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INTRODUCTION

The carrying capacity of flumes * is discussed in this bulletin. Im-
portant divisions of many main canals, used for irrigation, by hydro-
electrie, mining, or municipal use, perhaps miles long, consist wholly

! The writer desires to acknowledge indebtedness to the various engineers and managers of irrigation and
hydroelectric systems who permitted and aided in tests upon the flumes in their charge, Acknowledgment
is also made to the engincers of the U.8. Bureau of Reclamation who made available a large file of data and
fleld notes pertaining to tests made from time to time by that organization. Where data have been secured
from other sources the necessary references are given in the literature citations or in the notes explaining
table 2. In experimental tests and computations the writer has been assisted at various times by the late J.
M. Brockway, and by P. A. Ewing, K.J. Bermel, I. M. Ingerson,and A.S. Guerard, Jr. He has also drawn
extensively upon many discussions with Julian Hinds, J. C. Stevens, and also with A. C. Norton, who has
been associated with the construction and operation of flumes throughout the West for more than 20 years.
A “flume” is a complete, sell-supporting, artificial water conduit with a [ree-water surface. Although
it is usually a channel body carried on trestle bents, the flume body may rest directly on a bench excavated
in a hill or canyon side. Less often, it is partly or wholly backfilled so that it becomes similar to an ordinary
canal lining. If the channel material and the baekfill are essential to each other for mutual protection, then
removal of the inside shell would still leave an unlined canal. If the backfill were removed from the sides of
2 flume structure, the structure would not be impaired and would still be a flume. A pipe section nsed as
an open channel, carried across a gulch on a trestle, has the characteristics of a flume. The old Roman
aqueducts of masonry arch substructures were essentially flumes. On theother hand,some English technical
articlesrefer to short measuring structures as “*flumes”, but larger structures, that would be known as

“flumes” in this country, as “aqueducts.” The latter term, in this country, is applied to many major
water conduits, especially those several miles long and using many types of conduit, not necessarily includ-
ing any flume. Likewise reference (1) * describes a **steel canal” which would be called a steel flume in the
United States. In irrigation use, especially in Colorado, the “rating flume” was a short, boxlike structure
set in a canal and calibrated with a current meter for making measurements of flow. It had some of the
characteristics of a very short flume as discussed herein. From a capacity standpoint, the metal flume, the
wood-plank flume, and the stave flume are not easily confused with any other type of conduit. The concrete
flume, however, is not essentially different in capacity features from a concrete-lined canal except that the
walls are usually vertical and the velocities are usually higher than in lined canals. Many concrete chute
structures are essentially of flume construction but are backed with earth almost or quite to the top of the
walls. Wooden or metal chute flumes are usually laid on sills or short posts in the open.

8 Italic numbers in parentheses refer to Literature Cited, p, 94..
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of flume structures. In point of numbers, however, most flumes are
relatively short structures spanning gulches, streams, or other depres-
sions between sections of open canal. Being usually a high-velocity
structure with V (see notation, p. 5) ranging from about 3 to 15 feet
per second, the kinetic effects are more in evidence than in the ordi-
nary canal with velocities of from 2 to 4 feet. Where the flume is &
major structure of great length, the problem of capacity is determined
as %or any other open channel, assuming that uniform flow will be
developed at normal depth through the greater part of the flume
length. Here the inlet loss and conversion of static head of elevation
to kinetic velocity head as the water is accelerated is usually a rela-
tively minor item compared to the total logs. So, too, is the recovery
of head of elevation as the water is decelerated at the outlet of the
flume. The head lost in overcoming frictional resistances far over-
chadows the changes along the hydraulic gradient due to inlet and
outlet conditions.

On the other hand, most flumes are so short that normal flow does
not become established. The frictional resistances cause unimportant
changes in the hydraulic gradient and the constructed slope of the
flume could be altered quite appreciably without oeneral effect on
the flow through the structure; but the water stage in the outlet pool
has a material effect on the flow through the flume and nonuniform
flow is the rule rather than the exception. Furthermore, the rela-
tionship between energy content and normal depth is of much more
moment in a short structure than in a long one.

Historically, the flume dates from the Roman aqueducts (23).
For crossing wide, deep depressions these offered the only solution
available in their time. Today similar problems would be studied
with alternate possibilities: an open-channel conduit in the form of a
flume, an inverted siphon pipe line of concrete, steel or wood staves,
or even gravity flow down the near side of the depression with a

umping lift up the far cide. For either the siphon or the pumping

ine, the Romans had no materials of construction in units of magni-
tude and strength to withstand the static pressures that would be
developed at the deeper parts of the depressions.

Linking these aqueducts with the last few centuries, similar elevated
masonry flumes are found in France, Spain, Africa, and Mexico. The
oldest flume in the United States that has been called to the attention
of the writer carries the Espada Ditch irrigation supply across Piedras
Creel near San Antonio, Tex. It was built by the Spaniards, about
1731, of rough rock masonry in the form of a 2-arched bridge, sur-
mounted by the flume proper (17, p. 45)-

About 1850 irrigation in Utah and hydraulic mining in California
led to the development of the box flume, a rectangular, wood-plank
structure with battens over the eracks to reduce leakage (fig. 1).

For the next half century this was practically the only type of con-
struction used for flumes in this country. At the first convention of
American Society of Irrigation Engineers in 1891, extended discussion
was given to this type of flume (28).

From the late eighties on through the first decade of the present
century, the standard flumes of today had their beginnings. The
natural development of the plank flume is exemplified in the standard
construction of structures in Provo and Logan canyons, Utah (pl. 3,

THE FLOW OF WATER IN FLUMES
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pressures at all points normal to the curve and proportional to the
depth below the surface, and with tension the only stress in the sheet.
In the earlier flumes of this type, the interior compression bands be-
tween metal sheets were of rectangular section and projected into the
water prism (fig. 1, H, a).

Hundreds of such flumes were used on pro ects constructed from
1910 to 1915. It was some time before experimental data indicated
that the value of Kutter’s n for this flume ranged from 0.016 to 0.018
or more. Thus, the capacities were found to be some 25 percent less
than the early estimates upon which many of these flumes were con-
structed. A similar flume with a wide band of thinner section is
still manufactured (fig. 1, H, ). In 1911, G. L. Hess, and later
William Lennon (fig. 1, H, ¢ and d), removed the excessive obstrue-
tion to flow by countersinking the compression member until it was
approximately flush with the interior surface of the flume sheets.
Prior to the present Lennon type of continuous-interior flume, this
joint was used for flumes of corrugated metal similar to the well-
known corrugated-iron road culverts. Flumes of this type were more
rigid than those of the smoother types, but the carrying capacity
was so much reduced that they gradually fell into disuse. The
measurements listed in table 2 show the high retardation factors
involved.

In its latest development the metal flume is rolled in a shape
approximating the hydrostatic catenary. The true shape could be
adopted for any one loading of water, but this changes with each depth
of flow. The maximum sag occurs when the flume is less than half
full. Consequently, a compromise curve was adopted that appears
to satisfy operative conditions with varying flows. For many years,
these flumes were rarely painted and the smooth, metal surface gave
a high capacity unless the sheet joints opened enough to injure the
«mooth interior, or the lack of sufficient carrying rods allowed each
cheet to “scallop.” In either case, of course, the capacity was
reduced. At present, it is customary to use rods enough to prevent
sealloping and to paint the interiors of metal flumes every few years.
The best of paint work appears to offer but little more obstruction to
flow than did the clean metal, but the type and manner of application
of the paint may reduce the capacity 10 percent or more.

The largest of the masonry flumes on irrigation systems date from
the middle of the nineteenth century. They were developed by the
English engineers to convey the great canals of India over major
streams in ““ aqueducts”’ or to carry the streams over the canals in
“superpassages.”’ Essentially, both are flumes in our parlance. The
twin-structure Solani Aqueduct, the magnificent Nadrai Aqueduct
and the superpassage to carry some 15,000 second-feet of water in
the Puthri Torrent are well known to students of irrigation in India.
All of these would class as ‘short”’ structures, with the effective slope
largely determined by water stages upstream and downstream, rather
than by the constructed slope of the tloor.

The reinforced concrete flume is a development of the twentieth
century. A flume of this type may be made in many different ways,
each having its own characteristic interior surfaces and material
differences in capacity. It may be poured in place, in panels from
10 to 20 feet long with expansion joints between the panels. Some-

times the side units are precast during the irrigation season and set
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up after water is turned out of the canal i
L : n the fall of the
ﬁ-z(:t. ;Il‘lhcz3 I—ﬁ_}ts Sag flume of the South San Joaquin irrig:t?irt')r(tpldi;:
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Egg \ggﬁ nregage;i w1tlt l11:n1‘eca,‘3t fgloor and side walls (pl. f5?li3)he ‘E)Siiré
. ot from the outside against smooth den o
shot directly in constructing the flc ‘ bt e o
I J oor (2). The i '
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ngé‘ggrrg t(:l)(l) llllzldi jyml%sha very rough interior unless it is 'smootheg
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f)?‘lt;?:;s},?]ilt’} il}oas( tieeln Rullt]n% %F)CUIM shape in both pgurtfdr?'gg?x?sgl;lrﬁ
J s(pl. 1, Aand 7, and has also beer i d i
of the hydrostatic catenary, thus eliminati D ot
; itic ca : vnating all bendin
sh"alglll' 1% the reinforcing steel under maximum load (pl.gsm]gi)n((.‘;(};)and
" e flume is nearly always an expensive structure per unit of length
in comparison with the cost of canals. Size, therefore, is of areat
ernipilc;rta%(izﬂflr(;lﬁl the tecq:;lomlfc as well as from the hydlzmﬂi(‘ stand
oint. e materials of construction available, limiti ‘ .
cities are very high. For a given maximum flow, Q, ;;E;tﬂg‘::ég;
Elrl‘ls;nt }119, 111.1v§rselyl proportional to velocity. All the factors indicate
pr:ctic :bl:?ts I:)li sm(z and S}Ope cover a range far in excess of that
or many types of conduits. Flume veloeiti -
from 4 to 8 feet per second; m g v sl o'
. ; many are from 8 to 12 or 15 f
fsz%ccg;lds A séggt%%?:eggﬁées f_L:‘ﬁ _coxinmt.zlnly found with velocitio?se‘;rgﬁi
t ) l, with isolated cases up to 80 or Trri
gation head flumes deliverin ol ol
_delivering water from a lateral to f i
field are but a few inches in width. Lateral and lllﬂj(I)l clflmlgs(l)lwf?ull?lea
Ere commonly 6 to 10 feet wide with water 2 to 6 feet deep Larog
aulrlmils ai'e common in widths of 12 to 20 feet or more, while flume
Sq educts in India range up to some 200 feet in width and flun
u}ﬁrp:s'_s.a.ges to 400 feet in width. "
' ost irrigation or hydroelectric systems have so i
. . . . m ﬂ
1((:111;13. \C,:rf h}h}:}alr importance in numbers can be found in aereélcarlrllssf'epoAl'Itl,
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2 i ] i h
i \{;ood G % eg. gating nearly 900,000 linear feet, 62 percent of which
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. number and mileage of flume 1s great
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electrie, municipal ini
& irrigf;tion usel? , and mining systems would probably equal those

NOTATION AND NOMENCLATURE ¢

bebflggtiitlg:'(;;li‘élnr;?egﬁﬁgtsatrgis ‘i)u]letigl, ti}&ui ifol[owing symbols will
36 i e element. Additional descripti
definition to be found in Nomenelature, indicatc;i] E}lJy F;gé')l.ptmn i

P I i
he weighted mean area of the water cross section throughout the length

of reach, considered, i ) i
i a,bstmeﬁ- , in square feet. (See weighted mean.) Also used for area

{ The lettered s
ymbols used in this bulleti i :
and explanation of special names nndsp hlrl E;;u‘nl :g ;xg?l;sa ;séﬁttsgenlaments will be given under Notation
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a. The area of any particular water cross section. Usually given a subseript
to identify the location and the corresponding elements.

. Coefficient in Chezy formula, V=C+RS.

c. A coeflicient or constant.

¢.. Coeflicient of entry {0 apply to the increase in veloeity heads.

c,. Coeflicient of outlet to apply to the decrease in veloeity heads.

D. Diameter of semieircular flume, in feet.

d. Depth of water in the channel, in feet, usually given a

location as di, ds, ete.
d.. Critical depth (see).
d.. Normal depth (sec).
A. Increment, change, as

elevation.
'H. The elevation of a point on the energy line, in feet. Usually given a
gubseript to identifly location. E=Z+4h=k+d+h BEy— Ey=hy.

t=32.2 in English measures.

g. The gravitational constan
H. Energy content=d-h. Bakhmeteff’s ‘“‘specific energy” (4).

Hypin. Minimum energy content=d . he.
h. Velocity head, assumed —12/2¢,5 in feet, The drop in elevation of the water
surface (W. S.) neeessary to gencrate the veloeity under congideration.

h.. Velocity head for Belangér's critical velocity, v., in feet.

h,. Entry loss in feet. The fall in the energy line between
transition and entrance to flume proper.

hy. Triction loss. The fall in the cnergy line, through the length of reach
considered, in feet. The difference in the values of I at the two ends of the reach.
Tor idealized steady uniform flow only, the fall in the energy line, in the water
surface and in the vhannel bed are alike. The loss due to all hydraulic friction

rather than perimcter-contact friction only.
J,. Outlet loss in feet. The fall in the energy
of the flume and the end of the outlet transition or

of velocity head.

h,. Recovered velocity head. The kinetic energy recovered and converted to

head of elevation while h, is developing at the outlet. Txpressed as & percentage
cetion at outlet proper and canal gection

of difference in velocity heads for flume s
Also expressed in feet as 7 (canal)—Z (flume outlet).

at greatest elevation of Z.

7. Head lost by impact and eddies, as in the hydraulie jump.

J. Height of hydraulic jump expressed as ratio of depth after, to depth before
the jump. d-+ he=d' k' 11, d and h referring to e

4’ and i to elements after the jump. :
K. Bakhmeteff’s symbol of conveyance of a channel=ACYE (4; p. 18).
k. Flevation of flume bed or canal bed above datum, in feet.
L. Length of reach congidered, measured along the bed slope, in feet.
M. Momentum= @/ Agin cubie units of water. (See p. 19.)
M. Bakhmeteff’s M'-function= AJAT. (Beep. 81.)

5 :

. Bakhmetefi’s ¢ Kinetic flow factor ”=?1C‘£?gv—d52d_h - (Seep.84.)

n. Coeficient of hydraulie friction in Kutter's formula.

n'. Coefficient of hydraulic friction in Manning’s formula.

n. A subseript to denote elements at normal flow, such a8 v, dn.

P. Wetted perimeter in the abstract. Alsohy
water.

p. Wetted perimeter, in feet, at a p

Q. The amount of flow, in cubic feet per 8

subseript to identify

Ah=change in velocity heads; AZ change in surface

entrance to flume

line between the outlet proper
the point of maximum recovery

Q’, the flow used as maximum capact
€}, critical flow, at v, and at depth de.
R. Mean value of hydraulic radius 7, ete. through re

computation of friction factors. Shoul
the mean value of the wetted perimeters py, ete.  Also R use

in the abstract. :
. Hydraulic radius ab a particular cross sec

seript to identify location as ri=a;/P1-

e e

elocity head. Sirietly speaking it shou

gection, rather than the veloecity

5 This is the usual interpretation of v
ore in excess of h as given here.

velocity heads for all the elements of flow across the
velocity aeross the section. 'The true value may be 15 pereent or m
ston, discussing Hinds (14, p. 1,461) suggests adding 4 percent
approximate the true velocity head.

lements before the jump, and

drostatic pressure in cubie units of

articular cross section, from which a/p=r.
ccond, under consideration. Design-
ity in the design of a flume or other structure.

ach considered, in feet, for

d not be taken as A/P where P would be
d for hydraulic radius

tion, in feet, usually given a sub-

1d be the mean value of the
head for the mean
Muckel-

to the value of h as above, in order to
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8. The slope of the energy line (E line); always downward in direction of flow

Never rises. The slope factor in flow f !
ormulas such as Kutter’s. S=fin feet

_ I —E :
perfogh=""7=" S is not the slope of the water surface. In idealized uniform

flow, it is parallel to and hence equal to th:
5 ; ! at of the surfa
ﬁigs g Iiri] glfll:i-}nl%xlf]%rguhcs thedsurface falls rapidly abovgeo?na(i %llitirﬁittg? ;1;18{;};:131
ume i i i i !
Hoa ¢, and usually rises rapidly immediately beyond the flume
s. Slope of the bed of the flume; usuall v
r i of & > y downward. May be i ;
zgé}hlrlgét ﬁ%z}?eﬁi Mf}L} rise or fall gently or abruptly at ei%ier Coglgl(‘)li}?rgﬂ *f0¥
et thé endseoflﬁ?(fﬂ)fién&yhk]mﬁwqu above oglwell below the level of thé éabn:l
Y esign, s a8 o
anch, t%v V;;?;}elzr(}?uricc for %'a,n asstumed n(%rr;ua,lu:if;agec;ﬁg;gi‘(iltihﬁ%a\iaﬂel e
b water surface at section under consideraﬁion in'f '
feezlpg-hc?eégg%n V{Xomty <_3f tI_le Water_ through the reach 11113010 ec%nsideration i
seet por o 4 (igggf;n;?)ffog/rﬁlaf cr;}olss sections are taken often enougﬁ ég
es the mean value of a gres
?;;ﬁ]t(e{g V:a,iu;e ?)?‘cv)l , ng ma.n_};J CN}.SI? ﬂsectionis, best approxﬁigﬁorl?aigyriﬁgg
! ) Vs s v BE u r
J%? entrainment of air annuls tht‘zz continuriré?f ce:ﬁfgfifoflheif?ﬁ%l flf R e 65
w11%[‘£kmllso be used forl' veloeity in the abstract gLl
v. The average ve ocity of t s a i i
sm?)_sc%sft tot@dcntify locatbiron, agilg(jfio% a local cross section, usually given a
Z. Llevation of the water face abe ; i ; i
sc%jtsto‘:ge?tify Bl mnie ZS::le:j(et;cs—Jbove datum, in feet, usually given a sub-
.S. Water surface; usually élopi11g downward. M i
; £ ] : a, o i
zﬁgi%;sigg;vflggt z{;?pltdly throughout length of flume, say 3{,01(;5111‘%:‘1;]1; ]%‘IJllte lge]
DUl at energy slope, S, is effective, not water slope. Usu gfl 7 Ti 1=;
abruptl gﬁllél r?c?;ery of velocity head, beyond lower end of ﬁl-une %/I} ges i
e yMa ug 1' 1e hyd_rauhc Jump, either within the flume pro ;31' 0 '&317: 1;,1}510
o, With)(; Jésfh.in_(lll lfrzla.ll lfnteﬁmlttently—'qbove and below critical I()iepti; 5(tzitheg
L jump, for flow near critical depth in a uniform cha.nnéi, such

Nomenclature—In this b i i ]
Q 1 ulletin ecertain words
gpecial meanings not ordinarily found in the dic:io?lreﬁyphralses R

Canal. The channel leadin ;
b nel leading up to and away from the flume.
A glo‘ikhﬂhfﬁti (.ﬂlgh?ons_a.re_such that critical flow is developed at a secti
& iI’ldC]}CndCIﬁ} 0151%“ 1is rocatwn is ealled a “‘control”’, because the flow u st; 30“
s e colet\mla.t;(?r stage below the control. If the conduit I?)z' edni
R A Jé ‘r(% is slower than the critical velocity, maximum f‘l()w V{)f?t?
i 1003,%20“ 11011 (IInin.) holds at the control. If the conditions ab o
o o ct}&llge to cause velocity faster than the critical, the co l?wi
s devclopéd. ci lci)élfiﬁ(i)f:(z;lcl)ll?tﬁ]?r ]Qc.ation farther upstream w,hcrc cririi:;gl
fl"D(l'jDri%r\i’ili(fhitotrllompl.lte surfJace Cu;gP:ectlon for all flows offers an excellent place
tical depth. In flume desi d i it i

akitonial : X gn and operation eritical ve he de
. ﬂow(,: b?g,;?dv é}ﬁzctlﬁ%raiuﬂd‘s are of importance. For any :515?1311 ts}crzri[lﬁ] tllfléllggigll
ol e the Tlencrgy, I >d,+ he, there are two depths of water f((ljr whi ]y
e e lese are called the “alternate stages’ (pl. 12 C)V 13\%
e thergg bt%ges merge (fig. 5, and pl. 14, B and Q). Tor any ot
R conditi;m e maée ltlvo other depths that are also conjugate Thisyratller
il T oo Jtl? clearer by a study of the H, d curve in ﬁg'ure 7. W éer
Hedomes & ehtite.” IIf tlﬁ )ﬂ(awmg at shooting velocities and the flume usu‘;ﬁar
i el i E epth is greater than the critical then we ha o
S e opb Vélociti]ec to both the backwater curve and t-he‘dru y-di V'e
AL cons?csl are nof, subjeet to long backwater or de)—dD“'n
Heie Tl By llergd. They do exist under the condition of ; C']V‘ .
e b hV(;: ocity at the top of a chute to a much faster v clce).(ir—
s s o b(fa lei L?l illlar;d%r %onmderation. However, the writer b{él?g:fe)s:
Bmﬁoth—transitioned Aol & OA)ha,t of the entering nappe at the inlet of a

nergy gradlfmt. Strictly, the rate of fall of the energy line, equal to the energy

slope Smﬁ—‘j;rfh—&
P i + By analogy, the energy line itself.
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Energy line. The energy grade line. The locus of Bernoulli’s gummation,
considering losses; hence, the E line. Not to be confused with water surface.
For tapered flow the energy line is taken as straight for the reach considered.
the taper is caused by checked water, then the depth inereases, velocity decreases
and the E line is slightly concave upward (fig. 2, C). If the velocity increases
the E line is slightly convex upward (fig. 2, B).

Energy content. Energy content curve is a H, d curve in figure 7 for a given Q.

Free flow. As applied to flume outlets; requires a stage of water in the canal
below (tail water) that permits flow at the outlet to be at critical depth (see).
This eondition may be attained with a recovery of veloeity head so that the tail-
water stage is well above the stage in the flume outlet, Ze—d,+h.. Any stage of
tail water below this does not change the stage of flow in the flume outlet; causes
a definite break in the energy gradient; and acts as a drop, and the flow from the

flume is said to be free.
Flume. An artificial open conduit of concrete, metal, or wood on a prepared

grade, trestle, or bridge. A flume 1s & complete structure for the conveyance of
a flow of water.

Bench flume. A flume bedded down on a flat shelf or bench excavated on a
definite grade along canyon or mountain sides. Some have been partially
or wholly backfilled and so confused with canal linings. Some are covered
but the water conveyed is not under pressure.  (See Trestle flume.)

Long flume. A flume of such length that at least through a portion of it
the water flows at approximately normal depths for all values of Q. Back-
water or drop-off curves may influence the surface and velocity toward
the outlet end. These elements can be modified in many ways at the
inlet end. The controlling capacity elements are determined by a solution
for uniform flow at any normal depth and this controlling capacity can not
be improved by any changes in water stage at the outlet end as can a
short flume.

Short flume. A flume of such length that the water surface curves are
determined throughout by the water stages in the canal above and below,
or by a control developed at the inlet or outlet ends of the flume. In a
short flume normal flow develops by coincidence only. However, short
flumes as well as long flumes are usually designed for an idealized uniform
flow.

Trestle flume. A flume body on a definite grade carried on trestle bents of
varying heights above surrounding terrain. English and Canadian
engineers often call them aqueducts when of imposing dimensions. The
old Roman agqueducts were essentially covered flumes. Many conduits
called aqueducts in the United States have little or no fluming throughout
their lengths.

Hydraulic friction. Cause of logs of head in flowing water; includes influence
of channel surface and alignment, eddy, impact, and other losses besides friction
with the containing channel; excludes enlargement, contraction, and “‘special”
losses.

Normal depth. The depth of water at normal flow d. (see). The idealized
depth, resulting from computations for uniform flow. Some writers prefer neu-
tral depth to avoid any confusion of normal as a synonym for “at right angles
to.” For flow down steep chutes, depth is usually measured normal (at right
angles) to the slope of the chute rather than vertically. Only in this connection
ean confusion arise in the use of normal depth as defined above.

Normal flow. Uniform flow in a uniform channel, satisfying the solution for a
flow formula, such as Kutter’s. Under this eondition, the bed slope, the water
surface, and the energy line are parallel. Though useful in design, such uniform
flow is seldom found in field experiments. A perusal of table 3 indicates the
general tendency for tapered flow to exist. Long, straight channels of uniform
shape and uniform surface would develop this idealized flow. It should not be
taken for granted in any field tests tor values of n. Some writers prefer neutral
flow to normal flow.

Shooting and streaming flows. (See Critical depth.)

Weighted values. Throughout this bulletin values of local elements, such as
a, r, ete., will be weighted in the determination of corresponding mean values,
A, R, etc., in accordance with the length of reach each local element infiuences.

TYPES OF FLUME

_Flume structures are built of several materials and usually are of
distinctive shape as shown in figure 1. However, all of the charac-
teristic materials are used for flumes of distinct types, which may be
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divided in two ways from the flow standpoi i i
; int: Unifo i

form flow; streaming flow or shooting ﬂoev. These azglug; ;lr?;l uﬂﬁe
subdivided according to type, as follows: D a

Type A, long flumes, including some steady, uniform flow.

%‘yp: ]é, Sh(l)r?ﬁ'ﬂulmels’ with nonuniform flow in a uniform channel.
critizgl. , relatively low-velomty flumes for flows slower than the

Type D, relatively high-velocity fl

K vy flumes for flows fast :
critical, commonly called “ chutes”. Often with compﬁ:s;c?l‘og]f] ?illtlleﬂtle
chgi‘rilgeef,l in constructed gradient. ’

e flow in types A and B must be in combination wi
) ith t

o_rlle. Sometimes both C and D are found in a single strucfupf: (?f
either A or B type. The writer estimates the proportions of the com-
binations of types about as follows: Type A-C, 20 percent; type B-C
75 percent; type A-D, 2 percent; and type B-D, 3 perceni.. In con-
n}izct.iqu with types C and D, the word “relatively” is used because
shooting flow may oceur in a small flume at a velocity of 3 or 4 feet

er second ; but i i : . ;
g treeord bt in v nrge St thie Stage 1 defseted uatl S vonty

FORMULAS FOR FLOW OF WATER IN FLUMES

Long flumes, in which the antici iti
Li I 1e a pated velocities are slower tha
glrxt.lca%, can be designed like any other open channels, using oﬁeﬂcl)?
e standard formulas for uniform flow. However, the high velocities
usually associated with flumes must be kept in mind. Definite pro-
zllsmlq nﬁustlbe made for the drop in water surface necessary to develop
1e dng velocity as water enters the flume from the canal or other
;;Itluiclil}ng. E:daoll{.)x;ggsyt?llgclty. Grgatei'l freeboard is required to care for
1 1ble waves. t the out. it1
of %ﬁlo?ilty head should be considered. RHESES N SRR
e determination of the actual water pri ith i i
¢ [ prism with its hydraul -
i]ﬁzntfgult?t ;I]??Oi%;mla as tor1 sgly opgnf channel. In the Urﬁlted Slfagclag,
formula, as elaborated from the simple relation as gi
Egdc(ﬁ_ezg,illls Eﬁ;ﬂ l\lz[u Igel_lem% use.1 Values of n in the Kutter forgrfln?ﬁg
t anning formula are quite alike through the
ﬁxgygn:sggg&tig with ﬂuml;a flow; hence, the Malmingbforfnlsliaggg
ereon can be used to obtain approximately th
results as those obtained b { D ety formulas
S : y the Kutter formula. The two formul
sda(,)ynfgg I);u(;)l%&ppmmmatcly identical results in the higher vah?(:sm(:} ?:cs
00 1flpward. However, the proper coefficient of roughness’
i ey dat.:g }(J);n_lula, remains a matter of judgment, based upon
D u_n(ci) ained from flumes similar in material and conditions
Lk 1}herﬁccl)nslderatmn. The empirical data listed in this
putationsglﬁna.]l e BC% measurements and supplementary office com-
DueiRsas y rgixu ting in values of the retardation or flow coeffi-
ke exggglt aaéss?iﬁhi%ﬁlsual type, which neglect any influence
i s o e
upé)]x; Whlc% most formulas were gggeg.v.usted ki e ey R
s rtl:)rr'i',l féi:gmf}f are usually designed for the desired maximum capac-
87 de same way as long flumes, except where the structure
Lo dai' ml]"ﬁg giovgggtﬁassaﬂ?;;nell Hc;lwever, they are more elastic
Pt et Ll S a ouyﬁr ume. Kven if designed for
i_funﬁ' : pth with the desired freeboard, th
inadequate, may be increased by means that would not aﬂ"ecteafllg:lvg’-
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flume. The shorter the flume, the more is its maximum capacity
dependent on its place in the vertical plane with regard to the water
prism and energy line in the canal at either end. Likewise, the shorter
the flume, the less is its capacity dependent on its constructed slope.
A very short flume—ecrossing side drainage or a narrow depression or
replacing a washed-out section of canal—may have a very steep slope,
or a level bottom, or even a bottom that slopes upward in the direc-
tion of flow; and the full range in capacity for these conditions may
be less than the range as influenced by its position in the scheme of
levels. (See pl. 14, C.) "Sometimes strange paradoxes result from
extended study or trial with short flumes. Several years ago a short
section of a long metal flume wag washed out. The canal company
replaced the missing section of approximately circular shape with a
short piece of rectangular box flume, having the same gradient that
the metal flume had. Using a higher value of Kutter’s n for the
rough board flume, the design resulted in a relatively large section for
the box flume. This section became the bottle-neck in the whole con-
duit. It would not carry the desired flow, not beecause it was too
small, but because it was too large. The losses in the conduit enlarge-
ment at the section entrance and the contraction at its outlet, first
rapidly decreasing the velocity and then as rapidly increasing it, com-
pletely overshadowed the negligible difference in friction loss due to
difference in conduit material. Had cradles approximating the shape
of the metal flume been lined with the boards used for the box flume,
the resulting replacement would have worked as desired, but perhaps
encroaching a little on the freeboard upstream in order to overcome
the slight difference in friction loss.

The coefficient of retardation has been computed for three of the
best known formulas used in the United States in designing open
channels. The formulas considered are the Chezy formula, (1); the
Kutter formula, (2); and the Manning formula, (3).

In 1775 Chezy, a French engineer, advanced the following formula
for calculating the flow of water in open channels:

V=CJRS (1)

This formula was based on the assumption that the velocity of
water flowing in a long, uniform channel does not increase for each
succeeding second of 1ts passage as would be the case if it followed,
unhindered, the law of gravity; but that it acquires a certain velocity
early in its flow, and from that time the velocity remains quite con-
stant as long as the surrounding conditions are not changed, the
tendency for the velocity to increase being just counteracted by the
various retarding influences. The conditions upon which the assump-
tion is based are approximated in long, straight flumes.

The coeflicient, (! was supposed to care for all of the various factors
affecting the velocity, such as friction between the moving filaments
of water and the containing channels, but it did not involve the slope
and the mean hydraulic radius. After some three quarters of a
century of use, it was found that € was not constant but a rather
complicated variable. '

Substituting this variable in formula (1) we have Kutter’s formula,
expressed in English measures:
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1.811
o 41,66+ 220281
\ 14 fan.054 2002811 VD Y
; S |4R,

This formula takes into consideration the influences of i
grade and of the mean hydraulic radius upon the coefﬁ(?ielﬂﬁvga;rlllg
mtroduces a new variable, n, which is supposed to represent all the
retarding influences.

In this elaborated form the above formula represents a vast amount
of mathematical plotting and deduction by Kutter and Ganguillet
(10), engineers, in Berne, Switzerland. Tt was developed in 1869
from the data covering 81 different gagings of rivers and canals
ranging from channels a few inches wide to the Mississippi River.

Although there has been much protesting against the Kutter for-
mula, particularly respecting the term including S, it is still the main-
stay of the irrigation engineer in the design of open channels. The
courts of the West, in particular, look askance at any attempt to
establish the capacity of an open channel by any formula other than
Kutter’s. In Europe the Kutter formula is used in some countries,
while others use the Manning, Bazin, or other later formulas. ’

In an effort to modify the complex form of Kutter’s formula. the
Manning formula appeared some 40 years ago and recently its eneral
acceptance has been urged in the United States. As material for use
with this formula, values of n’ are given with Kutter’s n, in table 2,

The values of n’ in the Manning formula (3), are sufficiently close
to the values of n in the Kutter formula so that the same values may
be used by engineers partial to the Manning formula, at least throueh
the range usually found in flumes. The chief advantage of the latter
15 1ts simplicity, but as the Kutter formula is seldom computed—
diagrams and tables being quite generally used—this objection to the
Kutter formula is not material. The Manning formula is

_ 1486, .
V= ?R -07,80.50 (3)
The flow formulas given above provide the hydraulic ele ‘

flume of given or assumed shape and dhnensin}ir]s, provideﬁl(i}?fii Ji(c})Ir'lg
enough for normal flow to develop. In all these formulas, the following
?a{hbehm:lted: The area of the water prism, A, the wetted perimetel?
£ eSy raulic radius, R, the length, L, the friction loss, h, and the
- OIt::e, » are dimensional and assuredly computed. The retardation
ac l;)r assumed in the computations is a matter of judgment, based on
such empirical data as those listed in this publication, iﬁterpreted

VELOCITY HEAD

The mean velocity of the water, i i
1 3 ater, V, a direct factor in the quantit
of flow, is the velocity that will be n*iaintained, without accgleratiog

or deceleration, if the assumptions in the flow formula are correct.

in the first place. In the past this isi
| : 1 provision has often b
It is called the velocity head, symbolized by h. I(Zell}sozgg{)ol?:l;gi;
Eisgntla,l i flume structures. The velocity head has been assumed
e the same as for the falling body in ordinary computations.
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The formula for the velocity of a falling body, V= +/2gh, transposed
and expanded becomes

Velocity head =h= ;’—7—; (4)
The essential nature of % in flume problems may be clarified by an
example: If the mean velocity of the water in a flume is 8 feet per
second, the surface of the water at the beginning of this rate of flow
must be at least %=2:750.995 feet (say 1 foot) below the energy
line E, at that point. If the water upstream from the point is pooled,
that is, without appreciable velocity, the water surface and /£ are
at the same elevation. If the water upstream, in an earth canal, for

example, has a velocity #, its velocity head, equal to %’» must be

added to the elevation of the water surface, Z;, to get the point on
the energy line, /2. As a general formula
1 1)2 =5
E=7+ 2~g—é+h (5)

for still water, since v=0.00, E=2 (6)

Therefore, for either a long or a short flume, velocity head for the
increased velocity at the upper end of the flume takes the form of a
surface drop, shown in many of the views in this bulletin. (See pls.
4 and 5, and fig. 2.)

and

ENTRY LOSS

The loss of head at entry is shown in figure 2 by the slight, steep
drop in the energy line and not by the deep plunge of the water
surface. The latter has often been mistaken for entry loss. It is
merely the conversion of head of elevation to velocity head described
in the last few paragraphs above. It can be understood as an invest-
ment and becomes a loss only as measured by lack of recovery further
down the flume or at the outlet.

Discussion in terms of the energy line and energy head is new to
many readers who will recognize the older form which amounts to
the same thing:

L
MZ=Zy~Zy=Ahtcah=M(1He) =252 (L+e) ()

The drop in water surface, AZ, is equal to the difference in velocity
heads for the head water in the forebay or leading canal and for the
water in the flume at the upper end, plus a small friction loss, plus the
entry loss. In the United States, this is usually taken as a constant,
multiplied by the difference in velocity heads, or ¢,Ah. Some author-
ities apply ¢, to the higher velocity involved. Generally, the differ-
ence, due to method, is not of moment since the lower velocity usually
has a much smaller head than the higher one.

The coefficient of entry-loss, ¢, including friction in the inlet
transition, may be taken as: ‘

¢ The suggested values of ¢, may be understood as conservative conclusions from all data on entry losses
now available, with friction included.
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(1) 0.20 for square-ended bulkhead entrances to flumes (pl. 4, A).

(2) 0.15 lfoi eﬁtirance wings set 30° to 45° to the axis of the flume

(3) 0.10 f-or’“cy.linder quadrant” inlets: vertical, circular, wings
(pls. 5 and 8, A).

— il By
S et e v i (o S e e - P
j hy =hs T -SDerEy linen Sus B hp=8Z eak
W.S. at streamin toge /Sand s Ky 1
Cri_ﬁ_cﬂ 5?5-59_ S—-._—

Zo
'Z—' —f -— _f\_,.W;S._af
d,

by, TS

Fk+d +h, =kp+d; +hy +hy

S=bed slope

Datum

d; shows some
recovery of
head within

flume

Datum

FIGURE 2.—Diagram of three princi iti i
2 brincipal flow conditions in flumes: A, Idealized normal flow ns usuall
A i st " out v L% B ong e, b, el v, o shor
4 ; -water stage is relative w; C, decel ing fl
found in short flumes and at lower ends of long flumes where tail-water smgeyisorelati’velge n??llf.mg ¥

(4) 0.10 for warped transition inlets following computations as

R given on page 73 (pl. 4, C).
b Ee values in (3) and (4), above, indicate that there is probably
ut little inlet loss other than friction under conditions as given. The

coefficient influence comes within the i
e velocity oty zone of error in the assumptions
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Empirical values of ¢, for cylinder quadrant inlets,” described on
p. 70, listed in table 1 are computed by the formula:

_AZ*A]L_#ZQ*Z1+]LQ—]M \
= Ah a hl_ 0 (8)

in which ¢, is the coefficient of entry loss, including friction loss.

TasLE 1. —DElements of resulls; erperiments on entry loss in cylinder-quadrant

transilions
Veloeity honds Surface drop
_ Velocity Entry
¥ i Flow tncrea%e:;,cnunl { coefli-
eference no., see table to flume oy . | Differ- | Eleva- |Propor-| cient
Canal | Flume | %000 | Stion | tion
2] o 01 ho Iy Ak AZ | AZjah Co
Ft. per see. eet Ireel Feet Feet
1.76 to4.686 | 0.021 0.302 [ 0.302 | 1.000 ()
1.19 to 4. 64 022 L3813 32 1. 022 0.022
1.193 to 4. 82 022 330 M 1, 003 . 003
8.36 .92 t03.4 .013 167 166 (oo ®
212, 59 4.29 1o 6.08 . 286 . 289 L34 1. 155 . 1565
314,00 1.53 to h. 46 L 036 A28 oo = )
564. 00 1.795 to 4. 95 . 050 . 331 . 338 1,022 022
603. 00 1.95 to9.08 . 059 1.20 13321 1L11 L 110

I From experiments of I. M. Ingerson mentioned below.
? No loss.

Where the velocity in the flume at the upper end is close to or
exceeds the critical, the lip of the intake structure may become a
control with a long draw-down curve upstream. Through the lower
reaches of this canal section, the velocity is liable to exceed the per-
missible velocity for the material forming the bed (9). In such cases
it is advisable to study the hydraulic notch (27) to the end that
velocities above the inlet structure may be held within bounds. The
notch is effective only for velocities slower than the critical.

OUTLET LOSS AND RECOVERY OF VELOCITY HEAD

At the outlet end of most flumes, the velocity is reduced and the
decrement in veloecity head is available, at least in part, to elevate
the water surface. This condition is to some extent the reverse of
the surface drop noted at the inlet end, but this rise of the water
surface is not so nearly perfect as the inlet drop. This rise, termed
the “recovery of velocity head”, is usually less than the change in
the velocity heads. At the inlet, the surface must always drop at
least the full difference in velocity heads, plus a small entry loss. At
the outlet, the recovery in elevation is always less than the full differ-
ence in velocity heads and the outlet loss is taken as equal to the

unrecovered velocity head.

