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This bullecia is one: of a series prcparccl to. rccord the: h:ctory ‘of’”' |

the Boulder Canyon project, the. results of - techmcal studics. and.

-experimental mvcatlgatlons “and’ the: more - unusual features: of |-

design and construction. A 'list of the bullecins: nvzulnblc and'
proposcd for publication is ‘given ac thc back’ of th15 rcporr L

By joint resolution approved by the: Prc.».ndcnt Aprx 30, 1947 L
the United States Congress changed the namc of the dam thcrcto- =

fore known as Boxlder Dam to Hoaver Dam. - Thjs bullcnn was too' .

near completion on that’ datc to pcrmlt maklng the approprntc =
changes in the drawmgs ‘
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FOREWORD

Colorado River, originating in the mc]tmg snows of thc Wyommg : nd_'
Colorado Rockics and .augmented by rapid run-off from spasmod:c rains
and cloudbursts over a vast arid «region, has mcnaccd llfc and: propcrty in
its descent to the Gulf of Cahfomm since. the days of the first. covcrcd',

Wlth increased .popularion along thc lowcr rcachcs of the: river hc

problem of controlling the' Colorado becamc. morc lmportant. «During - .-
recent years millions of dollars have been spr:nt in mirigating: thc cw]s of s

silt deposition and in protecting the hxth} CLllth'ltEd Impcr:al Vallcy lands‘ -
from annual threars of inundacion. P

The need for a comprchcnsn’c plan’ of dcvc]opmcnt to chcck thc ravagcs__" .

of Colorado River, to rcgu]arc its flow; and to'utilize p;m: of its nc_)rmous' L
energy led, firs, to investigations by, the Reclamation Scrvxce ofalliw ‘
storage possibilitics; next, to the Colorado River Compact, a mutual agrcc-j

ment for the protection of the seven basin Srates; and; finally; to thc adop—'__ .

tion of the Boulder Canyon project, as the initial‘ development.

The Boulder Canyon Project Act, approvcd Dcccmber 21,1928, ‘au:honzcd‘_
a toral appropriation of $165,000,000 for. the various fearurcs ‘involved. » -
These include Hoover Dam and appurtenant works; the powcr plant thc g

reservoir, and. the All-American Canal’ System.” “The - ‘purposes:: of: ‘the."
project are: (1) Floed and sile: control for prorccuon of land. iong the "
lower river; (2) improvement of 1 navigation; (3) river rcqulatxon and stor-

age of warer for irrigation and - ‘municipal; use; aud (4) -‘-dcvclopmcnt of‘ e

clectric power for domestic and'industrizl purposes:

liquidating, largely :.rough”contracts. for’ disposal- of clccrncal cncrgy:, -

generated by Hoover power plant.. The projecr: was constructed and. s
being operated under the supervision of thc Bl1r¢au of Rcclamarmn Umtcd
States Department of the Interior. G T )
With reference to the All-American, Canal sysrcm rhc Bouldcr C-myon"
Project Act provided for the construction of 2'main canal and nppurtcnantu G
structures to be located envirely in the Uniced States and to connect Laguna -

Dam, or some other suitalle diversion dam, with the Impcrml and Coachella’ .. ‘
Valleys of California. - The canal then serving Imperial Valley had never

been samfacrory A considerable part of it ‘was located in Mexico, and,

as stipulated in the nght—of—v.wv concession, Mexico ‘was catitled 10750

percent of all water diverted inta the canal, The diversion dam, al:hough
Jocated in the United States, was a temporary. strucrure thathad. to be

Y1




FOREWORD

 removed durmg ﬂood pcrmds and rcplaccd afeer the. ﬂoods rcccdcd." “Fur--

thermore, the method. of silt dxsposa] was bothiinadequate and expensive,
It was at first contcmplatcd that’Laguna Dam,’ :he‘divcrswn_structurc e
buile for the Yuma project, “would: be- utilized for’ diversion to a'new canal
called che 'All-American. ~Surveys. and.: xuvcsuganons "howcvcr, showed

that 4 canal 21 feet higher-than the Yuma Canal} requmng anewdamabout. -

1,

5 miles farther upstream, ~would: bc less expensive;principally” for the reason
that it involved less excavation through'the sand hills, . The iplan ﬁnally.i
adopred rcquu:cd the construction: of a‘dam, upstreamfror
to divert water into the All-American Canal. Warer for thc Yuma‘pro;cct S
is taken through the- All-Amcrlcan Canal; obv' ung”:thc neee
'Dam as a diversion structure.’ " However, ir:is béing 1 mamt;uncd
excessive erosion downstrc:m: from: Impcnal Dam G
A great many problems arose.in connéction with: the' dcslgrl of rhe ncw';‘
dam and canal which could only be solved- satlsfactorlly by l‘l.ldlCS in thc"f_' :
- hydraulic laboratory. Some. of: ‘these’ problcm‘ anq
presented in this bulletin,  Fora dlSCllbblOﬂ of other: fearures of the' Bouldcr :
" Canyon project the reader is rcfcrr-d to thc list of bulletins ‘at the: end ‘of
“this. ;cpnrt : i
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CHAPTER I—INTRODUCTION
1. General—As has been stated in the foreword;: one ‘of. the jprincipal L
purposes of the Boulder Canyon project is the regulation of the Colorado =
River and the storage of water for irrigation, ':puwér',_“.and*"}nuﬁ'id'iﬁlfj_usé; :
The flow of the river is extremely variable, bur the need for it is' much'more -
constant. Therefore, in urder to develop-the resources of ‘the river'to
the greatest possible cxrent, it is necessary to store the warer in times of
high stream-flow for use when the ‘natural flows " are ‘smaller “than-the-
quantity needed. This storage of the watcr has'been' made possible by'the
great teservoir named Lake Mead, which was formed by the construction of:
Hoover Dam. The stored water is released “back into the river ichannel - -
below the dam, fiows southward to Needles, thence: through the reservoir w2
above Parker Dam, and Enally, 300 miles below: Hoover Dam,:it: reaches
the head of the delta which was formed by the Colorado River as it entered -
the Gulf of California. - A part of the flow is divereed aear Parker Dam for
the water supply of Los Angeles and. ailjacent localitics and another small. e
part is diverted to irrigation projects along the river, buc the preatesc.part’ -
is used for irrigation near the lower end of theTiver. .oy e
The lands within this region which are supplied with irrigation water.
from the Colorado River lie ‘partly within fthé.;[_Jnith,‘S_t':;t_és'fand:_;;!S‘ér‘tyl'y‘_ e
within Mexico. The United States lands comprise three:general areas: (1) E
The Imperial Valley area, (2) the Yuma irrigation ‘project; and (3) the s = 7
Lower Gila River Valley. The first and largest of. these areas, known'as .
the Imperial itrigation distric, lies ‘in the lower end of California, where -
532,000 acres have been developed and were supplicd for many ‘'years by.a .-
canal with headworks a few miles below Yumia, Ariz., as shown in ﬁgu_rc;lﬁ
Just below the headworks the canal flowed into Mexico, whcrc it-supplied -
water for considerable land before recurning to the, United States. -“7"Th‘c"‘" o
second of these areas, the Yuma project, was formerly supplied by a canal N
heading at the Laguna Dam. This project has an area of 53,000 acres in
California and Arizona and can ultimately be extended to include 112,000
acres. The third area is in the lower valley of the Gila River, which
enters the Colorado near the town of Yuma.
S11244° — 402
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INTRODUCTION 3

When the Boulder Canyon project was developed, the Tmperial irrigation '
district and the Yuma project had already been in operation for a-consider-

able petiod, but the portion in the Gila'Valley was largely undeveloped.

Greac difficulty was experienced in supplying water 1o the Imperial Valley, .
due to the large quantities of sediment inthe’ Chlo‘radoj‘l{ii{cx_‘—»witct,-_a_ﬂ_d .

expenditures and damages of apprdximﬁtcly.$‘1,000,'000‘j§p'_cr;_ y'(.‘.;l.l_"“'ﬁ‘:Sl.lllthtd-  5 : .
from sediment depaosits.: Administrative problems arising: from the opera-

tion. of a canal crossing the! international boundary {between. the ‘United -

States and Mexico had also proved tfoublesome. ‘Tli;‘_,.aild‘i_r{i_ijﬁﬁf;‘{l\':w:ltc'i"" e
supply made available by the storage of water in Lake Mead: permiteed the 5

development of abour 80,000 acres of very fertile land, in the: cinity of "~ -
the Salton Sea, which was' too high in ¢levation o’ be:suppl from:the "/ - ‘

canal leading to the Imperial Valley. Tewas therefore decided to comstruct -
an entirely new and larger camal, ‘called the All-American Canal, ‘shown <

in figure 1, which would take water from the Colorado River some distance

above the Laguna Dam and carry it, t:n'tircl)r;ijﬂ{itlii_;xff_th‘c‘g.U: red:States, to .
the Imperial Valley; a branch, called the- Co_;_t“c'_lmll‘aj_’.'C:in‘a_l.;".Vifaél’tb'-s_upp_ly"
the new arcas in' the vicinity of the Salton:Sea. i The All-American Canal

would be free from the difficulries of iriccmatibﬁ:il‘;td_n1.ihi.s'tfn’tidna, and was

to be supplied with an extensive désii:ing‘{\(:di'_k"gfﬁl;ji‘:hiﬂﬁd&ldrcliminipc Eoh
the sediment problem.. It -would inCidcn:zill_yJ_prbvi.d_cljfoi'-‘;hé‘"dc‘vclopni_cnt‘ e

of 60,000 kilowatts of electric power, ~ Since 15 miles of this canal paralleled -
the existing Yuma Canal, the flows were 1o be combined for: this disrance:
As the plans for the Gila project developed, it became evident thatthe in- -
cake of the canal to supply this region could, be close to thatofrhcAll-
American Canal, and a dam 'was.dcsigncdf‘w;i't:h{_oh‘éf‘off',thz_::'sé_}int_iikéé_}ﬁrf g
either end, to supply desilted water o all of the areas in this vicinity lying - -
wichin the United States. T L e S
The general plan of the lmperial Dam, desilting works, and intakes ‘to

the Gila and All-American Canals is showri‘in’ figare 2." The dam proper’
consists of twa sccrions, a sluiceway section ahout 240 feer'longion the
right or California side, and an. overfall section with: uncontrolled crest
about 1,200 feet long on the left or ‘Arizona side; ' Both sections are of .

holiow concrete construction founded on the sediment of theriver bed , with

deep cut-offs of sheet piling. Where bearing pressurcs are high, the sections

rest on concrete piles. At the California end. of ‘the dani-is located : the
intake for the All-American Canal, ‘which'is {;;Bnrré_)liéd-abyifou'r:\jj;f(jot'”* ‘

roller dam-type gates, each supplying a scparate channel. ~Edch of the
first three chanacls leads to-a pair of desilting basins,-und: the fourth leads
through a bypass dirsetly to the All-American Canal. - The water from’
cach of the first threc chanpels enters 2 gradualty contracting influent
channel, dividing each pair of basins, from which ic is discributed uniformly
to the basins by openings in the side walls. In passing through the basins,
the coarser sediment is deposited on the ‘botrom and is scraped toward
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INTRODUCTION S ( 5

outlets leading back to the river by a scries of rotary scrapers. . The clarified
water spills over the side walls of the basins into efflucat channels which
lead ta the All-American Canal. ~The intake for the Giia Canal was-placed
at the left or Arizona end of the dam. : It consists of three gate structures, .-
each of which it is contemplated wiillead intoa desilting basini butonly .
one basin has so far been completed. In chis basin the sediment settles to
the bottom, and at intervals the basin is closed off from the canal and the -
deposited sediment is washed back’to the river through gates leading to -
culverts passing under the canal. B A
The All-American Canal, which supplics the  Yuma project and:: ,
Imperial irrigation district, begins at.the dcs_ilting*-vaprks‘“oh_”ftht‘.{Gii]'ifoi'_ﬁia s
side of the river, as shown in-figure 1. ~Ac Siphon Drop, 15:miles down- / S
stream, the canal supplying the Yuma project branches off."; ArPilocKnob, -
water is supplied to the upper-end of the old Imperial Canal; which will .
supply land in Mexico or be returaed to thc‘.‘Colqrad‘o‘-Rivj‘:‘r;:,i-ju'_r{c'chsl:-r;off =
the sand hills the Coachella Canal branches. off to. the northward and
irrigates land to the north and northwest of the Saiton:Sea.. The All--
American Canal then flows through a series ‘of drops; at ‘several of which

power is or will be developed, and then intersects the canals of the Imperial

irrigation district system, which were formerly supplicd by ‘the Imperial = = - =
Canal. The Gila Canal flows along the Arizona bank of the Colorado. - Sk
River and crosses the Gila River. Only a-small parc of the Gila projectis . -
at present constructed. © . F o i R
2. Scope of Bulletin.—In -conncction with ‘the'design of the Imperial = -
Dam and desilting works and the-canals connecting theréwith, a‘great.
many problems arose which could only be solved sacisfactorily by stidics in”
the hydraulic laboratory. “ Two of”thcsc‘-?probléms;_,wf:_rc_:.“ch'c-_dct_‘cttﬁ_irj:af.i:()fi\
of the best shape of crest of the overflow dam and of the-best design of che
seilling pool to dissipat¢: the energy ‘of: the- overfalling - water withouw
undermining or otherwisc damaging the structure, A thitd was the .
development of the best form of structure for the sluice gates and. stilling = -
pool. The deveiopment of the roller  dam-type ‘headgates fori the *All- " -
American Canal involved many: problems which: were. attacked - through "
model tests; and other problems requiring model studics arose in connection’
with the determination of flow conditions through the materials on'which !
che structures were founded, and the developing of measures 1o insure that:
chis flow would not cause undermining. - A -large serics.. of..questions
developed because of the deposit of .sediment. in_the-reservoir above the 7
dam, especially in the vicinity of the canal intakes. " The design of the'
desilting basins also involved methods which, to 4 large excent, ‘were new
and had to be developed and perfected. *There were a number of problems:
which iovolved considerable study in connection with the canals:and. -
canal structures, especially the chutes and drops and the structures in which
storm .drainage water was passed over the canal. ‘The purposc of this
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report is to describe these problems and thc‘smdics";vh_ich-w‘cr_:".ﬁiik_i; on
them by the hydraulic laboratory forces of the Burcaw of Reclamation, who -
worked in close coordination with the designing staft. The resules.of the
studies are given in considerable detail to permic.morc cffective use of the,
underlying principles in the design of other/structures of ‘a similar nature .
which may be builtin,the fucare. - e
3. Summary of Results—The resultsof the model studics.dre too. volus' -
minous ta summarize. in, a_single section “of this cport; furthérmore, the =
significance of the information would be Jost, Accordingly. the findings -
are included in the discussion of each particular feagure. = L0 L
4. Verification of Resalts of Investigations.—Since: any of.the hy- =~
draulic problems encountered’ in the design’ of ‘Imperial- Dam;: desilting =
works, and pertinent canal structures'are without precedent, it is desirable
to compare the. prototype action. wich, that: predicted- from ithe: model ;.
studies.  Although the structures have been completed: for.several: years,
na precise studies of the prototype attion have'been made and are thercefore
oot available for comparison. However, some of. the observations made
during routine operations are presenred in_the following paragraphs, el
With respece 10 the desilting basins, it has been noted that 2 considerable o
loss of head occurs in the influent slots, whereas thé model. study ‘predicted .
a recovery of the velocicy head. * Measurements and observarions should.
be made to determine the cause of this variation between model and proto- "
type action. R e el
To verify the uplift pressures acting on the dam .as: determined: by hy--

draulic model and clectric: analogy .studies, prcs“shrcjcc_lls:;}v:eréi_ns‘t_ztljcd
beneath the spillway. Although soi‘li'é-'bbsgrv'qti_dh_s:_‘ﬁitiliziﬁg.»ft_hcﬁsé célls
have been made, a complete anal }fsis,"‘I"cﬂccti'hg}:tvbg;;\‘isgfulrrj_egsf,ozf"'ﬁ'hf‘;j particu-
lar type of cell together with derails: of in;;}t_ﬁg\]l;1_'piofi,';u)glf}pc}t‘t.i‘(_'_)_g,: has ‘not
been made. * This analysis would be uséful in the'design of future installa-
tions. ‘ e T i s
Closely related with the amountof percolation i the action: of the
cjectors on. the downstream face of the spillway.. These devices:are de- -
signed to control the elevation of thewirer inside the dat - Sincedoubt.
exists relative to the transference of the acrion:of the ejectors from model
to prototype, a field calibration is considered essential.’.: However, to date
the spillway bas.not operaced sufficiently to permicsich a'study. |+

A determination of the amount of powet - required to rotatethe sile
scrapers on the prototype would enable verification of this. phase of. the
hydraulic model design and provide valuable data for the design of future
installarions. , . B

The ball check valves'in the!desilting basin of the. Gila' Gravity Main -
Canal have not functioned because of lack of water in the carth fill, buca
comparatively recent examination revealed that the valves were in proper
condition and would operate if necessary. o
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The stilling pools for the drops nnd ovcrchutcs havc pcrformcd satis--
factonly to date, and’no special efforts have been m.:dc to correlate their
action with that predicted - from ‘the: model ‘studics. A comparlson “of -

water surfaces and velocities in:the pools with' those: predicted’ from the

hydraulic models would be c:\trcmcly useful in verifying the model scudlcs
Particular attention should’ be given the condition ‘of the!tee!
dentated sills and steps, as the model revealed a ma.crw.lly dll'fcrcm: ! csult
if the edges became rounded thruugh abrasive action.’ S
5. Similicude.~In part VI, bulletin 1, Model - Studies - of*Splllways i
Boulder Canyon Project Final Reports,a discussion has:been’ given of the
necessary similitude relations bctwccn 2 model and its prototype,: togcthcr
with a bibhography on the subject.. - Suffice it to'say: here that'all hy draulic " -
model experiments on the Imperial Dam and g 1ppurrcnan: works and the'All-

American Canal structures were made to conform to the prmcxplcs of sumh-'{.

tude as far as was practicable. Accordmgly modcl scale atios, surface
roughnesses, velocities, and other. factors “were: consu]c irefully -
assure compliance with the laws :xppIymg to th '

enabling cransference of the model data‘to. the. prototypc 1l
possible error.  Where it was lmpmctmb]c 10 compI;,r £ully :ch hc laws

of similitude, analysis of the data tooL into COﬂSldCt’atIOl any dlgrcss:ons‘-' o

therefrom. ‘ o e _
6. The Hydmuhc Labontones.—Pmcncall) call of t 3 studies for the |

dam and desilting works were conducted ac the lnboratory in th‘ o]d custom~'

house in Denver and in the onc at Montrose; Colo. v .

of the canal structures were pcrformcd at the J.1bor.1t0ry in,

house.

built as an emergency to prov:dc forwork whlch could not be h.mv.lfe‘

lzboratory of the Colorado Agrncultunl Expcnmcnt Stat"

Colo. It was constructed i in.very crowded quarters] w

floor space was only 1,700 square feer, bnd]v broken: b},

and the head room was only 10 fcct

apparatus was thcrc.forc not as cunw_mcnc to. operatc as i,
built lahoratory had been aviilable,

quarters had no apprecizble effect-.on the qudlltv‘of thc rcsults obmmcd o
The Montrose mburuory was a large outdoor - one:- whtch rcccwcd water o
from the main irrigation canal of the Uncompahgrc irrigation; project. The: -

customhouse laboratory, buile.in the basement of the new cusomhouse for .
the use of the Bureau of Reclamartion, is fully equipped with thc Tatest
types of equipment. More details of these f«lLllltlcb will bc g:vcn in con-
nection with the individual tests, : EONRTE S L
7. Personnel.—The hydrauli. experiments discusscd in this GCOrt wcrc' .
begun under the supervision of E. W. Lane and werc completed under the
supervision of . E. Warnock. Because of the large number of projecrs and
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individuals involved and the frcqucnt shift in pcrsonncl 1t s lmpractlcahlc
to outline in detail the part taken by cach individual. Thc following arc
the names of the engineers who.werc cngagcd in® thc e.tudlcs

their success was largely duc: ' : ‘

1. W, Ball : J.hL-BumxcH'"
D. P. Barnes JF. B Campbell -
J- N. Bradley o cF R Clinc i v -TsG ‘ ‘
C. W. Thomas - W.E.Corfitzen ©. -} +F.L: Panwio -
D. M. Lancaster. .. J. H: Douma -0 1_‘ ‘Lo ,_:Samucl Schul:sr
H. W. Brewer  J.B.Drisko +: - " F.C.Lowe’ SVULE Sm:crcr
H. D. Briley ‘H. G, Dewey, Jr. - 1. Mol g
L. R. Brooks ‘I-J M. Marrin- . f.-\,';.i_E.j.‘Ncmm:rs f
R.R. Buirgy . . r\ Goﬂdp:lsturc B o
Others, too numerous to mcntxon II]dIV]dUd“},~ ; Accd wu:h thesc.
:xpcrzmcnts in the design, construction; and opcrauon ‘of: the madels: and”.
in the apalysis of the data. . Without: thcn assistance, the succcssful con-'
duct of the work described herein would. not have' heen' possxble o
The text was written by E. ‘W, Lane and wWas. rcvlcwcd and: cdltc:d by -
D. M. Lancaster and E. H. Larson, Dra.wmgs were B :
tion by R. H. Williams and D. F. Wilson. " SR
8. Bibliography.—The followmg blblxogmphy, rclatmg o the modcli
studies described in this bullerifi, consists. entirely of unpublished reports.
originating in the hydraulic. lahoratory of the ‘Bureau ‘of :Reclamation at’
Denver, Colo. A list of the bulletins being pubhshcd as Bouldcr Canyon.
Project Final Reports, with prices shown-for. thosc now av ‘lablc for d1s-¥-
tribution, is given at thc cud of thls rcport '
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CHAPTER [I—SPILLWAY STUDIES

INTRODUCTION

9. The Protorype.—The primary purpose of Imperial Dam’is to raise
the water in the Colorado River so it can be diverted readily into the - :
All-American and Gila Canals, and to provide for the control of the flow.. =
The purpose of the spillway section is to discharge flows.which may come - -
down the river in excess of the capacity of the sluiceway gates; which +
ordinarily control the flow passing the dam.  Becausc of the necessity of e
founding the dam on che fine sand of the river bed, the hollow concrete -
type of construction was selected to reduce the bearing pressures to values -
the river bed material could safely carry, A filling: of sand and “gravel .

ballast was added to give weight and stability, =+ 0

The spillway has a height of 31 feet, and as first ‘dés:ig;n‘c ;

section as shown in figure 3-A. The shapeas ﬁhn_lly developed is'shown' "

in figure 3-B. Briefly, the design considered’ mc]udcsa]ougupsrrcam pE
apron with threc rows of sheet piling to reduce secpage beneath thedam,a . . .
hollow concrete Ambursen-type dam, and.a heavy downstream ‘slab form-'+
ing a stilling pool, with a sheet’ pile cut-off at the downstream edge -

Downstream from the stilling pool is a wide fill of riprap.

10. Purpose of the Spillway Model: Tests.—~Since  the 'spillway 'is:
founded on unconsolidated material, any erosion i;nthcdigtc'ly»quﬁ'nstrc:im -
from the structure due ro flow over the spillway would ‘affct:scriously -
its stability. It was urgenr, therefare, that'an efficient stilling pool be ..
developed 17 dissipate the epergy and reduce the velocity of flow in a hy-
draulic jump, particularly since it was known that velocities of only 6
feez per second were sufficient to scour the river bed material. “Additional
complications were foreseen from either (1) a possible lowering of the .
tailwater, due to the degrading of the river bed ‘downstream ‘as a result of |

a clarification of the water by setiling of:the sediment in che pool above

the dam, or (2) a possible raising of the tailwater from silt dumped into

the river from the desilting basins. Accordingly, the model tests of the
1
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spillway were primarily for “the purposc of cvolvmg a hydraulxc-;ump‘
stilling pool which would minimize scour in the river channel ;just below
the dam, even if the t:ulwaur lcvd for a gwcn dlschargc varlcd over: a'-'

rather wide range. - :
With a dam of the hollow concrete. :vpc it was” 1mport:mr rhat thc.rc bc_;:

no megative pressurcs beneath’ the flowing strecam which- mxghc tend'to.

produce caviration or to lift the downstrean face of’ the dam. The: modcl_ i
tests on the splllway scction of che dam r.hcrcforc covcrccl thc two prob-‘_' I
lems of preventing vacuum and scour.. : g

To develop the most desirable form of Stillmg Pool many tests were

pcrfonncd by changing its elevation and Iength; and:the types: and loca-‘
tions of sills. . Each 'xrr'mgcmcnt was! mvcsngatcd at various: tmlwntcr'

clevations, at a discharge representing the maximum: cxpcctcd which'was

at first escimated at 150,000 sccond-feetburt later changcd w0134, 500 sccond-
fect. Much has been learned of snlhng-pool ‘design since ‘these tests were
started in 1935, and it would not now'bc ﬂcccssary ‘to conduct” as: many'j_‘ '

tests as were then made, but.e cvcn now a largc uumbc would bc necessaty o

to insure the development of as snmfactoryf ‘structure for the adverse

tailwacer condmons which mny exist at [mpcnal Dam aa was‘sqc_urcd‘.by ke ‘

these tests.

INITIAL STILLING-POOL TESTS

11. Model of the Prel:mmary Deszgn.-Thc ﬁrst tests, were: madc on A
preliminary shape of spiliway section. - Because of lxmxtcd Iaboratory space
and pump capacity, only a §0- foot lcngth of the splllwn was constructed
in 2 1:30 scale model in the old customhouse laboratory, as shown in ﬁgurc 4.

"The model crest was made by shaping 20-gage sheer meral ov. rfourmctal mbs S

Fifteen K-inch plczomctcrb were -installed in sraggcrcd :

crese for measuring pressures. . The downstrcnm apton was fnbrlcatcd from
heavy sheet metal soldered to angle irons, which werepin ned to the dam' Lo

at the upstream end and bolted to the floor of che. {}ume a ;thc downstrcam

end.  Four piezomerters were installed. along the center line of theiapron

tO measure pressures oft the floor, and'a woodcn sill was. fasténed tothe'end -
of the apron. The paving. of the river bed upstream from the dam’and
downstream from the stilling pool was rcprcscntcd by: sand ~To obscrvc
the performance of che stilling pool,. flabs w:ndows were; mscrtcd in :hc
sides of che steel flume. '

The pressures at the piczometers in the model wer¢ obtalncd by connectin g

each piczometer to a glass manomerer, by ‘means of rubber tubing, and

obtaining the height of water in the tubé, care being taken to exclude all
air from the rubber cubing. The head on the crest of the model was meas-
ured with a peint gage located in the flume upstrcam from the dam, and
the discharge was measured by a 90° V-notch weir.  The railwarer cleva-
tion was observed at three piezometers located 6, 10, and 14 fect down-

1
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stream from the axis of the dam. - Proﬁ]es of.the water surfaces and sand -
surfaces were obtained along the center line of ‘the model wich'a movable -

point gage mounted on a carriage which could be moved lonqnudmally._ :
along the flume on twa level bars; one mounted on cach side of theiflume.” -
12. Spillway 1,072 Feet Long, Pool Floor at- Elevauon 152, O—Thc e

first design tested was thac shown in figure 4. = It was. testedat:

representing the maximum unic discharge of 140, sccond-fcct perfoot’ of

crest, equivalent to 150,000 sccond-feer for 2 :length of. splﬂway of 1,072

fect., The railwater for this dnschargc was’ vnrjcd from; clcvauonf 6(} to." .
clevation’ 168.  The ‘latter elevation was: csmblnshcd by :the rcqunremcntf_,"._.;_"

that the toe of the hydraulic jump should not rise. abovc clcvanon 158, at
which point it would-interfere with. the action of the cjcctors; the lowcr 3
elevation was possiblc because of - rcrroqrcxslon “which’ may, occur:in’.

river channel downstream.. Unlcss the stilling pool could:perform properly’
at the two excreme clcvu:ons it might be unsausfactory ¢In'the followmg;
paragraphs the term "' workable tailwater range'" is’ uscd to-indicate’ the

difference between the maximum and mmlmum tarlwater Icv‘ 1 at whi h a‘.
model operated satisfacrorily. L T
Figure 5, rest 1-1, shows a profile of thc water: surface: and river: - bed. forj"_
the initial test. In this test, the pool action was sausfactory for, all dis- -
charges when rhe tailwater was in the region of clevation 168, but when'-
the railwarer was droppcd to-clevation 166, the: hydrauhc jump: ‘moved
out of the pool at maximum- dlschnrgc ‘The  profile of thesand. surfacc—j,
indicated a rendency for excessive scour. " The sizes of the 5and gra 5
in these experiments were not to scale, and thc rcsults of scour tests'an’ thc‘fjﬁ
5p111way and sluice models were therefare only qualxmuvc, chcrthcless by
using sand of the same size throughour all tests, comparlsons were po.551blc ¢

for determining which one of the pool dcszgns was thc most sausfnctory";, R

from the srandpomt of scour.

In an attempt to improve the pcrformancc of the sttlhng pool four. addt-,f o

tional tescs were made ar the maximum discharge of 140 second fcet pcrf'
foot of crest, with tailwater at elevation 168.0. ' During: thcsc sests;a

comparison was made of the cffectiveness of . thc hydrauhc jump; and the .
degree of scour in the sand bed for various types of sills. placcd at'the end

of the horizontal apron. Two of these tests are. :r.dlcatcd in: ﬁgurc 5, ‘tests
3-1 and 5-1. It can be seen that, rcgardlcss of the size of sill used; ‘the
jump generally moved downstream: as. the rtests progrcsscd although the
tailwater was held constant.  This downstream movement of the hydraulic
jump was at first retarded by a sand bar dcvclopcd by scour, bur as thxs bar-
washed away the movement continued.. As a result of these rosts, it was

apparent thar the original design would be madcquatc and that thc clc- o

vation of the river bed downstream from the dam was important.
13. Spillway 1,300 Feet Long, Pool Floor at Elevation 152.0.~Since
the model demonstrated thar the original design of the stilling pool failed
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1g MODEL STUDIES OF IMPERIAL DAM

to satisfy the requircments, the length of the ‘spillway -was incrcased to
1,300 tect. It was reasoncd that this would reduce the discharge per foot
from 140 to 115 second-fect and correspondingly reduce: the cnergy o be
dissipated per foot in the stilling pool; as well as reduce the length of the
hydraulic jump. -Tests on the longer ‘spillway showed  this rcasoning to
he partly correce, but a satisfactory performance for“a wide variation™in
railwater was still not realized... In test 6-1; .‘ﬁgufé:6;"_"thc"_1éh‘g>th"56f‘ ‘pool:
(which in this report is measured from the foot of the incoming_slope to
the downstream end of the sill) was reduced from 75.t0:72.5 feet, and the
height of sill was increased ta 4.2 fect. The profiles show that:the scour
was decreased slightly, but that as the test progressed, the front of the
jump advanced up the 6:1"slope of ‘the ‘apron instcad of downstream as
occurred for tests on- the shorter spillway. . This chiange, was causcd by o ;
sand bar which formed:above the original sand bed surfac ;reducing the ]}
effective area of the channel:. With a smaller discharge.per foovithe sand
bar remained stationary. Thc'fd;mg_c;r-wqfi:hé;"'jufn:i:-rc:‘lf"ch_ing{‘t‘h;j cjectors;
in addirion to the unsatisfactory pool operation at Jower tailwater eleva-
tions, climinated this design. In test 11-2, figorc 6, the pool was shortened
10 49.7 feet, the sill was reduced in height to 2.2 fectyand the, iilwarer was
lowered to elevation 165.8 for the maximum discharge:“At beginning
of the test the jump swept out of the pool. . This produced exc ssive erosion
and formed s large sand bar, which eventually caused: che jump, to'securn
to the pool; also, .an" undesirable secondary roller. developed just down-
stream from the apron. - Increasing the hei ght of sill to 3.0 feet as shown
in test 14-2, figure 6, gave only slight improvement in the scour condition
and position of the jump in the pool, even though the sand ‘bed was rasid
to the top of the sill ar the start of thie. test.:  Placing the sill farther up- -
seream in the pool, to ucilize partof the concre c'paving as an apron down-
stream from the sill, somewhat improved the operation at higher tailwater, il
buc at lower tailwater the performance remained: unsatisfacto o

| stmance semained unbaistactory- -
“14. Spillway 1,732 Feet Long, Pool Floor at Elevation152.0.—Since
a slight improvement ‘was produced by incréasing the crest length . from

1,072 feet to 1,300 fect, another increasc f\'ii"és‘;;m:‘zdc'_'_‘frp“,-.]'.",7'3_2; feet. This .
gave a furcher reduction in discharge per foot from the previous-values of -
140 and 115 to 86 second-feet. Several comparative tests.were made. at

this dischacge, cach test differing ‘with respect to the rype of sill, length
of pool, and shape of the sand bed. The arrangements for six of the most
representative tests and -the details of the sills are shown in figure 7. -An
accurate record of the shapes of the sand beds was ‘not kept for this serics
of tests; instead, particular attention was paid to the tailwater clevation :
at which the peint of the jump advanced up the face of the dam to elevation *
158.0, and the tailwarter elevation at which the jump swept out of the -
pool. The desired stilling paol was the onc that required the highest
tailwater to force the toe of the jump up the dan co ¢levation 158.0 and
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20 MODEL STUDIES OF IMPERIAL DAM

the lowest mllwatcr to maintain a jump in thc pool Thc besc arrangc-
ment in this serics was design 7 in ﬁgurc 7, whtch had a workablc tall-
water range of 4.4 feet.

