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WASHINGTON, D. C.

THE FLOW OF WATER IN IRRIGATION AND
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Engineering 3
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INTRODUCTION

Usually the greatest expense of farming under irrigation, over that
of farming in humid regions, lies in the costs of building and operating
the irrigation system. Eventuslly, sll or nearly all these costs are
borne by the farmer himself in meeting the assessments of his or-
ganized irrigation district, mutual company, or water users’ associa-
tion. Obviously, the farmer is seldom equipped to use technical data

t Bubmitted for publication Mny 9, 1638,

#This bulielin supe wedes Depirtment Bolietin 164, The Flow of Water in Irrigation Chantels.

?The suther desiye. "3 acknowiedes indebledness to the various epgineers sod mansgers of Irrigation,
rmunicipal, srd powes e dems whe furnished data or permitted the testiog of canals noder thelr charfe
sometimes aiding in the tesls; to the officers of tha Burean of Reclametion who aflowed sccess to originsl
dota on tests made by their staff; and to engineers In foreifn countries who have sent data concerning their
own research, Ackuowledgment is also made to the Burenu of Reclsmation for photegraphs iustrating
typleal conditicks to aid in a eomplete understanding of recommended valucs tor Rutter's n, Obviously,
it was not feasible to take photographs of canals tegted, without water In therm. Tests were made during
the height of the seagon when it was not feasible to 4ire the water out.

84457°—139: 1
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such as are presented in this bulletin, but he is served by his engineer
who is prepared to apply them to bring about economies reflected in
those assessments.

This bullein treats of flowing water in irrigation and similar
canals. It is based on field tests made to determine the retardation
factors in severul formulas applicable to the various conditions found
in practice. It is offered for use by engineers in designing, measuring,
and operating irrigation, power, municipal, and similar canals, and
for courts and attorneys at law interested in cases involving the
carrying capacities of open artificial canals,

This gbuﬂetiﬂ includes the results of many tests made since 1913
under the direction of the author, those made by engineers of the
United States Bureau of Reclamation generally following the pro-
cedure laid down in Department Bulletin 184 (55) * and other ex-
periments. The newer paris contain more data for canals conveying
clear and muddy waters in siioi- and poured-concrete sectiong, and
canals of excesstvely sinucus line. The text includes comments per-
tinent to the design and operation of open canals. These comments
are the result of more than 25 years of observation on such channels.

Department Bulletin 194 contained such observations as were avail-
able on flumes of concrete, metal, and wood. Since then a special
study of this type of channel has been made and embodied in a separate
publcation (57), copies of which may be obtained from the Superin-
tendent of Documents, Washington, D. C., for 15 cents each. For
that reason all tests on flumes and discussion thereof are omitted
from this bulletin. Likewise, the longer discuusion. of methods and
equipment and of basic formulas, found in Trepa:i.nent Bulletin 194,
are omitted as being fairly well-known by this time. Reference to
that publication, which can be found in many public and private
enginecring libraries, will refresh the mind o the reader who cares to
begin at the beginning.

Trrigation systems are designed to supply certain quantities of
water to the soil for use by crops. These predetermined quantities
of water musb be carried in earth, concrete. wood, steel, masoury,
cobblestone, or rock-cut channels. Very often one canal will include
channels in several of these materials. Obviously, well-kept canals
of the smoother materials will convey water with less retardation
than is possible by poorly kept channels or those of rougher sub-
stance. In order to proportion correctly the size of the canal under
any specific conditions anticipated, the extent to which the flow of
water will be retarded by the character of the channel and other
conditions must be known. This knowledge ean come only through
actually measuring the flow and all the attendant cross sections and

slopes, in canals operating under manifest conditions.

NOTATION AND NOMENCLATURE
NOTATIHON

Througheut this bulictin, the following symbols arc used to designate the same
elements. Additional deseription and definition will be found in Nomenclature,

A—The weighted mean area of the water cross section thronghout the length
of reach considered, in square fect. (See Nomenclature, weighted values) Also
used. for area in the absiract.

+ [tali¢ numbers in pareotheses refer to Literatore Cited, p. 76
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a—The ares of any particular water cross section, usuglly given g subgeript ta
identify $he loeation and the corresponding - ¢lements,

C—Coefficient in Chezy formula, V=C/ES.

d—Depth of water in the channel, in feet, sometimes given a subseript to
identify location as 4, d,, ete.

d,—Critical depth. (See Nomenciature.)

d,—Normal depth. (See Nomenclature.)

E~—The elevation of a point on the encrgy line {67), in feet, usually giver a
subscript to identify location. B=Z-th=ktd4h.

g-—The gravitationel constant =32.2 in English measures.

H—Energy content=d+h Bakhmeteff’'s “specific energy™ (3).

mie— Minimum energy content=d,+k..
2
h—Veloeity head, assumed':-zﬂ—s in feet;* the drop in elevation of the water

surface necessary to generate the velocity under consideration.

h—Velocity head for Bélanger’s critical velocity, ¥, in feet,

h~—Friction loss. The fall in the energy line, through the length of resch
considered, in feet. The difference in the values of F ab the two ends of the
reach. For idealized steady uniform fow enly, the fall in the energy line, in
the water surface and in the channel bed are alike. The loss due to all hydranlie
roughness rather than perimeter-contact frietion only.

k—Elevation of canal bed above daturmn, in feet.

I—Length of reach considered, measured along the bed slope, in feet,

n—Coefficient of hydraulic roughness in Kutter's formuls, {An indieator of
the nature of the channel.)

n'—Coeflicient of hydraulic roughness in Manning's formule.

P—Wetted perimeter in the abstract,

p—Webted perimeter, in feet, at o particular eross seetion, from which Lt

@—The amount of flow, in cubie feet per second, under eonsideration. Design-
€’ the flow used as meximum capacity in the design of a canal or other structure.

f—Mean value of hydraulic radivs (r;, n, ry, ete.) through $he reach con-
sidered, in feet, for computation of roughness coefficients, Alsg R usged for
hydraulic radius or hydraulic mean depth, in the abstract.

r—Hydraulic radiue at & particular cross section, in feet, usually given a sub-

- - * - [#4]
seript o identify location as r,= -

I

S—The slope of the energy line (B line); always downward in direction of
fiow. The slope factor in fow formulas such as Kutter's. S=—I{ in feet per
foot. Except in uniform flow, § is not the slope of the water surface. In idealived
ggg, it is parallel to and hence equal to slope of the surface and thab of the chanzel

s—Slope of the bed of the capal, usually downward., In design, s usually =
computed as parallel to E line and to water surface for an assumed normal surfsce
8% capacity flow,

T--Width of water surfaee at section under consideration, in feet.

V—The mean velocity cf the water through the reach under consideration, in

feet per second. Approximates A if eross sections are tasken often enocugh so

that mean area A closely approximates the measn value of & great many loeal
arens {4, 6 o3, efe.}. In chutes, the swell of the water due to entrainment of

air may annul the » Lusuity eguation V=Q- (See p. 53.) V iz also used for
A

velocity in the abstract.
v+—The average velocity of water in a local cross section, ususally given & sub-

geript fo identify location, as n=a

Z—Elevation of the water surfz e above datum, in feef, usually given & sub-

seript {o identify location as Z,, Z;, efe.
WS8—Water surface; ususlly sloping downward. May remain level though
Bowing fairly rapidly throughout length, L, say 1,000 feet. This emphasizes the
1 This is the usoal interpretstion of velocity head. Strletly spoaking, it should be the mean value of

the velocity heads for all the aleraunts of flow Geross the section, rather thas the valotity hebd for the nesn
velgeity across the soction. The true value mey be 15 percent or more in excess of & as glven here.
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fact that energy slope, S, is effective, not water slope. May rise abruptly,
through the hydraulic jump. May rise and fall infermittently—above and below
critical depth, either with or without the jump, for flow near critieal depth in a
upiform channel.

: NOMENCLATURE

In this bulletin certain words and phrases have special meanings
not found in the ordinary dictionary.

Gsnal: In the irrigated West, ““canal” is the name usually applied to an irriga-
tion channel and “ditch’ to a drainage chanpel, even relatively small channels,
This usage is followed in the irrigation and drainage reports of the United States
Bureau of the Census, especially as applying to main canals. Smeller channels
leading from these are termed “laterals * and a still smaller distributary & ‘farm-
er's lateral” or & “head diteh.”” Seldom is the word “eanal’’ applied to any
drainage channel. Canals and laterals are usunlly ““designed.” The digging of
smaller farm laterals or head ditehes is ususlly dependent on experience and the
implements 8t hand.

ritical depth: In design and operation, critical velocity (attributed to Bélan-
ger) and the depth at which this velocity holds sre of importance. For any given
section, quantity of flow, €, and total energy, H, there are two de;:ths of water
for which d4-& are identical, Thege are called the “alternate stages. ' At critical
depth, these two stages merge. Forany other such value of H, there are fwo other
depths that are also conjugate (57, p. 76 ) Wateratless than critical depth is flow-
ing at shooting velocities and the channel ususlly becomes a “‘chute.” 1f the depth
is greater then the critical, velocities are streamicg, subject to both the backwater
curve and the drop-down curve. Shooting velocitics are not subject to long baek-
water or drop-down eurves, as ordinarilly considered. They do exist under the
condition of accelerating flow, from critical veloeity at the top of & chute to a rauch
faster veiocity that is the normal far the chute under consideration. Problems
involving cond.tions menticned in this paragraph sre found in the design of spill-
way channels protecting reservoirs and in sieep channels (chutes) Jowering a eanal
from one general elevation to ancther of much less elevation.

Energy slope: The rate of fall of the energy line. 8 =%—

Energy line: Fhe energy grade line. The jocus of Bernoulli’s summation, con-
sidering losses; hence, the Eline. Tt should not be confused with water surface.
For tapered flow the encrgy line is taken as gtraight for the reach being considered.
If the taper is caused by checked water, the depth increases, velocity decreases,
and the E line is slightly coneave upward. If the velocity increases the E line
is slightly convex upward.

Hydraulic roughness: Cause of loss of head in fiowing water; includes influence
of channel surface and alinement, mosses, silts, sands and all the other losses that
g0 %o make hydraulic ronghness different from mere channel surface friction,

Jormal depth: The depth of water at normal flow d, (sce). Theidealized depth
resulting from computations for uniform flow. Somse writers prefer “neutral
depth’ to avold any confusion with #normal’”’ meaning “at right angles to.”  For
flow down steep chutes, depth is measurad normal (at right angles) to the slope
of the ehute rather than vertieally, Only in this connection ean confusion arise
in the use of normal depth as defined above.

Normal flow: Uniferm flow in o uniform channel, satisfying the solution for a
flow formula, such as Kutter's, TUnder this condition, the bed slope, the water
surface, and the energy line are paraliel, Though useful in design, sueh uniform
flow is geldom found in field experiments. Long, straight channels of uniform
shape and uniform surfnce would develop this idealized flow. Tt should not be
taken for granted in any field fests for values of n. Some writers prefer “neutral
Aow'’ {o normal flow.

TRegime flow: Established econdition with no seour and no silting in a canal built
up of the silts conveyed in the water (32, 85, 37.)

Shooting and streaming flows: See Critical depth.

Weighted values: Throughout this bulletin values of local elements, such es
a, r, ete., are weighted in the determination of corresponding mean values, 4, R, ete.
in gccordance with the length of reach eacl local eleinent influences.
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CAPACITY FORMULAS AND ATTENDANT EMPIRICAL DATA

Preceding & description of the methods, equipment, and results of
field observation velsting to the capacity of esnals under various con-
ditions, the formulas used in design of canals from the capacity stand-
point must be shown in order to make clear the various hydraulic
elements entering them and to disclose how the values of these ele-
ments are developed from field messurements.®

Although the conveyance of water in artificial channels was one
of the earliest of engineering achievements, as yet no rational capacity
formula (as substituting for an empirical formula) has been accepted.
Therefore, the value of any recognized formula lies in the amount of
empiricel data, developed by the best of field experiments, that can
be placed at the disposal of the engineer seeking the solution of a
problem of flow. In all the formulas offered in the following pages, all
elements are of assured measurable dimensions with the exception of
the coefficient of roughness. Evsluation of this element, variable
over a wide range, is the goal of experiments such as those listed in
this bulletin.

While seldom attained in canals under operation conditions, uniform,
normal flow must be assumed in design, except in special locations
where variations can be fully anticipated and provided for.

EMPIRICAL EQUATIONS FOR FLOW IN UNIFORM CHANNELS

Current best practice still warrants the use of the Chezy formuls,

viz: V=¢.R&S {1

with the values of ¢ developed from careful field tests, in terms of the
Genguillet-Kutter formula (hereafter referred to as the Kutter
formula) (23),

1.811 0.00281
e 4L66

0.00281\ %
1+(4l.66+ S )JR

All the elements in this formule can be found from simple engineer-
ing dimensions, except the value of ». 1t is the so-called coefficient of
roughness, and was originally developed from 81 series of gagings on
open channels.

Many able hydraulicians of the past decade or two have advocated
the use of the Manning formula as superior to that of Kutter” The
reader desiring to pursue this idea Is referred to the following authori-

°Li is aysumed that the reader is famidiar with the essantisis of the development of the Googuliet-Kutter
formuls in 1869, to evaiuste the element € in the Chozy formuls of 1775, singe [t liad been found that € wes
not & constant as gssumed In the work of Chezy. The complete history of the development of “Kutter's

formisia as it ig called in the United Stales is given by Ganguijlet snd Kotter (23), ond in soms of the mwore
elaborate works on bydraulies. Compsarison with other formules is made by Houk (30) and Gaby {22,

thus: vV

RS @

. BgS.

! Some readers will question the use of the Kntier formula in this revision instead of the Manoiag formaia.
With gil its known fanits, the Kutter formula is still used very generally for the design of canais and similar
eonduits (fumes, nonpressure trnnals and the lke) by orgenizations most farpilinr with hoth formulns, such
asthe U. 8. Burean of Reclumation, most of the organized irrigation districts of the United States, the vari-
ous agencles buliding and operating canals in Indin and Argentins (4}, Pern, ang Chila (36, South Afrfen,
snd Bwitzarland (52, In Daly (55, 64, 68) rocont resenreh work has bean carried on in the terms of Bazln
(17) and Gapguillet-Eutter {commonly reforred to in $his country and in this publication os “Fuitar™,

®ith no mention of Manpning. It hos come to be recognized that the so<eilsd siope term, i. e., 00581

was developed to maks the original Euiter formula conform to the Humphreys and Abbot messarements
on the Mlississippi Itiver, and now thosa messurements of slone are gonorrily diseredited. However, the
slops term has dut sreall infuence, sxeepi in the very fat gradients, say below S=0,6003, which are used
oaly for vary lurgs canals.
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ties: King (33, 34), Horton (36), Lind%uist (38, 39), Leach (36), Houk
(81), Parker (47), Blanchard (2), and Chivvis and Monteith (9).

For comparison the field data in table 1 have been used to develop
Manning’s »’ as well as Kutter’s #.

Manning’s formula ® is

V— i ;’86 120675050 (3}

Other formulas that have been given consideration in both Europe
and, to some extent, in the United States are those of Strickler (61),
Lindquist (38), Matakiewicz (42), and the Bazin forraula of 1807
(34, p- 266). Quite often a problem arises as to the proper equivalent
value of m or %' to use for canals with bottom end sides of entirely
different characteristics but whose individual values of = or »’ are
known. within narrow limits. For instance, the determination of the
equivalent value of #’ to use for a concrete-lined bottom (say, n==
0.014) in a rock cut {(pl. 21, 4) where the sides have been somewhat
improved by the use of shot concrete (say 7===0.025). In 1933 Horton
(28, 29) offered a formula and a graphical method for the solution of
this problem. Lettingn’s and n', represent the values of #’ (Manning)
for the bottom and for the sides respectively, and letting z=the ratio
of the length of one side of the cross section to the width of the bottom,

Fajd F3faN 273
then the equivalent value of n’=(?l-°-—-1—l_—_,?22?—'—) 4

NECESSARY FIELD DATA FOR VALUES OF n

As previously stated, % is the one element not easily and assuredly
determined. in office estimates of canal design, Therefore the field
data must be obtained with a view to solving the equsation in. Kutter’s
formula, the value of » being the desired answer.

For the sake of brevity in computation, in formula (2) let B ——-Ic—f—%
where k is 41.66 and mTifs 0.00281, and let e=1.811, while ('is the Chezy
coefficient, eaual to :/—37—59 then

_ JeJB  1(C—BYp_LC—B\ p
“—\/?6+Z(—‘BO)R A B VE (8)

[P —

+A short diseussion appests warranted Lo show the degree of conformity betwean Kutter's = and Man-
ning'sn'. The use of {dentiesl values af 1 and 7 do not ¥ield the same results over the runge of conditions
{ound in caonls considered in this builetin, For the linad canajs and otbers of mwoderate sizo, with values
of say 7==0.012 to 0.020, practieally Identical results ara obteined, Through this range, too, the desigoer Is
mast likely to assurme the valoe of @ that will actunlly bold in tbe constructed channel. * When the two
formulssersapplied to very large canalsar choannaels of excessiva hydraulicroughness, the divergeuce batwesn,
rosnite js greatest. Likewise, 1 tting npon the Tight value for the
ronghness coefficient. For , 1 1 values of I less than 0.4, and such
chaninels, lined with smoath conerete under excellont conditions, would havef valua ¢f n=>0.013 with a slope
of say 0.00%, Solution for the veloelty, V, by either Eutter ar ‘Manning formula will ¥leld appraximataly
the same results for the samme value ofnand ®'. On the other hand, the great Al-American Caoul, now
(1837} being consiructad to serva Imperinl Vallay in Calffornia, has the tollowing hydraulic properties at
the heard end: Q'=15,165 sacond-feet; £2==10.6; S=0.0000528 snd V=375 for a dosu)m value of Kutter's n=
0.020. 'To obtuin the sama computed value of ng the Meanning formula would have raquirad tho use of
=0.0187. Likewise, for the rock-cut section of § 1s cannl, '—=10,163 second-feet; S=0.000535; R=:14.18;
and 1°—=6.0 feat per secend [or & design yalua af n==0,035 for tha theoretical soction. To obtain the same
vaiue of ¥ by the Manning formula, using the same values for tha otirer hydraulic elements, would requira
that of n'=0.0828, For a comparison of values of # and -4' applicable to & wids range of conditlons, the
reader ja referred to Eing's hydraulic tablea (54, table B2).
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To solve Manning’s n’, transpose formula (3)

w = peegon (6)

For both the Kutter and Manning formulas field determinations
result in known values for the same elements:

1. The mean velocity of the water prism, ¥V

2. The mean hydraulie radius, E.

8. The effective slope {that of the energy gradient), S.

From these elements, the value of n or other coefficient is deter-
mined.

