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Denver, Colorado, Ssptember 2%, 1937.

MEBORANDUM TO GHILF DASIGNING BMOINKER,
(F. R. Cline)

Subject: Prelimibnery report on model studies of New River crossing
and wasteway, All-fmericsn cenal,

INTRO LUCTION

1. OSypopsis. The weter of the fll-imericaen lsnal will cross
Hew River through & pair of lerge siphons with inverts sbout 20 feet
below the grude of the sdjscent lined censl. 4 westewsy emptying into
the river is slso plemmed. The wasted water, controlled by four radisl
gates, is to be carried under s rosdwmsy through four box culverts. &
chute with @ &:1 slope will then drep adbout I6 Lset to the minlmum teil-
weter elevation, end will terminate in & oconcrete stilling pool.

4 model built to & scele of 1:18.6 wes used to test the prelimimery
design of this structure. 4bout 80 fest of streight censl sbove the
westewey entrance znd 50 feet of streight siphon were represented. The
intermediete trsnsitions snd the westewey culverts, shute, end pool were
elso included. The pool wmas plesed in & ssnd box representing the to-
pography of & portior of the river bed 120 by 170 feet in azize.

The medel s2 built from the originzl desisgn showed ezcellent con-
ditions around the siphon gute sec¥ion, through the entrsnce trsasitions,
end within the stroight siphons. IFlow in the chute was slso good. The
culvert design wes sccepteble but centrifugsl force due to & 34-degrse,
short-rasdiug turn ceused unbslsnoed pressures on the walle and & con-
sidersble loss of energy. The detsils of the wusteway gate section were
themselves sactisfectory but the entire structure made too grest sn wngle
with ths cenel center line. This srrangement znd the excesdingly sbrupt
spproach trensition ceused & very large drew-down. & sstisfuctory solu-
tion wes finelly obteined by roituting the entire gste structure through
30 degrees and replseing the original angulsar interseetion with e warp,
Rotation wes the basic design chenge, end, ia addition to ¢susing mere
direct flow into the gete section, it ellowed & more gredusl werp in the
spproech, shortensd the necessary culvert length, esnd eliminated the
curve on the culverts. Thus, simplified design end reduced comstruction
costs s well &3 improved flow were achieved.

The hydrzulic jump in the originel pool wes rough aend currents
were violent. Scour at the end of the conerete paving wus excesssive.
To obtein & satisfectory design, the pool floor wes lowersd two feet,
the shepe of the left well was chumged, end & dentated step und Reh-
bock =2ill wers sdded. Plzps of the originel end finel pool designs
ere compasred in figure 1.

POy

Zo D X E projegt. The All-smericen senel will de-
liver ebout 10, OOU seconu—faeﬁ of Colorado River water to the Imperisl

and Cozchells velleys in southesstera Csliforaie. The new csmel will




closely follow the intermctionul dboundery, slthough remsining entirely
within Geliformic. It »iil moke suceessive deliveries to the muim lute
evels and at NHew River, two miles weot of Calexles, the canel flow will
not ozcved 3,300 second~Loat.

Tne niew River chesmel 48 380 feet wide and roughly 40 feot delow
; gurrounding country. %Fwo inverted siphons, eech 18-1/2 feot in
me. mz. trengport the ecnal woder ceross the river, Seiomie
aetivicy m@uima thet the siphons remainm exposed, spd chammel rewire-
sents for meximun probeble £loods meke 1% nescessary 0 plece theo in-
verts sbout 16 oot ubove the wiver bed. This fixes the drop inte the
siphoss at &0 fest.

4 conorete-iined seetiom will bBe used immediately upstreen from
the siphon, e this pertiocn of the esnal must be placed om a £ill.
The trupsition end drop %o the ciphor soction reguires & length of 138
foet. Two radiel gotes in thoe trensition will comtrol filow iate the
siphons.

A wastoway will provide for cmeygency dyainisg of the full cansl
digcharge ot thias point. Immediately upstrveam from the siphom emtrance
tronsition, o gete strusture in the right csnel benk will sontrel flow
%o the four hox culverte, In zdditien to the cmergeonsy rosuiremens,
ome gate end eulvert will bave freoguent uee ir raguluting the flow
domnstrecn from the siphkon, which should never execed £,%70C socond-feect.
The sutometic opoeretion ¢f this gute will be fiout-controlled.

The four box culverts will czeh be six fo6t high and eight Lfest
wide snd will have 2 iecngth of 88 feet. They will discherge into a
chute dropping 47 feet to the poodl fiosr. The ekute will heve » &)
glope snd will inercese ia widdh from E8-1/% to 6C Peet. The poel
floor will be placed sbout 1Ll feet belew the pressnt strecn bed wnd
will be %7 feet lomg. The right well will be ysrailel to the chute
center line, but the left will diverge ns chown by Ligure 18 The
plens inolude « denbeted stop end o Reohbock sill. ingwslis on esch
eide will be ebout B0 fset longe The ono on the loft willl be streight
end verticel eamd thet on the right will werp ¢0 & l-1/4:1 slepe. Teo
ehest-pilling groine will extend 1& feot dowmstresm with their tops ab
ths elovation of the top of the sill, Riprep will bBe plaged for a dis-
sanee of 63 fect dowmstream from thoe end of the conerete pool Lioor. .
Figure ) chews the strueture as origimelly designed.

: sity for model studios. For several yosrs, the Ba~
resa of Mmti&m aas um@ mmls m&&lw o cheek Gosigns of uaususl or
difficult hydronlie siructures.  Uhen tests indiceted that the origisasl
design wes umsstisfactory, plems were modified as 4ietated by model
atudies. The valuo of this method of design Res been dencnstrated on
nURerows ogeesiond.