15. Spillway 1,300 Feet Long, Pool Floor at Eievatlon 150 0-—All of .
the tests so far described dcﬁmtcly showed the pool dc51gns would not: mect
the requircments outlmcd * Some ‘benefit could be obrg 164 .;-by fuslng a
longer spillway, but the.variation bctwccn the’ hxghcst and:lowest: tail- -
water clevations for the best designs was notsufficient.- “Accordmg]y, the -
1,300-foot length was rerested, but-wich the depth’ of the! stilling; pool
increased by lowering the floor from elevation 152.0. to clcvacmn 150.0. A - :
spillway 1,300 feer long was selected. because- previous tests showcd_ some-
what better results for this length than for E lcngtn of 1. 072 feet;’ Vhl]c the
1,732-foot spillway did not show endugh i unprovcmcnc over the I, 300-f00t _
design to warrant'the added length: ~ The s]opmg portmn of the 1 apron-was
changcd from 6:1to 4:1 to conﬁnc thc |ump to a shortcr horlzontal dlsuncc.

tailwater range,. for some. of thiese arrangcmcnts,;,dlfﬁculncs Wc:rc en-
countered from the formation of 4 sccondarv roller immediatel y_downstrcam
from theend of the seilling pool.. Test’ 21, ﬁgurc 9, ‘shows_ this, tooccur A
at the lower railwater elevations. For tesc 22-1; howcvcr, this:secondary
jump did not. occur even-at still Jower tailwater; ‘because the elevation of .
the river bed was raised 3 feet }ughcr ncvcrthclcss the bottom velociries
were - excessive, and undesirable surface; waves. cvclopcd "_arthcr"down-
stream. _Elimination of waves and high- ‘bottom" -velociries :was:accom-
plished in succeeding tests by lcngthcmng the: pool and.u ing '
R the ena of the apron. oy ; :
' It will be noticed in figures § aml 9 that a srcppcd apron was: p!accd at thc _
interscction ‘of the 4:1 apron with the pool floor.” " This device: dmdcs the
sheet of warer entering the pool into more or Jcss mdwxdual jets, mal.mg‘. o
the encrgy dlsslpatlon take place in a shorrcr Jength. As a result the hy- -
draulic jump is shorcened and more effective energy. dlssnpauon is-obtained. -
An interesting comparison of the effects of placing sills with’ their vertical
faces upstream and downstream is shown;in tests 29, and 30, figure 9. The
best results are shown clearly to exist when the vertical faces of the sll]s are
upstream, .
Designs 42 and 48 in figure 8 were the most prom:smg in thxs serics,
especially with respect to the railwarter range. Dcsngn 42,-v .uch had-a
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FIGURE 9.—I’ROFILES OF WATER AND SAND SURFACES“ TOR-‘: lMPERIAL DAM
' STILLING POOL ;

tailwarer range of 11 fect Wlth a mlmmum tazlwucr ac clcvauon 157 6, is
the design used in tesc 29, figure: 9. Design 48 had: a tazlwa:cr r.mgc of

9.5 feet with a mmlmum tallwatcr at: clcvauon ]59 1 for thc maxtmum-
discharge. : : : S

FINAL SSTILLINGiPdCS'I; .‘TESTS o

16. Effect of River Bed on Snllmg Pool It was noaccd ; utmg thc
initizl sullmg-pool tests chac the pcn‘orm:mr:c of any dc51 gn was’ mﬂucnccd
by changes occurrmg in the river-bed asa. rcsult of 'scour; or;: whcn scout
was not excessive, by the initial shapc of, thc: river. bcd selecred for a. test.
Therefore, before resuming the detailed tests”of the- stlIlmg pool” with a
revised spillway dcsxgn, a study was made to detérmine. more definitely the
effect of the shape of ‘ihe river bcd downstrcam on’ r:he hydrauhc pcrform-
ance of the stilling pool. ‘ ‘ ‘

Using a stilling poo] similar to dc..l gu 48 ﬁgurc 8 and a river bcd con~
structed of riprap so its shape would not chanqc during a test, an mvc:.uga-
tion was madc at the maximum discharge to determine the tailwarer range
for scveral bed shapes. It was found (1) thac the. cailwater range rcm;uncd
practically constant for beds more than 35 feer long, buc decreased: for
shorter beds; and (2 that, as thc elevation of the river bed was increased




SPILLWAY STUDIES o : 2

from 150.0 to 155.0, the workablc tailwater range increased, the greatest

hottom velocities increased for the higher beds and. nullified ‘any gain in
tailwatcr range, it was concluded that a solution to this’ phasc of the
design would be found with a bed at a lower elevation in combination with
a sill which would be effective in conﬁnmg the. jump to the sul]mg pool i

range occurring with the Jonger beds for a given bed elevation. Since the B

17. Spillway 1,335 Feet Long, Pool Floor at_Elevation 150.0.—
Detailed tests of the stilling pool were. ‘resumed, using a river’ bed at eleva-
tion 150.0 and an arrangement similar to dcsxgn 48, figurc 8. Follnwmg E

the procedure used in the initial tests, rthe rype of stcppcd apron and sill
was varied for numerous lengths of: pool ‘and: comparisons were mzdc ‘of

cach arrangement by determining. the mngc of tailwater and relarive scour

for the maximum d:schargc of 150,000 sccond-fcct. Ic was determined

finally chat cither baffle piers of the L-1 type, dgure 8, ora mod:ﬁcd Rchbocl\ S ‘
sill, such as sill H-1 in ﬁgurc 8, would producc the. bcst hydrau]:c pcr-‘

formance.
Since the cffccnveness of any szll dcpcnds on’ thc sharp cnrncrs of thc :
individual reeth, a study was made to determine the effect on. the hydraulic

performance of a stilling pool in the prototype, ‘should the aharp comners

be removed by abrasion.. By chamfering the sharp: edges on the modcl;"'
baffle piers to 3 inches (protorype), the workable tadwatcr range. was
decreased nearly 30 percent. A reduction of only 16 percent was obrained:
when the distance berween the rows of teeth in the direction of the ﬂow.
was reduced 1o zero, the spacing between the teeth | in cach row remaining

the same. Since this approximated a Rehhack ':11] it was: ‘concluded that -

the baffle piers would nut be as pracmcablc to use s rhc modlﬁcd Rch-. i
bock sill. G .

18. Fipal Design of Snlhng Pool —From the rcsulrs of rhc ﬁnal tésts .
it was decided thar the most cfﬁcncn: and cconommaI sullmg pool would
be as shown in figure 10. Stepped aproa G-I, ﬁgurc 8, was plac:d at the
- toe of the sloping apron; and;sill $-1, figure 10, was placed on'the: end ofj‘ e

a pool floor 41.5 fect long, ar clevation, 150.0. ‘The workab]c tailwater .
range for this design was 5 feet. Fxgurc 3-B shows the. prorotypc design -

of this arrangement, with minor- revisions as. described later.  Water sur- .
face profiles and piezometer pressurcs on the. pool floor ‘were: tccordcd for =~
c1ght discharges. The resules for the maxlmum dlschargc are shown et

in figure 10. - ‘
To complete the studies on chis dcslgn a p.unt tesr was madc b) passmg' -
the water through the model covered with a thick coat of fresh paine.
Figure 11-A shows the stilling-pool arrangement at the conclusion of the
test. The pattern formed by the flow as it passes over the srcppcd apron
may be seen in figure 11-B.  The function of the stepped apron is to develop
many small eddies within the flow to increase the intensity of the turbulence
and thereby increase the rarz of energy dissipation. It may be seen in
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figure 11-B that this is accomplished by, the trnnsvcrscspre.u;lmgofchc o

flow as it passes over the dentates and as it passes_ berween .them, - In.
addition, the teeth cause the ‘jet w expand vertically. while:at-the .same
time separating it into more or less individual jjets, thereby increasing the

turbuledce throughoue the entire depth- of flow and thus reducing 'the = .-

velocity.  The same action also ‘takes place:ac the. sill‘at theend of ithe .
stilling pool, excepr thar in this case the losses also-include chose'due to
impace against the vertical face of the'sill. . Figure 13-Ciindicates the flow -
pattern ac the sill; the thin ‘whice streaks occur berween: the ‘teech” with
vertical faces and on top of the teech sloping downscream (sc HER SN
fig. 10).  An equally important function of the sill'is to:deflect the flow =
vertically away from the river bed immediately ‘downstréam’; figure 11-D.

shows how effectively-this is accompl'ishécl_;--. As a‘gc‘s”ul‘tjof-psiﬁg,_q‘lstcppcd e
apron with a sill, it is possible to reduce the length’ of seilling ‘pool ‘w0

two-thirds of the length required when no such devices.are employed.”

MODIFICATIONS IN FINAL ‘SPILLWAY DESIGN AS

RESULT OF STILLING-POOL TESTS ©" -
19. Final Modiﬁcatipns.-—-‘FB‘i}uwing. the cdﬁiplct\_id;ifpfﬂt ¢ final btl“lng-
pool tests and the dismantling of the-model, minor! changes were madc
in the design of the spillway. The over-all lengthiwas reduced from 1,335

£0 1,197.5 feet, but the discharge per foot of length was not changed. The

over-all maximum_ discharge of 150,000 second-feer was. maintiined ‘by
increasing the capacity of the sluices, as discussed later. Thelength of the
stilling pool was reduced from 41.5 to 41.0 feet.. To match the expansion
joints in the sill with thosc in the pool floor, the width of teeth in.the sill
was increased from 3.20 to 3.27 feet.  The spillway as finally constructed
is shown in figure 3-B. '
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26 MODEL STUDIES OF IMPERIAL DAM

20. Thoroughness of Stilling-Pool Tests.—~To prevent the ‘account of
the spillway tests from being too volumincus,: only. the most important
steps have been discussed.  The tests were much more complctc than'this . '
discussion would indicate, and include a total of 414 SCPATAte tests. - “The-
investigation of roughening of the pool floor:was pnrncularly complctc,‘
including the study of 32 forms of sills; 7:types. of haflle. picrs,’ :md 4 rypes:‘
of stepped aprons. These forms arc shown in’ hgurcs 12 aml 13

TESTS OF PRESSURES ON FACE OF SPILLWAY

21. Original Deaagn.—-l’nor 0 :hc complcuon of th; 1nmal snllmb- :
pool tests, pressure measurcinents were made on the Spl“\'\f‘l) faceto ‘ascer- -
tain che extent of negative pressures, if any, for various discharges. Picz-
ometers were located as shown in: figure 4. Thesc measurements covered
a range of discharge from 38 to 166 sccond- feer per foot of crcsc, ‘with the
approach floor at clevation 154.0. . Negative pressurts?o 2 fectof water
were developed on the downstream face: of - the ‘spillway for,dlschargc
berween 88 and 166 second-feet per foot.” Rcsults for the maximum unit
discharge of 115 second-fect per foor of crest.are given.in ﬁgurc 14, test16-1. :

22, Effect of Depth of Approach -—Smcc the: rcscrvmr abovc lmpcrml E
Dam will gradually 11 with silt, the: pressure: tests: were connnucd o
determine the effecz of the depth. of approach on.the: s.pl]lway pressures:
Test 16-1 was made wich the rescrvoir floor.at elevation:154.0, and: tests
41-1 and 42-1 were made with the rescrvoir-floor at clevauons 172:5:and
179.0, respectively, for a maximum discharge: of :115 second-feet. “per foot
of crest.  The results in figure 14 show that the magmtudc of the- ncgacwc .
pressures increased as the depth of approach “decreased, bcca' 5C. thc shapc
of the lower nappe changed with the velocity. of appro.zch _ : ‘

23. Effect of Negative Pressures.—The" necessiy: for: consuicranon ‘of
the negative pressurcs on the. spillway of Imperial: Dam, to prévent. the
possibility of a partial vacuunr tending. to: Jife the- downstrcam f.u:c, has
already been mentioned. Also, when these prcsr.urc tests were made in
1934 there was less. confidence than exists ‘at: present rcqardmg thc trans-
ference of model pressures to-the: prorotype if: the- pressures were below
atmospherlc Furthermore, thcrc was less undcrstandmg of the phcnomc— i
non of cavitation as rclucd -ta: the scparat:on of - nappca from spn]lwayl
Crests. : . ’ : ! : T
Since the model rests 0[ the splllwav were madc prlor to ‘g,cncral faxml-
iaricy with the mechanism of caviration, and because no a.pphcatmn of the
underlying principles had been made to thc flow in opcn channels, it was
believed aecessary to eliminate all negative pressures on the splllway crest.
Even though prcscnt—dav prncncc occasionally -permits some negative pres-
sures as a means of increasing the coeflicient of discharge, the presence of
negative pressures indicates a separacion of the nappe from the boundary
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2 MODEL STUDIES OF IMPERIAL DAM

surface. Should. this separation be i intermiteent due to a variable supply -
of air to the space bencath 'the nappe, it mlghr affect the. stability.of the -
spillway, particularly of a-hollow-type section ‘founded on sand. The .
lack of assurance of theabsence of such pulsanons was thcrcforc an- addl- :
tional reason for the dccxsmn 0 chmmntc all ncgmvc prcssurcq Pl

MODIFICATIONS IN FINAL SPILLWAY DESIGN
AS RESULT OF PRESSURE TESTS '

24. Modifications. of Prellm:mry Desngn -—To chmuutc thc ncganvc
pressures on the face of the spiliway, the original: dcslgn of figure 4 was
changed as shown for:the final design in-figure'3=B; - The Ct‘t_bt‘ was raised
1.0 foot to clevation 181.0; the length of the spillway was increased from
1,300 to 1,335 feer; the slope of the upstream face was dccrcascd from 1%:1
to 1%:1; and the shape of the downstream face was rcvwcd ro ﬁr thc Inwcr‘w
nappe of the flow for the maximum discharge.. Thc aprons: upstrcam and
downstream remained at thcu' prcvmus clcvmons of 154.0 :md"l 50 0 fcct
respectively, . ; ey Ao an

25. Pressures on Face of Splllway——-'l"znnl De51gn —-Aftcr he: modcl k
had been revised, pressure measurments were.made. to-determine the resules -
of the modifications. The. pressure curves on ﬁgurc 15 reveal’ that ‘the -

revisions were 2 dcﬁmtc unprovcmcnt P:czometcr 10 atithe: maxlmum i

discharge indicaced a'slight negative: prcsaure “bur: ths wis of such magni- .~
tude as to be negligible. ' When tests were made ) dcrcrmmc the.effect-of -
the velocity of approach, it was found chat.the - pressurcs rcmamcd poamvc,i ‘
indicating a wcll-praporuoncd shape for the: downsrrcam facc T .
26. Effect of Depth-of Approach on Dlscharge --Tht: ‘head- dlschargc‘

relation for the revised spillway. is shown'in figurei16.- ‘Fora créstlength 0
of 1,335 feet the model calibration indicated that.a’ hcad of.9.70 fect-would -

be required on the crest for the maximum discharge of.150,000 sccond-feet,
the approach floor being at clevation 154:0. . This. ‘was an unprovcmcnt,-;i
over the original design, for which a head of10.0 feet was’ réqulrcd ro,pass’."
the maximum discharge. . The coefcient-of- d1schargc curve,” also-shown
in figure 16, indicates a coeflicient for the maximum. discharge.of 3. 73, as‘.' ,
compared with the corrcspondmg value for. the orlgmal design of 3. 61.: :

Since the reservoir will eventudlly: ﬁll with’ bllt -the effcct of ichis. on. rhc

discharge capacity of the spillway was dctcrmmcd by callbranng thc modcl; _ :
for various depths of approach. The head, required’ ro pass.the ma\umum
discharge increased from 9,70 to 9.81 feet as the approach floor was raised -

frou: elevation 154.0 to elevation 175.0. Sunllnrly, the dlSCh,ﬂ'gC coefficient i

was found to decrease from 3. 73 o 3 62.
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CHAPTER II—SLUICEWAY stomies

27. Model Tests-on Imperial Dam Sluiceways.—As.previously men-
tioned, the sluiceway at Imperial Dam is locatcd;bt:nvcc'nrthc intake.of the

All-American Canal and the spillway scction, as shown in‘figore 2. iIes

principal function is to control the level of the water in the lake above Im-
perial Dam so as to divert the proper amount down the*All:American and
Gila Canals. When the flow coming down the: Colorado River. cxceeds
the irrigation needs, the excess is discharged past the’ dam through' the.
sluice gates. Intimes of large flood, when the cxcess is greater than the - .
capacity of the sluiceway, the spillway goes. _iri:ofo;x’ration."i::‘-Tth_‘;sl'.'l:icc-:

way also scrves to wash out sediment deposirs from the like above' Im- "

perial Dam in the vicinity of the All-American Cana) headgates.. .. =
To design correctly the sluiceway structure'so that the high velocity of - -
the water flowing through it would not erode the streani'bed downstream

from che control works, extensive model tests.were conductediin: the -

hydraulic laboratorics at the old customhouse 2nd”at:Montrose;”Colo. | -

The tests were started on a preliminary design’ of ‘the striucrure and’ con-

tinued through a large number of forms of sluiceway for a similar dis-

charge. Duc to changes in”che general plan-of the'dam, the: capacity;of -
the sluiceway was twice increascd, and the’ alterations necessitated: by

these changes in discharge capacity were also tested. * G

28. ‘The Original Design—The ¢riginal design
cross section as shown in figure 17.  There were six gates 16 feer-wide and
7 feer high, scparated by 3-foor piets. s The -maximum_ discharge -was .’
12,000 second-fect. . The:bottom of the gates was at elevation 162.0, the '
upstream apron at 154.0,and the downstream apron at 147.0. An apron -
on a 6:1 slope was provided between the rounded crest section and, the
dovwnstream apron to keep the hydraulic jump in-the pool for a-wide range -
of tailwater depths. A sill 8 feet high was locatéd ar the downstream cdge
of the apron to aid in the formation of the jump. :

 B112468° —49——1 33
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SLUICEWAY STUDIES ‘ 35

29. The Original Design Model. —A 1:407scale. model of the- original
design of the spillway, shown in figure 17, was constr"ctcd and tested 'in the- i
old customhouse laboratory. The model was p!accd in a wooden flume .

lined with sheet metal, the upstrcam apron-of the. slutmway bcmg fepre-. .

sented by the floor of the flume. * The crest or overflow scction’ was toadeof

20-gage sheet metal soldered over five metal ribs mounted o stéel dngles "

fastened to the flume. Redwood was used for'the picrs, and’ 18-gage sheet.
metal for the radial gates. The downstream’ apron formmg the stilling
pool was made of wood to facilicare changes as testing progrce.scd _ ,'Sand‘ '
was placed in the flume immediately downstrcam from the model to permit

a study of the effect of scour produced by ‘various ‘pool dcsngns. The

tailwater elevation, regulated by a railgate, wis- ohserved by a piczomerer
conneced to the lume; the head upstream from the' sluice - wis ‘observed by

a hook gage in the reservoir. Piezomerers: were: 1m:allcd .in'the. ‘crest . w7

section for observing pressures on irsface, and watér surfnac proﬁlcs through“ ‘
the model were caken by a pomt gage: mountcd across :hc ﬂumc. :

STILLING- POOL TESTS' -

30. Tests of the Original Dc.s:gn Pool --—Thc snllmg-pool tests ori thc | o
madel of the original design were not recorded in the form ofmcasurcmcnts, -

since the acrion. of the model was 'so unsansfactory that a change was
obviously necessary. The flotv in the pool was very. rough, and 7 large ©
boil formed over the downstream ‘sill:for:'the max:mum dlscharqc and o
tailwater depth. With the sand representing: the sstream bed- ac clcvatlon;;

155.0, the velocity of the water. ﬂowmg over- it waa cxccasnvc, and con-"'f:-
siderable scour resulted. - S i

The railwater level in this and succccqu tests,: unlcss crhcrwmc no:cd o
was made to conform to a mrmg curve which was based on the best. possnblc“ -
estimate of future conditions. © Because of the pObblbllltY rhat the taxlwatcr“‘
level might at some time be lowered by the dc_:,radxng of the channel down-
stream, or raised by the deposit of sediment from:the: chIItlng works 314
was important that the sluice operate sausf'tcmrx]y under 2 wxdc rangc of

tailwater conditions. One of the purposes of the model tests was ro secure -

a design which would have this desirable feature.
31, Modifications of the Original’ Design Pool—In an ¢ﬁ'ort 10 im-

prove the action of the stilling pool of the original design, sills of a aumber

of different dcsrgns were tried at the end of the downstream apron:in: pIacc x
of the continuous sill shown in figuré 17.  The designs used are shown in *
figures 18 and 19. It was found that scepped aprons of types A-3't0. G-3,
figure 18, if installed on the 6:1 sloping apron, gener ally improved the -
hydraulic action. = In the following tests a wide variety of combinarions of
these aprons and sills were used. In all, 174 different coudmons were
tested in the design of these sluices.




STEPPED APRON D=3 -

FIGURE 18.—SOME STEPPED APRONS AND SILLS STUD!ED FOR THE DESIGN OF A
STILLING POOL FOR IMPERIAL DAM: SLUICEWAY.




 FIGURE 19—ADDITIONAL STEPPED AP.(ONS AND SILLS STUDIED FOR THEDESIGN ;- *
OF A STILLING' POOL FOR IMPERIAL DAM SLUICEWAY. . "~ "
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Among the first studies: were tests 4-1 and 4-2, which were. made with .-
stepped apron F-3 placed at the end of the sloping: aprc:n, and sill L-3
installed on the end of a pool floor 45 5 feet long, as shown in ﬁgurc 20.:
A smooth paving, 58 feer in length, was: placed “at elevarion 150.0"im~
mcdm:cly downstream from the sill, and below this the river-was paved: -
with riprap for a distance of 70 feet. | Thc riprap started at'clevation 150.0- -
and sloped downward to clevarior 140.0.- For the purpose. of comparjsan,_‘ ‘
the teeth were different on the two hilves of the silliL-3, as. shown in
figure 19. The larger tecth gave qllghcly bctccr rcsu]ts than’the’ ‘smaller,
oncs. The warer surface profiles produced . i this, model ar¢_shown in
figure 20. Flow conditions were fairly satmfncrory fm- the maxifium tail-
water elevation of 158.1, as in test 4-1; but when the tallwatcr was droppcd‘
to clevation 155.4, as in test 4-2, the jump, thrcazcncd to. lcavc the pool.
Ir addirion, a large boil formed over the sili, a.nd a schcs of sranonary;:
waves were created by the high-velocity warer. ‘downstream- from’ the:
pool. The front of the jump formed near the center of the stlllmg pool:
for both tailwater depchs.  This lay-out was unsnnsfacrory for the' purpose’
desired, as the workable tailwater range was much too’ smal] and the
velocities downstream from the pool, were excessive: ‘ B

Actempts were made to improve the action by ramng thc ﬂoor down--- o
stream from the sill 1 foot, and by 10wcrmg both the pool ﬂoor and the -
floor downszream from the pool 1 foot; but these were unsucccssful ‘

32, The Double-Jump Pool.—~Since the. artcmpts to improve, sufﬁc:cndy‘
the action of the original design model ‘were! unsiiceessful, a-new form.
called the double-jump pool was devised. - In'this pool the’ energy of the
high-velocity dt:,chargc wis dxssnpatcd by paqsmg the water: through ‘two-
hydraulic-jump pools in series, as shown' in: figuré’ 20, ‘test 16.° " The up-'w
stream pool was placed at 2 higher level than the. downscrcam poo.l and was'
provided with a srcppcc! apron and a dentated sill, Thc downstrcam pool‘
had a sloping floor section; followed by a level ﬂoor with' continuous sill
at the end.  Several forms of chis rype of pool were tested, the best one
being that shown in figure 20, tests 16-1 and 16-2. 'I'hn form of pool was .
successful in dissipating the energy-of the warter with the wldc range of_j :
tailwater levels which might occur ac this location. © S i

33. The Long Sloping-Apron Type.~The type of pool whu:h was in- Y
corporatcd into the final design had a long, sloping apron and used" a smglcf
jump, as shown in figure 20, test 26-2.  In this design there were two rows”
of dentated sceps upstream from the pool floor and a dentated sill on the.
apron at the end of the pool. The pressures which the water exerted on’
the floor of the structure were observed and are shown in this figure.. The
action of the spillway was further perfected by s:rcamlmmg the down- -
strecam cnds of the piers.  For the maximum discharge of 2,000 second-feet”
per gate, the jump remained in the stilling pool for all levels down to ele-
vation 150. Limitations of the apparatus prevented tests at lower levels,
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' MODEL STUDIES OF IMPERIAL DAM .

-but the indications were that even somewhac lower tailwater Jevels conld
" have'been used, o T e e L
34. The Final Design.~During the course of the studies several changes

. were.made in the design of the dam as 2 wholé-which involved changes in’;

- the sluiceway'design. - The principal -one was ‘the substitution'of 12 gates .

+ for the 6 specified in -thc‘driginitl;rfic‘;;‘i‘gri-.'--:::Iln.‘t'h_c\“";ﬁ_r'ml%dcfs‘igﬁ]th}c"sigi\cle_‘w‘ay_ :
~gates are arranged in ‘three scts of four each, the:sets’ being, separated-by -

“division walls.” The walls extend: through the stilling pool to'permitany
onc sct to be operated independently of the others and 'to facilitace reprirs.. -]
A cross section of the final design is shown in*figure 2 nd.the plan‘and |
upstream clevation-are shown in figuré.22. " AT Ty

A model of this structure was constructed at the Montrase' laboratory o
to a scale of 1:40-and rested  under-a wide varicty. of conditions, some of
which' are showa in views B, C; and D of figurc'23: iThe action: f-the™
structure was very. satisfactory over'a wide range of tdilwarer conditons,
The pressures on the floor for a wide range of heads and ‘gace openings were |
observed, and some of the results are shown'in figure’24,No ‘negative -
pressures were observed.  The discharges of the gates for various openings .
were determined and plocied as shown in figure 25. 7. R
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CHAPTER IV—ALL-AMERICAN. CANAL =
HEADGATE STUDIES

35, The Design of the All-American Canal Headworks.—The general: S
design of the headworks for the All-American’ Canal‘is shown in’ figurc 2. -
It consists of a long, curved trash rack, downscream from which are located
the gates which control the flow of warer into _Lhc';canhl.'_".“-;Tkhééiz:‘f"gdté_s? are -
of the roller type, frequently used:in mevable'dams. . Each of thefo rgates
is 75 fect long and is designed tosustain a hydrostatic head of 20 fert.. :
channel leading from these control gates to the desilting worksiisdivided:
into four smaller channels by copcrtt'é:shtgr{ﬁiling division walls, each- '
smallec channel being supplied by a single gate. ““This subdivision was made.. |
to provide nonsilting velocitics in the channels wh}j:h_:'thc-d‘csi‘lt‘ihg' works -
are being operated at part capacity: R R e
There is a direct connection from cach of the four channels to the All- -
American Canal, bypassing the desiltiog works. - This- was provided to.
enable silt ta be passed into the canil ‘during the ‘_initi‘hllfﬂdwstdfbc'él‘_\astij} X
léaks in the porous soil through which 'much of the canal passes’ it
One of the problems in the design of this structurc was the dissipation
of the energy of the high-velocity water which flowed under the headgates T
at parcial openings, in such a way that no damage would result to the ©
structure or the canal banks. If a hydraulic jamp was 0" be used, it was
requircd that it occur far enongh away {rom the roller gate: o prevent the &
curbulence of the jump from setting ap vibrations in the gatc: “iTo solve
this problem, model tests were conducted: at the hydraulic laboratories in .
the old customhouse and at Montrosc, as described in ‘the following para- ’
graphs. Sediment problems encountered in the design, of the headworks
werc investigated at the Montrose laboratory, as described. subsequently. -
36. The 1;20 Headgate Model.—The firsc model for the design of the i
All-American Canal head gate was constructed in the old customhouselabora-
tory on a scale of 1:20. It was built ina glass-walled flume 2 feer wide,
which was too narrow to accommodace a full gare; accordingly, onc-half
of one pier and 40 percent of the length of the roller were used. The nose

4




4 MODEL STUDIES OF IMPERIAL DAM

and rail of the pier were made of rcdwood while the remainder- of the
model was constructed of sheet meeal: In'the original dcugn the floor of
the All-American Canal intake was level ac clevation 171.0 and continued
at this clevation for 100 fect downstrcam from-the.. -gates, then  sloped
slightly downward. Figurc 26 gives several views of 1 revised design of
this model. In view B, the dircction of flow is from right to left.