_ None of the elements above is found by single direct ‘measurements
in the field. The field measurements cover the following items:

1. Measurements of a definite length of reach, L. A length of about 1,000 feet
is excellent. For large canals on flat gradients a longer reach is desirable,

2. Careful current meter, weir, or other messurements that will yield the
discharge, . This discharge should hold steadily throughout the field measure-
ments for all elements.

3. Measurements that will yield the cross-sectional area and wet perimeter of
the water prism at the two ends of the reach and as many intermediate locations
as are fensible,

4. The setual or assumed elevation of the water surface at one end of the test
reach and measuremenis to all feasible accuracy of the corresponding elevation
at the other end.

The other field data to be taken in order to make the resulting value
of n fully comprehensible comprise a careful description of the material
forming the containing channel, including such aquatic and larval
growths 25 affect the flow of the water, and the influences of ali struc-
tures in the canal and all changes in alinement throughout the reach
tested. This general description not only should cover the reach
tested, but should also extend upstream and downstream for sufficient
distances to include anything influencing the flow within_the reach.

Temperatures of the air and water may be taken, but it is doubtful
if any deductions may be made as to the direct influence of the various
temperatures on the flow of water in the usual more or less irregular
channel.

SCOPE OF EXPERIMENTS

Tests were made on channels in Arizona, California, Colorado,
Ideho, Louisiana, Montana, Nebraska, Nevada, Oregon, Texas,
Utah, and Washington. These channels ranged in size from small
ditches carrying less than 1 second-foot up to canals carrying more
than 2,600 second-feet. The materials comprise concrete, earth,
rubble masonry, cobblestones, wood, and special combinations. Ve-
locities encountered extended up to about 30 feet per second. From
other sources the author has obtained the data for additional tests,
especially at very high velocities where in his opinion there was not
sufficient evidence in results of his own experiments from which to
draw conclusions.

In several cases it was possible to get data covering several tests on
exactly the same reach of channel, with varying discharges of water,
to indicate the trend in values of # with changes in depth.
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EQUIPMENT AND METHODS EMPLOYED FOR COLLECTING FIELD
DATA #

Linear measurements—These were made with engineer’s tapes 25,
50, or 100 feet long.

Teveling—A. sensitive 18-inch wye level and the best of Phila-
dephia-type rods were used. (Datum can be assumed if not known.)
Sights were equalized and made short enough so that the rod could be
read directly, without use of the targes. Check levels closed the
circuit. Levels were Te-run until it was certain no appreciable error
had been made.

Discharge measurements.—These were usuall made with current
meters. For the measurements recorded in %)enurtment Bulletin
194 (55), the Price cup meter was used exclusively. For measure-
ments made during the past 10 years, the Huropean type with horizontal
axis (Hoff meter) was mostly used. Meters were always rated just
before or just sfter any extended series of tests; however, ratings do
not change materially when 2 meter is handled carefully in measuring

canal flows, this service being much less violent than river gaging.
Usually, but not necessarily, the meter station was one of the section
locations along the length of reach tested. For tests on narrow canals,
footwalks or planks were used. For large canals 8 portable equipment
trunk was devised. This trunk, when hung by sheave wheels from a
cable anchored at the ends by portable steel pins, became a gaging
car (pls. 11, B and 16, B). The gaging car trunk packed with the
testing equipment, was shipped as baggage from place to place, The
cover was without hinges but had duplicate lock-and-clip appliances
on both sides so that it could be lifted off while the trunk was used as
a gaging car.  When in experimental use, the car was suspended from
and traveled on 130 {eet of fine %-inch steel haulage cable.

When it was necessary to make a current-eter measurernent of dis-
charge in o, canal where grass or moss might clog the meter and make
the measurement inaccurate, or where the bottorn was slightly uneven,
the sides and bottom were neatly trimmed by means of a sharp short-
handler] hoe.

The steps taken in obtaining the field data and malking the office
computations, in most of the experiments made by the engineers of
the Bureau of Agricultural Engineering, may be outlined as follows:

IN THE FIELD

1. Arrange for a steady flow of water in the canal throughout the
test and, if possible, have that flow undisturbed over night or longer,
so that a Tegimen of flow has become established before the test
experiments are begun.

9 Select the reach to be tested, L. This need not be straight, but
should be typical of a definite category and long enough to develop &
definite {all. Most canals have an appreciable amount of curvature,
so it is desirable to include moderate curvature in the test reach.
Often the test reach can be selected near the gaging statior used for
routine measurements of the canal flow. That station may even be
the upper or lower end of the reach; often, however, such a station has
special size and shape and should not be included in the test reach.

3. Start the hydrographer on the measurement of the discharge,

' For the sako of brovily delail deseriptions given in Department Bullatin 104 (55) are gmilied herc
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¢, by the best method available (55, p. 12). This is nsually a direct-
field measurement by current meter or otherwise. The elaborate
meter gagings from which data in this bulletin were developed took
from 3 to 5 hours. The meter was held at enough points in each
“yartical’” to develop the vertical velocity curves. The width of the
canal was divided into 10 to 20 verticals—more than usual, Most of
the gagings were thus based on velocities at from 50 to 125 or more
points 1n the cross section. Check measurements were usually made
by the integration method. The discharge gaging was made while
the other data were being developed by the rest of the field party.

4, Carefully chain the length of the test reach, L, leaving the pins
or stakes for use in the subsequent operations.

5. Choose as many cross-section locations as are feasible. On &
reach, say 1,000 feet long, the locations at the ends of the reach are
important and should certainly be taken. Others desirable are the
midpeint and quartering poinis. To develop the procedure, assume
these five locations are chosen and number them (. e., locations 1, 2,
3, 4, 5). For all weighting, equidistent locations have a multiplier
of 1.0 for each of the two ends and of 2.0 for the intermediste locations.

6. For ench location take measurements that can be developed into
cross-sectional shape, aren, and wet perimeter of the water prism,
¢, dg, etc., and p,, D, ete,

7. By most careful use of the level and rod determine the relative
elevations of the water surface at the two ends of the reach at lenst,
Z, and Z,. In the experiments conducted by the author these ends
were usually marked by nail heads flush with the water surface and
set, with a hoolk-gage device used in 2 stilling well. These nails could
be used directly as points for the level rod. The stilling well was a
simple tin box about 3 inches in diameter with a small hole in the
bottom permitting it to extend below the nail. Water would rise in
this box, through the hole, in such a quiet condition that the nail
could be driven with the hook-gage deviee to all the accuracy required.
In concrete-lined canals the nails could be driven vertically in eracks
usually found at expansion joints. If the lining was without cracks,
a small hole was made with a steel punch and the nail set with the
stilling box and hook deviee as before described,

Sometimes the leveling was done between well-set stakes near the
edge of the water at the ends of the reach, and by secondary measure-
ments with 2 hook gage the relationship between the stale-bench
mark and the water surface was determined. This process (or its
equivalent) is best where a series of tests is to be made, perhaps over
& long period. The leveling should be as nearly precise as possible,
espectally on large canals of gentle slope where a few thousandths of a
foot become a large percentage of the friction loss. Krroneous em-
pirieal values of » can generzally be traced to false values or interpreta-

tion of &
IN THE OFFICE

1. From the current-meter notes, depth-velocity curves for the
various verticals are platted and, by planimeter, the mean velocity in
each vertical is determined from the resulting vertical velocity curve,
This velocity is multiplied by the area of the verueal strip to which
it applies, to determine the local quantities of flow in each strip; and
the integrated value of the local flows determines @, the total discharge
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in the canal. The cross sections for each location are now platted on
fairly large scale. For uneven sections the areas e, @, etc., ma be
planimetered while for lined canals they may be computed and, for a
weighted value,

4202020+ 0 Q)
8

The wetted perimeters, p,, Pz, etc., may be determined by compu-
tations or by stepping sround the perimeter with dividers. Local

values of the hydraulic radius are next determined as r1=-a—1, etc.
The weighted average value then appears from the simple formula

R_T1+2?‘2+2§'3+23"4+7'5 (8)

with Q as determined for the discharge and A as found by formula
(7) the mean velocity throughout the length of reach tested becomes

€
V= A ®

2. If the areas at the ends of the reach should happen to be nearly
alike, the difference in elevation of the water surface Z,—Z; can be

taken as the friction loss h,, and the slope S=%- In this case S

would be equivalent to the slope of the water surface. It is believed
that 2ll the original experiments of Kutter and many since then have
been based on the assumption that 8 is the slope of the water surface,
without determining whether the areas (and hence the velocities) at
the ends of the reach were alike. Commonly they are not. This is
true for flat slopes and gentle velocities as weﬂ as for steep slopes and
high velocities, because o difference in velocity heads, ot the ends of
the reach, of but a few hundredths of a foot may be a large percentage
of the fall in the water surface and this difference enters the deter-
mir;a,tion of the friction loss b, equally with an equivalent fall in the -
surface.

Assuming the areas and hence the velocities at the ends of the

reach are not alike, then, for example, the local velocity n=y’ and
T

2
the velocity head hl:%’ The energy line at location 1 becomes

E,=2Z,+h, and at location 5 becomes E;=Z;+h;. The friction loss
hy=E,—E; over the length of reach, L. Therefore, the energy slope

3}_% EIEES_,_____, (% k) E (Zs+hs) (10)

When the greas at the ends of the reach are reasonably alike there
has been no material net change in the investment in velocity head,
regardless of minor fluctuations within the reach tested, as evidenced
by slightly varying areas in intermediate stations.
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From the office platting and computations, B, V, and S have now
been determined. These can be substituted in formulas 5 and 6 to
solvefor n and »'.

NORMAL FLOW AND DEPARTURES THEREFROM

Every conveyance canal is designed with certain sssumptions of
the four elements 8, V, E, and n, looking toward the various com-
binations of ¥V and A that will multipl to%:‘at-her to give the desired
design quantity of fow or discharge, QEZ . The adopted water prism
indicates normal design flow and assumes a uniform flow in a uniform
channel between changes in shape or hydraulic elements of the water
prism. When the canal is finished, if t{e assumed value of n and the
initial value of n should be exactly alike, the actual normal flow
coincides with the design normal. However, this is seldom the case
and the water prism at whatever depth in uniform flow, if it actually
develops, i3 in normal flow. In practice, actual flow is seldom uniform
over an appreciable reach of canal.  Water in a canal is nearly always
being either accelerated or retarded within & range of velocities that
is sometimes unbelievable. This is evidenced by the fact that nearly
all test observations show & difference in the size of the areas of cross
section throughout any reach of canal. When velocities are increas-
ing, part of the total energy available at the beginning of the reach
hes been utilized in the increase in velocity head required at the lower
end of the reach over that for the upper end. Conversely, when the
velocities are retarded the change in velocity head has been negative
and the difference in the necessary velocity heads has been added to
t}w fall of the water surface to make the total fall used in the friction
slope.

%he deduction from this continual change in average velocity is
that the slope of the water surface is not the whole measure of the
friction slope and the slope of the erergy line must be used. The
energy line is located above the water sgrface by the amount of the

velocity head, usually assumed ag l.Og—g; whereas recent studies of

2
the velocity contours within canal sections indicate that l.l-g-é more

truly expresses the summation of the velocity heads for the various
elements of flow across the water prism. There is no uniformity to
the coefficient 1.1, but it is more nearly correct than 1.0 and some
computations of carefully explored sections indicate values as high
as 1.35, or more.

The term *‘normal flow™ naturally suggests the use of normal veloe-
ity, V; normal slope, 8; etc., for the various hydraulic elements setis-
fied when uniform normeal flow exists. The question naturally arises,
Why is uniform flow not attained ss a rule? “Such flow would be the
rule in the uniform channel regardless of the efficiency of the channel,
but this uniformity must extend to uniformity of alinement and of all
other attendant conditions. The presence in most canals of tangents
and curves in alinement; of various constrictions at checks, drops,
bridges, and other structures; of changes in channel materials, such
&s earth sections changing to concrete-lined sections, or from one type
of cenal through e flume or siphon pipe and then back to open sec-
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tion again—all tend toward departures from the normal and must be
looked for as certainties in canal operation.

DETERMINATION OF ENERGY SLOPE, 5

In order to bring out the difference between surface slope and
energy slope (62) in the determination of n, a concrete example is

ven:

Test No. 260 was made on the Salt River Valley Canal, in Arizona.
The various items of the data were as follows:
Length of reach_ .. ____. faet._ 900. O

Discharge, @, as found by current meter. _second-feet. 131. 3
Elements at station Q.

Assumed clevation of water surface, Za.. . feet__ 90. 000

Aresa, @y ____________________ square fest__  38. 61

Veloeity to=0Qf 0 acee e __ feet persecond._. 3. 40

Veloeity head, by=v%/2¢ e . 180
Elevation of energy line By=Z,+ hg_o .o - feet__ 90. 180

Elements at station 9:
Fall in water surface between station 0 and 9

foot__ . 681
Elevation of water surface, Z,=90.000—0.681____ 89. 319
Arem, @y __________________.__._ aguare feet__ 43. 35
Velocity to=CQfas.________.___ feet per second.. 3. 03
Velocity head, ho=v3/2¢g_________________ foot. . . 143
Elevation of energy line Ey=Z¢-+ Ay . feet__ 88, 462

Friction loss, befwecen stations Gand 9, hy=F,—Fy____ . 718
Energy gradient, or slope S= hy/L=>0.718/000=0.000798.

Burface slope (Z,— Z,)/900=0.631/900=0.000757.

Constructed, or *design’ slope, probably .0008.

The energy slope is more likely to approximate the bed or design
slope than is the slope of the water surface. In the example, the value
of n computed for the energy slope was 0.0222, while if computed for
the slope of the water surface this value was 0.0217, The difference is
academic rather than practical for low velocities but for lined eanals
and flumes, where higher velocities are the rule, it is material and
should not be disregarded. :

DETERMINING THE PROGRESSIVE YALUES OF n IN THE SAME
LOCATION

Sometimes progressive values of maximum carrying capacity of a
chennel are desirable. These are generally determined in terms of
Kutter's n. If the value of n is determined by experiment when the
channel is new and clean, then a par value can be computed. Sub-
sequent tests will disclose the progressive relationship to that parvalue;
then, if the capacity is being reduced, various improvement steps can
be tried and the net ¢ffect of ench step determined by observations on
one or more test reaches used for all observations. Usually thereis a
marked difference in the bottom and sides of a channel, especially in
the older concrete linings. From periodic tests at various depths of
channel, the relative effect of sides and bottom can be definitely
determined. Periodic tests, taken over a typical reach and separated
only & few days, give an excellent curve of seasonal change in the values
of % or in the releted maximum ecarrying capacity. This change in
capacity can be pictured on a time-quantity diagram. A second curve
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of the seasonal demand or the seasonal supply—whichever controls—
will indicate the extent of change necessary in the seasonal capacity.
For systems without reservoir storage, seasonal reduction in capacity
may not be working hardship, if the available capacity will satisfy the
reduced seasonal supply.

The results of periodic tests and the methods used are well exem-
plified in the improvement of the Los Angeles aqueduct from Owens
River, serving Los Angeles with domestic, power and irrigation water,
This conduit reaches from Owens Valley to San Fernando Reservoirs,
a distance of some 230 miles. Tt is constructed largely in concrete
sections of trapezoidal or rectangular shape, interspersed with many
long inverted siphon pipes of eoncrete and riveted steel and with
conerete-lined tunnels. Finished in 1913 the entire aqueduct cost
about $25,000,000 (41, p. 271); the design hydraulic elements of say
the Mpjave division canal sections were: Capaeity, =431 second-
feet; V=4.59, 8=0.00035, and n=0.014. Several years ago it was
decided to bring in additional water from Mono Lalke by way of Owens
Valley, and the city authorities were confronted with the problem of
how to do it. The obvious alternatives were to build a second aque-
duct, parallel to the first, or to increase the capacity of the first to
accommodate the mew water. Preliminary observations disclosed
that the old aqueduct had deteriorated, in places, so that its capacity
had declined to about 400 second-feet. The actual initial capacity—
called the par value elsewhere in this bullefin—had not been deter-
mined by test. Lt was several years after completion of the aqueduct
that its full capacity was required, and by that time some deterioration
had taken place, prineipally on the bed of the conduit.

Periodic tests, elaborately carried ouf, resulted in the decision to
secire & maximum capacity of 500 second-feet by increasing the
capacity of the existing aqueduct. Paradoxically, this was attained by
making the channel smaller; that is, an exceptionally smooth lining
was laid on the floor of the old conerete (pl. 3, B).

Detailed elements of the periodic tests, both before and after im-
provement of the lining are given in table 1, Nos. 18 10 32. Itisto be
noted that the increase in capacity was not theorctical, approxi-
mately 500 second-feet of water being actually run in the aqueduct.
Thus ap increase in capacity of aboul 25 percent was secured at a
capital cost of some $320,000, which was only 1.4 percent of the eapital
cost of the original condwit. This bold undertaking was so completely
an appreciation of the value of Kutter’s » in the determination
of capacity that the methods used in the observations are worth
describing.

Proetor * discloses the results of the tests leading to the improve-
ment of the aqueduct. In 1927 field parties under his direction regu-
lated o steady flow of 388 second-feet into the agueduct at Haiwee
Reservoir. This was determined by both Venturi meter and current
meter observations, which agreed with each other to within 0.56 per-
cent. Similar gagings were made at the varlous curreat-meter
stations down fhe aqueduct, and the loss of water in the varlous
reaches was determined. In later computations this loss was prorated
between meter stations. The meter measurements were all inter-
preted through the vertical velocily curves. For the length of the

1t R. ®. PRONTOR, field enginesr, Burenu of Water Works nod Bupply, Clty of Los Aogeles.  Topublisherd

raport. The coostruction wos under the direction of 1. E. Phillips, engioesr {n charge of Owons River
aqueduct division,
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aqueduct, measurements down to the water surface were made from
reference points established on manholes or on the edges of holes cu$b
in the concrete cover of the agueduct. The location of the water
surface, was taken as the mean between crest and valley of waves in
minute-long observations.

Curves for velues of Kutter’s n between 0.010 and 0.015 were
drafted for each cross section. These were the d, § curves similar to
those shown in figure 1. From these, preliminary figures showing the
approximate value of # (assuming uniform flow) and the maximum
capacity were determined for each cross section. This procedure aiso
disclosed the bottlenecks where capacity was & minimum and where
improvements were to be concentrated. In February 1928, water was
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turned out of the aqueduct and the inside surface classified in terms of
apparent roughness. Cross-sectional mesasurements were made at
each observation point and the energy gradient was computed from
point to point. Drop-down curves were encountered in rough reaches
followed by smooth ones, and backwater curves in smooth reaches
followed by rough ones. Such nonuniform flow was computed for the
energy gradients from point to point.