7 The eylinder-quadrant inlet was developed independently as part of the experimental work toward a
graduation thesis by I. M, Ingerson at the University of California, working under the direction of B. A.
Etcheverry and the writer. Before suggesting it in this bulletin, it was offered to several organizations for
field use, to give structures for tests on sizes much larger than those feasible in the luboeratory work. One
(pl. 8, Ai was built on a 30-foot radius for Erskine Creek flume, 18.4 feet in diameter (no. 166). The results
were so satisfactory that this transition has been used to replace the entry structures on all the flumes of
Borel Canal. Since then many irrigation and hydroelectrie systems of the West have adopted them as
standard construction. In the opinion of the writer, they are sufficient for velocities up to about 8 feet in
the flume if built with a short straight section between the curved wings and the flume proper for velocities
higher than say 5 feet per second. IFor still higher velocities he suggests using the warped-inlet transition
assuming the surface curve as a reversed parabola, along the lines laid down by Hinds (14).
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By a process of reasoning similar to that for the ;
; ¢ simila e inlet
formula for the change in the water surface is found to be ety ke
AZ=Ah—c¢, Ah=Ah(1 — €5) (9)

heI‘e (4 7] iS bhe ("«('Je.{li Ci(mt ()f Ol[tl(‘t 10SS I IO wever ‘ [ I i i 1
W = 4 - rer ¢ Tise 1n he
Watl’;‘.r Su]‘f:l(!e ﬂtl L]:B Ollt]Eat 18 t'he Tecov el‘(-d I.)Ul i 4 ”j v i y

AZ=F}, ; (10)
the percentage of velocity head change recovered = 100 (11)
Ah
and
the percentage lost =1—00($£’) (12)
0
From formula (9) above
e —Ah—AZ
? Ah (13)

where ¢,, the coefficient of let reloci
recmzcl;ed, e &; ; outlet loss, and },, the velocity head
1) ¢,=0.75 and h,=0.25A% for square-end bulkhead |
(2) €,=0.50 and &,=0.50Ak for outlet wi ; {:a e
30° with axis of flume., A i g
3) ¢,=0.25 and &, =0.75Ah for long-taper or warped outlet
o .. wings, following design as given on page 74,
ese coefficients are more conservative than available experimental
data may warrant, but conditions at outlets are more unstable fh
at ‘11{71111%3 S0 more conservative figures should be chosen. "
fastere‘gﬁ thihvelo'ql‘g.y at the outlet end of the flume is liable to be
i (;m ie critical, the bydraulic jump is almost unavoidable-
Lk ,thn<rc._ _Slight changes in the stage of che tail water will
o thﬁi u.ﬂﬁ(\p{;s;t;(gi; f}’iﬁ"} Jm}tl]i)tilp and down the canal, but the flow
D ) Hected until the jump is backed up into the fl
In this event, the freeboard near the] tlI\t ftl i netimes
be insufficient and water will !JT(;W. ov(:lrE tfl E % ) ﬂun;le Wit
_ ) : . s. If the jum
out in the canal, a study coverin weve;glsilc e'qth j & sboald b
made to determine the [ocation n% the jus efp e
1n order to determine the necessit for )I:]UHI})_ ?rr vn!'luu&"» b
the flume from excessive veloci ty{md éogsfggﬂgfft%ﬁ;}fg:l Pk ke

DETERMINATION OF EFFECTIVE SLOPE

F .

longoﬁ'rél;g}?:q(l)f to (3), above, permit solutions for uniform flow in

e déﬁgedm:mlt l'lﬂunlw_ ’]‘fhe} slope element in all of these is

as the slope of the water surface. Actually. it is

;ﬁﬁ S;fﬁz Offtfllfhfn@rgy gradient, a line higher than the water 93,71’11'}&01:
¥s talling in the direction of flow, and expressed as

h
S=7 (14)

where £, is the fall i oy oradi i
TR e ti)n _l'fhfge?mhy gradient in a length along the axis
In terms of Bernoulli’s theorem

k1+d|+hl=k2+dz+h2+hf - (15)
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For uniform flow d, =d, and h; =k, and formula (15) becomes
k] = !Ifg =, hf (1 6)

But ky— k. is the fall in the bottom of the flume, and since d; =d, the
fall in the water surface is equal to that of the bottom. Therefore,
in considering uniform flow, the fall in a given distance is the same
for the bottom, for the surface, and for the energy line. In the
solution of formulas for the retardation factors, as listed in this publi-
cation, the slope has always been taken as the gradient of the energy
line. (See column 16, table 3.) That is,

2 2
(zl+gﬁ)—(zg+g—2) Gith)— Zathy) E—E by
S= R - == 7

L L
All local variations in area, and hence in velocity between points 1 and
2, were interpreted as without loss of any part of the velocity head
changes, as the taper flow is interpreted as having a perfect transition.

?L BACKEWATER AND DROP-DOWN CURVES

For many short flumes, and at the lower ends of many long flumes,
the backwater and drop-down curves can be anticipated in design
with a definite economy of construction. Iven when not anticipated,
either one of these surface curves is quite sure to develop. The true
backwater curve is characterized by a slowing-up of velocities with
consequent recovery of velocity head. Likewise, the slower velocities
require and make less freeboard. The partial recovery of velocity
head in the flume proper makes less demand for recovery on the outlet
transition, and also projects the flow into the canal with less erosive
effect. Where the outlet of a flume will always be a free fall, then
the flume sides can be lowered as the drop-down curve makes more
freeboard available.

In computing backwater curves, it is advisable to use a formula
that does not assume a wide, shallow water prism with the formula
developed for flow per unit width. In flume flow, the elements for
the whole water prism under consideration, not for a narrow strip,
should be the basis for computation. Several arrangements of for-
mulas, based on the complete water section, with final results in terms
of a length of channel, L, necessary to develop a given difference in
water depth, d, have been offered. Two of these, given in references
(16) and (19), are based on the assumption of complete recovery of
any velocity head released in the true backwater curve, and, con-
versely in the case of the drop-down curve, in the utilization for
friction of all fall in the water gradient not necessary to the generation
of increasing velocities.

A concrete example of the development of the backwater curve is
given in table 11. The cumulative lengths of channel (last column)
determine successive depths of water, and the rate of loss of head, S,
incident to the assumed uniform flow between successive values of
H, is based on complete conservation of energy ;i.e., complete recovery
of velocity head from station to station. :

By formula (15) k,+dy+ho=ky+dy+hy+hy; but ky—ky=sL, and hy=SL;
from which sL—SL= (dy+ hy) — (do+ ha);
and since dy+ hy= Hy, do+ ho=Ha, and Hy,— H,=AH,
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AH
L=—% (18)
where subscripts @ and b apply to the upstream and downstream
stations, respectively.

The extent of true backwater is not limited by any critical condi-
tion. The stage of water at the outlet end of a flume may be any
depth above the normal depth, being limited only by the extent of
available freeboard. The drop-down curve, however, has limitations
as is shown in the following paragraphs: '

With the discharge at the outlet end approaching a stage lower than
that of normal depth, the velocity increases as the sectional areas
become smaller; hence the energy slope, S, required for a velocity
faster than normal exceeds the bed slope, s, which is equal to the
energy slope necessary for maintaining normal velocity only. There-
fore formula 18 is revised to read:

AH
=:g“:‘s (18&)

For both curves, if AH is regarded as a positive change in the
energy content, the related formulas 18 and 18a can be used to develop
the backwater or drop-down curves, respectively, beginning at the
downstream end of the flume.

At the outlet end of a flume with bed slope, s, such that normal
velocity is slower than critical velocity, the minimum depth that will
develop by the drop-down curve is the depth for critical flow; that is
o This condition is clearly shown in plate 10, C. i

For any important flume structure, it is suggested that the drop-
down curve for capacity flow be developed from normal depth down
to a possible brink at critical depth. The total length of the curve
will be the limit for a short flume under accelerating-flow conditions.
Any excess length places the flume as a long structure.

Likewise, it is suggested that the curve for any possible high stage
of backwater be developed. The total length of this curve gives the
limit of a short flume for decelerating flow. Any excess length classifies
the flume as a long structure.

Detailed reasoning for this method of developing backwater and
drop-down curves with numerous examples and the mathematical
disclosure of the critical-depth limitations of the drop-down curve
were given by Husted (16). It is to be noted that this method does
not limit the shape of flume to that of a wide rectangle so that flow
per unit width can be assumed. In the use of some tables of back-
water functions, the limitation of unit flow is likely to be overlooked.
Such tables are not adapted to use for many flume shapes. The
method outlined above is not limited to any shape of section,

CRITICAL DEPTH

W&Iyz a given flume of any shape, critical flow may oceur in several
(1) For a given flow, Q, there is but one critical depth and one
critical velocity.

51383°—36——2
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(2) For any given depth, there is a velocity V. that will generate
critical flow O,. In the foregoing (1) and (2) there is, of course, one
point in common.

(3) For any given elevation of the energy eradient above the
bottom of the flume, representing the energy content or total head,
I, there is but one critical depth, d,, one eritical velocity, V., and one
eritical flow, Q,; and this flow is a maximum as compared with that
due to all other combinations of d+h=H. In theory critical flow
is a highly desirable condition, the surface being smooth and glassy,
turbulence at & minimum, and the jet quite transparent in clear
water. In practice this condition is assured and attained at critical
brinks; as just above the steep intake to a flume chute, just above
the inlet transition where there is an excessive drop into a flume, or
just above the outlet of a flume where there is a lower tail-water stage
than Z-+h,. In practice this critical condition can be anticipated in
design for very short flume sections, either raised or depressed, with
respect to the canal sections at the ends. However, in practice,
long flumes should not be designed for critical flow without due
regard to the flat apex of the energy curve for any given Q. (See
H, d curve in fig. 7.)

The energy curve and the momentum curve, near critical depth,
indicate that the same quantity, @, may flow at a rather wide range
of depth with but little change in the total head d+h=H. In other
words, if normal depth for a given value of n is set for critical depth,
slight divergence of the actual value of n from the assumed value and
slight retarding effects of curves will cause the surface of the water
to assume a wide range of depth, both above and below the critical,
with an agitated water surface.

The determination of critical depth in a flume problem may be
made with various elements and conditions given:

(1) For a water prism of any shape, given the area, A, and the

surface width, 7', then

A
hc_——'?j‘l (]‘g)
from which > o rh
_ [29A_ [9A
Ve \/ 5T ~\'T e

For a given width, 7, of a rectangular channel and the flow, @,

the critical depth )
do=~4/\T/ (21)
/]

For a mean velocity of water, V, in a rectangular channel a depth,
d,, will make V=1V, and

2
a=Y (22)
For a given total energy content d+h=H above the bottom of a
rectangular channel,
d.=2{3H . (23)
Similarly, in a V-shaped channel:
d.—4/5H (24)
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At any point in any channel, if V<V, the flow is at streaming

stage; if V>V, the flow is at shooting stage.
For a given ener%}' content, H, the flow, @, is a maximum when

d,+h,=H and V=V,
—AV.— 4/
Q AV.=A T (25)

By continuity,
In a rectangular channel,

Cuax. = 3.09THA (26)
Conversely I is a minimum when flow is critical, ie.,
dc+hc=Hmln- (27)

THE HYDRAULIC JUMP

For a given value of total head or energy content, , ther
combinations of d+ /=1, representing tcgo stages’of ’ﬂtmil.e a(g?lg“;(;
these is at ordinary streaming flow and the other at high-velocity
shooting flow. When water has once passed critical velocity and
entered the shooting stage, it can proceed at this stage if the slope is
sufficient to maintain the high velocity developed. When however
as often happens, this condition does not prevail the flow tends to
pass through a rough, almost vertical uplift to the alternate stage
l_mvmg’_r,, the same energy content. This action is called the ““hydraulic
jump.”  Many conditions may result in the development of the jump
but where it occurs in the flume itself (pls. 12, C and 15, B) the
usual reason is the one givey. The jump may be expected also at the
outlets of all flumes flowing faster than the critical, such as chutes
exgpt where a full overpour occurs. ’ ’

owever, in passing from the shooting to the streami o
true alternate stage is not reached, since there is alwa;lsmngnoi'téag‘fa lfal;g
loss of head in the jump. Much has been written concerning this
loss and the jump has been extensively used to dissipate energy from
high-velocity water. On the other hand, it has not been generally
appreciated that there are also great possibilities in recovery of veloc-
ity head through the jump. A shallow, swiftly flowing water prism
loses a large percentage of its energy in passing through the jump
On the other hand, a deep prism will lose but little energy and
zgzgverca large gercentage of Ah. This condition holds where the
ﬁgr.l‘fjizorlg‘fﬁgg.) the momentum curve are similar in shape. (See

Lhe amount of the loss can not be determined by the ene
l\;V(]):);(:h itself is based on the law of conservation of )t;nergy, v:%y;cﬁug:é
: recognize such losses. The law of conservation of momentum

owever, is truly applicable. That is: ,

%*’—!-P=Q—”+P’ (28)
but since v=0Q/a g

L. o &

ag+P_c_1,’—d+P (29)

where @ and P apply to area and 1 i
g ‘ 1ydrostatic pressure before the j
g.tf%eg(?}f at shooting stage) and a’ and P’ apply to the same 9131131%.1;:;:2
g e t]ﬁ]mp (to flow at streaming stage). This equation gives the
or the so-called momentum curves, before and after the jump.
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For any regular prism the hydrostatic pressure in the cross section
in cubic units of water is given by: (25a)
P= f Add (30)
Letting P represent the hydrostatic pressure in the cross section in
cubic units of water.
For flumes of rectangular shape

2
P:% 31)
For flumes of triangular shape :
L i 1
P Sd tan 26 (32)

where 6 is the angle of the flume notch. TFor the ordinary triangular
flume, with sides at right angles to each other (0 =90°) tan %49 becomes
tan 45°=1.0; hence

For triangular shape with sides at 90°,

P= éd“ (33)

For circular shapes the formula becomes very complex. Tables for
solution are found in reference (31, p. 48a).

In formula (29) if the two sides of the equation are platted for the
two stages of flow, they will intersect at the point of common value,
as indicated by the equation, and this intersection will indicate the
longitudinal location of the jump in the channel. This point is rather
clearly defined in a transition at the outlet of a flume, where the shape
of the channel is changing rapidly, but there may be difficulty in locat-
ing the position of the jump in a flume section where the channel is
uniform in shape and the cause of the jump may be nothing more than
a local increase in the value of », due to surface conditions or to excess
retardation by excessive curvature or some other cause that can hardly
be evaluated. Such a jump occurred in our example flume when the
structure was new and normal flow was slightly faster than the eritical,
this jump being caused by gradual retardation of the water by four
reverse curves until it jumped from shooting to streaming stage and
then the velocity immediately commenced to accelerate down a tan-
gent until at the outlet it had again become approximately critical
(see pl. 6, A).

The algebraic expressions for the height of jump are somewhat com-
plex for sectional shapes commonly used in flumes. However, the
energy curve and the momentum curve can be quickly developed for
any shape of section and the height of the jump can be determined
graphically (fig. 7) and its longitudinal location in the channel can be
determined by the intersection of the curves as deseribed above.
Hinds has described these curves and this method in great detail (13),
and his suggestions have been abstracted by King (18).

NECESSARY FIELD DATA FOR THE COMPUTATION OF VARIOUS ELE-
MENTS ESSENTIAL TO THE STUDY OF FLOW CHARACTERISTICS

IN FLUMES $

As previously suggested, long flumes and short flumes required dif-
ferent treatment. Kor the former, reaches from 1,000 to 4,000 feet
long were selected and data were obtained for computation of retarda-
tion elements; influence of curvature; change of interior surface and

8 In another bulletin (2}) the writer gave the details of field data, equipment, and office procedure.
Except where changes and improvement occurred, these details are not repeated here.
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hencein friction factors, with the passage of time; similar changes during
the summer season, largely due to algae or insect larvae. Sometimes
loss of head at the inlet and/or at the outlet end could be obtained
for long flumes; seldom were both obtained on the same long flume.

For short flumes 1t was customary to follow the water from the canal
above through the inlet transition, then through the flume and outlet
transition into the canal again. Exceptions occurred where definite
breaks in the energy gradient evidenced by the hydraulic jump or by an
overpour drop, spoiled an opportunity to record inlet or outlet losses.

For all tests for friction factors, the required elements were:

(1) The quantity of water, €, comprising the steady flow necessary
for sufficient time to make all the field measurements except the basic
line of levels which can be run either before or after the hydraulic test.

(2) A profile of the water surface throughout the length considered.

(3) Measurements from which water-prism areas and perimeters
can be computed or measured from large-scale graphs and the various
values of the corresponding hydraulic radii computed.

(4) A profile of the bottom may be taken by levels or it may be
developed from the measurements under item (3) above. The eleva-
tions of the bottom points are not used directly in the computations
for retardation factors.

For practically all observations on the capacities of flumes, the
quantity of flow, ¢, has been determined with a current meter. In
the work done by this Bureau, the meter station was usually located
at the lower end of a long tangent and also was assumed to be the lower
end of the reach tested. Thestandard measurement was by the ver-
tical integration method with a Hoff meter * (pl. 10, A).

Verticals were taken at short intervals across the width of the
flume. Soundings for depth were usually made with a slender cur-
rent meter rod, measuring down to the water surface from the top
front edge of a crosstie and then down to the bottom from the same
point. The difference between these two measurements gave the
depth of water without influence of velocity head causing the water
to run up the rod. The soundings and point data for the meter
measurement gave the cross section of the flume at the meter station
from which a could be computed and p for curved-section flumes
measured with dividers on a large-scale plat of the section. For
rectangular sections p could more easily be computed.

I The determination of water-surface profile offered some difficulties.

; glance at the views shown in the illustrations indicates the extent
ol surface roughness. _The high velocities usually inherent in flumes
and the rapid changes_ in velocities, and hence in surface elevations as
water leaves a canal, is accelerated in entering a flume, flows through
it arllqﬂ 1s then decelerated as it returns to the canal, are conducive to
igc;i} ug.tuatlo%i of tlhe surche throughout a range often nearly 1 foot

; evation. @ water surface in a long flume is usually smoother
atter normal flow has been approximated, but still is very rough for
preAclsiohn measurements necessary to a close determination of theslope.
Spotied 3 Iililéngg Iillsisbjuyhhas a foot walk, crossties, on which points are
taken, are available :.t IBIJIE asggfem t?éldt p (éotwn totﬁhe it Sﬁlr'face o
later into the scheme of lev)erls. ; ROt SREFE e

! The Hoff current meter hasa horizontal shaft with a propeller presenting a uniform face to the oncoming

Water. This meter is not affect d i i
b 1 ed to any noticeable extent by vertical movement in still water. Thorefore
¥ component of velocity due to a slow vertical movement in running water is probably negligible.
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During the first tests a point gage was used. Later this was modi-
fied into a hook gage with adjustable slide, using the elbow of the
hook rather than the point. The device finally adopted is shown in
plate 10, A. In essentials the water surface is allowed to seek its
own average level by entering the cylindrical well through four small
piezometer orifices placed in pairs, 3 inches and 9 inches down the
tube, thus obviating vacuum troubles as the flow is split by the
rounded point. When taking an observation this tube, with a
rounded, sealed end, is held pointing directly upstream and sub-
merged for a few tenths of a foot. Pressure on the orifices causes
water to rise in the well, rapidly at first, and gradually slowing down
as pressures are equalized. In about 30 seconds the water is stilled
in the well, the valve V is closed, and the gage is withdrawn with
water trapped in the well. The hook gage in the well is then run to
the water surface and the vernier reading recorded. This reading,
taken in conjunction with the constant determined by the position of
the gage on the meter rod and the elevation of the spotted point,
gives an average damped-down elevation of the water surface at that
section. At the upper and lower ends of a reach under test several
of these readings were taken and the average was assumed to be the
elevation of the water surface at that end. The sum of the velocity
head for the velocity and the surface elevation at any given section
gives a corresponding point on the energy line, I8. The fall of the
energy line, determined from the several points thus obtained, is the
slope element desired.

The depth gage can be operated down from an elevation spot or up
from the bottom to the water surface, using a pointed section on the
current meter rod upon which the gage is threaded through attached
rings. When measuring up from the bottom in trapezoidal canal
sections above and below the flume, a level rod is clamped alongside
the gage and is read by the instrument man while the water is entering
the stilling well of the gage (pls. 10, A and 6, B).

The cross-section meagurements were made in various ways, by
rod and level for elevations, by steel tape and slender graduated metal
rods for linear dimensions. Some of the large metal flumes were
sectioned on the outside, by hanging a plumb bob over the edge and
measuring offsets to the flume shell in both horizontal and vertical
directions. Two plumbed vertical strings and a horizontal string
formed a perfect U around the bottom of the flume.

In addition to the measurements outlined above, the notes were
completed with such descriptive matter as pertained to the capacity
of the flume, comments as to paint, algae, moss, detritus, curvature,
flume surface. wind, and so on.

SCOPE OF EXPERIMENTS

Tests were made on flumes in Arizona, California, Colorado, Idaho,
Nevada, Montana, Oregon, Washington, Wyoming, and Utah, and
Alberta, Canada.

The range of materials included concrete—poured, precast, and
gunite; metal—iron, steel, and alloys; and wood—plank and staves.

Sizes ranged from little structures but 1 foot wide to Brooks Aque-
duct in Canada (no. 23 et seq.), 20 feet wide and 9 feet deep, and
Tiger Creek conduit in California, some 20 miles long, 14 feet wide,
and 6 feet deep, Alignment ranged from straight sections more than
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a mile long (no. 104) to reaches on Tiger Creek conduit with 413° of
curvature in 1,000 feet of flume and with a minimum radius of but
five times the width of the flume. The complete length of short
flumes (from 50 feet up) was used in the tests. From very long
flumes typical reaches of 1,000 or more feet were selected.

Velocities ranged from streaming flow as low as 1.08 feet per second
through critical flow condition of some 11 feet per second up to
shooting flow nearing 30 feet per second.

Interior conditions covered surfaces new and old, clean and algae-
coated, painted and unpainted, smooth and rough.

The majority of the tests were made by field parties headed by the
writer, or other engineers in this Division or its predecessors. Many
of the data were abstracted from the files of the United States Bureau
of Reclamation.

A few tests abstracted from engineering literature were computed
on the basis of uniform flow, without sufficient field data to determine
whether or not the areas of water prism at the ends of the reach were
alike. Uniform flow is shown in table 3 to be approximated only,
even in long reaches. These tests are given a lower rating in column
5, table 2, as complete measurements would usually have shown
slightly different values of the friction factors. (See p. 25.)

OFFICE COMPUTATIONS AND EQUIPMENT

In solving any of the flow formulas for open channels to find the
value of the retardation factor n, or its equivalent, it is necessary to
compute:

(1) The mean velocity of the water, V, throughout the length of
reach tested.

(2) The slope of the energy gradient, S, throughout the reach.

(3})1 The value of the mean hydraulic radius, R, throughout the
reach.

For flows that do not involve the entrainment of air, the value of
V was determined from the continuity equation V= Q/A where Q was
computed from the current meter notes and A was the weighted mean
value of the local areas, ay, a,, @y, @, . . . a,. For tapered flow the
mean value of local »,, etc., is better if a great number of sections
are measured.

The slope of the energy gradient is taken as the average rate of
fall from the elevation of a point on the £ line at the upper end of the
reach, Ly, to that of a corresponding point at the lower end of the
reach, K,. Expressed in symbols,

hy = vt di+hy) — (kytdo+ b)) = (Zit b)) — (Zaths) = E, — B

(15) (p. 15)

The mean rate of loss, S=% (See table 2, column 15.)  (14)1  (p.15)

ez LEHS L IR
10 ;
dlreclg.iigitgoqliks on hydraulics refer to the slope of the water surface as the element that induces flow in the
S 'daipe'h This is true only where the flow is uniform and the kinetic energy, evidenced by the
Ay wriyter ad, Is the same at the two ends of the reach. Of the hundreds of tests that have been made by
Rt o ouen channel flow, he does not recall one case where uniform flow existed throughout the
kel ﬁﬁe ,Fg;DErMS to be a tapered flow in every case. As a rule this is not of great moment and quite
echnd s.zl'leeg elble for experiments in ordinary earth channels in which velocities in excess of 3 feet per
B it ke, iWheﬂ the computations for filumes were started, however, it immediately became evident
Velooitin enr;!aes r_n ar;am; at the ends of the reach were sufficient to cause material net changes in the high
ka+da-+hat-h ;_:rfl"m‘]-. and consequently in velocity heads. In using Bernoulli’s theorem ki+di+hi=
omit.t,éd !1{' ydraulic engineers generally have assumed that hy and ks were equal and therefore could
gl lcu'n consideration, Many of the tests secured from other agencies and listed in tables 2 and 3
P "emve Oztl)tn;p#er:gs!g; gll:g s]u;t)e of thrc Wmtart ;urfacée and, wherever ible &llmvie beeﬁl corrected by
witer surface a @ eIy E develo; t i
the fgﬁ of which determines the friction loss. v 51 St regohy SO RESBRRIRE R SURICY SR
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It is fully appreciated that this method assumes complete recovery
of any velocity head released by the fact that areas toward the lower
end were larger and the velocities less than at the upper end. This
assumption does not appear erroneous as the taper of flow is usually
quite gentle and forms a long, slim wedge in a channel of the same
shape throughout, the ideal transition. Likewise it is assumed that
all excess fall over that necessary to overcome {riction has been con-
verted into additional velocity, m cases where the area is less at the
lower end of the reach and hence the velocity is greater.

The value of the mean hydraulic radius, R, is taken as the weighted
mean value of 7, 74, 7, 7., . . . 7. Each particular value of r is
obtained by dividing the corresponding local area, a, by the wetted
perimeter p. HExcept for uniform flow, this does not yield the same
value as dividing the mean area, A, by the mean perimeter, P.

With V, §, and R, computed from field measurements, the value
of Kutter’s n was estimated from a diagram devised by the writer
for the solution of the Kutter formula (fig. 3). It was then com-
puted on an electric calculating machine and excess numerals dis-
carded. The machine computations were repeated if they did not
closely approximate the value of n as taken from the diagram.

The weight to be attached to any given test is largely proportional
to the length of reach available for experiment. Short flumes and
short reaches in long flumes yield final results that are not in con-
formity with those secured for similar conditions in long reaches.
Inordinately low or high values of n may be found in short reaches.

Chute flumes (p. 89) are listed at the ends of the tables and were
computed three ways so far as the field data warranted: (1) By using
the velocity and the water-plus-air section as actually measured.
This is the condition holding in the field. Where the velocity was
not measured directly—usually by color—computations could not be
made this way. (2) By using the measured section and a velocity as
computed by assuming the V=@/A which does not represent true
conditions for chute flumes. (3) By using the velocity as measured
directly and computing a water section as though it included no air.
Cone and associates (7) computed their results only in the second
way; Steward ' in the second and third ways. The quantity of
flow, @, was always measured either before or after travel down the

chute.
Computations for the various problems were made with 20-inch

slide rule.

ELEMENTS OF EXPERIMENTS FOR DETERMINATION OF COEFFICI-
ENT OF FLOW IN CHEZY’S FORMULA AND RETARDATION FACTORS
IN KUTTER’S AND MANNING’S FORMULAS

Tables 2 and 3 give the elements of all known acceptable observa-
tions on flumes of concrete, metal, or wood, arranged alphabetically
in that order. The various series are generally placed in ascending
order of values of Kutter's n. Need for close association or various
tests on the same reach or same structure has sometimes suggested
some other order as preferable. Table 3 is supplementary to and in
the same order as table 2, items being identified by reference numbers
in column 1.

1 3rEwarp, W. G. THE DETERMINATION OF N IN KUTTER’S FORMULA FOR VARIOUS CANALS, FLUMES,
AND CHUTES ON THE BOISE PROJECT AND VICINITY. TU.8. Des)artmeut of the Interior, Reclamation Service.
Report Boise Conference of Operating Engineers for Irrigation Canal Systems, located in Idaho, Oregon,
and Washington, 1913, [Multigraphed.]

THE FLOW OF WATER IN FLUMES 25

EXPLANATORY NOTES ON TARBLE 2

Ttems in table 2 are listed according to types (p. 8) as follows:

Long flumes, then short flumes, usually at streaming velocities.

Flume chutes at shooting velocities are not numerous enough to separate by
materials of construction. However, those that might elass as long chutes are
given first and in the order concrete, metal, and wood. Flows in chutes are com-
puted in three ways and so listed: ( 1) By using the measured area of the wet prism
(water plus air) and the corresponding perimeter and resulting hydraulic radius,
but using a velocity, V, as measured directly by color or otherwise. This velocity
is always higher than as computed below since there is always more or less
entrainment of air. (2) By using measured sections but assuming that veloeity,
Ve=Q/A. (3) By using the measured velocity with computed sectional elements
for a net water prism, excluding the swell due to entrained air.

Column 1 gives reference numbers to identify items in table 3 and in the text
matter. The letter ‘““a’ following the number shows the data were obtained
from some source other than the work of this Bureau. Column 2 gives the initials
of experimenter and his series number, where identified in original sources.

Column 5 gives tests that were accepted, ratings A, B, or C. Where the con-
ditions and equipment warranted field measurements that could be considered
of the best, the work was given an A rating. Usually a B rating was for interme-
diate conditions or field measurements that did not yield data for the slope of the
energy gradient. A rating of C was assigned where the data were just acceptable,
especially for a short reach where the difference between surface slope and energy
slope might be very appreciable and yield entirely different values of =, if compu-
tations were based on the former alone. In flume tests, the high velocities and
rough-water surface make a close determination of the slope factor impossible
without relatively precision equipment. A long reach and many surface measure-
ments mitigate this difficulty, but on short flumes absurd values of Kutter's =
are sometimes found.

Column 7 gives the shape of the flume. The principal joints of distinctive
type are shown in figure 1. The shapes of sheet-metal flumes nearly always
approximate that of the hydrostatic eatenary. Ixceptions oceur for corrugated
flumes. These are stiff enough so there is litlle sag in the center.

Column 8 shows the width of reetangular shapes and diameter of cireular or
shapes that approximate the circular. Columns 14 and 15 are developed in
detail as columns 15 and 16 of table 3.

The other columns are believed to be self-explanatory when considered in con-
nection with the notation and nomenclature beginning on page 5.

Further information regarding many of the flumes listed is contained in litera-
ture citations on pages 94 to 08.

EXPLANATORY NOTES ON TABLE 3

Column 1 corresponds with the same item in table 2. Column 2 shows the
flow quantity, Q’, used in design. When compared with column 3 this gives an
idea of the relative “fullness’’ of the flume. Column 3 gives the flow measured
at the_ tlmq of the test observations. Columns 4 to 8, inclusive, and 10 to 14,
inclusive, give the elements in order of development that finall v result in the loca-
tion of the energy gradient at the upper and lower ends of the reach respeclively.
’IIPhls to be'noted that the corresponding elements are seldom even closely alike.
i e dlili_'e:'ience on columns 6 and 12 indicate the velocity-head change that must

o applie bto the.slope of the water surface before correct values of the effective
ih Pelcan e obtained. Column 16 is the resulting development of table 3 and is

e s 10%)6 element for final computations as listed in column 15 of table 2. Col-
:;:;m L0 wihere known, shows the degree of eonformity between the designed, con-
£y ;xc te slope of the flume bed and the actual energy slope that existed at time

V?l}gl . Note that one may be 2 or 3 times as great as the other.

A .en‘f;l items are lac]_ﬂng in columns showing the elements at the two ends of

thgsreatc , then these items could not be developed from the data available in

= e srfudms or had not been taken in the field. This condition indicates that

B surface s}ope, Oor In some cases the bed slope was used in computations.

i ese tests were always given a lower rating than would have been the case if
e effect in change of velocity could have been developed.



: : ; . s
TasLE 2.—Elements of experiments on flumes for the determination of the coefficient of flow in Chezy’s formula and retardation factors in Kutter’s g
and Manning's formulas !
LONG CONCRETE FLUMES g
T &2
Mean elements, water prism Coeflicients Bt’l’frl?egm' %
o
g a
P
= g 2 | 8 2 g
2 2 - z | % SE| | = &
2 Experimenter =) Name, location, and condition of flume g 5 B aZ| @ Z . k=i -
| and series £ or canal E 3 z |53 B2 & 2| 8| E y g
e | B = X z 8 108 et (B ) B B g = | 8
a 2| 2 |@ 2 g S £ s |2 153 g = g & 4 g =
g 2l &8 = S - = = = = = O = g
8 Sl &l ey = 3
& A £ 12| 2 | e v |e| b |sH|c|a|w|cle 3
& i - g | & >
(%)
7 8 9 10 1m |1z |18 1 15 16 | 17 | 18| 19|20 5
1 2 3| 4|5 B €
Ft. o
Sec.- | Sg. | per Ft. per =
Yrs Feet | Feet | ft. jt. | sec. |Feet | Feet ft. T
0.2 A | C-Canal flume Klamath Falls, Oreg..... Rect. | 11.0 | 3,953.0, 307.2 | 48.73| 6.30/2.45 | 2.6 |0.000680 | 1544 0.01;:’60.83%
-3| A | Same, 3 weelss later on July 17.____ Rect. | 11.0 | 4,168.0] 133.2 | 30.03) 4.441.82 | 2.30 | .000552 | 140.1 .0120] . ]
4| A | Same, Aug. 20 ... Rect, | 11,0 | 4,168.0) 40.8 | 14.73( 277|108 | 2,42 | .000582 | 110.5 .0l48 . 01361 =
11| A | Same, June 6. ... ... Rect. | 11,0 | 3/988.0) 210.2 | 40,32 521|220 | 2.43 | .000609 | 142.4) 0121 OO ___ (=
1.2| A | Same, July 1. .ooooomooee Rect. | 110 | 3,206.0 99.6 | 23.78 4.201.55 | 2.11 | 000644 | 132.9| 0126 .0120|. ... &
1.2 A | Same, July 1722277777700 Rect. | 11.0 | 3,278.0 83.1| 21.00 3.94[1.42 | 2,07 [ .000631 | 1316 .0123 .0120 -
1.3| A | Same, Aug. 15._....____ Rect. | 11.0| 3,278.0) 178.5 | 34.68 5.152.00 | 2.28 | .000695 | 138.1| .0123 .0121 o
L4 A Sn:nc: A o o Rect. | 11.0 | 3,280.0) 124.7 | 28.82| 4.33{1.78 | 2.05 | .000625 K o
1.4/ A | Same, Aug. 20_..__. Rect. | 11.0 | 3,280.0 154.2 | 33.73) 4.57]1.67 | 1.92 38(1)284
0 | B| Tieton flume, Wash &;g gg gg = :00162 E
O |2 I"Handey, Kinmath ¥ad ect. | 100 | 2,174, 0 3. 00[1. ~472 000677 &
T3 |A 8. 58/ 1,061 0 7.74(1, -919] . 001808 £
3 8. 58| 1,206.0 V48 7. 611 . 364 . 001399 . : 0 2
1 £0]1.050.0, 33.3| ‘.83 4.%6 .97 | 3.87 | .001985 | 111.1) .0135| .0132f...._ 15 g
0. u s - e
i i = Calif.__| Rect. | 5.75 1,172.4 42.88| 11.47) 3.74{1.225 1.120{ .000955 | 109.4| .0142( 041 43 22
“; % éﬂﬁm}l]‘n"&fa’;’fs“ vsmmmore Rect, | 575 1.172.4) 44.4 | 11.79) 3.77/1.244| 1.130 .000964 | 108.9| .0143 .0143 42/ 22 g
2 |4 | Orchard Mesa district, Colo 17.0 | 1,700.0 372.0 | 69.13) 5.382.77 | 1.35 | .0007941| 114.7| .0134/ 0154 .| =
> | B/| Same, sides cement washed, bottom | Reet. | 17.0 | 800.0| 372.0 | 71.85 5.2112.83 | .51 |.0006375 122.7) .0145 .04\ ___|.__..
‘ e 7 7 115.5) 0154
- 927 2 | B| Same, no moss, muddy slime at surface...| Reet. | 17.0 | 1,100.0 372.0 | 75.22) 4.952.93 .69 | . 0006273 i L0154| .
%? Isgt?ﬁr’gc""""";g]é 1 | A| Hamilton Flour Mill Aume, Mont....-| Rect. | 7.0|3,000.0 107.6 | 27.04 3.85L.04 | 183 | .000010 }11.9 .3};{;
92 | 83357 7777777he2s 9 | Al Yakima Valley Canal, Yakima, Wash-__| Rect. | 5.6 1,100.00 66.58 14.18 4.7001.416/ 1.635! .001486 | 102.5] .

A | Brooks Aqueduct, Canadian Pacific Rail- | H.C, | 20.3 | 1,361.0, 217.0, 65.83| 3.303.06 .350, .000257 | 117.6| .0152 .0152] 23! 19
way project, Alberta, Canada. v | \
A | Same, day before. H.C. 20.3 | 1,361.0f 497.2 | 105. 4.7214.00 538 .000395 | 118.6, .0156 .0158| 23| 19

A | Same, 5 years later___ H.C, 20.3 | 2,660.0{ 472.0 | 106.5 4.43;4. 00| 1.01|.000380 | 113.7| .0164] .0165| ____|.....

A | Same reach, includes H.C. 20.3 | 2,660. Ol 620.0 | 124.7 | 5. 0‘1}4. 34| 1.08 | .000406 | 120.1| .0157| .0158{.... -

27a A | Just below reach A_____ H.C. 20.3 | 3,000.0 472.0 | 105.3 | 4.48!3.98 1.20 | .000400 | 112.3] . 0156! L0167 =

28a Al.____do H.C. 20.3 | 3,000.0 629.0 | 121,1 5. 201‘4. 20 | 1.33 | .000443 | 119.1| .0158 .0159.._. I

293 I R H.C, 20,3 | 3,000.0] 699.0 | 125.3 | 5.58:4.37 1.36 | .000453 | 125.4| .0L50| .0152 ___ =

30a A | Just below reach H.C. 20.3 | 1,702:0 472.0 | 102.8 | 4. 59|3, 93 LB7 | .000394 | 116.7, .0159) .0L60|. <

3la| A.G.-20________[1931] 17 |A|...__ d H.c. |20.3) 1,702 01 620.0 | 115.6 | 5.44/4. 18 .71 | . 000417 | 130. 3L L0144 0146 |.____

ﬁ Al_____do Eg %gg %,gg%g" 699.2 169.8 58414, L76 | L000446 | 133.9 .81—1 L0141 =

: A s o dr_ 0. . ,398.0{ 472.0 | 101.1 | 4.673. .58 | 000415 | 115.9 .0160{ .0161|. -

34z el e e D T abeni o G 1203 | £395.0 630.0 | NL0| 5o S73 | .000522 | 122.4| 0153 . 0154 N

358 A RO CEOSIIE. |m.C | 20.3 | 1)305.0 699.0 [ 114.1 | 6. 13/e .76 | .000544 | 128,3) .0146/ . 0147| .

36a A | Just below siphon... ..o ______o__.._.. H.C. |20.3]1,120.0 472.0 | 94.4 | 5.003. .62 | . 000554 | 109.6/ .0169( . 0169 _ AT

37a o A | Same, note drop-down effect in C, D, E..| H.C, | 20.3 | 1,120.0/ 620,0 | 97.0 | 6.483. .85 | .000759 | 120.8| .0153| . 0154 %

388 | A.G-1E__ 1931 17 [ A |- B e o s S e 20.3 ] 1,120.0/ 699.0 2 7.423, .87 | L000777 | 138.2| .0133| .0134|._ -
39 | 8-370-a...._.___[1831 .2 A Tifeaﬂ%nek Conduit stations, 927-+60- | Rect. | 14.3 | 1,100.0 537.0 | 78.6 | 6.84|3. 1.114] . 001013 | 119.0/ .0152 .0152) 685 .. . ;

916-4-50.
40 | 8-370-b......_._|1931 2| A | Same, Pf%%ﬁc Gas & Electric Co., 9164 | Rect. | 14.3 | 1,632.8 537.0 | 73.7 | 7.293. 1.764) 001081 | 124.9) .0144( . 01445267 _____ %
50-889+-00.

