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. .~ For a- canal to. be stablo tho banks must ot - slough or"
slida, ond the bottm and sidos: migt: ‘noithor silt: nor ‘scour, To.
'obtain ‘thoso - conditions: roquiros tho considorntion or 2. numbor. of _
factars. This raport ‘dvos not: doal in ‘dotail with aloughing ‘or R L
sliding, ainco ﬂtablo nlopes ror the varioua soils ia compurativaly LU e
woll known - i " s R L S

S To provnnt silting or: scouring of tho bod it is nocos-‘7.€?~--
*sary'to havae a volocity clong tho ‘bed . aurficiont to: movn all ol tho :
matorial which is brought into the . canal, nnﬁ'yet not ao high as '
tn cauzo scour uf tho subgrude or tho cannl» 5

‘ Tho rIOW1ng watcr will not attacthho;nubgrada unlcsv 1ts
velocity ia moro- “than . surricicnt 0 move :tho- moterial: brought dnto.
‘tho' ecanal. - The oxcosai of volocity ‘ovor .that: roquired to movo this _¥-=v
matorial which will attack tho cannl subgrado dcpcnds upon tho mn-‘=v
terial of" whlch tho subgrudo is compoaod. X _;__‘$;,» S

: In ordor: thut tho bunks mny noither silt nor | scour thn S
valocitios along thom must bo' sufficicnt to . praove dopoaition o
but not sufficicnt to cause’ scour:of:the. material? ich they are
composeds - as a-practiecl mitter o :8light cmount .of silting on- tha _:',
sidos is not- ospociully datrimontnl ond froqucntly takes pluca, an“‘-"
that tho important’ requirement “is tho' provontion ‘of ‘scour nnd: ox=
cosaive deposition. Tho: mnxinmm nllownble vulocity long the ‘banka
dopends: upon the matorinl’ or which thoy are’ camposcd., The motoriul
on the sides is also actod upon by the’ fo“ce of : gravity: which GS"
sists the water ‘in tending 40 cause motion,. The sidos>will ‘thore
foro scour undor amnllor velocitios thnn tho bottam

Tho r}tio botwnon tha vnlocity act the aid n
that on ‘tho bottam deponds upon tho rotio of tho :bed ‘width ‘of ‘tho
canil to tho depth, - The groatoxr’ ‘thio lnttor rntio tho groat&r will
bo tho roatio of the volocity acting on the bottam to- thdt actinG
-on tho sides, The bod width-dopth rutio roquirod for a’ stablo chnn-;* RS
nol is that which will bring tho ‘Propor ratic of volocity octing on j”*" L
tho bottam to that ucting on the sidos, - conditiona Which: roquira
high velocitios acting on tho bottonm, ag- cumparod with thoao nhich
miy bo pormittod to act on tho sidos,” roquire high- r“tioa of -bed.
width to depth. ' For oxnmplo, cnals - Currying o heavy: bod 1oad An-
friablo mntorial roguirc ‘high volocitigs ‘on-thoe ibod: t0 ‘move the
lond and lov volocitios tlong: tho ‘banks to prcvnnt cutting ‘tham; R
in other words, a high ratio of- bottan ‘volocity .to sido wveloeity,:
and thorofora n hig bhod uidth-dopth rﬁtio.‘ 0qnh1“_w1th ‘amell bed

=




. _ locds 1n rriublo mntorial do not roquiro auch high volocities along
tho bottaom: to trunspart the ‘bed 1oud ‘ond ‘the rn*ic ‘of this’ owor: .
veloelty, 'V Tga to:tho: pormiasiblo aidn “veloeity’ vg ‘ean” thorofcre to-

mmaller. - ‘gorrect: r“tioa for: othor conditionn can‘be*datorminud'
by tho application of : thoso principlea. R R

Tt is bolioved that: this roport outlinos ‘the: ma;jor prin-‘-.’i-‘ =
-ciplos vhich" conirol.: st¢blo chAnnol ;ghepos and - ‘wvolocities, Suffi~ L
‘cient datn i not yot ot hand ‘to onnble quantitttivo: ‘applicotion uffff”usz' .
of thom to bo mado but this investigation in: being ‘continucd und’. R PR
it is bolioved thnt mnro dcf*nitcxroault ill bcyrorthcaming._“-;---t* SR




"f.XEngliéhfgygtom‘ﬁéédcuﬁiéssf§fhdfﬁiéegdﬁ##dd:T

. m°°“ ':".T.Olo.czity‘-x .
?fﬁlOCity‘no ar tho bottqm .

= vulocity nonr tho Sidcs e

bed width -

.'dcpth‘

avcrﬁgc'dcﬁfh :

eritical- volocit" ﬁom thc stnrdpoint of ..111:1,1{5 ‘

”idth
onn ’udth -
slopo (f“ll -'leﬂgtl)

diucharg¢ 14. c ﬂd 1cet

ailt I‘Cc‘bm:' = \/p‘l‘rttclc di mcﬁ;f :m‘ ‘inchos
“hydrcullc radius -‘\ :
‘diﬁmotor of puruiclo 1n inchos; T
"oﬂ of W'tcr cro~a sucflon
vmttcd pornmto:r” |

'oxponcnt in fcmul'* of' Knnrcdy tyjpc

‘coofﬁcicnt in i‘omul-'l ox Konncdy ty-po

s B EHAELIS 6 DB b a2




" The followin(;_j,'repprt»'gifv‘e_e::';‘-zs‘t'ﬁ,_e‘ir_éé_iij_.ffﬁ"_‘-:?-‘s‘t_i"i_}'l'.i'é‘fs;made_.‘to"
date on the problem of selaatingﬁqwnonésilt1p5gcanal?aactiqniror:

the All-imerican Canal. This -marorandun extends the study of thi
sudjoet roportédiin'tho‘mpmaranddm;}NqaGll4,$ﬂNo;es*bnﬁthe}siltﬂ
Problen of the All-American Canal;" by ,§w'izanq,<dat¢dgngéambq'
19g9. 'Sﬁnce‘oxtra'hopies%offthigfmembr&ndumLareQnOtQavdilabieyiQnd
8 wider lknowlodge of ‘the: subject’ has 1load to/somowhat ‘changed view-
points,‘sumcaof’thc:mutcriélfon~this;supjcc ~eontained ‘in that re- .
port‘has‘boenlwbrked‘over”and]plaéédxinﬂthis?rdﬁéﬁtﬁﬁithFsuchgmode”“‘
iricationa‘as.thb?bottdp[knovIOdga_of};hoﬁsubjpct%iﬁdica;qd;Qﬁmhis17