The Freemen division, some 20 miles in length, was found in excel-
lent condition. This division rated the desired extra capacity with
but little rehabilitation work. Items Nos. 18 to 24 in table 1 show the
values of Kutter's n after this division of the conduit had been in
service about 15 years without special treatment of the intexior.
On the other hand, items Nos. 25 to 32 show similar results for the

Mojave division, some 28 miles long, both before repair work and
afterward.
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In the preliminary study of the aqueduct it was noticeable that the
concrete on the bottom had eroded badly in places and in others
hardly at-all. In fact, much of the difference in capacity, in various
reaches, was due to this difference in bottom conditions, and these con-
ditions were traceable to the hardness of the original concrete. Proc-
sor then developed a test procedure. In essentials, & phonograph
needle was dulled at the point until about one sixty-fourth of an inch
across. This needle was then loaded with 1-, 2-, 3-, 4-, and 5-pound
weights. It was found that a satisfactory hardness was achieved
when the 4-pound weight was the least that would develop a clean-
cut scrateh on the concrete, sgainst & straightedge laid on t.}IJ)e bottom
of the aqueduct {pl. 3, B).

Irn. the rehsbilitation work, approximately a l-to-2 mixture of
cement and sand less than one-eighth of an inch in maximum dimension,
was used. Over the bottom was placed & mix as dry as would spread
uniformly, screeded to o minimum thickness of three-eighths of an
inch. A bond with the old concrete was secured by thoroughly
brushing a 1-to-1 mixture of cement and sand over the cleaned surface
just before the mortar was placed. The mortar was allowed to stand
until just before the initial set, excess water being absorbed by the
addition of & dry mixture of 1 part sand to 1 of cement. The surface
was smoothed, and the drier thoroughly spread with a wooden float.
The surface was then finished with 8 steel trowel after the mortarhad
started to set, the troweling being delayed as long as possible. It was
essential to deposit the mortar st the same rate at which the steel
troweling could progress; the trowel work had to be done at the latest
possible time so that the operation would not bring water from the
mortar to its surface, thus cansing & soft wearing surface. This
process of finishing by the use of surface drier results in crazing of the
surface where the mortar is subject to extreme drying, but none of this
took place within the conduit as it remained moist even during periods
of shut-down of 2 weeks or more.

EXAMPLE FCR PERIODIC METHOD

For determining the value of n or for the general purpose of observa-
tion of progressive capacity of a canal the following outline is given:

Figure 1 shows some of the characteristic curves (57} for the canal
section of the new Colorado River aqueduct, conveying water for
municipal and irrigation use of the member cities of the Metropolitan
Water District of Southern Celifornia. This is a concrete-lined canal,
20 feet wide onr the bottom with side slopes of 1% to 1, and design
elements as follows: With Manning’s n’=0.014, then V=4.45 for a
depth of 10.2 and §=0.00015, and @'=1,605. Vith Kutter’s formula
at n=0.014, the value of @' would be 1,576 second-feet. The diagram
is based on Kutter but Manning is quite close, through the range con-
sidered. There will be no expansion joints in the lining, Periodic
determination of the values of n or of other information concernin
this portion of the aqueduct can be quickly made from this set 0%
curves,

Note that the point A’ gives design elements by Manning’s formuls
on the curves 2nd A by Kutter's formula. Suppose the velue of »
shortly after the aqueduct is put in commission should be much lower
then the design fizure. On & chennel of this importance, discharges




16 TECHNICAL EVULLETIN¥ 652, U, §. DEPT. OF AGRICULTURE

will be measured as a matter of routine. Suppose the design-Q” of
1,605 second-feet could be run in the canal and found, in long typical
reaches, to be but 9.2 {eet deep, then the curves (point B) show that
the value of n=0.011+ has been actually attained. This query then
presents itsel{: If the value of n=0.011 holds, what is the maximum
copacity of the aqueduct? The point @ indieates that nearly 2,000
second-Teet could be run in this portion of the aqueduct. IFf the con-
dition of the aqueduct as a conveyor of water should agnin be checked,
sy after 10 years of use, and a flow (discharge} of 1,300 sccond-fect
should be found consistently to cccupy a depth of 9.2 {feet (point ),
then it would appear that the agueduct had gradually reached « con-
dition equivalent to that assumed in design and that the value of
n=0.014 holds. If, in say another 10 years, the same flow of 1,300
second-fect occupies a depth of 9.55 (point K} rather con<istently,
then the agueduct has depreciated beyond the conditions assumed in
design and the value of n=0.015 has been reached. Suppase that by
this time 1t is decided a sustained capacity flow of 1,700 second-feet
is desirable; then point F shows that the canal surface and hydraulic
roughness must be improved until n=about 0.013.

Any important canal should be tested to see whether critical depth
may be imminent for any condition linble to come to the channel.
Critical depth is usually associated with fairly high velocities. For
an;' shape of channel with continuous functions of 4, £, R, elc., the
velocity head for critical velority for any depth is given by the
formula:

b=y 1)

and V, =3¢k, (12)

For the metropolitan aqueduct section under consideration the V, ¢
curves for various values of n are given, and it is noted that these
curves are quile distant from the curve V,, d. In other words, values
of V. are so high that no condition of this aqueduct can be imagined
that would yier such velocities.

ELEMENTS OF FIELD TESTS TO DETERMINE ROUGHNESS
COEFFICIENTS

In table 1 are shown the hydraulic elements of the empirical data,
followed by text matter giving brief descriptions of the general con-
ditions at the canals tested. In both table and descriptions the
experiments are usually arranged in groups according to the material
of the containing channel, while the order within each group follows
an ascending value of n.  Where several tests were made on the sume
cannl with the same or various discharges of water, tests on that
particular canal are not separated.

EXPLANATORY NOTES FOIt TABLE !

Column 1 gives the consecutive numbers, which refer to the order followed in
the diseussions in the following pages.

Column 2 shows the authority and his experiment nmumber where such was
earried. Tle initials referring o members of the stafl of the Bureau of Agricul-
tural Engineering at the time the experiments were made, are as follows: FC8
refers to the author, Fred C. Scobey, senior irrigation engineer, in charge of
experiments on the flow of water in conduits. At various times he was assisted
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by E. C. Fortier, P. A. Ewing, F. G. Harden, A. 8. Moore, R. H. Wilken, and
others. DHB refers to the late Don {i. Bark, then in charge of work in Idaho.
BYF refers to the late Burton P, Fleming. WBG refers to W. B. Gregory, then
head of the department of experimental engineering, Tulane TUniversity, La.
STH refers to Sidney T. Harding, then brrigation enginecr in charge of work in
Montana. VMO refers to V. M. Cone, then in charge of work in Colorado. it
SF refers to the late Samuel Fortier, then Chief of the Division of Irrigation, for
citations to experiments he had made some years heforc (18, 79). IFCS+AK
tefers to experiments made, in informal coo eration, by the asuthor and Arthur
Kidder, then engineer for the Pacific Gas & Electrie Co.

For experiments by engineers in other ageneies, the following symbols are used:
BR refers to the United States Burezu of Reelamation. When the reference is
followed by initials the engineer repurting the data has been identified: thus D
refers to A. L, Darr, F ta ‘i. L. Foster, L tg E. W, Lane, M to .}, 8. Moaore, and
8 to W. G. Bteward. JBL refers to J. B, Lippineott, eonsulting engineer, Los
Angeles, Calif. (40). REDB refers to R, E. Ballester, direetor of irrigation works
on the Rio Negro, Argentina (f). CCW refers to C. (. Williatus, then professor
of civil engineering at University of Colorada (¢9). BCC refers to Braden
Copper Co., of Chile, reported in correspondence with the writer by A, J. Noerager.
See also plate 21, B.

JI% refers to T, Lppler, of Switzerland (62). ES refers to Ettore Seimemi, of
Padus, Ttaly (53, 54), MY refers to Marco Visentini, of Parma, Ttaly (68). RRP
refers to R. R. Proctor, ficld cngineer, Department of Water and Power, Los
Angeles, Calif.

Column 5 refers to the general shape of the canal cross scetion, also referred to
in figure 2. These data, considered in connection with columns 7 tu 9, inclusive,
give an idea of the water seetion.

Culumn 12 refers to the method of measuring or otherwise determining the dis-
charge at the time of test, €. In detail; M refers to current meter, I signifies that
the integration method was used, VC signifies that the mean veloeity was obtained
by meuns of the multiple-point method interpreted through vertical veloeity
curves, —2+8 signifies the mean of the veloeitics obtained at 0.2 and 0.8 depthy
in each vertical was accepted as the mean of the verticul, —6 signifies that the
velocity obtained at 0.6 of the depth below the surface was accepted as the mean
for the vertical. Extensive experiments indieate the discharge computed this
way isabout 5 pereent too high for measurements in artificial channels,

RC signifies the discharge was taken from o rating curve. If the test rench
was too far from the gaging station usually an appropriate correction has been
made for seepage losses between it and the gacing station. W refers to a weir
measurement,, under standard conditions.  C after the W signifies thab a Cipolletti
weir was used.  Vent. refers to a Venturi meter in o pi pe line.

Column 19 shows the various wind conditions; C, signifies ealm; U, upstream;
D, downstream; and A, across. Where of sufficient iinportance to affect results
seriously, additional information is given in the text.

'The other columus are self-explanatory.

It About the same e Department Bullotin 194 {35} appeared, o siujlar paper was piblished by Lhe
Colorads Station (10). ‘Tests prafixed by VALO avo exvarpied from that publication,

SHGT—n—2
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FrovRe 2—Typieal shapes of channels used in ¢lassifylng dats ip column 5, table 1.




TasLE 1.—Elements of experiments determining the coefficient of flow in Chezy's formula and the coefficients of roughness in the Kutler and
Manning formulas

CONCRETE LININGS: POURED OR HAND-LAID CONCRETE

Coeflicients

sur-

mean

water

ond, Q
‘Wind condition

Name and descriptioh of canal

Reference No.
Authority and his
experiment No.

Yesr of test
Shape of channel
Approximate
face width, T
Approximate mean
depth
Area of water see-
tion, A
Mean velocity per
second, V'
ation method
radius, B
1,000 feet, 1,000 S
Temperature

Discharge determin-
Eunergy slope per

Discharge per sec-

Hydraulic

)
o
@
—
i~y
oy
©

I

STVNVD NI YdILVM d0 M0TL

Square
feet Feel
70.7 [ 4. 3 N 10.2371 0.0110 {0.0100

60.6 | 3. . / . L0121

5

Q

Ridenbaugh canal, Idako. New, very
smoath.

Same, tangent, smooth..._o_.. ..o ...

Same, tangent and curves. - See No. 5..

Same, tangent and 1 slight curve

-
SES
e e

o b3
OO NC ISt

Same, property of Nampa Meridian irri-
gationdistrict. Very smooth, troweled,
BR-8-19..__ Tests §-19 to S-22 on short selected
BR-8-20....|} to sections neqrly free from gravel. Tests
BR-8-21.... 8-15t0 18 and 23-24, some gravel.  Test
BR-8-22.... 8-25 on reach fairly free from gravel but
BR-8-23.... with several short curves.
BR-8-24....
BR-8-25....

58

1
2
3
4
b
]
7
8
9

b3
Mo

[s]elelelslelolololalololnle]

700.0
700. 0

31.742.0

[=:3
0 10 10 b s e €0 1O D €0 50 B2 DO &

100 S5 b 3 D T o e 2 00 Ga3 o
S @I WS Griden

Los Angeles squeduct, Freeman divi
sion, Tests on this division of covered 31,742 0
conduit after 18 years service and with- 317420
out special repairs gave certain assur- 31,742, 0
ance that other divisions could be im- 31 742.0
Broved to meet value of n=0.0125, 317420

ide walls showed smooth troweled 317420
surface, bottom a good fioat finish. U

! Indicates tests where the surface slope was developed and used in the computations. ? For Steward tests.

M-vVC..
M-vVC..
M~VC._.
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TaBLE l.-—Elements of experiments determining the coefi

CONCRETE LINING: POURED OR HAND-LAID CONCRETE—Continued

cient of

flow in Chezy's formula and the coefficients of roughness in the Kuiter end
Manning formulas—Continued .

Reference No.

3 S _ ’g éi-; g g g VQ, 'g»s g ga, Coefficients e
[+
94 g =g I IS IV N e 52 |Ba| a8 £
8. g ad |ag | = |8 | B | 3% ~1 5= ® |38
g B 2] B9 |88 |88 8% |23< - <8 led| R = |28
2E -] Name and description of canal S g | B8 (B3| L& |¥8( 82 85 |35 g | 0 ® g 12§
EH E o] =8 |¥g |®°|®=|_8) 8° | 88 |zeiks | = | 51 F &
g8 5 &1 % |BE|E |z |E7| 3 25 (s |88 f 5| 8|8
S = P4 > + = ¥
< > Gl 3 2 j< |4 |2 a a H | &7 [ © Y] 5 &
1 3 4 & 8 7 8 ] 10 1 12 13 14 15 16 17 18
F Cf“bzic Feet : °F
vet ce Feel ee "\
LS emuEeles pauednct, Mojavo division. 1900| 3820 M-vo..|3.26] .8593 | 3.2 | o126 | L0127 |....
Tests 28-32 after placing very smoazh' 4.90 403.0 | M-VC__13.30{ .3618 [ 141.8 .0i28 | ,0128 |____
concrete lining on old bed bringing this 5 gg ﬁg g %2{7’8" 3 ";g gggg ﬁg g 8{% 8{% -
division up tothe par capacity accepted 87 313' o M-vE |3 0 : 3548 1493 . o118 | Jo1z0|12"
for Freemsn division above. The ex- 48 3730 | M-VOLS 3'0 cuest | 182 | Jonas | Joi1s |00
cellent values of m-assured for a long g ~v0..13.384 .85 e . -
time by Toaking an oxcessively hard 55| 473.0 [ M-VCIl| 3i30 | .8551| 1699 | .0114 | 0114 |22
concrete lining. 57 493.0 | M-VQ_.| 3.30 | .3551| 160.5 .0113 | .0114 |....
Hidalgo and cgameron County, water 78 6.49) M-L..._ | .87 ) .309 ) 108.5].0133 | .0133 | 83

control and improvement district No.9
Umatilla project, smooth:
Same, on tangent. -
Same, sinuous al
Same, CUIVe. . cooovoecocean-n
Klamath project, Oreg. O canal
S8ame, South Branch (C) canal..
North Side Twin Falls main can
Garldsbnd project, N. Mex.

Boise project, Idaho. Main. Straight.
Reach roughly troweled. Consider-
able rock and stone in bed. Tests 46
to 52 inclusive, on section 2. Canal
lining designed with n=0.015.

QaAQAQACACQAEFAARNMKRA Q brrrbpip

=

&
X}

gE238228:

cCooCcoocoNMOo

FRBZBIRNN!
PRNOARNOOXWELD

PRI WM MG NNN o oS Oy
Dw ow [+ -X- =] en
RRIYURBREVEEZRR=2REER

Wind condition

—
-

I

HUALTAOINOV J0 “IJdd *S A ‘3¢9 NITTTING TVOINEOHL 0%

[=Nelolelololololel




BR-S-12____
BR-8-13_. .

BR-F-14._..
BR-F-15.
VMC

BR-M-17...
BR-M-~I8._.

FOS-AK-Al
FOCS-AX-Al
FC&8-AK-A2
FOS-AK-A2
FCS-AK-A3
FCS-AK-A3

FCB-AK-AS

Same canal, another reach. . Much gravel
on lined bed for test 53. Very little
gravel on bed during tests 54 to 57, in-
clusive.

Same canal, another reach, on section 4
with mueh smoother concrete.

\\’R_terocontrol and improvement district
0

King Hill project, Idaho.  Rough, curves
Sanderfer, Calif.  Tangent, smooth._ .
Uncompahgre project, Colo.

Same, below 7 drops.

Same, mile post 6...

Same, below tunnel

Same

Santa Ana, Calil., sand -

‘Yakima project, Wash. Mauabton Canal._

Same, This series of ohservations was
made on the same reach of canal be-
tween Apr, 1 (for Mr. Moore’s test 1)
and Oct. 13, 1916 (for his test 18). The
reachcontainstcurves varying indegree
from 23° to 75° and having a totallength
of 441.3 feet. The water surface eleva-
tions were derived from hook-gage read-
ings. Thegages were Installed in verti-
cal concrete wells, cast in the canal bank
and connected with the flowing prism
by @ horizontal pipe. The current
meter gaging of discharge was made at
theupperendof thereach. Tests3to6
inclusive were made while there were
slight obstructions on the canal bed, due
to gravelrolling in from the hiliside.

‘The increase in 7 is clearly shown.

Orlnéxd project, Calif. Lateral No. 12___.

o
Colton, Calif. Tange

South Cottonwood Wur(-i-,'ﬁt_ﬂﬁrnéﬁh}i: B

Modesto main, Calil.___....__._....

Santa Ana main, sandy bed. Deposit..._

South canal, Pacific Gas & Electric Co.
Calif, Series to determine values of n
for canal with very. sharp hends,
Reaches in section A follow each other.
Likewise in sections B and C, Reach
Al, average curvature, 76 feet radius.
Reach A2, radius 450 feet, A3 radius 175
feet, A4 radius 1,100 feet, A5radius 112
feet, A6 radius 1,100 feet, A7 radius 96
feet, A8 radjus 500 feet, B 1radius78 feet,
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TasLe 1.—Elements of experiments determining the coefficient of flow in Chezy's formula and the coefficients of roughness in the Kutter and
Manning formulas—Continued

CONCRETE LININGS: POURED OR HAND-LAID CONCRETE—Continued

of

Coeflicients

sur-

mean

Name and description of canal

experiment No.
face width, T
second, V'
ond, @
ation method
radios, R
Energy slope per
1,000 feet, 1,000 &
Temperature
‘Wind condition

Area of water sec-
tion, «1
Mean velocily per
Discharge per sec-
Discharge determin-

Reference No.
Authority and_his
Year of test
Shape of channel
Approximate
Approximate mean
depth
Hydraulic

~N
3
en
-
-
Xy
oy
©

Sr}uarc

eet

FCS-AK-AS B2 radius 82 feet, C1 radius 177 feot, 02 3 ] 05,9
radius 500 feet, D radius 86 feet. Sece-
tions A and B bed width 614 feet, with
side slopes 1:1 sections C and D, bed
width 4 fect 10 inches. - Scction G had
accumulations sand and gravel with few
cobbles large as one’s head. Also con-
crete rouigher than in sections A and B.
For all of the sharp bends on this eanal,
the high velocities in forward
direction were on the inside of
curves. Water surface depressed on in-
side of curves, elevated on outside, but
energy line throughout sections A, B, O
and D rumarknblg straight withouf
local dips opposite bends, showing cur-
vature effect distributed through reach.

