flow fr('e ¥tfnce the norm dep'. _ L ··bo ~ 

e ual to the hei,.ht of u.~ o::otru..ct1.7"e o .3..t·~:-u 9 of ad.ditionru. ~.:die;~ ' cc:--c.. ::-
. . 

ted to determine the effect af subme:rgen.ce on the discha:rge co~ ..l!.cicJ: o 

structure F, are . summ ..... ri.zed in graprJc~l· form on Fig. 17 ~ It ;;,ho~e . . . ~ 

that the coefficient is un· f~.,.c1. d by subme~gence. up to ·app.,.-O'.rlmntely · 
. . . 

70 per cent· but that a ci~"'crer ... se in .. d.ischarga coeffiCient is ev~dc:nt ~?r o. 

greater degr ee of submergence .o 

,,J:. :J ' ·. 
I" c;'~,·' ~·~ . . ' . ~...;,., -

·-
I • • ~ 

... 

r • 

)-.. 



( 1. 

2. 

co_ -cL v s1o:.:s . . 
-..The follo·winrr cone us.!o .s can bG drawn from t e··re '.!....tc o! 

t~·!owdimen·sion;ll study. 

T 

I . . 
· Upstrenm and down.ctrea..m elopes r:l;:.t.ter • --an 2:1 and 3:1 

r espdctively do not hydraulically improve r!orm~ce o! the c~ntrol . tru~· /. 

ture with a broad crest. It is imoerative in a river transporting sedim"' -t 

. at the crest o!' the structure be hJg_er tb.a..n ,t.."'le avere{!e bed 1 vel to 

allo\7 aggradation of the river bed upstre? m v:i~t .out ~ury!.ng the atrilct ·.re 

'th sedimento It is also n .cess:ry that the co."'tt:~ci .structUre t~Mi the 

gen~ral shape o! \~eira D, E O!" F in order to ~ev.elop sufficiently low ve_o• 

cit1es over the. structur~· t~ per~t current meter me_nsuxemen!s0§. . e.t . · . 
. . . . . . ~ 

e~::tre!.Ilely low dischr.rges allow vehicular tr vel over the lencth of the ·;d;;• 
. ' ... _.;;1 

1V~ir F may be slightly more adva."ltngeou,s than '\~reiro ·D. or · E in thr..t ~ 
s c11lnentQfree -crest should eX.t.st fer the l.o •:er discJ1.argea a.t ouch.time a~ .· I( 

t..~e ·stream channel may have c.omple~ely filled upstream~ 
. f 

0vemcnt 

The cr St oft e r.tr..:.c~ure .m.us; be ·a.l.:~~c.i ntly. eleyat<:d to 

per'mit eeora.d;:J.tion in ~e riv~r lipatream v.i.~i! ..... •\::t ~ventually cove.::. .. icg .tl._. 

. . . 
et •c .. ure .. . At thf.!' same time., the :.. A.ructu.re m~fit not be a·o ~gh th.r,t c.~el riy 

dissip.n:ti.~:J. becorr..es a major. problem. Riv~r ,1gradation af!ected t..~e 

hydra:.lltc performance of ·&i.ructu.reE) A and ...... h~t did not noticeably aSi c .. . . 
· the olltcr· SQ.~ctures tested . 

.,. 0 . 



4 . 

An approxlm'1:e ratl.ng c ' l.'"Te c:f t!:.E" flow over the control 
. . 

s't ~~'.lre, '\Veir F ~ :is shown in Fig. 15,. The study indicated that except 

.for .thE- ef!ect of submerger:.c ! the G.; •• .r .. :r <Tt> coeffi o-ient ~as st&.bJ P J h enc /''J t 

the rating curve·would not be S'~bje ··t to fluctt atlon due tl)gre<hlal aggz:-ad9.) 

tion bf the upstream river bod., This st.!'uctur _ would thus permit more - ·. · 

·accurate measurements of d1sch. . rr<> in it.e Rb Grande River than st;ruc• 
. . 

ture A or B .. S:ru.ctures D and E wo~d perform equally well hydraulically .. 

of Structure 

Permeable or semi··pe ... me~ble struc::u.res we're c onsidered 

u.J?-desirable because .the flow thro:::.<~h ~he stroc.ture. ct.n.not be measur._d 

satisfactorily . They were therefore r.ot cor.t.sidered functionally adequate 

and were not studied in this ph seo 

.. / 

5~ S~dime t Tvpe a.n.d Size 

The sedtment material t0 be u..:; .d in tl:e th.ree•dimens!on t1 

model must be sufficiently small in size o in weight ·to be moved· t .low 

velocitieso \V'r.L.e there is no essential pu rpose in this study for attempting . 

to dynamically simulate the mov-:me::-.! of L'!dividuc:U particles , it is impo:-tar:t 

th~t the. ffeC:s of general or loccl ¢epcsi:: ~n. e.!'l.d scour be r eproduced ln .the 

model • . · I<"'rom observations mude d·.:.rin.g th1 s study it is conc ... ud;d that th.e 

light weight aggregate should be used wi:h :he three ... dimensional · model. 
j 



6. T~. 

(a) 

. (b) 

.P.igh 0! t e str ct\.ir~ will be 

Hatisfa."'i0::-y :n ds hydrat.lic · lly. 

. . 
..:take- d. dd!n!:' ' t"' 1-;c· •.to~ for the structure s affect d • v· 

01!. _, ./ 
~ . ,t·. 

(c) Dt-tt-' miu ..r.·e t<.s of lee a.: . c::>u.r and recommend 

p · s!b:e riJY• rappa 'or (J~ c~ river-control . 

(d) S~.1.:dy Ph' iL't:: t:~'-t"d -:o c.rop, str'U.cture to low point 

(f) 

(g 

C-::n.s~der r.?~cr.. r.g tt. weir tr.> cc~cPntr:...te 1 11 fioy:s . 
. a.- 4~1.A.. ~ ... 

Study ,e De2- F.!o S!•.e RufflciPntl.y in hope of circum-

ven.ing n.P. · d f: .. ~ '1_' · '1 dividt:.al S:udy of Langtry-and 

other s:.1;e cri t _e P.! o Gr .Jl1de . 

.I/. 

·s:udy local ;-.g ·ract ~ic-n: particUl~rly. up rerun., on the, ( }/ 

flow di:-t~·ib:i!ion a.rd eCec:s.on the stage- di ell ...... ge -~ r 
relation_h tp ~ 

. . 

. . 