_ roport*isypreparcd?infcrd¢rftbfhavoﬁavgilablaﬁjhg:pesfgpagalblqjiﬁ;ﬁ
formation for tho dcsr@ﬁfﬁf5Fh°°°fp°3P1°n$PQf*¢h¢fAll‘%mbricthcgnhlf
which maywbo;eonstructddﬂundurﬂtpdjbﬁqrgancyﬁpublicpwcfkgﬁapprppri;,
ations. ".llthomh‘iﬁt..'jifsfbg_l_ic'vcd”_thqtg:}j_it};db'os,?,'cfont’ in“valuable ‘in~
formation and that the: conclusions .stated ‘are sound: as:far as thoy

80, it must be”rGCOgnizcdqthqt%thiéfmthfandﬁmgisﬁbgli{a;rapbrxnon

progreas, ‘and. that further .studies may modify or chango:cntirely

som0 . of the loss ‘important. come lusions.- In order’to make this re.
-Part:morc. 1atolliziblo ‘to’ those who may ‘fot have an ‘intimats: lnowl
‘0dge of tho problems of tho ~All-fmorican: Canal, & by ief:gtatomont
of thO‘COBditiODS*SurroundinsﬂthLS?largcfirrignt;bh?projéctfié“aqu,

included. L Ve ARSI e W e s e

. Tho All-imoriecr . Canal 13 ‘plannad to ke wator from the
_ lowor Colorado nivcrxundecgrrywit@to;th¢ﬁland “1ying
f and Coachelln valloys. by ' rou ying : '
States,  Tho Imporial v:
‘4 privately-owmod canzl sys

tho Republic o Norico, -

suspended 3ilt is extromely ‘

0.0?5 mm, (04003 ine} in @.émetor.. ‘ OXin
1.2 feet per mile, Tho usge of this very ailty water in the ‘Imperial:

Valley has 1lod to grcat*dirriculty*and_an;aiponsb'oatiméthgatlaﬁ;ﬁF?f.f{‘*

proximately 31,400,000‘por.y0ar for drcdging;,canallclbaningTahd;1§nd.‘ﬂu
lovoling. : ' . o . i R ;

i




Before the All-American cana¢ is finished, 1t 1s expected
that the Boulder Dan, : now under construction, 303 ‘miles:above the
_proposed headworks, will be: completed. This dam- will bo 725 foat

high and: rorm.a:rasorvoir of . $0@§00,000gqcrgifqotjma;imum;QQPQQ;tx,"'

-1nt8k5‘wﬁich'willJSfojfﬁr‘ ; , ,
that point.  Tho- 811t which roachos tho” intako will' thurcroro o

- only that pickod up fram'thd' banks and bad of the rivor bolow thoﬂ‘;"'hw '

lowor Qam and tho. smail quantity brought An: by tho tributariea to
the river betwoon tno lower: dam and ‘tho. intako, .The:: problams to-
bo solved in: thes dosign of thia cannl, JhiCh will havo .a- maximum

: capacity ©of 15,000 sccond fcet, includo prcdiction of the: quantity
and quality ol gilt- whieh in. futurc ‘yoars’ vill be': brought toitho-

. e8nal hoadworks, ‘thc: best: mcthou of’ dispoaing of" this ﬂilt, and

© tho cross seetion shapc' nnd- valocitics” neeossary in thg capal in

order -that it Ay ncitho‘=silt“norqscour.'gThiu roport dcalu.7ith e
.the lntter problcm only. SR s o

HIS”ORY OF NOu-SILTING CANAL SECTION_STUDIEB

, Moat of - thu study of the problum ol on—silting chnal
L sectionu has 'boon made” by the : Briuish ongincors An’ Indid
"~ noction” with the lnrru irrigutionf rojccts o ﬁthat country
- ‘cortain mount has algo: ‘beon ;done “in" Egypt[l '
the 1rri~ation Wbrku on’ the Hilo “ha

utod:by:this- country. _ '
ing intorost: bR EFRRAR d _ nd
1% 15 now ‘boing attackod: from. mony anglos’ 'by onumbor of res are
. mon. . Out of thiu 1ntorcst vill_no‘doubt gro ; \ ) Progro

_ The rirat study or non-ailting capal: ctiona wasamade

."by R. Ga Kbnnedy (Rai. 1)e His WOTK. is'aidlasaic dn tnis field
;and’ has resulted in- the saving of. ”1llione of dolla‘s +in :
‘the cost of cleaning out irri e “In

Unfertunately, ‘1ike: most outstanding studies, it : )
rrestige that: fOr many-yaars littlo furthor prosress alongﬁthis
lino was: made. ; S -

: In his paper L&. Kbnnedy gavo thc result of moasuremonts
of “bed widths and "full SupDly” dopths on. ‘about 22" ‘canals in’ tho.

Lower -Bari Doab ecanal - systeom tn which the channols had becounﬂ sta—' N

~ ble and soveral moro whieh ha
also 89vc the "full supply” 4
Tram this discharvc &nd tho fall- supply area, From this data hc-




‘daveloped a ronmulancf(thelt?psfvb1é}cd#?whichjqxprgésgd,withQraé
_ sonableTaceuracyfthe'relatipn”betwuen;tha;criticgl;meagwyplocityg
Vo and:the?depth»d,ﬁaS“indicated‘by&théiresults§¢rith9{measurameﬁt"
‘Ibr‘the.waer;Bari.Doab;‘c?wa;?0;84ﬂaﬁdfﬁfﬁasf0:§4a:ﬁxpngaﬂyvgxpec
ed G to vary with the quality and quantity of &ilt; but thought m
wouldnbe?nearlyﬂconstant;“TdnfFigurdﬁl;1Bﬂ9h6pnéaflinefg;?ing;thq
_ valocitiasacorraquﬁding*toithd varidugﬁdepthsgaccdﬁdingﬁto;thisﬂA
‘_equation.f?Thef1dCalfconditidnsiinﬁludnpins‘thcsqgbhsarvatiohséandﬁ; S
-'Mr, Kennody's conclusions'will bcfgifon'mquwin'dqtdilflatgr;in}this;,;;jh -