37. Results of Tests on Original Design.—The “tests of ‘the urzgm'xl
design of the headgate showed several undesirable condltlons.‘ At low
discharges ‘with the-higher heads, the- jump:swept far. downstream and
severely eroded the channel botrom. . Under: other condmom the jump .
farmed xmmcdmtcly downstream from: the ‘gare; and attimes, thcrc was:a
wave action striking the lower face of the gate. This ]attcr cond::lon ‘
was undesirable, as the waves striking the gate. rcndcd to sct ‘up vibration
or chattcring, especially under conditions when. the gare. ‘was. partm]ly g
submerged and the buoyant force reduced -its cﬁ'ccr:vc welght ‘thus  pet-

mitring it to move more casily. - Large eddics formed: near, th. downetrc'lm e
end of the pier, and rhe shape of the upstream. end of thc piér c: uscd con- o

siderable swirl and draw-down at the énd of the rollcr gate. o .
To climinate the possibility of vibration or. ch:u:tcrlng, the. foIIowmg

alternarive courses were CDnbldchd @D Through control of . thc boundnry_ o

layer, to compel the water to cling to the underside: of thcr garciand flow
away withour pounqu, and CZ) o dcs1gn the -gate so that the water
would break free at the lip of the gare and form'a hydrauhc ]ump far cnough
downstream to prevent any interference with the gate :

38. Experiments With Boundary-Layer Control ~~The" thcory of the
boundzry-layer conrrol as applied'toa conrrunon of a’channel’is as follows. |
When water flows through a contraction, such s a4 Vcntur: mctcr, thc water
accelerates and the pressuredrops until the mose umrncr.cd section is reached,
and ac this point the pressure begins torise and the velocity: bcgms t "dccrcasc _
Along the surface of the meter, however; is 3 thin Jaycr called the' boun-
dary layer, which moves much slower: rh.m the. ‘main:bodyof thc water.
When the main body of the water:reaches L‘hc ‘most comncrcd section. it
bcgma to flow roward z region of hlghcr prcasurc.v_ It can do this’ bccausc
its high velocity gives it sufficient momentum. Thc boundnr)' laycr
however, does not have'this high' velocuy and- grc1t momcntum, and there-
fore can move only a shore distance against the i mcrcasmg prc:,sure bcfurc
it comes to rest or stagnates. The point where'ic stops moving is. called
the stagnation point.  Since at- the stagnation pmnt .the waccr in. the
boundary layer does not move forward, buc watet'is contmu-llly brought
down to that point from upstream, an ncr:umulatmn of this’ practically
quiet water tends to form and divert the faster moving water outside the
boundary layer away from the side walls.  Since the pressure along the
walls downstream from the stagnation -point decreases -in. an. upstream
direction, when the boundary layer diverts the fasc-moving water away




A. View Looking Upstream. B. Side View: Showing Gare Sill. C. View Showing
Manometer Board and Connecrions.
FIGURE 26.—MODFL OF REVISED DESIGN HEADGATE FOR ALL-AMERICAN CANAL.
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from the walls a flow tends to farm along the:wall downsrream from the
stagnation point in the direction of this. dccre'xsmg pressurc, that is, in ‘an
upstream direction with reference to. thc main:flow., thn thss -occurs
the boundary laycr breaks: free from: the qurfnm. and an; upstrcam cddy"‘

it can overcome the adverse prcssunc qr.xdxcnt : - D
To cause the boundary layeriin the model to move. r.hrough ‘thes gate- -
conrraction and hence cause the fase-moving water to clmg to;the undcmdc
of the gare, it was nccessary that the shapc of zhc gratc be- changcd from:
thar used in the original dcs:gn Conscqucntlv _the: gate was'a]tcrcd by

the addition of a specially’ Tormed: lip-to the: apron-of the:, gatc ‘a8
in ﬁgure 27. A triangular lip, A, was attached ‘to the. aprom,
various curved sccrions were added o form the' othcr lips® shown
with lips B, C, and D) ‘proved. unsatisfactory since the water would c]mg ;
to the face only for headwater levels’ of less than 3/ feet: (protorypc scale)
above the railwater level. On lip E 4 wire was stretched across the: fncc,;
as shown in figure 27, t cause. the-mixing of ‘the hlgh velocity partlclc:b
with those of the boundary.laver, and’ rhus enable the: bmmdary laycr to
overcome more casily the adverse’ - pressure: gradient.  This:was an im-.
provement, and caused the water to cling toithe face: of the. lip for:; hcad-"
water 3 feet higher Cprototypc scale) than” without: tae wire.’ 8
atzempt to-cause & mixiog of the- boundar) layer with: thc hlgh-vclocxty '
jet was made by prowdmg an offsec in-the Jip (ip D.: j
In the next experiments, attempts. were. made. to- dn‘cct ajetof Ingh-_
velocity water on ‘the boundary layer oee r ‘the staz;natlon pomt to assist -
it in carrying through the advcrsc pressure gr'tdlcnt On'lips: ofx_typc E:
‘a small slot or conduit was formed by:a sheet of meral scparatcd from zhe
lip by a wire spacer.  ‘The water.entered this slotat ‘the. upstrcam end: of -
the lip and was dlechargcd at various: dist: ances: downsrrcam near.where
the stagnation point might be c:xpcucd ‘see 11ps F, G,’and H;. ﬁgurc 27,
These lips with slots were succéssful in their action, 11p G bcmg the most .
effective; for lip G, separation took place at.a hcad 9 feer greater than' for .
lips without the slot. Although thc hy draalic. action-in  this" case was
satisfactory, anticipated difficulties of construction and 0pcratxon causcd g
the rejection of the design.  The experiments, however, weéré an xnttrcstmg ’
demonstration of the pOb.‘:xbl]ltlcs of boundary—laycr control; which-for.:
some hydraulic structures.nay lead to- vc"'y “beneficial soluuons, s has
already been the case in. aeronaurics. i
39. Sdilling-Pool Design.—Since the élimination of v;hc posslblllty of vi-
bration or chattering by the control of the boundary layer did not develop
a practicable design, the second method, that of causing the jump to form |
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far enough downstream to be free of the pate, was.investigated, - The- ﬁrst
trial of this type was with the Rehbock dentated sill, K, figure 28, tcstcd
at various.positions on . the level floor; however, 10 - loc.ltlon could be
found which would cause.the jump to be smbic and out of contact w1th :he:
gate over a range of discharges.” - - : S
After the experiments on the Rchbock slll a study was madc'to dctcrmmc
the effect of shape of stilling basin, in whlch a large numbcr ‘'shapes were
tested. 'The first shapes were simple, consisting of dcprcssn -in'the other-
wise level channel floor, each dcprcssmn beginning just. downstrcam from '
the gate.  All pools of this.tvpc, see pools Lito T, ﬁgurc 28, pruvcd un-

satisfactory as the jump could not be stabilized: 1way:from the gate: Each c

of the next three forms of: snllmg basin® mveqngdtcc B had a’ r-uscd scctlon
of the floor immediately bencath' the. gate, . followed" by 1

pool W was adopred as the f'nal design.. With this. poo! operating under
the higher heads, the. pump formed ln:-thc stllilng pool‘w hout contact
with the gate, as shown:in figurc:29." At the low heads; - the
of the water passing over: th:. sill-was. clcprcssml s/ the v lbcn:y decreased ;
and the water surface rose downstrcam from ‘this’ pmn* without; formmg

a hydraulic jump, buc remained out of contact with’ the gat o

40. Revision in Shape of Gat¢: Piers --Thc blunt roses. on: tht.“;'ongmal‘ R

piers created undesirable disturbances upstrcam from _the gates. It was
desired to streamline these piers, but-it was_'mposslblc to: dccrcase thcxr‘
width as this was established by the ‘machineryito ' be:contained within
them. The altcrnative was to increasc the’length of C’lCh plcr'by lengthen-
ing its upstream nose. To obtam the ‘most. satlsfaccory {flow :around. the
picr it would have been necessary.to lengthen the nose con:.tdérablm‘. Since
for architectural ‘reasons chis was' ot permxsmblc thc rcsultmg pier: con-'
stituted a compromise. - G ‘
41. Pressures on Roller: Gate.—To obt:un.a morc laccurate
of the existing pressures on. theface of rh'- roller: gatc sxx pxczomctc:rs were |
installed in the up:ricam face, as. shawn in ﬁgurc 26, and_onc' was p]aced
in the floor of the channel 3 feet (model. dxstancc) upstream from thc gatc
sill.  From the rcadmgs the pressures:on the face of the gare :
puted. The plotied pressures are shown in’ ﬁgurc 30. ~'I'hcs,c: rcprcscnt the

measured pressures on the upstream:face.of: the gate for thrcc different: pond o
elevations and a constant discharge of 4,000 sccond fcct pcr pare.” Atrention
is called ro the manner:in which the measured: prcssurc drops as thc hp of

the gate is approached. The indicated: prcssurc at:the: tlp s zr:ro, as'the -
jet breaks free from the lip-at this poiat.’ The static prcssurc given is that
due to the elevacion of the free water surface above the point. conﬂdcrcd

As a check on the hydraulic method of:- obmmmg pressures, an eleceric -
analogy model was buile on a-scale of 1:24, with a salt solution for the
conductor, - Tests were made using three pond levels with the gate'opening

oping section - .
leading into the stilling pool.” These gave succcssrvcly beteer resules, and .

g nowlcdgc‘-
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. Pond Elevation 191.0—Discharge of 5,000 D. Pond Elevation 183. O—stchargc of 2 500, :

Second-Fect per Gate. L7 Second-Feet. per Gate. -

B. Pond Elevation 191.0—Discharge of ~ ROO E ‘Gare Ouc of" Wntcr—»Dmchargc of 5000: .

Second-Feer per Gare. - Sccond-Fect. per Gare. ‘.

C. Pond Elevation 181.0—Discharge of. 5000 E Gate Ouc: of: Watcr——Dzschargc of: 1.500“
Second-reet per- Gare. ‘ o S:coud-Fcc: Jper. Ga: 3 s

FIGURE 29.—FINAL DESIGV ST!I.L‘NG POOL. FOR: ALLvAMERlCAN CANAL HEAD

GA’[‘E‘. QTRU‘..TURE g

required for a dlbchargc of 4,000 S(.cond-fcct pcr gatc, duphcatmg condi=
tions in the hydraulic medel. Theelevtric anaiogy test consists: csscnually o
of the location of stream lines, which may.be Consldcrcd as the boundarics
of stream tubes each carrylng the same percentage of the total:flow. Smcc

the flow in these varying tubes.is continuous, the. ve]oc:ty is mvcrscly pro- . o

portlonal to the cross section of the tube. - Thus, when the average vcloaty
is known at some section in a tubse, it can be computed for any othet section.
-On the model, five stream lines were loc;tcd forming six: stream-tubes,
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as shown in ﬁgure 30. From:a sketch of thc water surfacc curve; thc depth e

was determined at a section below the gate and: thc -average velocity-was

compured from this depth-and the dlSCh'll'q& Starttng with this velocity:

at the downstream ends of the stream: tubcs, the: dumhunon of -velocity

was determined from the varying widths: of ‘the strcam tubes. The" prcs-_"' '
sure heads were obtained by subtracting the’ computcd vclocxty hcads from

the static head for no flow: Thcsg PI'CSSqub are represented by’ thc braken .
lines in figure 30. Thc rcsu]ts agrcc fwombiy ‘ mth th‘ btamcd"’by- L

the hydraulic method. -
42. Calibration of Rol]er Gare. —Two ca.l:brarmns _werc: madc.on- _hc :
roller gates; one on the 1:20 scale Denver model,- conslstlng of“ ‘parl:lal' ‘
gate, and the other on a:1:40 scale nodcl of thc complctc mrakc structurc
at the Montrose laboratory. S e TR
The calibration of the'1:20 modd was. madc thh thc gatc the gate 51]] '

and channel floor as in the final design, but with the pu:rs asin the orlglnal -
™

design. Tuc training dikes 1nd trash rack wh1c|1 éxist m thc prorot)pc

were omitted on the model. - : o
The calibration of the Montrose modcl was mad:_ at’tcr the fmal locanon‘
of training dikes and- trash racks: had ban dcvclopcd and: mcorpomtcd in *

the model. The gartes'in this model were calibrate for- total dlschargcs of

2,200 to 15,000 sccond-fcct usmq rcservoxr clcvac:_ons rangmg from 179 0

channels downstream from the gates, af. 1rb1tmry d:strlbutxon' Sf ¢
was cvo! ved such that-a rangc of from 2 ,200. to 6 OOO second ¢

6, 600 1o 15, 000 sccond feet nhrouqh thrr:c gatcs opcrncmg sxmultancously e
It was reasoned that, by the tine 'development; rcachcs a"‘tag in-which -
operation of che fourth gare is desired; d:scharqc cuwcs from currcnt—mctcr"
measurements, Mide as part of the routine opcr;mon of the strucwrc should '
be available; hence; the fourch gate was omitted in'th calibra e
The values obramcd from the calibration of -the: Montrosc modc “with.
one, two, and threc gates opcrntmg, cxprcsscd 1n tcrms of the; pror.o:ypc,‘
are plotted in figure.31. . Where two or three gates were operatcd sm1ul~
taneously, each was opened’ the same amount. The térm’ " gate. opcmng

signifies the vercical heighe in feet (protot} pc) of: the. hp of the gate:above -

the gate sill, elevacion 172.0, in the final design.  The values obtained from .

the Denver model were not used'in constructing the’ dxbchargc dlagram since |

the model differed from: the structare .as constructad:
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CHAPTER V—PERCOLATION STUDIES:
EJECTOR TESTS =

43, History of Ejector Tests.—The Si;i”\&im.}'b? Impcrmi Dam as-éhéﬁd

in figure 3, was designed to have alarge'drain beneath the structure, from -
which che seepage warter would risc through a-verrical pipe intoia longi- S
tudinal.channel in the hollow spillway scéction; and thence cscapeithrough ™o
the downstream face of the dam.. For réasonslof",stab'i‘l‘i;r;'{‘,]i:t;is1@:5&4}51&

that the water level inside the spillway be kept ac a low elevation.  Ifthe & -
water were discharged through the downstream face of the dam'in simple.
drains, at times of high flow the lével inside the dam ¢ouldnot be'kept -

down o the desired elevation. - It was thérefore proposed:to-place ejectors

on the scepage water outlets, through which the enicrgyof the overflowing. -~
warer would cause a suction to draw the water out rapidly.enough to keep. *

the level inside the dam to the desired elevarion.’ ‘
lay-out of the drain, riser pipe,’channel, and’ejector, as ‘Anally designed.
Little or no information was availablé as to the effectiveness:and- capacity -

“Figurs 32 shows the © .

of an installation -of this type; therefore, hydraulic model studies were .

resarted to as a means of determining (1) the form and Jocation of the ejector
to obrain the most desirable resules, (2 the flow conditions: through the

cjector in relacion to the range of discharge O.‘:f;(.:!“é,.th\{:_:.;sp.ill‘i":\’é}y, and (3) the " L

rate of flow through the ejector with relation to the discharge over the spill-".. -
way for the purposc of determining the number of cjectors necessary-to insure; - -
the relief of seepage waters within the dam during all-flow condicions. . -

The original studies on the ejectors, which were designated as ‘the CE LY
serics,” were made in the hydraulic Taboratory of the Colorado Agricul- ™
tural Experiment Station, at Fort Collins, using a scale of 1:6.° ‘The model "

represented 12 feet of the spillway. The scaleratio and lengch'of spillway

to be represented were determined by the pump capacity z’wail‘ablé: and the
width of a previously consrructed flume: that was readily adapted ‘to the "¢

installation of chis model. The arrangement of the model is shown ‘in
figure 33. ' P
39
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Water was supplicd to the model by gravity from a storage resérvoirand.
measured by a 2-foor Cipolletti weir. The upstream slope of the.dam was
omitted to allow bereer entrance: conditions from: the: serge tank. Thcj
level apron'downstream from the dam was shortcncd due to lack of av;ul--.
able space. The spillway. section of. the:model - Was constructcd with ‘an-
angle-iron framework covered with gnlvamzcd iron, and- thc c]ccmrs wcrc_"-‘
formed of galvanized iron. The. cjectors were conncctcd by a: plpc 0.3’
reservoir outside the flume: - The warter surf'u.c- in this rcscrvmr Was meas- "
ured by a piezomerer connected to a manomerer board and was .Hsurncd to
be equivalent to the water surface inside the dam on the prorotypc The
flow through the ejector was medsured by two 90° Venotch weirs. -

As the studies on the 1:6 model progressed, the limitations and failes:;
in this model became apparent. .To ‘climinate these, a. modcl of the. Gr'md‘-rf\]
Coulee Dam spillway at the J'zburarorv near Monrrasc Colo., was modlﬁcd
to form a model of the Imperial Dam spillway to a- scale of 11175/ "\Thc:‘;_‘
model represented 2 6-foor length: of spillway. ' The. dischargc‘o' er the’
splllway was measured on a 12-foot-Francis wei _,.‘md the flow throt gh' thc:"_"_,
cjector on a 90° V-notch weir. The inlet o the: cjcctors: was‘wlthm the '
dam, as in the prototype, the side réservoir of chc Fort Collins'model having
been found nor cruly rcprcscncanvc of prototype. conditions Onc'*group;ﬂf
of tests, designared the "M series," was made, but the studies could not.be.
carried ¢o a satisfactory complctmn because thejoncoming: winter neces- - B
sitated dosmg of the laboratory.. Upon complctmn of. t:hc new. hvdrauhc i
laboratory in the cuatomhousc in' Denver, Colo.; ime wa ' '
cient clmlcnsmm to remove all the ob]ccnonablc f:nru”
countered in both: rhe. Fort Co]lms and Montrosc :c:;t :
the ) series were then made,. which led to ‘the final’ desngn. . SRe

44. The Original Model.—~The design of the. ongma.l c;:ctor was, suchl -
that the top of the casting forming the opening of the ejector. c.onformcd ‘
to the outline of the downstream’ face of the ‘dam; This- ncccssxtatcd a
channel set in the surface of the dam, ta allow escape of the water ﬁowmg '
from the ejector opening. * The channel’ extended. downstrcam from the -
mouth of the cjector and varied-in depth from the dimension’ of the cjector
opening, to zero at the point of comcxdcncc with :hc t'1cc of thc4'dam asi
shown for design F-1, figures 32 and-34: e e

‘The spiliway section of the dam was: dcmgncd for a reservoir: sutf:lcci :
varying from elevation 179.5, the normal opcntmg level, to elevation 191.0,
the maximum flood level.  To maintain. proper. cqulhbnum in the proto-’
type structure, it was desirable to keep the water level inside the dam be-
iween clevations 159.9 and 160.0." ' This made it necessary to placc the - .
inlet to the cjector below clevation 160.0, and the invert of the opening. t
between elevations 159.5 and 160.0, so that the level in the dam would be
held within tl'us range at times uf no flow over the spxllway

s prcwouws} y en-
The srudxcs of' ‘
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45. Test Procedure. n-—-Durer the mu:ml tcstmq, ﬂows over thc spxll—
way were calculated to be equivalenr to a maximum® dlsch.trgc of 150,000
second-feet over a total crest lengeh of 1,335 fecr; later tests were for 120,000

second-feet over a 1,197.5-foot spillway. . The tailwatcr was: ad]ustcd to..

conform to the tzilwarer curve for the river. Tmlwntcr condlrlons through

out the range of discharge used on this model were -;uch thac thc backwatcr_\ :

did not cover the ejecror located in the curved portion of the apron. +How-,.
ever, the behavior of the ejecror located in the sloping. pomon of the épron .
was influcnced slightly by changes in tailwater:élevation,

Because of the limitacions of the lqboratory the. mammum» 1schnrgc’
obtainable for the model represented - 1pproxlmatcl) 275 pcrccnr ithe:

designed maximum glxsch'u's:c of the spn]]way Calibration  rests -werei |

made of each ejector by determining its capacicy: for " several: splllway
discharges, distributed over the range permicced by laboratory, hmrtauons E

and for various clevations of the water surface.inside the! dam. Thl:. was.

dane by setting a canstant discharge over.the sptllway, ‘dnd then mcasurmgf
the discharges over. the V-norch weirs which would . producc varjous -
constant water Jevels berween: elevation 158. 0.and’ elcvauon 163.0:in the
ejector reservoirs. The clevation in the ejector reservoir was assumed to
be the equivalent of that which would: have: bccn rc-zchcd thhm_ thcf-
prototype dam for the same flow conditions. - .
46. Results From the Original Deslgn —Cal:bntlon curves'; showmg L
the resules from the original design of cjector and a number of. latc odcls'
are shown in figure 35, These curves show che d:scharg of th 4 o
various {lows over the apxllwa), with th(. warer vacl nsuIc thc dam ar
elevation 160.0. - o
The original design,. F-1, was unsnnsfactory bcc:msc of th apldlyfu‘f

decreasing discharge through the ejecror as the bpxllway d:sch'trgc mcrcascd o

and che failure of the ejector 1o dxschargc at-a, ﬂuw -aver:the! spx]lway of i

Jess than half its designed cap'lc:ry ~Since therate of collccnon of ccpagc s
water. inside the dam may be expecied to increase as: thc: hcad on: the-=

Splll\vd) rises, it'1s desirable that'the: dlschargc of the ejector - should also o

increase as the spillway (IlSCh'll'L‘;C increases or. thac thc f n)ccto"’ '

have a nearly constant discharge rate. R ‘
The characteristics of the curve derived from dcslgn F=2 were found to

be much more desirable than those: derived from F-1, whlch mdtcarcd that,i i

the location -of the ejector opening'in the s]opmg section of the: -apron was

conducive to better efficiency from the’ st.lndpom: of discharge than:a"
Jocation on the curved fice.as in dCblgﬂ F-1.* This might be expected;.

since the overflowing water exerted a1 higher prcs:.itrc on the curved portion
of the dam face than on the sloping surfaze, due to ccnmfug:ll forces,-and
this pressure retarded the outflow from the ejector.

Although hydraulically the ejector on the slopmg face was better, this
location necessitated crossing a construction joint of the dam with the
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cjector, which. was very undesirable from 2’ .canstruction’ stanupomt
Accordingly, this location was climinated from further consideracion,
47. Deflectors Over E}ector Openmgs.-_—-lr. was bchevcd that cddlcs and.

increased the ejector d1schargc throughout rhe rangc of spxllwny ﬂow. 3
The results, while superior to those:of prcvmus dcs1gns, were: gcncrally un- -
s.msf.lctory because the ﬂow dmunlshed as thc spzllw'ly dxschargc mcrcnscd

obtained if the opc.nmg of thc clcuor were. placed abovc the surf-u:c of thc- =
dam and the prolccnon were ».uambly srrcamlmcd Thcsc Lhangcs were

way discharges bctwccn 35 030 .md 60 000 - sgcond-f::ct ‘th 'rcsults wcrc
comparable with those from design F=2, bur above that rangcf_thc ejecror”
discharge dccrcnsed mpxdlv reaching zero w1th a ‘:pdlway flow.of 'npprom-' 5

Designs. F‘7 F-8, F—9 F—lO and T—ll were modlﬁcanons of:design F-
As shuwn in ﬁgurc 35 c.\ 11)r1:ton curvcs fmm these deulgns hn' S

was small At low flows over.the spﬂlw'ty :hc prolccuon of 't
caused a parting of the ovcrﬁo‘ ‘ingr scream, which. admitzed. the atmosphcrc o
to the ejector and caused it to havea frcc dxschargc :
stream became thicker this parcing was less pzonounccd and 2 spxllway‘ :
discharge was reached where no opening from the ammsphcrc to th gjector
existed. When this occurred; a partial vacuum. formcd at:the ejector
outlet and the discharge from the cjector matcnally incre as showni

in figure 35. As the spillway dlschqrgc increased, howéver, th ,.prgssurc

of the water ar the cjector opening due 1o ccntr:fugal f()rcc mu:c'la.cd which o
partly offset the partial vacuum produced at ' the ejector. - This resulted -
in smaller flows from the cjector ar the’ lngbcr spillway. discharges.” Of -
the ejecrors of the 'F series, F-8 was believed 'to be the most sntl:,fm.tor),
as extrapolation indicated a higher: dlsclurgc at/maximum ﬂow than for. I:hC‘_ o

others of the series.
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49. The Results on the 1:1% Model. —Bcc-m:,c nf rhc unc‘rtamty of the =

model~ -protorype relations when app!:cd toejectoraction,’ “and’th¢ uncer- "

tainties growmg out of the use of an outside. reservoir for: the” supply of .

the ejectors in the Fore Collins model, a series of ‘experiments were made’: -

on the largc—s-::alc model at the Monrrose laboratory. Due to’ thc‘low flow .

existing in the supply dirch at the time: 1nvcst1ganon.~, ‘were made,: tcsrsf:-“ e
were limited to a spillway flow: corrcspondmg to’ 85 }‘«-rCCﬂt of the’ dcsxgn_

maximum, Splt 2
The firsc ejector tested was a l:u'ger model of thc F-s dcs1gn an ‘was

called the M-1 type, figure 36.  The: results on this: model’ differed mate- -
rially from those obtained on' the smaller F-8: modcl s, shown in ﬁgurc.f
35-B. This is due to the- dlﬁ”crcncc in condmons of constructlon of: thc;;
two models and to the greater turbulcncc existing m thc lnrgcr modcl AT
revision of design M-1 called the M~2 ty pes- shown in ﬁgurc 36, produced L
some improvement. .Due to condicions in: thc modcl ‘the? c1cctor ivas“' e

submerged by tailwater levels lower than it was hchcvcd would::

the prototype, and tests were.- thercfore’ run’ “with thckc;cctor”’ both.sub-‘___.:';_:"'
metgcd and unsubmerged. A restriction of thc lowe: _hah of it M—Z.? i
opening produced the M-2A rype, whxch showcd some 1mproverncnt‘;md.

was incorporated into the M=3 type. A radxca]ly dlﬂ'crcnr. oype; M4,

was also tested.  Further tests. on the 1:1% modcl wcre prevcntcd; by, r.he:;.-_ .

closing of the Jaboratory for the winrer. -7 : L
50. Results on the 1:6 Model in: the Daner Laboratory fThc tcst-

ing of ejectors was undertaken as soon as posmblc in.the new labe :

the castomhouse in Denver.: A model was construc:cd on

which approach and tzulwatcr coudltlons were more nearly s ; ‘

on the prototype cthan for tests at the other labomtoncs Tuc model was

similar to che M~4 model and was glvcn ‘the dcs1gnatxon D—l'? A ‘compan-‘_‘ e

the M-4 modcl with: no taxlwatcr
ejector, creating design’ D-2, 1mprovr:d thc condmons somcwha ;
flows. - : :

A revision of the designof thc dam changcd thc uppcr lumt of pcrrmssxblc'\-‘- i

water level within the structure from clcvatxon 160.0 to:162.0; “The:addi~
tion of a bell-mouth entrance to’ thie’ ¢jector created dcslgn D—lA which' .

resulted in an almost constant cjector discharge for all. spx]lway ﬁows .
when the water inside the dam was held at clevation 160.0." “As.shown in
figure 37-A, tests of the D-2A model, with the higher level inside, showed
much greater discharge.at medium spﬂlway flows bur did not show appré-
ciably greater discharges for high flows.” A comparison of the M-=2 model
on the 1:1% scale was made with a similar D-3 model on a 1:6 scale. "The
results were in fair agreement, as shown in figure 37-B. ‘




e A. Design F-8 and M-L. C..Design M-24.
: B. Design M-2 and D-3. . Design M-3,
' E. Design M-4 and D-1,

FIGURE 36.—IMPERIAL DAM EJECTOR MODELS—SERIES M.
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-51.,The Final Ej ]ector Demgn.——Rapnd (.onstructxon of «Impcn.l]‘_— Dam

design D-4 was prepared, which uscd standard ﬁmngs ‘wherever. possible.

made necessary an early decision on the form of. c;cccor t0-be used; and.a

This final design, shown in-figure 38, consists- of 4 :.pcunl]y designed. caat-‘-'- :

iron pxpc ejector secrion, connpected to a. 28-inch section of 10-inch ﬂangcu o

‘ _ cast-iton pipe and 2 10-inch flanged ell. The cross. section of the. ejeceor
RN decreases in the direction of flow and ends in a nearly rectangular opening
- with its lower edge flush with the face of the dam. A 1:6 model of this
r:]cctor gave materially better results than any other type tested, as shown
in figure 37-C. The discharges for Jow and medium spillway flows were
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satisfactory with a tailwarer at elevarion 160.0, bu the figure shows: that
for high flows in the protorype the warter level inside. the 'dam’ might rise

1o clevation 162.0 before sufficient discharge is obtained. " Teésts were also:

made with a tailwater level 3 feet ‘above: normial. “These 'showed .con- .
siderably lower discharges, but since ‘this condition would only occurwith . -

a lake upstream largely filled with sediment, and with seepage therefore. -
greadly reduced, the results were believed to be satisfactory *'Fhe-necessiy

for immediate construction of the cjectors. for incorporation-in.the'dam
prevented further study and -perfection of these devices. S

STUDY OF PERCOLATION BENEATH -SPILLWAY

52. Purpose of the Study.—Since - the spillway of - Imperial: Dam :is.
founded on a decp layer of very fine material, a knowledge of the percola-’
tion beneath the structure was necessiry to sccure ‘an’cconomical ‘design..
There were three principal problems of ‘design for which solu ons: were
obtained by model studies. "One was the derermination of the magniride
of the exit gradicnt of the seepage wateras it rises through the fourdation’
material on the downstream side of the dam; in order to insure the safety’
of the structure from piping. _-'Thc'*:.ccoi_id’pi-dbli:m:‘{;Ga'sfithc::j-'dét:cﬁnhl"tiift_i'(jn
of the magnitude of the upward pressurc ‘hich may: exist bene: th-che .

dam, to insure that no porrion of the structure mighe' be. lifte Iby:this

pressure. The third principal problem was the detcrmiration of the quan-
tity of flow which may be discharged by the drain: beneath: the ‘'dam, 10

enable provision of a sufficient number of cjectors to take care of ‘this flow.

To obrain the data necessary for the solution of; these three problems;
observations were made on the percolation. of water. through h_‘c_idcls,bf o
the dam foundation, and studies were also made of percolation’ by méans
of the lectric analogy. The tests by these two methods arc largely: sup--
plementary, since the desired: results could:-be obtained. by cither.method
alone. At the rime thesc studies were madc, the clectrica alogy wasza
comparatively untried- device in the hydraulic ‘engineering’ field and. its:
resules were not as widely accepted as'at present: It was desirable therefore

to make parallel tests by both methods to insure the reliability.of theresults .
and also to demonstrate the practicability of theuse of ‘t_hc-”clécjt‘r"icﬁr‘l':tlégy.j
The tests by the two methods were carried on more ot less simultancously, -
but since those unfamiliar with the eleceric analogy’ probably can under: .
stand it more readily if the hydraulic method is discussed-first, that order
of presentation will be wsed. o o T A
53, The Hydraulic Percolation Model Tests—The -hydraulis - perco-
lation model consisted of a wooden tank approximately 2 by 2 feet in cross
scction and 11 feet long, lined with sheet iron, as. shown in figure 39.
As will be explained later, the size of this box was investigated .to be surc

that it was large cnough o give reliable results. Raised watertight com-
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partments at cither end formed headwater and tailwater bays,:in-which

the desired water levels representing various conditions of: headwater -
and tailwater could be obtained. The distance between walls'A and D, .
figure 39, represents the over-all length of the dani foundation in'the direc-
tion of flow, to a scale of 1.to 50, " Walls A and D were cxrended below the
bottom of the dam to form the upstream and downstream "cut-off walls,

The cut-off walls ac B and C were constructed of. 16-gage galvanized sheec

metal. Al four walls exrended across the-full wideh of the box and ‘were -
soldered ta the sides of the box with .watertight ‘joines,
Nearly a hundred -piezometers' made of copper. tubes were-placed in the

foundation of the dam and in the sides and botrom of the box. .. The pie- -

zometers through the right side of the model extended 3'inches from the ~

side wall, while the others extended the full width of the model with slotred
openings at their centers. - All other: tubes’; términated: flush - with ' the
inside surface of the metal lining of the box, " The apertures ‘of all tubes
inside the model were protected with copper screens to- prevent sile from -

entering.  Wherever. possible. the: tubes were sloped: npward’to facilitate 00 0

the escape of any entrapped air. - Piczometers were alsa placed in‘the head~
water and mailwater bays, “All piczometers were connected to a bank ‘of
glass manometer tubes, o LT R e
The inside of the model was coated with asphaltic. paint ‘and-sprinkled
with fine sand to prevent excessive percolation along the walls and bottom:

In the first tests Colorado River bed material, shipped from Impetial Dam .

site, was thoroughly mixed before being placed:in the model. This,ma-
terial had a median size of 0.10 millimeter. and-was' largel ‘composed . of.
fine and very fine sand. - Difficulty wits cxpericnced. with; ‘this ‘marerial:
clogging the piczameter pipes and ‘the drain;.: In*lacer: tests; sand- pass
the number 28 and retained on the number 48 screen’ was substituced. " To'
prevenr undue segregacion, the. sand-was -placed in“3-inch® layers while
water was entering the model ac the proper rate to:maintain the sand and
water surface ac the same level. Each: layer. was  thoroughly:rodded:
After the box had been completely filled, the sand: w':'zs""a‘l)lc.i';\:r'érd,,;ﬁo‘-sétﬂc‘
for several days while submerged, after which the surface was screencd 1o
the approximate outline of the underside of the dam foundation. ' The out-’
line of the filter trench, see figure 32, was then cut-to the proper dimensions
by mcans of a metal template.  The various layers forming the: filter were"
then laid with the aid of other templates. ‘ L L R
In the first tests the outline of ‘the underside of the foundation was’
built of redwood blocks resting on the sand, buc separation bétween-the
blocks and the sand developed. ~ Later tests were therefore made with.a
topping of cement mortar case in place. o . ‘ o
Constant water level was maincained ‘in the ‘headwacer. and tailwater
bays by Mariotte tubes (the deviées frequencly used to keep 2 comstant -
level in drinking pans for chickens), while the water level at the drain
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was maintained by 2 weir in a narrow box extending across the:model'and
supported on seven Y-inch copper tubes which connecred it to the drain
filters under the foundation. The crest of the. weir represented elevation -
160.0 in the prototype. * The weir box ‘was connected 0. 4 tube ‘on ‘the
piezometer board, to indicate the elevation’ corresponiding -to the level “of
the water inside the dam.  The warer used in the tests was preheated in -
an open beiler to climinate the dissolved air, nnd'ngs_sto’r_cd?af'froom tem- .
perature in an 800-gallon clevated steel tank. . -0 EHR DN
The conrrol tanks were filled with ‘water: and “the warer: allowed .to .
establish a jevel. Then the Mariotte tubes. were. adjusied ‘until the water .
levels in the headwater and railwater bays were maintained at the'desired
clevations, o s R = SR
54. Results of Tests on Hydraulic Percolation Model.—In :analyzing -

the results of the tests on the hydraulic model, the difference sbetween the

level in each piczomerer and that in the piezometer:connected to the head-
water bay was computed..  These distances:were then expressed in percent
of the difference in Jevel between the headwater and tailwater bays; or the -
headwater bay and the drain weir box, whichever of the: two-was' the |
larger. Thesc ratios were plotted on a cross section of the:dam ‘and foun-
dation, ac the points représenting the places where the Mmeasurements were .
taken, and lines were drawn representing .equal ‘values of ‘the 'ratio,  ds
shown in figure 40. In this figure the solid" lines represenc the results |
abtained on the percolarion model, and the broken 'litj::s;rcpr‘c;;ényt,j:hg_rcsu‘lis'
foc the same conditions obtained by the clectric analogy, as will-be ex-.
plained later, o e e e e
The values given represenc the head lost in friction‘from: the headwater
o the point in question, expressed. in percent of ‘the total fall.” The lines
correspond to the porential lines of a flow net representing the flow of water
under the dam. Ten different combinations of hr:adiiml:&_f,”_\r'flil_w:él"c;c_r'ﬂ n

drain level were tested, of which the two shown i n'figure 40 1rctyplcal L

Run No. 7 shows the conditions with headwater at- elevation: 19170, til-
water at 160.0, and the water level inside the dam also at elevation 160.0.
This represents the headwater condirions of the design. maximum flood
with a very low tilwater equal to the clevation of the level inside the dam,
Rui No. 10 represents the normal conditions of headwacer -and . tail wacer
for the design flood, but without flow through-the drain. FUS R N
55. The Electric Analogy Tests.—The electric. analogy . apparatus used
in the percolation tests can-be used in.solving-problems. in“many other
fields as well as hydraulic engineering. “In chis field ic is extensively cm-
ployed in the crnstruction of flow nets, but the underlying cheory is rather
involved. In its use in percolation studies,? however, the theory: can be

! Bradley, J. N., 1. B, Drisko, and [, J. Hebert, **Hydraulie and Eectrie Analagy Model Stodies of the
Propused Impoerial Damn and Appurienant Works, Prafiniinary Report No. 2, Tech. Memo. No, 471
(unpublished) Bur, of Reci., Jaly 15, 1935, v )
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76 MODEL STUDIES OF IMPERIAL DAM

reduced to very simple terms, because of ithe similaricy of the laws of flow. .
of water through a porous soil and the flow of electricicy. through @ con-
ductor. The flow of water through soil follows wh.u: is Lnown as D.lrLy 5
law and is cxpressed by the cqu.ttlon e :

e-gm S oo

where (is the rate of flow'in units of volumc p:r unic'of mnc, A is’ thc,_‘
area through which the flow occurs, 4 isithe: hcad apphcd L'isithe: length .

of the path of flow, and K is a constant cxprcssmg the pcrmcablllty of the .
material, or the resiseance of the marcrial- ‘0. thc pcrcolamon of . water.
The equation for flow of clccmcny through a conduc:or follows Ohm s
law, which may be cxprcsscd as- R SR

where [ is the cusrent in ampm.s A is. rh:. area’ of thc condt.ctor E is'the”

cleczrical porential in voles, L:is thc length of ‘the conductor, and Ciisia

constant representing the relative resistance of the material of the conductor.