: Demigne of seveysl foatures of this structure wore wneertsin. The
stilling pool wnd the eppzoach o the westewey entrance were portisulspe

iy in doudbt., %he poesible effeet of this appzosch op the flow mu*eng&
the aiphen entrenec mude obsexrvetions here dosirshle. ‘E’h@ sapeoity

the westowsy eatrinee wnd 4ts influenco on the e8ye
with pamaﬁxg opened gutes, roguire mvea%i@ag%m Maliy, %






was desired of the effsetivencss of the chute in spresding the flow
from one cGulvert only,

The westoway i8 &8 incidental though necessary structure. The im-
portance of flow conditions in 1t does mot werrant en apprecishble asscri.
fice of efficicncy in the siphon entrznee. Yet good westeway flow is8
important, ag the ypstrecn gute will be ueed frequently. The cenal ve-
- doeity will be rather high, rogulring thet the eurrenl eome direetly in-
to the siphon entrence to avold undue losses. With the less important
wastowsy gate struoture necesssrily plsced to the side, the high veloe-
ity nekes ¢ satisfaatory epproach design &ifficult.

, 48 the river bed is ¢ fibe sshrd reguiring = particularly efficlent

stilling pool, it was expected that seveoresl tentative designs ef the
pool &2 well es of tho westewsy approsch, would be reguired before sctis-
factory results could beo obtalned., The modol was 0 congtructed thet
these festures could yemdily be chenged. Originel designe of other feee
tures to be investigated wers expected ¢ prove entisfactory and speeisal
provisions for chenging these vers not made,

PREPARATION FOR STUDILE

atory. The model wae bullt snd tests were performed
in the U. S b\weml 92‘ Roelemetion hydrsulic laboretory loscted in the
basement of the 0ld Custombouse in Denver, Colorado. Figure & is a
plan of the laboratory, showing the loeation of the model in the west
TOOm.

Rauippent a1 mant These tests were Tun with
equipnent uaeed far %he arm& csulae mbine atudiea., Spoolisl hours wers
srrenged to avoid neglecting either probilem. Available spuco would ac-
commodate only o ¥l hended" model, or ome in whick the wusteway led
to the left instesd of to the »ight es in the prototype.

4 #0-borsepowcy motor and en S~ineh, 4-3000Rd-f00t sendtrifugel
pump supplied wator from the sump to ths model, & genersel plan of which
i5 shown by figure 3. The heed tenk wes 3§ feot, 10 inches wide, 8 feet
long, end 4 feot, 10 inchen doep. Intrumes bells and & gravel baffle
straigntened the flow before delivering it to a2 sheet-motiél chanmel.
Struight for clmost four feet, this reprosented correotly the sross
aection of the lined cenal upstresm from the structure.

& box B foet, LU-1/2 inches long, with ¢ meximum width of 3 feet,
8-1/& inchea, wse attached to the end of the otmnderd cemal seetion.
The floor was two inches below the cenal bottom. The shope was such
that the verdous westoway end siphon upprosch deeigns could reedily be
roprosented by false wooden snd concrote floors and walls. & pler snd
tw shest-motul siphon getes were also instelled. Two oponings wore
left in the box wells, one in the Gownsiresn ond and one in the loft
side, Here the sipbon ondtrence snd the culvert gute seetions were Gon-
neoted. ’
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An sesembly of soversl model writs formed the broneition o the
siphon, Tho elozed conduit entremee wee & ehort soetion with weodem top
end bottom end pyrelin sldes, bolted to ¢over the opening in the doum-
gtrecm snd of the diviecion box. Conztructiocn =6 shown by figure ¢ wes
very simple. The pyralln sides permitbed visuel insgpection of the flow,
Teo sheot-metal trensitions wore bolted to the downatresm end of the
wood end pyrelin cootion end transfiormed tho conduits from rectengular
to i0-imnch eircular ¢zoas sections 4B & length of 20-85/8 inches. The
roctangulayr ends wore 10 inches wide cnd 8-13/18 inches high. The
etraight inverts werse on 857 percent gredes. Nolded pyrelin eldows ten
imches iong then formsd the grade chemges to the hovisontel siphons, which
uere yepresented by lO-inek pyraiin pipes, three feet leng. These, in
turn, discharged intd & tullwater bBox.

Figare 8 shows the uustewey culvort amé gate dotzile. The gete
seetion wrs bolted %o the left well of the division box. 48 in the 6i-
phon entranco, pleno alde wells were of pyralin end curved top surfsces
and plers wore cut out of weod. 4 pyralin bottom and sheet-metel radiel
getes were used.

The oculvert wpit was fastened %o the gate section. Outelide wells
weys of pyrelin end divisions eopeistod of Bellow sheet-metel thapos.
The top =nd bottom weore plunes, or elight werps where the culverts were
on & qurve, sad wers resdily formed of pyreliin. They were serewed ¢o
the interior wells end cementod %o the msides. %The unit was 2l-18/18
inches wide ond 3-7/8 inches high. The origlael gate structure snd cul-
vorts were ¢-1/E feet long e3d included &« 34-d0gres turn.

The culverts dischurged into » sheet-metel chuts vhich drepped
2 feet, 7-1/2 inches in & horimcntal length of 5 fest, 1 ineh. The
gredo was straight ezeept for a short vertical curve et the upstresm end.
The width ineressed from 21l-5/8 to 8i-1/4 iasvhes. The dowvmotresnm widih
ves ocurried imto the yool, which was % feet, E-V/16 inches long. Hood
was used for the side walls and the right wing well. The left wving
well wese & councrete werp. '

The stilling pool wes lecsted in & box 10 feot long, 6-1/2 feet wide,
cpd two feot desp. The topogrephy wes Lformed of a fine eepd end grevel
to seale represcnted the riprap. 4 hinged gote was provided to control
the tasllweter olovation. The foreday of & lurge welyr received the flow
from the send box.