In 1895 L, Konnody issued & sot of hydraulic diagrams to

81d in tho dosisn of non-silting chamnels. 'In 1904 hc gave a rough =~ =
rulo for:the:relation of : 1dth ' to depth in non=gilt & canulg fRof, '§), i

a acqondﬂoditionférpgydruﬁliCjbiugr&m;E(de;ﬁs)ﬁﬁiJm‘ssuéd;in¢;9q7,¢ S
in which Mr. Kbnnedy;roprintdd?théjo;iginal?pqper-andladdeaanfgjf‘j*‘f;_j“j
tonded diacussionrto,clodr;up{somo“of-thcjobsquC”pointsgandfto@givo;-!_;ff*

the rdsults‘of‘his'cxpcriohco“aiﬁcdqtho,?i:qtppapox‘WQSEppintoﬂ.‘fj“_ Nt
Mr. Kbnnedyfsrworkfsothbecnmcg@xtons;vqugusdd:thrdnghcu;uf
India and bbscrvqtionSlnéroumadd“OﬁithbfﬂitqhésﬁPf{OthQr“1riigﬂtibh;,”
systems and a;nﬁmbarﬁorrothcr.dquatibnsﬁorithoiﬁnmqjtypoias~hisgﬁpro‘
dovolopod,.éuitablcntOfiheﬁvnriouaﬁlocalbcpnditibhs;1ﬁ0héJOrYthepb_r
wag for tho Godavari Westorn Dolta and tho Kistna Wostorn Dolta in
Madras (Rof, 7). G R e e e e e e

S - In 1915fd;SGtgdfghydrdulideidgramsifprﬁthefdcsignﬁof”n'j'
channels was put out by Capt. A, Gorrott which-doal
ing channols (Rof. 8) which is exuenaivoly used in:

inces., L e SN Of

In 1917 F. W. Woods proposcd (RoT. 2):tho use of ir
ratios of depth;to‘width;\baﬁed{anﬂaninnulyaisfbfantq}fébmktho?T
Iownr:chonab'CQnal‘3y§tqﬁ;“ﬁln¥l9l9Lthdéroquljs' T an-oxtonsive an
alysis of cahal:dimonsibns‘ormthegtbwa:fchénabhcanhlﬁﬁiﬁE;ﬁS:i |0

found for thoso. camals n

loy wao publishod (Rof. 3). . Lindloy
=4 :=faﬁd"i:aj ola

- eritical velocity rolation Vo' = 0,9540s
width to dopth of B = 3,841.61, . -0 &

;In51927?Mr..wbods (ﬁbf;‘4)fbfépbéédauwgbnofalffbrﬁhlnff-'1 :

covering volocity, avorage depth, mocn width and slopo, oa follows:

'8 " 2 lI‘ logloqfsx'ci(x:)o‘ |
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Thess - ‘tormulae cover not only the dopth and width but alao thc~dis~- -
'cherga and slope, According to tham, rur a given dischnrgs there e
is & gingle condition: of dnpth width and elope which will produce B
a stable channel. Lo U B

In 1028 ¥r. W. T.,Bottomlﬂy (Ref. 9) put forward the - hsa"]‘
‘that non-ailting, nun-scouring 1rrigation channals would be aecured
~1f' the alope of the canaliwas of ‘the . ‘sameo . order ‘as that or the ‘par

ent river regardloss of the rolation or,wiath to dcpth and‘tho ahapé
of the- channol. o e : : -

» S I 1930 an: oxtensivo discuasion of thia eubject (Rof.:lB
‘was presonted by Mra Gerald lacoy 1n which ho advancod tho; ‘proposi-
‘tien that tho. wottcd porimoter.of: stable “cheanncl wag-a’ simple func—.
‘tilon df tho square root ol ‘the ‘dischargo (P'= 2.668Q0, 5) ‘andthat -~ !
‘tho shApo of the section. doponded upon tho finomess:of. tho silt iar-. [
ried,:coarsc silt. glving riae to wido shallow soctions and fino silt{ i : :

to narrou, doep onos.,,.-‘= Sl e S '

o B e
Ho dovolonod the formula Q f2 - .8 V &nd Vb - .17 VIR

in which fis a:silt factor rolated to. the diamotor ‘o1 thc bed ma-';jf""
terial by the oxprassion T “'B /ﬁ'whcro ‘Diia in’ 1nchns.~ Fram thosegwafL.q?;
formulae’, knowing tho Q ‘of: tho ditch Vb, A and R can he ccmputod.; R

The forogoing authoritios havu dovulppcd thuir ideaa al” 5
most entirely from oxpcrionco in India, “Tho ‘result of- oxperiﬂnce
on canals in Egypt is.ziven by: ‘Molesverth and. Ybnidunla [1922)
(Ror., 10). Thoy givo a gcneral rormula in*Engl*sh unlts-“

(gosos + 0.725) \/f

as dcvalnpod from a: careful oxaminatiqniofra.largp number .of
nizod. good Egyptian canals.-- i :

‘A5 a res ult' or further oxporionca,
devolops the adjuatmont of tho rcrmuffA“‘

d = (gosos + o 725)’\/‘

givnn abova, for canals of depths or 1.5 m.;fb.zﬁ foet) and lmsnm

l f d = 0 0025 (1ooooos + 812 S b

The above formulu is in Engiish units.

" In addition to “the gcnoral formulue proposod by vorious'
invastigators a lﬁrgo nuzber of special formulae of the Kennedy
type have. bocn devoloprd. These oare listed on Table Nc. I.