It will be scen that the form of these cquaclons 15 the same. + Therefore,
if the shape of a conductor can be. ‘made to simulate, accuratc]y ‘the: shapc“f
of the soil mass through which . thc pc:rcolatlon takes place; the' ‘quanticy
of flow, {, and the pressure drop, b, can be dctcnmncd by clcctr:cal measure- -
ments on the conductor, provulmz: the v1luc:. of K and’ C ar¢ known. In.
many studics the variations in hcad /J may hc studlcd w:thou‘t a koo lcdgc-iﬁ
of K or C. 3..

56, The Salt-Solunon Electnc Ann[ogy Apparatus AL very ,,sxmplc' ‘
form of clectric analoqv apparatus was used in‘the early studlcs of. percola-
tion bencath Imperial Dam, as showu in figure'41-A _Thls appnratus was’
used to obtain results for comparison with those obtained on'the hydraulic
percolation model. * The model consisted of a tray with-a: p]arc-glass bot--"
tom, carefully leveled,.having a rim on three sides corrcapondmg to the”
bottom and ends in a cross section of thc box. used;in’the: hydraulic: pcrcola-
tion model. The other side of the rim of the_ tray was partly formed: of .
msulatlng material in the shape. of the bottom| of ‘the: Impcnal Dam; w1th‘_,f
its shcc:-pllmg cut-offs. * The portions - of ‘the pcrcolanon modcl Cross.
scction where the headwater and the tailwater came in- contact. thh ‘the.
sand foundarion material were represented by two- coppcr platc‘s‘ “All of
these pieces of rim were cemented 1o the ‘place glass, producing: watcrtlght
joints, and the bottom of the tray was covered with a'}-inch- Jayer of a.
5-percent salt solution. The two coppcr platcs were connected, through
two 100-watt incandescent lamps in parallel, to the 110-volt,’ - 60-cycle
lighting circuir, and also by heavy coppcr wires to: the opposite ends
of a 100-ccnnmctcr length ‘of high-resistance wire resting on a. meter-
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FIGURE 41.—DIAGRAM OF. THE ‘?ALT-SOLUTION ELECIRIC ANALOGY—IMPERJAL
DAM . o .
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stick scale.. . A. sliding contact was placed on the high-resistance:wire-and’ -
connected through a pair of 200-chm carphones to a metal. probe:or pencil, .-
the point of which could be placc’d at zmy loc:mon in‘ thc salt suluuon in“
the tray. : :
The operation of the salt-solution clectric analogv appnmtus is cxplzuncd
as fallows: If the sliding contact on the hlgh -tesistance . wire’ rests: 40/100 L
of the distance from the left end of the wire, the por.cn:ml ac that poinrt.
is below the porential at the left end of the w1tc by ‘an-amounticqual-to-
40/100 of the total potential drop through  the-resistance ‘wire. .-Since: the
ends of the resistance wire are connected to the rwo copper- plates by hcavy'
copper wires, the resistance of which is negligible, the potential drop in
the high-resistance wire is practically't the same as that between the copper.
pla.tcs If the probe is moved about in:the salc solution’until it: reachesia
point with the same porcnml as the shdmg contact: (wh;ch potcnual is
below the potential of the left plate by an:amount: cqua] to 40/100: of the -
total porcncml drop berween the plates), no current will flow through the: "
wire connecting that point with the resistance” wire nnd no_sound ‘will
be heard in the earphones. If, however, the probe s placcd at’a point .
which is at any other r-orcn:m] a current will flow! through thc wire'and ;-
be heard in the phoncs If icis desired w0 find the line of 40 percent porcntml :
drop, a series of points is found where no sound can be heard through which.
the 40 percent potential line can' be'drawn. . In this manner a'set of lines can -
be obtained similar to those determined by the hyd raulic. pcrcolanon model,
as shown by figure 40. “If the sand'in the pcrcolamon model is: of uniform
permeability throug,hout; and the I1quu| in the electric: nmlogy is of. umform '
resistance throughou:, the results obtained. with ‘the two: mc.thor.ls ‘should -

be the same, since the lines for thc pcrcoianon model rcprcscnt the loss of

head in the model and those for the eleceric amlogy represent. the: 1055 of -
electrical potential expressed as 2 rauo to the total. drop of po:cntml

The lay-out shown in figure 41<A is satisfactory wherc onl hcadwatcr v
and tailwater levels need be considered,, but where the; drain introduces
a third level 2 modification of this lay-out must! ‘be used: 1f the mvcsnga-f

tion covers a case where the elevarion of: the water, surfacc at the drain is
below the tailwater level, it is necessary to plau: a‘conductor at th:: location -
of the drain and connect it by a heavy wirc with® thc tailwarer. cnd of :the
resistance wire as shown in figure 41-B. - The copper plate rcprcscntmg the
tailwarter is also connected with the tailwater end of ‘the resistance wire -

by a variable resistance, which is varied to give the' propcr potcnnal to'the

tailwater plate. ' For example, supposcthe headwater:is at elevation 191,
the drain at clevation 162, and the tailwater at elevation 170 The drop'.
from headwater ro drain is'191—162==29 feet, and. the drop from headwater. -
to tailwater is 191 —170=21 feet, or 72.4 percent of the 29-foor drop to-the -
drain. The potential of the tailwater copper plate should therefore be-
adjusted by changing the varublc resistance, until the platc potential is
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below the headwater potential by an amount equal to 72.4 percent of the:
totat drop from headwarer to drain.. This can be done by firse placing the’
sliding contact at 72.4 percent, then placing the_probe on the tailwater
plate and varying the resistance until the absence of sound i the earphones
indicates that the plate is at the desired potential. Equipotential lines

can then be plotted as previously described for the casc in which headwater
and tailwater levels only were considered. - "1 P
As the work progressed, certain refincments were added to the electric
analogy, the principal ones being the substitution of an ordinary resistance
box for the high-resistance wire, and the introductiorfiféf-jdn”'aif_tipliﬁcf_i_ﬁ .

the headphone circuit to amplify the sound in the carphones. - -

57. The Tinfoil Electric Analogy Appararus,—Studies were ‘also made” 0
with an electric analogy apparatus:in which a sheet of tinfoil was used | -
as the irregular-shaped “conducror, instead of = -watcr solution. - The
advantage of this apparatus was the casc with which 2 model shape could
be constructed or altered, simply by cutting out:the prope shapc on the - -
rinfoil sheer. A commercial tinfoil containing lead was wsed. ‘Tt had an’
average thickness of 0.005 inch with a variation” of 410 percent, which
did not produce any appreciable distortion of the flow patterni A 6-volt
storage battery furnished the current and a microammeter was used in place o
of the earphones to detect currents. To facilitate handling, the tinfoil sheets -
were pasted on stifl manila paper, and the surface painted: with whitewash -
to permit plotting of results directly on the foil s TR

58. Determination of Size of Percolation Model-~The Impcrial _
as previously stated, is founded on a.deep deposit of fine sandy material.
The total depth is unknown, but.b rings have penctrated into it.over 60
feer. Since the worst percolation condition would result from the assump-
tion of a very great depth of material, an inﬁn‘i"t'él:{{'dc‘é_p'.fo‘t'ind;{ti'oh"?.wais" o
assumed. In planning the percolation model, the question arosc'as 1o
the size of the model required for the resalts to indicate the assumed con-
ditions on the prototype. To-investi gate this problem with a percolation
mode]l would have been very laborious, but it was comparatively easily -
solved by the salt-solurion electric analogy.  The analogy *apparatus
was sct up with a great distance berween the parts representing the coptact
of the dam with the stream bed and the cdges of theitray. " The effect of -
reducing the size of the percolation model ‘was:studied’ by progressively
cutring off sections of the fluid by insulating walls, and locating a st of '
potential lines for each step. ~This process was cqiitirjuéd'pptil the changes
began to indicate appreciable differences in the location of the potential
lines. The tests showed that a model having a distance from the basc of
the model dam to the botrom of the analogy tray of threc times the greatest.
shect-pile length, and a distance from the base of the dam to the sides of
the tray of four times this length, would be sufficient. '

59. Comparison of Percolation Model and Electric Analogy Results.—

The results obtained by the electric analogy apparatus for two typical
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runs are shown as broken Imcs in ﬁgurc 40, and can “he compnrcd WJth thc. ‘
solid lines on the same figure rcprcscnnng “the - rcsults ‘obtained: with-the
percolation model. It will be observed that a {'urly c]osc .agreement ‘was
sccured. In both runs the percolation miodel showed greater loss near.the
headwater than was indicated by the clecrnc analogy ‘This was observed.
in the other cases for which comparisons were: made, and probably results -
from a layer of impervious material which' formed on: thc aurfacc. of the .
percolation model where the water cntcrcd “This'is ‘
ander such conditions, and is one of the dxmdvmmges of pcrcolnt:on m‘ dcls.fi
The results of chis comparison showed that! the. cleceric. analogy could
be relied on for percolation studies of this nature; and its greater convenience
in both case of construction and . readiness’ of changc haslcd o'its usc
wherever suitable in preference to the percolarion model L
60. Computation of Pressures From Flow Net Rcsults.*-—Gwcn a set of .
potential lines, the pressurc at any point bCﬂc.ith ‘adam can“'bc compuccd ¥
as follows: Assume conditions are. the same s’ “thoscin. the preceding -
example, and that che pomt at which the prcwsurc s’ dcmrcd isac clevation -
150 and has a position in the flow net possc.-,smg 2 potcntlal of 25 percent. .
The distance of the point below the headwater is’ 191—-150== 41 feer.: The
potential drop from the headwater to" the point would” e 25 pcrccnt of
the toral drop of 29 feet, or 7.25 feet:-and the dcsxrcd pressute at the ‘point
would therefore he 41—7.25=33.75 fcet of water.. ‘By. similar computa- E
tions, the upward pressure acting on-the bottom of thc da.m and rhc prcs—; :
surcs acting on the shect piling can'be dctcrmmcd : : :
In figure 40 is shown the upward pressure on ‘the basc of the dam as’
computed from both the percolation model- and clcctnc analogy tcsults.
The close agreement mdlcatcs the sumlaru:y of thc
the two methods, ' : .
61. Quantitative Relations for. Flow Under the Dam.fIt is: p0551blc to.
estimate the magnitude of the dlschargc under;the ‘dam ‘from the resules.
obtained on the percolation model, if che pcrcolano'n‘ capacities ‘of ‘the
soils beneath the model and the dam are‘known.: - Inthe first” pcrcolanon :
model, the material was the actual Colorado’ R;ver bcd marcr:al and. may
therefore be assumed .to have thc samc pcrmcablhty as chc matcn al undcr '
the prototype dam. : e : '

Let
hp=loss of head pcr unit Icngth in thc prototy'pc

hou=loss of hcad per u unlt lcngth in rhc modcl

L, =ratio of prototypc length to model lcn’gth=‘r;"
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Accordingly, the hydraulu: gradxcn: or loss of hcad pcr foot of lcngth 1s

dimensionless and thercfore the same in the’ modci a$ in the’ prorotypc L

The velocity of flow at any pomt under the modél wou]d thcrcforc bc thc: ‘
same at the corresponding pomt on the protorypc Sl

Now consider a 1-foort strip in the protmypc and a corrcspondmg l-foot‘_r

strip in the modcl

Let IR .
A,=the arca of the strip | m thc prototyp:.

~Apn=the corrcspondmg area in thc modc:]

4, L (] 0) n.nul A Lm (1 0)

Or, the ratio of the area of a stnp onc foot w1dc on: thc protoﬂypc to thc,j.;‘ .

area of a corrcspondmg strip of equal width. on. the. model would’ be! ithe

same as the lincar ratio of the size of the protorypc to that of the model.

The flow of water through 5011 ‘as prcwously statcd follows Darc s

Q__a

By letting the subscripts p and m dcs:gnatc prototy-pc and modcl rcspcc
tively, this equation may bc written s : : :

and

- Dividing,

K hm
Kby
Km b

811246° —49—-T7
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Since Colorado River bed m:ltcrlal was used in both thc modcl and proto-
type, the cocflicient of pcrmcablhty, K is tht. same in cich casc and w111
drop out of the cquamon. . \

Then ' ' .
Q,, A L,,1 h,,‘,' i
Qm ) -flm Lp hm _‘4

From the definition of Lr, thc cquation bccomcs :

Or, cxpressed in words, the ratio of dlschnrqc pcr umt - of lcngth undcr thC:
prototype to that per.unit of ]cngth under the: model would be th -same as
the ratio of the linear scale of the: pronot}pc: to'that’ of the; modcl :

It should be observed that if the, ‘material, used in hc pcrcolanon modcl ;:;
differs from that in the prototype the above relation. will not hold, since .
K will not drop out of the equation.” In that | casc'ic-will be, ucccssary to;
multiply the model dlsch.lrgc by both thc Jcngth ratio, mcl the ratio K/ K.

The analysis required in estimarting the qu.muty of warcr ﬂowmg under
the dam from the-clectric analogy rcaults 1§ somcwhat ‘fnore: complcx :
In the following paragraphs will be glvcn an; C'cpl:tnntmn of: the method,”
in simplc terms. Consider a_small- square: sheet-of . conductlvc ‘material;:
such as tinfoil, 1 inch on each side, w1th “heavy' coppcr bars: conncctcdﬂ
along the opposite edges, as in ﬁgurc 42—A Snpposc the th1ckncss of the’
material is such that the resistance to fiéw of an- clccmc current from one *
bar to the other is exactly 1 ohm. Con51dcr also a sheet:3 inches long m{-’;
the dircction of current flow and 1 mch wlde as:in B. Since’ the path of .
the current is three times as long i in B as in A, thc remsmncc would bc three
times as great, or 3 ohms. . Consider next.a 59 ares 3 mchcs on a sxdc as‘
in C. This may be. considcrcd as; cquwalcnt to: tl !

Capp‘cl.huu,

&

FIGURE 4..—ILLUSTRATION OF METHOD OF DETERM'™ lNGl;'LOW‘ -
UNDER IMPERIAL DAM.
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connected in parallel, and its resistance will chercfore be one-third that of
B, or 1 ohm. -The resistance of the larger square is thércfore exactly the
same as that of the smallerone. Inia similar way it may be,shown that -
any square of this thickness and nmrer:ial'Wi_ll[hé.fﬁﬁ:“'zi‘i{;ﬁ"sisj?:incéfble:‘ol.i"m. v
Similarly, any rectangle: with the’ p‘roportibn_s:"of"'sh‘ap;"‘B‘;Willl,‘ have the
same resistance as B if the current p'ajsscé,'th‘roagh‘-‘-_i:n}'th'éijd‘itc‘c”t_ioh of the.

Jarger dimension. It can also be shown that the ratio of the resistance of

any rectangle to the resistance of a squ .ﬂ,rc‘ofs‘;l;.c‘s:i;)jc'ifhi‘tkn'c:ss":i'rid material -
will be equal o the ratio of the length of the rectangle:in- the direcrion:

of current travel to the length of the'other dimension.

In the design of Imperial Dam the quantity of: water passing under the -
dam was the information desired, and this t't)'x‘rc‘:sp'on'ds;l:"c‘)’_tffc':;‘ trrencin the
electric analogy. - For a constant voltage the current is y.propor-
tional to the resiscance; hence, for a potential of 1 volt; squar _
has a resistance of 1 ohm, would carry a current of: 1 ampere, rectangle' B -
would carry a carrent of one-third ampere; "a_hd':siqu‘aré“G;alsbf: a® current; -
of 1 ampere. It is convenicnt ta compare thes currents carried by the
various, shapes of rectangle by comparing “eachof: them: to the: current 8
carricd by a square as a standard. . The rectangle’'B would'c rry one-third "~
as much as a square, and its shape factor may.therefore be considered to be -
one-thurd. Any other recrangle would have o shape factor cqui ‘toithe

ratio of its dimension at right angles with ‘the. ‘ \

irection’of current to its' -
dimepsion in the direction of flow. “Thus:a rectangle 10 inchesrinithe o
direction of flow and 2 inches in‘Ithc."oth’cr';&fifgc_:i_dx’jf.in;biild:‘hb_.‘vé';‘ ashape
factor of two-tenths, or onc-ffth. L LR T e Sl

It can similarly be shown that the ‘rc‘si_stancrj:'}of.‘:i‘-ﬁla;q::“lﬁgdfc'of;'nriy i

other shape bears a definite relation to the resistance of a squarc, and there- "

fore has a definite shape factor.” The tinfoil strip rcpresenving the: founda-

tion below Imperial Dam, prcviousl}"-5d._cst:r:1bk:d,'\vqu]d"fthc'réf_dg'h'\;‘_vc at
certain resistance, regardless of the scale ro-which v was:constructed, and -
for a given potential difference would carry the sainc ¢urrent, regardless of
its size. It too would havé a definite shape factor, which would be cqual
to the ratio of the current carried by the strip to.that carriedby:a squarc’ .
of the same tinfoil witk the same voltage drop. Since. thﬁ-D:@tcy"laﬁ\coh-__'_'.f
trolling the flow-of water through 2 porous material has chie same form as.

Ohin's law conrolling the flow of clectric: current, it follows that for a* - o
given Head (which corresponds to the electrical potential). the flow through
a prism of a cerrain soil. of given thickness, would-be  the sane, as- that
through any other prism of the same thickness which had the same héight- - -
width racio and was similarly oriented to the dircction of ‘flow. :For.a

given head, therefore, the percolation model using Colorado River sand -
should carry the same flow as would pass under a length of the Imperial -

Dam equal to the width of the model used, namely 2 feet. - Since the flow

of water through a soil varies directly with the head, the discharge per .
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2-foot length of the Imperial Dam should be cqual to thc discharge of the "

mode! (which had a.width of 2 fect) times the ratio of head on the proto- -

type to that on the model, or.the model dxschargc times the. ratio.of the
size of the prototype to that of the model. Tt will be seen-that this is the
same conclusion as obtamcd for thc pcrcolat:on mod;l in prcccdmc
paragraph. s - (R o
Ta find the percolation bcnca:h X dam bv means of thc clcc r:c annlogy,

it is necessary to determine: the shapc factor: of the cross section of the '

foundation material and combine: this wirh:the rcmcabxlltv factor of the -
foundation matcrml The shapc factor can: bc found by measurmg the

terial with the same potcntml drop Thc sha‘pc:ifacmrf'

of the current for the foundation shapc to: that forithe Squnrc :The;
under the dam per foot of length would: bear- thlh same.ratia to the. flow’
through a volume of soil; oue foor thick and squarc:in section; under the -
same head as the dam. For. convenience: this volume of | soxl may. bea
cube, one foor on a side. - The |‘—crcolauon undeér the dam per. foot of]cngth..- '.

could thus be found by multlplv ng the pcrcolacmn chmuqh a 1-f00|: cube

of soil, under the head ncrmg on the dani; by the shapc facror. o
percolation through soil varies dircetly with the head, it may: also bc found, o

by mulriplying the pcrcolanon through a 1-foot. cube of soil undcr a l foot *

head by the head acting on the dam and ‘then hy the: elnpc facror ‘The’

percolation through. the 1-foor cube of ‘soil for 1-foor head may be com-- -

puted from observations on the pcrco]anon rhrough pcrmcabllltv cvlmdcrs.
Summarizing, : :

Q BXLXH

where g==discharge under the dam pcr Imcnl foot

B==shape factor of the foundarion.’ - S

K==percolation through a 1-foot cube- of thc fouudwt:on matcnal
under a 1-foot head. - : i

‘H=head on the dam in fect.- -

In <etermini ng the shape f.tctor of thc found.mon bv th(. c]cctrlc am]ogy.'

method, the resistance of the tinfoil was. too Jowtc be mc.u.urcd with the
equipment available, and the :alt solution. was therefore uscd for this deter-
mination. The resistance cf & square of :hc salt solution of known th:ckncss n

was measured, and the resistance of a squarc of the same thickness as used
in the analogy tray was computcd hy multi pl)mg the. measured resistance -
by the ratio of the thickness of the: square to tth of the solution in thc_
analogy tray.
The percolation coefficient, K for the Colorado River bed material was
determined by using a portion of the hydraunlic percolation model in’
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‘which the potential lines, as ‘shown in. figure 40, werc- ncarly patallcl _ .'

cmlrcly across the made! normal to the direction of ﬂow. From the dis-
tance in che direction of flow bctwccn the. piezometers. | in'this section, the
ctoss-scctional ‘arca ar thar point, the observed:pressure. drop beeween the
piezometers, and the rate of flow through- thc model,: the’ percolation co-
cfficient, K, was computed, Tor this. purposc the, pomon ‘of the; pcrco]a- :
tion model was considered as though- it were 2 pcrcolatlon cyhndcr with
that same measured length, cross-sectional ‘arca; -pressurc: drop, and dis-
charge. The mean value of the pcrco]anon cocfﬁcxcnt for Coloradot vacr o
bed material as thus dctcrmmcd is 0.000101. 7 = L

By substituting in’formala 7 the above" va]uc of thc pcrcola 1on €0~
efficient and the values of H and Q obtaincd: by the measurements on. the
hydraulic percolation model, it was possible to get: the: sthc.fnctor for
the hydraulic model also.. The following: cabulauon gives:2 i
of the shape.factors, for three condmons, as: dctcrmmcd by thc_clcctnc' .
analogy method and the pcrcolatlon modcl : g L

" Elevation on prototype o015 -Vﬁ_luéé of B )
Headwater Drain : Tnilwatcr,f Pca;:‘c;l(;l:lton 5‘1:‘1::;; ]
190 l 160 168" e ) 0219
180 1160 158 Lm0 e
Deain not :lcrmg o SR b x AT L 1.1 )

The. agreement . is considered very good inview. of the d:fﬁculucs of ke
getting quantitative resules with pcrcoia.uon models. *The: grearest; dis )
charge under the dam will occur for the. conditions 1cprc:scnrcd by the .
first case in the zbove table,- whcn the dram is bc]ow the: tallwngcr lcvc]
and water flows to the drain from'both headwater. md tailwater; e
discharge for this case was. computcd: from ‘the. above equation, whcrc e
'H=190—160==30, B==.219 (using: the clectric analogy value), and’K= "
0.000101. 'The computarion-gavea discharge’ pcr lineal foot of dam equal "
to 0.000664 second-foor, wh:ch 15 the: valuc on- whlch thg ﬁna] dram. -
capacity was based. ‘




CHAPTER VIwSEDI MEN TAT ION STUDIES

SEDIMENT PROBLEMS OF THE RESERVO[R AND
ALL-AMERICAN CANAL HEADWORI\b "

62. The Moatrose Imperial Dam Model.—Ia m'dcr to study thc prob-. 4
lems which might arise at the ]mpcrml Dam duc to the heavy sediment
content of the Colorado River water, an undlstortcd modcl -of the: ImpcnaI i :
Dam and surroundings was constructed ar the’ h) drauhc laboratory of ithe. - -
Bureau of Reclamation in Montrose,’ Colomdn 2-rouas sculc of gk 140, and
extensive ‘experimentation was  conducted. E’(pcrlmcntb ‘were' ‘also per- L
formed on this model to determine the action of cereain parts of thc dcvclop-' U
ment under clear-water conditions.  Of these cxrcnmcnts the tests on.the = -
spillway, sluiceway, and All- American Canal intake: gatcs hwc prcvnously“ B
been described. The plan of the. l:ly—out of - this portmn of ithe Montrose
laboratory is shown in figure 43 and a view of it in operation’is SR
figure 44. At the point ot the model intake, the supply ch?.mcl conststcd o
of a chute in which the water moved ac’high velocity: | The water: was
taken from the chute by an open-end trough dlppmg inro the. htgh~vcloc1q o
stream. A 24-inch diameter welded steel pipe carried: the water: o a weir :
box, A, from which a long wooden® ﬂumc, B, convcycd it'to; the uppcr cnd_“ R
of the Imperial Dam reservoir, E, at:D. " A-sand feed: apparatus Ciwas
located in the flume. The model mcluded (0. the greater: p.trr. of the: lakc,*‘- :
E, above Imperial Dam; (2) the complete installation, F, comprising the
dam, intake, and control works, and the desilting basins;and. (3) theriver -
bed for about 6,500 feet (prototype distance) below: the dam In. ail thef‘
model covered an area of approximarely 60,000 square fect. :

63. Model Tests Qualitarive Only —It was realized -at: thc time | thc"
tests were undertaken that quantitacive resiles could not bc obrained, but
it was believed the magnitude of the. problcms mvolvcd ]usuﬁcd thc cﬂ'or:-

1 Thomas, C. W., J. K, Warnoek, mul C. P \(-mr “ l’r-mnm¢ Report on’ \Imld “\i.‘.ldl(“: at Muntmsc g
Colorado, of the Imperial Dam and Desilting Works, Al-Amerigan (unm lru]v.u Hyd. Lab. Report
No, @ (unpublished) Bur, of Kecl., July 25, 1456, .
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-tarive results were not obrained. It was lmposslblc to obtain. quanmanvc'
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to obtain the best information possi'blc ‘even though it be only qualirarive
in nature,  As will be shown in the following paragraphs, very: valuable
informarion was acquired by means of the model, although exact quanti-

results because the laws of sediment. transportation and dcpc:.zt were not’
known, and their relation to the scale of the model could not be ascertained .
Figure 45 gives the average composition of the bed marcrul atthe Impcr:al?
Dam site, and much of che marerial carried by Calorido River is. approxi--
marcly within the range of these sizes.” “Ar times, howcvcr, conbldcrablc‘“
very fine material may come into the reservoir. <If one werc to.make the
assumption-that the grain-size’ of che:bed"sediment parnclcs hould: be:
reduced to the model- -prototype: ratio,: the marerial for the' ‘model” “would
need to be of the:size shown. by curve B, but this mareria ‘WQuld settle.
under a different law than most of the scdiment sizes which ccur. in- the
prototype, and would also be subject to coagulatmn or'dispersion.. Mote-’
over, sand was available from only onc sotice:in adcqunl:c ‘quantitics and -
at reasonable cost; heace this was thc sand used.- This material; the com-:
position of which is shown by curve C, was coarscr, “inst ad of ﬁncr than '
the Colorado River bed inaterial.:: One: ‘advantage. of', oarse matcnal ,Was;
that it would screle rapidly and the effect of dcposnmns would be produccd
more rapidly than if the marerial were fine.. It"seems. probablc, but of
course not ccrrain, that somewhat finer material w0uld‘havc rcproduccd'
the conditions on the prototype more accumtcly e ISR TIS :

64. Sediment Deposxts in the Reseryoir.—To learn as mu‘ch as posublc,
about the manner in which the sediment. would dCPOblt in'the rescrvoir; a
flow of 2.08 second-feet, corrcsponqu to ariver flow of 21000 sccond-fcct _
was first discharged through the model."“This was lacer increaséd to 40,000 -
sccond-fect to complete the. filling of ‘the rescrvoir in the time available. -
The sand was added to the water-by:a powcr-drwcn fccdmg device which'.
introduced  the material. at 2 rate suflicient to: producc:a concentration of
about one percent by wctght At first; practically:all: phc sediment de-
posited near the upper end of the basin above the dam and. the water dis-
charged over the spillway or through the sluice gates of the: modc] ~The -~
deposits furmed a delta, however, which’ contmually builc. out into the |
lake. The edge of the delca formed roughly at rxght -mg,]cs to the dlrct tion
of flow, and the stream:shifted back and-forth-across the deposits. The -
]argc diagram in figure 46 shows the position of the cdgc of the. dclta on.
various dates, and the smaller diagrams show the position. of the stream
flowing on the delta.  The stippled -portions of these dmgrams rcprcscn:‘
the dry portions of the delta ar the time of observation. At times the -
water flowed across the delta in asingle fairly well-defined stream, and at
others it split into a large number of smaller courses as in ﬁgurc 47-A,
which shows the formations of the delta after 333 hours of - anning..” Figure
47-B shows the delta approaching the dam'after §22. bours operation.
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The reservoir was filled after approximately- 665 hours. ‘There was a -
L tendency for the coarser particles of sand to deposit near the: apper end of
. the delta and for the finer particles o flow farther down the delea before
N depositing, For-a given discharge and rate of sand feed, the slope of the
A stream across the delta remained the same; and, as the edge of the dela
L moved our, layers of equal chickness formed on the delta, raising its level
- conrinually higher. If the discharge was increased, the slope of the seream

A, Detra Formarion Ateer 333 Hours.
3. Delea Formation After 522 Hours.

FIGURE 47 -—DEI. TA FORMATION IN RESERVOIR OF THE IMPERIAL DAM.

across the dela decreased; if the discharge was restored,  the- slope was:
raised to its former value again but ata much slowcr rate than th:u: of the
original decrease. : ke .
The action of the model river in thc dclta section was in some rcspec:s‘ '
very sumilar to that of the Colorado River itself. - One occurrence noted
was the formation of sand waves, sometimes called antidunes, in the bed -
of the channcl, which frequently occurs in the Celorado River. The for-
mation in the model of a large number of these antidunes of various sizes -
produced surface waves as shown in figure 48-A. A closer view of oie
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set of these surf”lcc waves {s- shown in ﬁgurc 48-—B Thc antlduncs gct‘

their namc from the fact that they usually move upstream rather than down-

stream.  The bed wave, or antidune, was shaped very. much like:the sutface i
wave, but with the crest:of the bed wave slightly: upstream’ from that of
the surface wave. - Observations showed that the dcpth of watcr on thc :
crest of the bed wave was somewhat less than the dcpth in thc ; ‘
less on the upstream side than on the downstream side.