The sheet-metal welr box ves Be-1/4 feet long, 4¢-1/4 fest wide,
and four foot deep. Two gravel befflee ware placed 1lB-1/2 inches spert.
The -degree V-nstch wolr wes set four feet from the dowmetyeam beffle
apd two foot ebove the floor. 4n ¢open chanmel led divestly to the fore-
bey of the mester welr, vhich dischurgeod the total model flow diveetly
into the pumpy aump., This mester welr Bed o Z-foot erest installed in
2 box £ feot wide end 4-1/8 feot Geep. Two sets of vertisccl board daf-
fles were located 8-1/% fect upstresm,

The siphons tied at@l & box three foet sguere ond 21z foet deep.
& am.mehigipe lﬁg Ten the botten to the gheet—iran €hennel wbﬂ.gh
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in tusn 164 %0 the muster mir. 4 gate velve in thizs line sontrolled
the siphen tailwater.

8iz-inoh dlemeter 8tilling wells were counnected o ouch welp fore-
bay by $/4-inch pipes. BHesds were messured by vernler hook geges. A
pipo entranoe O cach side ef tho restumgular welir Box wes »6% nowymel
%o the wall ouyface, four feot upstream and twe feet adbove the Lfioow.
The eatrence for the V-potch weir stilling well was & 3/4-inch perfore
ated horizental pipe placed three feet upstresm and two u&es sbove
tk@ fleor,

& plezomoter en the emnel-ficor center line at ths m of the
standard section was used for observeticns of water curfuee elevation.
Piezomater riags £-1/8 fest dowmstress from the begimping of the stend-
erd siphon cection indigated the siphon besds. Ecversl openlngs dis-
tributed over the sundedox floor were conneeted to & gless tube for
cheoyving the river bed teilwsdor slevation.

Seversl simple chonges vore mede s Bostiag progressed. The warp
in the wustenay entrunce zpproveh reguired & larger division boz. Ueste-
way gete section rotation densnded other chaenges of tho divieion box,
Curve eliminaction neceassitzted eulvert reconstruction. Fortumetely, the
now length equalled the originel length of straight culvert. The curved
portion wus removed and the remsinder flanged end bolted together. This
alep required ohute cnd pool relocation but no thamge Y individuadl unit
construetion. River tuoilwater elevations lower thar those originelly
indicuated were demanded, reyuiriung removel of the tell gete. 4 numdber
of brieks in the waslewsy contzolled the tallwater clovation.

haicue, Meteriels used wveguired valmes of Eutter's *v
for pm%type m mael of 0.014 end 0.000 respestively. Negleeting
such minor effoots ce that due to thoe viseosity of the fiwid, the vel-
ative rouchnesses of prototype und model eurfuces iz the seele at which
striet geometyical oné hydrnulic similituds may be asckieved simmlisneous
iy. Lsek of apuce ond pump cepacity prohibited use of the desired sesle

of {ﬁﬁt er 1/7.8% and neccssitated susrifics of geometrical similitude
ebtgia the reguired pool velocity. '

: Prototype hydreulic computaticas were made through esch culvert
and down the chute to detexrmine the veleeity emiering the pool. Hoted
flow wus dotormined for one culvert only, &8 prototyve ealoulaticns hed
shown praetically no differcnees botwoen tho several quliverts. Come
putations showed hydruuliec similitude werranted ne cuilvert correetions,
tut reyuired sn ineressed volecity into the pool. Tie weo ackieved by
a stesper chute rether than by & greater length. The model pool floor
wes lowered 0.817 foot.

7. The curved culverts compliested frictiomzl correetion computations.
Customery troatmont of cuyve lossee by using an erbitrerily inoressed Kut-
ter's "H" was unsstisfeetory. Separate evaluamtions of ourve &md wall
friction loes wes desired. The only aveilsble dets were a paper by Sehe



jiva Puttu Reju®, deseribing & sevies of tests performed by him ia
Geoymeny. Thesoe data, elthough pot comprehensive, were used in the ab-

*aYersucho Gber den Strimungsvwideratend gehrlmmter offener Kenflle® in
‘#ittelilungen dea Hydraulischer Instituts der Technischeon Heoclisehule
—Minchen,” Hafts S, A832,

any le &ua to mm ﬁ%&. 'ﬁwy vaere adﬁed ta v#all Mﬂim masw
in the hydreuliec computstions. 4Actual tests later indicsted that com-
puted lessos were falrly elose.

Relative merits of pool deosighs wezs Jjudged om flow sppeurence
as well ap cmount ol location of sesuy. The send bed wes srranged
before eseh tan-minute run. Comperisons betveen the verious designs were
mede, woing send. Only the finel test reguired scele riprap. Maxe
iz dischorge end miniomum tsilwetor were set for osch rum. £09311 end
aoving piotures of the jump were taken ag well a3 pileturse of the scouved
eend bed efter completion of each tent. Topographic sketches of the
seoured eznd bed were elso mede., Flow asppearsnees eclono evnlucted mor-
ite of designs of other fectures. Photographs were taken showing the flow
under varicus eonditions in other portions of the model.

model showed Mahly muametaw aiphen ﬁew. n@camiwtm no asiphon
or entrence design okeomges. Subsequent westeway ochsages neither im-
proved nor impeirved amhen eonditionz, Divieion section flow was in-
veriebly good with closed wustewey gutes. With partially opemed gates,
later deelgns impmveé flow to the wasteway without affeeting the flow
to the siphons.