Cnn(liuzzoni Canal, Italy

o -

Los Nietos, Calif. Deposit sand...

Arroyo ditch, Calif. Tangeat, moss.

North canal, Oreg. Rough, tangent.

8ame, tangent and curve

Same, tangent.

Same, tangent and curve..-

Same, tangent

Same, tangent and curve... -

Upper, Riverside, Calif. - Two curves

Smal] ditch. cement washed
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FO8-75.....
FOs-11

Lower, Riverside Water Co., Rough. B 699.0
‘Upper, Riverside, Calif. See129. Sandy.] B 320.6

11.0

1.1
12,9 1 2,07 26.72

4| 12.57| 1.88 23.64] M-VC. 63.8 [ .0221 ] ,0235
179 47.83] M-I.. . 64.4 ] .0231 | .0250

73
71

SHOT-CONCRETE (GUNITE)

LININGS WITH EXCEPTIONS NOTED

FCS-80%5...
FCS-95

Rossow, near Mission, Tex
East.main, near Edinburgh, T

Main, near Progresso, Tex...._
Ervine Ranch canal, Calif. Best reach
Same canal, surface rough and uneve

2939

1 6D de ) i OO
'"pocgc
SEEWSs

- do.

Main, near Weslaco, Tex

Canalg di S. Croce, from Piave River.__.
[Same. in Italy. 1 curve of 100. meter

3
oo COOooOm

QAR

=

radius. Built 1820. Sides left as shot.
Bed smoothied but covered in places
with sand and gravel. Values verily
usetor n=0.017-for untreated shot-con-
crete.

o]

{Snme, farther downstream, much less
t.

gradien 1,448,0

--do )
Very smooth concrete

Same, ‘‘cement’’ lined by hand_......__.,
Reach follows Nos. 152~3-4 above.

0.0122 0. 0122
.0137 | . 0137
L0144 | . 014
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Same, rough, poured concrete, - follows
Nos. 155-6-7 above. Side slopes 1:1
top to mid-depth, then 2:1 to bottom.

Same (earth cut), follows Nos. 161-162-163
above. Side slopes 2:1. Bed rounded.

Lateral N, nesr MeAllen, Tex ... ...._..

Same, broomed ‘“‘gunite’ .

Lower, Lindsay-Strathmore irrigatio
district.

‘West, near Harlingen, Tex
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TaBLe 1.—Elemenls of experiments determining the coefficient of flow in Chezy’s formula and the coefficients of roughness in the Kuiter and
Manning formulas—Continued

EARTH CANALS

of

Coefficients

Sur-

water
Wind condition

Name and description of eanal

Reference No.
Authority and_his
experiment No.

Year of test
Shape of channel
Approximate
face width, T
Approximate mean
depth
Ares of water see-
tion, A4
Mean velocity per
second, V'
Discharge per sce-
ond, Q
Discharge determin-
ation method
Energy slope per
1,000 feet, 1,000 S
Kutter, n
Manning, n t
Tempersiure

N
L)
©
[~y
@
-
3

Square

Interstate, cemented ¢lay._ .. . coomoeoin--. 207. 5
G canal, Minidoka project, Idah s .
}Ssme, section regular, in black loam with

some weeds on side.

Samereach. Items for Nos. 172 to 189 in~
clusive from Bureau Reclamation data
card 3.

3 }Same, section regular, in very slick vol-
canic ash, no weeds.

Same reach

Same project B-1canal. Sand, some clay.

Same project B canal. Regular, sand....

Same reach, regular, sand._ .. ._____ ol

Samae project A-1 canal. Very heavy moss.

Snm&s reach, sand and moss.

oL
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Same project O canal. Regular, no weeds
Same project J canial. Not regular
Same canal, more regular
Same project Main canal, north side
Same reach
Farmers’, Nebraska, cemented clay -
Same, another rench._....._. Jp—
Bear River, Corinne branch...

Fort Lyons, silt, very stooth.
Maricops, Arizons; hard bed.......
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BR files. . ..

BR files.....

CCW-1b._..
C

bl S

STI-RA.. .
STH-18b....
STH-18a....

Winter Creek, compact clay.

Evergreen, Salt River project, Arizona.
Gaging at middle of reach.  First 300
feet very irregular; balspce very uni-
form in shape and size. Total curva-
1ure76° 33 in flat curves.

Same reach. ~Bed of original .cemented
gravel with sprinkle of clean sand in
pockets.  Atsides, rogts hold silt, - Ex-
cellenit data, Data for Nos, 196-207,
inclusive, listed in Reclamation Record,
July 1413

Empire intake, firm gravel and sand
Same reach, firm gravel and sand_- ..
Billings Land & Irrigation Co., Mont
Jarbeau Power, clay lodam ...
Cove, sandy loam Erass.
Same canal -
Billings Land & Irrigation Co., silted.. _
Grand, near Phoenix, Ariz,, hard bed ..
Logan, Hyds Park & Smitt 1field
* Billings Land & Irrigation Co., Mont.. ..
Samereach, straight with curves beyond
ends. Bed covered with fine sand.
Sides, slick clay.
Same canal. A little fine gravel
New York canal, Idaho, good order.
Lizard Iateral, Boise project, Idaho
Snme pmject. N. Nawmpsa laters

Snme reach, hard pan with gravel,

Snme project, Deer Flat N., moss, weeds...
Same project, S. Nampa lateral, hard pain.
Same reach, bed rough, dmggmg weeds. .-
Samé pmjcct. Kennedy lateral, hard pan.
Same redach, some gravel, weeds

Same project Golden Gate canal, sundy“
Same project, Phyllis canal, bed rough....
Same project, B-mile lateml, bed rough...
Same reach, hard pan, griavel. No grass.
Same project Ridenbaugh canal -
Maxwell, Colo. Sandy bed..___

Bitter Root Valley Irrigation Go. -

Mess lateral, Colo. Sedimented..
Lateral 7, Turlock district, Calif__-......
Billings Land & Irrigation Co, Mont...
Rist & Qoss, silted

Willox. Pebbles and rocks

Oul Rarnes, silt coat__.

Bitter Root Valley Irri

Logan & Richmond, Utah.

800, 0

5,000.0

5.000.0

400,0
400, 0
1,000, 0
900,-0
600, 0
400.0
1, 000.0
1,000, 0

750,07
750.0
000, 0

600.0°
1,000.0
550, 0
1,000.0
400.0

“Ts0000”
750007

1000
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TasLe 1.—Elements of experiments determining the coefficient of flow in Chezy’s formula and the coefficients of roughness in the Kulter and
Manning formulas—Continued

EARTH CANALS—Continued

of

Coefficients

sur-

mean

water
‘Wind condition

Name and description of canal

Reference No,
Authority and his
experiment No.

Year of test
Approximate
face width, T
Approximate mean
depth
Area of water sec-
Mean velocity per
second, V'
Discharge per sec-
ond, Q
Discharge determin-
ation method
Hydraulic
radius, R
Energy slope per
1,000 feet, 1,000 S
Manning, n !
Temperature

-2
-
-
w
-
-
-
L]

T
I s Shape of channel

Square
feet

3
&
3
B

Bitter Root Valley Irrigation Co

Billings Land & Irrigation Co., Mont
Morris, La., bed grassy

Hedge, Mont. Fine gravel, few rocks. .-
Bill;cg' Imperial district, Calif. Hard

. bed.

Orowley, La., bed harrowed, grassy
Bessemer, Colo. -8mooth adobe...

Same canal, - Smooth adobe,

Big ditch, silted

Louden, Colo: *Clean sand

Mesa lateral (b), Colo. Fine-silt bed..__
Santa Anamain, Calif. Cemented sand..
Central main, Imperial district, Calif.
Billings Land & Irrigation Co., Mont.
Salt River Valley canal, Ariz

Geo. Rist, Colo. Gravel
Big ditch, Mont. Sand bed, mud sides...
Bitter Root Valley Irrigation Co

Lateral 10, Orland project, Calif.

}Main, Upper Rio Negro, Argentina.
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M-24-8.

M-24
M2+

kilometer 8.4.
Same, kilometer 10.4 in good condition. ..
Same, kilometer 12.8. e ooccamoeoovannan
Same, kilometer 14.8__ .o cceem oo
Secondary No. 1. Gravel bed, steep sides .
Secondary No. 2. Gravel bed, irreguiar..
Secondary No.3. Original shape intact_.
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SEs82

Sandy bed, grassy banks, no silt berms.._
Lateral 1 from secondary No. 6.oooo._..—_ -
Tests 10 to 14 inclusive on laterials in
REB-11__.. excellent condition, without silt berms
REB-12_.._ or aquatic growths. However the
REB-13._.. canal banks have vegetation that drags
REB-14._ .. on the water surface.

REB-15._.. Tests 15 and 16 on lateral 4 from second-
REB-16. ... ary No. 4. Silt berms, weeds.
REB-17_... Silts itself; needs yeatly cleaning
REB-18_. .. Rock canal. No desilting required
REB-19__.. Lateral 4 from secondary 4

Same lateral, much vegetation on banks..
Latera] 1 from secondary 3. Vegetation._
Lateral 2 from Bear River, Utah

Another Iateral from same. . Silt and moss.
{Indinn Bend canal, near Phoenix, Ariz.
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Bed covered 1 foot clean sharp sand 5,000.0
in dunes 0.8 foot hig:, traveling with bt
flow 2 or 3 feet per hour.
South main, Orland projeet, Calif..__.... ] 506, 1
Same project. River Branch canal. Few
cobbles.
Providence, Utah. Medium gravel
Logan, Hyde Park, and Thatcher, Utah.
Small ditch, La, New..oo_ v ccee ...
College and City, Utah. Uneven.
Boulder and. White Rock, Colo_
See Nos. 164-165-166.
Billings Land & Irrigation Co., Mont_ ...
Same system -
Bitter Root Valley Irrigation Co..
North Ogden, Utah.
Méie_mencb canal, Turlock district,
alif.
Rocky Ford. (a) Loosesand bed.-_.... v
South Side Twin Falls, Idakho, lateral.
Salt Lake City and Jordan, Utah...
Fuallerton, Calif. Loose sand bed.
Farmers’, Colo. Fe
Billings Tand & Irrigation Co., Mont....
Samereach. A smalllateral,irregular____
STH-12b_.. . Same reach, fringed with grass__..
FCS-5...... Parley’s ditch lateral, sandy bed.
VMO..._... Bessemer (b), Colo., fine silt, rocks..
South Side Twin Falls, Idaho, lateral___.
Beech canal, Imperial Valley, Calif._
Wheeler, Nev., hard bed, loose rock.
Lateral, Arizona canal, near Phoenix.
STH-13¢.... Billings Land & Irrigation Co,, lateral 1.
STH-13a._.. Same lateral, M
FC8-72 Upper, Riverside, Calif., sand, moss
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TasLe 1.—Elements of expériments determining the coefficient of flow in Chezy's formula and the coefficients of roughness in the Kulter
Manning formula—Continued

EARTH CANALS—Cecnatinued

Coeflicients

sur-

mean

of _reach

Name and description of canal

Reference No.
Authority and his
exp¢riment No.

Year of test
Shape of channel
tested, L
Approximate
face width, T
Approximate mean
depth
Areas of water sec-
tion, A
Mean velocity per
second, V'
Discharge per sec-
ond, @
ation method
Hydraulie
radius, B
Encrgy slope per
1,000 feet, 1,000 .S
Temperature
water
Wind condition

Length
Discharge determin-

]
o
-t
w
-
@

FCS-77a...- Lower, Riverside; Calif. - Tangent..

Same canal, curve.

Modesto main, loose sand

Hyrum, Utah, gravel bed

Bessemer (c), loose stones

Lotv}vtexi; from Big Cottonwood Creek,
al

v s
g
Tcrooron

et
e

BEERo~w gt

OrNOCOOoOONOOTUOOUOUNLT Ok

Yosemite Power Co., California.
Lateral 1, Billings Land & Irrigatio:
Logan & Berson Ward, Utah, moss.
Logan & Hyde Park, Utah, gravel
Hillsboro, Colo, rough
Lateral 214, Turlock district, Calif.
Perault, Idaho, bard bed, grass..

‘Hyrum lateral, Utah, rocks, moss

Orr, Nev., hard, scoured bed. ...

Small ditch in Twin Falls, Idaho

New Rutner, Nebr., gravel bed

Sullivan and Kelly, Nev., few cobbl
Roller, La., grass slopes

Canale di Parmigiana-Moglia, Italy._
Same, in mixed clay and sand, mossed ..
Thatcher lateral, Utah, much vegetation_
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COBBLE-BOTTOMED CANALS

.46

OCW-13_... Beusley, Colo.. . R
e ateral 1 from Rio Grande canal, Colo...
VMC Lateral 11 Rio Grand 1, Col
Rio Grande canal, C
BCO-2.25 Cachapoal canal, Chile, tests through
BOC-2.04. - length of canal at kilometer posts indi-
BCG-400. cated. by figures in column 2. Nos.
BCC-7.03. " 349-350-351 in cemented gravel and
BAG-741.." boulders, smooth. No. 352, adobe with
BOC-8.12. .. some boulders, No. 353 cemented fine
BCG-831.. gravel, smooth. No. 354, rock cut,
i cemented fine gravel, smooth.
BCC-8.67. .. Adobe earth, some boulders
13388-8.5_-. Ear%h and gravel, stony bed._
BOC-9.84___
BOC-10.04..
BCC-10.23.. d -
BCC-10.37.. Cemented gravel and boulders, smooth. .
BCC-10.60.. Earth-and boulders, rough stony bhed
BCC-10.84.. Cemented gravel and boulders, smooth..
BCC~10.99.. Earth and boulders, rough stony bed
Cemented gravel and boulders, smooth. -
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BCC-11.50..
BCC-11:73.-
BCC-11.85.. do R
MV_.__..... } Cavour, Italy. Finished 1866, Tests by
Bazin. Rocky bed. QGrassed sides.
Same, tests 41 years later by Visentini__..
Same, bed covered, small cobbles.. ... -
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Bitter Root Valley Irrigation Co,, Mont.
Billings Land & Irrigation Co., Mont.__.
Loveland and Greeley, Colo o7 .
U%ptexi; from Big Cottonwood Creek, . . p 3 7 26.9
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Logan and Northern, Utah, grassy banks.

Rio Grande lateral No. 1, Colo

Reno, of Reno Light & Power Co,, Nev.,
riprap,

Beasley, Colo,, gravel bed, log sides.....

Sullivan and Kelly; Nev., laid wall.. .. .

Smithfield Jateral, Utah

Logan and Hyde Park, Utah

Hyrum Jateral, Utah. ... __

Smithfield Jateral, Utah._...

Cochrrane, Nev

Beasley, Colo., very little grass.

FOB-52...... Capurro, Nev
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TaBLe 1.—Elements of expertments determining the coeficient of flow tn Chevy's formula and the coeflicients of roughness in the Kutter and
Manning formulas—Continued

COBBLE-BOTTOMED CANALS—Continued

T
of

Ceoeflicients

mean

reach
sur-

of

Natne and description of canal

experiment No.
tested, L
face width, 7
Area of water sec-
tion, 4
Mean velocity per
second, V'
ond, Q
Discharge determin-
ation method
radius, R
Energy . slope
1,000 feet, 1,000 S
Temperature
‘Wind condition

Approximate mean
depth
Discharge per sec-

Relerence No.
Authority and his
Year of test

Shape of channel
Length
Approximate
Hydraulic

Kutter, n
Manning, n!

o
o
oo
[}
-
=3
'S
-

Square
Feet
1,01

23

1.82

Brigham City Electrie Light Co., Utah..| P
Smithfield iateral, Utah, very uneven....| I
Brigham City, Uiah, much vegetation._.| G

SIDEHILL CUTS RETAINING WA

Hedge canal, Mont., plastered wall
Same, earth and gravel bed
Cove canal, Mont., concrete floor
Logan, Byde Park, and Smithfield, Utah.
Same, another reach
Hedge canal, Mont., concrete wall, floor. .
{Fossn i Pozzolo, I1aly, bed snd sides
rocky, masonry wall lower side,
Same reach. See plate 12-A

2823 UBAR
L sk atwlad of sbalod
IRBRECERG

thn e 3 00 i = O 03

MISCELLANEOUS SECTIONS

Lower, Riverside Wator Co., Calif 200.0 3 . 14,45] 1.3 - .4 10,0249
Same, sandy bed, one side planked 8 N . . N . .1 | .0201
{Rossl Miil, Idaho, sides almost vertical - - M 2
of rough boards, grass in cracks.
Logan, Hyde Park, and Smithfield, Utah_ . 5
Power cansl, city of Aarau, Switzerland.. 3 .01 3. M-VC..

FUAITAOINDV J0 “IdAd “S 0 ‘3¢9 NITATIOH TVOINHOEL ()




ES-TtoII_.
ES-TtoIl ..
ES-Ito II..
ES-ItolIl..
ES-IItoIV.
ES-IItoIV.
ES-IItoIV.
ES-ITto IV,

ES-IXto X.
ES-IXtoX.
ES-IXto X.
FCS-AK. ..

BCC-8.12...

Power canal, from Cellina Torrente,
Italy, built 1905, A rock cut into steep
mountain side, with rough concrete re-
taining wall, Curves are frequent.
4 reaches tested, following each other.
Some moss in canal with irregular bed.
Energy gradient used forslope. Non-
uniform” flow, becoming deeper .t
lower ends of reaches,

Drum canal, Pacific Qas & Electric Co.,
Calif,

Cuchuﬁonl eanal, Chile.  See 354, et seq.:

FCOS-100....

FCS-28
FOS-45

Main, Deschutes municipal district, Oreg.| ]
Yakima Valley, Wash. ______....._.__ P
Cottonwood, rubble sides

"| Jacobs Diteh, Idaho, tubble sides.

Same ditch, unchinked sides. .....
Same ditch, plastered sides..... —mm—
Orr diteh, Nev,, mortar-lnid masonry ...

Sulphur Creek Wasteway, Wash, Series
of tests on 2 reaches of this steep chute.
Some doubt as to year ol tests, perhaps
in.1911. Nos. 435 to 442 inclusive on
rench with 2° curve (radius 2,865 feet).
Concrete cast in wood forms and not re-
touched. . Constructed slope, this
reach, 0,0208,

Same chute, on tangent. On Yakinia
project, Section, sewmicircular on ra-
dius of 4 feat. This resch follows one
above. - Constructed slope, 0,0145.
This - ¢chute designed  with 2=0.013.
Further data, Citation No. 15, p. 264

in vol. 3. See plate 8, B.
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TaBLE 1.—Elemenis of experiments delermining the c%clmcient of flow in Chezy's formula and the coefficients of roughness in the Kutler and
anning formudas—Continued

(49

CONCRETE CHUTES—Continued

r
of

Coeflicients

sSur-
see-

mean

Nuame and description of cansl

experiment No.
face width, T'
tion, A
second, V'
ond, Q
ation methed
radius, R
Energy slope
1,000 feet, 1,000 S
Manning, n!
Temperature
‘Wind condition

Reference No.
Authority and his
Shape of channel
Approximate
Approximate mean
depth
Area of water
Mean velocity per
Discharge per sec-
Discharge determin-

Yearof test
Hydraulic

-
=
w
—
o

Sqizar)
Jeet

s
o

Same, 7 miles downstream from 451__
Same, bed pitted, patches plaster gon
Same, Allreaches begin atstation 109400,
{Same, Value of n computed from average

8e
o
‘n ‘gey NITETING TVOINHOEL

{South canal Uncompahgre project, Colo._

o«

values of & and ¥, All flows [aster
than critical velocity (Ve).