The upstream motion of an antidune results because thcwatcr in movmg '
along the downstream side of onc: bed wave removes mntcrml and; deposics.. :
it on the upstream side- of the next bed-wave. “The! bed wavcs thcrcforc_ -
tend to move upstream, although the water and. scdlmcm: both ‘move down- -
stream. These bed waves form, pcrs:st for a:short time;, and: l:hcn dlsappcar
the whole cycle in the model covcrmg not more than a few.; minutes, -’
frequently start' where the water is-smooth;, and: gradually grow

with the upstream face of each wave bccommg sceeper until ‘ic:is ﬁchrly_'- o

vertical. The accompanying surface. ‘waves: then break like waves inithe

surf, and the bed waves and surface waves both level off :md dlsappcar thci';w ,

surface becoming smooth agam in hgurc 4b—-B thc wayes arc |ust begmnmg‘. S :
to break. ‘ G

In the model, in addmon t0 the :mnduncs whxch movcd upstrcam orhcr" o
bed waves, called npplcs were formed whu:h moved: downstream’ by ma-. -

terial being carried up the crest of each - wave and dcposxtcd on’ the down- e

stream side. - In some cases extensive series of r:pplcs were formcd as i

shown in figure 48-C.- ~Both these ripples and the ‘anitidunes'were: ‘propor-
tionately larger in: the modcl than thase occmrmg in’ thc Colorado River, ™.
but the antidunes were nearer to true model:size th.m were th ”r;pplcs in. -
fact, the latcer were litele if any smal!cr th:m those whu.I B
abserved on the protocype. e ER
65. Effect of River Approach Dxrecuon on Inmke _Condmons:—lt" :
was believed thac the. operation of ‘the All-Amcrlcan ‘Canal headworks

would ‘be most effective if they were manlpulntcd to: d'schargc- s much. Df.::
the sediment as possible through: thc, sluice. gates,’ thereby dccrcasmg the -
load into the desilting works. It appcarcd probable rhar: :more sediment ™

would pass through the sluice gates if the currenc of thc river flowed across
in front of the sluice gates before passing through thc trash racks and ¢ ents

ing the hcadgatcs For the river to have this direcrion it would ncccssanly- G

move down the left bank of the reservoir and near: thc. d:un .CTOSS: OVer: to

the headworks which are on the rlght bank. To test the soundness of rhls‘,,- ;

belief, experiments were made first with ‘the river approachmg thc head- -
works along the right bank and then along the left bank. Each case.was-
studied with two model lay-ours: (1) The model with the Or:gmal design
training dikes and trash mcks ‘and (2) the modcl with no training dtkcs or
trash racks.




A. Various Forms of Anridunes. .B. Closer View. of Anuduncs. C. R.lpplc Form of Sand
- Waves in the Model. .

FIGURE 48.—FORMATION OF ANTIDUNES iN MODEL OF IMPERIAL DAM.




A. River Approaching. Along Left Bank—Original Design Training Dike and Trashrack.
B. River Apprbaching Along Right Bank-=Plan 1 as Shown in Figure 50.
FIGURE 49,—SIX-HOUR DEPOSITION BELO\\’ Hl:ADG.‘;I'I:S OF
ALL~AMERICAN CANAI_

The resules of the tests justiﬁcdr the belief exprr:sscdi.in_ the preceding -
paragraph, since much more sediment flowed through the canal headworks -
when the river approached along the right bank chan when it approached
along the left bank and crossed the reservoir to the right bank just above
the dam.  This was shown by the deposits in the chanaels below the gares.
Figure 49-A shows the conditions 1&:1‘ arun of & hours for a flow repre-’
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senting 30,000 second-feet, with the river npprmchmg 'tlong thc left bank
and with the original design of teaining dike and trash rack. The effec-
tivencss of the diversion of sediment through the sluice gates “when the-
river passes across in front of them is‘due to the. fact that the’ greater part.
of the sediment s carried in the Jower layers of the warer, ‘which' ﬂow more
slowly than the witer hlghcr in the etrc-lm, When' the: Eslluc g
open they deflect a part of the water, and the slower muyv ng pormon near
the bottom can be more c,m]y dcﬂccrcd into. the sluice gare'than the faster.
moving water near the top, s the slower movement allows:-a; grcatcr time
for the deflecting forces to act. Hence, m uch nf :hc I1c.wy~sccluncnt-ladcn'.
water is deflecred inco the sluices, '
- 66. Investigation of Trash Rack and ’lr'umnb lee B
Although the tests indicated that the best results’ wmlld be sccured whcn '
the river flowed across the rescrvoir from the Jefe to: the rl_gln banl-. jUSt'

above the dam, it might not alwayc be practi¢able ‘to hold: ‘the. river to -

such a coursc; a study was therefore conducted to chclop a form of inlet .
which would work succusfully for cither dircction of: approach. ! It 'was

realized that if the model river were: pcrm:trcd to. meander unrestricredly

from one bank of the stream to the other,a large. numbcr of posslb]c dircc-
tions of approach would resuir, and the river wuald not'remain’ constant

long enough to make observations practicable. “The range of tests was'

therefare limited to three directions of approach: £1) From: thc lcf: bank S
(2) from the center, and (3) from the right bank. ° B S
It was thonght that the flow approaching;the headgarte ‘could bc dlsmb- "

uted by a submerged weir in sach a way that a uniform 1smbut|0n of

velocity through the trash rack and.a s-szactory condition of flow in- ‘the'
headworks lmght be obtained. - By correctly. placing the. weit, "smndmg =
wave might be created which would convert part. of the’ “bed Joad dnto -
suspended load. The weir nnght also.tend 1o deflect: much of the cavy
part of the load to the sluice gates. . The prcllnmary ‘tests ‘of submcrgcd

weirs pruvcd to be promising, and cfforts were com.cncmtcd on dctcrmlmng -

the position and clevation of the weir, to_x.,cthcr with the ]1y jout,” f'the
teash racks and training walls, which would form thc btst cntrancc condl-—:
tions for the All-American Canal hcadgatcs., .

1n the prc.hmxmrv tests three weir I.1y-outs “each’ containing’ scxcralj_.w

alternative trash rack locations, werce tested as showi on plans’1;°2; nnd 3o

of figure 50. The modcl of plan 1 after test is shown -in figure 49-B. It

was expected to test cach of a number of pl.lns under three discharges. with.
the three directions of .lpproach bur investigation showed chat'a 6-hour
duration of test was necessary to get uniform conditions. .This program
proved too extensive, and the three discharges were cutto a single discharge
of 24,000 second-feet, 10,000 sccond-feet flowing through the inlet gases
and the remainder through the sluices.  Since many plans had to be inves-
tigated in the time available, the first test of each plan was made with

R112467- - 49 -8
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probably the most scvere condition, namely, with ‘the stream approaching
along the right hank; if this test proved nofavorable, no further studies of -
the plan were carried out. “In all, 43 plans were tested, of which ‘thosc..

shown in figures 30 and 51, inciuding plans 1,2, 3, 4, 7:19,120,21,22;25; ~ -
30, 34, 36, 37, 39, und 40, are typical. In appraising the merits of ‘these

various plans, an accempr wis made to select ‘the. hest. combination’of the =
following conditions: (1) A distribution of flow. through ‘the erash rack, .

as ncarly uniform as possible along the length of the rack; (2) a.minimum
of sediment carried through the rack and 2 minmum deposition ‘within the

farebay of the headgates, (3) a maximum of sediment carried through ‘the
sluice gates ro the river, (4) good hydrautic conditions of discharge through:
the sluice gates and headgates, and (5) protection’of the deposits ‘which *
occurring on the upstream apron would add to the stability.of the'dam. -
Of the plans tested, Nos, 36 and 37 were most satisfactory, and No/37:was ..
selected as final. A view of the model for plan: 37 afrer ‘tesc is shown in. '
figure 52-A. - It was decided, however, thie the construction. f the sub-

merged weir pare of this plan be deferred until the' most desirable charac-

teristics, lacation, and dimensions could be determined b xperience with
the river iwself. R P I L

With the trash racks extending from the bank all the way:to a pointon
the dam berween the intake gates and theé sluicc gates, undesirableicon-
Jicions of flow occurred in this area,  An- investigation indicated, that- -

conditions would be improved if a solid wall er structure was' built-to

“replace about 100 fect of the wrash rack adjacent to theidam.: - The shape =

and position of this structure was the subjéct of considerable study. < Trials .-
were made with a solid wall replacing 100 fecc of trash rack: Firse; with |
the wall extending from the east end of the solid:dam sccrion between the
sluice gates and intake gates; sccond, with the wall extending: from .the.
center of the scction; and third, with the wall extending from the-west end. o
A criangular structure abour 100 fect Jong was-alsa tried, as-well ras a
rectangular one,  The best results, however, were secured “?jth?';f“sccti_0n=
as shown in figure 52~B. o ey e e
67. Groins on Upstream Spillway Apron.—A decp deposit of sédiment
on the upstream apron of the spillway is desirable, as'it would reduce the =
percolation beneath the structure and add to"its stability. *If the river -
should flow down the left bank of the ‘reservoir and cross to the, right
bank near the dam (which is desirable in order to direct as much bhed load:
as possible into the sluiceway); it mighe wash away a large part of the
sediment on this apron. In order to find means of preventing it from doing
this, cxperiments were made with various forms;of groins ® cxeending at
1 Thomas, C. W, and 11, D, Briley, “Ru;xullsnl Madel Studies for G ison Upstream Apron (ifli:nperh;l
Iamt,” Memn. to Research Engineer Warnock (unpublished), Lur, of Recl,, Sept. 14, 1835,
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right angles to the axis of the dam as shown in fipure 53-A.  Seven different
combinations of length, spacing, and height of groins were tested.  The
best resules were secured with dikes about 200 feet long and 407 feet apare,
beginning at the case side of che sluiceway structure. It was decided,

A. Plan 57 Afeer 6-Hour Tese With River Flowing Along Right Bank.  B. Solid Wall chl'.lcirig
" Portion of Trash Rack. '

FIGURE 52.—MODEL OF TRASH RACKS AND TRAINING DIKES FOR ALL-AMERICAN
CANAL HEADGATES.

however, that only the dike:at the east side of the sluiceway would be
built in the initial construction. This dike begins at the upstream edge
of the apron, riscs to elevation 170.0 in 15 feet, thence to clevation 176.0
in 2 further distance of 165.5 feet, and thcncc is level to the face of the dam.
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PROBLEMS OF THE ALL—AMERICAN CANAL
DESILTING WORE\S -

G8. Scope of the Invemgauons.——ln the dcsxgn of thc 11]-Amcrm1n
Canal desilting works several problems were encountcred: rcqumng study
in the hydraulic laboratary. The lay-out of the' dcsultmg works'is shown
in figure 2. The problems conneced with the channels mvolvccl theaction
of the sediment discharged from the desilting basins into the: slu:ccwa)
below the sluice gates of the Imperial Dam and also.of the’ “depaits in the
chanicls leading from the intake gates to the d(.:.l]rmg basins.  The. prob-
jems connecred with the dcsxlrmg basin-involved the clcvclopmcnt of the
best form of scrapérs for removing the sediment from’the ‘basin; the power
requirement for the scraper system; and the mcthod ofd:smbutmg umformly

the water flowing into the basins, : : o

69. Inier Channel Alinement.—The al:nclrlcnt of tbc mict channcls-"
leading from the All-Amcrican Canal hr.ndq.ltcs ta thc dcqlitmg works was -
shown by tests to have an cffect on the rcndchy of the: <¢c11n1cnt passing
through them to be deposited béfore reaching the dcsxltmq basins, “The
original design of these channels had considerable curvature; as shown in -

figure 53-B. The curvature led to-an uneven distribution of velocity, with

low velocities and consequent dcpnsxt:ou in certain pornons ‘of the channels.
This condition was especially pronounced. in the outer . 'md more curved -
channel. To remedy this condition; the alinement of thc .channels was:"
changed to that shown in ﬁgurc 54-4, which resultcd 1n matcrullly lm- _“
proved conditions. : : _

70. Bypass and Influent Gare Structures._ As shown in’ ﬁgurc 2, cac,h :
of the first three inler channels below the All-American Canal‘intake gates
leads to an influent channel of the desilting works; throuqb a contro] gate
structure.  The fourth channel léads through aoother control gatc anda
bypass channel direcely to the All-American Canal;; but i was planncd'
that chis would later lead to another. piir of dcsxltmg basins o be con-
scructed when rcqmrnd In the side of each of the first. three chmncls isa
sluice gate, connecting to a bypass channel which Jeads dxrccri) to the main
canal. Models of the bypass and influent gate structures connecting with
the right-hand channel-were constructed to detarmine the flow.and sediment
conditions under which they would operite.  The shape of the transition
scction in front of the bypass gate scruccure was conducwc to hcnvy dcposns
of sediment in front of the gates during periods when they were, closed and
the water was passing down the chaneel to the influent gates. A some-
what disturbed condition of flow occurred in the bypass gate structure, but.
the flow through the influent gate structure ‘was satisfactory. * A revised
design of the transition was installed in the model and showed sacisfactory
results, although some sedimentation persisted upstream from the bypass
gatcs.




A. Groins on Upstream Aproo of Dam. B, Original Design of Inlet Channels for All-American
Canal.

FIGURE 53.—APPROACH CHANNELS TO IMPERIAL DAM AND ALL—AMEI{ICAN
CANAL. '

71. Sediment Removal in Sluicing Channel.—The . sediment - removed
from the water in the u:s;ltmg basins is discharged into the sluicing channel
below the sluice gates in the dam,  The possibility of flushing this material
from the sluicing channel was ipvestigated on the model.  The model teses
demonstrated that sediment could be remaved very rapidly by opening the




A. Revised Alinement of Approach Channels to, All-American Canal. _B. Model for Silz
Seraper Studies. €. Carriage to Operare Madel Sile Scraper.

FIGURE 54-—~MODELS FOR SILT STUDIES AT ALL-AMERICAN CANAL.

gates to full capacicy, but this procedure would ordinarily be undesirable -
in prototype operation. Tests showed that it could-also be removed; but
less rapidly, by small discharges through the sluice gates. On: the model,-
if water was continuously discharged through the gates while - sedi-
ment was brought in from the desileing Dbasins, che channel was kept
clear of deposits.  Marerial already deposited was removed from the sluic-
ing channel wich small flows of warter by opening the gates first on
one side of the channel and then on the other.  Although che sediment
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used in the model was much coarser than tlmt in thc proto:ypc 'md the
cxact relation beeween model and prototype results was uncertain, it was |
believed the model tests demonserated that no dxﬂ'lculty would bc cxpcr-f-‘
ienced in keeping the siuicing channel clear. RN R Wi

SEDIMENT SCRAPER INVESTIGATIONS

72. Purpose of the Investigations—7T o arrive at a- dcc1smn rc].mvc o
the form of desilting device to use for the All-American: Cinal, it was neces-
sary to know the amount of electric power rr:qmrrd ta drive the mnchmcry_
used with mechanical mechods of sediment collection, sincéthe’ power cost’
would be an important facror in comparing the total cost of sedim cnt re-
maval by mechanical means with thac of femovil by hydrauhc o qushmg 2
methods, in svhich no auxiliary power is rcqmrcd To secure thc maximum:
cconomy of the mechanical methods, the npp.zrqtus should be! dcslgncd for’
minimum power requirements.  Experiments were therefore undcrt.lkcn to:,
determine the pawer required for mechanical mcthods .uu thc means by
which this could be minimized, : s L

The mechanical method investigated mvolvcd i sutlmg Lasin through
which the water would pass to deposit the- sediment :-'Somc form‘of
mechanically driven scraper. would remove the Scdmlc‘n,,, rom | rhc basm i
floor and collect it into channels, through w h:ch it couId rcturn o thc“
river. ‘

75. Tests on Normal Sc.mpers-—Thc ﬁrsc dcvncc tcstcd comxstcd of

a scraper with a blade normal to the direction of its motion, which would
move across the basin and scrape the- dcpomcd sediment into. trcnchcs in
the floor. In the bottom of the crenches were ofifices- through ‘which-the .
sediment would pass into pipes, where it w culd mix with .water and 'be "

returned to the river.. A model was constructed on a-1:3 scale for a_portion -

of the basin and scraper with the trenches ‘dnd pipes. ~Tests were:made o ©
decermine the power required by the scraper and the “feasibility - of the.
flushing system. The sediment used was Colorado River ‘bed material; h
the composition of which is shown ini ﬁgurc 45.. Various. xpccds of scr.npcr'i :
movement were investigated and various dcpths of bcduncnt werc “tried: "
Three different forms of scraper blade were tested. The tests indicated that =
this method of sediment removal was féasible; and cnabled: improvements
in the type of orifice through which the sédiment would be discharged.

They also indicared thiit a number of factors influenced the power: n:qmrcd ‘
one being the way 1 which the sédiment was déposited on the botrom”of -
the basin, and another the time which clapsed between the time of deposit
and operation of the scraper. lr.was therefore concluded that the results
obtained, while useful, werc unly quaIit"ltivc and that model results could
not be transferred to prorotype with certainty. Accordingly, a full-scale =
section of a scraper was constructed and tested under conditions as nearly

as possible like those expected in the protocype device.
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As shown in B and C of figurc 54, the full-scnlc modcl consmtcd of a long.‘ '
tank above which was mounted 7 set of rails, on which a c‘xrrmgc was
pulicd by means of a motor-driven reel. - This carriage controlled a scraper | .
blade which could be set normal -or at an auglc to the direction of the
movement. The force required to move the currlagc forward was measured: -
by a spring dynamometcr, and the rate of movement: was aiso ‘measured.
The sediment was spread by firse clmwmg the bl.ldt’ through thc tank o
prepare @ smooth bottom.. The scraper blade was then: rajscd. an ‘amount -
equal to the thickness of the layer of seditient to be remove yand'a lnycr of
material deeper than the layer which it was' proposcd to cxcwarc was
spread over the area to be scraped,  The scraper wis agdin run ‘throughthe .
tank, leaving a layer of jusc the desired thickness on top of thc ongmal bed.
The blndc was then set back to its orlgmal heighe and the: scrapca run wnt _
accompanying observations of the speed and force: quuzrcd chc :
of blade were used, including vcmca]-planc bl.ldc thrcc typc a piow
and a Fresno-type blade. - L

The data obrained were erratic .1nd it was not pObblb]C to, gct a quannta- 5
tive analysis of the results. ThC) “indicated, ‘however, - that: the Fresno-.-
type blade required the least power. The rests rcvcalc*l that:the ‘main
force required o move the sediment ‘is a lincar function’ of the sediment
depth; also, that for all depths the force increascs very. rapldly with: speed -
up to 16 feet per minute, and less rapidly above I:hlh point. In practically
all cases, the force increased if the sL‘dImcnt was aIlowcd to COnSOlldal“L
longer than the usual time. . e i -

74. Tests on Diagonal Scrapere«--Prchmmary tests - on- vcrucal-bladc
scrapers showed that less power was required with the. bl.u.lc held v an
angle to the direction of movement, ‘mal dctmlul tests with: thlb blade ar-’
rangement were therefore undcrtakcn The JPPZ]I.‘ZICUS'VVH: thar shown in
photographs B and C of figure 54, vurh an 8- foot bladc mountcd dmgonally:'
to the direction of motion. :

In the prototype, the diagonal- bhdcs are placcd alonq a v.r:rlr:s of rotatmg o
artns, and scrape the deposited material toward the outlet near thc axis of -
rotation.  As it passes along; cach blade leaves a windrow of miaterial which -

it has moved toward the axis, and which is p:ckcd up b} the follawing . -

blade and moved still farther in that d”’LCthﬂ.‘ ‘In the: tests. on thc modclt

scraper, this condition was simulated by dcpoutmg the marerial in-a wmd-_'-‘ :

row and moving it by the scraper.  The tests covered four spccds of scraper,
movement with four blade. angles and 2 number of different sizes of wind-
row. ) _ o :
The results of these teses are summarized in figure 55, These diagrams -

give the energy required to move 1 pound of sediment 1 foor laterlly, for © -

various weights of material per foot of windrow left by the preceding blade.
This energy was found also to vary with the speed of motion and angle of the -
blade.
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In figure 55-A is given the tofa} energy rcqqifcd as 'Jcltcrniiﬂcd-bjr\ :hk:‘-ycx-': T

periments, which includes not only the energy required to move the sedi- -

ment, but also the encrgy required.to overcomic the tesistance of the water "'
to the motion of the blade and to overcome mechanical friction. " Figure

55-B gives the energy tequited to move the sediment.with the.mechanical =
and hydraulic resistances climinated, “There was'reason to supposc that the - -
fricrional and hydraulic resistances of the 't"cv:pllir‘ing"jsbrél‘pcré{;woilld‘bc"' less o,
in the model than in the prototype, but:it was not possible from the avail- 7 700

able apparacus to detetmine the amount of the reduction:.

The resules show that the encrgy required to move-1:pound of sediment
1 foot laterally decrcases as the weight of material pe “foor of windrow

increases to aboutr 50 pounds. - A comparison of ‘the ‘energy cquired with |

and without mechanical friction and hydraulic resistance indicates thar. - }

the higher unit encrgy requircment at the lower wiridrow: sizes is largely’ -

due to the fact that the hydraulic and fricrional resistances arc.independent

of the windrow size, and therefore are:a greater part f the'total resistance
when the amount of sediment moved 'is small. * The. csults: also-indicate:
that the total encrgy required increases with the'specd of blade movement,.
and that it decreases with increasing blade angles up toa certain value,’
beyond which it increases.  The tests were not sufficiently’exact to permit.

an accurate determination of the angle giving minimumencrgy ‘tequire

ments, but it was helieved to be near the upper limit ti_f thc:mgles consldcrcd :
STUDY OF INFLUENT SLOTS =

75. Purpose of Srudy.—As described in section ] andshownmﬁgurc 2,
water from the All-Ametican Canal headgartes flows down; the ‘diversion

channels to three influent channels,® which admit the water into six de=

silting basins. The basins arc arranged in ‘pairs, ‘and cach’ pair’is served .
by one of che influent channels; which extends ‘berween the .two basins.

The width of each influent channel decreases in the dircction -of flow, and" "

cither side of the channel conta'ins‘llo‘vcr.tical slots. :hrq’ugh”Which{thc_,;-'
water is released into the basins, The slots were designed to:distributé the -
water equally over the desilting busins and 'to reduce the; relatively high
velocity of flow in the influcnr channels t0'a low velocity in.the desilting -
basins with as lictle turbulence as possible so as to prevent rctardation of -

sedimentation within the basins. The warter from' the lefr side.of cach’

influent channel flows across one desilting basin in a direccion of 60° from

chat of its flow in the channel, and the water flowing through the right”
side turns 120° to flow across the other basin.  Since, to reducc turbulence, -

it was desirable that these changes of direction take place within the

slots, the slots were designed both to reduce the velacity of the water and

4 Cline, F. R., “Preliminary Report cn Model Stulies of lulhwnt. Siots in’ All-Aumerican Cansl Dciihim!
Works," Memo. to Chief Designing Engliber (unpublished), Bur. of Reel,, My T, 1u37. ' ’
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SEDIMENTATION STUDIES 109

change its direction, one set of slots by_60_§:1nd the other by 120°. . Thesides
of the influent channel berween adjacent slots are paralicl planes, and the

reduction in channel widch is accomplished by offsctting the walls 2,45 .
inches at each of the influent slors, which arc: spaced 7. fcct apart in: thc:- e

dircction of flow. :
The purposc of the model tests of thc influent qlcm ‘was ‘o dctcrmmc‘-,
the shape of slot which would change the direction of flow. as revised and .

most cfiiciently reduce the velocity from the high: vclocxty in the channel -~

to a low velocity within. the basin;:che direction changc nd velocity
reduction to occur within che slotiself. - R
76. The Model Tests.—The apparatus uscd was @ full-scalc model of an "
8-inch length of cne gate slot, together with a sufﬁcxcntly large part of. the
influent channel and settling ‘basin .to- determine ‘their ‘action::’ :
assumed that the action of this depth of water would be thé same a thar_:
of a layer of corrcspondmg depth at any. level in'the: hc:ght of th'c Enﬂucnt‘

slot. The bottom and top of the pornon of the model. rcprcscntmg ‘the
slor and immediately adjacent arcas were formed of shccrs of transparcnt Lot
pyralin to enable observation of the motion of the water. through the slot.: *

The flow. thr(yugh the slot und che total’ ﬂow appmnchmg ‘the: slot were
measured on weirs. Numcrous piczometers, were placed in ‘both. the -

bottom and top faces of the model in the: parts rcprcwcnung.:hc mﬂucnt- o

channel, the desileing basin, and the center ‘lines of. the slot

The tests were uaua]ly made with a2 Tlow corrcspundmg to> thc dlschargc o

capacity of the basins, it being assumed. rhat the discharge was. dtsmbu:cd
equally to all slots. -However, some tests ‘were made” wih'somcwha.l:',
lower and higher flows in order to investigate the: éflect of an: uncqual
distribution. The conditions of flow throughthe. slotiwere observed by,
introducing into the stream a'large number of onc-quartcr-mch black cubes"
made of live oak wood, which had a specific gravity. pr.tcucally the same-
us that of water. By placing 2 bright light below the:modei, the acuonf_
of the water containing these c.ubes could be ﬂhscrvcd ~The. condmous mr-r
cach model were recorded photographically by slow-mrmon pictures,’ and,_‘
nortes and skcrches were made describing.in detail the action observed.’ g

77. Results of Tests.—Tests were' conducted: on . 14° dxﬂ'crcnt shapcs of i

120° influent slots.  The results were judged on the basis of two. dlchrcnt“_‘ R
considerations, which were given equal weight.  The firse was the excess ™ 7

of the pressure head in' the approach channel, upscream ifrom the slot -
entrance, above that in the basin; or in other words, the: magmtudc of the
transformation of the velocity head. in the. approach channel ro pressure
head in passing through the slot.- The sccond criterion wias the appearance
of the flow, as observed in the model, with regard to its: frccdom from
werbulence and undesirabls currents. S
The first slot tested for the 120° bend, shape A proved to bc furh satis-
factory. The water passed through on the outside of the bend with little
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disturbance, but on the inside of the bend there was considerable turbulence.
The dimensions of this slot .md the details of its action are shown'in
figure 56. The next tests were made on slots with the chn.ngc of direction
accomplished near the slot entrance. : Shape O, -as-shown in: figure 56,
praved to be the best of this series. “Another: type:was’ tried of which
shape M in figure 57 is t}ptcal but poor conditions ‘of ﬂow prcvmlcd in
most of the expanding sccrion. . Of the 14 shapes tested; shapc O appcarcd
to be the bese and was therefore adopred as'the final. dcslgn. i

The problem of the.60° slor was not to sccure the’ most: cﬂlcu:nt dcs:gn
but to produce one giving results similar to thosc obmmcd on the shapc 0,
sclecred for the 120° bend. This was necessary in ordcr that symmctry exist
in the flow through cach pair of desilting basins, 'Shape’$, as. shown in
figure 57, proved satisfacrory and was adopted for the 60°slots.

On the basis of these tests, the followmg gencral, conclusmns were drawn
n:gnrdmg the flow of w.m:r in ch.mncls of thc typc used in thcsc slocs'

. To give a uniform v:lncuv dlsmbuu(m at xh: :nd of trn;, wn]ls shuultl bc sllghtly con-

vcrqmt_ Otherwise, the water will tend to follow’ rhn outside w11|

2, 1f the channel is narrow 2nd the velocity r:la:wcl\' high at’a’turn, thc‘ﬂaw dxstrlbuunn
can be controtled by a small convergence nfthc wi I"S In'al wndcr channel, wuh the radius.of
the inside wall remaining the same, the ccmvcr(,cncc wdl nccd to:be mich grcmr.cr rn accom~
plish an equal result with the same flow. .

3. If the widening of a channel is roo rapid; :hc jec \l.'lll nor complerely: ﬁll th: ch:mm:l :md
eddies will form on either or buth sldcs Th: lm\ =t xhc \'clocmcs
ing can be’ .;ccnmphsh:d ' o

4. Losses in parraw sh‘lpcs lncrc.tsc more r1p|dlv with mcrc.uac m dtschargc :h:m thcy da in
wider shapes.

5. [n the tests, the best strcamlmc nppcmmce usu.lllv accnrnp‘lmcd i
velocities, while the higher values of \‘:lUCltwhcad r:cuvcry accumpmzcd thc wxdcr slots, in
spite of rhe formarion of many sl :ddlcs in'the lzt::r L : 5
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CHAPTER VIIAQTUDY OF THE GILA ANAL
HEADWORKS i

78. Problems of the Control Structurcs.——-’l‘lu_ hmdworka of the Gila
Gravity Main Canal, at the east end of ‘the’ Impcrl.ll Dam, wcrc"also ‘e
signed with che hclp of tests on modclb The model tests WCI‘L conducud‘
at the laborarory in: ‘Montrose; Colo.; , on a scale of 1:40; and:the madel wil
a part of the large mode! of the.entire dam which was used for the study of
sediment problems, In the model tesgs, only the lmtml mst.xll.mon thit
o of one desilting basin, was considered. = " : ‘
' It was not economical to provide a desilting works for thc G;l1 Caml
similar to that designed for the All-American: Cmal “since the head loss':
through the lateer structure is n.].a.uvcly Iugh and ‘A hlgh loz,s A hc.ui'“
would be reflected in the cost of pumping the water from the Gila*Canal.
to the point of discribution. Conversely, the desilting’ bnsm dcvclaped for "
the Gila Canal, as shown in figure 2, was not adaprable; to the. All“American’ =
Canal because the available crest lcngth was nmuﬂicxcm to. dlschargc thc R
amount of water required. ‘ L e

The original dcugn of the hcadworka for the th C:m.xl c01151stcd of an
intake structure in the face of the dam, containing three mdl.tl pates Lhrough Ry
which the water would pass into the desilting basin.. Tt
trapezoidal in section and had the follmvmg pmmtypc d:mcnslonS' ‘Borcom___‘
width, 103.5 feer; over-all length, approximately 1, 165 fcc:t,,.in dcpth
26.4 feet. In this basin the designed velocity of .the water was Jow and
the sediment in the inflow water was. cwpccccd o dcpostt YA thc 10wcr_, e
end of the basin: was another STruCture CONTUining two sets of clght gates .
cach, one set above the other. The lower sct connected .o 4 ch.mncl -
rerurning to the Colorado River below the dam, and the upper set to a -t
channel at right angles ro the dcz,xltmg basin, which led to'the Gila Canal.

According to the plan, most of the time the water would flow .into ‘the .