The pier md the warp opposite the wastewny entrance were highly
satisfuctory. Uate section flow waz swmooth. Conditions in the em-
tranco t6 the closed conduit s scen through the pyralin wells zppeered
to be exoellent. Trensitions %o the cirouisr section wore mede of sheed
metal, but good conditioms where the flow ecould aguin be seen indicated
propey design. Ourrente ia the pyrelin elbowe were sstisfsgtory. Si-
phon veloeity distribution wes exeolient. Figure § shows the fimal pro-
totype details of the siphom eatmn-ee.

_ agtonn; : ggtion., The originsl design
gave unsaswmc%ry mmlts. ﬂsn@ae@m mm ecmpliosted the eniire
eastewsy plen. Decireble epprocch conditions demcnded their eliminstion.
This wes eventuelly done. The defleotion to the wustawsy entrancee ¢en-
ter line wee deeresszed 30 degrees, eliminating tho curve in the culvert.

Zhie chango improved hydreulic conditions i hoth cpizocch epd oulyerts.

iations of this ganorsl plen wors tested before agtepting @ f'iwl &‘OIM-
tion.
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Figure Sa shows tho originel design., The verticsl eylindrical
surfeee had oxcessive curvature, preventing flovw from fellowing the
wails. %Tho water surfate along the curve graduelly dyopped due to ¢on-
trifugal forse, beiug only slightly sbove the figor in front ef the
upstresh gate. Watey flowiag along the bamk shot seross the vertex
snd ctyuck the ateep odge of the eddy, forecing 1t farther from the
firet culvert inlet. Flate IA ond B chow this comdition.

4 warp frem the gloping side to the:rvertleal culvert wall re-
placed the cylindrical entrance curve. The gete seotion wes unchenged.
Resulte remsined poor, clthough the freo jet wes eliminated. The vortex
due to the exeossive tum wup mot improved, as shown by plate I. €, and D.
These teostc gave convincing evidenee that the hi@ esnsl velocity pro-
hibited =0 sharp & tusm.

A W=-degree gute section rotation sllowed more éirest flow into
the culverts, and wms expseted to remedy thiz conditien. Figuve 60 -
shous this chenge, including 2 new werp. Oreatly Amproved comditions re-
salted. Centrifupel foree ¢auzed no appreciecble surfeee drop nesy the
gots., Beoh eslvert, inmeluding the difficult snd dmportent upstresm one,
row tock epproximetely equel flow. 4 very undesirable eddy emtsted
neer the ecenter of the warp, especiclly when the cuns)l water surfuee
dropped below mommel., This indicated incomplote development of warp
efficlensy, howover, rather then poor besie design. Plate II A snd
B show the spproseh flow.

4 longer warp with gentler curvature improved conditions. Sur-
fuce 4rop in fromt of the getes bacume pruetically nomexistont, Plate
I1 ¢ chows the amooth epprosck flow, The mrlfage eddy slomg the wurp
dizuppeared under nomsl coBditions, tut & drop in the conel surfecs
due to the opening of sll wustewey gates csused it to roeppesy. This
was the most ssticfsetory design tested.

Increased cemstruction costs prohibited a longor werp than abgoe
lutely necessary. The design showm by figure Ge wes therefore instelled.
The werp wes aine inches shorter. The Upper diveetriz renuined unchanged
tut the rediuve of the curve in the lower direetrix wae shortenod over two
feet. Plate V A shogs the siphon end wasteway spprooches sud sntrenoes.
Rosults were inforior to those provicusly obtuined, iApproxnch flow was
miel rougher. The eddy along the warp wes present with normel csnal water
surfece, w«nd beceme uite propounced shen all gotes vere opened. (plate IIL),
Bogurdlese of the suparioxity of the provicus design, this wes accepted
beceuse the shorter werp was expested to be someuwbat chesper. Figure 7
ehowe the final gmtﬂm detaile. '

9. JMoatemny cnlyew : gn, The Pirst
teste &mmtmteﬂ 'shas t&o or&glml dem ma satmmaw?y. It wes
evident thet poor eppyocch conditicns slone ccuecd existing entrunce
disturhances. OCapazelty requirements were oxzceeded. W©hen latersl dis-
turbencea wers climineted end smooth approach flow wes doveloped, es
discussed sbove, excelient culvert eonditions prevailed.
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'ECIFICATIONS NO. 724

DRAWING NO. 6
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Figure 7o



(A) ORIGINAL DES!CN - FROM DOWNSTREAM (B) ORIGINAL DESIGN - FROM UPSTREAM

MAXIMUM D'SCHARGE INTO WASTEWAY MAXIMUM DISCHARGE INTO WASTEWAY
(C) ORIGINAL ENTRANCE WITH WARP - FROM DOWNSTREAM (D) ORIGINAL ENTRANCE WITH WARP- FROM UPSTREAM
MAXIMUM DISCHARGE INTO WASTEWAY MAXIMUM DISCHARGE INTO WASTEWAY
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(A) REVISED ENTRANCE WITH SHORT WARP - FROM DOWNSTREAM (B) REVISED ENTRANCE WITH SHORT WARP - FROM UPSTREAM
MAXIMUM DISCHARGE INTO WASTEWAY R D e RO S HE

(C) REVISED ENTRANCE WITH LONG WARP — FROM DOWNSTREAM (D) REVISED ENTRANCE WITH LONG WARP - FROM UPSTREAM
MAXIMUM DISCHARGE INTO WASTEWAY MAXIMUM DISC~ARGE INTO WASTEWAY