41 | 8-371-aa_.______ 1631) .2 A | Same, Mokelumne River, 605-+-50-504+4-25.| Reect. | 14.3 | 1,125.0) 515.0 | 75.7 | 6. 80[3. 19 . 966 .000859 | 120.9| .0139] .0139| %375 ____
42 | 8-371-ba._.....__|1931] .2| A | Same, California, 504-425-583+26__...... Rect. | 14.3 | 1,100.0| 515.0 | 77.2| 6.67]3.23 . 780 .000709 | 130.4| .0129| .0130| 5 226(_____ )
43 | S-371-Cao .. 11931| .2 A | Same, Angust, 583-425-566-50_ 14.3 | 1,671.4| 515.0 | 77.2| 6. Eb‘d 23 1.285 .000769 | 184.0( .0135| .0135| %512 ____ =

44 | 8-371-by_.._. _..\1931 .2\ A | Bame, August, 504--00-5834-25_ 14,3 ] 1,075.0 540.0 | 79.7 | 6.78(3.28 . 730 .000679 | 143.7| .0126| .0126] 5 226/ ___
45 | 8-371-G2-ccmee. 11931 .2/ A | Bame, August, 583+25-566-4-50..__...___..| Rect. | 14.3 | 1,671.4| 540.0 | 79.6 | 6.78/3.28 | 1,200 .000772 | 134,7| .0134| .0134] & 512 “gua- Q

3

46 | 5-371-b+c-5.-_- -9 B | Same, April, no algae, 5964-25-5684-00.___| Rect. | 14.3 | 2,800.5) 102.5 | 22.82] 4.491.41 [ 2.308) .000799 | 134.0| .0121] .0118| 5 737| 38 %
47 | 8-371-b+4c4_.. .9| B | Same, day before, no algae, 596+25-568-- ect. | 14.3 | 2,890.5{ 220.0 | 40.03| 5.50i2.15 | 2.228 .000771 | 135.1) .0127) .0125| 5 737 38 =
48 | 3-371-b+c-3 B e -| Rect. | 14.3 | 2,800.5 322.0 | 52.07) €.182.56 | 2.176| .000753 | 140. . 0125 .0123) 5 737| 38 =

49 .2 A | Same, lower end flume, 66+00-55--1 -i Rect. | 14.3 | 1,050.0{ 516.0 | 69.7 | 7.413.05 . 750 .000714 | 158.8 .0113| .0112| 4 139|.____
50 5 5I B | Same, November, 63400-55150. _ .| Rect. | 14.3 750.01 289.4 | 45.30, 6.392.33 485 . 000660 | 162,8 .0107| .0105] & 87| ... -
51 .2 A | Same, November, 555044400 . .| Rect. | 14.3 | 1,150.0| 516.0 | 69.6 | 7.423.05 1. 030{ . 000939 | 138.5 ,0130( .0130 ¢ 461|_____ b

52 .5 B | Same, no algae, 55+50-44-150.._ .| Rect., | 14.3 | 1,100.0| 289.4 | 44.35 6.532.30 L980; . 000801 | 144.4 .0121) .0118| 3 455(..__
53 .2 A | Same, no algae, 44--00-33--00_ -| Rect. | 14.3 | 1,100.0| 516.0 | 68.5 | 7.543.02 L8050 . 000306 | 152,6| .0118| 0118 %250 ____ =
b4 .5 B | 8ame, no algae, 44-4+50-33-450_ . ... Reet. | 14.3 | 1,000.2( 289.4 | 43,48 6. 5612. 27 [ L060) L 000874 | 140.6] 0116 . 0114 ¢ 2361 _____ g
1 Experiments by men in this bureau identified asfollows: 8 to the writer, Fred C_Scobey, H to 8. T. Harding; C-T-J to V. M. Cone, R. E. Trimble, and P. 8. Jones; B to =
D. H. Bark; WBG to W. B. Gregory. Most of the experiments by other agencies were made by various engineers of the U. 8. Bureau of Reclamation, identified USBR. Where o]

these data could be further identified, the initials follow. D to A. L. Darr; K-H to H. W. King and the late E. G. Hopson; R to Paul Rothi; F to L. J, Foster; S to W. G. Steward
and associates. Others from whom tests were received were: JDG to J. D. Galloway, consulting engineer, and associates; 8. F. to 8. Fortier, then with U.8. Geological Survey; WBD
to W. B. Dougall, associated with Dr. Fortier. K to A. W, Kidder and (+, to E. A. Garland, engineers of the Pacific Gas & Electric Co., Calif.; A. G. to Augustus Griflin, chief
engineer, Department of Natural Resources, Canadian Pacific Railway Co.; Densmore to J. P. Densmore, engineer of the Southern California Edison Co. of California; J. E. to
J. Eppler of Switzerland; EGH to E. G. Hopson.

1 Rect.=rectangular; H.C.=hydrostatic catenary; Circ.=semicireular; and Trap.=trapezoidal. For metal flumes, the size number, equal to the lengths in inches of the sheets

transverse to the flume is followed by the initial of the name type as known in irrigation practice: L for Lennon, H for Hess, Hn for Hinman, K for Klaur, T for Thompson, G for
QGage, M for Maginnis.

2.5 miles.

4 4 miles.

4 Degrees of curvature, For Tiger Creek Conduit the extent of the curvature is a factor in the coefficients as computed.
The total curvature within each reach, L, is given above,

Lg



TaBLE 2.— Elements of experiments on flumes for the determination of the coefficient of flow in Chezy’s formula and retardation faclors in Kutler's §
and Manning's formulas—Continued
SHORT CONCRETE FLUMES 3
=
T (e}
Mean elements, water prism Coeflicients il 5
£ =
: N 2
g 2 £ | 2 .12 | & £ &
-§ Experimenter a Name, location, and condition of lume g : 2|z 5 Gk e a2 B &
= and series g or canal = ] 3 |5%| 5= & = 8 ] B
= 2 8 |w ) g z g8 |2 |="| 2 g g | & gl g lis =
g A R-AE 5 3 Bl 4|5 |H = = o |4 |2 |<|8 E
= = & |® P
£ S R 2 | 8 A 2]
2 g g8 g | 2 L Q@ | A | VIR b |g=F|C|n |nw]|C|Cc 3
[ = - m .& 2
1 2 3 4 |5 6 7 8 a9 10 11 12 13 14 15 16 17 18 19 | 20 g
= S SR e @
iR d
Sec.- | Sq. | per Ft. per 5
Yrs. Feet | Feet 1. TE, sec. |Feet | Feet ft. ]
70 | 8811 1923 3| B | McEachren flume, King Hill project, | Rect. 8.83| 752.0! 193.6 | 26.28] 7.37 [1.802| 1.416]0.001883 | 126. 6| 0.01320. 0130 24.6| 16.8
Idaho. o
i U I = — 1920| 14| A | Anderson Creek flume Anderson-Cotton- | Rect. 8.0 1,124.3/ 120.1 | 2513 5.14 {1.802) 1.035| .000921 | 126.2| .0132( .0130{ 38 | 21 =
od Irrigation District.
P I — 1928 1B T;'x%e ﬁuml% Drum canal, Sierra Nevada..| Rect. | 10.0 | 1,450.0 494.5 | 52.18] 9.47712,70 | 2.624 .001876 | 133.1| .0133) . 0129 3
73 -[1928] 1| C | Same, Pacific Gas & Electric Co...—......| Rect. | 10.0 626.0| 494.5 | 53.32] 9.27 2.73 1.015) . 001660 | 137.7 .0129) . 0128 .
74 _|1928 1[0 § 1 (o [ P A N Reect. | 10.0 824, 0| 494.5 | 51.30) 0.64 |2.68 | 1.609] .002039 | 130.4| .0135| .0130 o
75 _11902|_____| C | Flume, Simplon Tunnel, Alps, Europe...| Rect. 3.30] 164.2| 39.6 4,95 8,00 | .782( 1.202| .007320 | 105.7| .0137 .0135 =
762 _119091 2| B | Circular trough, Umatilla project, Oreg._.| Cire. 9.8 640.0] 205.0 | 28.50| 7.19 {2.13 | 1.04 | .001625 | 122.3| .0140| . 0138
78 {1909 2| C | Same, sharp reverse curves -| Cire. 9.8 340.0{ 205.0 | 29.35| 6.98 12.16 .73 | . 002147 | 104.4] .0163! .0162 >
78a j, S 1909 2| B | Same, relatively straight___._. Cire. 9.8 | 1,075.0] 205.0 28.45) 7.21 12,12 | 1.89 (. BOIZSS 118.4| .0144 .0147' ie o
79a | K-H.c+d+e-+I. {1909 2| B | Same, combines above reaches__ Cire. 9.8 | 2,055.0{ 205.0 | 28.98| 7.07 |2.14 | 3.66 | .001781 | 114.6 0149 .0147|...._ = 5
80 308. - mem o 1923 6| A | Ridenbaugh Canal, Boise, Idaho__ =-z| Reat. 7.0 420.5 30.1 9. 78| 3. [_)83 1.042( .386 .000918 99.7| .0150( .0150| 25 =
81 | 8342 .. 1924 8 B| Dry Creck flume Modesto Irrigation | Rect. | 18.0 579.9| 247.0 | 96.86| 2.55 |3.37 .186] . 0003208 77.6| .0228] .0235(.. __[----- 'e)
Distriet, Calif. g
5
=

LONG METAL FLUMES—FLUSH INTERIORS

A | Des Chutes municipal district-Oreg__ 10.82\ 1,800.0, 80.75| 12.91| 6.26 |1.359| 1.72 |0.000056 | 173.8| 0.0094|0,0090| 18 | 14
99/ A| Same, 3 yearslater. . .ooooooee .| 204L | 10.82) 1,806.0] 70.72| 14.09 5.02 [1.433| 1.839| .001018 | 131.4{ .0123| .0120| 18 | 14
100 B G%rrfandcﬂi.lma Trinchera Irrigation Dis- | 168L 8.9 12,850.0 19.6 4,23 4.63 [2.660] 7.05 [ .002474 | 117.4) .0122} .0122[_ ____|.____
ct, Colo.
101 A Selah-fvloxee Main flume, Yakima, Wash_| 1321, |--6.80| 1,500.0, 55.41| 14.39| 3.85 [1.501] .949| . 000633 | 125.1] .0120| .0127| 26 | 20
102 A | Same (just cleaned) .. ..ocoooeo_.o.....] 132L  |-6.80| 095.7| 65.9 | 14.58| 4.52 |1, 505 .623| .000625 | 147.4] .0111| .0108( 30 | 21
103 A M]a)ijl;'riﬂumg no. 1, Tumalo Irrigation | 180L 9.25) 1,800.0{ 159.9 | 26.92) 5.94112. 039 1.782| .000990 | 132.2| .0127| .0127| 30 | 13
trict, Oreg.
104 A | Agua Fria flume near Phoenix, Ariz 252L 13.4 | 2,160.0| 314.0 | 56.44| 5.56 |2.667 1.323} .000613 | 130.4| .0137| .0137| 24 | 21
105 A | Bowman-Spaulding Conduit, Calif. 1804-L| 9.25 1,113.0] 212.6 | 35.33| 6.02 |2.40 | 1.443| .00130 | 107.8| .0160| .0160| 23 8
106 B | Same, flume size 180 plus raise. - . 1804-L| 9,25 1,150,0| 212.6 | 36.43| 584 {2.44 | 1.377| .00120 | 107.9| .0161| .0160] 23 8 E
107 B 180+L| 0.25 1,700.0| 212.6 | 35.02 6.07 {2.40 | 2.019{ .00119 | 113.8| .0153| .0151| 23 8
108| B|Same® . 180+-L| 9.25| 3,370.0! 212.6 | 34.88 6.09 |2.44 | 4.30 | .00128 109.0/ .0159| .0158| 23 8 <]
109 B 1804+L| 9.25| 3,651.0| 212.6 | 31.49| 6.75 [2.28 | 4.546] .00125 | 126.4] .0136| .0135 23 8 i
1
B
LONG METAL FLUMES—PROJECTING BANDS %
10| " B3TA e 1923 3 B Flﬁme?o. .‘Loeast lateral Talent Irrigation | 108G 5,750 970.0[ 19.0 5.01| 3.78 |0.856) 1.425\0.00147 | 106.7( 0.0137/0. 0136 ...} ccuau g
istrict, Oreg.
111l 8-337B..... 1923 3B Loeaa A0 e 108G 5.75 229.0{ 19.0 5.00] 3.79 | .854| .323| .00141 109.2) .0134{ .0133}_____|-___-
112 8354 _________ 1926] 4/ A | No. 1. ﬂém]]? Tule-Baxter Irrigation Dis- | 168G 8.9 1,003.0{ 121.8 19.08] 6.38 (1,702 1.856( .001850 | 113.7 .0145| .0143 ____ 21 §
trict, Calif.,
113 S325A. . _____ 1923| 13| A | Sleeping Child Creek flume, Hamilton, | 168M | 8.8  1,084.3] 74.9 | 20.84] 3.50 |1.801 1.614; .000814 | 93.8| .0174| .0175| ____|-—._- g
Mont.
114 8-325B....._....{1923 13| B | Same, Hedge Canal, Mont__.____________ 168M 8.8 565.0{ 74.9 | 22.48] 3.33 |1.867 .451f .000798 | 86.3| 0190 .0191|_____| .. =
115 8-825C. ... 1923 13 AL A0 e oo 168ML 8.8 1,419.3[ 74.9 | 20.19) 3.71 [1.776] 1.166| .000822 | 97.4| 0168 .0168|__ __|..__. ool
4
LONG CORRUGATED METAL FLUMES g
Y P e 1013 3| B | Stewart, near Paonia, Colo._...______.__. 132 7.0 1,735.0 14.7 7.67| 1.918/1.043 1.531{0. 000882 | 63.2| 0.0224/0. 0237|--—-_]|--=-- g
w

¢ Reaches follow order of letters after 8-361. Algae at upper end, none here.
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TasLE 2.—Elements of experiments on flumes for the determination of the coefficient of flow in Chezy’s formula and retardation factors in Kutter's Cnc‘g
and Manning’s formulas—Continued
SHORT METAL FLUMES—FLUSH INTERIORS g
T z
. : em .
! Mean elements, water prism Coeflicients mr’;g‘m >
-
S a
Z = 1g | & =
" =
g 2 e = < =8| 2, = & =
= Experimenter g Name, location, and condition of flume g . _? s=| 22 5 by % 2 . .
g and series = or canal = ) 5 @ g |”9E| 87 =4 5 £ g 2 g
> 7| g |2 7 3 3 g s |P ] 2 = g ; = 2
g S| 2|8 g1 8 E | 2|5 K |= 2 | © = E
= k= = |8 & =
5 gl be g g | g o | a4 | v|®E]| | s| €] n ¢ lec|ee 4
‘3 g % |2 = e i g
= Sl = a8 &
Fl “ g | 13| 14 15 16 17 18 | 19 | 20 o
1 2 3| 4] 0 8 9 10 m |1 E%
_ Ft. o
See.- ?q per i B Ftﬁpcr I
Feet | Feet It 1. sec e eet s T
Yrs =
3 i e i \ 7 : 0| “6.80] 5.74/1.02 | 0.619| 0.001179| 165.5| 0.0095
o B e el ]ig{g g % ok e L }%gg g'.:‘-é gég'.g :1594.5 3.38| 4.20| .68 | .618 .001177| 152.2 .0067 o
; S 56.0 | 820 6.83)111| .507] .001268 182.3| .0089| . &
Wiy 3 |C 132Hn | 7.0 40“-0{ 45.1| s8s 511015 393 -oo09s2 151.8| 0105 . N
262.7] 104.1 | 27.69] 6.91 30501 .21eé %}g{g }Qg.g '8}811} -
Spi itk Rivi i : 2 _0| 226. 108 7.272.171] .426] . 7.0 . ]
s Il s E'R(IIEEIF oulea fiume, Mille River project, | 285 | 12.0 { sl S Talzate| dsd oooozs 1618 Co108 - o
1930] 2 | C| Del Puerto flume-5S,West Stanislaus Ir- | 84L | 4.5 556 1102 438 252 .802 .023| .000414 138.3) .0107| . 4
st Disfick Calll 78.0 | 12.08| 6.46/L.35 208 .001347| 151.6 .0107 5
95.0 | 13.58 7.00[L44 778 %;1 07 }gg g gigf a
5 Vi i .70) 5.98/1.26 | .663 5
1015 3 | B! Wild Horse low line no. 4 flume, Nebr...| 156Hn | 8.33)  600.0 3;(7) }(1} éa o 08, DO TR o a
443 | ‘oi28 477116 | -698) .001163( 130.2) .0120f . g
200.0| 7.04) 1.17| 6.01|.374 .950) .00480 | 142.0) .0088 .
1913 3 | B| Minnesota Canal, Colo. -oeooeooevenc| 168L | 8.9 { a0 708 117 6.01|.374 574l -o09s7 | 100.6] . 0125 . g
450.0| 19.6 | 3.62 5.41 .2(1)3 .ﬁg .%igas 11?33 .ggg% =
J ; : .86 5.34 .610| 1. L00207 | 150.3) .
il e sl R { é%ﬁg ig_g 388 23 -89l 313 ooz | 1056 0134 =
40,0 | 9,15 4.371.10 | .614| .c00890| 134.2 .0117| . =
1015) 3 |B| Red Willow low line no. 11 flume. ... 120Hn | 6.3 eou.zl{ 001 &5 %0het| 1Bl ooomo 12 o
1923| 12 | A | Nachez-Selah Irrigation Distriet, Wash.._ 156L 8.3 963.0) 112.5 | 19.93| 5.641.783 .8451 .000878| 142.7 L0117

i B ol Cmﬁume, Merced Irrigation Dis- | 240L | 12.73| 800.8| 259.0 | 42.20| 6.14/2.56 ¢ &31 . 000666 148.7
. 3
A | West Canal, Ha%p{ Canyon, Uncom- | 192H | 10.17| 350.0{ 36.5 | 15.24| 2.40/1.365 .08 | .000230) 135. 6|
Wpahgre project, Colo.
A est Canal, Spring Creek, Uncompah- | 168H 8.921 300.0] 20.8 ( 10.18 2.04/1.17 .09 | .0003 | 107.5
Kfm roject, Colo.
B | King Lateral, Uncompahgre, Colo. - ... 120 6.35| 107.0 62.5 ; . 04]1. 129. 5
(o] Hap;}y‘ Canyon flume, Uncompahgre 250.0 184 6. 302 .00094 | 141.8
C | Same 250,0[ 177 6.2312, 130. 3|
B | Same (R) 10.82[¢ 241.3] 227.5 s 6. 00{2. 119, 7]
B | Same (L)-- 241.3| 238.0 | 37.85 6.29{2.448 .227] .000941| 131. 0
C | Same (R)-- 241.3( 224.9 | 34.26| 6.56/2.328| .197| .000816| 150. 5|
| C | Same (L) o 241.3( 223.1 | 34.42) 6.48/12.3291 104 .000431| 204. 6! =
C | Lockwood Irrigation District no. 1, 2K 3.820 184.0( 14.7 4.68| 3.13| .867| .138 .000750, 122.9) =z}
lings, Mont. =
C | Lockwood Irrigation Distriet no. 2, Bil- 72K 3.82 139.3] 14.7 3.81] 3.86[ .768| .1420 .001019| 137.9
lings, Mont. =
C Lol!:-kwonl\‘c{l Irrigation District no. 3, Bil- | 72K 3.82 3023 19.1 5.57| 3.43| .946] .653] .00216 | 75.9 5
ings, Mont.
C| Flume no. 2, Upper Canal, Lockwood Ir- | 72K 3.77| 92.0{ 20.4 .70, 3.04{1.029) .057] .000620| 120.5 ﬁ
rigation District, Mont.
A | E. C. Hauser flume, Calif.______________. 48L 2,55 110.6] 8,36 1.32 6.32 ,447| 861 .007785 107.1 (=]
A | Kern River flume, Borel Canal, Calif_.__| 276L 14.64] 1,160.7 603.0 | 65.48) 9.21|3.17 1.43 .001232] 146. 8 |
B | Rich Gulch flume, Borel Canpal, Calif__._| 360L | 19.1 442.9| 603.0 | 118,3 | 5.10/4.26 .172| . 000388{ 125.4
B | Murtaugh Canal, Milner, Idaho. .- .____.| 144 7.65  227.4) 910 | 14.25 6,39(L.494{ .374| .001645 128.8( . < g
105.0 | 17.77) 5.91|1.603] .356] .001187| 135.5 .0122) . >
C | Hope Creek no. 1low line flume, Nebr.._| 204Hn | 10.82] 300.04 99.0 | 17.81 &.56)|1.509 .362( .001207| 126.8 .0129| . H
150.0 | 25.40| 5.91(1.96 31| . 001047 130.3 .0130] . =
Indian Wash flume, Grand Valley project, 216.1 | 34.55 6.2502.261 .1054] .001235 118.3 .0145| . =]
B Colo., right barrel. 13.5 85. 0|
Same, left barrel - 200.2 | 35.24| 5.94/2,291 .073 .000859| 133.9 .0129| . =
O | Jessup cut flume..__. 8.95 1616 52.8 ( 13.17] 4.01 1.3921 .110[ . 000681| 130.2{ .0126 . =z
B | Risley flume, Volta, C 7.62| 375.0( 108.8 | 18.18] 5. 98)1. 69 . 538 .001435 121.3{ .0136 .
A | Erskine Creek flume, Borel Ca > 18.46) 820.2| 564.0 | 113.3 | 4.98(4.23 .265( .000323 134.7| .0139| . o
Af Same, 6 years later. ... _____._________ 18.4 820.2| 602.0 | 121.8 | 4.94/4.367| .271 .000330 130.1| 0145 . E
168 | B-368_ ... ___..__ 1930, 2 | A Lelgl_rani ﬂgnaiiar no. 1, Merced Irrigation | 240L | 11.3 | 1,150.0) 205.0 | 48.32| 6.10{2.745( 1.028| .000894] 123.0f .0144| . g
istriet, if.
169 | 8-365A. . _.___ 1030f 18 | B | Orland high line, Calif. (L) .. 10.0 288, 8 08.0 | 2556 3.83/1.9075 L1581 . 000523 119.3] .0141] . =
170 | 8-365B._. ... _| 1930 18 | B | Orland high line, Calif. (R)..._ 10.15 288.8| 83.3 | 25.25 3.30[1.945 .259) .000896| 79.0 .0208 n
g R . 1924| 14 [ C| Winona flume, Canadian Pacific Railway | 132 7.0 169.9) 14.7 3.55 4.14) .666 .424] 002496 101.5 .0137| .
project, Alberta, Canada.
A72 B30 o anaiae 1623| 3 | C | Talent Irrigation Distriet, Oregon-Straight.| 108G 5. 75) 73.5 9.63[ 4.46 2.16| .798] .048 .000653] 94.6| .0149) .0151) 30, 21
1 TA T i T 1923/ 11 |B | Ha ;l)y Canyon flume, near Montrose, | 192H | 10.1 321.3) 102.5 | 33.13| 3.10/2.207] .132 .000411| 100.9| .0168| .0169|.____ -
olo.
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1 ) j A rdation factors in Kutter's
tments on flumes for the delermination of the coefficient of flow in Chezy’s formula and reta Ji 2
ot 3 Elemduta of enper and Manning's formulas —Continued
SHORT METAL FLUMES—PROJECTING BANDS g
a
. Tempera-
Mean elements, water prism Coefficients tries E
=
Q
=
g s |s 2 Z
2 £ s . 22|25, | 3 « -
: g i 5 2 |s5| S8 | & g | 8 .
- _Experimenter a Name, iocati(m,ﬂ::ncc}l ;&nditwn of flumy E % : ) 5 23 =L ‘g E § : ) g :
5 and series i~ s g E g 3 |5 = z 2 :3 g 5|2 E
; g 2 (2 g A = < |5 @ | & & o 3
2 8 5
g k-] g‘ [ g-. = A Vv R by Sﬁtt._r c n a | e |°cC. '):qg
g 8| ¢|8 = S L Q 7 B
— [
: B ; 6 | 17 1B |19| 20 &
2 3| 415 8 7 8 9 10 1|12 |13 14 15 1 7 ::3
1
Ft, d
Sec.- | Sq. | per T Ft. per =
Feet | Feet i Vi sec. |Fee |4 A e C
: Y"‘g C | Mora flume, near Nampa, Idaho__.._____ 180M | 9.55 200.8 223.? 3;.33 g.gg%: ﬁg _(_).. f}-ozggg;gg 90.3p0. : B
% AT T a—— }g?; 5 }3 King lateral, Uncompahgre, Colo-____.__| 108M 5.73 ;1;33'5 =1 B e e e 0 B g
T US‘II‘SJR-H ‘‘‘‘‘‘ 1313 3| C | Flume no. 3, King lateral, Uncompahgre, | 108M | 5.73 i . i : :3
© 4 e o e, {120Mm | 573 1s0.0f 33.3| 577 5.7 .gi? 2.;332 %g gh _'é : ;
I — oy 3¢ “¥iime no. 10, King iateral, Uncompabigrs, | 96M | 5.0 635.0| 25.7| 4.8 510 .841] 2,732 |- -
e Colo., project. 0.0 885|085 3912t | 1104 | LQ0ISTL | 813 3
e | nof S 8 S Gis) | ) B4 -
-| 1321 : ; 5.70 2.98 .02 | . - 0015/ 9.3} .
%332: i e M e e 238:8 g.g 16,760 4.53)1.62 | .991 | .002022 | 79.0] . g
&~
184a g
SHORT CORRUGATED METAL FLUMES 5
3.7 007829 | 75.3(0.0172 [0.0163)____|...__ =
- 3.0 1750 30| 0.80 3 73[0.313( 1.370 0. 5.300.0172 |0.0163)....-......-
oty e Dl B I 7 16.9 | 88 1.911.11 | 252 |.00101 | 57.1.0249 | .0268]- =)
18 | G o s G| Fite Momutam Canal Dole-mo oo 144 .61 2406 16. s LELL) R R Eel ey &
% | S . |G| P e 2 "Canal, Riverside, |.._..._. 7.25  73.6) 44.0| 1L73 5(1. : .
- 1 RS C | Flume no. 1, Gage . L
T - o —— 192 ume

LONG WOOD-PLANK FLUMES
201 B ETS 19! 3B Orchard Mesa (timber flume), Colo______ Rect. [12.0] 1,349, 5 3.80]1. 114 136. 2/0. 0114 10,0111 F
202 528.0 5 5. 091. 624 137.2} . 0120
o 203 1, 496. 0 5. 0811, 659 148.7] . 0112
=204 - 2,716.0 5. 561. 798 138, 5 . 0121
& 26 1,129.0 5.16[1.944 145.2 .0117
@ 26 [NOT-J._..._.___ 1812/ 3| B | Same, Near Grand Junction”.._.________ Rect. | 12,0 (2,708, 0 5. 96(1. 964 138.9) . 0123
207 1, 129. 0| 4. 942, 249 142.7| . 0123
’ 208 1, 360. 0 5. 66/2. 074 143.8/ . 0120
g 20 2,672.0 6.08[2. 002 134.7 . 0128
210 1, 496. 0| 5.81(2, 124 137.6| .0126
211 King-Hill project, Idaho.._._____________ Rect. | 6.51,119.0 5.791, 35 130.2 . 0115
dy 212a Fleish flume, Calif., surfaced, grooved_._| Rect. | 10.07] 500, 0 5.12(2. 754 149. 5| . 0117 3
213 C%tml %regon Irrigation Co. no. 1, | Reet. | 16.0 | 1,100.0 9. 06]1. 90 143.1f . 0118 =
ume, Oreg,
2l4a Floriston flume, Calif., surfaced.._.______ Rect. | 10.23] 300.0 4.3712.427).______ . 000397 | 140.8/ ,0125 =
215a Same, lJumber, f}attens rough__ -| Reet. | 10.23)  300.0 5. 0212, 727 ... . 00064 | 134. 5/ . 0130 -
2168 |IDG_____ """ "Tlig06] 10|B | L T LR S il Rect, | 10.23] 600. 0 5.45/2.819|.._____ 00062 | 130.4 ,0135 =
217 Bitter 15.75| 1, 000. 0 2.61/1.80 | . 230 | .000230 | 125.9 L0131 =)
218 \H-32 T Thois| B do. | . | 17.7 | 1,000.0 2.682.24 | 202 | 000202 | 125. 8 . 0136 é
219 L%ganh flume, Utah Power & Light Co., | Rect. 6.0]1,014.0 7.36/1.766) 1.996 | . 001969 | 124.8 . 0133
Jtah.
220 Arnold flume curves and tangent, Oreg.___ 616.0 3.081.02 | .647 | . 001050 | 112.6 L0184 o
221 Same, curves and tangents, Oreg Rect. | 11,9 /2 200.0 3.43[L.08 | 2.307 | . 001049 | 102.1| . 0148 =
222 Same, curve, Oreg._._._.___ ___ ...~ ¥ 437. 0] 3.34/1. 10 452 [ ,001034 | 98.9 .0153
223 Same, tangent, Orez. ... .. 1,147.00 64 3.341.10 | 17208 | 1001053 | 970 o154 =
224 Oxford Canal, Fowler, Colo N 9.7 1,712.0 3 1.56] .84 . 000245 | 108.3| , 0135 B
225 Telluride flome, Utah..... --| Rect. 5.9 400.0( 159.3 6.2111.67 | .676 | .001690 | 116.8 0141 =
226a Kern River, Borel Canal, Southern Cali- Reet. |10.2 | 1,647.9 408.0 7.12)2.68 | 2,08 001268 | 122, 5| . 0144 =
fornia Edison Co. =
227 B C(;gehﬂume, Utah Power & Light Co., | Rect. | 20.4 2,400. 51,104.6 | 224,06/ 4.92)5. 30 641 | . 000256 | 133. 6| . 0145 i
aho,
228 Swalley-tangent, Ofeg-o. .. 195.01 50.31) 13.92] 3.61/1.00 288 |, 001470 | 93.8 . 0157 Z
229 Swalley, tangent and curve, Oreg._ Rect. | 10,0 159.0f 50,81 12.34| 4.08 .90 | . .001934 | 97,5 ,0149 -
230 i IS e i A - \ 244,0, 50,31 11.56| 4.35/ .87 .524 1 ,002145 | 90.3| . 0157 =
231 Swalley, tangent and curves, Oreg_______ 598.00 50.311 12.57| 4.00 .93 1.119 | , 001871 | 95,9 .0153 b
232 8814 _____. ___ Oléast%d I£1!un1e, Utah Light & Power Rect. | 10.0 954. 5 419.200 59,18 7002 793| 1074 | . 001125 | 126.8] . 0140 g
0., Utah,
233 H%‘t érgelf‘rﬂume. Pacific Gas & Electric | Rect. | 16.3 2,500.0| 388.8 | 102. 76| 3.5003. 556 1. 142 | . 0004568| 89. 1' . 0206 g
Yo., Calif. !
234a Same, Aug, 21, 1922_ 427.0 | 113.5 | 3.76/3.754| . 1760| . 0007084] 72.8] . 0255
235a Same, Aug. 23, 1922_ 422.0 | 114.1 3.7013. 768| .1742( . 0007015 72.0 . 0258
236a Same, Aug. 24, 1922_ 440.0 ( 115.4 | 3.81[3. 788 1619 - 000652 | 76,8 .0242
237a Same, Aug, 25, 1922 16.3 248. 3 442.0 [ 115.0 | 3.84[3.780 . 168 | . 0006762) 76.2| . 0244
2383 Same, Aug, 29, 1922 : . “°)434.0 [ 114.3 | 3.80i3. 768! .1682 |, 53 | 76.6] .0242
23%9a Same, Sept. 1, 1922 4210 [ 1117 | 3.7713.720| . 151 | . 000614 | 78.8 0235
240a Same, Sept. 18, 1922________ T TTTTTTTToos 108.7 | 90,75 1.20:3.308 .0242 . 0000973/ 66.9| . 0271
241a s ) P e 456.1 | 115.5 | 8.85/3.79 | .1521 000612 | 82.2( 0227
2424 C | Same, Nov, b, 1922 _________ . | 16.3 248.3( 553.0 | 108.4 | 5.20!3 625 .126 | .000506 | 121.6| . 0152
243a s Same, Jan. 25, 1926, 16.3 248 433.0 | 68,5 | 4. 4OE3. 47 | . 1086 . 000417 | 115, 3| . 0158
244a Same, Jan. 26, 1926, no algse. : -301416.0 | 96.0 | 4.333.42 | 0995 000s0n 117. 6| . 0156

7 Of surfaced lumber, tongue and grooved joints. This flume superseded by no. 18 (conerete flumes),

€e
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; i t of flow in Chezy’s formula and retardation factors in Ku o
— of experiments on flumes for the delermination of the coefficient of ,
famas —Eaman U = 2 and Manning's formulas—Continued
SHORT WOOD-PLANK FLUMES g
T =
. . em a4
Mean elements, water prism Coeflicients twg.:’ 2
5 2
g o | g 2 =
E N = w S = " =
8 & Ty 151 k<] 'H'.E - ; = <
E Experimenter E Name, location, and condition of flume E = g ﬁ‘g z .g“ B . § 8 g W
E and series 2 or ca 3 5 E 3 'E," § E g 2 g - E g
2 £l 5|2 8| & | B g S |g | = 8 (6| H |2 |2 B E
g = | 2|8 ]
g % s |5 E | oz Q| a4 |V |R| N s='3if c| = | w|eele H
2 MBS a |k =
P e @
12 14 15 16 | 17 | 18| 19|20
2 4|5 [} 7 8 9 10 1 13 ] 2
1 o - ;
Sec.- .Js:q. per el e Fi tper =
Feet | Feet ft. i SecC. ee (3% It _
e i 5 "11| 4.49(2.98 | 0.2620.000327 | 164.1| 0.0106/0. 0104| ----|--._-
245 | 850 oceeneaaan 1913 22 B| Reno Light & Power Co. flume, Nev....| Rect, | 0.6 500.9 2518 | b1 440228 | 0. 2000 O reas | 115, .0136) - : g
b AR e T s 700.0| 153,63 2117 7.26[1.48 | 1.416| .002023 | 132.5| .0123 P~
M Npgs e fiotg] 0B o0 o et | T4O 1 zo00 le0.8 | 2Ll TANLEL) Ldo) 002084 | 1326 05 - 3
bip Same, slight deposits, slime and moss__ 700.0| 206.9 | 26.28 7.87|L 09| 001099 | 133.4) 1028 . -
2% C | Hedge Canal, MODE -« —woommemmaee Rect. | 9.6 | 150.0{ 66.50| 31.90 2.%1.323 szl -QODISE | 10,0 . 0128
23| B | Bitter Root V"al]e.y Irrigation Co., Mont__| Rect. S YR 500.0| 142.10| 44.36 253}303 S e et o - o
© | Lateral 2, flume 6a, Columbia Irrigation | Rect. 4.8 400.8| 48.16| 13.64] 3.53|L 5 3 . =
istrict, Wash, . -
Bi]l-{illig%andaasnd Irrigation Co., Lateral | Rect. 2.0 606.0| 2.16] 1.32| 1.04] .40 .525| . 000868 | 88.3| 0138 %
S{fﬁtll\]mnéénnl, Uncompabgre project, | Rect. | 12.14/  400.0| 437.0 | 34.84| 12. 541,05 |.....—- .00560 | 120.0] .0141] . B
Colo. - 0032 | 103.4] .0142( . Q
reqe bR s e Rect. [onoooo 125.0{ 64.34] 1178 5.46 .87 |- !
Bt o o oo ani ) Re (16 oy Gl e 2w UL oo W 8- g
Heaége Glssial, Al RaEger, 6t Rect. | 3| “7as 0 69.07 2219 3110165 | 400 .000542 13%.3 8}23 g
“Diy Creek Hime, Modesto Irrigation | Rect. | 18.7 | 470.0) 43.05 38.91] 1.081.94 1027| . 000057 | 102.3{ . ; g
D 059 . 0003615 84.2| .o0157] .0185..._| ..
T U e Rect. | 59| 1682 6.97 538 1.30.66 | 059 .00036 57
S e égsvge%rgéég‘CE-ﬁaiﬂ—Caua- Reot. | 20,0 | 4400 702.0'| 57.3 | 12.252.205) 2539 005771 | 108.6| .0L57 0160 |-
dian Pacific Railway project, Alberta,
Canada.

Santa Ana Wash flume, Riverside, Calif..| Rect. | 8.08| 1,100.0/ 76.12| 23.45/ 3.25/1.687| .669| .0006082| 101.3] .0160| .0160|.___.|___.

Flume no. 42, Willcox Canal, Colo-.._..._| Rect. | 3.5 360.0| 6.33| 3.74|- 1.60| .685/_______| .000661 | 79.5 .0168| .0168| _. =

‘Wheeler, battens, worn, sand, Nev.._____| Rect. 6.5 | 1,014. 4| 19.35( 12.09| 1.61[1.04 .324| . 000319 | 88.3] .0L64) .0160(___

Lateral, Salt Lake City and Jordan, Utah | Rect. 4.5 400.0] 21.96] 3.50| 6.11] .59 | 4.276].010690 | 77.1] .0170| .0163|.

Flume no. 2, Central Oregon Irrigation | Rect. | 13.2 650.0( 308.2 | 56.02| 7.11/2.58 | 1.243| .001912 | 101.2{ ,0173| .0168|.....|-—---
Distriet, Bend, Oreg.

Rich Gulch, Borel Canal, Southern Cali- | Rect. | 16.0 513.0| 435.0 | 107.2 | 4.06{3.65 . 231 . 000450 | 100.0| .0174] .0184}_ ____ A
fornia Edison Co.

Elm farm, projecting calking, Utah___.._| Rect. [...._.|-co...._ .97 1.49| .e65].33 | ....__|.00038 57.6! .0184] .0214| ___.}..__.

Lower flume, Riverside, Calif____ 7.6 746.3, 23.64 6.51| 3.63| .70 | 2.915(.003906 | 69.3; ,0189) .0202|. ...

Roller flume, slimed, Louisiana___. 13.0 500.00 67.25| 55.30| 1.222.30 |..____. 000080 | 87.5( .0191| .0106|...

Bear River flume, rocks on bottom, --_ .| 150.0} 197.5 | 66.60| 2.97/2.86 | ... _|.0004 87.7| .0201) .0208| __.

Fullarton, Calif: - oo oo 1 9.8 672.1) 15.72| 10.17| 1.55 .86 . 000629 | 66.6] .0205| .0218 ...