'Same, Usual flows from 350 to 400 second-
feet, Same, for 8]} test reaches, bed and
lower sides eroded and rough., Dis-
charge. Q by recording gage 134 miles
above chute, 1 percent deducted for
loss. Cross sections taken with water
out of canal, ‘This canal begins at out-
let of Gunnison tunnel,
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Technical Bulletin 652, U, 5. Department of Agricultire

A Flane aped wnli of Los Asgetes nogueduer (frocn Owens Rivers, Freeman division, after peurly 20 vears of
ajraling,  tNeA Iy L 25 e snuethuet as shown in L after rebbilitntion, Mojave
thivigion,  [Nos 9 i <. Vary sqventh loir of 2 40 e hardness™ {5 Lay wfter 230 voars of

serviee when phodmmaphed o W, Note rhg lest seratehes it oididie of view, Painstaking work in
avaining s very stmonth suefce (=002} wirroned o 3 resuk< in the desired capaeily nmd con be
retntitiedd 3 ressennble ety ex el For bops e, Bend s 15 4 reaqitisite. £ Shonting convrple
weatnst & vertiend baek form Npbe savinee in foreerotimd befare spptyine i Smooth troweled cont, et li
prEiArY g secosdary eoteliness oy deng G G4, Views el JE by canrlesy of Los Anveles Deparetoeng
of Water and Powor,




Technioal Bulletin 652, U. 5. Department of Agriculture

TYPICAL CONCRETE SURFACES.

A, Very smooth cunurele discounted by excessive depesits of cudilis By euses. M, Concrete with bath
pritanry and secondaty roughness. Tocul surface Is mueh rougher thnn i werepialila voder modeen Spec-
ifications; also the abrious undulalions furlher decrease the capmeity of the vhnnel, £, Slmes necur-
late from some waters bt mey be rempyed, as showr the ilurk surfoce 1o the right of the seale, restoring
the criginol surface. D, High velntities nceompanied by erosive waterial huve removed the fines in the
side wall above the watch, cleatly o lining each pebble in the eriginsl agiEreprate.
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L1, Kool Gl Phadwe oS el apstneen frong skdeas 170 Dasjweetion o BEH showed this
Lo <0l e exeellent randnaon afier aearls 25y ey e f Noecl Fide Twin Fails el Bladue,
Satee by ool Tenree by e wader fine St dww st Teorrt stadean 1 0, Sanderler diteh, ¢Culi-
fornin. AN G2, apstreant Trom staton 300 This el Bas oo plaeesd 1 eey e pigee Lina,
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A, Manlesto frrigation districn o eard, Califoriia v 00 psbreann frome st ion 3 phus G, on meter
hn(h..e) A4, Santa Aun aml Ornge enal, Culif,  (Noowapstresm from sbation 1) Nutee depogit
Taslow hi;,ln\nter i, €, Arriaa Hzeh, Cwlifs (N, 1220 upstrsan Tro station 8.
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Ay Northt eupnd, e, tizep. (N EER b Q20 anncladsen el closs b-foein feeas bsiane oo £ Small diteh
e Whititer, Caltl, oMo DVE View WjsEream fron siution 2.3 Clepr waler Pl camtele spetion.
O Lower cuind, ftiverssde, Culif EN00 1L onesirendn fromm st i = 4y ceiteni-plaster tinihe,  Note
weeds i inuken nluees,




Technicsl Bulletin 652, 1. 5. Department of Agriculture PLATE 8

.1, Lower mnni,}é.dndsuy-strnl.hnmra irrigation district, California. (Mo, 161) Concrete lining lof; as shat

from a gun. ote churactsristic unovean water line nnd conerety snrface.  Canteast this Hning with later
shot-conirete lininps a8 made in Texas {pl. 2, .4). B, Bulphur Creek wasteway, Wushington. Wate long
standing swelly.  (See Nas. 436 to 450} € Maveriek County Water Control and Improvemant District
N, 1, Texas. Excavated in thin strata (see toeks in foregronnd), the bottom was siooth but the sides of
this cans) wore exveedingly rough.  Ta {ncrense the enpacity ihe sides wore lined with redwood Hanks
spacer toallow water to pass freely and not huild up an unbwlanced statie lead on elther side of the lining.
In right foreground the vertical studding is shown anchored to the bed.
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b Utiper cunnl, Riverside, Calif. (Noo 132 wpsiren rom stadion 3 plus 8 Nide saeter station. .
Sagihs diedl, Boise, b, (No, 431 dowastes yp frose sintion ik Rubble AsGNry, smoathiy phys ovaed

walls, comerete battam, ¢, Jacobs ditedn, Doi o, Ydaha,  {No. 4 27 uestrenet froem stsiion 1) U peliinkad
rubtibe sides ard fusttom,
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., Soutd enoml, Unemnpahgere projeel, Burean of Heclamation, Calorido, Righit-bnod view shows i
when tow.  Lefi-hanl view Giken after sobie 20 yeacs of gse, Note erasion of lewer part of skle sall i
to the st higl-water e, Current-eter garinge Deidpe capses slidow.  (Hee Nos 130 Lo 1903 Pl
elntbes are in somilne chaonels, §4, O cuend, Klemaibe prejeel, Horese of Heelamalion, Oregon, 3
firnher-lmed ezl whon new and (i iisel) after sonte veaes of eeviee. Thiseanad waslined with congerere
abont 2L, replciog e timbers shown,  Pests on the cousrele seetion lsted oz Now suand i, Borend
af Reclimanticn Phatograpie,
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<. Santn Ann and Oranve canal, Culiforuin, juse after troking elentied. win, njrstreats feorn sfukim
KLY K, Centond main e, Linpieriat Valley. wear Calevico, Calil, (o, 255: et reann, {arinble
PEARIDE car shown over station 6.1 W hen Dbsprectesd T 19088 this peneh of canal was votttidetely froe of
brish and weels os showi.,  Modurd cnml infenamye is condieive 1o better eatiily conditions,
€, Leeoh canal, Iinperinl irrigation disteiet, Californin,  (No. $15; apstioeni frott bieter stnbion 0.} B
muddy waters discourage mntic prowth in Lhe witer i, but the fertile sl Danks grow dense Ve
tation that drags down indo (e water prisey und develaps w Biph velue of a,
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.1, Canale Fosss di Fozzolo, laly., (Mo, 401-2, viewed upstrent.}  An old eanal withs typisal elliptieasl
lred. Thesideon the loft, appronching the vertieal, is charscteristic of okl canals such us Lhis T2 the Unjled
Sintes. The other bunk is o vertical woll. Nole Lhe racky bwd aned the mass patehes in the foregroumd,
Fhotograph by courtesy of Mareo Visentind whe reportesd experiments an this canul. B, Alllnec-Goxling
main cansl, Idaho, Unusoal eenstruction, The dry-laiel roek walls were backfillsdl with pravel wod
enrth, throurh u hadly fissured rock cut.  Photograph from Buresu of Reviamuation.
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SLoew cand eonveximg el water. Ul arieing] Teyurabin) slapne begieniog ve roznd o 1f i corier
e form the eventind vilipse vl pearly vertwal shbes i wrosges et whotie Phoe bupka. B, A new oo or
Qe rere ] 1y eleaned, convey i Siliy waters, Pl nnd ez e “baprat the sidvs wod erowed in apnl ag.
appresimmition (o wgime chanee! I8 feachod,  Suelimes (hese Beris s Bt or steore Witk white sun
fatore Hinn o fenth of o foot or so s deposited on the Lo, it 1 ereediishs nl veloeities o
3 bt pir seconed Boeaews protected with s slick cont Hhat will withstznl veiiei e of & b B Ret rer secennl,
Photoeranhis from Baraw of Heclial oo,
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A Loy, B3 e Park, ased Soathiictd el §osah 0N s dem stnen senr ower e of ety n,
Lanwer eninth, Hiverside, Culi, e Nao 03 apstoeang from ~Gaiwan 6 Sote plank liming, €, Lowsp,
Hlvde Park, osd Snaichdichd cannd, Viadie o i dam strenm IeEsE aaeter stalban)  Noje cheiners's
Boaed int forvprarel, kbl
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A, Gienne ennal, pear Phoeiin, Arize (N 205 mgastrel feom =tabon S 8, Lateral 7, Parksek g
distriet, Califorma, N 2805 dowisireans nn <ladiae L) Nole senwerl Liglewater line, ¢, el
citide Feeepreriel Valbey, Coltf O8N0, 200 dow pstnaen frong eweler statkan 623
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duswnstreao fean stabon 0 A3, Main brunely,
s Fuliertan diteh, Culi-

21, Laternl, South Side Pywin Falls connl, Lililio, (N0, 303
Turlock irrigation disirict, Colifornis. {Nw. 403; upstrearnt from stntlon 8}y ¢
forpin., (w0, 207; upstroam feem station 5.)
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vibel, Pty des & Rbeeirks € oo 8 afilarngy N 1 L bank fed witl conetdods
: L ERETS e HI |»! wooe] wlers iy heal o precve it epemine B Sendlre o et Aharn, Ol N
Ung el sl boali okl s bt 7 opdis LY FT A ER T O T :|1i~ T OO HE PR SR U] ST TR (R
eurve, Water v oiisede btls anp iz 1 gneertoan o dieee ke Thesehure » tonter el Jda=trws vy
Borwl, Erve. (N, I oM sdre it froms stad ol 20 doonin \\'.1]!‘.~ st} evanrele Hr,
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<1, Reno diteh, Nevadn.  (No. 382 downstrean from station 41.) B, The banks below: n concerete seet iom
sheulll be protected with piprap while the velogity i heing rudueed to that permissible in the carth
section.  Burcau of Rechunation bhotogmph, ¢4 Nogales lloadway, near internationnl boutdiry between
Arieonn anl Sonorn. The Mexiean mnson i85 very silept st this mvmposterin or rulible asonry,
Sometimessueh nwall is shot with eonerete nml brootied or roweled te o smaother foish. Phiotomph by
engineers of the Unilad States seetior, Iniermationa] Boundary Commission.
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b aers poarch i quseds o0t g v povk o pneebe saniossidy oee e et fenta b5 oo vaier be linfoe while thie
st g grtede s rRirhe aned pesbestdy <t by than befare, woafe shof eomerete. A ganel place e gpse
Unptadt™s Loprrptthie dad enteed 2ot oas witd, Jlifherend buet col sob chraracteorastios Siteesst of eel e fon
photereaple B, Caelegmaleanad, By o n Copier Col Clabe  ONos 3% L e el el)  Cobbilesiames
i fhonc gz ey deleness oo s s than o eels pm woesierte Unitdeel S0ate s flead deselops o eoblbbe Bag-
tepr, Elur views setheepitod By Thwe cutinjrety stosed Taroe reews of e regn e 1l s cobhies
frens the D) witds o sKigeamsd bt Nabe Dt s elilecs ol g adon e OB prodasndimste, View D oairtesy
of Bewhon Cojgeer
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A, In chute shamiels, Sy How sometimes devolops o5 siiown nml sometimes as rhvihunic eeretions ot sn
clearly defined. The atter mest oflon ceenrs fear maxhnuen eapoeedty, tin forier ol winisnm flows,
B, Chuto Bow in sonth eanal, Uncempabyre projrel, Colotado,  Note dirk solit water as it ponurs aver
the brink ot the top.  Air enters the prism from 1o sides wntil (e waler i3 guite white a8 the botlom of
the steepest part of the incline, 'Phe canpl in the foreground is still steept enmtgh o mutintain sho i
fow for the distnnes shiown, It sote of the ghutes on This caad the livdraitic mp takes plaee o shor
distanes helow the ihcline. € Rio Grande eunal, St Lans Valiey, Colu. {1 No, S48 an tus gl Dt
this Sow.} A ivpical cohble-tottorm clmatel, where there 35 fustfeient =il D U wadeg, or oo Bigh
a veloeity, preventbyg formntivn of ¢ praded smeoth Lel,
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Cupves seds as Chis sy be prdecte]d with eevk or brrash riprap, L Soanerinnes e desiooned engaeil 3 of
et 5 i peaivesd T several Seaes, Il SilEy wadees are liu- ritle, ~uuw|hiu-- ot e B rerisne
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WL $he erosion of the “fines™ in suel terrain, 2 staltde eanal of
Neur Taos, N, Mex., small ditehes sevepal hundreel wears old are proteenod
12, A steeply inelined canal ¢in he siven the chareleristics ol o

his part of the Davis and Weber Counties

A, Typienl smiall cobble-botiom diteh.
low enpneity is developed,
feom continted erpsion by the cobble.
mountain stressin by a rough i of growlesd rocks. T
|‘.mm]EI Utaly, hins aliost Lhe charaeleristics of o beneh e,

frou: Burenn of Reglonulion.

is
{Nos. 4 1o 453  "hotopraphs -4 and B
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FLOW OF WATER IN CANALS 33

DESCRIPTION OF CANALS

The descriptions in the following pages are supplementary to table
1, which gives all the information necessary to a clear understanding of
the hydraulic conditions helding at various tests with the exception of
a detailed deseription of the ehannel. The descriptions follow the
same order and are numbered like those in the table. Missing num-
bers indicate there is no information additional to that found in table
1. The tense used is of the time the experiment{s were made.

CONCRETE LININGS

POURED OR HAND-LAID CONGRETE

No. 1, experiment DHB-4, Ridenbaugh canal, Nampa-Meridian irrigation
district, Jdaho, Test was made 2 years before and covered about the same reach
as test No. 3 below. Bark found a sliphtly lower value for slope than later
experimenters, which accounts for the lower value of = found. The preponder-
ance of evidence indicates that a value of about 0.0125 is right for this excellent
conerete, to include both tangents and eurves. Coeflicient n==0,0110.

No. 2, experiment FCS-24, Same canel az No. 1.  Very smooth, hand-trow-
eled, cement wash on s base of concrate 314 inches thick. The reach is on tangent
with about & §° gurve beginning at station 9. Lining was slabs 16 feet long with
iron dowels and strips of tarred paper between slabs. After the forms were re-
moved, joinis were poured with & neat cement. As & rule the joinis are as smoofh
to the hand as any other part of the lining {pl. 5, A), though slight cracks are
opened during cold parts of the day. This is an exceptionally well-made lining,
which, coupled with the fact that the curves are spiraled into the tangents, ac-
counts for the very low value of n found by all experimenters. For additional
experience on this eanal see Nos. 1 to 15, fable 1. Exemination 20 years later
showed little deterioration in this concrete. Coefficient n=0.0121,1

No. 3, experiment FCS-24a, was on the same canal as FCS-24, but the reach
ineluded not only the 901 feet of tangent as above, but also the above-mentioned
curve, which was about 600 feet long, and a short reach of tangent helow the
eurve, making the total reach 1,819 feet long.  As is to be expected, the value of
n is a little higher then on tangent. The slabs on curves were bui 12 feet long.
Cocfficient n=0.0129.

No. 4, experiment BPF-3. This experiment was made on approximately the
same reech of canal as FUB-24, but was 1,020.6 feet long, with one slight curve
in the reach. The slopes of the surface in this and experiments 44 and 45 were
found by & line of levels run between the ends of reaches as usual, but the water
surface was found by means of a gage constructed on the piezometric principle.
The slope given in the table is the mean of 23 tests. Coefficient n=0.0124.

Nos. 16 and 17, experiments JBL-6 and 5. Former supply c¢onduit for Los
Angeles, Calif. Covered conduit. In use 4 years, one curve in section tested.
Where wetted, section was very smooth. Apparently of 1 to 3 cement-mortar
glgater on conerete. No deposit or growth. Coeficiente n=0.0108 and n=

0111,

Nos. 18 to 32, inclusive, experiments RRP. Los Angeles aqueduct, Calif.
These tests comprised a most comprehensive set of experiments, made to deter-
mine possibilities of increasing the capaeity of the aqueduct from Haiwee Reser-
voir to S8an Fernando Valley. This conduit is used for municipal supply, power,
and irrigation, Concrefe-lined sections only were studied for this bulletin.
Field and office experiments and computations by forces of the department of
water and power, under the immediate direction of R. R. Proctor, field engineer.
Two typical reaches are included in table 1 data. (See below.) For both, the
discharge measurements were made at both ends of the reach by current meter,
held at 0.2, 0.4, 0.6, and 0.8 of the water depth in six verticals. The computa-
tions for @ were made by using both verticel and horizonfal velocity curves. The
results are stated to be within 0.5 percent of the true discherge. The observed
iose of water was Frorated according to distance below the initial measurement.
For the purpose of the original experiments the method of study and determina-~

1 Additional tests on this and other canals in the Boise Valley will bo lonnd in {84) which Is excerpted from
an unpublished report by W. (. Steward eatitled **The Determioation of 7 iz Kutter's Formula for Various
Cenals, Flumes, and Ohttes on the Boise Project and Vieinity.” 1013,

84487°—30——2
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tion of values of Kutter's n are given on page 13. The values of the roeughness
cocfficients given in table 1, arc based on slepe of the energy gradient and weighted
values of the average velocities and hydraulie radii throughout the reaches as
listed, using cross-scctional dimensions for many intermediate stations.

Nos. 18 to 24, inelusive, experiment RRP, Freeman division. General methods
sre outlined in the paragraph above. The lining in this division was found to
be in such good condition after somce 15 years of operation that practienlly no
repairs were made (pl. 3, A),  The fact that a general value of n=0.0125 was found
on a long reach designed with n=0.014 supported the plun to bring all of the con-
crete-lined portion of the aqueduct to this standard or better and also established
the fact that & smocth surface of great hardness not enly could be construeted hut
also could be relied upen to maintain its desired smoothness, whereas other locali-
ties showed that inferior conecrete lining, while perhaps originally fairly smooth,
wasdto_ctJ soft to withstand the ercding effcet of abrasive matter entering nearly all
conduits.