PLATE 1T



(A) FINAL DESIGN — FROM DOWNSTREAM (B) FINAL DESIGN — FROM UPSTREAM

MAXIMUM DISCHARGE INTO WASTEWAY MAXIMUM DISCHARGE INTO WASTEWAY
(C) FINAL DESIGN — NORMAL CANAL WATER SURFACE (D) FINAL DESIGN — NORMAL CANAL WATER SURFACE
MAXIMUM DISCHARGE INTO SIPHON AND UPSTREAM GULVERT ONLY MAXIMUM DISCHARGE INTO SIPHON AND UPSTREAM CULVERT ONLY
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locities maintained by the oculvert slope wers sufficient to provemt amy
evidence of this in the model, howewer. Figure 9 shows the final protoe
typo details.

19, Culverts. Deteiled tests werse mot roguired. The ver-
dous condlticns wca abmrvaﬂ turough the pyreiin top. 411 proved sat-
isfactory, some superior %o the others, however. Depths spprozimated
those ¢omputed for frictienzl correstiens. Culverts were in no denger
of fiowing m.

mmmw. foree esused flow agginst culvert tops. The extrene
sage vas mezimum dischorge eround the sharpest curve, when two-thirds
the width @r thea top was wetted. This wee not particulerdy objeeiion-
able, bWt would csuse sdditionel stresces in tops and outside walls, .
Poor spprocch condidions aiso euused aurPace 4isturbances.

Culvert straightening eliminated the necesaity of designiag wells
to reeist emw%mgml foree. wWith this wovision, no welder hit the
culvert tepe. The fmproved spprosch reduced surfoce eddies. HNodel
teste fundicsted that culvert design wes hydraulieslly sstigfectory oven
with the originsl plen, bud that curve eliminstion improved resulss.

1l. GChute. The originel design gave excellent results. The
verticel aurve eppeared to £it the srajeetory of the Jet. With flow
through all culverts, the copservesive rete of widening provided com~
stent depthes in any cross ssetion. Culvert wells csused only miner fims.

Opeveting singly et full eepeeity, the upstresm culvert provided
satiafackory chute flow, A% the pool entranss, the flow was feirly well
dtatriduted over veerly the full width (plate IV & wpd B).

1z. &%l o1 |
eiably Trom that aagiaeuy ;gampam, as aad been oxpooted. Several
types @f changos constituted the design ovolution; the floor wes de-
precsed, o shorter peol proved suffieient, end wing wnd pool wells on
the wpstresn side were chengod. Seversl sills end dantated ateps werye
tested before obtuining setisfzétory results. Twe low groins oxtend-
ing into the viprep formed an importent dosige sdditionm.

Although the zend box ocoupied ell eveileble space, o lerger box
would have been desirable. 4 violent eddy peraisted, filling the on-
tire srees, und wes lergely responsible for ercsion beyond the puving.
Thio ofdy Lo sxpected in the prototype but the smallness of the bBOX ule
doubt eflymugnified 1t in the model, This offect possibly ceused a ten-
dency towazd overdesiszn.

Thet the original design plaged she pool floowr too high wes imwme-
diateldy cpperent. 42 ideel jump would require mueh more teilwster e
groundvuter presema linited the prototype fleer lowering to twe feot.
The model was chamged €0 corrospond with this minimum elevetion for all
subaeguent desds.




SO 5.06“ ﬁ-- . | | d

ok T e —— H‘;..'I-".jrl-
N BT o A& fa

i Faielae == | o PRT e —
‘-,::'_'.'.'., O S
{) ) i o —
o e 3 -

L

=

2.8

—-22.91"

SECTION B-B- ORIGINAL ANC
(DOUBLE SCA

< e - 2'-6.75"
§
P —
&
B 'f
. id
1 ke W A / e 3 . PR
PLAN OF ORIGINAL GATE SECTION,CULVERTS, AND CHUTE a
) =i
B
1.00"> = = s
4 e “
f I ! 4 P(RALIN FLANGES 2 °YRALIN FLANGES |
e
1 L —— ! 'a 50 *
A, & |
i e T
|| ) N ence o oo = il | ALL-AMERICAN CANAL
o | e S d it y MODEL STUDIES - NEW RIVER CROSSING
= S ! . == i CULVERT AND CHUTE DETAILS - MODEL
l"
5 i ' SECTION C-C - FINAL GATE . woTEs !
\Y - e (1, 5 — ¢t ey hel w auasteway t cor at
1 : L ety SECTION AND CULVERTS ”|| | 1 = .
-' F-.Tp?r < j o A F '8 t Villa o :l': :‘ iy :‘JI-\.. Y &
L 8 ([ Ty - ' 1 J = Wt 0 e e L ghle ppleanice] e Rl
PLAN OF FINAL GATE SECTION AND CULVERTS SCALE iN INCHES I | K e
= 212-D-3070