B H
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SUMMARY 0“ PREVIOUS STABLE CHANNEL FORMULKE

The rcnmulaa dcvelopod for stabla channels fall 1nto two
claasifications: (a) those giving.an expreasion Tor velocity, andw«
(b) those giving atable: cbsnrel 'shapas, . Tnobe 'in the first claas,;
take the form of the Kennedy aqueticn Vo = cdl./ 'In most’ 'of these =
n has been taken as O 64, "the: valuo developcd b; ,Lnnnody. Im 511
cases the valuo of C-tas: const&nt for a 5ivan 1ocality or: canal
system. Konnedy bclioved that: o} would vﬂrf with both tho 8ize: and
quantity of silt, but. dia not: ampansize tho effoct of . quantity of
silt as mueh as’ quulity -and’ as ‘a result it has bocn ldr"cly lost
sight of by othor -students of thc subjcct.ﬁ}HL did not bol evc,thatﬁ?
the valuo of n WOuld chango greatly. o :’ . v :tif' i

A formula of the annodJ type indicates that tho criticalw

voloeity incroagcs with tho’ dopth thuats oxncrienco "hOWs that asg! thef'ffif*}J

depth 1s inercased a- velocity s finally Toached where - the banks
‘bogin to.erode, ' Eomnedy belicved that tho limiting volocity vas"
matter of experionce, and: ‘Zevo: limiting valuos which corrnvpond to
dopths of about 9 to 1-1/2-feot. This had ‘tho offoct of liniting
the dopths  of canals dosignod according to hia: Tules to thoss depth;
-No data on this 1imitation‘are available for the- conditions under

which any of tho: other formuluo ‘of: tho KbnnodV’typo wnrc developod.A,“

Of thc fomulae of thO sacond ty’po Lindloy givos a: rcla__:v.

tion.or critical. velocity to depth angd" bad: width but suguests no’
modifications for quOIity or quantitg of: silt. Woods gives: rold-:‘

tions for moan dopth, volocity, and | Blope, but like Lindloy makos e

‘no puggestion that thesc: rel&tiona ‘mightibo' inrluenccd by-quantity

or quality of" thQ silt. _ B1ives:channol’ shapes:-and: volocities
20-0f the 8ilt groin bu dbes*not
ljto bo transportad'“

relation of depth to Critical velocity, as: dﬁtermined from all
‘availsble observations on actual: ‘ditches, ' ‘Thess show: at‘aﬁglanl
“that for a given depth of Tlow there is.a- tremendous: varistion: 4in:
critical veloelty, ' The line repreeonting Kennedy ' s- ‘data- 48 ahown
heavior than the remnindor. “Tha veriations Tange. approximately
“from 46% to 208% of- hannody's results o tho highest vnlue over .
‘450% of the 1owest.;> - e ‘ L
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The local ccnditions undar which moat cf these formulae
were ‘developed .is' not . lmowm in detall. ‘Tn'a genera1 way, however
1t 15 bolieved that the sily of :the Nile River is Tiner ‘than’ tnat”_,;
of Ravi Rivor, from which water is. drawm . Lor: the ‘Lower . Bari ‘Doab i
Canal, an which. Mr. Iennodyrs: obsarvatiﬂns wero mads.’ ‘Tho lower DA
vclocities 'found for the. Exyptian cunils ag’ compared with' konnc@y's b
‘15 thorcforo consiutont with tho volsiion of’ deoy's oquation :ﬁ“”’.f '
Qr2'=:3.8 V,5, that fincr material rosults in lower. eritical ‘voloe-
itios. But 1t is also ynoim’, that tho ailt of ‘the Colorado Rivcr
and tributary Imporial:Valley canals dg fin::.than that of: the ;15;
Ravi, but tho eritical: vcloeitios ‘ars. hiohor “in: tﬁu chc of thof.;¢;}

Inpcrinl Valloy canals., This - contrﬂry to tho xclﬂtion givan
by Mr. Lﬂccy._- / LR S

"1

GOMPARIouA 01 FDRMUIAE FOR WIDTH—DEPTH RELATIO

A ccmpurison similar to that oft the criticﬂl volocity e

relations wms wlso midc ol the. varlous formulao ‘Tor: The ‘rolation - o
ol bod width to. dcnth.; Tho. Tosults: are shown .on: Firurc E,ﬁ“hichﬁ,ﬁz;
8ivos tho relsition of bed: Width to “dopth’ Tor ‘the. nrincin“l Loro oo
mulac and- somo of the 4244, Tho Wood's Tormula BotE oxpressod

as been”chdnaod to tennd‘oi bcd
W1dth b3 assuming aide sloPes 1/2 1ol e o

' “The data for ch&nnel ;ﬁs
1/2 1 side slopes) for threa aizes
‘The finesgt of. these, 0, 0020 inchos
correspondinb in-gize o the’
thchmparialfvalloy;qandls;

roposedrby G;'Lacoy'(usingﬁ
T material: aré~also*shown
#in iameter“t

Y The Punjab (hannedy)jdnta;i
givon by Kbnnedy fox tho
.81d9 slopes

of tha: slop and- an gquation whicn dOpOLdunt o
- 'on tho ‘slope," four slopos bcing given.  Holow. 1.52 motero»(o.Sav\
foot) modificatlcn .oT the. Mblcswcrth-Ybnlduni ormula; ‘givon. -
by A. BJ 'Buckloy has’bcon used, bascd .on. aata: which has, becn
collocted sinco tho other formuly. %3S proposed. “Tho Topuit,
soction,; said to.be: widcly uscd in Egypt is also shown, ‘Two L
vilucs Qrc given of ctnole with 46 foot bod: width which: 11lus< o

tratos the widaely v:rjing depth whicn will givc Utablb qthCS ‘f“'- 5
undcr differont: condi*ions. ‘ o : :

s
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This data for tha bed widxh-dapth relation shows ovun _,y
greater variation than the ‘depth- critical-velocity relationa ahown
on Figure 2, For a S-foot dopth,ﬁthe Kolesworth-Yenidunia: formula :;;
without the slope fmcter ;. ~8ives a: bed widthiof 644 Teet and the‘qg fj
‘Lindley: eqnation givos o0.0 feat: ar a’ ratio of maximum 1o mtnhmmn
of 781%. Somo of tho Imperial Vaolley data indieute even highar - e
ratios than givon by tho. Lindloy formula, = Tho wido rangc docos not
seom to bo ‘duo ‘to variation in'the: ‘aize- ol tho ailt for whilo tho
Egyptian data:is- beliovud to be for finor gi1% than':itho Indian: data
of Woods and Lindloy, 1ost o the Imporial Yalley data, ‘which aro

also for fino silt, givo ovan highor bcd widthvdopth ratios than
oithor Ldndloy or ?ood.. ‘ : : S e R

FACTCRS AF?ECTING STABLE CHANNEL SHAP

: . Asa rosult of tho wido rango of critlcal volocitios and
bod width-dopth ralations. ‘found ‘on. ‘tho canals iin . ‘tho: difrcront parts
of ‘the world, and tio lack of -any: roudily upparunt consistoncy in
tho variatinns it was clecr that At :tho factors controlling this
variotion could not bo dotermincd ‘1t would not be safo to -

of -tho rolations given by ox1st1ng rozmulna for the dosidn ‘of. tho

- sactions of tho All -Americen Canal, - Although ‘these :Tormulae no.
-doubt provide workablc rclations for tho' cenditions for: which *hOJ
.-waro dovslopod thoso conditions havo not been dolinontod suffif