S Thomngs, C. W,, H, 1. Briley, and I, H. Doupm, *Nodel Tests Gily- Valley Canal Hesdworks and
Badl Cheeh Valves for the Desilting Basit, Iinperial Dam, Al Siserican Cawal l’ru]eu " Ilyd, Lab. Repuort
Nou, B funpubdished), Hur, of Beel, e, 1, 1945,
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STUDY OF THE GILA CANAL HEADWORKS 115

desilting basin where the sediment would be deposited, thence to the Gila'
Canal through the upper set of gates at the downstream end of the desilting
basin, Pcnodlcal]y, the dcp0>1tcd sediment would be washcd from the:
desilting basin into the river below the dam by clmmg thc uppcr set: of it
gates and opening the lower ones, allowmg the water to pass through the.
basin ar high velocity. The gcnu'nl '1ppc.1r1ncc of the control’ works may. .
be scen from the photographs of the model in ﬁgurc 58,
In connection with these structares, laboramry studics were made of the
following: (1) The method of sluicing the sediment. from the ‘:cttlmg basin, i
(2) the desirability and manner.of strcamlmmg the picrs. in the dc;\)nstrcam
control scruceute, (3) the shapc of the, channel’ and -guide’ ptcrs leading to
the Gila Canai from the upper sct of ‘gates in: the downstream conerol
structure, and (4) the relative dcsxrablhty nf dlrcctmq ﬂow over o undes
this upper sec of gates. : :
The first of these studies, that of thc ‘;lulung mccho §, Was. un crtaken’
to determine how to wash' the deposited sediment. from the basm ‘with'the "
use of as lictle water as posszb]c The tests showcd that by opcmng both, e
the upstream and downstream gates the full amount a large flow o 'watcr-
could be produced :hrough the basin, which’ would r1p1d1y rcmcwj “the K
deposited sediment. It was found, howcvcr ‘that the sediment could be [
washed out with a small flow of water by, suceessively: pcrformmg the
following operations: . (1) Closmg the upstream gates ‘and. the uppcr set”
of downstream gates, (2) opening the lower set of downstrcam gares.to i
drain the basin, and (3) opening the upstream gares’ sl:ghtly, producmg'au e
shallow stream of high-velocity water along the floor of: thebasin, which
washed the deposited sediment rhrough thc lower, downstrcam gatcs into
the river. : ; "
The second scudyvxas todctcrmmc thc zldvmablht} and mcthod of strcam—: e
lining the lower parts of the leading edge of the” p:crs at ‘the downs:rcam‘i L
control works. - In the original design these picrs were rounded ‘on their e
upstream ends, but, under the conditions of flushing” wuh" sheet of hxgh- :
velocity water flowing along the ficor from the upsrrca.m gatcs;’ the. roundcd
edges were 100 abrupt, and undesirable waves were formed by impact of the -
stream on the rounded ends.  This condition was matcru]ly 1mprovcd by
sharpening the upstream ends of these pices'at che- lower clcvatlons wncn: :
the high-velociry flushing -warter 1mpmgcd upoa themm." - :
In the second study, an mvcsngauon was also- made’of strcam.lmmg thc
downstream edge. of the center one of these piers, -which was thicker than
the others. A wedge-shaped streamlining which c‘rtcndcd 20 feet down-
stream was studied; and also one 10 feer long. The 10-foot length was .
found to be sufficient and was recommended: Howcvcr,‘ a decision ‘was
later made to build, as part of this initial installation, the foundations and’
other portions of the walls that wil) ultimarely support the flume carrying
the water from the two unconstructed basins across the lower end of the
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initial one, “which madc it lIhpl'.!CtIC‘ll to 1nst.111 I:hc snrc nnlmmq On thc o
center PIC[‘ - T : ; : ; o -
_ The third model srudy undcrr.:kcn was the: dcvclopmcnt r)f an’ mlprovcd"],
B shape for the channel and guide piers leading from the: uppcr"ga.t ' "
' : “downstream control warks Anto the Gila” Canal;: sec’, iu;urc 58= “AL Thc -

original lay-out of channel is “shown’ in hgurt 59—A and rhe shapc of’ thc“

original guudc. piers in figure 59-1. Cnm]'nrnuvc tests wich. and w:thout‘

curved picrs to help change the dlrcrtmn of the flow of the warcr. showed: the
‘ need of these devices, see hgurc 60, . Thertests WIth ‘the’ onguial Iay~out:
s indicated that the distance between the wall and’ the ends of the pier tails
- at the upstream end of the channel was lnsu(hcxcnt resuirmg in 'turbulcnccr :
: and a high slope in the channel. - An:i 1mprovcm :nt of this situation seemed
possible either by shortening the curved.piersat rhe uppcrcnd of :he ( hnnnclj‘
or by wn.{cmng the upper. r.nd of rhc channcl e ms

ment but the ups:rcam purnon of the channcl rcmnmcd crowdcd The
next change was ro widen the upstream end of the channcl by, 'ncrcasmq the .’
radius of the curve from 20 o 28 feet; asshown | in: ﬁgurc 59 ~A; whu.h madc:'.‘-‘;,
the narrowest part of the channel equal to thc wxd"h of‘dnc gare; f’Thsz
chaoge resulted in a considerable improveinent in; ﬂnw conditions and was"‘
incorporated in the final design; hawever, for other: rh'm hvdrwh Teasons,”
the distance from the center ling of the sluiceway to the bcgmmng, of the
curves ac both ends of the sluucwav was mcrmscd from ]O fcc 0 nch o '- 
13 feer 0 inch.  The: modcl af the! dcslgn as nn.xlly dcvdﬂpcd is vshown*m"\_‘(,fj _
figure 80-C, S : e
The coaditions: ac the: duwnstrmm contrul scrucrurc were such ‘thac thcﬁ_‘f
gates controlling rhe flow into the Gila Canal Lould havc been dc:,lgncd to
open cither by being raised, with’ the: warer passing bcncath ‘ot uwcrcd
with the water passing over:them. In. the: fourth ‘model. .\,rud '-boch_
methods were tried, and it was found that the condmons ‘of: ﬂow in- thc',:'ili '
channel downstream. were nmcerull) lwercer if the: uﬂtcs wcr )
aliowing the water.to flow over ‘them. A]so 2" nor, 1rnp
flow conditions was made by making thc height of thc g
sufficient to allow the warer to pass freely throagh them. EEOR
79. The Ball Check Valves.—~In: operating . che' Gila: -.,:m.l,l dcsnltmg_
basin, grear care must be exercised when- dr.unmg it, to- pr;:vent with-
drawing the water so fase as o endanger the floor oriwalls as'a resule of
the pressure behind them.  To relieve this pressure the walls amd floor of
much of the basin are pierced by numcrous weep holes rhrough which the
water can drain. The dewaostream control structare,’ howcvcr, acts-as a -




A. Flow Condition Without Cutved Picrs’ B, Flow Condition With Curved Piers
. i Design.

FIGURE $0.— MODEL OF GILA CANAL HEADWORKS.
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dam, and weep holes in dts upstream ‘portion - are thercfore ﬁ'ndé‘ééiifnblc. S
The pressure beneath the floor and behind the wallsin the upstream pare.. ;-
of the control structure is therefore relieved through a scries of drains that
discharge through check valves. ~These valves relieve the pressure oo the.
walls and floor when the basin is:drained; but prevent the: flow of water’
from cthe basin beneath the floor and behind the. Wwalls wher-the basin'is .
filled. The development of a suitable: check: valve: for:this purpose’ was.
conducted in the hydraulic laborarory. -k e SRR T

The first design of valve tested is shown in figure €1=A. - Tt consisted of
a cast-iron casing enclosing 2" 64#-inch diameter’ ball which: scated: on‘a
hard-rubber seat. The ball was prevented from. being lifred our 'of the .
valve by six cast-iron vanes attached to the casing .walls. i A" hard-rubber, .."
ball was first investigated, but was found: to- be: unsatisfactory sinc

it

developed a permanent deformation along the  line: of ‘contace ‘with:the =
sear, which would-probably result in. leakage sincé it would not seat in:.
the same place each time. A chromium-plated, hollow, brass bal vith.
specific gravity of 1.25, was tested and found sadsfactory, “ Ul

Tests of the original design developed an‘intensive " hammering'’: of the

ball againsc the vanes for discharges’ below: 0,75 secondsfect; for higher -
discharges the ball was held in contact with the vanes. . Hard-rubber strips
or vanes eliminated the noise of the hammering but not the hammering
itself. An analysis of the cause of shis action revealed that - would'occn:
in any design in which the cross-sectional area ‘downstreary from the ball
was greater than that upscream, as in the ori pinal'design. "With a constant © .
flow, according tw the Bernoulli' theorem, the pressure downstream. from
the ball, where the aren'is greater; would be more than upstream; where che’ -
arca is smaller. This difference in’ pressure on the two' sides of the ball”
‘would causc ic.to move upstrean. . In che tests; with the valve set verti-"

cally and the flow in an upward- direction, the orce of igravity al d ‘
upstream.  Thus, both the pressure’ difference and: the forc “of gravity
tended to move the ball toward its seat, tending to cuc. off che flow.of "
water.  As the flow. of swater ‘decreased, the difference: in"pressure on ‘the
two sides due to the expanding section alsc’ decreased, and the pressure .
beneath the ball tended-to raise it upward again. = This unbalanced con-
dition caused the ball to move:alrernately up and down, producing the.

- hammering on the guids as previously mentioned.

To remedy this situation the.shape of the valve was chiinged to that

shown in figure 61-B. In- this form’ thcrc-is_a‘décreﬁsc-‘in‘cfoss;-sc‘ctibnal‘- 
area of the housing downstream from the ball, which causes a lowering of -
“pressure and thus a decrease in the force tending to move the ball upstream.
This change climinated the hammering. = At low flows the motion occurred
in the revised valve with. the downward force on the ball: supplied by -
gravity only, but this caused no undesirable effects. . .
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CHAPTER VIII—CANAL STRU(,TURES
INTRODUCTION

80.—Types of Canal Structures Invesugnted —Bccausc f ,th'c l:u'gr =
discharge of the canals taking off from' the Impcrml Dzm, Vthc structures
required to control the flow along the'canals‘and to distribure the witer

were of large size and therefore of considerable cost.. The expense’ which .-

would be incurred in operating the sybtcm should the strucrdre.be improp-
erly designed, was believed so great ds to ]llbuf)' cxtcnswc hydraulic model -
studics to insurc adcquntc designs. [t was necessary: that 1" greac, variety |

of structures be tested, as'the connection with existing canals-and the devel-
opment of power inrroduced somewhat unusual conditions. * Several ¢hutcs

or drops were investigated which were of. relutively Jurge: hcxght (.ODSIdCI'- -
ing the discharges, and which .in some cases involved unusualc :lw.ltcr
condirtions. Several unusual river crossings were. stud:cd and. tests) wcrc'
made on drops bypassing power plants' to. dlschargc the low

plants are shut down or before they: are put inco service: Also mvcsngucd"”‘ i
were several structures Jcsrqncd to c.irry storm drainage over:the: canal'.-__fh‘,_._v

fine. In the following sections thc mvcsngauons szl bc dcscr:bcd
detail. ‘ L L
Although it has not been found entirely pmcuublc in’ annl) zmg thcac“- )
studies to presenc all the problems of one kind ina amqlc growp, this arrangc- ;
ment is followed insofar as feasible. The structures’ mvolvmg chutes are

treated firse, followed by river crossings, power pl.mt drops ﬂood ovcr-‘
passes, and auromatic gares, in che order n.zmcd a

CHUTES, WASTEWAYS AND RIVER CROSSINGS

81. Siphon Drop Turn-Out and Chute. -—-Onc of thc important canal .
structures studied by models is the Siphon Drop turn-out and chute.® As
prcwously stated, the original Yuma Project Main Canal was. rcplaccu in

¢ Douma, J. H,, **Meodel Study of Biphon Drep urn-uut. All-.\menmn Canal Svm-m," \’h-mu wJ I-',
Warnock (unpublished), Bur, of Reel., July 20, 1935
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CANAL STRUCTURES

its upper 15 miles by the All-American Canal. The S.iphldn':Drbp"l;ﬁﬁx-'out'_ i
and chute, located at the cnd of this 15-mile section, is for the purposc of -

supplying a discharge of 2,000 second-feet, maximum; to the Yuma Project. -« - 8

Main Canal from the All-American Canal. Since the All-American ‘Canal
is at an elevation approximately. 20 fect higher than: the Yioma Canal,

chute and stilling pool are required. The installation; see gure 162, con-+\
sists of a contral structure containing. four sluice gates, cach: discharging
into a culvert leading under the canal bank, downstream from which is-a’
single open flume leading o a chuteand stilling pool: . - o

The original design provided for an abrupt entrance into, the turn-out,
but che model tests showed that this would produce undesirable flow condi-

tions in the water cntering the structure. Accordingly, the warped surfaces:

shown in figurc 62 were devcloped, which produced smooth entrance flow .

conditions under all discharges. The flow ‘conditions in the'calvere and .

chute were found to be sacisfactory under all conditions of discharge.: The

gates when fully open were designed to discharge the. maximum: flow. of
2,000 second-feet with a low water level in the All-American Canal;acall
higher canal levels the flow would be contrailed by the gates.: The total
discharge wirh the four gates fully open-and the cqual gare’ openings rc-

quired to discharge 2,000 second-fect are shown-in; figure’ 63" for ‘various

water levels.

In the original design the floor OfthL sfi]_ling'.péb'l wwas placed at .¢1é'£r?a;iij o

135.0, which was the clevation required to’ form thc"h"}"_da}-'auliclfju'mp'.‘\\‘fiil'i
the maximum discharge. ‘No baffles were included, but. th

showed that by the use of the baflles shown in fAigure’ '_6‘2‘('ché‘>b:ot_;c'>:tn ‘could i
be raised ta clevation 136.0, with a considerable saving. * The blocks also

illing basin.
The best conditions of flow were obrained with all four gates opencd equally.
With unequal gateopenings the operation was unsymmetrical; but, because
" of the cushioning effect of the water in the pool, no ‘damage. resulted at’ |
ordinary discharges, ~With the entire miaximum discharge of 2,000 second-
feet passing chrough two adjacent gates, however, th_c,s‘cilligg;b#éi.n"'aétibb' '
became very unstable, and there was a tendency for thic water to sweep:ouat .
of the basin. This method of operation should therefor: ever be used on
the prototype. S e
82. The Pilot Knob Wasteway.—At Pilor Knob, 5 miles west e Yuma,
Ariz., a check has been pleced in the All-American Canal, and:a wasteway
has been installed to discharge the flow of the canal in an emergency, see
figure 64. The strucrure will also serve to discharge the flow. which will
later be used by a power development ac this point. ~The wastc: water
empties into the upper end of the Alamo Canal, from ‘which it can: be
directed cither down the canal for irrigation or rewurned to the Colorado

reduced the wave action in the channel downstrean: from. th

T Ball.J, W, “Hseiraulic Model Studies for the Design of the Pilot Koneh Wastewuy, All-American Canal, *
Boulder Canyon Project,” Hyd, Lab., Repost No. 1% (unpublished), thur, of Regl, Oet. 12, 145, '

model tests
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126 MODEL STUDIES OF [MPEIHAI DAM

River. The installation consists of - a- waqtcway channcl lc'ldmg to a
control structure with four large gaces aird two small bypass sluice gates,
below which is a concrete flume Ieading under the SouthernPacific:Railway
to the head of an expanding chute dlschargmg into a stlllmg pool .The
discharge of this structure may reach 13,155 sccond-feet, the'c capacity of the
All-American Canal at this point, and the normal drop is'57 fect. " The
problems of this structure were studied by means of:a"1:36 model of the
principal installacion, see ﬁqurc- 65, and-a 1 12 scalc modcl of thc bypass
sluiceways. P : F
As in the Siphon Drop rurn-out, thc strcamlmlng of thc entrance o chc
Pilot Knob wasteway was a. problcm for study, and four’ dcszgns of traosi-
tion shapes for the upstream junction of the canal and wastcway bank were
investigated.  The best design was found z0- be a scgmen _of'an iﬁnclmcd‘
elliptical cylinder, but this was ob]cctxonablc bccausc of the
construction and was abandoned in favor of a’simpler: but‘ less_cHective
design. More turbulence existed: at maximum d1schargc in"the, sunplcrn
.design, but since this discharge: wuuld occur onJ) at’ rare mtcrvals it was
nor believed to be importanc. Sy
83. Tests on the Centrol Gate Strucmre of Pnlot knob Wasteway —
As will be seen in figure 64, the channel: approachmg thc control structure
of Pilot Knob wasteway-is 81 fect wide and that- lcadmg away’ “from ‘the "
structure is 62 feer wide.  As stated zbove, the upstream channcl leads to -
six gates, the outside two being smaller than the ocher four and dlschargmg.- .
into slu1ccways which turnto enter the’ downstrcam ch:um L from the sides.
In the original design, che dividing walls bccwcen the gatc: "‘cxtcndcd ap-
stream beyond the face of the control structure and were roundcd on the
upstream edge.  The walls berween the: smallerand largcr gatcs: proycctcd
very lictle, as shown in figure 65-B.  The center: \V:l“ cxtcndcd far cnough’
upstream to act as a pier for 2 bridge over'the was.eway, and the rcm:unmg
two walls at the top extended our a distance equal’ to th:n: of the: outer
pair, but at the botrom had an extension: inclined upward inas downstrcam“
direction. The flow conditions:for maximum: dnschargc with: thxs dcmgn'
were unsatisfactory, and an attempt was made’to imprave, the dcstgn by
exeending the two outside picrs, in.addition to the: center pier, to’ support
the bridge. The semicircular pier noses ‘were ‘also; rcplnccd by sharper”
ones. This design produced s.ltxsfa(_tory flow conditions but'v was not used;:
-since an equally satisfactory design, madc by ‘shortening . the. center: pier
and extending the second anJ fourth piers to support the- bndge structure,
provided a more economical’ dealgn of the bridge. : in the final; dcsngn, see-
figure 65-C, the two ourside piers were also somewhat extended, _
In the original design, the bypass sluices dxschargcd into the’ chanm:l‘
downstream from the control stracture at.an. angle of 45°.  When these
sluices were operated simuleancously; the outflow streams mer at an abrupt
angle in the center of che channel, with considerable turbulence. This-




C. Final Design

A. Recommended Design. . Entrance ta Wasteway Showing Shore Piers.
Piers With Upstream Excended.

FIGURE 65.—MODEL OF PILOT KNOB WASTEWAY.
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CANAL STRUCTURES - 129

condition was considerably improved by changing the angle from 45° to'30°,
which was the smallest angle considered nracuc.lblc Because of the spray
from these outlets at partial gate openings, and since pulsarmg flow.occurred
in the sluices immediately downstream from ‘the .gates when thcy were’
completely raised, 2 1:12 model, sce figure 66; was constructed to investi-

gate these conditions. - In this -model ‘the top-of the: s]ulce was’ mad'- of

transparent pyralin to permit 0bscrv.1t1cm of the flow. ‘The. spmy ‘was
seen to be produced by the spiral motion set up by the 30° .mglc turnin the
direction of flow, which caused part of the: water ‘to* movc upward to the
roof of the conduit and flow across the top to. the outlet, as shown in figure -

67-A. This spray was grcarly reduced. by . placing protrudmg”_bcmnpu s

the roof of the conduit. The i 1mpmvcmcm wluch erultcd mzu' be scen by
comparing figures 67-A and 67-B. ; - .

84. Tests on Chute and: Snllmg Pool of Pllot hnob (Wasteway —
The conditions encountered at the Pilot Knob wisteway site’ dxffcrc:d from

those at Siphon Drop and resulted in"a somewhat differentitype of chutc_‘:.

and stilling-basin design. At Slph()h Drop the qtil[mg ‘basin was.the same
width as the channel leading to it. " This: required a- s:x]lmg basin- of con-

siderable depth, o cause the hvdmullc jump o form in the’ basin at ‘all
discharges. At the Pilot Knob site, however; the cumng gcologual con-' .
ditions made it very undesirable to have such a-deep pool; and‘a dcsxgn n

was developed to spread the flowing water coming down, the. ch;mncl into <
a wider and shallower stilling pool As shown-in. ﬁgurc 64; thc chute
leading to the stilling pool consists. of Wo' ‘parts ‘having different slopcs- ‘
joined by a vertical curve.  The upper parc has’a slope. ofO 006 and’a- con-
stant widch, and the lower part has'a 3 :1 slope”and sy':nlnCtch.llly ﬂ:u'ed
walls. The flow in the upstream section of the chuté was, s.msfncr:ory at -
all discharges; but, wich a floor which was lével at right anglcs to.the center
line, the flow in the downstream sccuou would not spread rapldl) cnough
to follow the flared walls, and ‘the water ‘concentrated in the center of .the
chute as iv.entered the stilling pool, producmg undesitable conditions. " An
effort was therefore made to cause the flowing steeam to sprcad evenly -

over the entire-width of the pool. Thas ﬂllght have: bccn accomphshcd -

by starting the flare in the channel jusc dowmtrcam from the. g.m: structure,

but that would have added considerably to the cost. Atrcmpts were. “there-
fore made to cause the stream to spread by c}mngmg rnc shnpc of thc bo:tom s

of the flume, and nine different designs of spreader’ were: mvcang.ucd see,

figure 68. It was found that the spreaders had miore effect. where. the .
velocity was lower, and they were therefore placed as far upstream as possi- = =

ble without reducing the discharge, preventing the draining of the maia
canzl, or producing undesirable waves at low’ discharges.  Design 7 provcd_

to be the most desirable of all those tested.  These spreaders-were also -

effecrive in dxstrlbunng the uneven flow present when scvcral combmatwns
of gates were opened.
811246 ——49-—10




o .

A. Spray in Bypass Sluice.:: B, Effect of Beam on Roof of Sluice.
FIGURE 67.—FLOW IN PILOT KNOB BYPASS SLUICEWAY.
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13 . - MODEL STUDIES OF IMPERIAL DAM

Because of the possibility that the waste gates at Pl'oc knob would have
to be opmcd quickly, hefore. the channel :downstream” from: the stilling”
pool had time to fill, a tcmporaty condition of low rtailwarer.and high'dis-"
charge might exist. . Alchough it was estimated thac the' channel would
fill to normal height in 15 minutes; the’ sullmg pool would have 1o be safe-
from erosion during chis interval. - With the original; dcszgn undcr thedow.
railwater condirion the hagh—vclouty stream: passed “entirely?] hrough the:

. stilling basin and eraded the channel. " Ir.was not consxdcrcd esscntlal that
under this condition the entire jump be in the snllmg hasin, but ivwas re-t |
quired that its upstream end be in the pool to. permit the ]ump o move up=
stream into the basin as the wailwarer tises. ‘A number af’ arrangcmcnts of:
steps, sills, and floor and riprap lengths: werc tcsted to.arrive:ac the. most
economical combination to meet the | reqmrcmcnrs e was found. that the,
steps in the sloping apron were very effectivein rcducmg the ]cnqth of basm( S
required. The most cconomical combmntlon “was the. stcppcd apron and.
dentated sills shown in figure 64, with riprap on. thel boctom cxtcnqu“
downstream approximately 60 feet from the ed ge. of thc concrete, floor.

85. Formna Wasteway.—The Forrum wasrcway‘ s locare "nn thc Gjl‘l
Gravity Main Canal about 10 miles cast of Yuma, ‘Ariz TIts purpose is, to’
pruvrdc a method - of wasting. the w-chr‘commg downu‘_hxa canal-if ;the
puinping plant to which the canal leads should suddenly cease: opcr-ltmg .
If no oudlet were provided, this blocked flow would: fill the cnn:tl ‘neat.the:
pumping plant te rhe top and. ovcrﬂow the canil banks g
dnschnrgcs into adry chmml Jcadmg to thc len R:vcr 6,300 fcct aw.x) and .

10 3,000 sccond-fect in 3 minures. " The wactcwa; consxsts of a gatc structure
containing two auromaric: gmc:,, which: d1schargc into’ culverts! Icadmg

under the canal bank to an expanding secrion. with: Vcrtlcnl wall
to 2 warped cwpandmg section, as shown in figure 69 To- mvcstlgatc the
action of this structure a model on-a 1:30 scalewas’ construcmd at first
withour baflles or cross walls. - When che' gate was opcncd rapldly w1th the
discharge channcl cmpry, mmulatmg the cnndmnm which: mxghl: oceur o

creded the channcl. chcr'll mcchods of prcvcntmg thx
vestigated, of which two were succaaaful . One’was: the. pl.lcmg of two
rows of closcly spaced, staggered; baffle:y plcra near the end of the cxpaudmg
secrion to break up the high- vclocuy stream and- réduce the Scour caused
by it. The sccond methad; which was more succcssful consisted of placmg
a barrier across the structure, 30" fect from the lower: end: - Thisbarrier
acted somewhat as a dam, and whea the gates-were opencd,- caused:a poal
to form with sufficienc. depth 10 develop the hydrauhc.-]ump.,._Atx the:
bottom of the barrier were placed four equally spaced holes; 2 feet high and
4 feet wide, through which the water could drain when there was no dis-
charge and which would also reduce the head of warer acting on the dam.
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134 MODEL STUDIES OF IMPERTAL DAM

A 1-foot-square sill across the downstream end:of the structure formed. a
secondary stilling pool below the barricr. This design worked very well
under all reasonably probable conditions.  The barricr not only caused a
stilling pool to form b also distributed' the'flow across the width of l:hc
channel. Under the worst. possible condmons, which would occar if one
gate remained closed and: the other open,’ there. would’ be: a‘hcavy concen-
tration of flow. aver the bartier and down one'side of. the structure. - Th:s
might cause some scour of the ban ks and bcd but it Is bchcved rhc srrucmrc
would not be endangered.’ _ ‘ T -

86. The New River Cl‘DSSlng —About Zmlles west of Calcxlco Cnllf.,
the main linc of the All-American Canal; w1t11 a capacity: of 2, ;700 second-
feer, crosses New River: in two 15. 5-f00t d:amctcr steel pipes :
helow the grade of che cazml in :hc form of :m uwcrtcd 51ph0ﬂ.

L vibration and facz]ntatc rcpalrs Thcy are thcrcforc carncd across thc river
B on piers, which have sufficient height: to provide the waterway: arca’ re-
quired to carry. the maximum: cxpcctcd flowof: New: Rw:r In"the inlet
structure at the upstream cnd of the pipes, two' r.zdul gatcs are. msca]lcd o
7 control the discharge through the 51ph0n. :
g "{ charging the water-coming down the main cm.xl should’ic. hccomc neces-

‘) saty to close the inlet gates, a wasteway is’ construcc:d wrth four gatcs N

which have a combined capacity of 3,300 sccond-fcct. "Thcsc gatcs one. of -
which is automatic, prevent the water level atith phon | mtakc from ex- '
ceeding any desired elevation, bydlschnrgmg thc surplus into the wastcway
To sccure the best possible design of these structures; h}draulxc. model: tests
were conducted. It was believed: that: thc outlcc cnd of the: 51phon did not
involve sufficiently difficule problcms to ;usnfy 1nvesng1non ;and thc modcl
therefore included only the upstream cnd of the 51phon and. h'c
as shown in figure 70. : : ' ‘

The hydraulic model was cons:ruc:cd ™ a scnlc of 1 18.6; at thc 14b0m—
rory in the old customhouse. © Because of the limitations of space and. pump
capacity, the model was smaller thnn rcqun'cd to kccp the surface roughncss
in the proper proportion; however, a. correcrion: was: made by steepening
the slope of the chute the. rcqu:rcd amount, :Laboratory conditions
necessitated constructing ‘the wasteway on :the Ieft side of ‘the siphon
instead of the right side as in the prototy[x, but obvxously tlus would
cause no difference in the hydraulic action.

The model studies showed that the original dcsxgn of thc mvcrtcd sxphou
and its control works was satisfactory; buc that improvements were needed
in the design of the wasteway.  The canal upstreai from the scructure is
Jined and the velocity of the water approaching ‘the ‘wasteway therefors

* Cline, F. R, “Preliminary Heport on Maodel Studiceg of New River Crossing and Wasteway, All-Amer-
fenn Canol,” Hyd. Lab. Heport No. 27 (unpubiished), Bur. of Jiecl., Sept. 23, 1937, - :
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136 MODEL STUDIES OF IMPERIAL DAM

telatively high, and to enter the closed culverts of the w1stcway neceessi-
tates an abrupe change in the dircction: of chis rapidly movmg stream, scc
figure 70. The entrance curve of the original design was oo .tbrupt. and
the water could not change direction rapidly - cnough o follow it, ‘A
warpcd surface was substituted {or the original entrance.curve’ but rcsultcd
in only minor.improvement. Tt was évident thata’ major: improvement
could nor be obtained “by any pr.lcnc,ll)lc sh'lpc ‘of itransition fwu:hour
changing the posirion of the gate strncmrc.. Anuthcr dlfﬁcu]ty, also
caused hy abrupr change'in flow direction, arose in the curved culvcrcs just
downstream from rthe _gartes, Under condmons of ; max:mum dlschnrgc,
the high-velocity streams from. bcnc.tth the gates rose on'the oneside of
the curve sufficiently to cover about wo-thirds ‘of the’ top of the culvcrt.
The resulting high pressures in the condulr. would” have’ n:c:smmtcd a
design adequate to take care Of the unusu.zl forces ; pmdm:cd “The dxﬁi-
culties due to direction of flow in both. the's glte nppro.tch and: th:: culvcrts
downstream were eliminated by changing rhe direction. of the W’lStCW'!y
control structure-to be in line with the chute and thus'more, ncnr]y in line
with the dircction of flow in the canil, as shown' in‘figure 71, ‘Several
designs of the warped surface connccrmg the canal to. the; wasrcw.ty garte
were investigated, and the one giving the best’ rcsull:h cons:dcrmg the cost
involved, was chosen. With this alinement of garc structure and chure,
the flow into all the gates was equal and without undcslnblc rurbulcncc
The mxgnml design of the chute _proved to: be s nt_"' ;
incorpomted in the fnal design of the: srrucrure. The vertical ‘curve at
the juncrion wirh the culvert appeared .to fit the rr.l;ccmr} of thc:strcam
and the spread of the walls was such as:to cause an equnl depth. across the
flume. The ends. of the calvert walls - caused only mmorydlsturb'mccs.
The elevarion of the stilling-pool floor, hDWCVLr prow:d to:be:too high,
and it was lowered 2 feer.  Additional” lowcrmz: migh zu"c been beteer
hydraulically, but would: have been very expensive on écount of grouml-
water conditions existing at the sice. With'the' dcpth adopred; a 10 pcrcent
decrease in the lengeh of: th'- pool over -that in thc um:mll des
possible, : B e N
The design of the mllmq puc)l was cumplu..tud b)’ thc ﬂuwduwn'Ncw
River, and transition walls of the normal:shape.were. pmuhlc only on the
downstream side with respect o :the ‘New River flow’. ~Five': different
designs for the wall on the upstream side. of the bnllmg pool were tested,
and the one shown in figure 71 proved to be most s msﬂzctor) The shape
of steps in the srcppcd apron of the stlilmg pool was also given consldcrmblc
study, and a size omewhat less than in.the original design-was chosen.
The sill at the downstream end of the pool was investigated- in detail.
Various sizes of teeth for the Rehbock=type dencated sill were studied, and
tecth as shown in figure 71 were adopted.  The effect of the height of the
sill was observed and found to have greater influence than changes of tecth
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4’138 MODEL STUDIES OF IMPERTAL DAM

design,  Severe scour occurred ar the upstream corner of the: stlllmg hasin,
and various types of sills and groins were studied to- prevent'ic. The use
of a solid sill az this upstream corner in place of the dcnmrcd typeyand two
short pile groins, proved to bc thc bt.st .1.ll:hough uot a pcrfcct soJuuon
see figure 71.