PECIFICATIOND WU, res

ettt —————

DRAWING NO. 10

9"Rubber ~
) , . water stop-"| . ESTIMATED QUANTITIES
N s 7 /7 E . z g'w # - Concrete. 320 Cu.Yds.
N . ater /1 4 j 54,000 Lbs.
Cie?” rm{_{;/a,'r,fw" % l" r> *"? e SPG/JOIHK; Reinforcement Steel........ 54
- o e ANC i " "oy m e 1y 124 P13 Odve
— - ' f ———t- ______—%_r_________—__————?_V\;;e— ¥ inf‘-*'{" -T——; »13%4'1<2 Spaces @8°4"= 16-8" -+ ---—-—-— —6 Spaces @5-8% 340" -+~ ----—-2 Spc. @6*[*12' 230,
o ! R ¢ Hater sea’Jjo - DD+
80, A} % O ~4ﬁ>-—<%—‘€>—¢~—ﬁ* o—
; = o ~ . st \ ' |
E ® T ! % g : /L : §
N . | 1 ! H =2
3 S I ? i_ e e e e e e~ +-4 __A__ i ,+\ o -
g S = - - S = - -1 9"Rubber water stop-—s __ 1o 1 2z 3 bl S+ —& O>—O— —H—- O——O— O+
I 4—%; %—:_ ¥ i o M s m AR 1 1 J (<Y 1 N T S
o 3 ! #Water seal joint ------._. LS T 8tak sy SCALE OF FEET s 'e"o ¥
3 5 L. o . ' # Hor 5 % ! . . P
¢ » g g ® ‘Construction Jjoint. NS oy ST 41800 ': k| h ? ,L A L
2 ® 548 {Steet 7 Ty R —0—4—0 O—o——0 : O —O
g 5 ;"’\‘;35 f‘mme.-"r LS Ve Wasteway 4 3;;505 ! T T
o T-T === === e e e G =T = 54 Bars NS % . ! !
£ S SR S e e e S SSSS LSS e A t &zers A N LS | , :
5 AR R T = - 1 T e | = L
T Ay | i " : = E ' SE P OO : SG— -+
§ . » 5 “Sta.0+71.48 © “-4-For details of chute DETAIL OF PIER NO
5 o ~ "_,z" : see Dwg. 21:2-D-1833 . ! ! ! :
Z o EER LIRS SR o i SR AT e I N 1 NN doint N 9% fot7i7" i , ! - /L
E ‘_}__4 L .~ wls p—— ——1':""_‘_________________ ZnT=ss ===2 : e S Pt \\\s/ 7" {Bars @12%rs., -% —-j——@ *4} g —6}) -‘49——\1/
= T T . \ N Lot
£ i S .forddefa;'/gofjangﬁr,?o/fsgeaefeogearéllggs: T 2l : s ek’ AW s g 1 &_F_:‘ - e PILE PLACING DIAGRAM
T S e ' N and railing ins liarion, s L CICT o | = R N - 4 & - — $ 400" LONG 5 ) s 10 15
5 Y iy o e D D-1835. Eo% details of gate and hoist ;. | Pog | eyl S ! RN ALL PILING To BE e S
xE w0 5 e '.-Z-IO = installation, see Dwg. 212-D-1834. . i FWater seal joinfe p. i } " §¢Bars®/2'trs, an 3IES E
22 4 B 4 & ¢ J N N P A ##Barserzers. R Y| (S —Alternate 3% and {3 bars @6°crs. Splice 5
D s L= l * - e el -J P v M — X S ~~on center line of outer barrels.sz----—----...
Y m: = : : 7 Lk Ly e o Seter line of outer barrels e gl
) T ray oy - i T et T — T 4 Longituding] B2 — 4 VY B ets—-E Y.
o n\ T W B e Rubber water stop.- | e L o e e L _LF3 ONgITuaINg! gt . . e } 11 1ers:; X .
$ HAW K 3 - ) L. © 7 P | | ’ N i 1 .. bars 81z T A §3Bors@srs. | ,-,-7:;5,,,5 o2t | -z‘baﬁgngit P T ‘,?‘(;fg?:;mchon
o J& iy G | IR ’”’#B‘mfbom; ) A g*‘sﬁgg Kt fBarserzers | Dorh ways—g < 5 'm" :
¥ o Wi, | | § 1" faces. lurninto R < "‘Y‘Bars: o % Bk 7,_9.____?. ‘_-é,-.--<8"0"'""' g y . 3 ]
L ‘M”‘j‘- 4"6&""‘]4."”' J PLAN {4.{ % 1‘ g‘,gg’;wfy‘aﬁse of '}\ 7] glo,g"'crs. E‘#é%""' S.‘ T AR R AR g o SRR 2 Fa S ok FF Lgrd®: pod g _>2-Z¢qu5
Fel, gl —F RS EN Zon i S E R b : LS 3
c ” ot Y .S} 77T S —— 4 HY ! BRS W ii = - I
H 23 fe-= 56 L oo 626 -2 14> H e s g b Lh_ P o= Rk |
| cHiBseets, | L £1:108.65 LT BT s 7 g T L3%ot  6'Mins k3 04 e Win € Wasteway. | gl
ion joint--{ T rEEmE N 3l 2= N Ny e, fr g v (8 85"~ e-oon 6"l i}
Construction joirrt---T 15 ay TR e-£1Bars o6trs o g J | 2H T /8 - oy d
£3Bars erzrs. 5 Warseizts  ERKI AR O s 5 @Hbars eizers o S, ? . 2'Dia.drain-y  SECTION 6-G f’ifi"aﬁé‘;’ﬁf
rmal W.S. Tk gobars N 7gm = b 1Y Y ¢ ! o T e N T ———
/3119103./5~~§,,@r IxIZ_' A Seersy AT ! 5 RN o) & 4 |(80ia.pipe. 4. - 1¢3'Dia. drain.
R - = Groove-/”, R = ;;l” N i il . 44 = = "'_ ) .~y Y a'D/a.hoIe.\ :. :8"Dig. hole,
— 8" £ + p X EH 1 AN ~44 2 . 1 )
. - " oS B 3 I7i Y [ PR VR —{T N f ol
0-2800 3| [[RZT steelnallpiate L NNFFE Y s bBars o1ztrs 2 S 44 Bars. N = e - O oY G
3 | RS €pin £1.96.75: ¢ 1.§ S ) L Sflertical o | S 3
S| 29647 > Y : = R R Iy ATy e SR T S diki =y---39T1e bars @ 24crs. b Hesit | bars spaced 3! ] \
ol ] Sk ENEE: i ! . 23Bars 5 PR P sz T : d
Rl i T e I 4 T e % adin M s S RN [ Bl e )i
. N Tt ot ot ot - CoOnstruction joint DS <Construction ] e o BRI it / s. Project 2z~
o0y N\ i {Consh EE& L i R i S eiX V7 SECTION K-K SECTION L-L
E::\(.}—;%.. e e : T X H= e K H Lol p o achon - Fill pockefswith L © | 2 3 ¢ &
Z'Water seal joint.>_ & TS \T 1 4 w9 ST w2 1,6'-» ~13-§% Bars spaced as shown., ‘?'%L’e& K x//fzs%eg;‘zl" »Ieg?regf:’l{efggggd SCALE OF FEET
] e : ; s s e S " . " .
Raint surface with /1 Lstot et ' < it surface with 24 Dia pipes~zigf. - §4 Horiz.bars @ 10trs SECTION J-J . ° NOTE S
hot far orasphalt-— k320" =6 Min. SECTION A-A hot far orasphalt z Jia. - " SECTION B-8 Fordetails of joint installation and rubber water stop,
see Dwg, 2/12-D-1838, .
legt 7t . Ny . . El, 108.65, levations shown are 100'above All-American Canal datum.
,~El.108.65 ~El. 108.65 1 108.65 s '-rsl z’Zbrs. ' . £1.108.65 3 e Eham for il expased corners £
¢ . T T T ] T T = £ fE g B R Sy bt g U A AT E o n ,3' | ! | > 39 Stee! frame- Fordetails of piles, see Dwg, 212-D-1838.
Pl Aok 1] Ve G B o | ] O oeir s Bl Construction & } | ! ' All reinforcement shall be placed so that the centers of
D A Y # 76—l 746" =726 45z H ! e o EFllet" R [ | } il + bars in the outer /ager will be 2"from face of concrete
e < ; Joins: i i i ) P ¢ unless otherwrse shown.
o = iz f | [ lap all bars 40 diameters at splices.
Pl i & i i P ¢ K K . th
i ' e ! | ! ! - Hooks with 180°bends, radii of 4 bar diameters and lengths
‘ i | it [ ! | x (3 of 16 -bar diameters fo be provided where shown.
I ! - RS ! [ 19" S
aiy b | B ISR 1 IR I 3 R e
ANTI1 | ES—| S ——— | N X — R y : Ef ______ { h : 8 BOULDER CANYON PROJECT
ol | Sm 1T FE T - * i & i - | ! | < ALL-AMERICAN CANAL SYSTEM-CALIFORNIA
il | | g/ e 1 ! | L 93,25 § ALL- AMERICAN CANAL-STA.3785+60 To 3810+20
P t}-2 Rubber fill- |l &'Dia.cast [EF2-2IOR S S i ’ ; O 1 Y. 4 [ B m NEW RIVER CROSSING
| 1i]1 A .63 Coppen fron pipe--—1} b=¢r ik s &l Construction B onstruction .} > | re J A WASTEWAY
| e, | i 2:2+f! el 2 LTS ¥ joints. - el Joints---—" g F z o GATE SECTION AND CULVERT
b it ¥ LL ¥l o053 | i S0 H 9053 ) e bt iy . r\ i} N | —rﬁ‘r-;§§ SUBMITTED.......C 08 >
— x 7 > = BT Ererg e sty : N . k 7
- L‘U T A d f LA gl 11 3% a2 LidL £7.93.25- TR e TRACED RECOMMENDED:. S Gnngh... -
g -Uf—LL \‘[I € "R b%*u‘ tor st i "/ﬁ,,'f’ 3103 f Bor Min. 2'Dia drain.---1 “g?Bar's@IO"ch. both ways. cnzcxen;% s APPROVED ... MO A ........_.
9" Rubber water stop: 1o s Y SECTION E-E ELEVATION F-F SECTION H-H 28065  [PEVVER. COLORADD, NOVEMEER 131938 212- D~ 1832
ELEVATION C-C SECTION D-D  win o -

