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IH TRODUG I‘ION

SO In connect:mn wi*l..h '..he des:.gn of; ‘bhe ‘;Imperlal‘D:
the. diversion of . the wad ers of the Colomd ‘River: into. ths All-:
Amerioan Canel which witl" 1rr_;l.g;a't thj_'Impar‘inl 'Va.lley _‘of ';' .
~ern California, the Possidilisy of  us i
congidered,. The' T,agtma_ Yelr, wh
located five. miles: belaw 'the site’o
‘ _'opera'tlon I‘nr over’ ‘a ‘quarter, afin e
' cesaful ‘

. The rock—flll
: s:.vely for a. Llong: t:une’
“years ‘old. ' This ‘ '
for 1rr15nt10n_

"bwo of' theae dB.m.s

The rock-—i.‘lll Weir is-used primarily.
7 perva.ous a.nd;,eaollv -erodil A

weir ang th founda.tzon,_warrmu
he:\.d ‘on:thHe ¥ : !
of “erest. dur:mb, sms.l‘l.
'bhn't the mxlmum ha:.ght thc wa+er

drop over "bhe ﬁcrest is usu-illv 5 111
pomt w:th raspec it both 'onsl:r

S ‘ ( w.:th repard-t underseepa
hydror.ta'l-lc uplift. ‘pressures wh:Lch Wag. use

- ‘these works has been disproved in' recent ye

considerable. diff rence. of ophmon o

the -effectiveness of vertn.cal sreep

.more work«in"the. way of expermen+ 'an :

is deslrable. (1) . SRR

i --ﬂ.—---—-uuvp-——u-—-—-—u—--an--—.-—uuub————nunu_-.— —-‘—_-------_O.—.w_.-

{1) See ‘references 4 and 7 in Bibliography.
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ROOK-FT

Thls tvpa offﬂ

braaut wall Whlﬁh \
\¢1npe'o¢ rockyhavln
wu+er flows. “The :r.
of maqonrvwwhlrhf.orn
Heirs of. this ~ulaus
datlons. ,‘&‘W

old. Thofitruvture
nnd conseauen+lj cnn1
nota;n.rJ v

‘!"

wag bompleted'lﬂ‘
throwniln bolqwibhﬁr_

Buckley (3
undoabtedly accentua

W N alhe”dlqcharg
‘1oO 000 second fecti(g

zn';;,"

but the WBlr obstructs‘mpre"

on ,WBlr;s,ope Lo the”
though the: floodo‘rlse slowlyxand

wc:r be-ore anv ever

(4) see reforence. ¢§‘

Y

- ;-Ml-ln——.;-ul'n-—r‘i:—'vln‘u-.v-l-.d.-'-'-n-n—Hh—;;"lr-- -
e ATE.

a—u—un-—-q--u--n———i.'-:-—i---.—nu-—-.--n- -

0---- e Il--.—l-—'l-il—“-‘--—wuuu—ho-

Uhit flood discharge ds the discharpe in«sec. ft. per Tt. of
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can be dome in uhﬁ way of construct¢ng & weir w1thouf any - depth_

of' foundation, even ‘in. ex+reme1y 1"z‘:mole 5011, prov1ded thero-

is ample heavv maberaal available ‘to rosist’ ‘the: hlgh velo;nty

and great erosion in the lOWQP slope"anq provided tha Llow of
the. stream can:be. constan+lj.na1n+a1ned"t

Jelr. atrong curronts*parallol tot

h
hau no doubt been conSmderably ‘inerea;
Mich have occurred ahove 1t qnd.whl

BN f f t“_’
charge (260 second‘feet) ‘e
guite out of the ordlnary“ Although:
bed is shingle ‘and'don; 'sahdjﬁ‘_i “,_ oft ]
~evon that of the QOkhin Uelr. Bligh's:(5) op n3on
type of weir withia vert'cal drop Woul - probabl; :
ter. By means of: the 1ncreased ‘arem ;
v1dad the vcloclty; -he