“ond thoir r011tion8 to o:ch ofhor.

a detarnﬂ.nation of stablo chamnal ah;‘.\poa"

Eydraulic factoruu f‘Vi*"
‘ Roughnoss 3
“Hydraulic radiua ‘or dcpth
- Voloeity
e U UMean volocity
o ‘Velocity distributiqn

Tbmpcrﬂturo:j
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Chennel Shape e
- Width .
Depth SRR
Side slopes?.'-- e

"Nature of material :
Material tronsported
' Qunlity
' ‘Size
Shupa
Spocii‘ic:
Disparaion
: Quanti‘by o
Bank and suLJude mtartul.-

Miscellunenus
Alie:nmont :
Uniiormity oI‘ ilow
Aging L

In arrivin': ut ia rational golution ‘of the problem T
steble " channels it is" reéeas&ry £t ,?'conaider ‘all of ‘theav ract :
and ‘'determine as accurately ‘as" possible unich ‘of hem are’ or 'ma
Jor mportance, und which: or ‘them ‘aro minor. or nagligiblo. :
determining: first tho ralation 'etweon"ma or. i‘actn . '
possible to later: atudy tho orfec
the major. relations ‘8r0’ lmom, the ‘
lection of’ miscollaneoua racts of limited vﬂlue' '

“of the hvdraulic far'tor 3. the op 4 r‘oughneaa hy
draulic redius and mean - vcloclty are mtardapendont and ; with -rea-
‘aonablo: ecrtuinty thoir. rolation 13 knoun quantitativoly through
the: ordinnry volocity formulae, % :
movomunt of. matorial in susponaion and by,;trac 01
. moas is not definitelv Jnown' and more informﬂtion on:. _hie point
18 needod, but’ camparcd to tho unccrtainty oxisting in othor rphﬂBGB

of “tho problnm, the rolations of ‘thoso four. “itoms ‘is
that ‘for tho purposos -of this: study: furthor inwstigution a].cmg
thosc linos ig: probg.bly unjuatiriod. Tho rolution ‘botweon ‘thos
factors and scouring or- ‘transportation of: -solide in- chunmls-“-’”
not well: ostubliahad -nd must be I‘urthor studied. L

A8 will bo ahown lator,‘"-it ia beliovnd. thnt ‘tho mlocity 5
distributian, a5 Woll 5 the moan ‘valocity, -15.0f primary impartunco
‘to the: preolom and that it togothor with the . chunnol ah‘.po factors
of width  and dopth’ oxorciao an- importunt inrluonco on. stablo slmpua. I
Tho aido 3lopoa arc rolntivchr mi.mpm'tnnt oxcopt 'm rugcrda aloughing




'Tempernture has boen aqggeste ;a‘.
cauaa‘ 1t :ln._!fluqnces th :_”mte

it was desired to do so. Specific a-évity af “the transpnrtnd ‘ma-
. ‘terial also has 11:5 afiect but ‘aince "“.it raroly var_iaa much fram

‘of tho diteh: rill dm'ing poriods ot high silt content in“tho streamm
- from- which" thc; d.r..w, and this' £i11 scour out’ lator during eriods
.. -of ¢lear water . flow. ' In other; words,"tho diten 8" unstab ‘
"timss boing unablc to’ trnnaport ‘all ‘tho: matorial ‘brought to it,
henco: tilling Up,- and’ othertimos tronsperting more mutorinl,,,‘ han
brought to it, and ‘thevolore . cutting downite bod.. Over ‘long po-
riods the ditchoes are approximately :stablo ‘becaus ho two:actions
counteract cach: othcr. --Another’ cclmnan oxmnplo ia ‘tho: chnngo rrm S
unatable to. stnblo condition trhich rusult wlmn ‘an’ effactim aand S




trap 1a applicd to 7, ditchswhichff
NENOTous - ‘enses whoro tho chnnnol

" but boginse to ‘scour’ sovuroly whon

of f tho: supply of golid" m?toriul whicl
new. that: ﬂhich qu mOVUd rorward by: 1

Ono of t1o most 1mp0rtunt factor ont:
channol shwpoa is the nﬂturo ‘of tho mn toriﬂf 3] osinp the ‘bariks .
‘and subgrode. If thesc orc resistant to ‘scour higher vcloblties_“
can ‘be used thnn 1r tha material ‘is friable. ; g

: . ‘ Alignment 13 anothar ractorwwhig ustgbe conﬁiderad
- for ‘bank scour is‘more - 1ikaly to take place on curves. et
canal is apt. ‘o0 be. operated a large proyortion pf ‘the time &t
part cap&city, this must alao' consldered*inithe“design.‘*

Another tactor 1nr1uenc1ng_the stability_ fan irri-
gation channel is"what is’ cunnonly,called ‘aging. to:
has run for some time 'in.a ehanne”;‘the particle campusing the
bed arrange ‘themselves ‘in’ Buch ‘a manner that“théy ara mnre dif;ﬂ
ficult to move than when ‘the water 1a,r1ra urned
‘sortof. eak ument which
binda tho bed material“togethar and makas

- ) _on_pages 14 and 15
another sot of rolations ontor 1nto tho,aclo tioniof th ,bost
channel section: in any: 1natance, which‘dupond_upon: hy '
which thc canul is- dosignod o meot,:

: Canals tor convoying lator: or;irrigatlcnwo powor. ar
usually dosignad to meot: ono of ‘three ascts: of conditions.” Tho
- first typo is encountarad nhon 4t is: desircd to' uso tho’ lownst
. ‘practicable’ volocity, in ordor that the slopo :
‘a-minimm, In- tho. caso of powor canals this: is done"to obtuin
‘tho greatost feasiblc powor head, ‘and n’ 1rrigation_cunﬂls 1t ia'
dono to: enable tho ditch to. ‘aormAngd. an much”irrigableﬂ a8
sible far 0 given longth. A second type -of conditions is mot
both powor ‘and ‘irrigation canals ‘whero it ‘is dosirod: to reduce
. thé -aize of the connl to a ‘minfmum, ‘incrdor ‘to.mnke tho cost-
as small ‘as- possiblo without maiking ‘tho slopo’ stoeper thnnfnqc--
6B8AYY. Thia roquires thot tho: volocit; ro mndo ag’ groat'ao ‘can:
- ba- cnrricd without scouring ‘tho ‘banks cr. ‘bod. A third condition