Figm 9.



(A) FINAL DESIGN — LEFT CULVERT
ONLY OPERATING AT FULL CAPACITY

(B) FINAL DESIGN

LEFT CULVERT ONLY OPERATING
AT FULL CAPACITY

PLATE IV

(C) POOL SHAPE "C" — MAXIMUM DISCHARGE
TAILWATER ELEVATION 56.0 FEET



4 seeondary sill end beffle plers were ssverslly inmestzlled and
tested. No improvements were noted. The mein sill wes then trisd in
verious locations. Paving boyoud 1t appesrsd unpecessery. These tests
indieated tha$ s pool es short as 7.8 foct would glve results cowmparsble
rith those from the oxiglnel 41l.1-f00t lemgth. The shorter pool wes
a@gﬁ@ﬂa

The recteBguler posl wes now tested et the lower elevetion, using
send topogrepby snd no riprep. Surfeee conditions appeared excellentd
iz the pool but the large eddy in the viver bed coused considersdie
eresion. & lerge srea nesar the end of the right side well wes scoured
%0 the box floor which would have beén at elevation 41.6 in the proe
totype. In sm effort to forve the eddy farther out imto the viver,
effontive chengeo in the right side well wore mude. Figure 10 chows
the various chapes testeds Tem~-minute runs with mezioun Giccherge end
mindeum Sailester scoured the chaded arees to the fleor. Plate IV C
shous shrface conditions while %testing "Plam G.*¥ Little differemce im
jump appesrensge wes deteotod betwsen the severel designs, “Plan D%,
selected on the buzis of minimus scour, wee used for step and sill
teats and eventuwlly for the fimal design.