: Blléh “notes. *hut / o1l
Gesigned of 1mperv1ous clay puddle; well probectsd on
and at ity Junct1on w1th the creut wal-

_lThe Denrl Ne:r.,

sional laverq of - snal‘
(12,469 feet),
.Former waterway of tn'

_ululces, ote., of ‘the he'd—work"; ,I4QQ§36wﬁ3ﬁPeeH - Th
GOut of: clounng t“ ‘f"_ isluiCés;:dndﬂm:"' : IOz

. : ,“"W' S.oL :

“be on economlca* meaaure

Blzgh (7) fﬁelq'-t

----dm-—w—u-——---»————_-——-m

(5) ¢GP rPference 2, ppe 195-194,"

Lix
. -
»Mﬂ--—--- -_—n—up_-————nm_--—-n—u————-umu—_--—_-__—-gnmm—

(6] see rﬂference i3, pp. 1%0-154

(7 See reference 32, p.

‘7——n-------—n-—-—-“——---—nn—#—pu—n——nnﬂbn—---"ﬂ_-—H’hu~—~-~n-———

5
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¥

‘Lnoldence of . pressure and Jncrease the Bffcctlvu bube 1an
: wards +he apet tn nﬂml

'5 miles of. undersunk blockl'

vory strong structure o
-b01ng hwrdly any flltrdtlc

‘Lo of concrete’ sheot—p1laf

- less- costly.,_

s

apron had been rellably snanched *n order o ﬁhrcw‘bauk'the

slope rotanned hut the;ba

ovcr what thev are naw

conffructed unfer: wa'te

dcpth i the tann 11111nw

as the daﬂﬁ breast

(9] See reference J? pn. +91 19

--..-.---—-u-_n——--.-------n———-_ -...—_.—__ ..—..—-n.—...-—--——-—n——.._—.-——

(10) Zee referencc #2,05, 199.
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L Extenulve rubble opurs’had“to, :
‘up-stream in order %o guzda the%eurr 1’ stralght*o ;to thu walr.
Thcse axpenszve tralnlng works vnuld probab

. Tho or ossésectionrg
very similar to #hat/having'th
apron ‘has a. pavad floor Oﬂ'
bt the' stone 'Pi}‘;éﬁl!_l /0
: : : eaSPn}uﬂms
neers’ havo plaoed the e strﬁct*res under”therulusul;lgmt
paved uurface rock—flll woir I :

The Jobra'Welr.f B

Tha Jobr&'Welr resto%
fllled ulopa o thc we1r “ig)mady

at the 51te of- the cente

ces wWere. carried away,.

hole wvias ‘scoured out. o0 “thi ‘

cause .of . the -failure.was. never: satlsfacforllf vPlained

it *s'sunpoued that leaxﬂgn GGuHTTEd below the. floor,o-
sluices between ‘the wells 'in 'its. foundation, a

was created below ‘the floor which 5raduallv undermlned'lt'
B strain was.throm ‘on the floor, it collaps ed ‘and & breac
300 to 400 feet in . length was scoured out by the uu“rent ‘ L
repairs of this failure, whﬁch took two yearv to complete bhor—-‘-*
oughly, cost about 250,000 Ruﬂees. (15) o & e

s 4 2 W A S0 L it s e oo . e S ...n-u-..—-———.—-—-—-—'.--u—--u——-—-——.—-:————-———.---..... .