Bear River, gravel, Utah

,,,,,,,,,,,,,,,,, o feee—oo| 100.0 207.0°| 84,08 2462 04 ,,_‘,,,, . 00031 81.8| .0217( .0219

=
LONG WOOD-STAVE FLUMES =
=
o IW.B.D.. ... 1898| New| B | Provo Canyon Flume, Utah_..._____ __. Cire. 8.5 (%) 73.40| 13.36| 5 50/1.45 |-_..___|0.001 143. 4| 0.0114]0. 0110} ..} ... g
301 | S-301A..__..____[1923|New| A Ce'tl]tral Oregon Irrigation District, Oreg., | Cire. 12,0 | 2,650.0; 420.00( 41.05( 10.452.52 | 5.30 | . 002000 | 147.2{ .0119  .0118 30 15 ﬂ
clean.
302 | B-301a. . .ao.... 1023 New| A | S8ame, part of reach above. V>V..___.__| Cire. | 12.0 | 1,200.0| 429.00] 39.00| 11.00{2.45 | 2.43 | .002025 | 156.2] .0112{ .0111 (]
303 | 8-301B...___..__[1926] 3| A | Same as 301, 3 years later, algae___. Cire. 12.0 | 2,650.0] 417.50| 45.00( 9.28/2.667 5.23 | .001974 | 127.9 .0138| .0137 |
304 | 8-301C.__...____[1928 5| A | Bame as 301, 5 years later, algae_. Cire. 12.0 | 2,650.0) 440.00] 45.25( 0.72/2.67 | 5.25 | .001081 | 133.7| .0134{ .0131
806 | 8-301D.____._.. 1931 8l A | Same as 301, 8 years later, algae_______.__| Cire. |12.0 | 2 650.0/ 383.80| 41.15( 9.33(2.56 | 5.03 | .001898 | 133.8| .0131) .0130|___- ﬂ
306 | S-328._.__._____ 1923 3| 4 N%\«'l n}zam, Columbia Irrigation Distriet, | Cire. | 11.5 | 2,680.0| 246.62 48 64| 5 072794 1.255 .000468 | 140.2| 0127 .0126) >
ash,
307 | 8-330A..____.___ 1921 1| A | Selah-Moxee main flume, Wash__________ Cire. 6.3 | 1,500.0f 55.41| 14.54| 3.81]1.522| .949| .000633 | 122.8 .0132) .0130, 26| 20 Eﬂ
308 | 8-330B.__.______[1923 3| A | Same, 2 years later, just cleaned._________ Cire. 6.3 | 1,000.0| 65.87] 16.49| 3.991.627 . 540| . 000540 | 134.8| .0122| .0122|_____| __.. =
[
SHORT WOOD-STAVE FLUMES “
T =
320 N;L_2i la‘%’_era}] 2, Columbia Irrigation Dis- | Cire. 6.0 207.0/ 48.16] 12.32 3.91/1.400| 0. 157|0. 000529 | 143.8 0. 0]13'0. 0108)__-_ | == g
rie ash.
321 N%?. x’x]';aiil. Columbia Irrigation District, | Cire. 8.9 368.3| 182.9 | 3C.76| 5.95/2.230| .253| .000687 | 151.9] ,0114] .0112_____ | ... 5
ash.
322 MI%E?]chren flume, King Hill project, | Circ. 8.83| 444.1]193.6 | 27.20| 7.1212.068| .497 .001119 | 147.9( .0115 ,0113) 25 17 ®
aho.
323 Tieton unit, Yakima project, U.8.B.R__.| Circ. 2.33] 905.0{f 2.20 1.27| 1.73| .431| .518|.000572 | 110.1 .0117| .0117| 32| 20
324 Nachez-Selah Irrigation District, Wash___| Cire. 7.8 353.0| 112,30 20.50| 5.490(1.801 .295 ,000836 | 141.6| .0119| .0116{ 33| 24
325 b 1923 C | Same, sharp curve. ... = -.| Gire. | 7.8 97.8| 112,50/ 20.15 5. 58/1.784] . 006( . 000982 | 133.4) .0125( .0123| 33 24
826 | 8834 . ... E1923 New| B | Fruitvale-Schanno Ditch, Wash__________ Cire. 4.0 313.00 23.12| 6.79) 3. 40}1. 036/ ,253‘ .000840 | 115.4] .0139{ .0130( 33| 21
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- . . o
] rminali ; in Chezy’s formula and retardation factors in Kutter's o
— eriments on flumes for the determination of the coeflicient of __ﬂow %
giRLs 2 —Homenind) e2p i g and Manning’s formulas—Continued
SECTIONS AND MEASURED VELOCITIES e
CONCRETE FLUME CHUTES OR INCLINED DROPS, COMPUTED FOR MEASURED CROSS g
) - Tem: -
Mean elements, water prism Coeflicients mrggm g
-3
s | E 215 | & >
g i 2 Name, location, and condition of flume g E = E_E _‘g’ z 2 i 5 _‘g ’ T
E E);g?lnsxg:\ig;cr E or canal E = " . g -c% [ g B s g g ﬁ
| g = g g I 2 2 = =
2 gl g |2 x| 3|2 |3 |2|F|8 | & |[S|”|=|3|F E
g HEAE g | € h 4
g 2| 2|2 g |3 & Q| a |V |R| & |s=¥|C]|n|n|Cpe E
E g1 %|E g | &
o V]
T 2 | 13| 14 15 16 | 17 | 18|19 2 food
1 2 3 ] 4 |5 6 7 8 9 10 1 | 1 €
R 5 Sq o Ft. per d
Sec.- per n
Feet | Feel it 1t sec, |Feel Feet I d
9 | Lizard chute no. 1, Boise project, Idaho__| Trap. | 3.00] 2i0.0 '0.44 0.12| 4.970. ogg gg.g 0 geud| 87.6 i
e ~"i[Same, 905 feet long with drop of 72 feet. }Tm 3.02 250‘0{ 2.04| .33| 9.33 }15 B w0l g
o | USRR 8100 }19“ 2{ Designed for 36 second-feet. s 280 38| 10.00 113 200 020 g
ﬁ: USBR 81011911 2| Same. Sideslopes 1:6 .. oooomemooeon 352}’,' 382 %283 .3:97 521480 .164) 206 . DS26LR 2 .
e | DeBR G lon| 2 Trap. | 3.00 230.0 1640 110)10.20 .23 0.6 082441252
e | O ER Sloron| 2 Trap. | 8000 40.0{ 44| .15| 6.90 .04 7.9 .1085) 7232 9
4Fa | USBR S04l a2l Trap. | 3.0 400 204 30| 7.84 004 7.9 7.4
i MR i Trap. | 3.02| 4.0 280l .32|1110.098 7.9 .1985|70.6 .
400 | USBR 106101l - & Trap, | 3.08 4000 572 [48|19.80 141 7.9 1985 1185 %
410a | USBR S-107__j1o11) 2. Trap. | .05 40.00 7.07 .63|16.00.184 7.9 .13 |87 2
e | Uk ol 2 ee - Trap. | 308 400 18.40 .94 meo 7| T9 1085 1004 2
3. 2 Mo ¢hute no. 1, Boi . 1d Y 1 — ; ; 02| - 275 oo : : =)
3}2: %E%% %332 """ %gﬂ 3:1 Tr%r&echﬁte, section 2, Boise project, | Trap. | 6.07L . 23,30 1.34 | 19.60| . 206 - ___- .1530 [110.5 g
..... 2 \rleuagimte Boise project, Idaho___..._| Trap. | 6.00|...-_| 50.40 1.89 | 20.40] . 285\, %gg ’38‘§ =
:ig: ggg% E-gg ..... %gﬂ 2l - fkrena chuté, section 1, Boise project, | Trap. | 6.08 ... 23,30 1.43 | 20.40| . 219 i 5 g
----- e oo .1885 [142.7
417a | USBR 8-94.....[1o11) 2| Valley Mound CAnal .. .eocomooocoeeae- Trap. | 500 22 40| 1.35 | 26.30| . 215 ... 2

440 [ 8-349B_..__...__ 1924 B | Hammerhill lume, Canadian Pacific Ry. | 986G 5.10( 1,500.0/ 61.0 | 2.61 | 27.5 {0.573| 85.85 0.057231{152. 1 | 0. 0095(0. 0089)__.__| ..~
project, Alberta, Canada.

441 | B-840A _________ 1924] 8l Al . .do...... etessnoas 296G 5.1 | 1,500.0] 26.5 | 1.62 | 18.6 | .433| 86.20| .057527[118.2 | .0113{ .0109{ ____|.....

442 7 I | B | Dalroy flume, Canadian Pacific Ry. pro- | 192G | 10.2 370.3| 59.2 | 7.16 | 15.2 | .003] 11.91] .032164| 85.0 | .0173] .0174|.____| ____
ject, Alberta, Canada.

443 | S-345B_.._______ 1924 . ) ESEE (e R N TR 192(+ 10.2 370.3| 151.4 | 11.38 | 17.6 {1.311| 11.06| .035991| 81.0 | .0190{ .0192 ____ | __.__

WOOD-PLANK FLUME CHUTES OR INCLINED DROFS, COMPUTED FOR MEASURED CROSS SECTIONS AND MEASURED VELOCITIES

T =
450 | 8-346_ . _.__ 1924} ____ B | Lateral C-11 flume, Canadian Pacific Ry. | Reet. 0.9 598.2) 1.24| 0.127] 9.82{0.107| 31.34| 0.05238 (131.5 | 0.008010. 0078|..___| ___. =
project, Alberta, Canada. =

ST R-ATC ol 1924] .. B | Becondary canal, Candian Pacific Ry. | Rect. 4,18] 516.0] 6.16] .70 | 9.25| .155| 12.80| .0248 |149.4 | .0078| .0002|_ ____|.._..
project, Alberta, Canada. =
| 452a| USBR S8-90__.__[1911 Al Fargs Arepa ot IR e o Rect. 201 X Enm LY 95.0 | 3.48 | 32.3 | 481 L1250 |131.6 | .0105| .0100.____|-._.- S
CONCRETE CHUTES COMPUTED FOR MEASURED SECTIONS BUT WITH VELOCITY, V, DETERMINED A8 Q/4 o
l | i
1911 2B 3.000 250.0f 0.44 0.12 | 3.67/0.039| 20.8 | 0.08244 | 64. 76 0.0107|0.0105 - ___|. .. s

1911 2|B 3.021 250.00 204 .33| 6,18 .103| 20.6 08244 | 87, 25 =
1911 2B 3,020 250.0{ 2,80 .38| 7.47 .115 20.6 08244 | 76, 56| = >
404’a | USBR 5-101 1911 2B 3.03f 250.0{ 5.72 .52 10.46 .164] 20.6 . 08244 | 90. 11 = =
405'a | USBR 8-102. 1911 2B 3.04f 250.0( 7.97| .73 |10.99 .208 20.6 | .03244 | 83,87 _ =
406’'a | USBR 5-103 2 B 3.060 250.0{ 16.42( 1.10 | 15.05 .203) 20.6 | .08244 | 9742 - =
407’a | USBR S-104 21 C 3. 00| 40. 0| 44 L15 | 5.12| L0460 7.8 | 19850 | 32. 80| = pil’s
408’a | USBR 5-105 2 C 3.01 40. 2.04f .30 | 6.80 .094 7.9 | .19850 | 49.85 - A

409’a | USBR 5-106 2C 3.02 400 280 .32 | 8.8 .008 7.9 .19850 | 63.72 &
410'a | USBR 8-107 2 C 3.03 40.0¢ 5.72 .48 | 12.25 .14 7.9 | .19850 | 73.35 - o1
411’a | USBR S-108 2C 3. 05 40.0f 7.97| .63 | 12.65 .184 7.9 | 19850 | 66. 13 - =

412’a | USBR 8-109 2 C 3. 08| 40.0| 16,42 .94 )| 17.66/ .257 7.9 | .19850 | 78. 18] -
413’a | USBR 8-93. 2B 5.0 27.500 1.60 i 08100 (118.49 » g
USBR S-96_ 2B 6.0 23.3| 134 . 15300 | 8. 41] - =
2| B 6.0 50,40 1.89 21000 |109.0 = w

2| B | Arena chute, ses 6. 08 23.3 | 143 20560 | 77. 16 =

2/ B | Valley Mound canal 5.0 22.35 1.35 15850 (101. 85 =

2 B | Long Pond chute 4.4 .0 35.79| 2.78 02978 '106. 6 =

2B d 4.4 600.0| 78.32 4.29 . 02068 |128.9 =

2IB 4.4 600. 0 100.38( 5.61 .02043 [116.1 =

2B 4.4 600. 0 104.47 5.17 02690 [133.5 5

2B 4.4 600.0{ 122,04 6.24 .02971 1122.9 »

6B 7.9 514. 5| 154.00| 9.76 . 01459 [134.5 =

L8



TasLe 2.—Elements of experiments on flumes for the determination of the cae,fcient of flow in Chezy's formula and retardation factors in %
Kutter's, and Manning’s formu ns—Continued
CONCRETE CHUTES COMPUTED FOR MEASURED SECTIONS BUT WITH VELOCITY, V, DETERMINED AS Q/A—C ontinued 3
=
t Tem g
: pera~
‘Mean elements, water prism Coefficients il s Z
| g 8
B o 3 = 'g .§ §‘ ;
'E Experimenter = Name, location, and condition of flume % e - 23 fé 3 E -
g and series B or canal g = Z | 5| E= > g £ 8 w
E| 2| % | e ] 3 g | 2 m| 3 g g | 8 ) a
@ 8| £ |8 2 e 3 (2 | = & = =] g |y | @
g S| &S Y = 4| 2@ | = A ol & |2 |<|E E
=) c| & | & < =
b =
= 8§l 213 g 2|z e | a4 | vie|l nw|gte|l | o |w|Clc 1
= P - § & E T E
2 3 4 |5 6 7 8 1] 10 11 12 13 14 15 16 17 18 19 | 20 Eg
— L
Fi.
See.- | Sq. per Fi. per d
Yrs. Feet | Feet ft. Jt. zec. |Feet | Feet 4 m
£24%, | UEBR. .- ocrm- | ) |A] sSul Ssuﬁr Creek waste, Yakima project, | Cire. 8 000.0] 52.5 j-=2--= 12.4 |0.69 | 18. 46[0. 0205 104. 3| 0.01300. 0134} ___|-_--- )
425'a | UBBR.-cccuaen Eﬁ) () | A Samere;;ch. On 22 CHIVO. Lo Luinrsmmusaaae Cire. 8 000.0] 242.0 |- o .- 10.1 |1.36 | 18.57 .0206 114.1] .0140| .0137 g
26’8 | UBBR-ccucacae 5) | (19) | A | S8ame reach, no. 4 of U.S. Bureau of Rec- | Cire. 8 000.0| 247.0 |..____| 19.3 |1.37 | 18.61) .0207 114. 4, .0140) .0137|-
lamation records. E
4 | UBBR :vo-zacaa ) | 19 | A | Same reach, no. 6, on tangent. . .- Cire. 8 1,300.0| 45.0 |--—a-.- 12.5| .62 | 18.85 .0145 1317 0109 . *
498'a | USBR_ ... - (®) 5“‘) A | Same reach, conerete deposited against__. Cire. 8 1,300.0] 52.5 |--ccn-- 13.1] .67 | 18.80 .0144 133.1] .0109| . )
420'a | UBSBR_._._.... () | () | A | Same reach, wood forms, without..._.... Cire. 8 1,300.0| 242.0 |.-_.___| 20.6 |1.30 | 18.7 L0144 150.5{ .0108| . =
430'a | USBR....___.. (%) | () | A | Same reach, retouching surface. ... Cire. 8 1,300.0| 247.0 |.._-...| 20.4 |1.33 18.71} . 0144 147.8| . 0110 .
: B
METAL CHUTES COMPUTED FOR MEASURED SECTIONS BUT WITH VELOCITY, V, DETERMINED AS Q/4 ?d
=
- [0}
40 §-349B___.__....|1024 8 A | Hammerhill flume, Canadian Pacific | 96G 51| 1,500.0f 610 9. 61| 23.4 (0.573] 85.74/0.06716 | 120.1| 0.01090.0104 .| --- g
Railway project, Alberta, Canada. =
441/ S-340A _....___.[1924 BlAL s [ I 996G 5.1 1,500.0( 26,5 1.62 16.4 | .433) 86.08| .05738 | 103.8 0125 0125 .| -~ a
442" S-345A .._._...-|1024 9| B | Dalroy flume, Canadian Pacific Railway | 192G 10.2 370.3| 59.2 7.16| 82§/ .003| 11.91| .032164) 46,3 .02094| .0821)___..| - =
project, Alberta, Canada. =
443" B-346B ..o 1624 .+ [ | LS A0 m e m————— 192G 10.2 870.8| 151.4 | 11.88] 13.30[1.311| 11.06 .035091] 61.2{ .0245) .0254) .-

WOOD-PLANK CHUTES COMPUTED FOR MEASURED SECTIONS BUT WITH VELOCITY, ¥V, DETERMINED AS Q/4

2 About 1912.
19 Built 1911,

4528 | USBR S91.____ :
] 'mu 2’1; e L S NP 21 W U e S l 95.0| 3. 45’ 27. slio. 431‘ ‘‘‘‘‘‘‘ Io. 1250 i 12, ﬁl 0. mm\o. 0118* ..... % .....
CONCRETE CHUTES COMPUTED FOR MEASURED VELOCITY, V, AND SECTION COMPUTED AS WITHOUT ENTRAINED AIR, BY A=Q/V
1774 i
s vomnsi- m 47 B [N mi o on oo
daa gggg g:ﬁg._ g Rect, | 3.01 250.0 2. .20
404a | USBR S-118... B Rect. | 3. 250.0| 5. .41
dt5va| USBR 5110, B Rect. | 3.03| 250.0] 7. .5 <
dog"a | USBR Rect. | 3.05 250.0{ 16. 286 =
ms": US%R g::%_ 2 8 Rect 3. 40.0 . . 06 &
dos'a | USBR S-122._ . 2¢ Rect. | 8.01 40.00 2 R
410a | USBR S-124.._. 2 oot | 3.04 dbo 5 5 3
4117 | USBR 8-125____ 2c Reet. | 50 409 7 5 5
41273 | USBR S-126____ C|.-..ldo oot | 30 @0 & g E
412'a| USBR S.120._.. €l Rect. | 3.060  40.0, 16, .70 2
Lk orachutemno. 1__.______ Rect. 5. 00]- 27, 1.25
415”: S g’_ﬂg,, g ::rena gjl:u%e, section 2._._ Rect. ] 23, 1 14, =
: e rena chute_..___________ -\ Rect. 6.00( .. . : =
416”a | USBR S-112.___ B | Arena chute, section 1 o 08|, 2 e :
41> | USBR St B Do M g, e B | (e, ZRAL Tg) .
b
r o2 - . - 5
WOOD-PLANK CHUTES COMPUTED FOR MEASURED VELOCITY, V, AND SECTION COMPUTED AS WITHOUT ENTRAINED AIR, BY A=Q/V g
452"7a | USBR s-sz..,..llgnl 2| B| Fargo drop. oo ooeoeeeeeeoe. | Rect. | 6.1 |.._.._ 95.0 ’ 8 oo‘ 32, 25'0.422 ....... ’u. 1250 | 140. ﬁ] 0. 0097'0. 0092]...... 1— zZ
| et 2
é
=
®

6€



TABLE 3.—Elemenis of experiments on flumes to determine the energy slope for use in solution of flow formulas. ‘-.S'ee table 2. Difference in g
elements al 2 ends of reach indicates net variation from uniform flow that exists in field practice
LONG CONCRETE FLUMES g
. &
Elements, upper end of reach L Elgments, lower end of reach L Retardation loss §
—_—
i Q
i Elevations Con-
Elevations =
Jsed 1 ‘ Length structed
g dL :?im 13’ O‘bsarved Veloe- | ofreach L o | Veloe- In reach | Perfoot | g n.% ()
g SIEH Veloe- |, 805 | Area oy | Veloeity ;i Foad Ef=| g M
Area m ity o1 ity head Enersy V2 Ym Energy o S=7 -
hy Surface Zi | gradient C Surface Z2 | gradient P
Ei=h+Z Ex=hyt+22 g
| E
1 2 3 4 5 6 ‘ 7 8 9 10 11 12 13 14 15 16 17 -
Z
Y p o
Ft, per FL. per . ) Siess @
-ft. ~ft. 3 c. Feet Feet Feet Feet 5. ft see. Fect Feet eel ©
o it | S5 |G| &5 | 0m | o oim | g0 | sumo| T | ok | 0w | 4l ) 4 102.72 g
34, 33.2 | 27.61| 4.8 | .36 | 4,102 3. 3 g 423 [l y :
nl B 12 Bt 567 | 14 | siones | cwise | 40| 87 216 | .07 | 4,00.32 | 400030 =
ml smiol a0z | mm) ber | 8| almsl | UL BERO) B | 40 R | dooe | e n
5a| 334.0| 90.6 | 23.76| 423 | .28 | 4,102 2. , 276. b ; 28 | 410042 | 410067
ga| 3340| 831 | 2L12| 305 | .24 | 410229 | 410253 | 3,278.0| 2310 3.62 | . : : ¥
2 5 7 22 | .42 | 410124 | 4,10L.66
7a| 334.0| 1785 | 35.20| 507 | .40 | 4,103.5¢ | 4,103.94 | 3.2780| 3L2l 5.2 2 | 410024 | 410160 g
7| =60| 436 | 130 | 410204 | 4,103.2¢ | 3,280.0| 30.80 405 | .96 | 4,100, S 101
% 35’:18 iﬁ') 00| £3 | 3 | Ti33 | L0861 | 32000 3608 427 | .28 | 4,10L41 | 4,10L69 e
Hal 30| Teo [ = S P i 1 :
1la . 160. s = e 2oofamanaas iTis
21740 5793 | 77135 | T4,100-210°| 4,100, &
B EsT] Y 1,061.0 7.30 | .828| 96260 |  97.088 =
1 315 200, 1 : 1,206, 0 280 | .57 95. 830 9. 705 .
i a0l B 360 Tl 382 | [237| 100691 | 100918 =S
N — i 3.63 1,172.4 3.8 | .230 | 100,812 | 101042 o
1 [0 arzo 5.42 1,700.0 5.4l | 455 | 4,773.0¢ | 4,773.50 =
0| 3720 5.41 800.0 519 | -d19| 47i2s | 47299 Q
% | 00| s 5.19 2.5 1,100.0 492 | a6 | 477102 | 4,772.30 =
: 3.35 58 3,000.0 3.8 | .2 80.85 87.08 g
: 4,83 4 1,100, 0 417 | 288 |  uzeor| 113195 =
3.49 : 1,361.0 312 | .11 04 747 04.808 =
4,85 ; 1,361.0 4.60 330 96, 667 96. 997 2
445 | 309 570 2, 6500 438 | .| 93 GBS
5.08 308 5. 47 95.87 | 2,660.0 5.04 395 94,39 84,755
4.38 30 43, 57 9357 | 3.000.0 4.61 33 02, 34 92.67
5.04 39 4. 30 94.78 | 3,000.0 5.44 16 .00 %. 43
537 | .46 94. 65 05.10 | 3,000.0 5,80 52 93. 22 :

308 900.0| 472.0 [ 1023 | 4.61 | .33 92.54 92.67 | 1,702.0 | 103.3 457 | .32 91. 68 92.00 67 | .000304 | .0003R02
31a| 900.0| 6200 |1156 | 544 | .48 92,00 93,45 | 1,702.0 | 115.6 544 | 48 92,28 92,74 71| Looos17 | Coooasoz
3%a| 000.0 | 699.0 |120.4 | 5.8 | .52 93, 22 9374 | 1,702.0 | 119.2 586 | .88 92,45 92, 76 | .000446 | .0003802
2a| 900.0 | 4720 |108.3 | 457 | .32 91,68 92.00 | 1,398.0 | 08.8 478 | 35 91.07 o142 58 | 000415
34a 900.0 629.0 115.6 5.44 .46 92. 28 92.74 1,308.0 | 107.0 5. 86 .53 01.48 92.01 73 000522 0003802
358 900..0 699.0 | 119.2 5.86 .53 02. 45 92.98 1,398.0 [ 109.0 6.41 .64 91. 58 92.22 .76 . 000544 . 0003802
36a 900. 0 472.0 94.0 5.02 .39 90. 86 91.25 1,120.0 01.4 5.16 .41 90, 22 90. 63 .62 . 000554 . 0003802
37a 900.0 620.0 90.3 6.33 .62 91,12 01.74 1,120.0 89.5 7.03 A 90. 12 90. 89 .85 000759 . 0003802
38a 900, 0 699. 0 99.9 7.00° .76 91. 15 91,91 1,120.0 88.6 7.89 o7 90. 07 01. 04 .87 . 000777
39 550. 0 537.0 78.90 | 6.82 .723 | 3,700.665 | 3,701 388 1,100.0 T7.80 6.92 .744 | 3,699.530 | 3,700.274 1,114 001013 000936
40 550.0 537.0 77.80 | 6.92 .744 | 3,699.530 | 3,700.274 1,632.8 64. 30 8.22 1.050 | 3,697. 460 3, 698, 510 1. 764 . 001081 001
l 41 550.0 515.0 76.00 | 6.77 .713 3,674.160 | 3,674.873 1,125.0 75.80 6.79 -7 3, 673. 190 3, 673. 907 . 966 . 000859 . 0008
42 550.0 | 5150 | 75.85| 6.79 | .720| 3.673.190 | 3,673.910 | 1,100.0 | 78.15 6,50 | .680| 3,672.450 | 3,673.130 780 | Soo0700 | L0008
43 550.0 515.0 78.40 | 6.57 . 671 3, 672.425 3, 673. 096 1,671.4 77. 60 6. 64 . 686 3,671.125 3, 671. 811 1.285 . 000769 0008 -
44 550.0 540.0 80.70 | 6.69 L700 | 3,673.400 | 3,674.1060 | 1,075.0 78.80 6.85 .730 | 3,672.640 3,673.370 . 730 000679 0008 us]
45 550, 0 540.0 80. 20 6,74 .710 3,672. 550 | 3,673.260 1,671.4 70.70 6.75 . 710 3, 671. 260 3,671. 970 1. 200 . 000772 0008 =
46 550.0 102. 5 23.22 | 4.41 .302 3, 669. 650 3, 669. 952 2,890.5 23. 64 4.34 293 3, 667. 350 3, 667. 643 2.309 . 000799 . 0008
47 550.0 220.0 39. 38 5. 50 . 486 3,670.800 | 3,671.286 2,890.5 41. 50 5.30 .438 , 668, 620 3, 660. 058 2.228 . 000771 . 0008 |
48 550.0 322.0 51.00 6.30 617 3,671.650 | 3, 672. 267 2,890.5 54. 54 5.90 .54l 3. 669, 550 3, 670. 091 2,176 . 000753 0008 v
49 550.0 516.0 66. 80 7.74 930 3, 597. 670 3, 598. 900 1, 050. 0 70. 80 7.30 . 830 3, 597. 320 3, 598, 150 75 . 000714 . 0003 (=]
50 550.0 289. 4 43. 41 6. 67 692 3, 596. 100 3, 596. 792 750.0 45. 61 6.35 627 3, 505. 670 3, 596. 297 .495 . 000660 . 0008 €
51 550. 0 516.0 70. 80 7.30 830 3, 597. 320 3, 598. 150 1,150.0 68. 20 7.56 . 880 3, 506. 180 3, 597.07 1. 080 . 000939 . 0008
52 550.0 289. 4 45. 61 6.35 627 3, 595. 670 3, 596. 297 1,100.0 43.83 6. 60 . B77 3, 504. 640 3, 595. 317 . 980 . 000891 . 0008 o
53 550.0 516. 0 68, 20 7.58 . 890 3, 596, 180 3, 597. 070 1,100.0 8. 60 7.53 . 880 3, 695. 205 3, 596. 175 .B895 . 000809 . 0008 LS|
54 550.0 280.4 43.83 6. 60 .B877 3,594, 640 3, 595. 317 1,009.2 43,07 6.72 L 702 3, 593. 655 3, 504, 357 . 960 . 000874 . 0008
‘ =]
] >
SHORT CONCRETE FLUMES 't'g
T T =
193. 6 25.10 Fuid 0,923 97. 520 08, 443 762, 0 27.47 7.06 0.772 6. 255 97. 027 1. 416 -
129.1 27.00 4, 767 . 353 9. 614 99, 967 1,124.3 23.17 5. 574 483 98, 449 98. 932 1. 035 z
404. 5 52. 59 9.39 371 48, 778 50. 140 1,450.0 42, 84 11. 53 2,068 45, 460 47. 525 2. 624
494, 5 52,50 | 9.39 1,371 48,771 50. 149 626. 0 53. 46 9,24 1,827 47. 807 49, 134 1. 015 ]
404, 5 53, 48 9.24 17827 47. 807 49,134 824.0 42,84 11. 53 2,065 45, 460 47, 525 1. 609 =
39. 62 4. 57 8. 68 1ETE 2.612 3,783 164.2 6. 155 6. 44 845 1. 936 2. 581 1.202
205, 0 27. 69 7.40 .56 64R. 30 649. 16 640.0 30,11 6.81 iy 4 7.40 648.12 1.04 g
205. 0 30.11 6.81 72 647,40 648. 12 340.0 28,81 7.12 79 646, 60 647. 39 <18 =
205.0 28. 81 7.12 79 646. 60 £47.39 1,075.0 28. 656 7.18 644. 70 645. 50 1.89 ”
205.0 27.69 7.40 86 648. 30 649. 16 2,055.0 28. § 7.18 80 644. 70 645. 50 3. 66
30.13 8,87 3.40 .180 97. 830 98. 010 420.5 10. 69 2,82 124 7. 500 07.624 . 386 2
247.0 90, 88 2,72 . 115 05. 621 05.736 579.9 101, 10 2,44 .093 05, 457 95. 550 . 186 0003208 | iceicecan

I



TasLe 3.— Elements of experiments on flumes to determine the energy slope for use in solution of flow formulas. See table 2. Difference in @
elements at 2 ends of reach indicates net vartation from uniform flow that exists in field practice—Continued
LONG METAL FLUMES—FLUSH INTERIORS e
g
{ Elements, upper end of reach L Elements, lower end of reach L Retardation loss s
2
7 wvati Con-
Reference| Used in | Observed Elevations Length Elpvations stroutod >
no. design Q' Q Veloe- of reach L i Veloe- In reach | Per foot slope § =
Veloe- |, Area a2 | Velocity | |y e hf
Area a; ity head ity head E 1—E2 S oo
ity 0 " Energy vz ha inergy hy T
! | Surface Z; | gradient Surface Z; | gradient d
Ei=h+2Z Ei=h+Z3 F
=2}
1 2 3 1 5 6 7 ] 9 10 11 12 13 14 15 16 17 =
Z
Ft. per Ft. per ]
Sq. fi sec. Fect Feet Feet Feet Sg. ft. sec. Feet Feet Feet Feet Ft. per.ft. | Ft. per ft. cﬂg
14. 05 575 | 0.514 100. 600 101114 | 1,800.0 [ 13.80 586 | 0.534 98, 860 99. 304 1.72 ; S
14.77 4.79 357 71.132 71.489 | 1,806.0 | 15.35 4,61 69. 320 69. 650 1. 839
3.90 5.02 39 95.90 96.37 | 2,850.0 6.16 3.18 16 89. 16 £0.32 7.05 o
1410 3.03 240 100. 930 101170 | 1,500.0 | 14.70 3.77 221 100. 000 100. 221 949 =
14.42 4.57 325 98.916 99, 241 995.7 | 15.10 4.36 295 98, 323 98, 618 623 :
25.19 6.35 627 100. 324 100.951 | 1,800.0 | 25.30 6.32 621 08, 99. 169 1.782 »
56. 37 5.57 482 | 1,017.991 | 1,018.473 | 2,160.0 | 55.80 5.63 493 | 1,016.657 | 1,017.150 1.323
34.98 6.08 575 48, 788 99.3 1,113.0 | 384.80 6.11 580 97. 34 97.920 1,443 <!
35.72 5.95 550 97. 350 09.910 | 1,150.0 | 36.64 5.80 523 96, 010 96. 533 1.377 :3
34.70 6.13 534 94, 940 95.524 | 1,700.0 | 32.31 6.58 673 92, 832 93, 505 2.019 '
32. 14 6. 61 92,31 92, 2,370.0 | 33.78 6.29 62 88,07 88, 69 4.30
32.70 6. 50 657 87.780 88.437 | 3,651.0 27. 47 7.74 931 82. 960 83. 801 4. 546 %
LONG METAL FLUMES—PROJECTING BANDS 2
5.10 3.72( 0.215 98. 370 98, 585 970.0 5.10 3,72 | 0.215 96,945 97. 160 1.425 a
5.10 3.72| .25 58.370 98, 585 2200 4.01 3.86 | .231 98, 031 98. 262 .323 a
18.81 6.48 | .652 20. 570 21.222 | 1,003.0 | 19.34 6.30 | .616 18.730 19. 366 1.856 =
20.96 3.57 | 198 <9. 864 90.062 | 1,984.3 | 17.70 4.922| 217 88.171 88 448 1.614
20.96 3.67 | .198 30, 864 90. 062 565.0 | 24.00 3,12 .13 89.460 |  89.611 . 451
24,00 3.12| .15 £9. 460 80.611 | 1,419.3| 17.70 4.20 | .274 88,171 88445 1. 166 =

SHORT METAL FLUMES—FLUSH INTERIORS

120a 87.8| 30.0 | 6.90 | 565 0.49 98.070 98. 566 525.0 6.70 5.82 | 0.527 97.420 97.947 0.610 | 0.001179 | 0.0012
121a 87.8 145 | 315 | 4.61| .330 97.240 97. 570 525.0 3.60 4.03 96.700 818 : :
1228 | 1490 560 | 790 | 7.09| .782 96. 900 07, 682 400.0 8.50 6.59 96. 500
1238 149.0( 451 | 7.80 | 578 .519 96. 850 . 360 400.0 9.85 4,58 96.
124 425.0 | 194.1 | 27.69 7.02| .78 92.978 03, 764 262.7 | 28.52 6.81 :
125 4250 | 226.2 | 20.80 | 7.50| .s804 93 482 04,376 524.0 | 3177 7.12
126 4250 237.0 |31.73 7.47 ] .865 93. 653 94, 518 524.0 | 32.44 7.31
270} et 1102 [ 4.09 260 | .112 99, 042 99. 154 55.6 4.66 2.36
128a 230.0 78.0 | 11.80 6.61 | .679 96. 800 97. 479 600.0 | 12.35 6.32
1208 230.0 95.0 | 18.90 6.84 [ .727 97. 050 97.777 600.0 | 13.25 7.17
130a 230.0 64.0 | 10.40 6.16 | .500 06.550 | ' 97.140 600.0 | 11.00 5.82 -3
131a 230.0 67.7 | 10.90 6.21 | .60 96, 550 97. 150 600.0 | 11.80 5.74 s
1 230.0 4.3 | 8.00 4.98 | .38 96. 260 96. 646 600. 0 9.65 4.59 =
7.04( 1.216| 5.79| .51 100. 000 100, 521 200. 0 1.12 6. 26
7.04 1.086) 6.48| .653 100. 000 100. 653 60.0 1.25 5.65 g
19.6 | 3.90 5.02 | .392 95. 900 96. 292 450.0 3.35 5.85
19.6 | 3.98 4.92| .37 94 435 94, 811 650.0 3.34 5.87 Q
19.6 | 4.01 480 | .370 92. 380 92,750 325.0 4.89 4,01 =
40.0 | 815 401 | .375 96. 700 97.075 600.0 | 10.15 3.94
181 | 5.00 3.62| .204 96. 020 96, 224 690.0 7.05 2. 57 )
12,5 | 20.13 5.5 | .486 99. 200 99. 686 963.0 | 19.17 5.87 o
250.0 | 37.54 6.90 | .740 97.396 98. 136 800.8 | 47.33 5.47
365 [ocoeenn. . X 350.0 =
20.8 300.0 |- b
62,5 197.0 =
____________________ =
227.5 : 572 . : ; 2413 ] . e
238.0 ; 6.07 | . ; : 241, 3 : ; —
224.9 ; 6.30 | . : ; 241.3 3 : Z
223.1 X 6.18] . : : 241.3 i ;
14. 67 . 3.34 ) X i 184.0 5 I =
147 | 3. g02| . ] : 139.3 3.87 k &
19.16 | 5. 336 - i A 302.3| 544 ! =]
20.39 | 6.90 2.96 | .136 92, 568 92, 704 92.0| 6.50 : =1
8.36 | 1.36 6.14 | .58 30.310 30. 898 110.6 1.23 ; o]
603.0 | 66.42 9.08 | 1. 50. 38 5166 | 1,160.7 | 66.28 ; 7]
603.0 [119.2 506 | .398 | 2,552.393 | 2,552,701 4429 | 117.4 5.
01.01 | 13.85 6.57 | .67 . 758 99, 420 227.4 | 14.66 :
105.0 | 17.64 5.96 552 95.810 96. 362 300.0 | 17.90 ;
99.0 | 18.16 b.45 462 95.800 96. 262 300.0 | 17.46 5. 67
150,0 | 24,00 6.03 565 96, 600 97,165 300.0 | 25.90 5.70
216.1 | 35.93 6.02 562 97. 540 8. 102 85.0 | 33.1 6. 51
200.2 | 35,94 5. 82 527 07, 452 97,979 85.0 | 34.53 6,06
52.8 |12.38 4,27 284 092, 291 92, 505 161.6 | 13.96 3.78
108.7 | 16.90 6. 43 643 99. 879 100. 522 375.0 { 2157 5.04
564.0 |114.0 4,05 381 98. 890 99, 271 820.2 | 112.7 5.00
602.0 |122.3 4,02 376 99,332 99. 708 820.2 | 121.35 4.96
168 205.0 | 48.20 6.11 581 98. 494 99.075 | 1,150.0 | 48.35 6,10




TasLe 3.—Elements of experimenis on flumes to determine the energy slope for use in solution of flow formulas. See table 2. Difference in  #>
elements at 2 ends of reach indicates net variation from uniform flow that exists in field practice—Continued -
SHORT METAL FLUMES—FLUSH INTERIORS—Continued =
2
Elements, upper end of reach L Elements, lower end of reach L Retardation loss o
Z
: ) =
Reference dL's_ed in | Observed Elevations Length Elevations st?u%?;e a 5
To. esign P T = 3
gn @ Q Veloe. | Veloe of reach L Area s | Velocity |, Veloc- In reach Per ffoot. slope 8 e
Area ar| ;... |ity head - ity head | Er—Ea= _N
ity o 2 Energy ] h Energy A S‘Z s3]
! | Surface Z; | gradient ! | Surface Z» | gradient 4 =
Ei=h+2, ‘L FEy=hat+Zs =
- Sl Bt
=
1 | 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 j
>
Fi. per Ft. per o
Sec.-ft. Sec.ft. | Sq. fi. | sec. Feet . Feel Feet Feet Sq. ft. sec. Feet Feet Feet Teet Ft. per.ft. | Ft. per ft. =
169 98, 01 26.15 | 3.73 0,216 97, 820 98. 036 288. 8 24,97 3.97 0.245 97. 640 7. 885 0.151 0.000523 |_.________ 2
170 83.30 25.99 | 3.21 L 160 07. 892 98,052 2888 24, 51 3.40 . 180 97,613 97. 793 . 250 L 000896 |
171 14. 89 2.54 5.7 L5819 96. 485 97. 004 169. 9 4. 56 3.22 L1681 96, 419 96. 530 424 . 002496 | |
172 |- 9. 83 5.00 1,93 . 058 97, 591 7. 649 73.5 3.91 2. 46 . 094 07. 507 97. 601 L 048 . 000653 7
3 s o (R 102.5 33.55 3.06 146 08, 763 98. 909 321.3 32.72 3.13 153 08, 624 98. 777 .132 SOOBETHS N o (ﬂ
o
SHORT METAL FLUMES—PROJEOTING BANDS %
- -
220.79 | 35.49 6.22 ! 0. 602 200.0 28. 50 7.78 ‘ 0. 934 97. 960 O3, R94 0.521 0. 002605 | ,,,,,,,,,, )
70 U SR, NEORE . i 201 R, [ L (I 97.67 | ___________|.. Q
39.2 R.40 4. 67 0. 339 300. 5 11 5.51 | 98, 840 69.312 =
33.3 4. 66 7.14 .793 189.0 4.11 8.10 | 98. 985 100. 005
2.7 3.98 1 5908 . 552 635.0 4,52 524 | 48, 240 48667 >
38.5 9.30 | 4.14 . 267 590.0 10. 40 3.70 l 97. 030 97.293 Q
2.0 6.30 | 3.65 .27 590.0 7.45 3.00 | 96. 700 96. 848 =
17.0 4.90 | 3.47 L187 5000 6. 50 262 | 96. 500 6. 607 =
75.8 18.19 4.17 . 270 490.0 15.34 4.9¢ | 97. 880 08. 259 a
=
SHORT CORRUGATED-METAL FLUMES c?j
=
| | - 1
3.00 0.93 3.23 0.162 98. 122 08. 284 175.0 0.83 3.62 0. 204 98, 710 | 96,914 | 1.370 | 0.007829 S
16.9 6.99 2.42 L091 100. 000 100. 091 249. 6 8.73 1,04 . 059 99.780 | 49,839 | . 252 00101
44. 02 11.64 | 3.78 .222 93,318 93. 540 73.6 11.82 <215 82,987 ‘ §3.202 | . 338 SO04B02 | ceciinas
|