48 mot in irrigation cancls whore it is desired to carry. the ditch_:«rﬁ‘i 

on ar cligmmont which has a slope as 8steop a6 possible, 4n: order
to roduco tho cost of ‘drops. "The first of these ‘conditions aimg
‘at socuring the minimum practicol volocity within the. linitations .

of cogt and 8ilting. The socond aims to securc -the highect v019c¢ ;.*
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1ty which the: ﬂltch will utand vith

water -with a reasonable’ loss of head, : ‘

‘as much head as possible by ‘making the"'"

thus reducing the: deraulzc ‘redius to- a.

a given velocity to a m&vinun.k The &

ular eanal falls therefore lndlCUtLb:l"f-yw

to control the best channel - shapq;';j""'""“'“
whilo still boing: sub;cct to thu “Ant

on pages 14 and 15.-- e

For A chawncl to be perructly. ‘
“or scour on oither the banks. or . bod, ,fﬁ“f'w
ble ugainst sloughing or slidingu“: acecompli
requircmant “tha: velOCLty mugt bo: c
the solid material = Hich is brou
ing water. To fulflll thc non—scouring requirement ohc ve :
at the bed or the ba nkn rust-not. bo grcut ‘onough to sco thcfma
terigl.of whlch thoy sre composcd To dotermino a st.blc BUCui
Tor & get-of conditions 4t 18 necessary
rolations vhick-will causo velocitle ‘
w1ill brlng thﬂuc condltione about.

. Thc material carrxod into scction-or canal m ;

tiroly camposed of 'fine matorial which is’ Qnsily movod bj_.hO 7a-

ter or it may bo camposed. ontlroly of" coarsh: matorlal wh1ch is ‘
moved only .at rclutively “high' volocitlos. UsunllJ, howovor it

has 2 gradod camposition vﬁryinc from’ ccareo to fino ﬁ

material is vory Tino, :it or din‘rily orfordilittlo practiccl
ficulty becnuso: the volocitios. Toquired ‘in ‘tho diteh. to moot con-~
ditions of aconamy e ouffic1ont to: koep it n otion. s h
‘material 4s graded, the fine, smaterial movos ‘in’ ‘susponsionian the
coarse is rolled along: the bod-; I all* hc matoriql is conrse,

2ll of it may ‘bo dragged along. tho ‘bed 1itt oy bo

ricd in suspnnsion.' Sincc tho {mount of tho'’bed" matorial}whi

can be moved dopends upon tho ‘volocity near the bed, 0 obtdin g -
stablo channol*tho:voloéity 2long tho bod. nust be'. crﬂutcr for- Lo~
- 8or ‘hod ‘loads, . Thisg may - require S higher velocity alonk the.. bed ot
than. the materia1 In whieh the" channel waa: built would atand: frum
¢cleer water, the entire energy of the water on' the bottam being. ..
‘expended in dragglng along the bottom the material whlch ‘has’ bren o
brought. dovn by the . w water: from abvove, If, however, ‘the velocity :
along the bottom - excecds that necessary to move the bed load’ nlons; e
it will act on the subzrede of the chunnol.. To: hnve a ntable L
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channel, ‘the - subgrado matarinl mustu eaeurriciently tenuoioua to
Teslst this scour. - Summarizing this relation; it ‘may ‘be- aaid_that
the velocity alons the bottom of &' stablo channel must"b :
cient 4o move along’ tho quantity ol ‘matori l"upplie -

not so groat as to bcour tho subgrade

Tho matortul composing thv'bnn‘\;,‘

upon by two:fochsntondingLtoaproducé,motion} Or

- gravity, which tondq to: mdkc “tha matcrial: *oll T

- sidos. of . the diteh, Tbo uffectlvc : ,,“' 1

which nets downward along thoside [lopos ‘oftho ditcl
- force aeting ‘is that" duo to the motion of’thofwut

ecanal, vhich tcndu to drag ‘”
dircrtion.

i 8 flowinb 1n ) .and
whon the- rcsultant of" thc tao rorcOS is sufficicnt to. di_lodge_
matorjal.from the sides, 1t .moves in e diagonul dtrcctich,t' th
bed of tho ‘stroam, or: if finc. enough; is arriod:off: in® auspon—"
sion by tho water. :The ‘slopo’o 'thc bank muat ‘be surilcluntly -
flat so thet tho camponont along ‘it of “tho: forec Y :

- ecaabinad with tho forcy. Red tho watenlf B nsufriclon ‘to: dialodga
tho particlos.f'“lut ‘aide’ slopos ainne thoy cuuso q smallcr ‘came’
ponont of gravitj, thoroforo havo lus | ur 1 th
causo.

sections are those required to;convey clear water. When

carries 8ilt -in suspension or drags &’ ‘load along the

are. added- complicut*ons. The simplest cases, ithi'c B

will therefore-be considered ‘Tirat. - When tha‘smalleat'practlcal
slope is desired, it is: usually considercd that tho cheapeat chan-
nol is secured: when ‘tha wetted: perimater is loast An’ prOportlon

‘to the arca, .. In trapozoidal channels ‘this': ‘cecurs. with a ratio; of
bed width to depth ranbing from 2.0 to: 0.472 for: sxde slopos bo-
twoen the vortical nnd 231, Those. valuos: givc%tho ‘mosnt’ efricicnt
hydraulic.section, but sinec: this consideratian'noglects -any:oxca+
vaticn above tho watcr dinc.tho flattost ‘slopo’ for a piven quantlty'
of oxcavation for a. .channel ‘in cut is ‘glven’ byﬁcross scctions:whore:
‘the ratioc of bcd 7idth to: dcpth is’ lOSu than those ‘given: above. -
Thus maximum cconomy will ‘ro sult from'very low. W/4- ratios.‘ In

chunnels in carth; hOﬁCVOr, expyricncc hns shown that such channcléj‘
arc not stable, . ‘ . i .