£7. The Alamo River Crosnng ——Abcut 7 tmlcs cast of C.Llcxzco,
California, the main linc of the All-American Canal i crosses thc‘ ‘Alamo
River in a lined canal constructed on a. mllcd fill,> Thec canal: approachmg
the crossing is unlined, and at the transition to the’ lmcd c'uul ‘acheck and
‘wasteway are installed. © The Alamo River is- c'u'rlcd ina culvcrt ‘through
the fill supporting the canal.  This combination’ of structurcs'is called the
Alamo River crossmg,-nnd its general arrangement is:st an in’ llgurc 72
The discharge capacities of the main canal above an ow.this structare
are 4,700 and 4,300 sccond-feer, r(.spccr.lvd_) . :md ‘the. wastcwa} is: dcuqncd
wo discharge 1,500 sccond-feet.. * The maximum' flow of. the'Alamo River is
estimaced at 1,000 second-feet, and the normal flow is100 to 200 sccond -fect,

Tao determine theé best dcunqn for: these structures,.a modcl on a 1 24 scale
was constructed of the main canal.transition and check; the: wns:cwny, and
the culvert. - The model did not cover thc whole: lcngth ‘of the lined canal
on the fill, since it was expected thac no prublcms would dcvclop in this
section.  The conditions of flow in: thc transitions’ lcntlmg 1o0:and away
from the check in the main canal were found 't be s :z.mfacrory in: the
original design, as were also the flow in the intake and barrel of the'culvert.
The only problem encountered involved the dc.sagn of the stlllmg pools of
the wasteway and culverr. Because of the pro\nmxty of ‘the ‘two basins;
the problem involved not only the functioning f thc sctllmg basms Indl-
vidually but also in combination with: cach orhcr. : o

The original design of chese snl]mg basins:.is shown‘m figure, 73-A )
which is a photograph of part of the maodel:, Tc:srs ‘were. made: on “the
wasteway stilling basin as nr:gmal ¥ dc,ug_,ncd, nnd w1th a:number of com-
binations of piers and sills in the basin.~ Wich the nngm.ll dcmgn thc
hydraulic jump did not form in the aullmg basin. with  low/ tailwaters;
butr with the piers installed it formed: in_the: bnsm ‘under: all ‘conditions
which are expected to .be encountered. - With' the steppcd apran, piers;
and sills, the scour downscreamt from the b.1bm was reduced:” ‘The best
form of baflles tested is shown in figure 72. The pcrformancc of the original
design of the culvert stilling pool was unmusf.u.mry, since the flow'did not
spread evenly over the basin but concentrated-on one side, causing -high
velocities and excessive 'scour. - Several arrangements of . dw1dmg walls
and piers were investigated, but no satisfaccory solution was found anril
the basin was reduced in size :md made symmetrical around the center line

¥ Boyma, J. Ho, CPrelinskzary Ri-lmrl on Muode) 'I‘vsts for the Wustewny (‘hnh- wmd 2tliling Yool of the
Alamo River Crossing.  AllAmericun Canal, Boulder Canyon Project,”” Ollice Memo, (unpublished),
Bur. of Reel., June 9, 1958,
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A. Original Design. B, Recommended Design.
FIGURE 73.—MODEL OF ALAMO RIVER CROSSING.

of the conduit. Wich this smaller, symmetrical basin, the best solution
consisted of 2 20-foot dividing wall; five piers, 4 feer high, 28'fcet from the -
culverr exir; and a sill 1 foor high' at the ‘downstream edge of the:paving.
The model of both stilling basins,.with the most cffective baﬂh_:.‘arraz‘igc-"_‘_‘
ment, is shown in figure 73-B." When both: basins ‘were operating-at full
- capacity, the action:downstream. from. the pools. was: very sacisfactory:
When only one was ‘operatiag, an ‘eddy was: formed partly; in _the ‘other-
- basin and partly in the canal, which. would ‘probably attack the banks of -
the canal unless they were prorected with riprap. . {With the baflles shown'
in figure 73-B, however, this attack on the czaal-banks would be reduced A
to a2 minimum. S S e R -
In connection with the tests on these structures, a ‘detailed study of the -
- discharge capacity of the sluice gatc openings of the wasteway. was under-
taken. The sides of the opening were-rounded, as. shown' in: figure . 74.
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142 ) ++ MODEL STUDIES OF IMPERIAL DAM

It was found that the shape of the edge at the top of the opening exerted
considerable influence on the discharge capacity; with a sharp 90° corne,
under the higher heads the gace had a discharge capacny of about 16 percent
less than with the edge rounded 1o a radius ot '16. inches." Smcc data for
estimating the discharge of sluice gatcs arc not extensive, the ¢ capac:ttcs of
this model gatc with squarc and rounded top edge arc given in figure 74,

in the form of orifice Cocfﬁucnts tbc hcad bcmg 'rncaqurcd abovc thc center
of the gate opening. o

88. Drop 1, All-American Canal-—w::st of Yuma, An' the All-'
American Canal passes through'a rldq::, bcyond [hc crest of whxch the
ground surface slopes more steeply than' the gradc ‘of thc canal.. Aftcr:
cmerging from the deep cut in which it crosses the hjghcsc part of thc nidge,”

the ground continues to slope. more st:.cply than the canal; and five: dropsw i

were designed to keep the canal from: rising . abovc the. Iand surfacc “The
first of these is locared abour 18 miles west of Yuma, just bclow the tum-out”__:i_
for the Coachella-Branch Canal, ‘the strucrares. for the drop and. the’ head-
works of the branch canal being contiguous. ~ At the rc:mammg four drops, :
which are distributed along the next 27 mllcs of the canal, it is proposcd o,

develop power from the fallmg warer. ~ Power dcvclopmcnt at.a drop in

the Coachella Branch was also investigated. . The designs of these stroc-
tures were mvcsugarcd by medel studics in thc hydrau.llc laboramry, as -
will he discussed in the following paragraphs o : ) o
Drop 1 was designed for a difference in: water surfacc of 9 68 fcct and: p
a maximum flow .of 8,700 second-feet." Thc orlgmal dcmgn is shown in: .
fgure 75. It consisted of seven” radm] gatcs -the! center; ﬂvc bcmg 15 feer

10 inches wide and the two end ones 12 feet 11 inches wide; “The lateer
two gates were designed for automatic rcgulat:on of the- ]cvcl in the canal =
above the structure. The gartes dlschargcd ona lcvcl ﬂoor which cxtcndcdf o

about 12 feer downstream. and then slopcd on‘a ‘curve to’ annthcr ]cvcl?‘
floor at the clcv.mon of the canal bottom clownstrca.m from the: s:ructurc.
A dentared apron was located at ‘the foot of the’ s]opc, And a small dcntatcd 3
sill was located at the beginning of the transition ‘to: thc c:mal section.
A model of this device was construcred’ on a scale of 1:40. thu thc ﬂow
was cqually distributed among all the gates, the results with: this’ dcs:gn_
were satisfactory, but with unequal distriburion of flow cons1dcrablc scour
occurred.  Since two of the seven gates were to. be automancally rcgu]atcd

equal distribution would not be the normal conchtron Also, it was found - T

that the number of gates was Llrgcr than was ncccssary for thc rcqmrcd‘
discharge. ‘

A number of alterations of the ongmal structure were mvcstlgatcd and
a satisfactory form developed, see figure 76-A. The principal change made
in the design was in the vertical alinement of the discharge of the radial
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M4 : -+ MODEL STUDIES OF IMPERIAL DAM-- L

gates. In'the oru;mal dcmgn the flow from thc gntcs was honzontal aiong
a level floor, thence on a curved incline to the bottom. of . the:pool. “Due
to the drop being small in-proportion to the: pool dcpth the’ hxgh-vc!oury
water from the gate tended to ﬂow over the top of the water in the pool wvith-
our thoroughlvmmmg with it. * in the final design, ‘the! dlschargc from the
gates is directed downward: Alnng 4 place sloping floor. toward the batron,
of the pool, which is placed at a lower'elevation than in"the: ﬁrsr ‘model. "
A mo . complete mixing of the. water, with. conscqucnt d1551pauon of ~
energy s thereby- accomphshcd . Other: chnngcs are. the rcplacmg of thie

center gate by a pier that houses the mechanism of the two’ automatic -
gates, which are placed one at eitber side of the picr mstead o ,ad;accut‘

o the side walls of the strocture. Trammg walls, were cxtcndcd ‘down- "
stream from each gate pier, and two 'sets of baffles were: "nstallcd ‘one
consisting of eight piets at the downstrcam side’of thc sclllmg pool ;md the
other 2 Rehbock sill across thc dnwnqtrc:un cnd of thc ‘warped- scctxon
sec figure 76-A. o ‘ :
89. Drops 2 and 3, All- American Canal —Drops 2 nd. locatcd ap-

proximatcly -S and’10% miles, respecrively, downstreéam® from drop 1,:are -

identical except that the canal width: muncdmte]y upsrrc-un from drop 3 is
2 feet less, the downstream wideh 1 foot less, and the; total‘dxschargc 300

second- fcct smaller, than the corresponding v.nlucs for: drop 2:."The:differ-’ -t, -

ence in water snriace elevations throngh the drops is the' same. Because of

this similarity in design, the fol‘uwmq discusslon of drop 2is cqua]ly ap-‘-' R -

plicable to drop 3. - . .
Since the canal would be operating bcforc thc powcr plants' were con-,
structed, and since it would occasionally’ bc ([ECESSATY: 1O, shut down the:

plants for repair, all drops were designéd o carry the maximum’ dlschargc "

of the canal. As the most severe condicions would exist. whcn the entire
flow passed through the drop, and since the: cnergy. of 1 .my ‘water passing

through the power plant would be d:ssnpatcd ‘the studies v were, concentratéd |

on the design of the drop wirhout the powerhouse opcr.mn g. "However, in’
the 1:36 scale model constructed: to ‘determing’ the - -proper dCSlgl‘l of ‘the
structure, pravision was made to operate the pow:rhousc to study its cﬂ’cc:
on the operation of the dmp At dmp 2 itiwas necessary: to dxschargc.
8,500 second-feet wnh a -difference: in ‘warter. levels . of 24 fcct ‘4.4 inches.
The original design, see ‘figure 77, comtatcd of six-gates:15 feec8 inches wide,
leading to the powerhouse; and four gates 15 fecr wide, two on cnthcr sndc'
of the structure, which discharged onta 2°3:1 sloping apron mtcrscctmg a
horizontal pool floce.” With a normal discharge flowing through the’ drop,
- the water entered the unlined pornon of the canal'ac high vcloc:ty causing . -
severe erosion. An oscillation was observed in the approach - channel,
partlcuhrly in that part adjacent to the longer piers. ‘A more detailed ‘de- ¢
scription of this action is given in the discussion of drop 4. “To remedy the
unstable condition, holes were provided through the longer piers to pcmm




CANAL STRUCTURES

A. Recommended Design of Drop 1. B, Cuntraction at Pier of Drop 4. C. High-Velocity
Warer Leaving Lefe Stilling Pool in Original Design of Drop 4.
FIGURE 76.—~HYDRAULIC MODELS OF DROPS 1 AND 4.
8112467 —40
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CANAL STRUCTURES

the water pressure to équaliié dn‘éithcr‘_sidé. ‘_T.Dctni]s of thefinal design.
pict for drops 2, 3, and 4 are shown.in the upper part of figure 78. '
Because of the unusually large depth of tailwarcer-and: thickness. of jet

¥

entering the pool, it was obvious that visual means could not be relied:upon -

to ascertain the best pool action; hence, i'n Jater teses, 'a-pitoc tube was used .
to give an indication of the velocities at the.downstream ead of the pooland -~

_aid in the selection of the proper design. Munyl-connbi.h'dltipns%6f_‘dcnt:'1‘téc]'
steps and baffiz picrs were tricd in connection 'with different elevations:and. -
slopes of the pool floor. - Figure 79 shows. the most impotiant of: these
designs. The dentated step scrved to bréak up the jer of watcr entering the
pool, while the bafile piers caused a further disintegration of:the jecas well
as dissipation of the cnergy by impace ‘on the upstream face of the baffle -
piers.  Best results were obtained witha space rather than a tooth.adjacent -

to the pool sides. In the recommended design, shown in the lower portion . - -

of figurc 78, a rectangular sill was placed on the pool floor at the break in
slope, which caused the. bottom-jet to bé']déﬂcctcd?‘i’gx_pv‘\éar'd,'5‘prcvc‘.nfi'pg o
crosion of the channel botrom. Sutisfaétofy“opér;itidn‘w:is:_obtairiéd.iv_i_th"
all flow condirions, including unsymmetrical: operation of the drop:and
flow through the power plant. The velocity distribution’at the'end of the. -

warp, with symmeerical flow and maximum discharge, is shown in figare =

80. For other than hydraulic reasons this design was rejéceed in favor of a - |
diffusion bucket. IR S A e R

90. Diffusion Bucket for. Drop 2.—Thfcc_ ofthcdﬂusmn buckcts L
tested for drop 2 are shown in figurc 81. Although- very tittle difference .

cxisted berween the various buckets, the one:shown. ini figure 827 gave -
slightly lower velocities, . henice was’ chosen  as’ the - final* desig “The -

stepped apron and rectangular sill were required in connection . wit ¢t
diffusion bucket to minimize the velocitics entering the unlined canal

comparison of the velocity distributions for the final design stilling. pool o

and the recommended design is shown'in figure 80 fo”:’one'tp:ndi_tio‘nbf:‘ﬂ.d'va. o
The magnitudes of velacity for the two pool designs arevery nearly thesame,
91. Drop 4, All-American Canal.—Drop. 4, located  approximatel yoSH
miles downstream from drop 3, wns'dcsigncd‘_fdr_fn_"nl'a'j_cilnuli‘i_d_i:ich:i__rga_df -
2,800 second-feet with: a differential warer surface ‘of 49 feec, 8.3 inches.

As in the case of drops 2 and 3, provision was made to construct a_power -

plant in the center of the structure, which ‘would utilize a flow ¢f:5,200
second-fect. Tn the original -design, sec: figure 83, -the ‘discharge passed
through the two spillway sections onto.a 2.31:1 slope which-intersected
the horizontal floor of the pool. A dentated ‘step was placed near the
upstream end of the pool floor and 2 Rehbock:sill at the downstream end.
A 1:28 scale model was constructed in the laboratory of the old customhouse
to determine the adequacy of the design. ' BT




ELEVATION .

. APPROACH-GHANNEL “PIER’ © . = °

Dentated #lepsma, . Beltie poery
N :

]
e
| mermtan

i
o
o

=320

(iRl

=37-0"
¢
i
i

Tapoces@ 2+

Meelh@> oo
Tipgces @ 2-Y
B leeth@ -y

[ et
[ I me————

AR e T
R o

LONGITUDINAL SEGTION
~ 'STILLING, POOL -

FIGURE 78.—~RECOMMENDED DESIGN POOL AND.APPROACH-CHANNEL PIER FOR
: DROP 2. . : b




)

SN P——— e

R

| bestareg vyay . Y I N gy
. i

BRI
) o

[ Serwey Ehyte E
. R,

J O
- Ay g A

RS T Y

- fr .
LONQITUDINGL SECTIDN
OESIGH A

Dentaled SN
N

Ao

LONDITUDINAL SECYTION
T pESHGN B

[

COMGr T atrivh, BEE TIow
DESIGN G-

P
Boetabed ot : L wrte ety

[ —
SUES

e
AOMGIT AL SECTHON
DESIWGN C-2

Pt pen

_.'?‘. wad -

A ¥ar ke gkt el : T ek terin
- At Pl b RN L :
i g . . T e e B e
e R

. -y . . 2 gLl
. L rl R S B

[t
Wi :
- r!'\ eigood mumn'q::au

. > )
. ’ Lt L

LORGITUDIMAL SECTION
DESIGN D=1

miirant 2 A Aol [te pas
- T

i

AU e il e b #
A P
gt coigs DY

ADNCATURIREL SECTION -
DESIGN D2 /.

Donrgiad nwgr -7 11» Mt gt

LONGITUDMAL $ECTION
DESIGH E 5

FIGURE 79.—BAFFLE-PIER STILLING POOLS STUDIED FOR DROP 2. -




150 . MODEL STUDIES OF IMPERIAL DAM. . .,

There were two spillway gates at cither side of the drop, and the operating
schedule required the canal disch';u'gc to be. controlled: through two:gates
on one side and one on the 'o'r.hi:i'. -Under ‘this condition of flow,:on the
side with both gates operating, a vcry pronol.mccd contraction occurred at.
the pier nearest the center line of the structure, see ﬁgurc 76-B; ‘and at the
com:spondmg pier on the opposite sxdc of the drop a:similar- bu: less severe =~
contracrion uccurred, if the outer gate was operating. 'As:a result of these -
contractions an uncqual dlstrxbuuon of llow occurrcd whxch contnbutcdf" e

s === Hofite purs
e D{fusion Duchef

;eleealion 23

pgrmiy g

Elnnhm g e

R T L A ek (A e, r//. ‘f/,@ffi'///,//////Z’/ £

Drscharge 4230 ¢fs eoch wde - O v Slnlnon RILITS)
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et 5. n Sl in plat

FIGURE" bO—-COMPAR]SON OF VELOCIT IES IN DIFFUSION-BUCI'\.ETFAND
- BAFFLE- PIER POOLS*DROP 2

to the uns1t1sf.1cmr} operation of the snllmg poo] Smcc rhc gatc ptcrs
were not streamlined, considerable disturbance occurrcd on the’ facc of the.
spillway immediately downstream from: the pier-below:which t_hc fows
from the two adjacent gates converged. The: uusatxsfactory operation of |
the gate section was further aggravated by the sharp break in.slope where
the approach floor intersected the downstream sloping face of the spiliway.
The high velocity of the water lcavmg the stilling pocl scvcrcly eroded the .
unlined canal banks, as shown in ﬁgurc 76-C.. . Additional crosion rcsultcd
from the large eddy currents: cxxbung in'the t.ulracc whcn thc powcr plant
was not operating.
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MODEL STUD[ES OF IMPERIAL DA‘\J

92. Pier Studies for Drop 4.—Since a sartisfactory. pool dcstgn could .
not be obrained without the proper distribution of flow cntcrmg it; efforts
were first concentrated on the proper pier dcsngn.‘ Picrs of a numbert of .,
shapes were investigated, and each of the three plcrs shown m ﬁgurc 84""-3,
gave sacisfactory opcmtmn. A furrhcr improvement rcsulrcd ﬁ'orn curvmg i
the upstream porcion of the central picr of cither sptllway scction into the
direction of the current as determined by injeering dye:into the approach
channel at various clevations; but, because of structural dlsadvanragcs and’-;
since a simple streamlined picr gave: sansfac:ory rcsults‘ thc‘curvcd plcrs
wete not incorpotated in. the final dcslgn p :

stream dircction the picrs nearcst thc center linc’of the’ strucrure ‘:How-i ;
ever, these longcr picrs c.mscd an osmll‘mon in thc approach channcl by_'_'

Complcrciy climinare the oscd]nnon holr.< Wcr:: plac::d throug ‘ ,
picrs to enable the warter to spread umfc;rmly rather than impinge agamst‘ S
the gates.  As previously. stated, tests on the hydraulrc model ‘csultccl in:”
the development of the pcrfor.xtcd -picr shown in figurc78. e

93. Revised Design for Drop 4.—The: model .of drop' 4.was, rcwscd to?j_’_ ‘
carrect the unsatisfactory conditions of the ongmal design. b
in figure 84-C were installed on the: splllw.:.y crest, which mciudcd a'vertical

curve connecting the approach floor to the downstream slopmg face. “ In -
this new design, see figure 85, the siope of the s.pil]way fice was changcd‘ ,
from 2.31:1 to 3:1. The gates were. nccc:.s.ml), longcr’b:caus :
decreased thickness of the streamlined piers. Opc:r,m(m of the hydrwhc“
model revealed very sacisfactory flow’ cond:cmna through thc -gatcs and
down the spillway face; however, the action of the sttllmg poo] was | mot
sufficient to prevent scouring velocities in the unlined canal. " The opcratmg-“.j._@
schedule was changed ar this time 1o include symmctnca] ﬂow through all: -
four gates. Under this condition the stilling pool-was more cffective but:
erosive velocirics persisted.  Various combinations of dcnmtcd s:cpﬂ and"
baffle picrs were tested, with varying dcgrces of success, see ﬁgurc 86. A -
satisfactory condition resulted with the sct-up in ﬁgurc 87, and that ar- .
rangement was therefore recommended  for incorporation . in; thc final -
structure. . The velocities produced by this pool will he dxscusscd Tater. .
94, Various Types of Stilling Pools Studied, Drop 4 ~—For | structural”

reasons the recommended baflls pier was zbandoned and studics were im- .
mediately undertaken on other methods of dlssnp.mng the coergy. The

first device considered was a submerged weir contemplared to maintain a
pool of warter in which the energy would be largely dissipated. By making
the weir V-shaped in plan, it was expected to cause the high-velocity water =
leaving the pool to be diverted to the center of the canal, thereby preventing
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crosion of the canal banks. “The two weirs tested, sec ﬁguchS,f1llcd Itlb_‘
produce acceptable: results,  The next tests were ‘with 2 type of diffusion

bucket similar-to the one uséd at:Grand:Coulee Dam. This:design, see
figure 88, also failed to produce: sufficiently ‘low velocities 'in the-canal o
downstream, chiefly because the tailwater depth was insufficient to prevent
a severe boiling action with resultant high velocities. The:type of bucker
provided for drops 2 and 3 was next studied’in’ th’c"‘.hydmul‘i‘.@m’ddél R
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FIGURE $5.—OTHER TYPES OF DISSIPATORS STUDIED FOR:DROF.

95. Diffusion Bucket for Drop 4.—As in the study of the.other.drops,
various designs of diffusion: buckets for drop 4 were tested in conjunction” "
with a dentated sill near the pool entrance.  Many.of the designsitested =
are shown in figures 89 and 0. In general, it was planacd that cachof the” -

several ‘buckets would dissipate a. maximum amount of ‘energy, and the -

‘water ar reduced velocity would be direceed  rowards the center -of ithe
canal by a triangular transicion connccting the sides- of the stilling pool -
with the basks of the canal, or by the deflector: barriers shown in:plans - -
Cand F. The latrer method failed to change the direction of flow, but: the.
ttiangular transition in conjunction with the diffusion bucker of figure 91 -
produced acccprable resules and was incorporated “in - the . final «design.

‘Visual. observations with the powerhouse operating in conjunction with




-
arli-gt e
orpde” .

5

§Pers @2‘&40‘@% §
“spared @TI207TEB4T

PLAN . B

, - I
R T e ...._.‘1.33.0-.71.‘

~J1,

rw,:)ﬂ"#"f,'ﬂ*»’??’

i,

“Filler omce

S
g
LONGITUDINAL ~BECTION

FIGURE $9—SOME DIFFUSION BUCKETS TESTED FOR DROP 4.




CANAL STRUCTURES

als MR 2

Lag, o PRGN i aomipesrliid

- | ®
‘ w,

LONGITUDINAL SECTION

Pl

Filter prace 0

LONGITUDINAL~ SECTION

FIGURE 90.—-ADDITIONAL DiFFUSION BUCKETS TESTED FOR-DR.OP 4.

£11246° 4% -—-12




MODEL STUDIES OF iIMPERIAL DAM

77 dO¥A ¥SS NISYE DNITILLS NOISAA TYNILI—'16 FUND

“TINNVHO AVMIdS 40 3N

7 HILNIT NO
g

NOILOS VNIGNLISNOT -

.
|

3,218
[y

s

A-49203

- 0=

STBNTHD MLADS CRY boLuCh NF $U3i4 30 TN INIERF TWIINIT
X HVUIHS S¥.TINNYHI sibON :
TYIINNVHO AVMITIS 40 NV
. 5.

=" . - RN T

.
3

-l

X

i

y b fli-e

- 1\

5“.&.“!9.-) wldg.

(

L) iy

Xy

ST O F

= i
f/ﬂllnhl.‘nll,l\!ll

|

-

wOT7 70 ADIZ AT

|

;
I

& .
-
3
3
&
i
fy
&
-,
To
E
N.v
-
Ed
ey
3
3
>
3
3
2
3
e
-
‘e
=3
Y
=
7
-~

253200 $33008 UikdS pub a2 doang 9l

N0

rw =
I3
&

1




CANAL STRUCTURES 163

symmetrical and unsymmetrical flow through the gates revealed satisfactory
results.  Althongh not tested on the madel of drop 4, 2 recangular sill at
the downstream end of the pool, found. necessary. in-the studies-of drops-
2 and 3, was provided in the final scructufe. - Pressire measiirements taken
or: ane of the teeth of the diffusion bucket are shown in figure 92, .

06. Comparison of Baffle-Pier and Diffusion-Bucket Stilling Pools.~

In comparing the hydraulic action of the two types of pools_considered

for drop 4, it may be scen that, in general, the final cesults arc the'same.

The water sutface produced by the bafile-picr pool is smoother, as may be -
seen from figures 93 and 94, which show the- profiles for both symmetrical =

and unsymmetrical flow. e may also be scen that the end of the'roller is -

farther upstream.in the casc of the baffle-pier pool; while the'beginning of

the jump is at the same poine for either design. :In the model tests, veloci-

ties were taken at various stations, bur chose recorded at:the énd-of the
concrete pavement are taken as indicative of the pool action. A comparison
of these velocities for symmetrical and unsymmetrical flow ‘is shown :in
figure 95. When the velocirics were caken for the bafile:pier pool; a 75
foot warped transition was in place on cither side of the. canal, while for *
che measurements in the other pool a 105-foot warped transition was.on

the left side and a 105-Foot three-planc transition on theright side. Because

of this difference in transitions, a-direct comnarison will not inditite ithe
true conditions; the velocities for the two poois are probably of cqual -

magnitude instead of slightly higher for. the: baffle-pier pool .as would-be
indicated from figure 95 alone. A visual comparison-of the. flow in‘the”
twa types of pool is possible in figure 96. BN T S

97. Drop 5, All-American Canal—Drop 5 is -located. -a‘;iproxihm'tcl')’*
10%, miles downstream from drop 4 "Lt is designed to operatc aca maximum ‘

discharge of 4,200 sccond-fect with a differential water surface of 23feet =
1.3 inches. Because of the similarity of the structures:it:was “feasible to. -
meee the model requirements for drop 5 by a conversion-of the 1:36 scale '

hydraulic model of drop 2. The same scale ratio was maintained ‘onthe
one side of the model converted. By using the criteria previously estab-

lished, only a few tests on this structure were-necessary. - The same: picrs;
including the perforated ones, were used and produced the desired flow.. .

conditions. The baflle-pier pool recommended for drop .2 w:_x"s_ adjusted - :
for the 10-foot narrower pool width and installed in this model, as shown .

in figure 97-A. Since sarisfactory conditions prevailed during operation, -
no further tests were conducted with this type of pool. i
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A. Recommended Baffie-Picr Pool—Discharge of 3,400 Sccond-Feet Through Each Poal, Tail-
water at Elcvarion 43,21, . B. Final Design’ of : Diffusion-Bucket. Pool—Discharge of !
3,400 Second-Feet Through Each Pool, ‘Tailwater. at Elcvation 43:21.

FIGURE 96.—FLOW . '[‘HROUGH RECOMMENDED AND FINA. DESIGN ST!LL’NG L
. POOLS ' FOR" DROP 4 : ‘

In previous tests, the dlffublon buckct had. bccn found prcfcrable to othcr' .
types of energy dissipators, hence tests were made to:determin ithe suit-
ahility of a diffusion bucker for drop 5. The final design bucket of drep.2,
sec figure 97-B, was logically installed for. tests in the model of drop 3, bu:.
pitot-tube measurements on. this installation. revca]cd excessive -velocities
at the downstream end of the pool. Velocities resulting from use of the
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bucket shown in figure 98 were satisfactory, hence that design was chosen

as final.  The velocities produced by the two buckets arc shown in figure 99.
Some doubt cxisted relative to the effcctiveness of the diffusion bucket

should the sharp corners hecome eroded by action of sand in the prototype.

A test of this foresceable condition was made hy rounding the sharp corners. - -
of the hirst bucket tested for drop 5, 0n 4.5-inch tadius. - The results, see’

ELEVATION &5/ r o
A REGOMMENDED 'BAFFLE~PIER POOL
. [P AT

be ok

e e L

B-_DR_IGIIN“A.L..‘DE‘SIH_"!NV_ QI‘FF{)S‘IOAL“_B"_\J‘.‘GK.E.},," ‘
" FIGURE 97.-STILLING' POOLS TOR DROP 5.

" figure:99, clearly illustrate ‘i."hfat”thc"f_'og_n‘dtc\”co'rh:;n;sﬂ;irdd(‘nc‘cd-:.in'-‘avc'r_:xge o
velocity increase of approximarely 7# percenr, Lo a0
98. Sill at Downstreant End of a Stilling Pool.—Since time was avails

able after complecion of che study of the various drops, 2 comprehensive in-

vestigation was made of the best shape.and size of sill for use ‘as an cnergy

“dissipator at the downstream ‘end of stilling pool.~ Fi gure 100 shows the ' .
details of che best sill developed and: the effect of the sill on the magnitude .

" of the velocity: *0 D R e e
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FIGURE 100.—EFEECT OF SILL AT i_i)o\msrr'm@m END OF §T
~ OVERCHUTES * -
99. Couchelia PoWer‘Drop.%’Ifhé - df'igi'nafr-‘ ‘-dc’si‘gn -of : the

wof: achella !

. power drop ' called fur a‘structure compar'ab_l\c'in;lcfn‘gth.gtd:dry’_g’p_,?.[of.:thc:;‘
All-American Canal. " Because the discharge was' only: z bout one-quarter -

as large as in drop 2, it was felt that a less claborate and shorter strucrure

might be develaped by model tests; a 1:24 scale'model was therefore con- |
structed.  Figure 101-A shows the model ‘of the original fdcﬁl_sigr'i'-of~fthi5j'
structure.  Tests were made on the model with ‘a flowr presenting the
design discharge of the prototype, 2,200 sccond-feet, distributed in various -
proportions between. the, powerhousc: turbines. and;'tllc:‘A~'spill§&*é)r:_ . This'-
model performed satisfactorily except.foran- undesirable contraction in -
the flow around the piers beneath the bridge upstreai from the powerhouse, -

N which was corrected by changing the position of the piers. PERCE
It was believed ‘that considerable saving in cost could :be obtained by
. having the spillway. all on one sidé of the powerhouse, since. with. this
o design one side of the pewerhouse would replace a large section of side wall

of the structure. A second model was therefore <constructed incorporating

® Pameroy, R. R., "llydranlie Madel Studles of Coachella Power Drop, Station 200--00, A!}-A.meiimu .
Canul Project,” Hyd. Lab. Report No. 12 (anpublished), Rur; of Recl.; Jan. 31, 4 7 R =

i
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this feature, and was found to operate satisfactorily.  A.third model was
also constructed, which ‘had ' toral length of 350 feet us comparcd w:th
481 feet for the original structure and which included: several other’ mmor
.alterations, sce figure 101-B.  As the acuon of “this. struc:urc was S:ltlb--

factory, it was recommended, buc the plan to. develop power at this point.

was abandoned and the Coachella power drop was not: construcu:d

100. Cross Drains and Overchutes—The ~All-American. - C
Coachella Branch, and the Gila Canal-are all crossed by & numbcr‘ofstrcams
which drain the land on their uphill sides: - Because of the:very mfrcqucnt:'
rainfall in the region: these streams are normally dry, but oc&:asxonally
cloudburst or general rain occurs aver- the wartersheds ciusing *large dis.
charges in these chanpels. It was necessary . that’ ~provision‘be made: for:
taking care of these discharges withouc interfering with’ the:operation of
the canal, The gradients of the scrcams arc stecp: :md the. flow: 'ihcaw]yj'
laden with sediment. . Ic was therefore impracticable to dlschargc them into:

the canal or to carry chem underncath in:inverted siphons;’ ‘becausc: of thc:'u e

objectionzble deposits of sediment which would oceer. « The. soluuon was -
therefore to carry cach stream or wash over the can.11 dcprcssmg the can, -

in an inverted siphon. if necessary. * Since it:was expecteditha héflood

discharges might reach as much as 20,500 sccond-fccr, the. magmtud and“‘
cost of thesc structures was considerable. ~Moreover,  the problcms dns
volved in their design were unusval and difficulv of - solution.  Extensive
model tests were cherefore conducted to insure. s.nusfacrorv pcrforma.nc i
The conditions it these washes vary w1dch, and- the dlschargcs cover. a
wide range. Because of the number of ' strucrures’ mvolvcd iriwas im

practical to model each one, hence 4 series of typical. cases only were in

vestigated. From the general rules obrained from. thcsc rests diagrams

were prepared to cover a wide range of condmons. It was foun_ hat the;

structures could be divided into two important groups or-cases:, (1) Thc)scf
in which the construction of the strucrure would: cause dcgrndanon inithe

channel downstream, and (2) those in- wh;ch no; degration would occur‘ :
The solutions of the two cases were found o ‘differ considerably..

The first derailed model: tested was the ovcrchutc for the. Gila Grav g
Main Canal, located about 3 miles downstream from Imperial Dam;, whcrc
nondcgradmg conditions exist. This. model test was made appln:ablc toa
large variety of conditions by using. different. model scales and, assmnmg’,_
that the action would be the same. Jf the w1dth and rhc dxschargc wcrc"
altered proporcionately.

The Gila crossing investigation was followed by cests. of thrcc typ:cal
crossings for the Coachella Canal These were first mvcstxgatcd for'the
condition in which no degradation would occur.. The importance .and
possibility of degradation at such strucrures were d!scovcrtd during- these
tests, and scudies were underraken to perfect designs which would be safe
for this condition also.