Nos. 25 to 32, inclusive, experiment RRP, Mohave division. General methods
are cutlined in the paragraphs above. This division included long reaches that
requited improvement to convey the desired flow of water (pl. 3, B). The tests
listed as Nos. 25 fo 27, inclusive, took place hefore any repairs were made, and
the later tests after improvement. The change in values of n is attributed entirely
to the simoother bottom installed after the preceding tests.

Ko. 7%, experitnent FCUS-08, small lateral, 13 miles north of Weslaco, Tex
Hand-laid and troweled conerete. V-shaped with bottom rounded on 18-inch
radius. Free of roud, sand, and moss.  13-mile wind downstream, Swept clean
just before test, hence conveyance of muddy Rio Grande water not in point.
Coefficient n=0.0133.

Nos. 38 and 39, experiments BR-D, South Branch (C) canal, Klamath project,
Bureau of Reelamation, Oreg.’¥ Tests by Allan Darr on 3-ineh conercte lining
poured in 1919-20 to replace former timber lining on carth fill.  Methods of tests
based on those given as laid down by the author (55). Sections taken every 100
feet, Coefficient n=0.0135 and 0.0126.

No. 40, experiment FC8-19, North Side Twin Falls Land & Water Co.’s main
canal near Milner, Idaho. As shown in plale 3, B, this conereie lining fills out
the main irregularitics in a very rough lava-rock eut. An examination of the
section below the water line was impossible at the time of making the experi-
ment, and {he various cross seetions from which the value of R was deduced were
taken from office notes, A study of these notes shows that the hottom is un-
dulating and that while the high veloeity would prevent the aceumulation of sand
deposits, the veloeity is slightly retarded by the disturbance in the filaments of
current due to the undulations. Coeflicient n==0.0138.

No. 41, experiment BR-F, Carlshad projeet, Bureau of Reelamation, N. Mex.
Tests by C. A. May and E. C. Koppen, Octoher 1915; after greatest demand.
Gravel and weeds typicsal of time of season. Conerete hand-finished, true to
section and grade. Ixpansion joints, asphalt strips, at 50-foot intervals, pro-
jecting one-fourth to one-half inch. Five pereent of hottom covered with gravel
from fine to 2-inch dinmmeter. Alignment: First 246 feet on 8° curve, thence
500 feet tangent, thenee 250 feet 8° curve. Metered at midseetion. Levels
bettge[t)an nail heads in top of stukes. Depths by level and rod. Cocflicient
#=0.0137.

No. 42, experiment BR-F, 1 mile below Xo. 41, One slight eurve.  Lining and
gravel just like in Nno. 41 test.  In addition, slight retardation eaused by weeds
dragging on surface near the edges.  Cocllicient n=0.0139.

No. 43, experiment FC8-13, Davis and Weber Countics eanal, Utah (pl. 24, O).
An example of the retarding effect of wooden expansion joints it they projeet into
the canal section.  Lining was laid in slabs fram 8 to 16 feet in width.  Strips of
wood a litile larger than building Jath were plueed hetween slabs with the idea
that they would eventuaily he pulled and the space filled with asphalt.  This was
not done, 50 strips project from 0 to 114 inches inlo the section.  Lilewise, velocity
at the hottom was retarded by small patehes of gravel, sioughed off the hillside
cut in which the canal Tuns.  Coefficient »=0.0154.

No. 44, cxperiment BPT-1, Davis and Weber Countics eznal, Utah, This
experiment was in the same canal as tests Nos. 43 and 435, but about & iniles
upstream and about 1 mile below the head gate from the river.  Condition of
bottom conld not be determined. The eoncrefe on sides was smooth and un-
broken. The hydraulic grade wus taken as the mean of five tests with level and

HTHaRR, A. L. EXPERIMENTAL ISVESTIGATIONS 0" CANAL, RLAMATY PROVECT, UREGON-CALIFORNIA.
26 pp., illus. 183223, |Unpe blished.]
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piczometer and found te be 0.008413, while constructed grade of this portion of
canal was 0.000445. Cocflicient n=0.014.

No. 45, experiment BPF-2.  This test was on a reach 68,5 feet long, included
in .he 1,000 fect deseribed in No. 4. Patebes of gravel of wll sizes up to 5 inches
in .rveatest dimension covered 10 pereent of the arca, mostly adjoining the toes
oi - ne side slopes.  Cloefliciont n=0.0146.

wo. 60, experiment FCE-94, lateral €, near Edinburgh, “Tex. Conerete in
panels with projecting asphaltic joint fillers. Smoother than hroomed shod
concerete but not the equal of well-{roweled surface.  Coetlicient n=0.0141.

No. 61, experiment DHB-18, Kivg Hill canal, [daho. Test was on both tan-
pent and curves,  The conerele was not surfaced, bul Jeft as hawd tamped to
erade. . After surface coat had set, the 2- by J-inch end forms were removed and
the groove poured wih 2 1 to 1 misture of sand and cement.  The surfuce wis
vory rowgh, especially at the joints. The canal was clean of detritus and moss.
Coeflicient n=10.0143.

Ne. 62, experitneni TOS-69, Sanderfer Diteh Co’s main canal, near Whiltier,
Calif.  As shown in plate 3, € this reach is straight and uniform. The bottom is
slightly dished.  As is the ease of many small lined dilehes in southern California,
the sides and bottom are covered with a rough deposit which entively vitiates the
pood results which would he anticipated by usimg a smooth ecment wash gueh us
the one on Uis ditell.  'This depesit sppears to accumulute on cither smooih ov
rongh couerete, sn the added expense of the Tormer does not appear to he war-
ranted in view of the results.  The water in this diteh was elear and without sand.
Sinice this test, the canal hag heen placed in a concrete pipe and covered.  Coel-
ficient »=0.0154.

Nos. 63-66, experiments BR-F-12 to 15, South eanal, Tneompahgre praject,
Rurean of Reclamation, Colod  Coberete east against hoard forms about 1907,
Experiments F=12 and 13 were on reaches that inctoded frequent curves and
chort tangents.  Lining had many eracks and the cross section was contracted
by velining in several places. No. =14 was on 2 tangent where original finish
was o plaster coat of eetuent.  The sides were still in goad condition but the
bottom was worn, eracked, and heaved in places.  No. F- 15 was on Langen{s with
one slight eurve in conerete cast against board forms and still in good condition.
{fee F—11 ou chule, No. 4533.) Fuster's tests were about 3 vears after Cone's
{(No. BT) and 16 years belore Lane’s (Noz 484 to 464, inclusive). Lined portions
of this eanal were designed with » -0.012; after § vears # varied hetween about
0,014 and 0.017 while 15 vears later 2 had inereased hut little.  Apparently con-
crete such as this, subjeet fo high veloeitios wilh water containing much abrasive
debris, finally attains n roughness corresponding to o -0.018 or Tess, then holds
that value because the botiom velocities are returded by the rough surfave. Like-
wise all the fine eement, sand, and gravel have heen washed out, at the surface,
leaving fair-sized pebbles welt-hedded in a coment matrix.  This rovgh finish be-
comes the final operating surfzace.

No. 67, experiment VMO (CY, same eanul {pl. 10, 4). Reach between miles
g and 10. Sce above for deseriptions.  Clanal earrying less than one-tenth rated
capacity. Coefficient n=0.0155, Three vears before Foster's tests above.

No. 68, experiment JBL-8, Sunta Ana canal, near Yorba, Culif. Conerete
tamped Dehind board forms, Nao plaster coak. Seetion wide and shaliow.
Several inches of sand In bottom. Moss and grass in patches oo sides,  Coeffi-
cient n==0.0157.

Na. 87, experiment FCS-37a, lateral 12, Orland project, Burcau of Reela-
mation, Californin, A swmall lined seetion of trapezoidal form, with a slight
dishing in the battem. About 50 fest above station O is the lower end of &
ehute drop, and the ditch below station two turns to the right 90° in o curve of 34
fect radius. The surface of the channel was a good grade of concrele, but not
smooth washed. ¥t hed a slight deposit of slimy silt, which would have allowed
a low value of » but for gravel scattered throughout the diteh seetion. Coeffi-
cient n=0,0160.

No. 88, experiment FCS-37.  On the same lateral as No. 87 but covers a straight
reach immediately below the right-angle eurve noted above. Tn the opinion of
the anthor the value of = in this experiment is better for the gravel eondition in a
small lined seefion than that found in the shorter reach used for No. 87. This
gravel ranged in sive from fine {o that of & walnut and had a marked influence in
retarding the velocity, as there was more or less movement of the gravel down the

M LoNGWELL, ]. 5. SOUTH CAXAL. VALUE oF “N“, U. & Bur. Beclam. 19 pp., illus. 1815, [Uo-
pablished report.]
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chagnoe{ézwhich retards velocity more than does stetionary gravel. Coefficient
=Lk -

No. 89, experiment JBL-7, Colten canal, near Colton, Calif. Lining of un-
plastered conerete. Nosand or gravel. Sides and bottom covered with thin coat
of moss. Coefficient n=0.0167.

Na. 90, Experiment FC8-11, South Cottonwood Ward canal, near Murray,
TUtah. A reach was chosen in the middle of 450 feet of lined secbion between an
earth section and a flume, A slight curve at the upper cnd. A deposit of about
0.07 foot of fine sand and rootlike growths covered the bottom and modified the
original section of rather rough conerete. A slight deposit of moss and slime also
modified the sides of the channel. Coefficient n=0.0171.

No. 91, experiment FC8-55, Modesto irrigation district main catial, near
La Grange, Calif. Asshown in plate 6, 4, this reach of canal is on an approximate
tangent. There is a very sharp curve about 50 feet below the reach tested.
The lining is & fair grade of concrete, beine about as rough as an orange. The
value of n i high, because of the presence of 2 number of pieces of slate rock that
have fallen into the eanal from the adjoining cliffs. This influcnce probably is
materially reduced when the canal is carrying water to eapacity. However,
this experiment shows the value of cleaning the canal as often as practicable in
order to maintain a high carrying capacity whieh is much desired by this district,
Coefficient n=0.0174,

No. 92, experiment FCS-63, Santa Ana and Orange canal, near QOrange, Calif.
In the reach tested, there was a pentle curve befween stations § and 7. As
shown in plate 6, B, taken from about 200 feet below station 10, this canal has
the rough deposit and mess common to southern California ditehes, In addition
the concrete lining of the bottem has been completely covered by a deposit of
soft sand from 0.1 to 0.2 foot deep. ‘This lining had originally been a reasonably
gmooth piece of work, but the deposits had destroyed much of the usefu'ness ol
the smocth conecrete. Coefficient n=0.0176.

Nog. 93-118, experiments FCS-102 to 117, inclusive, South canal near Auburn,
Calif. ‘This extended series of experiments was primarily for purpose of develop-
ing influence of extremely sharp bends in canals {pl. 19, B). Thisinlluence affccts
both the value of n and the position of water surface at two sides of the canal.
The concrete surface was quite rough: a value of n in long tangents would have
been about 0.016. Long reaches of varying total eurvature were ehosen. Care-
ful current-reeter measurements were made to determine discharge. The aver-
age water purface was taken with a special piezometer device, on both right and
left banks of the canal, every 50 feet on tengents and oftener around hends,
Plotting of the water surface on hoth edges told litéle as to the average slope of
the canal. However, when the elevations at the two sides were averaged and to
this mean elevation was added the velocity head for the menn velocity at that
station, a peint on the energy gradient was disclosed. The developed energy line
was on & very even siope and practically smooth, The evenness of slope indi-
cated that there was no extra loss of head concentrated at the sharp bends, but
that the loss was distributed slong the whole reach and the resulf was a higher
value of » for the reaches of most curvature. This was the first time experimental
data disclosed this fact, so far as is known to the author (57, p. 61).

Nos. 116 and 120, experiments ES, Camuzzoni eanal, Verona, Ttaly. An
industrial eanal of large size, constructed in 1896, in rough but even concrete.
First tested when new by H. Bazin just before offering his 1387 formuln. Co-
efficient 0.018 for No. 119. Again tested in 1924 by Ii. Scimemi {No. 120) and
the coefficient found to be n=0,022.

No. 121, experiment FCS-70, Los Nietos Water Co.'s main canal, near Whittier,
Calif. Original lining in this canal is fairly smooth, but the deposit eomunon to
this region has so changed its character that, aided by the rolling sand, a high
value of 7 i3 found. This sand was about 0.03 foot deep. ‘Therc was also a slight
retarding effect due to grass and weeds dragging on the surface of the water near
the edges of the channel. Coeflicient n=0.0188,

Ne. 122, experiment FC8-67, Arroyo Ditch & Water Co’s main canal, near
Whittier, Calif. As shown in plate 6, C, this Tough-finish conecrete seetion has
accumulated a deposit of rough mossy growth that greatly retards the velocity
of the water. In a few places throughout the reach tested the lining was irregular
end not in true alighment, which also tended fo increase the value of 7. The
reach was on tangent, with a sharp angle about 50 feet abave station 0. Coeffi-
cient n=0.0188.

Nos. 123 to 128, experiments FCS-31, FCS-30, FCS-32, Central Oregon
Irrigetion Co.’s narth eanal, near Bend, Oreg. These experitnents wera with vary-
ing discharges, on consecutive days, in identicel reaches; (a) is on & tangent
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240 feet long hetween a 15° surve above and a 14° curve below; {li) embraces
157 feet of tangent, then 154 feet of 14° curve to the right, then 90 {eel tangent,
then 109 feet of 15° eurve to the left, then the tangent that includes (a) 240 feet
long, then 178 feet of 14° curve.

This lining is ¢lean-scoured, very rough, and deeply pitted concrete made in &
rough lava-rock ecut.  As shown on plate 7, A, the cross sectional form is even
and the filaments of current are not disturbed except by the curves. The inherent
roughness of the lining accounts for the high values of n.

This lining was & 1 :4 ; 5 mixture, deposited behind shiplap forins against a
hand-lsid rock wall, Blling the cavities in a rough rock cub.  Expansion joints
of ¥- by 4-inch lumber were placed on sides and bottom every 12 fect and left
in the concrete.

No. 129, experiment JBIL—4, upper canal, Riverside Water Co., California.
Coat of I to 3 cement plaster roughly applied to conerete, Canal partially cleaned
of a stringy grass & fow davs beforetest. Isolated bunches of grass left in boitom.
Two curves included in reach. Coefficient n=0.0218,

No. 130, experiment FCS-68, small ditch from pumping plant, California.
Although construeted with a smooth-finished eement wash, this ditch shows a
high value of n because a dark, crinkly deposit has changed the condition of the
walls, Vegetation on the banks dragged in the water and retarded velocity to
a slight extent (pl. 7, B). This test 15 not given full weight beeause the diteh is
too small to give a first-class current-roeter measurement. The mean of three
measurements was used. Coefficient n=0.0220.

No. 131, experiment FCS-75, Riverside Water Co.’s lower eanal, Riverside,
Calif. This experiment gives a good example of a cement-wash lining in which
under favorable conditions in southern California a friction factor of about 0.018
might be expected without removing the sand which appears to be ever present
in the canals in this vicinity, If the sand were removed by the arddition of numer-
cus Band sumps and gates this factor would be redueed to 0.016 or thereahouts.
At the time of making the tests on this canal, the lining had heen broken in scat-
tered spots, allowing vegetation to root and grow as shown in plate 7, . In the
bottom of the channel were scattered deposits of loose sand, covering possibly 10
pereent of the boitom area. In some of these deposits moss and water grasses
flourished.

This lining was a cetnent and sand eoat about I inch thick, applied directly
to the trimmed surface of the earth channel. OQceasional fractures in such a lin-
ing are to be expected. Coefficient n=0.0221.

To. 132, experitnent FUS-71, Riverside Water Co.’s upper canal, in Riverside,
Calif. While originally the canal was lined with a well-built and but lightly
pitted cement-wash surface, the bottom of the channel has completely lost its
identity as a concrete lining insofar as frictign is concerned, since there is now
more than 18 inches of sand in the bottom, This drifts down the canal in little
pockets that look like hoof prints of livestoek. The positions of these shift
rapidly, causing the depth of water at a given point to change 0.4 or 0.5 foot in
sbout 30 minovtes. This condition renders a measurement hy current meter
using multiple points obviously inaccurate, hence the integration method was used,
as the {atter gives resuits as close to those found by multiple points as can be
desired. A measurement by this method takes but a few minutes, and the
canal bottom in this period probably does not shift sufficiently to vitiate the
results,  As shown in plate 9, 4, there are no eurves or structures ghove the reach
testgd(.) ;‘5 ]change resuits, and the same eondition holds downstreamn. Coefficient
n=I\. .

SHOT-CONCRETE

No. 133, experiment FCS-91, Rossow canal, Hidalge County Water Control &
Tmprovement District Na. 7, near Mission, Tex. TFresh concrete “struck’” with
rectangular blade shortly following “gun™ (pl. 2, B). Reach just eleaned for
test; straight and very smooth. This process makes a smeoth surface but all
rebonnd and loose material from the striking proeess must be removed completely
or the eanal bottom will have porous, inferior conerete. Coefficient n=0.0122.

No. 134, experiment FCS-97, south hranch of east msain canal, Hidalgo County
Water Control & Improvement District No. 1}, near Edinburgh, Tex. Long
straight reach too far from Rio Grande for heavy muds. Surface well broomed
behind “gun.” Cleaned a month before test. Burface hard and sound but
too rough to allow the hand to slide freely over it. Designed for n=0.014. One
inch thick, reinforced 4- by 8-inch wire, 12-gage. Mix 1 to 4%, Cost 13 cents
per square foot. Coeflicient n=0.0137.
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No. 135, experiment FCS5-90, main eanal, Hidalgo County Water Control &
Tmprovement District No. 5, near Progresso, Tex.  New canal of concrete, well
broomed behind *‘gun.””  About 0.3 fool mud in cireulur bottom of 4.5 fect
radius for 102° arc. No slimes on sides. Burface undulating up to 0.1 foof
variation, Coefficient n=0.0144.

Noes. 136, 137, and 138, experiment FCS8-99, main diteh, Irvine ranch, Tustin,
Calif. In semicircular section, lined with conercte and left as shot, that is, there
was no smoothing treatment.  The contract price of 6 cents per square foot did
not permit the econtractor to do any polishing. The three reaches computed
vary materially iz surface charaeteristies. The section is very rough to the touch
but was clean of silt and debris. It conveys clear water from a small rescrvoir
a short distance upstream. Values of n ranged from 0.0149 o 0.0173 with o
weighted average for the entire reach of 0.0163.

No. 139, experiment FCS-56, eanal, Hidalgo and Cameron Countics Water
Contrel & Improvement District No. 9, Texas,  Circular section of rough con-
crete, probably broomed after “‘shooting.”  Slightly slimed over with silt.
Coeflicient n=0.0158.