A stable channel for-clear. wuter,mus ‘have. banks with :
‘surriciantly flat side slopes to keep the matarial fram sloughing’

If tho moan volocity 1n o narro
enough that the icrcos tcting on thowaido

sides must bo onou:;h lc:us than ‘that - ulong tha ‘bbtt to ofi‘uc
the gravity offoct. Thiq roduction of aido vclocity, as ccmpﬂrad~

width to dopth.; o

on Flguro 3 are. shown tho velocity distributLOpi :

numbor of . rectangular: chunneln.hnving tho. samu eross’ svctionol
- area,  Most of .this dntu was: aocured fram ‘the rosults ol thg

perimonts of D'Arcy ond ‘Bazin. - Tho velocitics arq’ Lndicatad by
the "isovols™ or ‘1inos 'of oqual’ volocity, oxprasscd?an torms ‘of:
the mean velocity, (Thosc dota were: obtainod with diffcront dls'”
charges fTor meny ofiithe exomplos. . Although it 'is probablu thAt
the positions of the lsovels would ' change. somewhﬁt with: diffcront'
velocitios, sueh chingos vould ba- relntivcly small ‘and: “ould ﬂot
chuﬁgc the . min rulﬁtinra Yo Sincc tho -arcas: 01 el Wﬂtcr CIOSuf::4
seeiions are aqual, tha! linCu giviﬂg ths'bﬂmc r“tlo to moan voloc~
ity in all tho diﬁ@runu rcprosent thc samo vclocitr Tor: qny givonv
disehorges A stud“ of tho vclocity diutribution A thcsc:schions
w111 shov thrt. hiﬁh VOlOClthu como in- closer to ‘the sides in the
naTTOow, doop cross sccfions than in tho ‘brond . uh"llo“‘onos. The
scicnce of hydrodynimics-his not yot: prozrcs“cd to- the: polnt where
the rclotion betuvcon the voloeity dlutribution ndjfccnt ;tos 2 ours o
foee efn bo quentitatively. related to the- drug ‘of tho mter. “long
the surfacc or tho vclocity "gradiont. ndjacent ‘to tho surftce, but
progress along this line fs rapid, ~nd the noar future may briug
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.aurricient advancamont in this rieldﬁt
to be m-ade. : : .

‘when ‘the “high’ velocltie ‘comc‘closo to.
_dragping rarco of wator on thu urrnc

s : In a vury narrOﬁ, deop stetion ‘thOHVGlOOitIOS cloaujt
“the eidos arc as. ‘high or highor. the: shosc cloge. to*thcihottonu ;
If the volocity. in - suc“u,chunnol in;ngdudllyfincrOanod, ‘dug: to
tho added force of ora vity on the aido ‘mdterial, rmotion- wuuld
cur first on thc sidoa

= Thc osign' :t“:,a_”chunncl to Tit h. i‘irst typ_
tions. mcn'tionfﬂn pus0-d9; i1l aL; twiors i :
~the smallest practicible slope,. thcru;oro G

draulic stendpoint of* socuring tha amnlloat rgtic“ni
dopth which will not produco’ scour on ‘tho ‘sidos, pro
‘tio i not smallcr thun thet: which will givc‘t

“ftho highnat pruc b1 oan
volocity is to bc r'm:urucl s ohtaino‘ by so proportioning,tho T
tio of width to dunth th"t tho‘7,‘f_orco o : ‘ OVOnK

motion,.  For can:ilg: in ‘tho third clas whore. 1t ‘i dosirod t0. muk '
tho ‘ditch os stoop a8 possiblo : without producing scourt*i’ 48 cu
tanry to moko the ‘scetion wido and st ll‘

‘hydraulie rndius and* thun lowofﬂthc

tion would control tho: slopo whic might

thore ic- no 1init to tho nlopc;a'ditch might

wvoloeity could be rcdunod ‘to-‘any donire He
- ciontly wido npd: ¥ Hte llow. A63; pr‘ctical,mntt

beon found that whon the depth in que vory smnll, .

1ties of construction arc ‘such th 't scour gtartn in

doopor -portions ol tho chnnncl md onlrrros'thf

‘grossivoly groater: coﬂcontrution and ‘scour sun ) e
effoet of the widoninz 15 lost, This ‘netion o boon notod in‘
- ditenos vith atcop slonoa B to 10 rcot wido and it 0.8 '
docp. . - : A -

c;m"'m.s cmamrc sox.ms m suanmsmr

: It 1a noz prctty gonarally Jgrcod that mﬂtoriml ‘eun ha o
carriod by a gtrcam:in- suspunsion bocnuso of tho vorticnl currents
which oceur in floaing n"tor ﬂnd c rry tho solid mutorirl upward.
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at a greater rate than thefforceédrkgravit
The ability or: 8 stream to: ‘trangport materin
~therefors be" pr0port10nal to Ats turbulence‘b"
probably prcportlonal to tho enerp3 de
of ‘a-given . quality or. SOlldE ‘whieh"
3thcrofore :bo proportional to*the
ume of ‘the water, This encr ,;
or. the wuter which 18 . :

‘ N Lo ; ‘over re o nd 11ting
_ ‘-maj takc placo in opo’ ortion of: ich’ierog ection _hilo ‘othor
. ‘portions may'bo. scuarin"’ﬁ 1] , log the h

- “streom. Tlowing in & tr‘pezoid&l sectiOnb‘ $
o ing 811t in. suspcnsion,ax 8 u" tonde
This ig- aidad by the: aro
~ formed vhich forms stocper aidos to. the s
constructcd. ‘This: matorial g quite ro stan
- moro-or loss even in ditchua wharo ther aro 7
aetion ig- ‘not’ ordinarily d
and rallowod : far b3
ulopcr vhich it 18- oxpoct
slopos to uhich it is 1ir

o It ia probubly nct fuaaiblo

sition’ of suupondod n - olong.
. dlthouuh it may reiro

ost difficultius from: suspondod nutter occur:
slopoa arc go slight thit the. cnorgy“boing ‘issipdtod dns
is insufficicnt to trovont d0posit.£ The: romcdy 1nﬁthgse
to incroesc ‘the vclocitj, ‘or. 1o iromovo tho ‘
some sort of dcsil‘inc duvico.ﬁ