(11) See reference #2, p. 204,

ﬂ“'—“——'——F—-—ﬂﬁ'----h—l—-u———-ﬂu---'l-l-t-—h—-—l—’-Fh—-—--‘uu————l———-,-

(12) See reference #3, pp. 146-147,

-—-——.—-——-——-——--—-----nn——-——-.-u-u---n.-—-———-ol---—————------un-—-—u—-—-

(13) See reference #3, pp. 140-144,
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In constructlng the Welr, the deep part on-
fl]led up. to:ubove low-wn r Jevel -with ‘st 3
mirht ‘appear to ore:
Hawnver, Bllgh (14) feelv *HﬂL this further demonstrates the.
-ahsence of; neoesn;ty xnﬁthc use cof thes cpensive ciirtain:wn
(Untll +he Okhla Jelr had” establ Shpd

bonn addad in. tho fcr
1‘1gl,,r.. '

: Tne Rupar e
. shingle and- boulder.,
‘Jncllne up-strcar‘

an - ashlar floor bolow buh tnlb_dc31gn
of that hevxng the curved -apron,
taln*nﬂ skxlled workmeq o execut

. A.J" B The four sectlonu, =
~ the first: sechon the bor'lv thety

it i o

\(15) ‘See reference 2, p. 290,

.un—————————--uu——--——---»—--_-_---——-—u—--——'—-—-—---un—---n-—.——n-u-

(16) Ses reference 2, p. 184, =~ . . T T

.—---—--u--————-—-——nuuun_——.———--n.o-u--uu-.n——-—.---un--.—n————q—n-—-—-—n-a«—-—-

(17) 8See reference I3, PP» 154-158,

————mH-ll-‘h———_-—--—-n—-‘——-—--“l—M"l--————-ﬂ—---n—-—-—-——v——nm--ﬂﬂ——-

(18) See reference 3, p. 147.

n-—-—-—-—---a—-u-——-——---——-—-——:—-——-—--uu-——q———n————‘—-—p————nn-u—- -
i 1 . .




on .a core of sand. which-wns throwm ::.nto plnce, wet'bed and
rammod ., - Bligh (19) stotes that this arrangement is at once
economical .and with this. coarse.send, quite safc. .The ' -
practlce of mk:.ng up wrt;h sand f‘f “is qui‘ce common in.
xdndm works ’, a.ncl m:.gh‘ :

im protected 'by\'t r‘nugh stone epron a‘nout
w]wlch is ca.rr:.ed ul ong, 1ts"‘ent,

Bllgh (?1) fae.
wenk po:.n-bs.
sectionnl aroa’ to ‘chn't naoessary
fol l-type vzmr, wh:l.le 'l:'-m

The We:.r hns ‘only.boon mu.:mtamed by
diture of- Inrge volumes of’ ro‘ c;h
‘are knov'n to be. mconple‘co, ‘indicn
vds. were. e)'pendsd durmg l-he;;:r
mtence. In Pn.rker'

50 much by the- actual: -t:ra.n.mor
by burylng it in- deep holes
ord afterwe.rds rovsred withs

ure 2 shows, ssc‘blons of 'bhese welrs,
‘other wmrs is glven m Tﬂ.ble l.

The Huang Pl V‘.enr.

The Huang Py’ welr, wh:.ch g @ part oi‘ “tha hnad-*vor"’s,,;”’,
of tho Hu Tuo Ho 1rr:.gat10n system- loca‘bed at Hueng’ Pi, China,
is the most rccent work of its: “bype %o be comnleted 'bho cons-
truction having heen i‘:.nlshed in late 1934, .

l—“———n---——————-----—lu—l—-———u-u—-—-—..—-_--..-_--_—--------........_-

(12) See reference &7 p. 197.

T .--__—-—--_--———-—---u———---n-u_-u—-————-—-——-uu_—. Lol 2T T 1 T P ey

(20) See reference #3, pp. 147-146.