No. 167, cxperiment FCS-93, lateral N.  Hidalgo County Water Control &
Improvement Distriet No. 1, nenr MeAllen, Tex. 8mall lateral with concrete
as shot frem “gun,” without treatment. Very rough and clean, in section
approximating parabola. Some silt siime wonld improve eapacity. Coefficient
n=0.0176. Sce FCS-02 for improvement cffected by brooming.

No. 188, experiment FCS-92, same; just downstream from No. 167, the only
difference being that this surface was broomed behind the “gun,” making eoeffi-
cient n=0.0149.

No. 169, experiment FC8-8%': lower canal, Lindsay-Strathmore irrigation
district, Calif. Conerete as shot from the “gnn” without smeothing treatment.
The surfdce of the concrete was covercd with fine nlgae, like welvet, without
streamers. Had been recentlv eleaned, Water is elear and cold., The bottom,
75 percent covered with drifting dunes from 0 to 0.2 foot deep, of fine sand.  Con-
crete bolh rough and undulating. Coeflicient n==0.0177 verifies recommendation
of 0,017 for elean shod conerste, without treatment, (Pl 8, A ,

No. 170, cxperiment FCS-95, west eanal, Cameron County Water Tmprove-
ment District No. 1, near Harlingen, Tex.  Conerete broomed behind the f'gun.”
Silt in canal Bottom aboul 0.1 foot thick., Wind upstream. Cosflicient n={L0187,

EARTH CHANNELS

¥o. 171, experiment CCW-14, Tnterstate canal, Nehraska. In seme soil and
with same gencral deseription as No. 191, This canal designed with frictional
factor of 0.023, but on aecount of high veloeity maximum discharge allowed i 830
second-feet instead of the 1,421 sccond-fect for which designed.  Coeflicient
a=0,012. This value of i almost unbelievably low, but values below 0.009 for
the Sidhnai Canal in India have been vouelied for by able authority {35, ». 348).

No. 190, experiment FOS-2, Farmers' Tristate canal, Nebraska. This test
and also No. 191, are on lang, struight reaches of a large eanal, constirueted in
Brule clay, In the original desipn the value of » was estimated ns 0.025, but,
although the canal is running to hut partizl eapacity, the mean veloeity is almaost
suflicient to scour the malerind, Tt had one rifile midway of its length, eaused by
old bridge approaches julting into the canal. The values of = in Nos. 171, 190,
and 181 are comparable, as the Interstate eanal is in the neighborhood of the
Tristate. A fringe of grass extends along the edge but retards only a very small
part of the fow,  The huttom is extremely even, smooth, and hard, and with the
addition of a coating of sediment from fthe murky waters of the North Platte
Tiver, appears to be very effivicat.  Gentle enrves adjoin both upper and lower
ends of the reach,  For further nates soe No, 191, Coefficient n=0.0130.

No. 191, experiment FCOS-1, Fanner?’ Tristate canal, Nebraska, This reach
(pl, 16, B was perfeetly clean ent (hroughont its length, and in the opinion of
{the anthor gives a betior value of 4 {han the reach in No. 190, In both tests the
il is slight, and {he mean value of the results of several tests with Lhe level was
aveopled,  The reach is a tangent between fwo gentle curves.  The bottom was
ta deseribed in Nao 190, Coeefficient » = 0,016

No. 192, experiment 817-15, Corinne branel, Bear River canal, Utah.  Reach
: of prowth. Originally trapesoidal In elayey loam, but now scgment of

S lined with smooth it Blx vears old.  Coceflicient n=0.0155.

o 193, experilnent VI, Fort Lyons canal, Colorado,  Carryiog but 7 per-

cent of eapacity, merely covering bottom.  Slight curves at ends of reach,  Bot-
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tom is fine silt, merging into sand,  Tn places boggy.  Exceptionally smooih,
regular, and free of impediments.  Coefficient n=-0.0183,

No. 104, experiment FCS-83, Maricopa canal, Salt River projeet, Part of a
long streteh of eanal with a elean, sandy boltom and a glight fringe of grass along
the cdge, but the influence of the latier was practically negligible (pl. 16, C).
Codflicient n=0.0166.

No. 195, experiment FCS-3, Winter Creck diteh, Nehragka., A long, straight
reach, with very clean, hard bottom, in o cemented muterial. A fringe of grass
bordered hoth cdges. A stiff wind was blowing dircetly downstream during the
test, and a value of = of 0.0180 is prohably hetter Tor this canal than that found
by the mmeasurement made.  Coefficient n=0.0170.

Nos. 208 and 209, experiment CCW-1, Empire intake cangl, Colorado.
Rtraight, prade uniform, channel in firm sand, and gravel having no pebbles larger
than one-half inch in diameter. Ne vegetation. Two years old.  Coetficients
n=0.0170 and 0.0104.

No. 210, experiinent STH-7, Billings Land & Trrigation Ca.'s eanal, Montana.
A straight reach of canal in clay Joam soil.  The little grass at the edges is of
slight consequener, as the hottom is slick, thongh roughed by enfting in places.
The mean velocity, 2.45 feet per secondd, was abont the limil, ns cutting was
taking place where the botiom was not protected with a deposit of gravel, A
downstream wind probally teiices the value of » from ahbout 018, making it
quite comparable with No. 192 above. Coefficient n=0.0174.

No. 211, experiment VMO, Jarbeau Power canal near Rifle, Colo, New.
First third of reach in clayey Ioam with few water-worn stones projecting. Rest
of reach in elavey loam in which moss was starting,  Cocllicient n =0.0176.

No. 212, experiment 8TH=-3h, Cove ditch, Montana.  This is the same diteh,
with same channel eonditions as No 213. This reach is all curve, the first 300
feef B0°, then 300 feet on & reverse 30°.  Coefficicnt n=0.0180.

Nn. 213, cxperiment 8STH-33, Cove ditch, Montana. This reaeh is half on
tangent and half on a 20° curve. Diteh 6 vears old.  Originally excavated in
sandy loam soil, $he bottom is now ecovered with a silt deposit. A frinpe of grass
retards the velocity 8t the edge, but not the main flow. Coeflicient n=0.0188.

No. 214, experiment §TH-19, Biliings Land & Trrigation Co’s main canel,
Montana. This reach follows & gentle hillside contour, although practically
straight. A little sand and fine gravel is seattered over a general holiom of elean
spil.  Velocity (mean 2.30 feet per second) appears to be about right for this
soil, as the middle of the section is clean without eutting and there is a slight
deposit of silt and mnd along the sides. A downstream wind perhaps givesa value
of n slightly below what might be expected. Cocfficient n=0.0181.

No. 215, cxperiment FCS-82, Grand eanal, Salt River projeet, Arizona. This
seach covers a clean-ent streteh, straight except for a gentle curve about 250
feet long, shown in plate 17, 4. Originally excavaled in a clay loam soil, the
seetion now has a deposit of clean sand in the middle and stick, silty mud near
the sides. The fringe of grass shown in the view is slightly above the gencral
high water mark and had litlle influence on the rezch when tested.  Cocfficient
n=0.0183.

No. 218, experiment 8F-3, Logan, Hyde Park & Bmithfield eanal near Logan,
Ttah. In operalion 15 years. Bottom and sides smooth earth and gravel up to
1 ineh in dinmeter with some 2-ineh pebbles.  Slight growth of grass on one side.
Yalue of # is lower than might he expeeted.  Coefficient n=0.0184,

Nos. 217, 218, 219, and 220, experiments STH-18, Billings Land & Trrigation
Co., Montana,  These tests were made on the same reach of eanal, with varying
diseharges of water. The reach is straight, with a curve nearly adjeoining each
rid.  The bottorn of the eanal, originally exeavated in Benton shale, is eovered
with fine sand. The shale at the sides has broken to a fine, slick clay, The eross
soctinn is quite regular, Value of n does not vary materially.  {ross winds,
blowing during test ¢ and 4, might easily have affeeted the slope sufficiently to
aceount for such varistion ns nppears.

No. 221, experiment STH-6, Billings Land & Irrigetion Ca.,, Montann. Test
was ob g strafght reach, befween gentle eurves.  The canal, exeavated in Billings
elay, is menerally clean, hut has a little fine gravel in the bed and same fine silt
depasib near the sides. A few cattle tracks and a litile grasg haad a slicht relard-
ing eilect near the sides, hut did not affeet the main flaw,  Cocflicient n=:0.0188,

o, 236, experiment FOSR-87, Maxwell diteh, Cotoradn.  This diteh foliows a
monntain contaur.,  The sides were ratier irregular, with a fringe of grass; t7:
hottom was free of growth and covered with sand and fragmenis of rock, wh i
the low velociiy allowed a silt deposift near the banks.  Coeflicient n- 00102
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No. 237, cxperiment STH-33, Bitier Root Valley Irrigation Co., Montana.
This reach of eanal follows a contour, giving gentle curves joined by short tangents.
The bottom is covered with sand and fine gravel with an occasional cobble of two-
fist size. The reach is uniform in cross seetion. Coeflicient n=0.0196.

No. 288, experiment VMO, Grand Valley canal, Colorado. Carrying nearly
full capacity. Bed lined with fne sediment. Sides rather uneven surfaece of
cla.yo éc‘)?%r(? Sheort grass on bank was submerged one-half foot. Coeflicient
n=\ik .

No. 239, experiment FCS-57, lateral 7, Turlock irrigation district, California.
This canal was tested so late In the season thet it was carrying but a small per-
tion of its capacity. The reach is straight, in hard-packed smooth sand. Water
being low, the prasses on the hanks did not affect the flow at the time of test
(pl. 17, B). Coefficient n==0.4202,

No. 240, experiment STH-17, Billings Land & Irrigation Co., Montana. This
reach, located 400 feet below 2 tunnel and 200 feet above a fume, is in sidehill
excavation of mixed ecarth and sand-rock with some shale. It ig fairly clean,
with some loose rock and sand deposits, while there is a slight growth of trailing
moss at the lower end.  Coefficient n=0.0204.

No. 241, experiment CCW-3, Rist & Goss diteh, Colorado. Built in heavy
Ioar:g. ‘)gides and bottom well coated. No weeds or aquatic growtii. Coceflicient
£=0.0204.

No. 242, experiment VM, Wiecox canal, Rifle, Colo,  Bed of fine silt, sand,
and pebbles, with thin scatiering of G-inch cobbies. Discharge tested less than
one-twentieth of rated capacity, ” Coeflicient n=0.0205.

No. 248, experiment CCW—i, Old DBarnes diteh, Colorado. In good condition.
Counstructed in firm earth. Channel well coated with sediment. No stones or
pebbles, but some long grass overhangs banks, Coefficient n=0.0206.

No. 244, experiment STH-34, Bitter Root Valley Trrigation Co., Montana. 4
canal in its ffth year of operation. Reach is straight, with boliom and sides
covered with graded sand and gravel to cobble size.  Sand filling the interstices
between larger pieces probably accounts for a value of n far below that of 2
cobble difch. oefficient n=0.0208.

XNo. 245, experiment SF-5, Logan & Richmond canal, Ttah, DBed smooth and
free of vegetation. Someindentations near top of channel.  Cocficient n=0.0211,

No. 248, experiment STH-35, Bitter Root Valley Irrigation Co.’s canal, Mon-
tana. This reach, rather irregular in form, was excavated in hardpan. Drifting
sand has smoothed over some of the irregularities. Alignment is sinuons.  Coef-
ficlent n=0.0211.

No. 247, experiment STH-14, lateral No. 2, Billings Land & Irrigation Co.,
Montana. A straight resch of ecanal, criginally excavated in sandy loam soil
with some gravel, Present bottom is smooth, unshifting sand, evenly distributed.
Coefficient n=0.0212.

Ko. 248, experiment WBG-1, Morris canail, Louisiana. A straight sectivn of &
large rice-irrigation canal. The previous winter it had been plowed, leaving the
bed rough. Water grasses retarded the veloeity near the edges. The value ol n
is lower than the author would expect from the deseription.  Cocfficient n=0.0216.

No. 249, cxperiment STH-25, Hedge canal, Montana. A reach of eanal exca-
vated in soft granite sidehill. The present section is covered with disintegrated
granite, mostly less than ¥-inch size, but there are a few pieces ranging up fo
two-fist size. Cocfficient n=0.0218,

No. 230, experiment FCS~78, Birch canal, Imperial irrigation distriet, Cali-
fornia. Originally excavated in alluvial silt soil, but deposits of sand on the
bottom and growths of grass loeking like heli-grown oats have completely ehanged
the pature of the chamnel, The water in this valley, from the Colorado River,
was heavily charged with silt 2t all times of the year, and this formed & slick
deposit which withstands a high velocity before scouring. The counditions and
values in this test and No. 315 are directly comparable, the higher value of = in
No. 315 being due to the denser growth of grass as shown in the view, plate 17,
€.  Coefficient n=0.0217. ]

Ko. 251, experiment WBG-6, Crowley canal, Louislana, A straight reach of
rice canal. Before the beginning of the irrigation season the canal bed had
been plowed and harrowed., Grass interfered with velocity near the sides.
Coefiicient n=0.0219.

No. 252, experiment VMC, Bessemer canal, Pueblo, Colo. Bed of smooth
water worn adobe. Coefficient n=0.0219. )

No. 253, experiment VMC. Same canal as No, 252, Channel the seme ex-
cept for the presence of cottonwood tree rootlets ai the sides. Coefficient
n=0.0281.
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No. 2564, experiment STH-8, high line of Big ditch, Montana. A gmood ex-
ample of expectation for a diteh of this type. Originally constructed in 2 gravel
goil, the low velocity has permitted deposit of sitt until the bed is smoothed aver
and n ie much smealler than it was in the new ditch. This reach fellows contours
with sharp curves, joined by short tangents. Ceefficient n=20.0220.

No. 255, experiment CCW—2, Louden ditch, Colorado. Bed has clean, sandy
bottom without growth of any kind. In fair condition. Coeflicient n=0.0220.

No. 256, experiment VMG, mesa lateral, Grand Valley ¢canal, Colorado. Bed
smoothly lined with fine sediment. Sides of uneven loam. 8hort grass on
bank submerged one-half foot. Coefficient n=0.0220,

No. 257, experiment FC8-64, Banta Ana and Orange canal, California. This
test shows the value of cleaning a diteh to increase the eapacity. The alignment
{pl. 11, A4) follows a gently curving contour. Had been well shoveled out within
a few days, removing all retarding influenee of grasses and moss. There was &
very little soft sand near the sides of the section with occasional pockets of sand.
The value of n is comparable with that in No. 307, which is on the same kind of a
cana! subjeet to the eame conclitions hut not cleaned recently. Ceeflicient
n=0.0221.

No. 258, experiment FCS-80, central main eanal, Im:perial, Calif. Test was
on & long reach of straight conal. PBanks nearly verfical as left by cleaning of
sitt with a bucket dredge. The bottom is very hard and quite regular, despite
this method of eleaning. The velocity was retarded for aboub 1 foot from each
bank by & growth of tules. The silt-laden waters formed slick banks. Plate
11, B, shows the reach and the portable rating car in action. If the sides were
freed of growth at all times (impracticable in this region) the value of » would be
under00.020. For stnall canals in this locality see Nos. 250 and 315. Coeflicient
n=10.0221.

No. 259, experiment STH-20, Billings Land & Jrrigation Co., Montana. Canal
wae originally constructed in varied strata, baving an earth surface underlaid
with a stratum of gravel.while the bed was in Benton shale. This has now been
covered in places with graded gravel. In general, the upper end of the reach had
a smaller sectional area, consequently a higher velocity, and the pgravel was
scoured clean, while the lower end had a Iower velocity and the gravel influence
had been reduced by the deposit of silt. Coefficient n=10.0221.

No. 280, experiment FUO5-84, Bult River Valley canal, Arizona. A straight
reach of canal originally construeted in graded gravel underlying silty loam soil.
The high veloeity encountered (mean 3.12 feet per second) seoured the bed of the
canal, exposing hard-prcked small gravel, while near the sides a slick deposit of
silt formed & surface with but little retarding action on the water. The fringe
of grass and smalil rools at the extreme edges (pl. 14, A), influcaced but a very
small portion of the flow, Coefficient n=0,0222.

No. 261, experiment CCW-5, Geo. Rist diteh, Colorade. Originally excavated
in material ranging from enrth to coarse gravel with occasional cobbles up to
6-inch size. Bed lined with sediment. Banks uneven and overhung with sod.
Coefficient n=0.0224,

No. 262, experiment STH-2, Big ditch near Billings, Mont. Canal was
originally excavated in Billings loam, which tends to be clayey. The bed hos a
slight deposit of sand which undercuts beneath the feet in wading, showing that
the menn veloeity, 2.09 fect per second, was almost sufficient to cause seouring
of sand dc}aosit‘ Fine mud has been depesited at the sides where the velocities
are low. Coeflicient n=10.0225,

No. 263, experiment BTH-38, Bitter Root Valley Irrigation Co., Montana.
The first half of this reach is on tangent, the seeond helf on a 20° curve around a
gravelly point. On the fangent the bed is covered with fine sand in serrations
from 1 to 2 feet longitudinally with the cznal and about 6 inches deep. In the
second half the sand covers the middle portion of the bed, while gravel up to
cobble size forms the edges. The value of n found, 0.0226, is lower than is to
be expected.

No. 264, experiment FCS-40, lateral No. 10, Orland project, Calif. Many of
the conditions holding for this test ere clearly shown in plate 14, B. The gravel,
mostly under hen's-egg size, is well compacted in the bed, while a few acattered
patches of moss have & retarding influence.  There were about two pateches, each
3 53&2% in diameter, in each 100 feet of length down the diteh. Coefficient n=

Nos. 265 to 285, inclusive, experiments REB 1 {0 21. A comprehensive test
on canals for irrigation from Rio Negro, Argentina, reported by Ballester, (4).
Twenty-one reaches of cansls and laterals, all in earth excavation, were chosen
for test. The discharge was measured by current meter of the European type,
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neing the 0.2 and 0.8 depths method, following procedure outlined by Hoyt and
Grover. The slope of the water surface was taken hetween tops of stakes driven
Aush with the water surface at the two ends of the rench and every 40 to 50 meters
between. The locations of the stake heads were platied on [ull seale vertieally
and at 1:2,000 horizontally, and an average line was drawn through the points
as indieative of the average location of the water slope.  Reaches selected clearly
showed either silt accumulations or freedom from such deposits.  This selection
was for the purpose of comparing Kennedy's silt data (32) with experience in Ar-
gentina. Detailed comments for the various reaches fallow (the numbers cor-
respond with Ballester's series nwmnbers):

1 to 4, inclusive. In good condition, without silt deposits.

5. Cravel bod and vertical sides.  Almost o “colbie-bottomed’’ eanal.

6, Gaged at maximum capacity; bed of gravel, somewhat irregular; apparently
with silt deposits at the feet of the side slopes, the bed rounded.