A. Original Design.  B. Recommended Design.
~HYDRAULIC MODELS OF COACHELLA POWER DROP,
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101. The Gila Canal Overchute.—The Gila:Canal . overchute " .was*
designed ta carry a flow of 2,500 second-feet. . The structure was cswcntm;]}
a rectangular flume with an inlet transition on the’ upscrcam side of the.
canal and a concrete stilling basin on thc downstrcam side.” The. first mode]
<vas constructed on a scale of 1:18, but ic was later decided to'include in‘the’
same structure two autromatically controlled” wasrcways, wnth Y combmcd
discharge capacity of 1,500 second-feet.” ‘Since the pump’ capnc::y avmlablc
would not provide suflicient supply for. l:hl\ .xddtcional flow.on thc 118"
model, = second model on'a 1:24 scale was construc:cd Figure 102—A
shows the 1:24 scale model, viewed from upstream, : - The. original 'chIgn,, -
of che inlet transition provcd o be s-msfactory “The ”roblcm of the flow.
through the flume seccion was compllcatcd hy the use of ulls .on \thc'i‘loo" AT
The purpose of the sills was to rétain on the floor,’ after :hc‘ﬂood a-laycr 'ofii |
sediment which would reduce the tcmpcramrc ‘changes i m e thm .concrete
floor. These remperature changes would orherwise be very severe bccausc;'
of the intense sunlight in that locality. ‘Numerous heights’ and spacings of - -
sills were tested to find the best design. ‘from the, standpointof flow. con-""
ditions through the flume. Somc combinations produced wav
siderable height, which tended ‘o limir. the flume capacity. It was found. -
that 8-inch-square sills approximarely 10 feer. apart were mast samsfncrory
The design of the stilling pool for cthis ovcrchute was the’ subject of an:
extensive model study. A hydraulic jump was. used, wuh stcppcd aprons,
bafile picrs, and sills, similar to those used in: thc :.ulllng pools at-the Slphon
Drop and Alamo River crossing w.zstcways " The most eflicie ‘t'helght of
the stepped apron at the: foot of the incoming :,lopc, the sizeand: shape ¢ of i
.the baflle piers on the floor of the stilling. basm and the; hcngh: and‘ hapc
'uf the sill at the down:.:rtam end of Iht: basm wcrc all 1nvcst1gatcd '

Vertical-face baﬂL, picrs were found to be murc cffcut:vc tha' f
sloping faces, butwere subject to greater Impdbf_ from the: flowmgx
It was observed that these bafiles and the sill at the end of ch ool
too high, received excessive impact and produccd a large’ rollcr Wthh
caused scvere scoution the bortom and-sides ‘of the canal; Sl was also
found that the sill must be auﬂu:lcntly low to prcvcnt a drop‘m the water
surface at any discharge, but that it 'should be high encugh’ ”dcﬂc:cc thc
flow above the river bed so as to form a gmund roller bencath 't‘lc strc‘v.m.
A ground roller consists of a bottom current in an-upstream direction just
downstream from the structure, which will movc the bed marterial toward "
the end of the paving rather than away from ic. . There appeared to bc: fo
difference in effectiveness berween the- rcctangul.lr and trapczmdal snlIs of
the same height, nor dld\thc top width of sill scem to be unporcant ‘The

I
1t Douma, I. H., ' Hydrantic Modef, Vestsof Wash Overcliutes nml We astewnys, lnh (1r:n'l!.)‘ '\!uin Canal,
Qila Vulley Project,” Hyd, Lab, lh.p\m No. 185 (unpublished), Hur. of Recl., Oct, 22, 145,
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height uf the baflle piers was found 10 be of more importance than their
lecarion; however, if placed two far. ups.tu.am th:.v were found to receive .
acessive impacr, and if placed toow near che end sill, :lvy became less effec-
tive. The best location appeared to be abour one- chml of the ﬂuor Icngth' '

from the downstream. end of the floor. B i

If no sills or baflles are craployed in a stilling pool the elevation of 1 the .

poal floor may be computed by the hydraulic-jump’ formulz, using the
maximum dlelmré’C. However, tests showed that with use- of  sills
and-baflles, the depth of the pool for the Gila Canal averchute could safely
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be rcduccd 15 pcrccn: undcr th.lt :Cqmrcd to" form the ;ump as’ computcd

+by the formula, The length of the pool was set at that rcqulred to cover
the full length of the j jump at maximum d:sch'lrgc RO
It was reasoned that since the model chutc was the. same w1dth throug

“out and the depth of flow was uniform across it, the results could bc appl:cd S

o similar chutes of various widths, by dcsanmg on the hasis’ of dxschargef F

~ per foot of width, Accordmgly, by applying this- prmc:plc and numerous. |
model scale ratios, a~gencral 'diagram was, prcpnrcd ‘see. ﬁgurc 103, whizh
is applicable to rectangular stilling pools under.u wide range'of Coﬂdltlons REPEIR

However, these relations should be used only for low hcads whcrc La
tian would not be produced. ' : e
In using ﬁg.,urc, 103, the followmg rulcs and rclauonshxps ar

2. The thcorcuc‘ll dcpth, dy, at tbc pool cntr'lncc is C(.J]llpu[Cll :

dnfldmg 4 by = o ST .
3. The theoreticzl vc]oc:ty, w, ac thc pool cntmncc is.
the formula for flow in srecp chutcs glvcn by hlng in hm
of Hydraulics.” ‘ L
4, The theoretical ] ;ump dcpth dz, is; computcd from the mo'ncnr.um
forinula, '
5. The C\pcrlmcnt'll ;ump depth; d’ is cqu .l to 85 pcr ccnr_ ofd-z

6. The required stilling-basin floor c}cvntlon lS cqunl £o. th<. maxi- S

mum discharge railwater clevation minus: d' y

7. The required stilling-basin length, Lis cqual tOl,Bdn

8. The height, Ay, of the dcnmrcd srcp is cqual 1w d;, or Mv/9' whzch-

- ever is larger. -
9. The height, b, of b1fﬂc plcl‘s is e.qua] 7o) .‘M«/J e
10. The heighz, Ay, of solid end sill.is cqudl 10 da/9

I1. The distance, 4, from the end. of the, snllmg ba:.m to chc v:rtlc.d w

upstream face of the baflle piers'is equal to L/3. -

12. The top dimensions of the baffle picrs ¢ and: cod. sill pir.tllcl to thc' e

length of the basin arc ¢qual o !.’hf4 and 63/4 rcspcctwr.ly

13. The widch of the tecth of the dentated step:a -md ChL ba[ﬂc plcrs' i

is equal to by, and their spacing is cqua] 0 25

14. The teeth of the dentated apron and the. baflle plcra should bc"” g
staggered, with no blocks: or teeth. againse: the: sldc wails and onr' " L

more baffle pier than teeth in the'dentated apron.. -
15. The back slopes of the bafile plsr:, .-md cnd sxll ma} bc bllCh as to -
be the most economical.” - , :
16. The slope of thc downstrmm c\cavnnon may.. vary from horl— -
zental to 1:6. ‘ : :
17 The chute slope entering the puol may vnry frmu horu.ontal o
8112404913
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be reduced 15 pcrccnr under that requi ired to form the 1ump as: computcd :
by the formula. The length.of. the pool-was set: at that rcqun-cd to cover
the full length of the jump at- maximum dlschargc : ; :

It was reasoned that since the model chute was ‘the same. wtdth thmugh, L o
out and the depth of flow was uniform across it, the sesultsconld be applied:

to similar chutes of various widchs; by’ deugmng on the basis’ of. dxscharge‘;
per foot of width. Accoergly, by, applying this: prmcxp]c and. numecrous
model scale ratios, & gencr'll diagran was prepared; sec hgurc 103, ‘which’

" is applicable to rcctnngular stilling podls’ ‘undet a-wide” range of condirions..

However, these relations should be used onl) fm low hcads whcrc'cavx ta—;
tion would not be produccd . R RENE SO
In using figure 103, the follmvmg m]es and rclatlonshlps arc ‘applied:

1. The discharge per foor at the pocl eatrance.is cqual [o’ the'; maxl- 3 i

mum discharge divided by the width at the pool ‘entrance.

2. The theoretical dcpth d‘, at \:hc poci entrance is computcd by.

_dwtdmg q by .

3. The theoretical vclocu:y vl, at’ chc pool cntrancc is: compurcd by " i
the forinula for flow in stccp chutcs ngcn by ng m hls Handbookﬁ e

of Hydraulics." RN

4. The thcorcucdl |ump dcpth dn, is computcd from thc momcntum ,' et

’ formula . ;
' . The cxpcruncnml jump dcpth d s cqm] to’ 85 Ptr ccm: of :L.
6 The tequired stilling-basin floor elt‘v.xr,lon IS cqual o the:

mum discharge tailwater elevation minus 2"
7. The required stilling-hasin’ Jcngch L is cqual co 3:12
8. The height, b,, of the dcnmzcd sccp is c:pul 0.4,
ever is lazﬂ,cr )
9. The height, &y, of bnfﬂc piers is cqual to 2d /9 i
10. The height, &, of solid cad aall is cqual (0. daf9. L
11. The distance, 4, from the cad of the snllmg b'lsm o thc VCI‘UC ]“ .
upstream face of the baffle piers is cqual'to L/3, e R
)2. The top dimensions of the bafile piers and end sxll p-u—a‘lci tO thc
length of the basin are equal 1o Az /4 and a4 rc<pcct|vclv ‘ : ‘
13. The width of the teeth of th(.. dentated sr<.p and: thc'bamc"‘ pxcrs' :
is equal to /4, and their spacing is equal to 2/1 g e
14. The teeth of the dentated -apron : arid; thc baftle” plcrs should. bc‘_ _
staggered, with no blocks or reeth against: the bldc wale and onc
more bafile pier than teeth in the denrated: dpron Sl T
15. The back slopes of ‘the lwﬂk plCl‘b and end :,1]1 may bc such as w
be the most economical. :
16. The slope of the downsu‘cam r:xcav.acxon may. var} from horl-
zontal to 1:6. ‘
17. The chute slopc entering thc pool may. vary from homzonfal to.
1:1
B11246° 40—
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CA\IAL STRUCTURES

The forcgomg dlagram and rules apply only whcn the mﬂowmg watcr is
uniformly distributed across the width of the pool: -+ T
Two wasteways cnter at:the sides of the: G]h Canal ovcrchutc sn]lmg
pool, see figure 102-B." Ir was rmsom.d that since the flow: through these
structures as well as the Gverchute would bc intermiteent :md unconrolled,
the flow in the prorotype stilling pool would most prohably be. dlStrlbutcd
unequally, and withour special provision. the: resuleing: hydraul:c jump
would be uns.msfacror} ‘One solution. conﬂdcnc! wis tg; h.wc‘ scparart_
snlhng pools for the gates and overchute, This would rcqunrc : -
floor in the wasteway pools to. producc thc h} dmuhc jump, and: dnndlng
walls berween the ponls hoth. of which would bc cxpcnsnm . After exten- .
sive investigarion, Involvmg aboutr 60 dxﬂ'crcnt tests, u solumon was_ dcw:l—
oped which did not rcqulrc A lowered floor: for. the wJStCW:l) siuices.
consisted of hlghcr baifle pters: with no m:ppcd :Lpron in front of the’ sluxcc i
outlers, as shown in figure 102+ B. - The three! SIQCke m.arcsc the sndcs were
increased in height to 4 fecr, the next two o 3 feer, and thi ‘*rcmundcr,wcrc
uachanged in height at 2 fect with cheir front faces 12 fect upstredm’ from
the end of che concrere floor. “The stepped apron ‘in: from: of the ovcrchutc
was raised to a height of 3 fecr, while the end sillwas unchanq d. \thh .
this solution a Sﬂtl‘sf.lttor\' action of thc sullmg pool tcauItcd ander. all
combhinations of flow, o : s
102. Studies for the Coachdh 0\'erchutes.:f81nc tl:crcs-.'crc abour 50
overchute structires along the Coachella Branch Canal, mpracncal
to model each structure, but the zmpurmncc ‘of - workmg our. the ‘proper
design for each of chem-was very great.®  The structures wer ,tharcfore
divided mm three qcncm. Ty pcs, and, dcmlled studxc:, were: madc on onc
typical structure of each type. The resulcs- of cach, stud},'thh mmor
changes as required, werc then applied to-all strucrures within'thag classi
fication. The three cases studied were ‘as: follow" A comparamvely
narrow structure for small washes, with concrere sidés ind boccom’ a_l]d with*
a contracting entrance seetion and expanding outler section fornmd"of rock="
fll.banks, the canal passing beneath the'overchute in. .1\51pho fer pczmdal :
Cross scction as bhown n figure 104 (2\ a wmc arructurc f T unrbr more -

t.ulgul.i[’, doublc barrel siphon as shown in ﬁgurc 105, \3.) i wldc srructurc :f- S
for large flows, with unpavcc. bottom and  with, trs.mxr:r,r \wlls of carch’
embankment protected by ‘riprap, crossing over. around,’ sx_ng_];:7b_4r;cl_- o
stphon dccply buried and protected byriprap md s.hcct piling” - In. all cases:
studied the width of the opening through shich the water would: ﬂow was
considerably less than the widdh of the wash, because the cost of:a Siphon
wide cnough to cover the full w1sh W 1dth would havc been pmh:bmvc.

12 Lochar. Fred. *Model Studies of th C ulwlhfqnil Wash Gverchutes, Atl.Ame ruf:n Canal ‘~_\,~;an, ‘
Cabifornin,”” Uyd. Lab, Report No, 11T (lmpub‘::hm_ . ]ll:r of Recl., April 20, 1042, +
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MODEL STUD!ES OF IMPE]UAIJDAI\A

o rinal dcslgn of thc rvplca] narrow ovcrrhutc, case l ‘see ﬁgurc .
= excessive scour for all values of wash slope tested, bcc.um of = #
tration of {low produced, Fulluwmg the. lessons’ lc‘trncd in the
rastewdy, an attempt was made to’ <prc.ld the: seream: after it

g« the canal siphon, by buil ding tw() cross walls inthe¢ p'mdmg .
R form a double stilling pnul, as shown in. ﬁgurc‘lOG_z‘\. This
'-d reasonably satisfactory.for cases where the canal bortom down-
B o che overchute did not degrade. ~ For the wide overchute.with ®
B s:phcm case 2, the ariginal design alsa provcd to be |t”.1dm.|u.|rc
' lc. )ump tvpc nf p(ml dcv«:lopcd'f:)r the narrow uvcrchurc wis
T Cmmnncd trial evenr-
. vul ‘the: form shown in. h(zurc“]O(rB which’ sh( vecl very JmIL' B
 nondegrading condmom ‘A livtde soudy wase given: ta casc 3,
“barrel siphon, but no mmsf.umr) solution, was reached. This
nportant, since the design:was.an’ .1|r(.rmuv<. for. case. 2. 1nd the
Id therefore be subbmutcd ‘ : ' S
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103. Development of Overchutes to Withstand Degradation.—In the
experiments leading to the development of the overchutes for the Coachella;
Cana) previously discussed; it became cvi}dc_:n_;':th:'lt's_c'rious_‘c(fcqts.‘_v\'o_ul_d :

result on the stability of che structures if degradarion were. to take place

Furthermore, a study of conditions along the canal led to the conclusion

that degradation would likely occur at m-._m_v‘nf"th'::_st_rl.i'c‘t_urcfs_ _
The degrading of the stream bed downstream [rom”an ‘overchute may

result from one of two causes, or from :l'cnmbin:_ltim‘i;of_hnt'ln SThesimplese

cause is the contraction-of the flow into:a nar’rmy‘cr’_ch":mui‘:l}biy‘"thc*q#ér- e
chute. The washes crossing the ‘Cn;lchcl_lxlVC;mnl‘_:1rc“gcn;:‘r:i‘l]y’ very wide
and the water fiows over'them ina shallow sheer, " As. préviously: men-

doned, for cconomic reasons the wiilzh ‘of each oyerchure was. made less:

than the width of the wash: “During flood: flowiithe discharge pcij‘_hn'it wl

width through the overchure will therefore be much gres er'than it would

have been in the wash had no overchite been built :'I“Th'c-gr‘é‘ntér.i'dﬁi:t"dis-

charge through the overchute will haye: more: transporting. pawer, than

the normal flow in che wash, and will thercfore carry: gwday mite from
the hoteom of the channel downstream from the jcl_m‘n:‘,‘”'c:itisih'g.thé_ channel
ta degrade.  The depth of degradation iy dificult to _C?‘[;llﬂ:i:l:é.ill_‘\:l;lv_il‘tv'}('é,”
hut would depend upon the siope of the wash and the.distance downstream
to the puint where the flow would reswmne its normalavidth: or to a contral -
such as a rock ledge or lake, which would pi‘cvcn‘t}.I"Vurrthc:r;d_égi"ii'dihgﬂia_l:_f'-"
thatpoint. Degrading from this cause mny';11_50‘(_)&\!{'.3_:1_t'hcjmrfu‘\"v' section
of an overchute unless restrained by some form of botrom, protection, and . ’
possibly to a limited extent in the upstream entrance. ‘A‘_'fix'rthc':r_inéffca:‘c"

in the discharge per unit width over that Obeained by narrowing the flow .

from a single wash may occur if the flows froni more than one wash.are

combined.  In a number of cases diversion dirchies were designed to bring

1ogether several washes, in order to reduce che .number ,(Jl',sc‘rui:thré re-

quired.  As explained above, this-will further constrict, ‘the flow, aggra-
vating the eadency to degradation. e D

Another cause of degrading is the holding back of marerial carried down’

by the stream. 1 the water entenng an uvc_-rchutc_15_,fr'cf't':t_rdcd,i-'it:\'vill_A_
deposit part of the material itk;irrids,’:n_ml,-':lftcr"i:\:n,sihg'”tl_ic .‘-rii\t:ircl'ingf;_",‘
section, will again pick upa full Joad of mazerial If the cu_hs_tfl;'tv._idh”‘bf‘f'
the entrance to the overchute s such that the wilter apstream is rerarded,
part of the maerial it carrics will be deposited; and downscream from che-
ceructure a new Joad will be pickel up, ¢qual to that deposited. Thus:
marerial will be carried away from the strean bultmm',-cuu'sing it toides
grade. Since the washes crossed by the Coachella Canal are steep; during o
floods they may carry considerabl¢ loads of solid matéri;ll;,thus'dcgr:adi'hg-
may take place rapidly and Jarge volumes of material may be removed.
Because of the probability that degrading would occur at many of the
Coachella Canal overchutes, and since the depth to which ‘the: botcom
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would be lowered was unceftai\h\‘,"it-‘wan‘nc':ccssii'y'f o design a rype of
strucrure which would be safe under sach -condirions. . To function satis-
facrorily the rype of serucrure which uses astilling pool requiresa tailwacer
level that is reasonably constant for,:lf_givcﬁ'dishhnf};cf,’_‘hmgj’c this type of
structure could nor be used. The device evolve consisted of 4 sloping
chure which could be'extended as the strcam-bot Qii;ifdﬁgrn‘déﬂt"'\’\‘-‘jth-clogc]'},:
spaced baflies on the chute floor to dissipate a'} c part of the ericrgy of -
the falling water as it passed down the chure. oo ‘ Ao
The firse modcls of this type consisted of tepped floor on'a 1.5:1 slape,
see figure 107-A. With- this device the dissiparion ‘of ‘cnergy was not -
sufliciently complere, and the'slope was changed to'3 11, as shown in figure
107-B; with staisfactory resulrs,.w With so flaca slope; however,a very long
structure would: be required .o extend o the depthiso ‘which the. stream’
might be expected to degrade. A 2:1:slope; provided: with closely spaced
baflles, sec figure 107-C, was construcred and produced: very satisfictory -
resules. . o T N A SR,
To investigate this device more thoroughlya 1 15 scale médel of a secrion <

of such a chute was construcred and tested 2§ 'shown inifigure 108-A. " For:

the design discharge of 35 second-feer per fooe of wideh? verydictle scour o5

resulted at the foot of the slope. The bitflles were'3 feec high and 4 feet

6 inches long, and were placed. in staggered rows 6 feee apare.2 The wop

thickness of the baffles was'1 foot and the bortom thickness 2 fect 6 inches.
Piczometric measurements indiczted anaverage pressure of 7.5 feer of! water
on the baffle facc. e e L e T
This form of encrgy- dissipator was applicd _both to: the ‘narrow. over-
chuwes, a model of one.of which is shown:in hgurc 109, and the wide
averchutes. Experiments were' also conducted ‘to”investigate its ‘appli-
cation to several overchutes previously constructed, which were: modificd:
as described below. A sloping floar with baflles-was [S.l#céd‘ in.the center .

~of the downstream side of each chuce, bur it was considered .impracrical -
to build the bafiles on the already compleced sloping floor near the sides. .~ =~

An arrangement of bafiles, wich a low training wall ac the end of the fiest

three rows of bafiles, was devised. This arrangement. may beiseen at the -

right in figure 108-B. The parcof. the model ‘shéwn at the. lefc of the
phatograph was constructed with a vertical wall of the form designed for
the new structures for the wide overpasses. A comparison of the flow on”
the two sides of the structure may be seen in-figure 108-C, - The resulting’
scour in figure 108-B is 2 measure of the effecriveness of the method devised
to modify existing structures and of chat devised for new scructures. - It
will be seen that the scour at the foot of ' modified struceure would be more
severe than at the foor of a scrucrure based on the new design, but that
scour conditions uat the modified structure would still be reasonably

satisfactory,
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be reduced 15 percent under that Tequired to form thc jumip as computcd _
by the formula. The length of thc pool-was set at that rcquu'cd to cover -
the full length of the i jump at maximum dlsch'trgc. A S

It was reasoned that since the model chute was the same wxdth through- o
out and the depth of flow was uniform across it; thc results could'bé applied - "
to similar chutes of v1nous widths,. by dcs:gmng on’ chc b‘ms of dxschargc S

model scale ratios, :z"gencr-zl dmgmm was prcpared see. ﬁqurc 103,, vhi
is nppllcab]c to rcctangulnr stilling pools undcr a w1dc mngc of con

mumn d|sch:1rqc dlwdcd by the w1dth at the pool cn:rancc :
2. The thCOI‘Cthﬂl dcpth di, at the pooI entrance. 1s computcd y‘
dividing 7. by . ‘ a e L
3. The thcorcncal vclocrty, vy, at r.hc pool cntrmce is computcd“ by, e
- the formula’ for ﬂow in srccp chutes’ gwcn by qug in: hzs "Hnndbook. o
of Hydraulics." ‘ v =
4. The theorecical jump dcpth d;., is computcd from thc mo-ncntum E
formula. - S =
5. The experimental jump dcpch i s c:qu'll t{) 8) pcr cent. of o
6. The required stilling-basin ficor, L]C\"lthn 15 cqu.x] to :hc max"‘
mum discharge railwater elevation mmus A s '
7. The required stl]]lng b‘lb]n lcngth Ly is equal to Sd, =
8. The height; b, of the dcmaccd stcp is cqu to d;ior 2;1»/, swhich- "1
ever is larger. : i Sk
9. The height, ba, of baﬂ]r: piers is \_qual 10 M/9
10. The hught .’J;, of sohd end sxll is cqu'nl w0 :I~/9

upstream face. of r.hc baIHc piers is cqua] to I/3
12. The top dimensions of the balfic piers and end 5111
lsngth of the basin are- cqu1l to hsfd'and hyf4 n.bpccnw.ly - ‘
13. The width of the teéth of the dentated srcp .md rh<. buIIlc plcrs
is equal to &y, and their spacing is <:qu-11 o 24y o P
14. The tecth of the dentated aproa’ and 'the baﬂk‘_p Ty | should bc
staggeeed, with no blocks or. teeth against. thc sidewalls, and one "
more bafile pier than tecth in the dentated apron, o i
15. The back slopes of the baﬂla_ plcrs :md cnd 3111 may bc auch. as.ro :
be the most economical.  * PRyt
16. The slope of the downstream excavacion- ll‘l'l)’ vary fmm hDI‘l-
zonral to 1:6. = :
17.. The chute slope entering the pool m.t} vary .from honzontal to
1:1.
B MG A9 13
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. CANAL STRUCTURES ‘ RN

The foregoing diagram and rules apply only when the inflowing water'is "
aniformly distributed across the width of the'poal. .© e
Two wasteways enter at. the sides of the Gil ‘Canal -overchute stilling: - -
pool, see fignre 102-B. Tr was ceasoned thac since tl}e*ﬂowgihydughfthcsc o
seructures as well as the overchute would be j'mé:r}hitj"tcnt.';ind'_‘uncdntrié]1&(}; o
the flow in the prototype stilling pool would most p'robabl_y_bé“;distfiﬁ“u‘tjéd-'_
unequally, and without special” provisidhf the rcsi_llqing-'?h')}dr:;tulit«?j:umpj,-
would be unsatisfactory. Onc solution’considered ‘was tohave separats
stilling pools for the gates -and overchute. " This would  requirca lower. .
floor in the wasteway pools to produce’ the hydraulic jump,:and ‘dividing -
walls berween the pools, both of which would be expensive. . After exten-

sive investigarion, involving about 60 different tests, a solution was devel-

oped which did not require a lowered ‘floor for the waStgwayl‘;slu'itc It
consisted of higher bafflle piers with no stepped apron in front.of the sluicc -

outlets, as shown in figure 102-B. The three blocks nearest the sides'were .
increased in height to 4 feet, the next two 10 3 feet, and thg:;_rcrh'nind'cr‘wc:ré i

pachanged in height at’2 feer with their front fices 12 feet upstream from - -

the end of the concrere floor. ~ The stepped apron in front of the overchute - ™
was raised to a height of 3 feer, while tne end-sill was ‘u(hchdrig'c‘:d SWith
this solurion a satisfacrory action of the stilling pool resulred ‘nnderall
combinations of flow. o fp T N SR
102. Studies for the Coachella Overchutes—Sinie there were:about 50
overchute structures along the Coachella ‘Branch Canal, it was impractical .
to model each structure, bur the. importance of warking out the: raper
design for cach of them was very: grcnt.““‘_Tht'rstfﬁ;tﬁrés ‘were thereforc’
divided into threc gencral types, and derailed. stadies w:::i“‘c":'xﬁ:idé?_c‘)r‘x':,‘o:ié".]'
typical scructure of each type. The “fesuls of cach’ study, with  minor:
changes as required, were then applied to all structures within that classi=
fication. The three cases. studicd were as follows: " {1)7. COMPATRLIV

narrow structure for small washes, with concrete sides and botto
a contracting entrance scction and expanding outler section '

611 banks, the canal passing beneath the overchute in 2 siphon of crapezoidal -

cross scction as shown in figure 104; (2):;1.‘widc‘:f‘s;tucpm‘t’forz;dnéé;_c‘:ir?.mc)rc': .
large washes, consisting of paved. side walls, inlet coniractio i:and ‘outlet”

cxpansion, but with unpaved botrom, the canal pzi_s's:ingfbgn_c;iﬁt; in a:rec-
tangular, double-barrel siphon as shown infigure 105;.(3) a wide stracture

for large flows, with unpaved botrair :and with training walls of ‘carth
embankment protected by riprap, clossing; over: 3 round; . single-barrel ©
siphon decply buried and protected by riprap and sheet piling.. “Inall cases
studied the width of the opening through which the watcr‘wou_ld?-_ﬂ(:)w was. -

considerably less than the width of the wash, because the cost of a'siphon.. .

wide cnough ta cover th: full svash widch would have been prohibitive.
1 Locher, Fred, #)Model Studies of e Coachella Cs:al Wash Overchutes, Ml—'Mn‘erEm'n‘ Cana) ‘System,
California,” Hyd. Lab. Report No. 111 (unptiblished), par. of Recl,, April 20,102, °
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132 MODEL STUDIES OF IMPERIAL DAM

The original dcsxgn of the’ typlcal narrow - ovcrchutc, case 1 ‘sec ﬁgurc
104, showed excessive scout for all valués of wash slopc tested, because of
¢he concentration of flow produccd Following the: lessons learned in the
Fortuna wasteway, an attempt was made’ to sprcad thc ‘steam after At
passcd over the canal siphon, by bmldmg [WO Cross. wwlls in'the: cxpandmg ‘
section to form a-double stiiling -pool, ‘as shown in’ ﬁgurc 106-A. ‘This |
form proved reasonably s.ttnsfacmry for cascs where the canal botrom down- -
strcam from the overchuee did not degrade.  For. the wide ovérchute with
rectangular stphon case 2, the original desifn also] provcd to be madcquatc. -
The double-jump type of pool developed:for the: narmw‘ovcr(.hutc 'was
investigated, buc the resules were unqat:qfncrory ~Continued. rrial’ cvcnt-:'
ually cvolved the form shown in'figure 106-B, which showcd "'cry little
scour for nondegrading. condltlons “A it scudy was given to casc 3,
the round-barrel siphon, - but no sansﬁctory solution:was rcachcd “This
was not important, since the dc:.lgn was an. altcrnamrc for c-uc 2 and thc o
latter could thercfore he. subsututed ‘ o "

PART PLAN SR
© PART PLAW

; : Narernl qfo;lnd : £ apgs
) 1171 -wv'uce_--f;
b
s : ) v lﬂaemnq-:“-‘
Learm ) B AR ;
SECTION B-B . - SECTION A-A
A : ERRRINES I
:DOUBLE-JUMP STILLING PODL DESIGNED FOR sT!LLING POOL DEVELUPED FOR WIDE WERWTE#
NARROW OVERCHUTES OF COAGHELLA CANAL OF mGNELLA CANAL

FIGURE 106—RECOMMENDED DESIGN ‘OF STILLING POOLS FOR. OVERCHUTES
OF COACHELLA CANAL.
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103, Development of Overchutes to Withstand Degradation.—In the -
experiments leading to the development of the overchutes for the Coachella

Canal previously discussed, ic:becamc. evident that scrious cffcces would:
result on the stability of the strucrures if degradation were to take place..
Furchermore, a study of conditions along the ‘canal:led to the ‘conclusion: . .

that degradation would likely occur at many.of the structures. .

The degrading of the strcam. bed downstream from ‘an overchute may.

result from one of twa causes, or from a combination of both. . Thesimplest.

cause is the contraction of the flow into ‘a narcower’ channel by:the over-

chute. The washes crossing the Coachella Canal. are generally:vs fy;Widc C

and the watcr flows over them’ in a shallow sheet:  As previously imen-

tioned, for ecanomic reasons:the width of each overchute was:made less

than the width of the wash. During. ﬂoqd]‘ifidw-."fhff_‘:_:‘:d‘isl:_hijtfgc_ per unit
width through the overchute will therefore be much greater than it would P

The greater-unit di

have been in the wash had no overchute been' buile,: . T 5= .
charge through the averchute will. have ‘more transporting - power, than -
the normal flow in the wash, and will cherefore c_mjffy";1_ii'é‘s"_f""r'ﬁta,t‘k:hiali‘cﬁ‘bmi_ :
the bottom of the channel downstream from the chute, causing the chanael
to degrade. The depth of degradation is difficulr to estimarc in advance;
but would depend upon the siope of the wash and the distance downstream’

to the point where the flow would resume its normal width; or to a‘control -
such as a rock ledge or lake, which would: prevent further degrading.at
that point.  Degrading from this cause may also‘occur ifi the narrow section

of an overchute unless restrained by some form of botrom protection,-and . -
possibly to a limited extent in the upscrean enfrance. A further increasc”
in the discharge per unit width over ‘that obeained by ‘narrowingthe: flow,
from a single wash may-occur if 't_héfﬂoivs.ffoﬁl-'m‘c:)r‘cl‘th_a'lj'f&ohg:iwlaShu:a:&
combined. In a number of cases diversion ditches were designe 0 bring
together several washes, in order o reduce. the ‘number. of structures’re:
quired. As explained above, chis will further coustrict: che: flow, aggr
vating the tendency to degradarion.c S0 LA

Another causc of degrading is the holding back of material arricd ‘down.

by the stream. If the warter entniog. an overchute -is retarded, it wrill -

deposit parc of the material it carrics, and, after’ passing the retarding . ©
section, will again pick up a full load of matcrial. ~If the construction of

the entrance to the overchute is such that the watet. upstreain is retarded, e

parr of the material it carries will be deposited; and downstream from che
structure a new load will be: picked up, cqual.f_‘to‘-tha.t_.dtj:'pOSitc'd._u $Thus
material will be carricd away from the stream.bottom, causing: it:to: de=

grade.” Since the washes crossed by the Coachella Canal are _stci:p,.du‘fing"u:' .

floods they may carry considerable loads of solid material; thus degrading -
may take place rapidly and large volumes of materizl may be removed. -

Because of the probability thar degrading would occur at many of the
Coachella Canal overchutes, acd since the 'dcpth to which -the  bottom
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would be lnwcrcd was uncertain, it was; ncccssnry to dcslgn a t}pc nf
structure which would .be safe undet such' conditions. To function:satis-
factorily the type of structure wh)ch uses'a Stl”lng pool’ rcqu:rcq a ta:lwatcr
level thar is reasonably constant for xgiven dlschargc ‘hence this type of
structure could not be used. “The device evolved consisted: sloping
chure which could be extended as the stream bottont dcgr.ldcd;' wu:h closely
spaced baflles on the chute floor to d:ssnp.u:c a lnrgc part of ‘the cncrgy of
the falling watcr as it passed down the chuze:

The first models of this cype cnnstsrcd of a srcppcd floor ona 51 s]ope,
see ﬁgurc 107-A.  With this’ dcv:cc thc dxsslpnuon of cucrgy was not

107-B, with st-usfnctory results. W:l:h so flag a: sIo d_ﬁcry' long

structure would be required.to cxrcnd to the: dcpth ‘tO whxch the stream :
might be expected ta degrade.” ‘A 2:1° ‘:lopc provided v1tl ' closcly spaccd;:

baffles, see ﬁgurc ]O7~C was., construcrcd :md'
rcsultb ' '

the design discharge of 35 second- fcct per fooi: of. wxdth,‘:vcry little scour
resulted at the foot of the slope. “The baffles 'were!3 feet hlgh and 4 feet -
The: tnp'-

6 inches Jong, and were placed in staggered rows 6 feet:; ‘apa
thickness of the baffles was 1 foot and the bottom thlckncqs 2fect’§ inches.
Piczometric measurcments mduatcd an avcragc prcssurc of7:5 feet of water
on the baflle face. ' : &
This form of energy. dxssxpn:or was. appl:; ‘both’ to: th narrow over-
chutes, a model. of one of which is'shown’in _ﬁgurc! 109,-and ‘the wide
overchutes.  Experiments were also conduceéd ‘to. investigate its’ apph-
cation to scveral overchutes previously Constructed, which ‘werc: modxﬁcd

as described below, A’ slopmg floor with. bnfﬂcs was’ plm.cd in the ccmcr‘s

of the downstream side of each chute; buc: 1:;(’ vas’ consxdcrcd
to build the baflles on the already complcrcd } _
An arrangement of baffles, with.a. low, training: wall at the end of the first
three rows of baffles, was dcwscd Thls .lrrnng.,cmcnt mny bc accn at ‘the

mpnctxcal

right in figure 108-B. The part of the ‘model: shown at: the lcfr of. the

photograph was constructed avith a- vcrtzcﬂ wall of thc for
the new structures for the wide ovcrpasscs A companson of thc ﬂow on
the two sides of the structure may.be scen in figure 108-C.. _The: rcsulrmg
scour in figure 108-B is a measure of the cffectivencss of chc mcthod devised

to modify cxisting structures and of that devised for.acw. strucrures. " Ir .
~ill be scen thac the scour at the foot of a-modified structure would be more
scvere than at the foot of astructure based on the new design, but that

scour conditions “at the modified structurc would still “be rcnsonabl)
satisfactory.

loping floor. near ‘the sides.

2Rk
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