1 Y 0 e ot e e e 0 0 O et —---un-o-————-—-m--nup--——.——-——---u---——-.

(21) Seo refsrence’ i#2y _p. 197198,

--u-l--—l-—-u—-----u-——- R Y L S B o 2 s 0 P T D B A s e s i s e U Y 8 s Y B B e

(22) See reference #ﬁ, p. 875,

A D L e e g —-—‘—---l-dl-d——-—---—--u-’l——-—p-m-h-n
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on ‘s -core of .send: which’ YRS ﬁhrnwn -into pldoce; wutted nnd
ramnod. 311gh {19) stotes ﬁhut this arrengement is’ at once
- economioal, and with this coarse. sand, “guite : safo. +The

prectioce. of mnkzng up w1th sand flllzng' : g
Madras' works, and might well be ollawed,rith advantngo 1n
mmny c&qas where ronk—flllinb hﬁs heen us"d.'

_ Bllgh (?1) feel” : .
" wenk poznts. The cxpansmve’ :" ‘ ;upron: qui
sectionnl ‘areato tht. necessary for a'floor of
fall-type weir,. whlle ‘the' :contour .ot

‘crease the BrOulVQ act10n3 N the b

“are known to be 1nconpletc,“1ndlcn+u"thm

yds. werc .expended during:the £irst 20 year
istence. -In Parker's (22) qplnlon the'ré&sn
tive failurc -is/that the: ‘concave isurve:

wuter ugulnsf the,bulus, and the%d

g 3 mxﬁen51ve datn on‘ heso wbirsaare
“ure 2 shows soctions of- thase we1rs, ]
other wnlrs s, 51ven in Tible

'_'Tho Hunng Pl Vse:_r. : :

The Hua.n{, Pi woxn, wh:.ch ig=al part;wof 'bhe ‘head=worlks: -
of the Hu Tuo Ho 1rr1gat10n system located at. Huang Pi, China, =
is the most rocent: work of:its” tvpe to be. completed tho cons*Tf“
truction having been.flnlshed in. late ’934.-. R

———'—-h-——-———-----—n——-—u-—-na————————_p-u-_.—_——-_---_...-_.—.4-.—-.-—-

(19) See reference 2, p. 197.

e G g 0® e B ————-——-—-nu-.———-——-—.-----—---——-—--——--——-——‘

(20) See reference 743, PE. 147-148.

—-.-9——-—————-—-—.---————————--Eu-——-—--—-——

(21) See reference 2, p. 197-10¢,

.———-—--II-ﬂ—_‘—w—-—"--‘-dhﬁ-—-‘--—h———-————-----——-w—-’-ﬂ--‘-ﬂ—-—

'(22) See reference #, p, 675.

Rl e v 2 D Y S B 10 B e e e et P S R S B e e e et G P e R S 00 e e AL G S e Y Y N g U G G G et ke
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‘The weir, whloh is 1424 feet 1ong, is. of the rock—flll
type with u paved down»traam surface.ﬁ This: type was selected

. for the, fOIIOW1ng reasons: (a): the river bed ia" Tilled w:th ueep. u

uand and gruvel and 1t would havc oost%considerable to reach“a"

suruntlon uneconom1ca
the prapnration o o

The upstreamji’ h ‘not protectedk,xgep
k- spec1a1 p01nts., The Hi Tuo Ho:curraas & great amount ol
Jn flood tlmes and the oudJen flautenlng of the1slope 1

careful operatlon of therluiﬂé',' Fur prot
required l&tev at polnts where the currents ovcur

not. avallable.- However, i dlacharge of 140 OOOt e
ssumed as a fair moasure .of the’ ‘meximam flood diuﬂhﬂrge-\g* i

glves & unit. flood-discharge of: 9043, c.f 87 which is w1+h%n

rocson. If the [lood-drop,. or: affxux, i3 nssumed to be "feet

this gives an energy dlsslpﬂtlon .0 33, 5 horseﬁpdwer pe

foot of crest. However, this is a very rough assumptlon and

should be ‘considered w1th cautinn.;(ES) , :

-— - - - -”—-------—--——————— ————— —n—————-.——.—-“ PR

(27) See reference #12, pp. 1-18.
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The | Laguna Weir.'