- Irzigatlon c}_nnnls fraqua tl
mattor by dragring. o“‘pushing SR along
or sllt laden. water ;xo;ing abovo. :
upon the VGlOCitJ noar -t}
is probably nocossarj to
than finc. mntoriul.‘ Al
- load, in ordor to be: stJbl
tho ehamnol. will- fill up.‘
bottom or ‘tho chamnol, : : -
wvater. For a given: qur : Qridl in ‘tho" bﬂnxa “the. feloo- St
itios which could lCu on the honkg 1n thc two cases would bo the .
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same, To be : stoble the channal carrying bpdxload =hou1 hera-
“Tore hava a higher velocity along’ ‘the: bod ‘but" the‘aame velocitv
aleng the banks and this’ could only: occur ‘with a. wide :
soction. Heavily. 1oadod ‘¢channals in | oz aily scour d‘ms orial: muat_W
thorefore have ' high rat;os of ‘bod width ‘to depthi  If the: ‘banks

of the loadod channcl arc: of- mﬂtoridl -which is: resis*dnt to\nceur,

© the ‘ratio of heqd: width 1:0 dopth con bo ‘lnsa thar i

torial: without acom:-inc, the bank:a o

R;.‘.CZN’" CONCEPTIONS OF FLO NO USE

To enginoers who aro ramiliar with tho latcst* boorio
of stroan machanics and. hydrodynamica, tho fcrogoing analysisy,
tho factors controlling .stable .channol shapes may Bsoon- gamowhat
eruda, ‘and ‘in ‘ignoring tho drag 4thoory<of :bod ‘load:movamen it may
appoar”thrt the writer has not :takon advantago:of tho' ‘bestiava
1blo ‘informition. In making the stu gtlinod‘hdrcin, ‘
‘rseent pertinont: 11tornturo 1n stroumﬂmochanica und hydrodynamics
havo ‘boen: studiod to sec what thny centained uhich wis applicablo
to tho problom, "4 list of thosc :nteroncos s, 1nc1u
bibliography contdinod in this report,  ‘Sinee mony ang;n oraar
not fomiliar with tno. roccntly dovalopod; ideas, ‘howovor, and.: ‘8inco
o Imowlodge of thom is not: BOCces8ary to- undoratcnd ‘tho- roln;ions
Qovolopod rcgardinm stnblo ¢honnol® shnpos, 1t wes boliovcd~t ‘e
bettor to oxplain’ thusn rolations dAn torms of’ concoptionn with which
all onginocrs are frmiliar,. ‘rcther: than to: mnko unnocessarily
confusing to soro: hy adding the othnr nGWfidoa

AGREEEEF“ Ox SUGGESTED RELATION ;WITH OBSZRVED DAT

The rolztloua‘sugguatcd in the forogoin

to agroe writh tho obsorved-data, :as; “honn on’ Fipurcs .nd 2
eritienl volocity siomn for tho Nilo on Figurd 1 iz mich less. 0
thit found Ly Kbnnady in’ Indiﬂ and-clao0 loas thun th.t;ror tho
perizl - Volloy: canls It is boliOVGd that the: qu.ntitj Qg well
quality of oilt 1 .q e mportant f*ctor An: theso C\JSOU;_’
both the Nilo and Colorcde arc finc, ‘but tho ‘Dmperitl einols: requiro _
Q mueh. highor volocity ithon the. chnuls of: Egypt bocauso thc quhntity‘_
. of s8ilt, ospocinlly thc-bod lo~d, is much - ‘groator in- tho Imporial

canuls. The eriticcl volocity for tho carals Konnedy / obaurvcd s
highor thon thoso in Egypt, prob: bly boetuse tho' porticles moved on
tho bed wore larger, nd thoreforo quuirod hi:hor volocities to-
move thom. 'The Imporicl ezails: Toquire morc volocity than Konnedy's '

canls although tho 11ttor hus conrsor bed lOud bOC~Uu0 the volocity S

i ‘“.224 = .‘




required to transpurt the 1mwense‘bed ‘load:of the
Valley sand :ig greater ‘than that: necessary ror the
tity of coarser sand of ﬂennody'a'canf

a similﬂr agreement ‘of 'the rela‘ions
is found in the data on'bed widthidepth ra tios!
2. In-tho canals of’ Eg,pt ‘the volocities: ars 16
velocities along tho sideu, although rcletivsly high
¢hannols are narrow. and: ‘doop, are till bolow*thoso
tho side matcridl.f The': bed load: i
thoroforo::tho ‘low: valoeitioa along
alI of . 1t along._:ul_‘ o .

" loads . of: rataer coarse material and therer
sections. The: Impe_ia’ Valley: canals o ~

‘sand, which: roquire hizh' valocities to transpar 3 order
thae Velocities along ‘the sides may be low. enough“ at the
not scour, “the bad width-depth ratio b

four canals ‘on’ which ‘data is. availnblg h

that indicated 4. eithor nbods’jor‘Lindloy'

roadily . ‘erodable sides.v “fourth, which had a lowc
depth ratio, had sidecs: ‘composcd of materis ) rad
reaistanco.  Tho' throg: soctions with oaslly orodable banks
widths con31dcr1bly goater. than ‘indiecatod j

the typc of-ailt: whlch thoy containca, T bol“
formule ‘WA s baSed on-data: from canqlu which carryr
siderably le na~1itude..

: The uthdj to determine‘stable ahrpeq ior‘

Canal hﬂo not yets D"G@‘:eused Yo/ the

viously ‘described c:: <n'be. oxpreased in: :
'exiating ‘chamuels-"are bnlng collected owever, . ,study will
be eontinued. It is belzeved 4hat tho- controllinp principlo° have
been dotezmined ‘and - that by collecting data and: ralatl .to ¢
Prineiples it will bo: posaibleito’ dovclop¥qunntitdtivo,rul“

tho various conditions mot in irribution dosign. AR
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~In tho study loading.
clos doaling with tho problaon: nd ‘miny. o 51
gestions werc: thus isceured. | With th sothc writor hac comb ned:
“‘his own ideas. . It.ig not Always possitleito eay dofin :
wore original and which worc soeurcd froam 1itometurs,
inotances ideas original to the ‘author were
~the literature, having:escaped motice on-
- tauss at that tine their importamca o
The-articles on tho.'subject which ‘heaw
bean mcorporatedffin:rthc*s_ﬁiblicgr&phi.;, “the auth
cussers: of those papers tho writer is p rticularly.’
1s also indebted to.Mr. S, P, Wing, Engineer . Burod
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