LONG WOOD-PLANK FLUMES

213 300.8 42.41 | 0.43 1,382 90. 000 91.382 | 1,100.0 46.32 8.63 1.158 87. 907 89. 065 2.317
217 95. 5 35.75 | 2.60 105 85, 660 85,765 | 1,000.0 36.70 2.61 . 106 85. 420 85. 526 . 239
218 142.1 53.28 | 2.667 .11 85. 780 85.801 | 1,000.0 54. 87 2.59 . 104 85. 585 85. 639 - 202
219 177.5 2444 | 7.26.( . 100. 461 101.281 | 1,014.0 23.80 7.46 98. 420 99. 285 1.996
220 64.02 | 16.26 | 3.94 . 241 88, 290 88, 631 616.0 19, 22 3.33 172 87.712 87.884 . 647
221 64.02 | 18,26 | 3.51 101 90. 000 90.191 | 2,200.0 10,22 3.33 172 87.712 87.884 2.307
222 64,02 | 18.26 | 3.51 191 §0. 000 90. 191 437.0 18.74 3.42 181 89, 558 80, 739 452
223 64.02 | 18.74 | 3.42 181 89, 558 £9.739 | 1,147.0 16. 26 3.94 . 241 280 88. 531 1. 208
224 16.01 | 12,06 | 1.33 .028 49, 828 40,856 | 1,712.0 8.04 1.99 062 49, 374 49, 436 420
225 150.34 | 25.65 | 6.21 . 60C 90. 000 90, 600 400.0 25. 65 6.21 . 600 80, 324 89, 924 676
226a 408.0 61.76 | 6.61 . 679 49, 935 50.614 | 1,647.9 50, 50 8,08 1.015 47. 510 48, 525 2,089 =
227 1,104.6 | 222.4 4,07 . 383 96. 155 96,538 | 2,499.5 224.3 4,03 377 05, 520 95. 897 641 o
228 50,31 | 14.65 | 3.43 183 0. 000 90. 183 195.0 13,19 3,87 89. 669 89, 895 288 =
229 50,31 | 13.19 | 3.81 . 226 89, 669 89. 895 158.0 11. 50 4.38 208 #9, 289 89, 587 308
230 50.31 | 11,50 | 4.38 . 208 89, 239 80, 587 244.0 11.63 4,32 200 88,773 89, 063 524 !
231 50.31 | 14.65 | 3.43 . 183 . 000 90, 183 598.0 11. 63 4.33 201 88.773 89. 064 1.119 %,
232 419,20 | 58.58 | 7.16 . 796 98, 428 09. 224 954.5 59.78 7.02 . 766 97. 384 98. 150 1.074 =
233 368,81 | 99.12 | 3.72 .215 97.142 97,357 | 2,500.0 106. 96 3.45 .185 96. 030 96.215 1.142 é
Q
SHORT WOOD-PLANK FLUMES &
245 251.8 53.71 | 4.68 0.341 90. 000 90. 341 800.0 58.90 4.27 0. 284 89,795 90. 079 0. 262 =
246 88.74 | 16.20 | 5.48 . 467 84.070 84, 537 500.0 19.10 4.65 336 83.310 83. 646 891 =3
247 153.6 17.70 | 8.68 1171 84. 660 85. 831 700.0 23.50 6, 54 665 83,750 84.415 1.416 =
248 160. 8 17.00 | 9.47 1.394 84. 590 85 084 700.0 24.9 6,46 649 83, 890 84. 539 1445 =
249 206.9 21.00 | 9.85 1. 508 84,990 86, 498 700.0 29. 20 7.08 779 84,320 85. 099 1,399 —
251 142,10 | 43.90 | 3.24 . 163 86. 320 §6. 483 500.0 45.15 3.15 154 86. 170 86.324 . 159 2
252 48.16 | 14.53 | 3.31 170 08, 218 98, 386 400. 8 12.75 3.78 222 97.900 98. 122 .
253 2.16 1.32 | 1.64 042 90, 525 90, 567 606, 0 1.32 1.64 042 90, 000 90, 042 525 =
258 092.81 | 37.92 | 2.45 093 85, 750 85. 843 700.0 41. 08 2.26 L079 85, 590 85. 669 L1174 =
250 65.20 | 2L.39 [ 3.05 145 89, 040 89,185 | 1,000.0 20.78 3.14 . 163 88, 510 88, 663 . 522
260 69.07 [ 2217 | 3.11 150 80. 180 80, 330 738.0 22.17 3.11 150 88. 780 88, 930 400
261 43.05 | 37.26 | L.16 021 0, 000 90. 021 470.0 43. 54 015 89. 979 89, 994 027 =
262 6.97 4.25 1.64 042 00. 000 90, 042 183.2 6. 51 107 018 80, 965 89, 983 059 wm
263 702.0 43.6 | 16.10 4.030 91. 410 05. 440 440.0 7L0 9.89 1. 521 91,380 92. 901 2. 539
264 76.12 | 22.26 | 3.42 . 182 124, 115 124.297 | 1,100.0 24. 64 3.00 148 123. 480 123.628 669
265 6.33 3.18 [ 1.930 058 47, 450 47. 508 360.0 3.76 1. 634 041 47.229 47, 270 238
266 19.35 | 11.47 | 1.69 039 80. 000 90.039 | 1,014. 4 10.71 1.81 051 80. 664 8O.715 324
267 21. 96 3.24 | 6.78 714 40, 000 90, 714 400.0 4.23 5.19 419 86.019 86.438 4.276
268 398.0 60. 1 6.63 663 07. 845 08, 528 650.0 49.8 8.00 995 96. 290 97.285 1.243
269a 435.0 | 100.8 4.32 200 51. 050 51. 340 513.0 101.0 4,31 289 50.820 51109 231
271 23. 4.48 | 528 433 90. 000 . 433 746.3 6.36 3.72 215 87.303 87.518 2.915
272 67.25 | 53.82| 125 024 49,075 49. 099 500.0 51.49 1.30 026 49, 49, 059
274 15.72 | 12.45 | 1.26 025 90. 90.025 672.1 10. 68 1,47 034 9. 568 89. 602 423




TaBLE 3.—Elements of experiments on Slumes to determine the energy slope for use in solution of flow formulas. See table 2. Difference in >
elements at 2 ends of reach indicates net variation from uniform flow that exists in field praciice—Continued Sk
LONG WOOD-STAVE FLUMES =
=
| o]
Elements, upper end of reach L Elements, lower end of reach L Retardation loss %
2
ReferencedUsed in | Observed Elevations Length Elevations st?tfcl%éd ;
no. i " h L . P 3
S e Area g, | Yeloc- igre]lg;d efreac Area a: | Velocity f‘”ﬁog q gr?:egclj S fgo slope &
ity i Energy 0 il Energy | s=t w
! | Surface Z, | gradient * | Surface Z: | gradient 4 =
Er=h+Z Ey=h:4-2; g
=
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 =
2
Ft, per Ft, per o2
. Sec.ft. Sec.-ft. | Sqg.ft. séc. Feet Feet Teet Feet 8yg. ft. sec. Feet Feet Feet Feet Ft. per ft. g
] O . o T 0. 001 -
301 656.0 |  420.0 . 002
302 656.0 | 429.0 o0z d
303 656. 0 417. 5 002 0]
304 636.0 | 4400 . 002 .
305 656. 0 383.8 - 002 o
T 246.6 0004
307 | LT 55. 41 : .2 ) A . i : - ; 100. 244 940 | . 000633 |.._.______
308 (oo 65.87 | 16.61 | 3.97| .244 98. 906 99.150 | 1000.0| 16.78 3.03| .239 68,371 98.610 | 540 | .000540 |__________ ,'3
SHORT WOOD-STAVE FLUMES %
v 48.16 | 12,41 | 3.88 | 0.234 98,474 93. 708 207.0 | 12.23 3.94 | 0.241 98.310 98. 551 0.157 %
1829 | 20.24 | 6.25( .607 03, 542 94, 149 368.3 | 32.27 567 | .00 93. 306 93. 806 . 253 =
193.6 | 25.66| 7.55| .s884 98. 255 99,139 444.1 | 28.75 6.74 | .705 97.937 98, 642 497 =
2.20| 0.94| 2.33| .08 100. 435 100. 539 905.0 1.88 L17| .02 100, 00D 100. 021 518 Q
1125 | 2071 | 543 | 458 100. 000 100. 458 353.0 | 20.30 5.54 | .477 99. 686 100.163 205 g
1125 | 20,30 | 554 477 99, 686 100, 163 97.8 | 20.00 5,63 | .491 99. 576 100. 067 . 096 o
23.12 | 7.14| 3.24| 163 97.303 97. 466 313.0 6.79 3.40 | .180 97.023 97.203 . 263 g

FLUME CHUTES: COMPUTED FOR MEASURED CROSS SECTIONS AND MEASURED VELOCITIES; METAL CHUTES

s 12. 02 97. 275 109. 293 1500.0 2.55 27.27 | 11. 561 11. 885 . 23. 448 85.85

g(lig %% - 3 97.010 102. 840 1500. 0 1.70 17.771| 4,910 11. 640 16. 550 86.29
59.2 7.22 T P e e 370.3 7.10 L 83.60 |- = 11.91
151.4 12. 46 it e S 370.3 e R o | RS TR 84,17 | _ 11, 06

FLUME CHUTES: COMPUTED FOR MEASURED CROSS SECTIONS AND MEASURED VELOCITIES; WOOD PLANK CHUTES

|

450 ‘ ,,,,,,,,,, ’ 1.24‘ 0. 13’ 9.76’ 1.431‘ 91. 540 93.021 | 898.2|  0.08 14.45. 3.245 58.440\ 61.685\ 31. 34 ) 0.05238 \ __________ E
E =
CHUTES COMPUTED FOR MEASURED SECTIONS BUT WITH VELOCITY, V, DETERMINED AS @/4; METAL CHUTES o
=y
7 =

y ] 2440 | 9.245 97.275 | 106.520 | 1,500.0 | 2.55 23.92 | 8.803 11.885 20.778 | 8574 | 0.057163
av [T 58 73| 00| 4400 97,10 101500 | 1,500.0 1.70 15.50 | 3.780 11.640 15.420 | 86,08 - 057387 =

442 | 1 sa2 | rae| &2 105 95. 54 96. 59 370.3 | 7.10 833 | 1.08 83. 60 84,68 1L91 | 032164
443 [T 15104 | 12046 | 1215 2.30 96.20 98.59 370.3 | 10.30 14.70 | 3.36 84.17 87.53 | 11.06 | 035991 %
CHUTES COMPUTED FOR MEASURED SECTIONS BUT WITH VELOCITY, V, DETERMINED AS Q/4; WOOD-PLANK CHUTES E
' £]
A51F || 6.16 | 0.76 | 809| Lo17 92,805 93.912 | 516.0| 0.063 9.82 | 1.499 78,615 80.114 | 12,80 | 0.02480 |.._...... g
)
L
)
g
=
7]

Ly
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DEDUCTIONS FROM CAPACITY TESTS

The primary purpose of the experiments was to secure the values
of friction factors for a wide range of conditions in flume flow. Re-
sults of this part of the study are given in the values of Kutter’s n
recommended for various conditions. (See p. 51.)

The lack of uniform flow, even under conditions that appeared to
warrant it quite fully, indicated that complete measurements, inelud-
ing the areas at the ends of the reach under consideration, must be
obtained in order to compute the proper effective slope—that of the
energy gradient.

The friction factors are higher than were anticipated. Effects of
algae and insect growth were the rule rather than the exception,
especially near the upper ends of long flumes. They were much
greater than any effects of age. The bottoms of concrete flumes were
almost invariably much rougher than the sides. This is partly due
to methods of construction and partly to erosion by detritus. Metal

flumes have been improved greatly in ability to maintain capacity.

The older metal flumes were usually out of line at every sheet joint.
The joints used at present do not have this defect. Onthe other
hand, paint was seldom used on the early metal flumes and is standard
practice now. The unpainted sheet was smoother than the painted
one, as arule. Paint and enamel coats should be free from long ridges,

due to flowing of excess paint. The mosaic effect called “alligator-
ing’’ is more noticeable for some paints than others. (See pl. 2, B.)

Likewise, the early flumes were often deficient in number of carrying

rods. This resulted in scalloping of the sheets, causing a noticeable

retarding effect. At present sufficient rods are used and the flume
sheets present a smooth alinement.
Wood-plank flumes show greater changes by age alone than metal

or concrete flumes. DBattens should be avoided as they collect silt
and moss deposits that have great retarding effect. Either plank or

stave flumes are subject to raveling of the bottom by rough abrasives.
Such erosive action smooths a metal flume, but wears it out,

FLOW CLASSIFICATION IN FLUMES

Before using the formulas necessary to the computations of flume
flow, it is advisable to study the conditions under which a flume is
merely an open channel at high velocity and the conditions that
develop the more usual nonuniform flow in a uniform channel.

DESIGNED FLOW AND ATTAINED FLOW

Both long and short flumes are usually designed for the idealized

condition of uniform flow at normal depth, d,, throughout their

lengths, using Kutter’s or other flow formula to develop the dimen-
sions of the elements within the flume. The “paper” water prism is
then set in the scheme of levels with due provision for a drop in the
water surface at the inlet sufficient to increase the velocity from canal

to flume and with a corresponding provision at the outlet for a reason-

able recovery of velocity head as the velocity is decreased from flume
to canal. Such uniform flow and velocity-head changes in water
surface are indicated in figure 2, A. Sometimes construction cost
can be reduced by designing for a drop-down curve as hereinafter
described.

Tech, Bul. 393, US. Dept. of Agriculty

ire

PLATE 1

TYPICAL INTERIORS: CONCRETE.

A'hx%é‘liﬁﬂgﬁ Cligelia\\'gstewny_ Yakima project, Washington, nos. 424 to 430, inclusive, east in wood formus;
It still in 3 ain canal, King Hill project, Idaho, no. 14, precast side units, joined at pilasters, with
c(tummscreqe e F ace. C, Hzgh-lme‘mnal. Lindsay-Strathmore Irrigation District, Calif., no. 16, gunite

shot from the outside against smooth board side forms. Rough bottom, typical of gunite shot

directly and not given smoothi

ng treatment.



Tech. Bul. 393, U.S. Dept. of Agriculture PLATE 2

Tech. Bul, 393, U.S. Dept. of Agriculture PLATE 3

TYPICAL INTERIORS: WOOD.

A, 01d type plank i .
tened. Jm*gtoribagclelsn:;er: .I;I Ir:,(!;"l“-f:m'.d horizontal joints. (In some flumes, vertical cracks also are bat-
sharp angular bends developed ligh in this by-pass flume for construction of dam. High velocities and

lanked structure with spiinad oo Water. B, Olmsted flume, near Provo, Ufah, no. 232. Madern
V¥ squared timber, grooved Lo jope ¢ €. 1) The fillet in lower corner is formed by beveling
toFether with long bolts from sjl] 0tk side and bottom planks; the whole side structure is snugged
Of continuous construction. oy coPr, O Central Oregon Canal flume, near Bend, Oreg., no. 301-305
gg(l)%w botto&n 31 caps, anrl«»(':1(:}[;{1(;7gt?&?{:}uﬁhi“ filr St?vﬁsf I]L:' rml]m diameier. Mid dinmeer is 1.2 feet

wave de This s are based on full hall-circle. Free iects inwa kit
ector. (This flume used for examples and cllurucwrislrieceEggiféa},)rgﬁc lﬁsal—g:;.i:lrd’ ke

TYPICAL INTERIORS: METAL. 3
A, Johi flume, India, a short structure with flush interior (L tvpe, see fig. 1 H, d). Note padded transition
between rectangular inlet and metal flume. B, Tule-Baxter Trrigation District, Calif,, looking upstream
into inlet. Like no. 112. Note projecting bands characteristic of G type of metal flume and “alligator-
ing” typical of some paints. (See fig. 1 H, b) C, E. C. Hauser flume, near Sacramento, Calif,, no. 135.
A small flume of longitudinal sheets and with flush interior of L type. (See fig, 111, d.)
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h TYPICAL CYLINDER-QUADRANT-WALL |NLETS.
TYPICAL INLETS. T - Ems ?Sne%?;l ﬂ;f%(‘.)ﬂ(‘ﬁ\r g[acl‘nlmolmn.l Calif., no. 155, Tnlet from large earth ditch in}_;) smnil r(g(‘}g:l
o S : it U » Standard inlet structure of West Side Stanislaus Irrigation District, Calif.
A, “Square” inlet, Mora flume, near Caldwell, Idaho, no. 176. B, F]ared-“tlllg milpi'l(‘olftjm]“ ood Creek (l#:a gg}éﬁ', Note tangent distance between eylinder wall and metal flume for development of surface
““flume, California, no. 71. Note warp of transition from canal side 519p88E0 ver IC?} ﬂlt uine entrance. 3 P o eapacity, O, A sh o
C, Warped inlet, MeEachren flume, King Hill project, Idaho, no, 322, Kven carefully designed inlets ‘

10Tt rects ] 2l Cans alif. 'he perfect
ne of oont t rectangular conerete flume on Borel Canal, Calif. Note the |

E 1 act between wing and flume body. Water-stage recorder kept in small house
may develop rough water for discharge well below design Q
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S

TYPICAL OUTLETS.
TYPICAL ALINEMENT, LONG FLUMES.

A, Main flume, Central Oregon Canal, near Bend, no. 301; warped flare. B, Standard outlet on West A, Orchard Mesa flu 5 ’
‘Side Stanislas Irrigation District, Calif. €, Quadrant-wall outlet is not recommended. While very ‘bends rather than c’:;'?;‘;‘:fﬂl;;i Junction, Colo., no. 18. Inset shows detail at far end. Note rounded
successful as an inlet, this form of outlet is not much improvement over the 45% wing wall. Structed ol

this structure w it’lt‘)ln_ﬂ_ume. Yakima project, Washington, no. 10. As originally con-

g‘ Owman-Spaulding :E?};S"!i]i]fd}};v;g?ﬁﬁ;'m"-\ﬂei reconstruction, if not before, this is a bench flume.
» i g + 1, i 3 - 9

m.gged,‘ Elaciated canyon with steep hard-r%cléosrild:;?m“' Calif., nos. 105-109; a metal flume on trestles
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B TYPICAL SHARP CURVATURE.
Janal, Calif. 7 '
project, WllSI’ﬁngLon', ?1?) ‘16 é\lﬂw curves are made with straight forms. B, Tieton
, Water rises on outside of o g. 1 C.) Looking in direction of flow around sharp
(!IL(V(E.‘ !_ pward current near surface at outside of curves
, Oross-over flume, California, no. 15. Note smooth

e;%ig:ﬁ;%,f?ﬁylt%hnicm articles,
side of curve and rolling toward center.

MAXIMUM CAPACITY. A
Cylinder-quadrant inlet and good adjustment of

1t flume of but b inches. B, Inlet end, Brooks
erta, Canada, nos. 23 to 38, inclusive. Two-
2., no, 104, Drop-down curve develops

ty of long flumes cannot be increased by

as quite constant at 1 foot.

A, Erskine Creck flume, Borel Canal, Calif., no. 167.

Yelative levels permit operation with o freeboard throughou
Aqueduct, Canadian Pacific Railway irrigation project, Alb
foot frecboard at outlet, €, Agua Fria flume, near Phoenix, A
9 46-foot freeboard at outlet. Views B and C show that capaci
lowering the stage at the outlet, For first 3,000 feet freeboard W
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PLATE 10 g -

s

A, Precision gages, used to determine exact average distance of water surface down from known elevation
(P) or up from any point on the bottom, Hoff current meter used to -'1u1.elrmu.1]t'i gr B, t‘lﬂ:ll(lll.\‘ aline- N Water flo TYPICAL CHUTE FLUMES
a lengt some 780 feet, Ex- 8 wing into 1 ' .
ahontan Reservoir, Nevada, comes down a steep incline behind eamera and shoots

cessive curvature feasible when necessary. All curves show e | Over up-turned end of th, 1
minimum used for the conduit. ©, Flow over a brink at ¢ 1 l‘“‘f"”ﬁﬁ Picacho flume, Rio Crande all flows loss than abnut%glmlghd];; Tnmg as A, above, with lesser flow showing jump which oceurs for
project, N.Mex. Drop-down curve begins far upstream at normal depti. ' R nminmi:(tjgn“d‘h l*‘:nerg\:k:t'i'rzsi(f?lf;trzIuitr?glr;::(llmglilﬂim Bty troea 'C?ﬁi“““lu e
+ e pool at the botto 1 ). » A chute from high-level to low-level cana
e botlom, much of the energy will be dissipated in the resulting jump.

ment on Tiger Creek Conduit, Calif. View shows 430° of curvature in !
ceept first one are of 75-foot. radius, the
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A, Approximately uniform flow in a long flume. No. 15.
tangular flume of troweled gunite.
seetion used al inlet, while flow is accelerated to normal.

excessively turbulent flow,

nount of flow eaused eritical flow over inlet brink. I 1

Mild slope insufficient to maintain shooting stage so jump results,

bands cau
drop for the ¢
for many feet of flume.

PLATE 12

TYPICAL FLUME FLOWS.

Making current-meter measurcment in a re
B, Flow in Dalroy chute, Alberta, Canada, no. 443,  Concret
Metal flume with projectine compressio

The velocity is then faster than cr

C, Complex flow in a riveted sheel-metal Nume, Exce!

Tech. Bul. 393, 1.8, Dept. of Agriculture

o

¢ A, Central ,
A, Lien Oralf

)]

Elec

on Iirigation District m
ume 12 feet in diameter
at outlet beyggd gasl cllln'e in dist

8 ¢ Co, Inset st S
s l:r;a.veang Platform so engme}}"lﬁ o
on inside edges of flume.

aln canal, near Bend, Oreg., nos. 301 to 305, inclusive.
Test reach began at lower end of tangent in foreground and
B, Tiger Creek Conduit on Mokelumne River, Calif.,
No. 39. Carriage hanging on wall

of 537 second-feet,
T secure precision measurements down to water surface from

PLATE 13

A true
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OPDY surface on insi Note smooth rising surface on outside and
Ainsure nshonunﬁnﬂﬂ’ﬁ‘fﬁg’{uﬁ‘ﬁm& B, Excess full at the inlet end of & long fume of mild slops will not
that develo cavitation (?n_gth of a flume. C, The simple tapered inlet meets the flume at angles
typical accretions of sit Boatl surface plunges that reduce the ultimate maximum capacity. Note
‘again, 1ng which cracks and wrinkles when dry and still remains rough when wet

A, A “square” outlet, Le Grande flume, Merced Trrigation Distriet, Calif., no. 168. Note backlash edd:
typical of all outlets except long tapers. B, Depressed outlet, with angled wings. Note dark, smoof.
characteristics of eritical flow near brink in foreground. C, Oullet and inlet of a short, raised flum
in S8an Luis Valley, Colo. Canal crosses wide drainage channel, shown running full head of water.
Abrupt entry causes sudden generation of velocity in flume, with consequent cavitation shown by the’
contraction of the jet at sides of channel in lower view.
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ditions attained in the field are generally quite different from
Con L 5 s 2 -
those assumed in design. _This fact causes uniform flow to be approxi-
mated only in long, straight flumes. In short flumes even an approxi-
mation to uniform flow takes p]acg only as a coincidence. _ The field
tests listed in tables 2 and 3 certainly express a cross section of field
practice over & wide scope, yet uniform flow was seldom indicated by
precise measurements. Table 3 shows the extent of divergence in
the net tapelt"ied Ifiotﬁ foumil1 bydcompar;ﬁg t}g_e elemrlt‘aﬁps (il't the upper
and lower ends of the reach under consideration. is divergence in
is so general and so marked that it is given space in order to
go'w lout t%;e energy-slope factor finally used in the computations of
the friction factors. Obviously, use of the slope of the channel bed,
or of the water dsurfaca,hwou(}d l}ave ]}]flelded an iHcorrflct rels)ult.
anally, the conditions that develop the tapering flow have been
};jngwny{n the rough but have not been evaluated so as to be given
detailed consideration in design. In general these conditions may
be listed as follows:

(1) Lack of conformity befween design value of n and attained
value, especially if the influence is not evenly distributed along the
flume surface. Alga, insect life, curvature, lime accretion, sand,
and gravigl arehamong thfzi items that may give values of n quite
different from that assumed.

(2) If designed flow is close to critical flow, slight lack of conformity
in the values of » may throw the flow to the alternate depth stage.
If conditions now vary in the flume, the stage may pass back and
forth between the two stages of flow, either with or without the jump.

(3) A water stage in the canal below any flume flowing at streaming
velocity, different from that assumed, will cause a drop-down curve
ora b&ci«rwa.tqr curve. In a long flume this will gradually taper back
upstream until uniform flow is again approximated. In a short flume
such influence will extend throughout the length.

Wi_th this conception of a lack in conformity between design and
attainment, the main classes of flow that can be developed under
ziven conditions can be listed. The formulas and examples given
iter furnish methods of bringing these conditions into a given
sgbhlelgnaglgtivglugténg them in desilgjn s? that the difference between
_design amned ligures may not be of moment.
L.

FLUME TYPE A-C

dorig o flume with normal velocity below the ecritical 48
— — e _ - W class A-1. Normal depth greater than critical (dn>dc)(? ﬂum)e
| 00 ﬁt.o develop approximately normal flow. The ordinary
A dOW formulas for any given three of the four elements,
» 8Id 7, gives the fourth element for normal flow. For a long
e ;I;.OI;: or less sinuous, the flow approximates the values of the
; A Sumed, varying slightly both above and below the
Ures even though they were correctly chosen for the uniform
e ca;lgantlgzg Sigcldentta.l gate and waste structures,
B gs, ete., tend to induce minor modi
OWi reaches become dominant in short flumes. These will
ater. The conditions involved are also applicable to the

A, Happy Canyon flume, Uncompahgre project, U.8.B.R., Colorado, nos. 145-150. Note tongue_ ¥
divide water equally between two barrels of twin flume. B, No. 2 flume, lateral 2, Columbia Irrigatio endﬂ of Iong ﬂu_mes
District, Washington. Creosoted stave flume (no. 320), then a reinforced concrete inverted siphdl . p

under railroad tracks, then a wood plank flume (no. 252).
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FLUME TYPE B-C

" A short flume with nonuniform flow and normal velocity below the

cn%ﬁillé (ins>hg;1.ﬂume is usually designed as to the water %II'ISIII; nﬁot::f{
flume proper in the same way as for a long ﬂumlﬁ, W'Illt; i
flow, this requires complg&e conformity of so many eleme
Ine ly as a coincidence. e

&t'i‘?f;l\idc?gsg B-1. Normal velocity slower than critical and actual
velocity slower than normal; (d,>d, but d>dy). S T—

The depth will be greater than normal when the t -v;l&' er kiii%her
checked up by a foul canal or a throttled structure until 1t mh o a
than k +d, + h, at the flume outlet. This will raise the surface t IFOII%er
out the flume up to the inlet. It will take the form of the backwa

curve and the solution can be approximated as in example shown on
P o N ' han critical, but actual
Flow class B-2. Normal velocity slower than cri ) 1
velocity between normal and critical; that is, d,>>d. but d is between
£c- . .
dnT&EE} (dcpth will be less than normal when the tail-water stsﬁge is
below k+d,+h, This will speed up the water toward the ﬁm?:
outlet and form a drop-down curve throughout the length of the stoi'
flume. The limit of this condition takes place when tail-water stage

: o e i
F+d,+h, At this time water is just at crltlcz}l dep't.}_l at t
g?llgiaélf b:irnk and further lowering of the tail water will nogb m;:reas((l-.
the flow nor change the drop-down curve. The latter car;l ?} fface
by methods given in example on page 78. As this 1s a s tO]I:‘l 1.11)%1(:;i
the drop-down curve will still be in effect by the tlm‘(: 1 X as et
traced back to the inlet. That is, d will still be less t arll b W cd
means that there is excess drop available between the ca_,m} _above an
the stace in the flume proper just below the inlet. If this e.\cless_ ES
moderate, the steeper energy gradient will generate a faster vel j{)(:l by
in the canal above in the form of another drop-down curve. : gla.mt
the limit of this curve in the canal above will come when a control a
critical depth is developed on the brink at the inlet transition. s
If there is still excess drop, waftler w1ill en:terd (’:hgl(l;l;];(nl.e at a veloelty
critical and the next flow class 1s dev :
fnsptz«fg\ihs{:ms B-3. A flume with flow at the upper end faster than
critical but normal flow slower than eritical ; d<d. but do>de. 5
Flow immediately below the inlet control at d is almost U}:Illa\ 101 -
ably faster than the critical. However, the premise 15 that the 8 QE_e
of the flume is not sufficient to maintain velocity faster than icl e crifi-
cal so the hydraulic jump will probably occur somewhere in 1fa e quzll'
reaches of the flume with the drop-down curve on the surl glce roc—
that point to the outlet. In many flumes, flows at but parti ci_tp:;l
ity develop this control at the inlet transition and resglt. mT}a1 ]l%l vls)r
somewhere in the upper reaches of the flume (pl. 12, )t: 4 e I(J)d-
beyond the jump may be uniform, drop-down or ba.ckﬂra e(li, epe ¢
ing on the stage of tail water In regard to outlet depth and recovery
of velocity head, as outlined above.
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FLUME TYPE A-D

Long flumes at a velocity faster than critical.

Such a flume is usually a “chute” or inclined drop structure with
very high velocities. However, this type of flow may occur in a
flume not intended as a chute. Such was the case in the flume used
for the example (p. 67).

Flow class D-1. A long flume with normal velocity faster than
critical; that is d,<d. and d approximating d, beyond the initial
reaches of the flume.

Even though a flume is designed for streaming flow a little slower
than the critical, the attained value of », at first, may be much lower
than the design n and the resulting normal velocity for the new
flume will be faster than the critical and consequently the depth will
be less than the critical depth (p. 17). :

A flume chute usually has water delivered to it from some relatively
low-velocity canal. For the velocity to increase from the streaming
stage to the fast, shooting stage it must go through eritical depth.
This usually occurs at the first brink where the grade breaks sharply
downward. Water delivered to a chute from a gate structure is
usually at shooting stage when it emerges from the orifice. Imme-
diately after the critical-flow stage is reached the water is at shooting
stage but is still slower than normal, that is d</d, but >>d,. Hence,
the flow will be quickly accelerated until d, is approximated. This

acceleration will take place as head of elevation is made available in
excess of that necessary to overcome friction.

RECOMMENDED VALUES OF RETARDATION COEFFICIENTS

The following discussion will be in terms of Kutter’s n. However,
table 2 shows that Manning’s »’ conforms quite closely to Kutter's n
throughout the range of values usually found in flumes, say from 0.011
to 0.016 or slightly more.

In planning for a complete new conduit there may be considerable
elasticity in the selection of the various hydraulic elements. For a
replacement structure, however, the total fall available may be practi-
cally nonvariable and all other elements must conform to that. The
engineer is required to exercise his judgment as to the value of n in
several ways, lustrated in the following two groups: *

The design of a flume to be erected in the future:

(1) The value of n to be substituted in a flow formula to determine
the approximate mean velocity, V, hence the flow, @, for an assumed
long flume of definite material, dimensions, shape, and slope. The
usual design set-up is for full eapacity, with a definite freeboard at
normal flow. Several trials may be necessary before the resulting @
approximates the design quantity desired. Sometimes where the
slope is elastic, a section area and velocity may be assumed that must
vield the desired flow, @, and the slope be then computed that will

give the assumed velocity for the value of Kutter’s n determined upon
as best fitting operation conditions at the flume location.

2 Before selecting a value of 7, the engineer should review the comments regarding long and short flumes
under Flow Classification. A more conservative value of n should be used for long flumes since there is
less opportunity for ehanging the effective slope in case too low a value of  is selected.
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inst
(2) A similar study of a “pap@r” flume, to be t_aquatit.admfilgc%lel;‘;,
competing structures suchﬂas an inverted 31%)]3?%5131;‘); E())ench g
iffer erials.
steel or wood, or different flume ty]fes or ma : i Ry
ill oft. - for various portions o ]
will often be equated against a tunne L e
ins p I, Imed throughout. Occasionally
T e e shs g f mple, a flume side or a flume
nation of these is studied; as, _o}i‘ exa 1p S il or s Tue
cut or a line n 1
side-and-bottom construction with a rock @ ean b
i f this nature, the proper rela
o e e o bably more important than the
i all the conduit types are probably
i;(;t:?;ii ff?mléztor that must bia!uppilcl;i in (lzasge&l )f,ogbc?nv:.ty }?ef g?urlfa{?tgfﬁﬁ
rative factors should not be selec
f)(flrzzfgs‘tiuction and very lenient factors for another.
i flume already in service: ) )
?lt;ld'i‘fe()fdéltermination of the computed maximum c_sihplz;lmt%roli; aa;
flume for which a capacity flow has not as yet been available,

; asured., _ 5 ) _ -
nO%2?091‘11:132251'minnti0n of the feasible increase in capacity lgn Lrgt
provement of part or all of the contafmmg sugfucéfg.m pgﬁ ;m{{):ggdic Ior

) ; ‘ | | e

be by permanent change in surface, or by ] )

Illggrm;en%; I;emova.l of the c?usefo[ (}g{wa(ptgrr gggélﬁgogipacity by (@
etermination of a feasible increas L 8 )
imﬁr)m’rg}rlr?erft of inlet or outlet structurcs, ’(?b) éoﬁf-iﬂﬁforghgofﬁgﬁi 12£

1 g secure a ‘“‘good get-away”, a g ,
(t)};f):(?:}, er(?) g:e lowering or raising of the whole structure where

" ume i ery short. ] ; - !
1}]M(Brif)lll'IIl‘ll?el?lgt(31‘:’17111’n&tion of the location and dlspomﬁmn‘olf S:Lilflggagllg
or side posts along a wood-plank flume to retard cl»)\ivs e ; i e
maximum in order to keep all the lslde walls riaisona(,) ; % ;‘17;21- i thus
< 5 -] 0SS 5 &
event development of cracks and consequen |
gfﬁzs\ilrise st-at-eld, a velocilt-y 10?5 ti!m.n cn%cz;é rlrsl r;lusgggz)e;i e
lection of a value of n for use i o 8, 1t ¢
rer%lirtﬁfels"gd that all experimental data on capacity of boi;h Eﬁ?& ;1{)11(;
closed conduits show well-authenticated cases of ex%ren}e 1};1 Tewpmae
friction factors. The values attained in pra_ct-xceta.rledg‘s;u"v i ey
ici in design. Available experimenta 1 e
;l;?e;];gggm&fg }gllowiﬁg recommendations as to various values of
| ' 5 : - .
Klltie(r) %519 Most of the older works on hydraulicshead thellzt (Ef vglt;ta,s,
f?:f;fm" various materials with this value “fo? wei.l pl(aiuicimblgll of -
('i‘his description fits perfectly the new flume of sui ll.ceb {-} i ot g
hined-wood staves without chemical treatment, 111 e 'pbe ence
{Eg?czlbeg that values given farther ﬁo‘.l;aln ‘{,heéll?l;tzl;o(lﬁ)d ;1) Wj%’;? be sk
: sign.  Ixperimental data available to , p. 16 . ;
lw{laﬁ?:;gf?om 0%(1))084 to 0.0097 for two flumes, one 01; Wh,II?}; ﬁiiqagfun
4 inches and the other about 7 inches wide. The lowe s

were found for flows faster than the eritical. These flumes were

but one board wide and one deep, without cracks or battens. These

data obtained in very small flumes, are entirely too meager to be used

as a basis for the use of “0.009 for well-planed lumber” in general
1 i tures. _ -
design for commercial strue e
; i.e., n=0.013 for comme -
V&luf SOC{II1 8 Oiglofhglgll(llefi:st attributed to Kutter this value is s:)lggesgfﬁ
“fgr—néat cement.” It, too, is based on insufficient data—2 exp

mental channels, 1 rectangular and 1 semicircular. No field use of |

e

=

Experience dictates a minimum -
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coatings of neat cement is known to the writer. This value may he
taken as the lowest one attained in field tests where conditions ap-
proaching the idea] are maintained. It is too low to be anticipated
in the design of any flume with velocities below the ecritical.
For flows much faster than the critical, in chute flumes, this value may
be used in the computation of velocity and its related trajectory of
ghe) jet as water reaches the end of the chute. (See chute flumes, p.
9,

7=0.011. In the original list attributed to Kutter this value is
suggested ‘““for cement with one-third sand.” This description
aﬁ)plies more closely to our present idea of Portland-cement concrete
than any other description in the old list, especially for mortar coats
generally applied as a mixture of cement and sand in equal parts.
The above value is often attained in very smooth circular pipes

operating as flow lines; that is, with a free-water surface, a condition

which is the equivalent of that prevailing in a covered circular flume.

his value might be used in design in exceptional cases, where the
water is free from algwe and larval growths and the cover will mini-
mize moss growth. 1t has also often been used in the designing of
metal flumes without projecting interior bands. Early experimental
data indicated this value for long straight flumes under the best of
conditions, However, age generally has affected materially such
flumes, as the single carrier rod formerly in use (fig. 1, He) was not
sufficient to prevent opening of sheet joints and resulting offsets of
sheot edges, thus reducing the carrying capacity. -

Many old metal flumes designed with a value of 5, — 0.011 have given
little or no trouble with respect to capacity, probably for the reason
that they were relatively short and a small amount of heading-up in
the canal above the flume was suflicient to develop the requisite
additional slope of the energy gradient.  (See fig. 2, B)

The present understanding of the use of n=0.011 for flume flow
may be summed up as follows: It will sometimes be attained in new
unpainted metal lume of types ¢, d, and e(fig. 1, H,); in new untreated
stave flumes of either redwood or fir (fig. 1, F); and in the smoothest
of concrete pipes when used as_flow lines, i. e., covered flumes, for
reasonably straight reaches ; but it should not be used as a design value
to hold throughout the life of the structure.

7=0.012. In the old list attributed to Kutter this value is given
“for unplaned timber.” The data upon which this recommendation

was based were obtained largely from “test channels” of unplaned
lumber, presumably quite new (7 0, pp. 169-172). More recent
experimental data indicate that this value is found only in new, un-
treated, planed-timber flumes operating under excellent conditions.
No value of 7 less than 0.015 should be used for long, unplaned timber
flumes. That the surfaces of planed and unplaned plank flumes
tend to become identical with respect to frictional effects should be
borne in mind. Tt is difficult to determine as to the initial distinction
after a flume is 10 Yyears old or more.