The Laguna Ho'l:
zid.log abovo Yumu, Arizonn,
Thnited 8% sat05., “The Five
vrjvers of Indma or‘ngpt

(doslgnod nlev. 151 OL,"‘
the wator. sectlon whlo i
upon o .row-of 6. 1nch

which 44 incorporated i

piling is .made- up-of threew3
Lonpue and groovu‘fashlon R4l

WS wut undar the lower‘wa
+o supplv il foundatlon over

be+waen thcqe +hy ee 1uﬂlu 1s=f L
except over a samall’ portlon "‘tn'uhncrethvacmsnt 18 ‘Ihches’ .
thick.‘ Thnt por 1on no : ~j ﬂongrote?l “fane d,“dﬁh Toggh

frmnbho quarrles.

, The 18 1nch oon etowp¢‘
holes-'t 1050 ‘holes nre. an b ha f:8lots 3 “inch )
of two. dlffereni Aengths,. ; ?',f" e ar rga ped
lonthudlnnl and,transvorse - he,rows boing  paced 0 eet
apart in-one. dvroctlon und‘ g '
surfrice - ofithe concrete wuu'
rock in the ‘groen. concreto,w
1nche above the PrGuGPlbOd

Vlnconb (’4) g o;‘Lhe np*nlon -neithe he wbn 3
+type . of weep-hdle nor ;the rock pr0)cctions are o good prac i -
on-&a river of-this charn ctor., Thedforﬂer develon dAnto:lines of
wockness and wear; ‘and the: lﬂtter not! only’may - “develoyp: ot—noﬂas]
in tho :pavement, but fbov act as’. obqtncles on»wnwsh thedrif
‘hns a tendency to OOl‘Bct.‘n‘ ‘ S ]

ot

-Theytmlus,-oomposed of:derric‘-sizqdgnook;%in_ﬁfﬁeotxin f

oy O b o gy - ——-—-—--‘-—-.‘n—.‘-‘"l'l-’"---.----—"'—‘ﬁ-‘——-——--l‘h-llﬂ—“ u-.--—--—

(24) See reference .11, p. 14, BT

—l-—qﬂh"-ﬂ—ﬂﬂ----n--&ﬁ—---——.l---ﬂpnn-—-----—u‘tﬁ——-—ﬂﬂﬂﬂ'-ﬂﬂﬂ’!—.----ll-
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dopth,
wield,

On +he up#bron
seetad by qaarrv run rncF

lon Be
o"d1n¢ry hozwhb _
iivor ectlon_thoj

_ :The .entire
Bives s .sievo iy -of
naar to the Imperia) Du
Toir (vhich in.inps :

i uudoubteadly vory_ulmilar.
arorsgo (denth «of 12 Teat hs
onnatructed v1‘h Pwnuihif
lavel,

Tho 5 lujgowvv K
*Hrough the nngive rock, |
which furnished- ‘the - r001: .pustrucmlon ci

T'o".fe'c.fezr tho rorﬁ 3 pror, bein
and ehcc“ad.- ' : '

, The Agrrega+o uso
obhained 4» the quarries,
fine and was. supplomanioarf

particles,. The!
Cing was L: 0:7

In uoctlon of s . :
cortain mingr. JPUuPth Lhav n“d reudltod ulncc
of tho structure: the. -previous) i
occurred -on the concrcta'flhe
about 4 inchos nor Bo ot
the erest vmll dn the! olld iy 8
ricd away the £i1ling " dovm Lo ' dodth af 3 to'? foet<f
« distanece .of 350 fert. Tie Lalys - which then StDOdnv
ahove the water of tho. uoolwwuuuw, due t("
'1cvel wWas undLuturbdd1ev ' :
ronts, -cnvaod by ob"+ructlonu L. : ,
e P11 baelc from ¥ o 10 fec . Jn plﬂco ’*he dqpﬁgltq