sAotually the various demtated steps produced rewults differing
very alightly, z2lthough the original teeth secemed toc cosrse. Afusy
testing seversl sizes, teeth 1.78 feet high, 1.58 fest wide, snd
spated 9B J.1-000% centors were eelected. The tooth shape wus then
changod in an cffort ¢v meve the jump ugetreem, Tho topas were given
e 6:) slepe. This wes not suceossful. Toots wore next made without
the use of & step, causing the juup %o move dowvnstrmem. Fuxthey
step changes were not expected o reault in materisl improvemshts
end were diseontinued.

Verious éhspes «BE silzes ¢f sill teeth were tested but mot re-
coréad: Most of them produced about equelly satisfactory resulis. 4
gtendard Aehbock design with tooth and speeo widths of 1.58 feet was
finelly edopted. %hie 2ill wes then teatod at different helghts by
plecing various reetengular otrips beneath i%. Esight proved & mmeh
moye important feetor thap 2hape. Tho scction zhewn in figure 18D
produced best resulds, :

Brosdicn was noet wevery meer the magle point ia the end of the
peol fioor {figurs 10d). Chenges wore tried im the portion of the sill
affeeting this reglon. Toeth vore removed for czome dests, specas werp
filled for othars, the alll was enitirely removed from the disgonal
portien of the pool end for ons rum, but wost chepges bed littie ¢ffset.
Bost eonditions resulied fron the dentuted sill slomg the sguare end ¢ome
bined with e 20114 eill elong the disgeaal part.

#arther exocion contral was atitanpted by instelling groins exn-
tending iuto the capd. 4e weny as threo groins were ussd, Positiona,
lengthe, omd top olevaticns were veried. oHurfate appesveness wore not
affceteod. Somo combinations reduced seouy remarkebly emd others in~-
eressed it. Fligure Ll shows resultz of the veriocus tosta.
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SPECIFICATIONS NO. 724
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NOTES
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Figure 1ib shows the fimel poul deslgn, = composite of the baest
fenturas develeped by provious $esta, It wan installed with sand to-
pogrephy end Yiprapy t0 ocele. Hswudlts weke satlafectory but not per-
feot. Plate VI shows the poel sction umier severel conditions. Riprep
proved atoble o5 evidenesd by plate V, showiag Shoe gravel Before cud
after lougldy tests undoy the most adverse dizckarge and %tsilwater condi-
tions, It vae decided thuet further improvements would probably not be
worth the time noceugery % develop them. Prototype design showma by
figure 1§ closely followsd this fimsl model, which is compared with the
original design in figure LI,

R S 4@\

gulis. Thezs experiments were snother exemple of
modeld study vame S.a, hmme éosiga. Tests denonetreted the ez
cellense of the original plens of several femtures. The sost of iaw
vostigetiag Bhese was slight. Oa the other hend, aome poor condi-
tions wers diseovored wnd corrected. The pool gave poor resulss. Its
conatrustion os origluslly designed would have beed o misteke. Flow
appronching the wastowoy eatrence was slse poor. Hoving the entrenee
and thus providing more direot cpprosch pertly ramedied this ¢omdition.
This alee cooompliched culvert surve elimimetion. & further step was
the use of en approsch warp, slthough the éne Linelly selotted was not
the best ene tested., In corrvestimg spproash flow, the model work proba-
bly peid for itvself meny times ovaeyr. Figurs 14 shows the finel pro-
totype m&l ples.

14, Coneinsiens. Thoss studies indiosted the dAiffieulty
of stilling-pook dmxm by wge of & theoratiezl or ampiriosl method.
Hiaoy Pactore ofbmn controd yool aetion und desigas should Be checked
by aodel studies whenevar efficlent operation is desirved.

Tests of groine chowed that they cen be sdventegesusly wsed in
2%111ling~poel comstruction as mz. 88 for hesch-erosion 6oudrol.

; 8111 tests indicnted that tooth size amd shepe exe not of primery
importenee. dapperently the 5111l helight =bove the ficor hes mich more
effoot on opsration.

Runs without & dentated step showed the importunce of verticel jes
ddeperslen in Reeping the Jump upstreem. Lerger teeth owmsed excessive
vertical sprecd, however, OSome water hit the upstressm feee of the roller,
moving 1t downetream. &loplng tsoth chowed po denefielsl results, el
though they promise to0 have definite valuc in some easen.

tiasteuuy epprosceh studies indleuted that high weloeity flow in
open chenmels csmnot efficiently meke sherp turms. Hxocessive losses
mat reault. Good fiow distridutien immefiately downatresm ocunnot be
echieved. The supericority of uwsrps over sagnlar interasstions were
ulzo fndlented,
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(A) FINAL DESIGN - WARPS AND ENTRANCES

(B) POOL AND RIPRAP BEFORE FINAL TESTS (C) POOL AND RIPRAP AFTER FINAL TESTS

DI ATE 1\



(A) FINAL POOL DESIGN — MAXIMUM DISCHARGE (B) FINAL POOL DESIGN — MAXIMUM DISCHARGE
TAILWATER ELEVATION 57.0 FEET TAILWATER ELEVATION 53.0 FEET

(C) CULVERTS AND WASTEWAY GATES (D) SIPHONS, CULVERTS, AND CHUTE

PLATE NI
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