A value of 0.012 will be attained quite frequently in metal flumes
of types d and ¢, especially when they are unpainted and reasonably
straight, and also in stave flumes. It is only occasionally found in
rectangular concrete flumes without cover. Tt may be used in the
design of such flumes where alinement is straight and the length is
less than about 500 feet, For such short flumes a slight lack in the
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value of 7 will be overcome by an a:dditionga.l effective ?Io%% ‘(r)i 3112
energy gradicnt,_develloped by_hes}ghng-ugrfnéhﬁfc&lr;aﬂ‘a}me. i
flume, or by raising the water i the upper © e e
J = - would be classified as “long 1lu
structures that unquestionably wou : B
012 is too low for design except In especially
%Polrsgu(;l? flumes any lack in the value of n could not be dcjgmpeﬁ?tfg
by any feasible changes in effective gradient. (See discuss
‘ding | e no. 104 on p. 78.) ) )
ga}l‘dhlilf Vﬁfll]illll.r(i of n may be used for shori, strszlght Eume:lgga uf)l})&lﬁtg‘(l
g s o . &, e c .
metal, surfaced lumber, or smooth conﬂr‘?l 8, W E}I;e e T
-th will not prove troublesome. The longer )
(g:.:);‘;etrva\%ive is tl}w.)is value of n, provided that 1t is not too long to be
3 short flume.
claﬁi% 3?3& g’?ﬁis ‘v':i]lle of n is about the lowest that sh0}111d bfiN lllseli
for conservative design of a long flume, regardless (?f T)?terl?i ¥ 313301'
previous experience indicates there will be no trouble Wi b ﬂgumes
insect growths, this value is applicable to reasonably straig )

as follows: .
(1) Metal flumes of types d and

olossy surface results. ) . . .
° (2; Poured-concrete lumes where oiled steel forms are used for the

i r > (b Al surely be attained.
d a smoothly trowelled bottom wi g
%igillgﬂt gides have sometimes been discounted by rough bottom
ish. (See nos. 1-9, 16.) ) o
ﬁng]:)x Tr(effted Woml—étawe flumes where experience indicates 1}31}‘1;;
little or no alge or insect growth will reduce the (-,_s;q)‘a.m.t_‘,‘rT orr;:; iy
brushing or chemical treatment is anticipated, thus insuring a
Jlean flume. )
ELbl({)cCa(i)vcred, surfaced lumber-plank flumes without batt,(i?s,e;)il:
with tight battens which have been fully included in area and p
meter computations.

i s : ints, verfical battens,
All oakum used in calking, asphg;’rlglrlls,p:t&’ Wi i o

ompression rods, concrete for 3 1
(Iﬂf\iil s(o thlzzt the obsta'u,otion to flow due to their use 1]sl. redlfmed to a
minimum. Projecting roughness rapidly raises the va uel 0 {n.. o7
n=0.014. This is an excellent value for conservatng: y tesxglzl i
structures of painted metal, woofd stave, 01'})&332[12;;2{; u%m;i&ilgnﬁ?ent
usual conditions. It will care lor reasonably =24= d g menty
i ¢ rowth, sli insect growth, or slight sand and g
slight algae growth, slight insec sligh ene
iti Howev ; hese reducing influences ar ]
deposition. However, if2or3oft B e
s hor value of n should be used. Also, this value 1s app
b e tructed of surfaced lumber with
cable to uncovered plank flumes construc Sk b
deracks. In computing R, the edges ot the el ‘
:ggt:él io the perimeter of the net-water section Eynd the S&lll %aa Egd;%i%
i ions. ; 088
by the sum of the areas of the batten c%"oss sec L
i i ' ten cause material reduc
deposits on top edges of these battens o 1se 1 iy
i i fac (tens reduction in capacity
in capacity. In fact battens can cause i P e
s that they should be avoided wherever
?ﬁ?gagsg of the ingides of many old battened flumes demonstrates
i reibly. : -
bhl'%‘ﬁi?iefﬁle is )zzpplicnble to gumtc} flumes ‘;S];Lr?g;’tg'om %lgi;ns;;ri;ebgg
ith a troweled coat of cemen v . /
Zgllf;?['?it;gil is adaptable to bench flumes having reasonable curva

ture. (See no. 15, pls. 9, C, and 12, A.)

¢ so painted that & continuous

THE FLOW OF WATER IN FLUMES 55

This value can be used for flumes that would eall for an n of 0.013
as regards surface and water, but with excessive alignment curvature,
say 300 degrees per thousand feet of flume.

n=0.015. Applicable to sinuous flumes, subject to algae deposit;
smoothly painted metal of types d and e; conerete with best grade of
workmanship on sides but roughly troweled bottom; wood-stave
flumes with well bedded algae and moss growth.

It is applicable to elean bench flumes of gunite shot from the out-
side against smooth wood or steel forms with the floor left as shot
from the gun (pl. 1, C); plank flumes of unsurfaced lumber in typical
mountain canyons with changes of direction made in short angular
shifts, some gravel debris on the bottom, and maintenance repairs
with scraps of old lumber, and for metal flumes of & type with shallow
compression member projecting into the water prism, under align-
ment and water conditions that otherwise would give smooth metal
flumes a rating of 0.013. Bottom deposits of sand and gravel become
noticeable with a value of n=0.015 for flumes that would otherwise
bein the 0.013 or 0.014 classes, and such influence should be considered
if the bed load is not to be diverted by some form of sand trap.

n=0.016. This value is applicable to the straightest and best of
metal flumes with heavy compression bars projecting into the water
prism at the sheet joints (fig. 1, H, @). This type was extensively
used up to about 15 years ago. It is not manufactured at this time
but many of these flumes are still in operation. Excellent concrete
and metal flumes have acquired this value after a few months’ accu-
mulation of algae and caddis-fly cases (nos. 10 and 105).

The effect of sand and gravel commences to become acute with
about this value of n. Such bed load should be trapped out of a long
flume. Rapid erosion, as aided by the abrasive, will roughen the
bottom of a concrete flume and wear out the bottom of a metal or
wooden flume.

Flumes originally rating 0.013 or more will take on this value in
waters that develop lime incrustations. Heavy silt-and-moss ac-
cumulations of a leathery texture also tend to make this value ap-
plicable.

n=0.017 and higher. The highest values of 7 are applicable to
metal flumes with heavy compression bars projecting into the water
prism, with alignment or other conditions conducive to extra {riction
losses. Where higher values of # than 0.017 must be used, the flumes
usually form short structures between tunnels or span gulches be-
tween sections of rock-cut or cobble-bottom canals. Havelings from
the tunnels or rock cuts or sand and boulders collect along the flume
bottom to such an extent that it loses much of its identity, from a ca-
pacity standpoint, as a flume and is quite likely to take a value of n
approximating that of an ordinary earth canal, perhaps from 0.023
to 0.025. The position of a short flume bottom as compared with
that of the canal sections at the end of the flume has much influence
on the amount and permanence of such accumulations. A short
section with elevated bottom (pl. 14, C) will usually remain quite

clean, while a depressed bottom is almost sure to acquire a deep

bed of sand and gravel. Lime accretions, while rare, should be
considered.
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RELATION OF FLOW STAGE TO SOLUTION OF FORMULAS

A question that may occur to the reader is this: When a problem
is solved, say by the Kutter formula, does the resulting water section
have the properties of the streaming, low-velocity stage or the shoot-
ing, high-velocity stage? Solution of such problems may give results
at streaming, shooting, or critical stage without recognition of the
three conditions of flow, taking into account values of n, B, V, and S,
only. Other tests, cuch as are shown in formulas 19 to 27 inclusive,
must be applied to determine the stage of flow. As a rule, however,
the alternate stages are so far apart that there is little chance of con-
fusing the results. The alternate stages are merely two very dissimi-
lar problems, as interpreted in flow formulas, one at a reasonable
velocity in a good-sized water prism flowing, usually, on a slope of less
than 2 feet per thousand. At the alternate stage the velocity is
noticeably high, the size of the water prism, represented by R, is usu-
ally much less than ordinary examples cover, and the slope is immedi-
ately recognized as a steep incline. In general, a much steeper slope is
required to maintain the same flow at shooting stage than is the case

for streaming stage, since the value of R is smaller and the velocity

is greater.
FREEBOARD

The effective distance between the surface of the water in a flume
and the top edge of the side walls or the bottoms of cross bars is called
the “freeboard.” For purposes of design, it is usually a strip of
constant width. As encountered in actual operation, it is generally
variable over a wide range. Formulas used by different authorities
give results that make material differences in the computed capacity
of the structure. Obviously, a great difference in capacity, and hence
in size requirement, can be obtained by a difference in the agsumptions
for various types of flume. In the determination of freeboard for a

iven flume, the following items must be considered:

(1) The velocity of the water.

(2) Alignment of the flume.

(3) Effect of wind due to exposure and water surface area of the
flume, the effect being roughly proportional to this area.

(4) Amount and type of trash that winds may blow into the canal.

(5) The hazard ol high winds blowing upstream in the flume; both
checking the velocity—thus making the water deeper, and developing

wind waves. o
- (6) The injury the flume may sustain in case water does splash over

the sides. ! )
(7) The protection against overloading afforded by siphon or by

lateral spills.

(8) The change in stage due to ‘“‘checking up”’ water to make 8
delivery to high land below the flume.

(9) The change in stage due to the change in the value of friction

factors.
(10) The type of flow likely to hold at maximum capacity, mild,

critical, or fast.
(11) The possibility of flow changing from one type to another. .
(12) The feasibility of increasing the freeboard locally to care for
bottlenecks that develop on all long, open conduit systems.
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Authorities do not a; ‘as to the i
gree as to the items that should enter a f
fdor free!.).onrd. The United States Bureau of Reclamation ;-203313312
epth, diameter, and velocity head. K

For semicircular flumes, minimum freeboard=0.1 D (0.9+4) (35)
One company with extensive experience in metal flumes suggests

for semicircular flumes, {reeboard =0.06 D (except for velocities near
the critical) 7 (36)

Etcheverry (8, ». 3) bases his suggestion wholly on water depth.
For flumes, freeboard, in inches=depth of water in feet+2  (37)

The writer suggests the f i
: sugges > following formula as a base, the resul
be adjusted by consideration of the modifying factors listed a?)mtrz'to

Freeboard =1 velocity head
) ¢ ; plus 0.25 feet=~Ah-+0.25
with a maximum of 2 feet except under extraordinary cond?tionsF -

In operation this would yi
§ Id yield a freeboard of 2.0 feet for a veloci
0£ 10.6 feet per second without further increase; of 15 inches z}oz("%})g t8y
0 éﬁoot for V=Zl;3f 6 1r110hes for V=4; of 4 inches for V=2 ,
arp unrounded angles, need for a definite maximum ca aci
) [ : apacit
:ileceflilagasr;t);os:s to amount of algae or,insect troubles to be é)nticig;a.gélél
) . . - . - - . H
e ot nmon reasons for materially increasing the designed
In a discussion of freeboard, it i i i
, it 1s again advisable to recall th
{)res?lnt—da){ stave flume, by virtue of fzonstruction, has a deﬁnitg '%rtgﬁ
)i)ar 1prcovu_ied above the mid-diameter and in most cases the com-
plete lower half of the circle can be used for the water prism (3)

EFFECT OF SHAPE

The cross-sectional sha :
ss-se ) pes of flumes are more or less depend
It.het H.‘-?)}ermls used in their construction. Irom the sta}n(?po?rig C(')I;'
naterial to be employed they may, therefore, be classified with the
assr,Iqlcmted characteristic shapes, as follows:
16 conerete flume usually with the rectangle i i i
1 i _ ; , modified by f
3‘1: (;oxc;{ljflzrlsl and with a bottom slightly dishe%; occ&sionall{y \’\:‘}i?f Stllx?a
7 r ste B! 1 icirele :
st,alt,)i s aften’:::yr,lé steep sides; and rarely with the semicircle or hydro-
The sheet-metal flume with an i
: ] _ 7ith an approach to the hydrostatic =
nary; occasionally with vertical sides and dished bott'}:)m. ik
%}l;e plntz—mleta.ll flume with the rectangle.
e wood-plank flume with the rectangle and in a f i
> ) ! t » rectangle ew cases with
the triangle. (Where the primary object is the transportation of lots
un% hlumbelt'l, the tl‘fllungle 18 generally used.) ¢
e wood-stave flume with the true semicirele for th i
: . ne v ] ; he wate
with freeboard extending into the upper half of the circle. Vgrsy"ei‘;}gr;
?tave flumes of elliptical form have been considered, or with one radius
016 tt]itle boftom an% sharper curves for the sides
er elements being equal, the capacity of a flume i
] ; s greatest fo
31}3 maximum value of . In rectangular flumes this cond%tion osccur:
‘1e_1q the vgldth 1s twice the water depth. For curved shapes, the
iemlmrclc gives the maximum value. In wood-plank flumes of rec-
&lngplar shape and of highly variable load, the flume is often made
relatively wide and shallow so that the flow can vary materially with-
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out exposing an additional crack between sideboards. If thesei c;ﬂg}i:
can be kept wet the leakage is sm:'g.ll, but if they dry out heavy !¢ e %0
may result for a long period of time after the flow stage 1s rmstimes
cover the erack. In other words, hidrauhc properties are somet
sacrif ‘or operation improvement. : :
m%ﬂiﬁ?ﬂeibouf‘d in a stm}c flume is especially effective be(i)au?e_t}gg
inward curves above the mid-diameter tend to throw_wavesmac K 1:[1(,f
the flume rather than allow them to slop over the sides. fumeise
shapes and construction that do not require crossties are},1 0 ﬁ:outin ;
not subjeet to the en tanglement of tumble weeds and oft er .c;a bug1;;
brush. Difficulties due to trash in the crossties are not frequen j St
should be considered in some localities. The smaller flumes are
iable to such trouble.
ha]&%&i})&&iﬁica of sheet-metal flumes have generally been ci(‘)mpubecl ti;S
portions of a semicircle. For preliminary calculations c()ir aATtual
flume, at full capacity, the diagram 1n figure 4 mafy beﬁu% W
areas for surface elevations giving & freeboard of 0.06 d&ro i
1 percent less than the areas given. This reductf_on 18 lcue o o
catenary sag (fg, 1, and fable 1) TR 3P Thot Have its greatest
from about one third to one hali Tull so 1 b8 graatont
foct near maximum capacity. The sag should be considere
?ield tests; the sm'i'ulce climrd ail'ld thfe d(ipt&j(;folr):;;ligﬁudsgi I;ng téjx?r(r)lfp}',l}t;g
oI { a ecircle whose diameter 1s the ; C
gus;il?nmi&tc%i] aal arcas, perimeters, and resulting values of r are slightly

different.

b indicalt 3 ; ircle, as measured in melal
TapLe 4.— Typicals sags, indicaling distortion Jrom thcél'h el
flumes of various sizes Jor various dep

Water depth Sag below circle l
Flume
; nber e
Refer- . “glrlllual.s Diameter — Sag ?5 pm-f. 5[-,!:% Elfgg'i,l}'
nce no.1| . - A e 5 |Buaxo :
" ltzﬁgtot Measured | or qiameter Distanc dopth AT et ar
7 y Percent Percenl
Imches Feei Percent Feel Lgl(}l e
i I 19.37 0.10
1 108 . 32, B! 12 6. 42 2.10
S 108 1.87 32, B3 : 1
] 2.7 .15 10. 34 2.36
120 1.45 22.78 L g
2. 46 38, 64 .18 z . 81
i 3 5.12 28 8. 86 4. 00
132 3. 16 45. i =
o 4, 17 .20 10,00 R
136 2,00 24, 2 0.00 242
; - 156 2.35 25, 40 s 8.81 25
156 2,50 0. 21 20 8 00 zd
1% s B[z ﬁ i 10 9. 85 419
i 103 . U o .
}?).i }i{(; 4.23 44.30 .41 g ?g i%g
176 180 5.03 52, §7 .41 Sh 4_‘“
98 204 2,24 20.70 fg 2143 iy
98 204 2. 50 23. 94 . 118 T
o8 204 3.45 3L. 86 .69 76 3. ]
106 348 8.88 18,10 -68 : :

1 See table 2
EFFECT OF CURVATURE

In the opinion of the writer prclscn.t ig?as regzxiili?fgfﬁc’go;lt rl:i%gsﬁi
mci : rer ose oceur ;
incident to curvature, over and above S bitphaher

' ikewi t on freeboard due to sup
mmel. and likewise the encroachment o) super-
g{ﬁgmtio’n of the water surface on the outside of a curve, are subject

to modification.
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ADDITIONAL FRICTION LOSS

It has long been realized that little additional information regarding
losses was to be gained from a few scattered curves considered in
connection with short tangents included in the same reach of flume.
Prior to the construction of Tiger Creek conduit (nos. 39 to 54) experi-
ments on flumes of similar construction, but on reaches less than one
half mile in length, brought out the fact that the effects of each curve
were extended both upstream and downstream into the adjacent
tangents so that no excess local loss around the curve was indicated
by the energy gradient. The water surface showed superelevation
on the outside and corresponding depression on the inside, but the
energy gradient throughout the reaches tested was a remarkably
straight line. This gradient was developed by adding the velocity
head, k, for the mean velocity, #, at each section, to the mean elevation
of the water surface, Z, on the two sides of the concrete channel.
The water surface was taken at intervals of 50 feet on tangents and
25 feet or oftener on sharp curves.

The original device based on the principle of the surface gage shown
in plate 10, A, was developed by A. W. Kidder, engineer for the com-
pany owning the canal, and the writer, for the purpose of making the
measurements taken. From these tests on eurves and bends and all
others that could be collated, it was decided that a minimum radius
of 75 feet could be used on Tiger Creek flume. Results have justified
this decision. The conduit was placed in commission in June 1931.
Just before running the first water, five reaches, each about 4,000 feet
long, scattered along the 20-mile conduit, were selected for making
tests. A level party painted black spots on the top inside edges of
both concrete walls every 50 feet on tangents and 25 feet on curves
and tied the elevations of the spots and of the flume bottom to the
bench marks in the scheme of levels finally adopted for construction
of the conduit.

In August 1931 tests were made to determine: (1) The friction fae-
tors near the feeding reservoir after 2 months’ accumulation of algae
growth; (2) the change with distance from reservoir in these factors;
(3) the effect of curvature on the friction factors throughout lengths
having excessive curvature, in comparison with those having minimum
curvature within any one of the reaches; and (4) the effect of curva-
ture on the water surface and character of flow. In November 1931
tests 50, 52, and 54 were conducted after the algae had disappeared
from the flume. In the spring of 1932 tests 46 to 48, inclusive, were
made before the algae started growing. To accomplish a complete
test for any one reach while the flow was held constant, it was nec-
essary to develop equipment and methods so that a large number of
precision measurements could be made from the points spotted, down
to the average water surface, within the period of time necessary to
make a measurement of the flow, ¢, by the multiple-point method,
1.e., in a large number of verticals, with points in each vertical at the
surface, 0.2, 0.4, 0.6, 0.8 depth, and bottom. With two hydrographers
about 2% hours were required for such a measurement.'

13 The writer bolieves the equipment, field conditions, and methods adopted for the measurements on
Tiger Creek conduit were such as to yield data among the best available resulting from tests on values of
n, low around curves in large channels, extent of nonuniform flow, and relationship between curve losses

and extent of curvature for a particular channel. In these measurements the Pacific Gas & Electric Co.,
through its engineers and load dispatchers, cooperated to the fullest extent.
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i de
reach 39, a number of observations of water surface were ma
by(igvoi;&ge re’aders, one on each side of the flume, traveling deIr‘lhthe
structure on the carriages shown in the inset of plate 13, B. _ _esg
carriages could be operated by boards or paddles held in the ﬂom?lc
stream, or they could be pushed by an assistant walking along tl 8
ground at the flume side. The latter method proved fast ?ndfa lio
sure in stopping, so each spotted point was within easy reach o Ehe
gage reader. About 30 seconds were allowed for the water 11;1 ‘the
stiﬁing well of each gage to become settled before taking the rea %‘nhg
One engineer on the ground kept notes for both gage readers. : e
elevations of the points spotted were already av‘:‘ulu.ble am,l’ listed on
the field sheet. The gage reader announced the “constant dmtance,
measured to tenths of a foot on & rod so graduated, from the spoﬁ,
(P) (pl. 10, A) down to the zero point of the gage in th_e stilling we ’
The hook-gage (a) reading, to the nearest hundredth foot, wasdnex
given to the note keeper. The final elevation of the damped- Ovﬁn
average elevation of the water surface at the side of the ﬂu{nc at1 the
given station equaled: elevation of spot — constant + hook-gage reac 1r111g.
In further computations the mean of the surface cle}'at;ons at til e
two sides of the flume was taken as the water-surface height. To t 1‘;:
mean elevation was added the velocity head for the mean velocity ol
the water at that section, the sum being the elevation of the energy
line at that station. The rate of fall in the energy line was used tdo
compute the friction loss. Previous measurements had determmed
the fact that there were no appreciable differences in the standar
section from station to station. )
ﬂui*%?r ‘Ifurposes of study, profiles of the bottom, water surface at rlgh(fis
and left sides, and the energy line as determined above were pltgttef
on cross-section paper. There was no tangent on the flume of suf-
ficient length to be taken as the straight-line criterion to serve ﬁs a
base in studying the curvature. However, it was observed that t }tla.re
were definite but unequal inclinations of slope in the energy line “i en
long reaches were plotted. Uniform flow did not exist anywhere along
the 20 miles of flume, so far as close measurements showed. A_m.ass
diagram of the curvature was plotted under the profiles mentione
above, using the same horizontal scale as for the profiles but USlJlilg
total degrees of curvature (regardless of radius) for the vertical sca ef.
Thus sharpness of curvature was shown as a steep line with length o
curvature as the length of this inclined line, tangents showing as hori-
zontal reaches on the mass diagram. By this method, for the first
time known to the writer, the steepness of the energy gradient ap-
peared as conforming to the steepness of the mass diagram of curva-
ture. For example, nos. 41 and 42 of table 2 refer to adjoinin
pdrtions of conduit with the same conditions holding except t.liae tota.
amount of curvature per 100 feet of flume. Note the difference 1t1)11
the friction factors. Other reaches in Tiger Creek flume may be
; d in the same way. ="
ml’}‘l]}:l):i?urves in concrete IJJZ umes, so far as 1:']1e_wr1ter is informed, ha‘ve
always been made with straight forms. This method gives 1? cfmve
composed of short, straight sections. On Tiger _Creel; flume t 8 o;’ﬁn
units were 6 feet long (measured lengthwise of the Ilum(la). n ille
Tieton flume (no. 10) they were but 2 feet long, and on t} ic Umat.15a
conduit (no. 76-79, inclusive) they were 10 feet long. opson (14,
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p. 182) ascribes much of the difference in the roughness of the water
in these two flumes to the difference in the lengths of the form units.
Wood-stave flumes can be built on true curves, but the minimum
radius is restricted. For metal flumes curves are made with special
gore sheets, the result, as in concrete flumes, being a series of short
. tangents rather than of true curves.
. To suggest the friction factor for specific rates of curvature—that
1s, sharpness of curves—is not yet feasible ; but the following tenta-
tive suggestion as to retardation due to curvature in a rectangular
flume appears to be warranted from a comparison of the differences
in retardation with the differences in total angular amounts of curva-
ture. Using the slope of the mass diagram of curvature—that is, the
number of degrees of curve per 100 feet of flume—an average increase
of about 0.001 in the value of Kutter's n for each 20° of curvature
in 100 feet of flume is indicated. In several parts of Tiger Creek
flume the curvature approached 500° in 1,000 feet of flume. The
suggestion made would call for an increase in such reaches of 0.0025
in the value of n.

Plate 10, B shows about 430° of curvature in a length of 780 feet.
All of the eurves have radii of 75 feet except the first one, which turns
to the left with a radius of 140 feet, followed by one turning to the
right with a radius of 90 feet. A large amount of curvature was
necessary for any feasible flume down the canyon. It was finally
decided that it was more important to keep the flume on the exca-
vated portion of a bench, following the contours rather closely, than
to reduce the curvature at the expense of foundation stability.

SUPERELEVATION OF WATER SURFACE ON OUTSIDE OF CURVES

The Tiger Creek flume ™ tests clearly indicate the following ten-
dencies:

(1) The average water lines were elevated on the outside and
depressed on the inside in about equal amounts, the maximum differ-
ence shown by the averaging gages being about 0.4 foot (see item 10
below) for a mean velocity of about 6.7 feet per second.

(2) The difference appeared to depend upon the length more than
upon the sharpness (represented by the shortness of radius) of the
curve, gradually increasing to about the middle of the curve.

(3) Beyond the middle of the curve, the amount (see (1)) depended
upon the direction of the next curve ; Le., was subject to backwater
conditions.

(4) If the next curve was a reverse, starting at the end of the curve
under consideration, the amount decreased so that the surface was
without elevation or depression at about the point of reverse curve.
The surface warp reversed at the same point as the curvature.

 The deductions are made from exhaustive tests on a rectangular flume 14 feet wide, with a water depth
of nearly 6 feet; @ ranging from 516 to 540 second-foet, and mean velocities, less than the eritical of from 6. 4
to 7.4 feet per second.  Most of the curves have radii of from 90 to 10 feet, with oceasional ones of 75 feet,
and a few flatter ones with radii of several hundred feet. As shown in the views of this flume (pls. 13, B and
15, A) water took the sharp curvature without undue disturbance; the energy gradient showed no local
sharpness of incline around reverse curves aggregating nearly 200° of curvature with many individual
curves of more than 90°. The effect of excessive curvature was manifest in slightly greater slope of the
energy line for long reaches having a steep incline for the mass diagram of curvature. (Note values of energy
slope on table 2, itemns nos. 39 to 54, inclusive, as compared with each other and with the bed slope.) A
£eneral deduetion to be carried over to the diseiission of freeboard (p. 56) is that slightly additional freeboard
1s needed on the outside of long curves; but it is also possible that the standard freeboard may not be suffi-
cient on the inside, owing to the choppiness of the waves. It has been stated that overtopping occurred

on the inside of Tieton-flume curves, rather than on the outside, until reconstruction gave additional free-
board all along the flume (18, p. 179) (pl. 9, B). =
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tangent intervened between curves, the amount of super-
ele(v?xzti{)fn&dccrgased toward the end of the curve, but as a rule g ?Icll—
ually tapered out in th]f tangqgt, tP%hmcronse in elevation remaining
side following the outside of the curve. )
On(g})lelfldtie intervgning tangent was very short and the _fo]lowm%
curve had the same direction as the preceding one the decrease wa
noticeable but not (:omp]r.ate(,i the superelevation increasing again as
ccond curve was entered. .
Lh{ETSSui(fmthe intervening tangent was relatively long (200 feet Wn; 3
long tangent on Tiger Creek flume) and the fo]lowmg cuﬂﬁa tre.nf e
in the direction opposite to that of the preceding curve, t rf‘ hsjur ac?
became quite flat before the following curve was entered. is con
firms the conclusion that the best current-meter station on a smu_ous
canal is near the lowej' end of a relatively long tangent between
s having opposite directions. . e
Cm(g;’bI}na (7]}153 &Il):gve, if the following curve is in the same d]rtf:cttlonCi
the amount decreasnﬁs slfo\ﬁﬂy,'but not er{tlrel}tr, 1,t(-ii'r(mgh the tangent an
in i ases as the following curve is entered.
ﬂg{(t!l;)' lggritﬁzes()ltziside of a curgv'fe, the average water surface was not
more than about 0.1 foot at variance with the amplitude of the Wz:ives.
This is shown in the flatness of the fountain head rising upwar on
the outside of the curves. This deduction also applies to sharp1 céu VBé;-
ture in a semiecircular sect.i(lm aﬁs exemph?o};i bgy %‘mton flume (pl. 9, B).
xampie in a rectangular flume is plate 9, C.
An(le(;\)a 0?1 (the inside ofkthe curves, the surface is more choppy fthf}s,ln
on the outside. This roughness prevents taking advantage o ! the
lowering of freeboard indicated by the average depression of sur ?ce{‘
The variance between crests and valleys of waves was nbout(;).b 00
(apparently amounting to about one velocity head, A). I_ldVEI‘)E
sharp curves, the maximum forward velocities were on the insides o
1JhL(lclu)]ﬁ'TIE“lic plotted energy line seldom varies locally more than g(l)s
foot from a straight incline. On these long reaches, it was slig thI,I y
steeper over reaches of 1,000 feet or more where the corresponding
mass of curvature was relatively excessive. The water line was
exceedingly irregular; therefore the deduction is obvious that tests
with a few readings of the elevation of water surface, perhqps on (ine
side of a flume only, with but moderate curvature, are of little value
in determining the effect of curvature on the retardation factor.

EFFECTS OF ALGAE AND INSECT LIFE

apacity of a smooth flume is greatly reduced by either accre-
tiorxl;:xl ?)fcalpgae 3; various types of insect life.  This reduction cannot be
considered as an effect of age since flumes but a few months old some-
times show reductions in capacity of from 10 to 20 percent during
midsummer and a re-gain with the approach of autumn. il
Several varieties of algal growth become manifest in spring, méac
the peak stage in late July or August, and gradually decr;iiﬁe in ;Bi
tember. The green algae mentioned by Taylor (27) and : any (h
occupied a band on each side of the flume, extending but a exg 1nc]es
below the water surface, but the growth appeared to mﬂgenc?_ the value
of n about 0.002. In 1931 the writer observed a similar lig t,.-glileen
growth on a stave flume, no. 305, but it appeared to cover the pell:il}f)l ery
ag deeply as could be observed. The brown algae in Tiger Creek flume
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covered the whole interior of the flume except where it was scoured off
by traveling detritus. This appeared to be the case also near the
intake end of Bowman-Spaulding flume (no. 105).

Copper sulphate treatments, in heavy but well-separated doses,
appear effective in the removal of both green and brown algae. Sacks
suspended in slow-flowing water, with about 70 pounds of copper
sulphate per 100 second-feet of water, have given dosage that was
effective for several weeks. Different forms of algae or moss require
different, amounts of copper sulphate and different treatments. The
best way to determine cost and effect stil] appears to be by experiment.

There is some division of opinion as to the prevention of algz by
roofing the flume. In southern California, moss and algal growths

can be fully controlled in that way. On the other hand, Hopson
(16, p. 187) cites many localities where the flow through covered
channels was affected by such growths. Their influence, in the obser-
vation of the writer, extends even to very cold waters having tem-
peratures ranging from 35° to 45° If., and is particularly effective
at the upper ends of open flumes receiving water from deep reservoirs,
Many Western types of alge must have sunlight, and & roof over 4
flume appears to prevent the growth. High velocities do not pre-
vent it. Abrasive material—granite gravel, basalt ravelings, ete.—
will maintain a clean streak, free from algs along the bottom of a
flume and this streak will move to the inside of curves, reaching to
the top edges of semicircular flumes and well up on the sides of rectan-
gular flumes. The growth is most troublesome in the clearest of
waters and is least so in muddy waters, owning possibly to abrasion
as well as the partial exclusion of sunlight in the latter. Heavy
coats of algz and moss are found in chute fAumes that have velocities
as high as 40 feet per second. It is therefore evident that no scouring
effect whatever can be relied upon from rapidly flowing, clear water.
The material of the structure itself may show scour when the growth
does not.

A bed load of sand and gravel {raveling with moderately high
velocities may scour algz from strealks along the bottom where stil]
greater velocities simply lift this load and scatter it throughout the
water prism, without causing appreciable scour. This possibility is
often overlooked in discussions of scouring velocities.

Alge are combated in various ways. If the coating extends but
a short distance below the water Ime, the water surface may be
lowered for a few clear days and hot sunshine will dry up the growth
so it will drop or be flushed off when the flow is increased, but it soon
grows again. If the whole perimeter of the flume is affected, water
may be turned out for 3 or 4 days and the coat will dry up and scour
out on the return of the water,

A long flume near Yakima, Wash., was scoured every few days by
using a weighted V structure, with a bicycle wheel at the apex,
behind which, at the open end of the V, was a set of rough brushes
fitting the flume section (5). Tests nos. 102 and 308 were made
immediately after a trip of this device down the flume. The earlier
tests in 1921 (nos. 101 and 307) were made when the flume was in
Need of cleaning. The retardation of the water js shown in the
values of n, and likewise in the total flows (@) that held for the
two tests. In both cases, the capacity of the flume was being
crowded to its utmost. It is said that the passage of water-logged
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willow or other brush is somewhat effective in removing algal and
insect growths from flumes. Patrolmen should accompany the
serubber or the brush to see that & downstream movement 18
continuous.

The tests on Tiger Creels conduit (nos. 39-54) show that the

influence of alge was oreatest near the feeding reservoir, and that but
i Likewise, the tests on

little effect was1m evidence some 15 miles away.
reach 48, made In April 1932, in a flume entirely free from alge,
may be compared with tests made on the same reach in August 1931,
at o time when the algal growth was present, although the flume ha

then been in operation for only about 3 months. It1s suggested that
decrease in flow due to algal growth always be provided for, unless
experience in the given locality with the available water indicates
that little effect is to be expected. More often than not the growth

will appear.

Since the effects of algal growth and insect life are seasonal, flume

capacity may be considered in connection with the demand or supply
of water. The water supply of a project without storage may be
obtained by direct diversion and reach 1ts peak before the greatest
effect of alge and insects is felt so that the flume has capacity for the

reduced amount of available water by the time the growth has its

greatest influence. Likewise, flumes on feeder canals serving reser-

voirs with storage rights, as is frequently the case 1n Colorado,
months ree

will be operated during the nonirrigation season, i

from stages of alg® or insect life capable of causing operation

troubles. f
Among the various insects that affect the capacities of flumes are
the caddis fly, common in the Pacific Northwest, and the cocoons
and pupa shells of the black fly of the genus Simulium (30)-

The caddis fly lays its eggs in or above clear, rushing water of
mountain streamns. The larve ingeniously malke housing cases of

sand grains, sticks, or pine needles. As encountered in flumes of the

Northwest, these cases are attached to the flume gurface and are so
lue of m is raised

excessively rough and S0 NUMETrous that the va _
from about 0.013 to 0.015 or more, 2 reduction in capacity of some

15 percent. One species that is much in evidence makes cornu-

copia-shaped cases, about one-fourth inch in diameter at the larger

end. The writer has found these so thick on ﬂ‘.ﬂumc wall that the

hand would cover 20 or more shells at one time. The pupal or
inactive stage of the life cycle of the insect is begun by the mere

ing over the opening of the case. Here the pupé
©

forming of a coverl | :
remains until time to emerge as the 1mago, Or perfect insect.

caddis fly cases may contain the pupz all winter; thus making the
effect on flume capacity extend over a long period. ]

Several species of the o-winged flies (order Diptera) spend their
larval and pupal stages in fast-flowing water and during these stages
are commonly found in flumes. The larvee (soft worms withou

shell covering) are found in great numbers, the hand possibly covering
50 to 100 individuals, and affect the flow near the water surface.

The pupal stage 1S spent in large clusters of j(_allylike, turtle-shaped
domes, firmly attached to the sides of flumes, 1D the most turbulent
i sture and also

flows. These insects appeat to require both the mol
the aeration of rough water for survival.
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In the larval sta i
1 ge, these insects may b

a : ay be reduced

tivclal. Elffolfr}lléllrmymg the water for a few days isc%utbgall")g:lj%l trf%at-
i i e :%;t:us;;jige;p that tlhe insects may be combattc(}ir z?t tel?e;

r-la r nding an oil-soaked rope i :

\P;T?:,I];tg(lfng ;Stnﬁ) 1along the range covered by t%%usvzltle?rfggt?’ Orlilr)ly

t ity Eheaattl‘;?mglé:tt}érfaﬂiat would be a repellent to il?g eadul%
e y her eggs at the water edge of a { '

‘ , the latter method appears the more practicfl of I?helﬁg:

‘ ' p PROBLEMS IN CAPACITY DESIGN

Flume "y
tinct Phag;:‘bla];l S\%')rﬂe to the practicing engineer in two rather di
system being projcctletd. g‘:‘lfgr?gfisto a major or minor conduit inlsg;
1than0;1:11'1& s%stem o_therv:rise fully :zsstzbrl(‘:snﬁgfl O an emergency repair
mﬂﬁmu?naqlf;éﬁ?ty problems for conduits of any type have a desired
fixed a relativel 1}’ @ as a fixed item. If the channel slope i Suic
for a given t}’pg m?e‘ﬂ,ﬁr trial dimensions based on a chosen vlzl,luls afso
characteristic of an tlllme will yield one answer, while another }0 -
Usually, in a r6'0 tler (fiype of flume will yield a different &;ql&p‘e
there is a ’rea.solx—;a,}ifc under office study, after preliminary field w‘(fel[*
orades and dimonqi?, am{ount; of elasticity in the adjustment of 1 r \i
a new flume, usuall ;]fs grﬁany flume under consideration Wﬁ('t}'
is worn out or too sjlrnalla tﬁ erent type and material, replaces one tieutJ
fixed within a narrow ra e total fall available to the new struc::tur(:EP
into its component ele;ftngte. .It then remains to divide this total f: lﬁ
When the flume is to ezi s of entry loss, friction loss, and outlet | B
usually along a ste h‘;‘flp_ﬂce a washed-out reach of excavated 088.
the friction loss t}:?p side there appears available for total f. ﬁ&nal’
the seme distance, tho loss inidont fu theioxiginal nansl The. 1y
< ’ e 0av ; j
or the excavated canal, is available in a %l;(:;ek;‘;l}:fci?gé ?f)? ;lgo% 31:
+

H is decided that a working value of n=0.014 will be sufficient

Usua, i ituti
: O shg)ll?; i]'[jift s&léstﬁguglonlof a flume for an earth or rock-cut canal
ngu A e 8 (:'ls)a vaged by improving the surface is ins Ig’lt
el b o I lm} | outlet losses plus any material fricti SLII s
oo e r%un . veﬂomtxes in the flume. The final results ()fO - ?138

gy deferin a gma with velocities increased but a mi e

e s r£1)1 -~ hanged as little as feasible, and the canal bankmmum,
e e luc ilillrtzhxl;aﬁsed to allow required heading-up to ovs:ef o
e O s o i tﬁme. Another way to develop the addit(}om?[
Fl zegnea g do B e the canal above and below the flume st it
sl e (1:;?1 t(i' salvage head by the irnprovemeﬁtsdli'uc:mre
R R fea{iﬁ% 1s also required to stop the seepag(;dllggi
i It{he lﬁrst 1jage ast, the canal slip which necessitated the flume

eplacements of worn-out str i
o] uctures, especially o i
%nstr?lcftj:éﬁ (l))r?siigi OI{I-J' a larger capacity. pManj)rr glgllnip}ﬁ:tlieﬂumes’
g beforega 1cl>{n systems on the assumption that soms b
ind by that tns t};:ea, requirements in capacity would be ne(\‘:3 i
B bujlte oz%g;nal flume would be worn out and a ?ss‘a 2
B e hus, the flume that has been taken falger
: is a third-generation flume, the sequence Beingr a[;

& small wooden box fl
piiog e ume, (2) a larger one (reported as no. 64 in (24))
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and (3) a wood-stave flume of large size. A definite heading at the
river and a definite position of the excavated canal below necessitated
the use of the original slope of 0.002 for the final flume. Thus, the
normal velocity in each succeeding flume was higher than that in the
one preceding, until a normal velocity approximating the critical was
finally obtained (p. 67).

To facilitate solution of flow problems by the Kutter or Manning
formulas the diagrams in figures 3 and 4 are offered. 1

ESTIMATE DIAGRAMS

Figure 3 gives a solution for general problems involving the Kutfer
formula. The use is best explained by an example. The dashed lines
show that in a channel with hydraulic radius, #=2.6 and with an
assumed value of n=0.015 and a slope of 0.00125 the velocity will be
about 6.7 feet per second. The quantity of flow, @, is then equal to

also for canal sections at the ends of the flumes. For very flat slopes
ir%terpolate between guide lines, which are split for divergent values
of n.

Figure 4 is offered for solution of problems relating to semicircular 1 J
flumes with radii from 1 to 10 feet, for any depth from 1 oot to full =
depth (equal to radius) at mid-diameter. Depth is given both in =
feet and in percentage of radius. Slopes range from 0.0001 to 0.100,
velocities from 1.5 to 40 or more feet per second, and values of
Manning’s n’ from 0.008 (for the trajectory in chute flumes) to 0.020,
The Manning formula allowed straight-line values of n’ whereas the
Kutter formula could not be drafted in this form to give graphical
answers. For flumes the two formulas agree closely enough for
graphic design purposes. Ixplanation of use is dashed in two
examples:

(1) Using the elements for the standard example (p. 67) as shown
in heavy dashes:

AV. This diagram can be used for design of flumes of any shape and l

Enter diagram at flume-radius 6.0; thence move vertically down-
ward to full depth line; thence horizontally to left to intersection '*
for full depth=3.00 feet; thence vertically upward to slope-line S=
0.002; thence follow guide lines to intersection with n’=0.012, which
oceurs at V=11.6.

Return to intersection for R at full depth; thence to the left to
area, A at full depth; thence upward to base line; thence indefinitely
at 45° (to multiply).