“Ehe g spoil that had formvrlv severed bhc nxvomnmt th rﬂ¢u0d h

elevation of the i tolus 12 o lu ;nuheo.
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. Relntive to thlﬁ firﬁu in pectlon of thefstruuture; g
Vincent (25)\utﬂteu thnt Hin ‘his opinion “the most sermouq featur D
.notau ‘ot thnt tlmc ¢hc 1mmansa xmount”“ :

gl

'llnv of the urest wnll.v
vras ~n1moﬁ'

‘In_dlscu531ng'tz Lyg
crnl orltloasmssand renOﬂmend tlonm

‘thraullc *radlent,

The, breu°+ ‘and. body w

-deep ‘bed levol The: rocl-flr‘LJin‘b
silt up 1mmediately‘andfform QMg
crete -of: varyf'ollu ‘descriptior
Ticiently.cloneito e )

‘doep ‘chunnel, ra her«thn‘
conld ‘have beonj ¢
n henp ‘of. rubblo_

The wumr WEE
During . constructxon, nﬁrutr
of dbout 7 feot tosk pladeﬁ
1oad ubove the wclr” K

'51patlon wac, probablyf
assuming ﬁh t the enblrc‘
erost la s
in ‘Table ;2 g1v1nb thekanefgy i sd
foeet, instead .of “the-full &engt LAs
qf the . sollds load camos over-tho crest, .
until in 1920 it ‘had reuonad nbout¢’he”'evel-
Pore:tthe. consbructlon of tne ‘ ‘ i

nn-uuua—-——--q—-—-—u—lnn-n-.o--———-q-u--——ﬂnnnpmn——-

(25) ;see roforence 11, PB, B1-32.

n---a—-———o---u--————-——n---a—--——-——-——-—----- ...-_.-...—...-...-—.——.--—u-<

{26) .See reference #2, pp. :200201.
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follow1ng year the flood
.:drop’ had incrgased ﬁo_ :

: t:Lme.

: ThéalUWBrlnggoff
,Abend. cu.used ‘severse: .acour?
‘.rfs:ta.‘ced ‘extensive- repair
\of the fstructure ut:.ﬂ.:.ze

Jn.n. 15 1935 .

.Vm-—n——-‘n------n——.—--——--——-nq—-a—-----n-ﬂﬂ.’l gt L ot e e et e -—-----

{28) See also-references ;8 and 9 in the Bnbllogmphy..

. —-—.—-——---n -‘lll_-l--ﬂ——-——-'-—‘----l-l-l—-----ﬂ-h-‘-ﬂu—-ﬂn-.ﬁ---—-‘—————vl-ll-—

(29) See reference #6, PP+ BT7-678.
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these . are’ mcre or, less eccurat elv racorded., chever, large
' sums ‘are spent annually in”repairs"and'improvements on;nearly .
‘every structure.7 These are generally patch-work: addltlons ¢
‘to the. aprons ‘and’ talus ‘and’ vary frum point‘to pn1nt along
the weir, Large quanblt; :
_also thrown in every’ yéar in. order to stop-
In partlcular, the draw1ngs‘ :

=tant percolatlon véloclt
Bre manv other fa tor"»“

‘fhave sufflcment weig
;head it support
Con the‘base .of

 ‘qsome can’ be controlled qulte ﬁell .
’fcontlnual and _xpensmve malntenancer

'—-.---u-u.-—-_—-— _—_———_-.—--—u

. (30) See reference 43, p.. 175,

--n..—an——----—_-u--u—--———-———-—-—u-n-—-—u----—-----——..-—---.---—--u---— .

(31) ‘See reference #10.

. g . .-
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or:.ginal des:.gn w111 ‘of course, ‘elimmu,te some oi‘ these v'ea}\-‘;_..
“nesses. and: red oe‘all of. them" ;

renewal and repa11"0'"*-.'

action of  the flow’ are largel'

d"schn.rge w}nc-h brevall £ore
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