Return to intersection of »’ and V'=11.6 feet per second. By the

scale at the left convert V' to 11.6 directly above, by the arrows;

thence to the right, intersecting the indefinite 45° line at quantity

(=656 second-feet. ]

Example (2) (lightly dashed lines) shows elements for a no. 192 =
metal flume with projecting compression bands for which a value of

j.

y

n=0.017 is chosen. What are the approximate elements for this
flume with a slope of 0.00065 when 70 percent (in depth) full?- In
the lower right-hand corner enter diagram at full depth line for nos
192 flume; thence downward to 70-percent full line. (This could
also have been found for an assumed equivalent depth of 3.6 feety
shown by the scale to the left.) Thence to the left intersecting A
for 70-percent depth and on further to intersection of area, A fof
70-percent depth: thence upward to base line: thence draw line 0
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indefinite length, as dashed, at 45° to the right. Return to R at 70-
percent depth; thence upward to slope line 0.00065, thence follow
guide lines to #’ =0.017 indicating a velocity of about 3.48 feet per
second; thence downward to convert V' by scale at the left to con-
verted V' =3.48; thence to the rigcht to intersection with the line of
indefinite length. This intersection shows the flow @ would be about
88 second-feet.

Problem 1. To determine the diameter of a semicircular flume to
replace an old plank flume along Deschutes River, near Bend, Oreg.
The given elements were as follows: Length, L, 5,820 feet; slope, S,
0.002; quantity, @, 656 second-feet. The resulting flume design, as
determined by the consulting engineers, called for a diameter of 12
feet with water occupying the complete semicirele, a value of hydraulic
radius, R, equal to 12/4=3.00, and a mean velocity, V, of 11.6 feet
per second based on a selected coefficient of hydraulic friction (Kutter’s
n) of 0.012. This particular problem, taken from actual practice and
with the flume finally constructed and operated, has been selected by
the writer for many reasons. The length is sufficient to class the
structure as a long flume. The design and construction are quite
fully described in current literature, available to the reader for greater
detail (3). The section being a true semicircle (templet determined),
segmental areas for various depths are definitely determined. The
value of n as selected was slightly more than the actual value when
the flume was new, as determined by test (no. 301) in 1923. Subse-
quent tests (303 to 305, inclusive) in 1926, 1928, and 1931 determined
progressive values of n with the growth of mossy algae. The value
of V as computed for normal flow was quite close to the critical. By
formula (20)

g A 2
Vc=\/g_g_r£ =1 / %= 12.3 feet per second

against a design-velocity of 11.6 feet per second. Any short, reason-
ably straight reach having an actual value of n less than about 0.0113
would develop a velocity faster than the critical (fig. 7).

DESIGN ARGUMENT

As a long flume, the sectional dimensions can be developed for a
normal flow without regard to details of water levels above and below
the flume. Likewise, as a long flume the energy slope has the same
rate as the bottom slope. After computing the dimensions, the
water-surface line of the flume at maximum ecapacity can be placed
vertically in the scheme of levels to allow for proper entry loss, for
the increase in velocity from earth canal to circular flume, and for
recovery of velocity head at the outlet of the flume. Only in recent
vears has it been customary to assume recovery of any considerable
portion of the velocity-head differential.

In the design of this structure, the consultants used n=0.012 for
both metal flume and for creosoted-stave flume. As shown in plate
13,A, the alignment follows the usual sinuosity of a large mountain
stream. In 1923 the writer would probably have used the same
value of n. With the present understanding of these structures, a
value of »=0.013 as recommended on page 54 would be selected pro-
vided periodic cleaning of alge growth was anticipated. Without
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Given any three of

iamater of siave or metal flume, or given trade number

e of » then the remaining elements of R, A, and Q can be

iven d

3 vara

e

A and quantity of flow;

pth, and given a slope, 8 and an
d 67

the fourth can be determined. Likewise area,
dashed lines, see pages 66 an

pth of water in feet cr in percent of de|

v, R,

the elements n, S,
found. For examples shown in

" FIGURE 4.—Diagram for the determination of fiow elements for any semicircular flume from 1 to I
of metal flume and deg

No. 2

(Face p. 66)

51383°—36
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i Id be conservative for
:h maintenance a value of 0.014 (p. 54) wou : ( i
?)Iéﬁ: Itt;(:&ei‘i fir and painted metal. KEven this design might require
occasional restoring of the original flume surface.

DESIGN PROCEDURE

i i trials and

-channel sizes are finally determined after many
ad%ggglgnts. Using formula 2 or tables (37) with the vai.lluclgf
n=] 0.012 as chosen by the consultants, table 5 is now set up showing

the possibilities.
TaBLE 5.—T'rial tabulation, by solution of Kutier's formula, for conveyance of
- water by large flumes, problem 1
WOOD-STAVE FLUMES

y sl Veloeity | Critical | Critical
gl li}.‘dr. Velacity | Quantity| head head veloeity
Zlength Diameter| Arieﬂ. Rad. a Ayt ] ta oc
ofsheet | = R

Feel per

Feetl per . i

¥ 3 q Sec.-ft. Fect Feet second

Shcen Fmﬂ ff;':i Iz’r };mé mi(g."i o 1.68 1. 96 ﬂ z::.
0. 13,30 2,62 10,7 463 1.78 200 1L.51
TR 2.75 11.0 523 1,88 zl6 | 1L

L5 | 5200 2,88 1.3 588 L8 220 12.06

12,0 | 56,60 2.0 1.6 657 2,00 2 36 12,32

2.5 | 61.35 312 1.9 730 2.20 2.45 12,5

0 | 663 325 12,2 810 2.31 2,55 :
METAL FLUMES

e 2.04 2,14 11, 72

3. 06 3.07 1146 618 Y5

292 Bar | 240 3.22 11,75 699 2.16 224 120

oS d on the use of the full
1 nts for the stave ﬂum_cs are base ! ;
ha’IIf‘hc?rg]nglgr the water Sect-i(gl, w:lt,lh iregé)((i).ard aég;ied Fkgrtthl?ef?xllm 3{'
iti ire neter. g
additional arcs of the circle above t.)le. 1‘11111 1:%1}118 hoe, Mo thie ot
flume design, the clexlnents must be Ievise'( ;Ls I CORRMEUAIOR, it bosag
on the full length of the metal sheet being eq e Sernca oYy
i meter points. 1is requires t
ference with the edges set at middiameter {uires iy
: niddiameter depth. Likewise,
freeboard to be deducted from the mi SGIAINOEr dopih, Ao
i tes ; ydrostatic
the water section takes a form approaching 8 TS
ich 1 t less than that of the true-circular sec
catenary, which is somewhat ; e e
i - ful ter depth. The trial figures in ta > based o1
Eggl’)igi-dﬁ:)} ‘(J)v.}(l)ﬁ D. pFor the metal flumes, if a freeboard of 0.06 D

be used, the figures can be taken directly from the catalog of the

cturers. ) . )
mz'ill‘lllllffafztl}(lagoing discussion, together with a glance at figure 1, brings

i t be computed
that stave flumes and metal flumes mus
?t;lrt ;l?ghlt)lgrm(}ifférent conditions. The stave flume uses the full half

1 e 1 Ath additional ares above the mid-
O o e ater, Driam, 'Fﬁghmetal flume includes the freeboard A

diameter for the freeboard.

under the middiameter line. Hence, the metal flume takes a

nominally larger diameter than the stave flume, although the lengths .

of the perimeters, including freeboard, are about the same.

Reference to table 5 for the metal flume shows that a no. 240 flume i

is too small, and the next larger size will carry more than the desi

g ) d-feet. . |
(?on%ir(ﬁ:(;:{?gﬁﬂ cca‘}ry 657 second-feet at a mean velocity of 11.6 feet

For stave flumes, the 12-foot flume (as finally
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per second, while the critical velocity for the same water prism is
12.3 feet per second. These are quite close together so a very small
difference between the computed and the actual values of 7 might
cause the water to fluctuate between the streaming stage and the
shooting stage. This has actually occurred with flows much less
than the design Q. (See p. 85.)

Instead of resorting to tables and computations for the solution

means of the diagram for the solution of Kutter’s formula on figure 3
or the diagram showing solutions by the Manning formula for sll
Necessary depths of water in a wide range of sizes of semicircular
flumes, shown on figure 4. (See p. 66.)

For figure 3, given any three of the usual elements, S, V, R, and
7 the value of the fourth element is determined. On figure 4 the
best procedure is to select a trial size of flume with an assumed free-
board and trace out the velocity and quantity of flow for assumed
values of § and #. i
example given in the text above is traced, following lines dashed in
the diagram. These illustrations can also be used in tracing back-
water and drop-down curves as tabulated on pages 77 and 78, and
used to show the application of certain characteristic curves, applying
to the lower ends of long flumes and perhaps throughout the lengths
of short ones,

With the hydraulic elements of the flume determined, it, remains to
set the flume in vertical position in regard to the canal sections at
the two ends. This will be illustrated by the elements at the inlet
transition.

ENTRY TRANSITION

The reader is referred to comments on entry transitions on page 12
before proceeding as follows: F or flume velocities of about 8 feet per
second or less, the cylinder quadrant inlet shown on plates 5 and
8, A, has been found to work very well. However, for the flume
velocity of 11.6 feet per second with a velocity-head drop of more
than 2 feet, it would be advisable to develop a smooth transition
along the lines laid down by Hinds (14 p. 1437).

The flume used for the example thus far did not have an inlet
transition. For any simple inlet, such as the cylinder quadrant, the
position of the flume bottom can be determined as outlined below:

Regardless of the type of inlet or method of developing the transition
section, the following steps outline the procedure for determining the
vertical position of the inlet, elements: Tn the following tabulation
Note that the actual inlet loss is relatively small and the flume
velocity-head is carried in the energy content, d+4, throughout the
Structure.

In terms of Bernoulli’s theorem, including loss, as given in formula
15, ko+do+ho=k, +d, +hy + b, (ie., entry loss including friction).
As handled in the following computations, in terms of elevations and
elements: %o+ d,+ ho—he—hy—dy =k,
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-

Feet

Assume elevation of bottom of canal at transition inlet, koo _____ 95, 000
Assume depth of water in eanal at transition inlet, do-______________ 5. 000
W.S. elevation in canal at transition inlet, for design Q' __________ 100. 000
Velocity head (for mean veloeity in canal of 4.00 feet per second)=h,_. 0. 249
Elevation of energy line at transition inlet, B, _ . _________ 100. 249
Velocity bead for V=11.6"n fume. .o cessomosmmms o 2. 092=H
Velocity head for V=4.0inecanal . ______________________ 249=hy

Inerement of velocity head_ . _____________ 1. 843=Ah
Loss of head ininlet, agsumed a8 0.1AR=fee oo concauonnncucnimnan 0. 184

>

Elevation of energy line at inlet, flume proper, B, ___________ 100. 065
Veloeity head for V=11.6 in flume, Ay ___________ 2. 092
Elevation of water surface, W.S. at inlet, lume proper_______________ 97. 973
Maximum depth in center of flume at inlet, flume proper, di=________ 6. 000
Elevation, invert or inside bottom of flume, upper end, =k=________ 91. 973

THE CYLINDER-QUADRANT INLET

As a substitute for the square inlet, the angular-winged inlet and,
in most cases, for the expensive warped inlet, the eylinder-quadrant’
inlet is offered. Developed in laboratory tests, this type has been -
placed in field service in enough flume installations to prove its effi-

ciency. Asshown in plate 5 and plate 8, A, this transition structure -

is essentially a pair of cireular wings, tangent to the flume sides and,
for earth canals, extending into the banks as cut-off walls after curving
through a quarter turn to meet the sides of the canal. The wings
are simple vertical walls, easily formed with sheet metal or even narrow
boards. If many flumes on one project are to be served, metal forms
can be used over and over, even with different curvatures. The
vertical elements of the walls are allowed to intersect the floor and the
side slopes of the canal unmodified with the exception given helow.
~ For flume velocities up to about 5 feet per second, a wing-curve
tangent to the flume proper with a radius equal to the diameter of the
flume, is satisfactory. The point of tangency at the high-water line

of the flume rather than the top edge of the flume gives the better

surface. For velocities above 5 feet per second, a short straight
reach between the wing tangents and the flume proper is suggested.
This reach should be filled in, or “‘padded”” with concrete so as to form
fillets in the corners and change shape of prism from a rectangle to
that of the flume. !
For the higher velocities, the writer believes the warped transition
described by Hinds (74) is more certain to give satisfaction. How-
ever, the hydraulics of the quadrant inlet can be studied, using various
radii and various assumptions for bottom transition. !
In table 6 are given the essential hydraulic data for an inlet of this
type without straight section for the example flume (p. 67), in order
to show that the usual conditions presented do not greatly conflict
with accepted hydraulic requirements. In this example it is to be
noted that the velocity is increased from 4.00 in the canal to 11.6 1
the flume. This involves a higher flume velocity than is recom-
mended as a tentative limit for this type of inlet. The drop in Z 18

too rapid near the flume proper, showing the necessity for a straight i

reach beyond the canal wings.
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IABLE 6 "—H’l dr 1 T { or ol 'u,lar ﬂ i3] ﬂ
. Y aulws Of C‘;‘E‘hﬂde;’ guad ant inlet se G uimme jor a oW
? )
Uf 656 second-feet with C,, assumed as O.lf ), diametea as 12 féet f

[Canal elements assum,
§ assumed: b=28 feet; d=5 feet; a= i si
Janal dlements o 3 A= feet; a=164 square feet; side sl =1to1; 9=
per secon?ie'tf; i‘vz'gf)za t 100.000 feet. Flume elements: center depth 6 fe(égp i =]’:f13'05})’ uare fooh b feoond;
: 1063 ooty p ooz folame elements: cener de A r%t.] -85 square feet; v=11.6 feet

Value of items at distance 7, from 0.00 of inlet transition

Line Item
S T e S N o g
4 Canal Transition Flume
e S
é {i'f‘f%t _____________ 2 4 |
2 gzlgﬁtﬁh/ Tg*(scmed) : 38.00 | 227 | 181 12. 2 1§ 4| 19 3 g 0
g g:(t%geg fro]l:n 5 feet to 6 feet)_ A 2§ 197 ig) gr; 4?- gD 49.0 | s34 [T
; G:(aII,erI;Jr;dldr?rllg)ary}_n_ﬁﬂ --| 7.4 96:5' 8?8 762[6)? ‘.7?.?3 5?20
8| @ (atter padaing).... 7771 17, 9.5 | 836 (1746 |1656 | oo oo
3 ’};,"&";1 _________________ 6. 5733 7.8 | 8| 1000 | 110
R 4 ; .06 i
. Z(ﬁg-{g—ml{%)jt(&___ 5. %5 566 | 6.05| 645 éi? ; 8| 2%
W Eeagivan). ..~ 100.000—(1. 1Ak=2.028)= " " i . 9?'8‘}%
12 | BE=Bo—(11) =z, 252 i 1o AT T £ -
{?: k:Ei}fil()mf—"?g;‘f’__‘(,I,I,)ff____ g 182’ 6233 18(1)' gg 100.20 | 100, ?é 100, (1)3 100, }% 100, [1)(583
Z (as developed) = fi—f_ ,, 100,000 | 0974 | o0 l{? 5. ég 32 % géz i o 353

etween points 6 and 12 the 2 as in line 5 is “paddec with conerete to increase vi ity i
L " & ag D i (:] i ease velocity in stead
1B ing 5 is il b C C] Ly It ¥

taper from point 6 to point 12. This paddine 1 i
the circle at the inlet of tho fime plrso gggdmg likewise shapes the bottom from the rectangle al point 6 to

For problems similar to this i i
similar s m which the total ene ent
must be separated into 1ts component parts, d and h, &néggh(ilgl? g};;irin{:t{

width, with a total energ 7 i
. : J Y content, /' =6.70 feet, will fl
ggglghagoiggggg%é stagieé ;}1} 5.t3 feet )deep at stream,ing stagg 38?1’&331]]
S at d, =4.27 feet, more or Jess. T 1 . ‘

de:lgfgi)l(i’n?ndc 6.7 0‘12 equal to the Velocit;—heac{tehdlﬂereme e

oorobem: Compute a warped inlet transition for our
X;th cana.ll and flume properties as listed at the hegfial(l)lfp lifa%ilemg’
4 f;lsrilﬁgt;uervg?ﬁer ?‘Ju]l;ffi?il a.sl following two identical parabolas;
1 ¢ ure ab half the length of the transiti ‘ )
inlet, loss, including friction, to be 0.1 i P peal

b ; : 1Ak, asin table 6, ;

fall in the water surface will be 2.028 feet. ’ll‘hg E;)CirstT}})]al,ll"Salt)}{])(I)aux)xfﬁ}

" take half of this drop. For mtermediate points the drop will be

proportional to the square of the distanec inni
: . nee from the begin
ii;edﬁ;ut curve has been develqped, the same increme%tsni)ltl‘gdroAf;I?é‘
ti:)% L fll?crﬁvfrcsle' or%elglfor the second curve. The essentia] com;I))uta.
+OnS are listed in Table 7.  Complete data and explanati i
transitions were first developed by Juli iy (5 . B P
this article Mr. Hinds points out fhat the hye e 1 2y J457): In
1 i, H pomts out that the hydraul I
excluding friction, are satisfied (oo
xely ; re s »d when the local ar | )
obtained. He coﬁaputes the local fricti sk toc
1 d. He o s th al triction losses as se te 1
gélce total I-f,ngth_ qf transition assumed is slightly greafeir%h;;tiinasﬂ
essary to satisfy Mr. Hinds’ suggestion of an angle of 12°3(”

_between the axis of the channel and the line joining the water edge

I the canal to that in the flume i
that he t design-depth
After computing the an e i
) g the areas (line 5) any combination of deptl
average width that will satisty the local area, is possible. Tﬁg v&lrr?ff(lg

>~
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i ily i i 5 feet in the
1 depths (line 6) as steadily increasing from ] )
21;'?1:? Ecgeﬁk%git inpthe f(llume. This y(lleiils &ﬁeragefvallc;tgi eﬁ;; gg(:ﬁldéﬁ
i . rofile of the bottom and the shape 0
ngvz WeTrgetkI;en platted and showed satisfactory curves. From the

Water depth, d (feet) 5 %
- o —l.
T T|||m|lll|llllm||||1|1l|r||1 “j:m'll;_i_.]_“ l:||~ F:Hi, ¥ 12 E
T [ 1] ,L_ H .t' w
L ’JUW—L"“ T N ;
masr e '%hﬁ;ﬁ“t: & g
HE A mii

:ﬁ éjﬁ -I{EHJ I E
mayaan iy BEsiieE o T o
T i
Sy PR maE i N m A i s
‘ T ::s,: EE
i N o B
=83

0o B

—Energy curves for flow per unit width in rectan:
5 and H = 7.15) should appear in the same vertical

velocity head h =energy content

1 i ides that maintains
-to-1 side slopes of the canal, any warping of the sides

%h? alvzlrcaeg: (\:'«I’Jidth as compu{:ed and which blends with 1the cxﬁ;rei (;Ef"
the flume entrance, will satisfy the problem. As the flume

approached the warp may attain a vertical wall with the bottom

rounded to conform to the projected elements of the flume proper.
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TasLe 7.—Compulations for warped inlel with reversed parabolas for surface curves

Stations
Line Item 0.00 04-7.5 04156 [0-+22.5) 0430 |0437.5( 0445 |0452.5]| 0460
Canal Transition Flume
1| AWS,=dropinZ |-.cco---- 0. 063 0.257 | 0.570 | L1014 1. 458 L7l 1. 965 2.028
o et o o G IR 057 L 24 . 518 .922 | 1.325| 1.610 | 1.786 1. 844
3| h=0.2404AR______ | ... . 306 . 483 L767 | L 171 | 1,574 | 1.869 | 2.035 2.093
4 | pforhin (8)-..... 4. 00 4,43 b. 67 7.02 868 | 10,06 | 10.94 11. 44 11.60
5| Area, a=Q=0v.___..| 164.0 148.0 117.8 03. 4 75.6 65.2 60.0 57.3 56. 6
6 | d, pro-rated______. 5.00 5,125 5.250 | 5.375 | 5.50 5.626 | 575 5. 875 6.00
7| Av. width=(5)+
Bl e 32.8 20.0 22.44 [ 17.38 |13.75 |11.50 | 10.43 (L L5 T W T
8 | Z=100.000—AW .3 | 100,000 | ©9.937 | 99.743 | 09.430 | 98.986 | 98.542 | 08.229 | 98.035 | 97.972
9\ k=Z—d___._______ 95.000 | 94.812 | 94,493 | 04,055 | 93.486 | 92,017 | 92.470 | 02,160 | 91.972

OUTLET TRANSITION

It is suggested that the reader review the comments on Outlet
Losses on page 14. The outlet transition actually built for the
flume in our problem (p. 67) is shown in plate 6, A. Here the
velocity was reduced from nearly 11 feet per second to about 5.5 in
the lined section of canal below. The type having flaring wing walls
}ntersecti.ng the line of the flume at 30° is common and quite satis-
actory.

A recovery of 66 percent of Ak was accomplished in this structure.
However, it is possible that a recovery of about 80 percent would
have been made with a transition as developed by Hinds (14, p. 1441.)

Example: The data given and table 8 represent the results of com-
putations for a metal flume outlet, modifying the outline by Mr.
Hinds. The hydraulic properties assumed were as follows: A size
96 metal flume: ¢ =50.8 second-feet; A=8.63 square feet; diameter =
5.003; d=2.24; V=5.89; h=0.539. In canal, @=>50.8 second-feet;
b=15.0 feet; d=2.5 feet; V=2.32 feet per second; h=0.84 foot; side
slopes 1% to 1.

The outlet transition is designed on the assumption that 0.8AkL=
0.364 foot will be recovered and but 0.2A4, including {riction, will be
lost. This design called for a structure of the same length as the one
developed for the inlet transition. Since it is well known that flow

may be accelerated more abruptly than it can be decelerated;
wherever possible, the outlet transition should be longer than the inlet
and especlally where a maximum recovery of velocity head is needed.
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TasLn 8.—Computalions for warped outlel iransition, with reversed parabolas for
surface curves

Station

Line Item 0400 | 04-03.5 [ 0407 |0-4-08.75|0-10.5 | 0414.0 | 0417.5

Flume Transition Canal

0.030 | 0.018 | 0.182 | 0.246 | 0.334 | 0.364

1 | AZ=rise in surface 0

2| Ah=AZ[0.8______ -| 0 . 038 . 148 . 228 . 308 .418 . 455
3| h=0.530—Ah_.. .| 0.539 . 501 . 393 .311 . 231 .121 . 084
4 | Mean velocity, v bl --| 6.89 5,68 5.03 4.47 3.86 2,79 2,32

5| Area= Qfo=508/v=a___.._ --| 8.63 8.94 10.10 | 11.36 13. 16 1R. 21 21, 900

6| 0.6 b (assumed)___ . - () 2.27 2.31 2.35 2.42 2, 50

7 | d (assumed)... | 2.24 2,24 2,24 2,33 2,34 2,46 2, 50

8 | Average width=n/d____ SIS e e 2.99 4,51 4. 88 b, 62 7.40 8,76

9 | 0.5 surface width=0.5 T ... _____ 2,55 2.41 2.27 2. 50 3. 84 5.12 6, 34

s L B T B s LR P E

11 | Side slopes: 1.
12 | Z=142.034-(1)
13 | & (not smootl
14 | k (rovised). ..
Height of wall (top=143.30) _
16 | (1) X (1) oo oo cee e e
17 | 0.5 width of top of walls= (16)+(6)

1 Pad outlet in first 7 feet from circle to rectangle with fillet radii of 2.55 at 04-00; of 2,08 at 0-}03.50; and
of 0 at 0-407.0.

Example: A critical-flow flume for maximum capacity in a short
bypass around a dam under construction.

This example includes possibilities at ecritical, streaming, and
shooting velocities. These conditions have been discussed exten-
sively for some 15 years, but the conditions developing one or another
of these flows are but little understood by many engineers otherwise
generally familiar with flow formulas. They can be made clear in a
single problem that arises frequently in flume design.

Problem: The most efficient rectangular box flume is required to
bypass a river around a dam under construction: length of flume to
be 500 feet; maximum flood anticipated around 1,000 second-feet;
high-water line in the forebay formed by the upper cofferdam to be at
elevation 100.00; the floor of the flume at the intake end to be at
about elevation 94.00. Assume Kutter’s n=0.014.

Since the water in the forebay is pooled (practically without ve-
locity) the still-water surface is on the energy line, /2. Therefore, at
the upper end of the intake assume we have 100.00 —94.00 =6.00 feet
available for energy content d+h. 'Table 9 is set up to show the flows
that would be discharged, per foot of intake width, for distributions
of the energy content 6.00 feet into various combinations of d-+ A that

always total 6.00. If d=0.00, h=6.00 and the discharge would be
0.00 as there would result a high velocity but no depth and hence no
area and no discharge. If d=6.00, again there would be no discharge
since £=0.00 and hence V=0.00. However, for all distributions be-
tween these two there is both depth, d, and velocity head, #, so there
must result some area of section, a, some velocity, », and some flow
quantity, @. The figures in each column in table 9 result from the

preceding data.
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V Ta BLE 9.—Daia for Q-cur r ; ]
- curve, per unit width o rectan, ar ' 7
; ..f f gul Chanﬂﬁl, fo ene qy

d h ] v ‘ a Q=ap
0 6 19, 64 0

1 5 17. 93 1 1 93
2 4 16. 04 2 32,08
3 3 13.89 3 417
:3;.3 2 .;»3 Ilizga 3.50 444

g 4 .62 L 2
4.0=d, 2.00=h. | 11 34=1, $% 32‘3—
i 1,50 0,82 4,50 itk
5 i 8.02 5 40,1
55 .60 5.67 5. 50 31.2
5.9 10 2,54 5,90 15
6 00 0 6 0

The following argument will intrody
2 n oduce the reader to the
Q curves. ~Referring to figure 6, at the cross section under cons}iJSIZrOf
tion—in the example at the a
flume intake—erect a verti- E Y E line
cal £ [ on large-scale cross- G[ 8

section paper. For the vari- S g o h
{f reaming stage

ous values of d as ordinates
Platlt,Q aSQ abscissas. The ° =
resulting curve pass 3 o &
through a maximumpat e: [ %, " Tl
depth of 4 feet.” This is at 4@ maximum—s ey
critical depth, d,. Note b £
that it comes at two thirds < &l
H where H is the total en- &, s
ergy content. Therefore the - ik
required flume intake to = ; v/
carry maximum flow has a ¢ g {’Shm;"% wage =

"o

capacity of 45.4 second-fect
per foot of width, ¢, with 4
feet of energy content uti-
lized in water depth and 2 )

feet in velocity head. The
total width of intake would J l j
I Q_1,000_ 22.0 feet. In ° = & 20 29 —=
q 45 4 ¥ " @ (second-feet) * &

order that a,dvant,age Inay  FIGURE 6.—The @ curve, showing the distribution between
be taken Of the maxi- ?I?é,;hé;if::ig:ll Hgl‘:méy Iflw]d h for any particular flow less
! - ; ‘ . [0 rogiv ¢ v hi i
mum C&-pﬁ.cl‘ty through this ;ﬁ?l?;:lege?fe in \‘ertimzre‘llenw}atirl):fge;‘:slelé: ;:‘l'te[z’n:r{g“;?ix;g
mtake at critical dept,h, the ncprvgcs& t?e"égiéfﬁ}?éff’ }rl;lrl:rwﬁé{}?:}l!g\lg;:!mntsi“‘vnén a?;urc‘n
'st.ruct,ure ]USt beyond the gfe"\'nm: For still water W. S, and % are at the san?;
intake must be able to
ca,l,'I‘ryb?he water at critical velocity or faster.
a b . - sy -

; e 10 has been prepared to show the uniform-flow possibilities
of several flume sections that can be used: The given requirements
are: Q= = : i

@=1,000; n= (assumed) 0.014; L=>500 feet; slope elastic for a

short flume. Elements except slope are assumed for the necessary

-quantities and S is determined, by reference to figure 3, to satisfy the

other elements,
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Tasre 10.—Trial sel-ups for short flumes to carry 1,000 second-feet

’ Hy- Flow |
: ’ Veloe- Critical
Flume symbol | Width | Depth | Area | Ferim-| drau- | g, | Veloe- | “heo Der | voloe-
eler lie ity head | foot of ity
radins width 4
4 d A B R 8 v [ q Ve
1 2 3 4 5 (i} 7 8 9 10 11
Feet per | Feet per| Second-| Feet per
Feet Feet | Sq.ft. | Feet Feet Jfoot second | Feet feet | secomd
22 4 88 30 2.93 | 0.0027 1.34 | 2.00 45.4 11.34
12 (] 72 24 3.00 . 0038 13.9 3.00 83.4 13. 89
16 8 128 32 1. 00 . 00087 7.82 . 951 62.5 16. 04

If flume (a) at the same width as the intake be continued as a
critical flow structure, a slope of 0.0027 would maintain a constant
depth of 4 feet to the brink at the outlet end. To make final deter-
mination of the elevation of the flume bottom at the inlet the entry
loss must be computed. This will be equal to ¢, Ak where ¢,=0.15,
including friction; therefore the total entry loss will be computed as
he=0.15Ah, or h,=0.15%2.00=0.30 foot. The total drop in water
surface would be (1-+e¢,)Ah=1.15X2.00=2.30 feet. If the floor of
the intake is set at 93.7, 2.3 feet is devoted to entry loss and the
development of a velocity of 11.34 feet per second.

Flume (b) would require an additional drop, just below the intake
end, sufficient to increase the velocity, V, from 11.34 to 13.9 or
Ah=23.00—2.00=1.00 (column 9, table 10). This extra drop, plus
friction loss, would be put into the upper end of the flume while the
width is decreasing from 22 to 12 feet. Thereafter a slope of 0.0038
would maintain flow at critical depth (shown by conformity of col-
umns 8 and 11) to the end of the structure.

Flume (¢) would have a normal depth, d,, of 8 feet, with normal
velocity less than critical, so a definite control would take place at
the outlet brink where critical depth would hold. Reference to
figure 5 shows that critical depth in a rectangular channel, d,, =5+
for ¢=62.5. Since this is much less than d, =8 feet, there would be
a drop-down curve extending upstream from d, at the brink. Under
this curve the depth is between d, and d, which is wholly in a zone of
streaming velocities. However, it is seen that the water is to enter
the flume at critical depth with a width of 22 feet and this width is to
be narrowed to 16 feet. Use of figure 5 would show the rate of nar-
rowing so that critical depth could be continually maintained, in
theory, to the entrance of the 16-foot flume proper. The flow might
then go through the hydraulic jump to approach d,. Such a flume
would be unecertain in 1ts action and is not recommended.

It is well to reiterate that critical flow conditions can be used for
short flumes but are not advisable for long ones. Having developed
the maximum flow that can be discharged for the given stage in the
pool, suppose the flume beyond the intake has such dimensions and
slope that it can carry but 25 second-feet per foot of intake width.
For the same pool stage, reference to the @ abscissa of the @ curve in
figure 6 shows that 25 second-feet will flow through the intake at a
depth of 5.7 feet with 0.3 foot invested in velocity head (again
5.74+0.3=6.00 feet). Note that this point on the @ curve is above
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the apex. All such points indicate flow at the low-velocity or
streaming stage. Directly below Q=25 for the streaming stage is
€ =25 for a depth of 1.43 feet and a velocity head of 4.57 feet (again
d+h=H or 4.57+1.43=6 feet). This flow would be at shootfing
stage. If the structure beyond the intake could carry 25 second-feet
at the shooting stage, i.e., as a chute, the intake would not restrict
its flow to 25 second-feet at the shooting stage but would build up a
discharge to the maximum of 45.4 second-feet and perhaps overflow
the walls of the flume at some lower point.

Problem. Determine the elements of a backwater curve with
design @', with a normal depth of 6 feet, checked so as to make a
depth of 7.2 feet at the extreme lower end of the flume.

The detailed computations, given in table 11, are based on formula
18 (p. 17). The total change in depth from 7.2 feet back upstream
to the normal depth of 6.0 feet is divided into several steps and the
functions entering the Kutter formula, 2, V, and S, are developed for
the mean of the various steps, assuming a uniform flow through the
particular step. Asin problem 1, (p. 67), the basic elements for
this problem include: Q=656 second-feet; s=0.002 foot per foot of
length; and n=0.012. It is to be remembered that s is the bed slope
and § is the energy slope necessary to maintain flow for the mean
elements as they are developed. The total length as given in the
tabulations is always short of the actual length, the backwater curve
becoming asymptote to the normal surface. Thus the total back-
water curve can be taken as some 1,300 feet in length. The resulting
curve is shown in the profile view in figure 8. Reference to Bakh-
meteff (4) shows other curves that might be included on such a
profile for special flow conditions,

TAHLE 11.—B ’C [ P f 1 o fy
ackwaler curve deve ﬂp?nent fO'n‘ exam le ume descl 3bcd on page 6
fi om h'ﬁnh‘ug dept“' ﬂf 7.2 at outlet ba "‘; to nors )‘al dept”‘ of 6.0, with bedgsla;pe
§=0.002 fOOl', per fODt . f ,

Hy- Veo- R Energy | Average for reach [ Loeal
Depth | Area |draulic | locity | locity | {0 —————— Change length ?T‘nu
d e |radios | Q/a= | head d£;:= In# 8-S | AH_ ;Qngeh
r » h T r v K] Al ﬂ‘f 25
Feet Feet I
Feet S‘}Z“fm Feet |ecoond| B d ,,‘;E‘
€l 2 SECOT Feel 3 J X
7.20 | 70.85 | 3.33 | 9.2 | 1353 {%3 M mma ﬁmt fen e || e
e | e it 3.31 | 9,42 0.00118 | 0,107 [0.0008 ) [T 81
7.00 | 68.50 | 3.20 | 9.58 | 1.426 | &.426 .. | | mm 0107 v e ISt
7.00 | 6850 e R e e e e
6.80 | 66.12 | 3.23 | 9.92°| 1.531| 8331 | | _ 975 00123 095 oo o4 a3
............ el b il ea o] 8205 i i 00050 | 142"
6.60 | 63.74 | 3187|1020 | 1,648 | & 217 320' bdes 0(“41 Wi e o
_____________________________ 3,165 | 10. 3¢ 00040 | 7s
6.50 | 62,64 | 8.15 | 10.49 | 1.710°| 8 210°|.. . % 063 00151 i ol e iy TT480
] ey (st e [N g 7 1' B (¢ . bt ﬁ”'-;; ------- 7 -----------
6.40 | 6136 | 3.12°| 10687 | 1777 | 8177 335 ok c»om Wi '.(.][.](m - RGO
6:30"| 80736 | 108 | i0 0N | 18B0 | His | o, (50 | 00m6T | 02700083 | A2
630 [ 88:95 | 306 | TLI3 | Laga | aizg o | [h0% | -00MT6 | 02400024 |00 |
| Ao M R I Sl W e 3.045 24 > 1eoo1a | 180
6.10 | 57.77 | '3.03 | 11.36 | 2.007 | "8 107 .',’,l,m 112/100185 ) i B i 802
_____________________________________ 3.015 | 11.4
6.00 | 56.55 [ 3.00 | 11.60 | 2,008 | 80037 .| . ?, Omgﬁ __'_?f? oomt ______ M 1,212
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The drop-down curve for the example flume (p. 67) from normal
depth of 6 feet to its mininlum under the condition of streaming flow,
i.e., critical depth, is traced in table 12. Critical depth is taken from
the intersection of two critical elements for a flow of 656 second-feet
as graphed in figure 7. This occurs at 5.80 more or less. Since critical
depth is but 0.2 less than normal depth, the drop-down curve is very
chort and the limit of a short flume for this condition would be about
200 feet. The computations are commenced at the brink where
critical depth would hold. The resulting drop-down curve is shown

in figure 8.

TapLE 12.—Drop-down curve development for example flume deseribed on page 67
from critical depth at 5.80 % back upstream lo normal depth of 6.00 feet, with a

bed slope s=0.002 foot per fool

y RiiErEs Average for reach L ]Locﬁlz
= | Vaeloe- - J 3 en|

Depth| Area |draiie Veloe:| Pelocs content Obapgel o . | "AH.
a radius = e

Qla=v h AllT S-s

T H T v S I

Feet Feet | Ft. per
Feet | Sp.ft. | Feet |persec.| Feet Feel Feet |persec.| foot Feet

Problem. To determine the conformity between computed and
measured locations on a drop-down curve, or to determine the {ric-
tion factor n with field data secured where a definite drop-down curve
or backwater curve exists. In the capacity test of Agua Fria flume,
sections were developed and water-surface elevations taken at inter-
vals of about 500 feet throughout the length of nearly 6,000 feet.
When platted, it was found that quite uniform flow extended for the
reach of 2,160 feet used to determine the friction factors. (See no.
104, table 2.) For some 3,000 feet at the lower end of the flume the
freeboard increased continually, indicating the development of the
drop-down curve. From the field data the computations shown In
table 13 were developed. Starting at the water surface in the outlet
ond of the metal flume, the drop-down curve was computed to deter-
mine the distance back up the flume to the next location where sur-
face and sectional elements had been measured. For determining the
values of S, the friction factor n=0.0137, determined in test no. 104,
was used. In the last column is shown the distance as measured on
the ground (the distance between stations as listed in column 1).
Considering the high velocities and consequent roughness of the water
surface, the writer considers the conformity acceptable,
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TasLp 13—E ents fO? rop- i 2
—Elem drop down curve at the lower end Of Agu.a Fria ﬂume no
04 Y0 7 f % ; Yy oelwee compulalions and ﬁeld measurements made al

FElements (see notation) Cumulative lengths

Station
r v h Vi E D Com- | Measured
A 8 puted ZL ZL
It perft.| Feet Feet Feel Feet | Il ¥ y
penge]. el 2 t. per fi. Feel Feet
Tt | 1 el e i

6.78 L7156 | 14,16
L1535 | F! A———
6. 25 L607 | 14,02

6. 00 SRR B
5.75 514 | 15.65
5.76 |-

5.76

. 5ié'|’i£‘,.'[iéé'

! The slope, 8, is necessary to maintain flow for the
Slope, 3 Necessary b 0w fo average velocity and for tt
}gdtrﬁ:uh(, r!;ld.ms, T, Over the distance between stations as measured, wil.l':;]Kuth?’Is 'nl:(;l{‘).]eg"?lgaest?elaerl;fi r’;(lalg
L grrgéafw :g l;rg}farx;nngn&veg)stiearp from stztuion ]32+]'3|J. (See no. 104, table 2.) From observed eleva-
x: 0Ce ents of cross-section developing veloeity, and h ¢ veloci i
vations of ¥ (=Z+h) were computed. From these values of ¥ the i : o her Bl
Shme il B O~2erh) it minpaial, S e lues of I the items A were computed. The length
ety y to develop a given difference in & is found by dividing AE by S. Computations are

If it is desired to compute a value of n for such
a drop-down ¢
then the data for all but the two columns for S and corgputed Eu(lz‘zl‘i

-

be listed. Items for values of § can be computed from Af’ where L

is the measured length between stations under consi i
( ) e . : sideration (not tl
cumulative length). From the various values of S thus devclo(ped tl:ﬁ
galues_tof 11, can be li;a,ken frlom figure 3. The average value of n will
e quite close_to that resulting from test of imati
normal flow conditions. . & 7each spproximating

CHARACTERISTIC CURVES

The flow-behavior of an important flume structure, either contem-
plated or already constructed, can now be studied byi means of a set
of curves showing the conditions of flow throughout great variation
in many of the essential elements. Some of these curves have been
shown 1n various publications but others are offered for the first time
so far as the writer is aware.” They are analogous to the familiar
characteristic curves for pumps. )

A single flume (no. 301, et seq.) will be used as the example for the
curves as it was for the solution of ordinary normal-flow problems
(p. 67). In commercial operation, this flume shows some of the un-
usual characteristics brought out by the curves, and also shows
changes in these characteristics from one year to another. Hence it
can be used to advantage in studying the characteristics of other
flumes. It is not suggested that similar studies be made in this com-
prehensive manner regarding all flumes, but the characteristics of a
costly structure, designed to carry a full load of water at a velocity
approaching the critical, in a locality where the flume interior may
change appreciably during the irrigation season, may be so graphed

8 The soluti i i
copa o .0 o s il b sopenly b n bty et gt e
Feaulf Wil condition seakes a sat of ourves of Dactiooins valus.. Toial QAo APREIE IAtely orradts
i

uickl
can be a% ¥ abtained. When the most acceptable answer is found, actual computations ean be made,

if desired, for formal reports, court testimony, or other use.
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that its performance can be anticipated for all changes of conditions
that are liable to occur. Furthermore, the curves will show the im-

rovement in capacity that may result from proposed maintenance

The flume referred to is constructed of wood stav i

. S 1 staves and is supported
in cradles so that the water prism occupies the lower segmglpt of a
circle 12 feet indiameter. Computations for normal flow capacity

work that would change one or more of the elements affecting capacity
curves.

3

were based on a segment up to mid-diameter. Above th i
) . ‘ : at elevat
there is a freeboard of about 1.2 feet which may be encroached ?11)132
to a moderate extent. The computed curves are extended to include

LA \L lll a d
s Ry o epths up to the crossh
© (e Y ar.
T T —1 ] v |— . - -
Y = % ~ h’flif characteristic curves are shown in figure 7. The tables upon
A ol e Ol f LA J_ a which they are based were developed in detail and plotted on cross-
18l o e e T oH—17 S section paper, spaced 10-10, to the inch. To save space only a few
zks LIRS B @ ' values of d were tabulated for each element given in the example
SRl TSNS e o = tables that follow. Many of the curves are dependent on other
+2 —S— = K kS g[: 3 curves. The order of development used gives various items as they
A s M \ y p, V : i g are needed (gsee tables 14 and 15). ’
i = L=adH J + =
X R T A% o < o. H L . .
- W . 2 \ \ g / IQ' %( 2 % TaBLE 14.—Abstracted elements f_o:r drtz_ﬂmg of characteristic curves dependent only
® o ,% bk \/\ %:, oam_ S:. o B on shape and dimenstons of waler cross section
A H G = 2.
o & R, 4 v | ola @ =
© . ST Yy % 2 i I(}atm;' Depth | Area | Wet- Vel Crit- | Crit- | Mini- Static
Wol o« b T 0 > 2 53 il of vet- | my- | wiaen)| VE% | el | fear | Jmum | BakB. | pres-
oS R N 4-“1\/ @ j/ g < % dison- | water | water | perim- d”‘!lflﬂic water | ¥ | veloe- | fow | TSIV teta] B
[~ 5l % “¢. b &) D0 o E eter | Prism | prism | - eter radius | surlos)| e m;, sl tit; f-en?;- A\/.;;I_T w;ﬁl,er
oo . . e o et e “LVe 1 5
o = N S 2 = dethe prism
%2‘-~3-8~_—©\ = / \ V o g-l a4 /D d A D R T 70 v, Q. Hain M n
AN\ NRIY N g
S Elo / ‘%\ SR _,¥( 'b@' 8= 3 2=l e 4 5 6 O 9 10 1 2
=T 27~ B NG —F.f\K ) N - E (Y
3 A NN \ YN v S g | ow | 5 (%5 Te | i | 5| 0w | % %) T G
S ET AP 1] N s & B 2 | 30| 21 | 120 | L7 | 104 | Lo 83 | 18 | 405 | w3 | o7
4+ 8+18 N sl 3 ote 3 o | w0 [ s | o 50 ol sk [ 28| el B8 | 28 |80
wllnglls \\ ) QSQ& = ,X \\ \ Sl g . s .8 | 21.3 | 3.33 | 1.7 | 3.02 | 13.9 087 | 10.22 | 1741 | 220.5
=1 a ! N 2 o 5
c| SHe 6 i @ g/ - *S = =
T 2T =¥ g | F e : . g
51218 i \ x )\ IS 8 TAF’:LE 15— Abstracted elements for drafling of characteristic curves dependent on
ol 812 by .c;% i" -8 shape a_nd dzmen.;wns of water cross section and also on one or more of the elements
STEPS FTRITSG N ( \W 3 i o of friction coefficient, slope and quantity of flow
B8 — : | | e fO0lo L o & S iabla
I R I N VEHNASEN s /dig {e1 % table s supplementary to table 14, from which column 2 is repeated]
— %_/_ ) 5% e T =y B }
L o8 ’é\\ g ‘Q\,hq 5 £l -;-g o E Denendent on 5=0.002 and m=0.013 Dependent on Q=666 second-feet
o og\-mﬁ :6; I i E Li) M T =
D u i
20 1 m\ (] SN 3 8 Momen-
o,n % T— B ’
= AT S 9 B i Critical | Normal | p res- ri
e RN S ey | Bagnme! et | N | Mosn | v | E0Y| o | i | K
wn Hen @ AR ' (M’)2 > s ity ticity
== = | M l §\\ Gv{ﬁ =ACVR|~ 05z KyS= |ity, Vi | gdy |tent, tum, M | Qo | faotar
a0 — o = K K-\/E— =Q/A 1¢ —d+h = Ag gﬁé?ﬁ% A:dz’h;g’.’
~ W w - L] o~ -
12, tabl
= v (+234) P 949°Q 1
d c K S, Q Vv h H
. . - 3 . e n 1"{ ] P
The curves are divided into class A-—characteristic curves depend- 2 M+ A
ent only on shape and dimensions of water prism, and class B— 2 13 14 15 16 17 8 | 10 2 2 5
characteristic curves, dependent on curves 1n class A, and also 22
dependent on other functions, such as slope, S, and value of retardation - F. per o T
coefficient, n, and in addition perhaps dependent on a given quantity ] R ou| o, [ fet | e | et | Femt || ot
of flow, Q. . , g8 Hnd| af) 0| E WT ETCie] T s
The curves are first listed. The uses for which each one 1s helpful $9| Mas| 1deo0| .o0z7 437 1802 870 888, Blab| 4oL
follow the listing. L Fe 18,650 874.5| 9.25| 133| 863| 1889| 4004

51883°—36— ¢
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CLASS A CHARACTERISTIC CURVES

cection curve shows a cross section of one half of the
syrlrimrlt‘algfic};?lfﬂslfgéo?ﬁg. 7). The shell was made of 46 1do.nt}cal
otaves. Half of these are shown. A horizontal line from celll){.erff(;
to shell gives 7/2 for any given d. (See columns 2 and 6, ta ef )
The stave-marks give gage readings for any field observations o
surface curve when taken in terms of stave freeboard.

1
‘ , = drop-down curve from
\ dn= 6.00 to dp =5.8%
Oaﬁ\é‘g & |
- = = 6
ol @n=656 @ d=6.00 ———1=T
[ R T Q¢ =656@ d¢ =5.80%
s NN e
© 3 -
] H l Qo & i
@
g | l $
P | Qe,de @ @=429—| —7 — E &
8 705 12 3
8 1@n and Q¢ curves S 35 P
Hiw l From figure=T “« g
e o i 3
@ o b
§ 6l S l .
Lalw on Sn @ n=.012=8; at 38
N | = @ *I"N] about d=3.00 &
R ?,' = 3
b I~ QO 2
tl? 9 ~ \ b3 5
O ~~l8, . N
5 @ : 3
. ;2
el 5 8 3
| &
1 :
% 6 5 0
Profile distance (100 foot stations)
700 600 500 400 300 200 100 Q .

@ scale (second-feet)

curves in profile of flume used as example for characteristic curves

L wn
F16URE 8.—Backwater and drop-do %A 1a profle of A

9. The A,d curve shows area, A, of (flée twg};:rusection for any
gi\;anﬁtg g:zldéur‘%saz‘il(})x?r? ;(;lt,l%g]dni)grﬂget.eli, ;, for a.}ly given depth,
‘ 4.B'%T1?adR0,2 éﬂ:rlfanslifoic? Iﬁ%ﬁﬁ%ﬁli-alfihs, R, for any given depth, d.
¢ -—E;A"ll‘ﬁlgl-e hB zsiir%% Cs(ft)llc?wg;nt?h% %]flaﬁ)gi’h;ﬂl?}:;& 4f()r the critical velocity
at :.my depct’,h, d. By formula h,=A/2T for any shape of section.

10l 2 and 7, table 14. )
Baécx-e (}l‘(})lﬁ (i(}c:jim;:frve shows the critical velocity, V., for any depth,

d. If the water is flowing at critical velocity it is also at critical
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depth. TUnder this condition the given value of d=d,. Based on
columns 2 and 8, table 14. V.=4/g +A/T

7. The @.d curve shows the quantity, @, flowing at eritical veloc-
ity, V,, as taken from curve 6 above, at a value of d which again
?eﬁ?mes d., as for curve 6. Q,=M’+/g. Based on columns 2 and 9,

able 14,

8. The Hyy,.,d curve shows minimum energy content, Hy, , where
H=d,+h, for any value of d as d.. Based on columns 2 and 10,
table 14. Note that this curve intersects the energy curves for
Q=429 and for =656 at their respective critical depths. Since
any energy curve is rather flat around the apex, the critical point is
uncertain when taken from a graph. This intersection removes this
uncertainty.

9. The M’,d curve shows Bakhmeteft’s M-function for any value
of d, M'=A~A/T. Based on columns 2 and 11, table 14.

For every flow € there is one depth of water in a channel that is
critical. For some shapes the direct solution is simple but not for
others. With characteristic curves developed, this depth can be
taken directly from Bakhmeteff’s A-function curve. For a given @
the value of M’,=Q/+/g.

On the M’,d curve, for the above value of M’,, the corresponding
value of d will be eritical for the given Q.

10. The P,d curve shows the pressure on cross section of water
prism, in cubic units of water, for any given depth, d. Values from
this curve, combined with kinetic units for any given flow, @, give
the elements for a momentum curve for a particular flow. See
column 21, table 15. Curve 10 based on columns 2 and 12, table 14.

. CLASS B CHARACTERISTIC CURVES

11. C,d curve, showing values of Chezy’s € for normal flow at any
depth, d. In this particular case, based on a value s=0.002 and
Kutter’s n=0.012. This curve slightly different for different values
of s up to s=0.001. when based on Manning’s formula, the values
of C are the same for all reasonable values of S but vary with value
of n chosen. Tabular values from columns 2 and 13, table 15.

V %4
C= 1/R——S--: JIs for normal flow.

12. The K,d curve, showing Bakhmetefl’s conveyance factor, K,
for any value of d, based on values of Chezy’s € from the C,d curve.
Thus K is a characteristic for our particular channel for values of
n=0.012 and s=0.002 and is sufficiently close for values of s down
to 0.001. The platted values based on columns 2 and 14, table 15.
K=AC\JR. If K is based on the Kutter formula it varies slightly
for slopes flatter than 0.001.

13. The 8.,d, curve showing critical slope, S., necessary to main-
tain uniform flow at critical depth, d.. In the example, this slope
agrees with that used in construction (0.002) for a depth of about 3
feet and is sufficiently in conformity at any depth so that the effective
energy slope might equal or exceed the critical slope for short reaches
of flume or for reaches slightly smoother than the average.

- (M’)2,
o =9 Based on columns 2 and 15, table 15
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14, The Q,,d curve shows the quantity, Q, that will flow at a
theoretically uniform rate for any value of d with a value of n=0.012
and for a bed slope of s=0.002. This condition makes d=d,; greater
than d, for streaming, tranquil flow; equal to d. for glassy, critical
flow; and less than d. for shooting, torrential flow. Since tﬁe flow is
assumed to be uniform, in a uniform-shaped channel, the slope of
the bed is parallel to that of the water gurface and of the energy
oradient. Based on columns 2 and 16, table 15. Note that column
16 is based on the conveyance factor, K, and shows the reason for this
characteristic name. Bakhmeteff calls this the “normal discharge
curve.” Q,=K+s=K+/S since s=8 for normal flow.

The upper portions of similar curves based on the same slope but
on values of 2 from 0.011 to 0.015 are also oiven. The use for these
will be explained later.

The rest of the curves in this table are based on a given flow—in this
case design @ of 656 second-feet. Curves for V and % are not plotted.
The data are listed in columns 17 and 18, table 15. The data are
necessary only to develop column 19 from which comes:

15. The H, d curve, usually called the “‘energy curve”’, showing
the energy content, d-+h=1IH for any given depth d but for a par-
tieular value of Q. Based on columns 2 and 19, table 15. This curve
is independent of s and n but is different for each value of Q. It 1is
valuable for tracing the surface curve through any open constriction
in a canal, such as an inlet transition followed by a short flume and
an outlet transition. For the same value of H, the opposite point
on the curve shows the alternate stage at which the given @ might
flow with the same energy content. ~Assuming shooting flow and the
hydraulic jump could occur in the flume without loss, then the upper
stage or depth can be picked off directly from this curve. However,
there is always a loss in the jump; therefore, this curve must be
taken in conjunction with no. 16 below to show the stage, including
loss, after the jump.

16. The (M+ P), d curve, usually called the momentum curve,
chows the momentum, M, plus pressure, P, in cubic units of water for
any given depth for a given flow, . Based on columns 2 and 21,
table 15. It is a companion curve to the energy curve, no. 15 above,
for the same €, and is valuable in showing the height of jump that
may be expected where conditions develop the jump in a flume.

17. The \, d curve, showing Bakhmeteff’s kinetic flow factor, N
for any depth, d. Based on Q=656 second-feet. This curve is
characteristic of our especial channel with a particular flow, but 1s
independent of s and n. The platted values are based on columns
2 and 22, table 15.

USES OF THE CHARACTERISTIC CURVES

The many uses for design, maintenance, and operation that can be
obtained at a glance or with a minimum of computation from the
curves shown on figure 7 are explained in the following paragraphs.
Specific points referred to below are indicated in the figure by the
same letters:

At point A is found the design Q' of 656 second-feet, using as the
values of n, 0.012; S, 0.002; and E, 3.00 (corresponding to d,,=6.0).
Corresponding to @’ =656 the value of V=11.6. These are the. four

elements that usually constitute the basis of computing the capacity
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grl'l e];g;i;g:él'c performance of a flume, aside from entry and exit
Running through the point A is the ., d curve for a v
n=0.012. Reference to the (-scale showQs the quantity tha‘: {i:}illtla i())é
in the flume for any given depth or vice versa, so long as the value of
nremains at 0.012.  1f the surface when new is better than anticipated
and the value of 7 is 0.011, then the point B indicates that about 717
second-feet can be carried at design depth of 6 feet; or point C
indicates that design @ will flow at a depth of but 5.7 feet. ~ On the
other hand, if algal growth causes the value of n to become 0.014
the flume will carry but 562 second-feet at 6 feet depth (point; D)’
32&%16 igi%s%grn fQ (Zf 653 second-feet can only be carried with a normal
of 6.55 feet, reducing tl oretics ] ;
to:gome st g the theoretical freeboard from 1.2 feet
etween ,, d for n=0.012 and for n=0.011 i
curve. Note that this curve merges with @,, d for i’-—f%uéﬁ gléed%é g
ffet. . Point F shows that design @’ of 656 will run at critical dept;h
if n is just a little lower than 0.012. Passing horizontally from
F to G, 1t is found that the velocity for such a critical flow would be
nearly 12.1 feet per second. This is a very high velocity for an
channel of less incline than that of a chute drop. Returning hori-
zontally to the left from G to H, the velocity head for this velocity is
about 2.3 feet, which exceeds the {freeboard from G to I by about
0.9 foot. If one could be assured that the flow would hold at eritical
depth, this excess might not show-danger of overflowing because
flow just at the critical is a smooth, often perfectly gla%sy flow
However, at the energy curve for @ =656 there is a very flat curve in
the region of the critical depth, indicating that a range of depth, say
from 5.4 feef at shooting flow to 6.4 feet at streaming flow, can ‘take
place with practically the same energy content, i.e., with the same
elevation of the energy line above the bottom of the flume. This
condition indicates that the water surface throughout the length of the
flume would be liable to a wide range of depth, depending on minor
effects of flume surface and curvature, It also indicates that retarda-
tion of four reverse curves (pl. 13, A), even of 500 feet radius, may
throw the flow through the hydraulic jump, and that the roug,Imeqq
of the jump wave may overtop the flume. On the other hand
a slight algal growth that would probably exist by the time the full
ﬂow of the flume is required would narrow the range to the extreme
flat apex of the energy curve and change of flow from shooting to
streaming stage might take place without an appreciable jump
In June 1923 when this flume was new, the value of n was actuall ,
g.01t1h2, aiut ngrma_l flow was faster than the critical, as can be seeg
igno.e:sgz% ted point (1923) on figure 7, corresponding to elements
Again, referring to point ¥, corresponding to Q=6 n iti
depth for that particular @, this criti}:)al dep%;h, og, is i?)c?utd;gltflgﬁ
above the bottom. This has particular significance in connection
with the water stage in the canal below the flume outlet. So long
as this stage is at an elevation equal to or below that of the water
iugfgce in the end of the flume at d,=5.8, plus any recovered velocity
bglo he at the flume outlet, the stage at the flume end will not go
hele vs; ctl‘ltlcﬂ.l depth of 5.8 feet with the exception mentioned below.
818 true because the discharge is already a maximum for any slope
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and value of n that will generate a normal velocity at or slower
than critical. For all lower stages of water in the canal below,
water would pour over the brink at the flume outlet at a depth of
5.8 feet.”

The exception to this condition occurs when the value of n, say for
the new flume, was less than 0.0113 which corresponds to d,=d.=5.8
for Q=656 second-feet. For values of n less than 0.0113, d,, is less
than d, and there would be no material drop-down curve toward the
flume outlet, the jet shooting out at the end with approximately
normal depth.

Assume that it is proposed to increase the capacity of the flume by
lining the canal below the flume: The lining would lower the stage
for any flow and appear to provide a steeper gradient in the flume
above, thus increasing the velocity and the maximum capacity with-
out encroaching on the former freeboard.

This process would be successful for any length of flume less than
the length of the drop-down M, curve (fig. 8), in the particular flume
only about 200 feet. In other words, the drop-down curve extends
about 200 feet from a normal depth of 6 feet to the critical depth of
5.8, and any additional lowering of the stage below would not change
the length of this curve. Furthermore, the improvement by lining
the canal would effect only this length of 200 feet and the upper end
of the flume would serve as the criterion for capacity, its maximum
capacity still being the capacity of the structure. The writer knows
of several locations where the capacities of long flumes required im-
provement and this method was tried. In all cases the drop-down
curve intersected the original surface some distance above the outlet
and from that point upstream the conditions were as before. In the
argot of the ditch rider, a “good-get-away "’ (ie., critical flow at an
outlet) will improve the capacity of a short flume but will not help a
long one.

Likewise, a high stage in the canal below a flume outlet will lower
the capacity of all flumes—essentially by raising the stage at the lower
end of the flume and encroaching upon freeboard. In figure 8 the
backwater M, curve is calculated for a stage at the flume outlet of
d=17.2 feet instead of the design depth of 6 feet. For any stage at the
outlet between 6 and 7.2 feet in depth, the corresponding portion of
the backwater curve may be used. In such a curve it must be re-
membered that velocities are becoming less as the depth increases and
therefore the velocity-head requirement also becomes less. Practi-
cally all of the difference in velocity heads is recoverable in a perfect
transition section such as a wedge-shaped flow in a uniform flume
channel. This recovered velocity head is available to overcome
friction or to raise the surface of the water in the flume. In actual
operation the water surface toward the end of such a checked flow
has but little or no slope, the energy to overcome friction being pro-
vided largely by the recovered velocity head.

From the M, curve and the accompanying table 11 it appears that
backwater effect extends some 1,300 feet up the flume. Above that
point normal flow is approximated. In this particular case the flume,

1 Critical depth comes exactly at a brink for a very small flow. For all greater flows eritical depth comes
a short distance upstream from the brink. However, this distance is so short that it is ignored in most
hydraulic problems. It cannot be neglected if the use of the brink as a critical-flow meter is contemplated.
Here the difficulty lies in determining just how far above the brink critical depth can be found for any given

flow.
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if less than 1,300 feet long ,
th%vglllefmitiorigiven it p&Eé \Svlould be classed as a short flume under
When study of the characteristic curves begins indi

critical flow conditions are likely to be encoungteredEOtilr:llsca'cgeclg];\%g

should certainly be platted. Examination of this curve onwﬁgure 7

shows that the effective critical slope equals 0.002 for a depth of about

3 feet at point K. This is also brought out by the intersection of the

@.,d (for a value of n=0.012) curve and the Q.d curve coming at a

value of d=3.0 feet. For a full load of 656 second-feet at normal

depth, the critical slope S, is found to be 0.00227, which does not mean
that the bottom would have to take this slope, but if the slope of the
energy gradient becomes as steep as 0.00227 then critical flow may
develop. If this takes place, then flow faster than the critical ncarlgr
always follows, except at a brink. If the flow becomes faster than the
cn]_txli(i\al’ !:he}l th;a jump will probably result.

cewise for the critical depth corresponding to a flow of 656 second-
’(f;;;s% c‘:s;.f SIS§£223 which is designated by Bakhmeteff as the normal

he momentum (M + P), d curves and the ener u i

Q’ of 656 and also for observed =429 are drawgrz ¢ (%;i)i?tred}??i%?é

on the energy curve show the two stages on the assumption that there

is no loss in the jump. However, the momentum theory holds true
when the loss is included, therefore the corresponding opposite points
on the momentum curves show the true heights of the jump

On the curves for =429, assume that a jump takes plac.e from a

shooting-flow depth of 3.83 feet. From this depth on the H, d

(energy) curve, follow the dashed example to intersection with the
momentum curve, thence upward to the alternate stage of about 5.53
thence back to the energy curve. Note that the last intersection is
below the stage opposite the point of beginning on the energy curve
This upper stage would oceur at about 5.85 feet. The difference be-
io[\;g(:c?h.z.tss gmldt 51.53, or 0.3(21 feet, indicated by 4 in figure 7, gives the

s that might be ex hroug i 4 iti
%%med forai; ¥ exa,mgﬁﬁte through the jump under the conditions

etween the two curves for =656 second-leet a simi

example shows that there is much less loss in a jump 3vhé;2ﬂtige iiﬁg
and momentum curves are nearly parallel; that is, for relatively deep
water prisms. If the loss of head is relatively small, the recovery of
head in that particular jump is relatively great. i

Hinds (13) has pointed out that if the momentum curves for the
shooting stage before the jump and for the streaming stage after the
jump be platted on the profile of the structure the twobcurves will
mtersect at the location of the jump. A mere touching tangentially
would indicate that flow would pass from the shooting stage to the
strr%?miilgdsmge v;;lthout the jump.

_The A, d curve for any particular @ shows the relative inanc
kinetic effect as flow passes througlql2 critical stage to glg(())lgiljl:[;;g‘::ng
In the special problems shown by Bakhmeteff (4), this function is
used extensively, especially in connection with problems of the
hylc)]m{;%m jump.

roblem. After designing the example flume for 656 se -
how can the design capacity be increasl(-)zd to earry 700 seconc(fl)ﬂgei??em
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This can be accomplished in several ways: By increasing the slope;
by encroaching on the freeboard as originally set up; or by securing
and maintaining a very smooth surface.

(1) By change of slope, using same depth, d=6.0 and value of

n=0.012 as before. By slide rule:
40,000 = =0.002284.

The new slope, s =Q—2= o = =
© NeW SI0Pe, 8, == 14,650 214,500,000 21,450

The value K is taken directly from the K,d curve.

(2) By encroaching on freeboard but keeping the same slope and
value of n. On the @,,d curve for n=0.012, ¢ =700 on a depth line
of 6.23 which can be accepted as satisfactory for emergency peak
loads as long as the value of # remains at 0.012 or less. 1f, however,
algae increase the value of n to 0.015, ¢ =700 on the depth line of
7.1, which would use practically all of the freeboard, making certain
the overtopping of the flume sides with resulting erosion at flume
supports.

(3) By a very smooth surface. The intersection of =700 and
d=6.00 comes on a @, curve for a value of Kutter’s n of about 0.0113,
which also happens to be on the @, curve for any value of n. This
would indicate a flow at eritical depth with a value of n that could be
expected for a new stave flume, but which would be difficult to
maintain. Combining the figures of (2) and (3), the deduction is
reached that a flow of 700 second-feet would fill the flume to a depth
approximating 6 feet, at critical flow, when the flume was new and
would gradually encroach upon freeboard until it required a depth
of more than 7 feet with n=0.015.

Problem. Determine the normal depth d, for a flume similar to the
example on page 67 at n=0.012 for =400, at a slope of 0.001.
Note that the @, curves shown on figure 7 were for a slope of 0.002.

By slide rule:

Q400
=i o16~ 12,000

On the K,d curve K=12,660 at a depth of 5.5+ feet. For slopes
flatter than 0.001 the values of Chezy’s ' change when considered in
terms of the Kutter formula. If the problem had assumed a slope
of say 0.008 it would perhaps be advisable to compute and draft
a new K d curve.

Problem. In economic problems regarding conveyance of water for
hydroelectric projects and those involving pumping lifts it may be
desirable to determine the power required to overcome {riction.
DeterminG the power in horsepower per mile of flume for the standard
flume example (Q=656; s=0.002; n=0.012; R=3.0). Bakhmeteff

3
(4, p. 21) shows that ggoi%= the horsepower lost per foot. By slide
rule, 62:4% 656°X 5,280
? 550%14,650°
Bakhmeteff (4) describes other functional symbols that aid in the
development of backwater and drop-down curves for the rectangular
and other specified shapes. Some of them present difficulties for

circular or catenary shapes.

=788 horsepower per mile.

He also shows ‘“‘delivery curves” for
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all stages of head and tail wate
{ rs for short channels (i
two reservoirs, and oth i ot ey
e pracjt e er special problems that do not often occur in
CHUTE FLUMES

In the previous discussio '
n, the flume has been consid in i
Eﬁgzlristti?ﬁj gf ﬂowl; a lr)m;delflegt?l sloFe, generating a velocity S?E?ncrle; ?h;trf
y S arule, but a high velocity when compared with ord;

flow in open earth channels. T i S,

; / - In exceptional cases, such
gxamplﬁ flume (no. 301), the normal flow for any quantity n?:ytll)lg
isesl;%?tia } ftcﬁ- a;z] vel:gg_ty i,hleer r%ha}? the critical but the initial surface

1 anticipated and the velocity exceeds the criti
least during the first few months of operation. This ﬂt?n?fl;ltxlrcal’ a:
deis;gn};ad a,sﬁa chute. (See p. 67.) -
chute flume is used to lower water from on i
18 L ’ iter e elevation t
%I%‘:Sn “?essth?fér ;nchna. It 15}:‘1 an inclined drop structureo ain;) til}fg
r'é are many chutes conveying water fr :
ggncil land to similar canals or laterals on the bottom 1m$crin (}%alifilsﬁ))ll
hoi ton (26) mentions some 74,000 feet of timber and mct;a,l ﬂ,umn;
ge:re% (;?gfi;li;wzslt];;emt SeCt}I(‘)II: of the Canadian Pacific Railway project.
} 7 erta. e terrain of the Northwest sh :
action of the ice sheet of the last glacial period, requi o el
e e clal period, requires many ordinary
The dheks Bant aooos g0, onvey water to the desired locations.
is e ly used to convey water f :

canal to a reservoir at any stage of the latt %5 M v
is extended down the steep réservoi id 50 8 Hoe b e et
Do o the feon sy 01T side to a point near the reservoir

: 3 point where water can be released
reservoir floor without causing serious erosi S g g R
is extendéd to a point just above the hi Ol?mn' e el
] bov gh-water line of the r roir
:ﬂ;i ;l}i‘le t’]et t.ilnrown as far as possible from the foundation of thgsgzhot;lf
t rese;']v g u(g tzolsl’ A, B). . Cl}llutes ﬁonvey water from crest spillways
A § ome point where the water can be released ¢
cliffs without objectionable erosi Pt A

| the chute i
discharge the water at river lev lml?lor "The side chan
apiliwgs pomell A el below the dam. The side-channel
In hydroelectric construction, the chute is often used to convey

main conduit. Exceptional topo
graphy and hard-rock t
allow waste water to be thrown directly from the side of tﬁgriﬁ(fmu?g

injure the works by erosion.

ﬁu;rr;l?ae ({;‘]}\:q?;a“;;tselg Ii)I(lLsal, chute is essentially different from that in a
elocities e g g i i i

chinnls ‘?glg%lzaﬁﬁl i?gﬁg‘e{ﬁrﬁi ook commah oA

213\;;‘ 1;1'31}; elt5 v:gﬂ ?éooi;egtcﬁ;% eu:qua[;% :Jiléeg;cggiisgg?nilEc:f:?tilt;glmeg

80(;%6%%%533?11(;. g In urope 1s reported to flow at some

kinetic effect, fa,'?rr oggrsﬁr:d%i:rtgetsilgr;:éilcf;itezgutrgznilf l:gecl"viaiggﬁ .prirgl?:le
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(3) The sequence of flow conditions in a flume chute usually is as
follows: With water delivered to the head of chute at a velocity
below the critical.

If the head of the chute is a crest, weir flow comes over the crest
at critical depth. If the head begins at a channel, critical depth is
attained just above the brink where the sharp incline begins. From
the point of critical depth, velocity is at shooting stage and is in-
creased until normal flow is approximated or until the chute ends.
As in the case of a short flume, the structure may end before normal
flow is established.

However, if the approach to the chute is not in the same direct
line or if the approach is wide and the chute is sharply narrowed
near the top, uncertain flow will result. The resulting water surface
does not take the smooth, glassy characteristics of critical {low, but
starts with a series of high rough waves capped with white water.
Beyond these waves the flow often slashes from side to side, showing
little conformity between design and results.

(4) At the lower end of the chute, many conditions may hold.
Water may leave the chute to enter a canal that will flow at streaming
stage on an ordinary slope. At the lower end of the chute, the water
may drop over a brink into a pool, or the jet from the chute may
enter the pool from one side or end. In either case the extreme
kinetic effects must be materially reduced by means of energy
dissipators.

(5) Where the water surface at the end of the chute is above the
surface of the pool, the energy dissipator is usually a confined water
cushion or some form of labyrinth, or the jet is divided and turned
to impinge upon itself.

(6) If the jet enters the pool at about its own level, the principle
of the hydrau%ic jump may be utilized (pl. 11, D). This s an effective
dissipator if the jet is made wide and thin before entering the pool.
Stevens has pointed out the percentage of energy that may be dis-
sipated under various conditions (25).

(7) Where a flume chute feeds a reservoir, conveying the water
down the inclined bank until the reservoir surface is reached, what-
ever the stage of the water, there is no opportunity or necessity of
widening the jet and the jump occurs as the swift water impinges
upon the still water of the reservoir (pl. 11, C). A full reservoir may
back the water into the canal feeding the chute so that no jump is
encountered as shooting flow does not develop (4, p. 58).

(8) Water flowing swiftly down a long flume chute does not follow
the law of hydraulics usually taught as infallible; the continuity
equation Q=AV for any value of A whatsoever. This exception to
the rule is due to the entrainment of air, gradually creeping into the
jet from the sides until finally the whole prism is composed of white
water. In a report of the chutes on the Boise project of the United
States Bureau of Reclamation, Steward!” showed that this entrain-
ment may expand the water prism by 30 percent or more. The
quantity, Q, was measured by current meter or weir in the canal
above or below the chute. The cross sections of the white water

(water plus entrained air) were taken as usual, from which the values
of » were computed. The actual mean velocity of the water down the
chute was determined by timing color down the incline.

17 BrEwARD, W, G., OD. cit. (see footnote 11),
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It was found that this measured V exceeded the velocity as com-
puted by the equation V=% by the percentage as stated above.

Furthermore, Steward computed the values of Kutter's n on two
bases, (1) using the measured @ and computing a velocity based on
the measured sections of water plus air, and (2) using the measured
) as before but using the measured velocity and the hydraulic radius
as though for a net water section without air. By the first plan, he
found values of n about as expected for similar surfaces in ordinary
flumes. This basis can be used in computing the size of a water
prism for similar construction. By the second plan he found values
of n of about two thirds those holding under the first set of com-
putations. This basis can be used in projecting actual velocities for
determining the trajectory of the water at breaks in the gradient,
the setting of baffle posts, or other uses where the trajectory is
required. The writer has made sufficient tests of flume chutes similar
to those used by Steward to confirm his deductions. The essential
elements of all such tests, on both bases of computation, are given
in table 2. Computations are also made on the basis of measured
velocities and measured cross sections. This is the basis actually
operative in the field.

~ (9) Another unusual feature of flume chutes, apparently paradox-
ical, is that algae, moss, and insect larval growth are not scoured off
by the high velocities but apparently thrive on the excess of air, due
to the entrainment described under (8), coupled with plenty of
irrigation.

(10) In most computations for flumes at ordinary streaming
velocities, the vertical depth is essentially the same as the depth
meastired perpendicular to the slope of the bed. Likewise, pressures
are taken as though the floor had no slope. In flume chutes, the
measurements of water prism, depth, and freeboard are taken per-
pendicular to the bed of the flume, buf pressures and kinetic effects
are modified to include the influence of the steep incline.

The scope of this bulletin will not permit detail treatment of the
hydraulics of chute structures. Suggestions to be borne in mind are
eiven above. Detailed treatment for various phases will be found in
Bakhmetefl' (4), Cole (6), Etcheverry (8, ¢. 3, p. 261), Hanna (12),
Hinds (13), Husted (16), King (18, p. 277, 840), Nimmo (22),
Steward %, Stevens (25), and Stockton (26).

SUMMARY AND CONCLUSIONS

_ Detailed field measurements, evidence of existing conditions at the
time of test, discussion with flume operatives, and final computations
and listing of the elements of the results obtained have developed the
following outstanding points:

A flume, as referred to herein is a relatively high-velocity structure,
designed for the conveyance of water, with kinetic potentialities far
above those usually associated with canal flow. Usually it begins
and ends in a channel having a flow of much lower velocity than that
prevailing in the flume itself.

The sequence of the structural elements is: (1) An inlet transition
to accelerate the flow from canal to flume velocities, (2) the flume

-
18 Steward, W. G, Op. cit. (see footnote 11).

B
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proper, and (3) the outlet transition to decelerate flow from flume to
canal velocities.

The flow elements entering the design of the flume proper consist
of quantity, @, usually given in the conditions of the problem; the
hydraulic radius, R, computed {rom the formula B=A/p for the ten-
tative section being tried in computations; the velocity, V, computed
from V=Q/A for the tentative section; an assumed value of the fric-
tional factor, n; and the slope, S=s, for uniform flow, resulting from
the solution of a standard flow formula such as Kutter’s or Manning’s.
Sometimes the slope is given and the solution is directed to the develop-
ment of a sectional shape that will satisfy the other elements.

The dimensional elements given above are matters of data as given
or as assumed, all of which can be attained by mere design and con-
struction. The choice of n is & matter of judgment but must be
based on empirical data. This choice can be directed by the recom-
mendations given in this bulletin, which are based on nearly 300
actual field experiments listed in tables 2 and 3.

In the past the general tendency has been to use a value of n that
might satisfy the best of conditions but was too low for those en-
countered in ordinary field operation.

Most flumes have served their purpose in spite of errors in the
selection of n, because they were so short that a small amount of
heading-up in the canal above served to increase the effective slope
with a slight encroachment on the canal and fiume freeboard near the
upper end. Many long flumes, without the possibility of this method
of increase in energy slope to an extent that would affect the complete
length of flume, have lacked materially in total capacity.

The hydraulic elements and elevations of the canal at the ends of
the flume and the elements of the flume proper having been developed,
the flume is set in the scheme of levels to provide adequate drop in the
water surface for the necessary acceleration of velocity and entry loss
and also to provide for the recovery of a reasonable amount of velocity
head at the outlet and a distinet loss of energy expressed as the velo-
city head that is not recovered.

After the dimensions of canal and intervening flume sections and
their relative positions in the vertical plane have been determined,
the bottom profile in terms of available velocities must be studied
under the assumption that more or less debris, rolling along the
channel bottom, will be present. Very few canals are free from such
detritus. With sligchtly accelerated velocities, this debris will climb
a gentle upward incline but heavy debris will lodge against a vertical
upward offset in the bottom. Sugar sand will travel in dunes down
a channel and will be picked up by the scurry of the eddy always
present just above such an offset, and continue its way down the
canal. Sharp offsets in profile are to be avoided as they are generally
indicative of hydraulic losses and roughness of flow.

After flumes are built, the difference between long and short struc-
tures becomes apparent. The long flume always has some length
conveying flow that is relatively uniform without regard to the
amount flowing. The short flume seldom attains even approximately
uniform flow conditions except by coincidence and with a discharge
close to the design .

The short flume and the extreme ends of a long flume, for flows
other than those close to design @', may have drop-down or back
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water curves, critical flow points, hydraulic jumps, and lag in the
iygllj%ﬁgs(-hop at the inlet. These may or may not develop operation
. Along drop-down curve may be used in a flume with a brink
into a pool, for all possible stages of tail water, to save in constm?élttiloeri:
by reducing the total depth as the outlet is approached. That is, the
flume may be made shallower as the velocity is increased, until
critical velocity at the brink is reached. ’
. For a long or short flume, the concave surface curve, when indicat-
l;lg true l_)a((i,klx)vaterd bydreduction i}l the effective slope, always is
ccompanie reduced capacity, for any gi ths, ‘
m%l‘] usua}} desi)gr'n elements.p ¥ A e
"or a short flume, the convex surface, indicatine drop-d
by mncrease in the effective slope, alwa 's’is accomp%niedpbyoi‘ﬁl:;rg;ggg
capacity for any given depth. The shorter the flume, the greater is
this increase. For a given length of flume, the upper limit of this
Increase takes place when water reaches the outlet end of the flume
At critical depth. Further depression of the water in the canal below
the outlet does not further increase the capacity of the structure
A long flume is not improved in capacity by a drop-down curve at
the outlet end. The upper end still remains the controlling factor
Wherever feasible, water should be conveyed to a chute-flume in g
direct line with the axis of the chute. If it is necessary to break the
constructed bottom grade of the chute, thereby increasing the gradient
the bottom should be curved se gradually that the traj ectory of the
jet will not tend to leap clear of the bottom, causing vacuum troubles
g‘rﬁihl;’e;uilémg gaﬁltatiton ma}]y cause the floor of a plank chute to be
war atmospheric S il the j 1
en%s andftears offythe bottgm. pressure until the jet strikes plank
xtta freeboard is desirable for the first 20 or 30 fee
care for rough water and lag in the surface drop while ﬂu(‘r?m; g(ﬁggilfytig
being developed. This is easily accomplished in conerete or wood-
plank fluming. In metal flumes longer sheets may be bent to the shape
of the standard flume section and the excess length divided between
the two sides as extra freeboard. The stringers for the first two bents
mag be rzisecllﬁ to ((l:are fordthis additional freeboard. ’
.4 prevalent understanding of the past, expressed bot}
in published articles, has been to tlI:e ei’i’ecf that theﬁ().1 ;ﬁlﬁgﬂgengg
recovery of velocity head at the outlet. Partial recovery is nearly
q,lways present except where water goes over the outlet ‘end of the
flume as a brink with free fall, critical depth occurring a short distance
3;:({),;3 the brink. Recovery of from 50 to 80 percent can be relied
High velocities cannot be depended on to keep a flum.
and algse growth. Most operators of irrigat,ioﬁ systen?scﬁaérfgirlllill?ii
with conduit structures with velocities up to perhaps 20 feet per
second in which such growths thrive, Ordinary flume velocities
should be considered wholly ineffective to reduce such growths.
Shade, such as is provided by a thick row of trees, or, better still
by a definite flume cover, 1s usually effective in preventing certain typeé
of such growths. Experiments should be made or a{%vice obtained
from botanists before expensive construction is undertaken.
An apparent paradox exists in the action of abrasive matter carried
by a flume. Usually, it is necessary to limit the permissible high
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velocity in order to prevent abrasion as rough material is dragged
along the bottom. THigh flume velocities may not prevent scour by
heavy detritus, but sand and fine gravel are raised off the bottom and
whirled along in the water prism. This suggests the deduction that
Jow flume velocities (but materially higher than ordinary canal veloc-
ities) may allow scouring of the bed, while very high velocities, say
12 feet or more, may materially lessen scouring, except by heavy
material that may be easily trapped before it enters the flume.
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