7. Straight, the trapezoidal original section held intact, with na siit beds after
4 vears of operation.

8. Bed in sandy soil, with some vegetation at the sitdes. After 15 vears of
operation, no sili banks.

9, Canul in sandy soil: annual cleaning of silt banks required.

10 to 14, inclusive. Representative of eanals in excellent and economic main-
fenanee, both in respeet 1o silt hanks and to growing aguatic plants. Tests 10
and 11 show rich griss growth along ihe banks at the water surface.

15 and 16. Little silt deposit and abundant side vegetation which retards the
Aow so that cleanings are required every 2 fo 3 years.

17. Silts itself so that annual cleanings are required.

18. A reach operated more than 15 years without requiring desilting.

19 and 20. Reaches in good condition, without silt banks but with lateral vegela-
tion that retards the flow, explaining the high value of the roughness cocfficient.

21. A reach with both silv and aguatie growths that reduce the velacity *extra-
otdinarily’’ as indicated by the high coefficient. .

No. 286, experiment SF-39, lateral 2, Bear River canal, Ttah., Conditions
similar to No. 287 except there was no moss and some bunches of grass along the
edges retarded velocity. Coefficient n=0.0230.

No. 287, experiment SF-14, lateral of Benr River canal, Utah. Excavated in
clavey loam. Now bed is covered with sediment. Patches of horsetail mose.
Edges uneven. Cocfficient n=0.0230.

No. 201, experiment FCS-39, main canal south, Orland project, Bureau of
Reclamation, Califernia. This reach is straight; originally constructed in a yellow
elay which is very slick when wet. A darker deposit of silt now covers much of
this ¢lay. A value of 2 of about 0,017 might b expected but for patches of moss
and water grusses oecupying about 20 percent of the bottom of the channel, This
influence Lrings about a value of 0.0231 for n.

No. 202, experiment FCS-36, River Branch canal, S8acramento Valley Trriga-
tion Co., California. Dxcavated in Sacramento silty clay loam, which hreaks
inta very hard small clods {pl. 14, C). The bed of the ditch was very slick and
hard. A few scattered soft lumps of mud and & fringe of grass and thorns ex-
tending out 1 foot raised the value of n from abeut 0.017 to 0.0236. Although
the mean velocily is nenrly 3 feet per seeond, there was no sign of scour in this
hard soil. Cocfiicient n=10.0236.

No. 208, experiment S¥~1, Providence canal, Utah. Tn gravel size of peas with
scattered picees size of wulnuis._ No vegelation, Caeflicient n=0.0233.

No. 204, experiment SF-27, Logan, Hyde Park and Thatcher canal, Utah.
Sides smooth with sediment; bottom of earth, gravel, and pebbles up to 24 inches
(Iigg‘;eter‘ Coarser material covered one-fourth of perimeter. Coeflicient n=
0.0246.

No. 205, experiment WBG—4, a small, new diteh in Louisiana. This diteh was
practically as left by a plow, being but a week old. The reach was straight.
Coeflicient n=10.0246.

No. 266, experiment SF-18, College and City canal, Utah. No vegetation,
but sides uneven. Bed covered with fragments of flat rock from ) to 2 inches
in greatest dimension, Coeflicient n=0.0247.

Na. 207, experiment FCS-88, Boulder & White Rock ditch, Colorado. A smail
ditch with one bend. Qriginal excavation was in mendow soil over river gravel.
The bed contained graded gruvel, mostly small but with a few cobbles of two-fist
size. A dark silt had deposited in the lower veloeitics nesr the edges which were
nearly vertical, well-sodded banks, This diteh would be calied in a good working
condition as most of the stones were unavoidable. Coefficient n=0.0248.
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No, 299, experiment $TH-3, Billings Land & Trrigation Co., Montana. This
reach was originally excavated in Billings gravel. 8ilt has deposited in the low
velocitics at the =ides, hut the main bed is composed of gravel with cobbles up
to two-fist size. The #light fringe of grasz did not retard the main flow.  Co-
cefficient n (0258,

No. 300, experiment STH-1, Billings Land & ITrrigntion Co., Montana. A
siraight reach excavated in gravelly soil.  The bed is of compaet gravel up lo
one-fist size, while silt has deposited in the lower velocities near the sides.  No
grass in the water seetion. The miean velocity of the water, 2.35 fect per second.
appears Lo be sufficient to prevent the deposit of silt over the hed, though the water
is very rmouddy, Coefficient »- . 0.0230,

No. 301, experiment 8TH-36, Bitier Rool Vallex Trrigation Cn., Monians.
The first twe-thirds of the reach was on o sidehill in hardpan, while the 1ast third,
originally construeled on a ereek bollom, s now (ored of sand cdrifis =imilar
to those spoken of in No. 263, In the first parf the hardpan i scoured clean
except on inside of curves where sand hag deporited, while farther down the ditch
some cobbles are mixed with {he sand.  Coefficient » 0.0260.

No, 302, experiment FOSR 14, North Ogden canal, Utah, This reach [ollows
a hillside cottour about one-half mile below ihe mouth of Ogrlen Canyon.  The
material is composed of =0il and rounded bonlders ranging from sand to stones
several ndred pounds in aeight,  The sides were quite vertical and fringed
with willow roots aned grass, while a few patehes of moss were scattered through-
out the lengih of the reach, Aslde frown this moss Lhis test would coma under the
L;Ias.'}: of cobhle-bottom ditehes, awd the value of n = 0.0262 ix about right lor such
ditches,

No. 303, experiment T'OR-58, main braneh eanal, Turloek irrigation distriet,
California.  This canal, shawn on plate 18, B, was careying but a small part of its
toial eapacity. The water was =0 low that the influence of grass, whieh would
have affected a deeper sertion, was lost.  The bed waz hard-packed fine sandd.
CocfMicient n- 0.0262.

No. 304, experiment VMO, Roeksy Ford eanal, Colorada.  Bed of fine loose
sand.  Sides of clay with fine zrass roots projecting. Smme grass overhangs into
waler. (Canal somewhat crooked and banks irregular.  Coeflicienl n =0.0266.

No. 305, experiment FCS8-23, a Iateral of the South Side Twin Falls eanal, in
Twin Falls, Ielaha {(pl. 18, .1, Exeavation was through 1 foot of lava-ash sail
Lefore striking hardpan.  The present bed of the lateral is clean and hard, A
dense prowth of =od and long grase retavds the waler at the vertical sides, and
some =ilt has deposited on the edges of the hottom in the low velocities. Co-
eMcient = 0.0267.

No. 300, experimenti FOB-8, Salt Luke City and Jordan canal, TUtah. A reach
with ane geatle curve in the upper end, but atherwise straight.  Originally con-
strieted in sandy soil with small gravel, the hottom now is very hard and cemnented
cxcept af the zides, where the veloeily is not sufficient to prevent silt from de-
positing. A dense growth of grasz killed the veloeily for about one-half foat
from the vertical banks, typical of old ditches in Colorado and TUtah, Co-
cfficient » = 0.026G7.

No. 307, experiment FCS-06, Fullerion diteh, Anaheim-Union Water Co.,
Californin {pl. 18, (), Grass and moess kill the veleeity for about 1 foot from the
banks; the hed is o hard, cemented, sendy loam, with about 0.1 foot of shifting
sand. This eanal was under exactly the smine conditions as Na. 257, except that
this needed eleaning and the other had just been eleaned.  Coeflicient n=0.0269.

No. 308, cxperiment FOS-86, Farmers” eanal, near Boulder, Colo. This
canal is on a gently curving hillzide.  Willows and grass form a dense fringe at
the sides, while the boltom, originally in red mountain soil mixed with fragments
of sandstone, now has a hard, gravelly bottom, with angular fragments rather
than rounded pehbles,  The section is irregular, and the value of n is quite com-
parable with that of a cohble-bottom diteh, although this reach is not cobble
bottommed.  Coellicieni »- - 0.0270,

Nos, 309, 310, and 314, experiments 8TH-12a, b, and ¢, lateral 2, Billings
Tand & Irrigation ('o., Montana.  Anirregular section of zmall lateral, construeted
in loamy ecarth,  Now fringed wilh grass, which trafls somewhat, though newly
mowed. The bottom is irregular, with drifting sand throughout mast of the
reacl. The canal is too irregular to juslify conceding too much weight to the
varigus valhies of n found.

Xo. 312, experiment FCU8-5, lateral of Parley’s diteh, Utah. A straight reach
in gravelly lonm soil. A fringe of grass retards velocify for about one-half foot
from the Lanks, Bottom is elean sand which yiclds about 1 inch to the feet of a
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\\'ade:('}.z_zék slight wind upstream msakes the value of n & little high. Coeficient
a=_0. .

No. 313, experiment VMC, Bessemer diteh, Colorado. Bed of fine silé merging
into clays with liberal sprinkling of loose stones up to 3 inches diameter. Coeffi-
cient n=0.0280.

No. 314, experiment FCS-20, lateral of South Side Twin Falls canal, Ideho. On
a gentle contour curve of about 400 feet radius. Constructed in hardpan under-
lying sbout a foot of lava-ash soil, the water section is quite slick but is badly
washed in longitudinal gullies. The banks, too, are irregular and fringed with a
dense growth of grass and alinlfa. Coefficiend n=0.0283.

No. 815, expetiment FCS8-79, Beech canal, Imperial Valley, Calif. ‘This test is
under exactly the same conditions as those desceribed in No, 250, with the exception
ihat 2 longer time has elzpsed since the dense growth of grass shown on plate 11,
C was cub. The difference is noted by comparing the above view with that in
plate 17, C. Coefficient n="20.0200,

No. 3186, experiment FCS-49, Wheeler ditch, Nevada. Ditch follows contour in
curves of from 300 to 500 feet radiusg.  While the bottom is hard ;eany boulders of
several hundred pounds weight border the channel, and & few have rolled into it.
A dense growth of grass and bushes fringes the sides, and o fine, dense moss retards
veloeity for about 0.3 foob from the botiom. Coeficient n=0.0282.

Nu. 317, experiment FCS-83, lateral 10 from Arizona canal, Salt River projcet,
Ariz. Straight reach of small ditch on a steep grade. Constructed in a silt loam
scil, the high velocity has washed very irregular gullies and pockets, An average
growth of grass and weeds also retards velority. Coefficient n=0.0298,

Nos. 318 and 319, experiments STH-13, lateral of Billings Land & Irvigation
Co., Montana. These tests on the same tench of canal but with verying dis-
charges, and for No. 318 grass fringing the edges was eut, hence removing some
of the retarding influence present in No. 319. The betiom is covered with fine,
deep, shifting sand.

No. 320, experiment FCS-72, upper canal, Riverside Water Co., California. A
straight reach originally excavated in a sandy loam soil, 'The hotiom Is covered
with & bed of fine sand which remains bard until disturbed, when it cuts rapidly.
Dense grass along the sides and scattered patches of moss in the cansl cause &
high value of n. CoefBcient n=0.0315.

Io. 321, experiment FCS-77s, lower canal, Riverside Water Co., California.
Though origirally excavated in & clean-cub section of soft hardpan, the present
condition of this reach iz much less efficient, owing to a deposit of shifting sand and
growths of water grasses and depse grass along the edge, though not so bad as in
No. 322. Coeflicient n=10.0318.

No. 322, experiment FCS-77b.  Smme canal as No. 321, but the grass along the
edge kiils velocity for about 1 foot from both banka, Otherwise the same general
condition holds as before. This reach adjoins the other reach &8t a right-angied
bend. Coefficient n=0.0380.

No. 323, experiment FCS-59, main caral, Modesto irrigation distriet, Calif.
Test was made on & wide canal carrying but & small portion of its total capacity.
This gave a condition of shallow water flowing over gullied hardpan having about
0.1 fooge%f shifting sand. No grass touched the water at this stage. CGoefficient
2=0.0300.

No. 324, experiment SF-64, Hyrum canal, Utah. Sides overgrown with alfalfa
and weeds. Bed of coarse gravel up to walnui size. Coefficient n=0.0319.

No. 325, experiment VMC, Bessemer cansl, Colorado. Bed of fine sil§, merg-
ing into clays with liberal sprinkling of loose stones up to 3 inches diameter.
Coefficient, n=10.0321.

No. 326, experiment FCS-9, lower canal from Big Cottonwood Creek, Utah.
Originally construeted in a sandy loam sotl, the bottom was hard with nocobbles bub
with a deposit of soft mud in the lower velocities near the sides. 'The reach teated
is on & gentle contour curve, which exerts an insppreciable influence when com-

ared with the vegetable growth. The banks are nearly vertical and irregular,
ﬁke most rooted channels. Willow roots and grass have so encroached on the
channel that & high value of n is obtained. _Coefficient n=10.0324.

No. 327, experiment FCS-60, Yosemite Power Co.’s diteh. Follows 2 moun-
tain contour in disintegrated-rock soil. A fringe of bushes and grass retards
veloeity at the banks, while the bottom is porous and graveily with scattered
boulders and rock fragments up to two-fist size. Coeflicient n=0.0334.

No. 328, experiment, FCS-62, Golden Rock ditch, Yosemite Power Co., Califor-
nia. Reach tested follows a gentle mountain contour. The bottom ie of clean dis-
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integrated slate with seattered pieces to two-fist size. Although this bottom hasa
greal retarding fufluence, the value of # is higher than is to be expected. There
was but Jittle grass touching the water. Coeflicient n=0.0346.

No. 329, experiment STH-15, laferal 1, Billings Land & Irrigation Co., Mon-
tana. ‘This reach of ditch is in sandy loam fill. The water section is irreguiar
with sand in the bottom and alittle trailing grass and moss.  Cocfficient n=0.0349.

No. 330, experiment SF-26, Logan and Benson-Ward canal, Utah. DBed of
medium-sized gravel, Flow much fimpeded by horsetail moss occupying about
one-fourth of waler scetion.  Coeffieient n—=0.0352,

No. 331, experiment FCS-18; Logap and Hyde Park canal, Logan, Utah,
Straight reach originally eonstructed in gravelly soil with many cobblee from egg
to two-fist size. At time of test the edges were irregular and densely grassed,
with patches of moss and some cobhbles seattered throughout the reach. The moss
lics nsually within 0.3 foot of the bottom. Coeflicient n=0.0364.

Ne. 332, experiment GCW-9, Hillsboro ditel, Colorads. In general bad con-
dition, wilh irreguiar gradient and rough banks. Gravel ehannel seoured by cur-
rent. Coeflicient n=0.0371.

No. 333, experiment FCS-53, lateral 2%, Turlock irrigation distriet, Calif.
Straight reach exeavated In hardpan requiring blasting. This leaves the section
rough and pitted. The bottom was covered with 3 inches of rough, gritty sand,
As the canal was only about one-half full, no grass touched the water. Coefficient
n=0.0373.

No. 334, cxperiment FOS-25, Perrault canal, Boise, Idahe. This ditch, con-
structed in gravelly lonm s=oil, hags a very hard cemented bottom. A dense
growth of grass so kills the veloeity for a distance of aboub 1 foot from each bank
that the value of # is very much greater than would be the case if the canal were
kept free of this growth,  Coeflicient n=0.0381.

Jo. 335, experiment, SF-62, lateral of Hyrum cansl, Utah, Partially over-
grown with alfalfa. Strip of moss on each side occupied about one-fifth of chan-
nel.o 0Bed of flat fragments of rock, up to 3 inches greatest dimension. Coefficient
7 =0.0393.

No. 336, experiment IFCS-46, Orr ditch, Reno, Nev. The rach in a harse-
shoe curve around the small lnke on the university campus.  Originally excavated
in loamy soil with a liftle gravel. The bed waa clean scoured, buf near the sides
& man wading sank about 4 inches in soft mud. Dense grass and willowsd retard
the velocity at hoth banks, while the water section is very irregular throughout
the reach. Coeflicient #=0.0397.

No. 337, experiment FOS-21, g emsll ditch in Twin Falls, Idaho. Originally
constructed in hardpan, the reach is irregular with scatlered debris such as is so
of‘teg Df?c’)und in town ditches. Grass arches across in many places. Coefficient
n=0.03%9.

No. 338, cyperiment FCS-4, New Rutner diteh, Nebraska. Diteh follows a
gontle confour line down a creek bottom. At time of test it had a very hard
bottom of medium-fine gravel, well packed, but a dense growth of grass killed the
velocity {or about one-half faot from each bank, and seattered patehes of moss
retarded that in the middle. The banks of the ditch are very irregular.  Coefhi-
cient n=0.0436.

No. 339, cyperiment FCS-44, Sullivan & Kelly ditch, Nevada. A diteh cox-
cavated in a gravel and cobble hillside. At time of test the bottom was hard-
packed gravel'in the center with a slight deposit of soft mud at the sides. Scat-
tered cobhles and o dense growth otB grags retarded the velocity of the water.
The reach follows & genily curving contour line with onc right-angled bend near
the lower end.  Coefficient n=0.0436.

No. 340, experiment WBG-2, Roller canal, Louisiana. This test was made on a
straight reach of canal. The vegetation extended about § feet from each shore.
Coefficient n=0.0451.

No. 343, experiment 8F-53, lateral of Thatcher canal, Utah. About two-
thirds filled with horsetail moss. Such bed as is exposed is sediment. Coeffi-
cient n=10.0519.

No. 344, cxperiment SF-52, lateral of Thatcher canal, Utah. About three-
fourths filled with moss, Bed exposed is fine sediment. Coeflieignt »=0.0529.

No. 345, experiment WBG-5, a small diteh in Louisiana, chosen as representa-
tive of the small ditches in the rice country. Grass extended from one bank to
the oiher across the bed, occasionally growing to the water surface from the
bottom of the diteh. The grass forms a dense mat in the bottom. It had been
cut with & scythe mbout 1 week before the test. Coefficient n=0.0544.
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COBBLE-.-BOTTOM DITCHES

No. 348, experiment CCW-13, Bessley difch, Boulder, Colo. Channcl of
gravel on bottorn with cobbles on the sides.  On s slight curve with no vegetation
in channel. Gensral condition elassed as good. Coefficient n=0.0220,

No. 347, experiment VMQC, Rio Grande canal, lateral 1-¢, Del Norie, Colo.
Description about the same as for No, 348, except that the gravel is finer. Coeffi-
cient 7=0.0221.

No. 348, experiment VMC, Rioc Grande canal, Del Norte, Colo. Bed varics
from Bne gravel to smooth round rocks about 6 inches in diameter. Coeffeient
n=0.0284_ (P, 22, C)

Nos. 349 to 370, inclusive, experiments BCC, Cachapoal canal, Braden Copper
Co., Chile. Originally constructed in 1809-11 fur capacity of 550 second-feet.
Enlarged in 1928 to 780 seccond-feet. Prior to this enlargement rome 480 cross
sections were taken; eapacity flows were held steady and measured at both ends
of cansl. Renclies arve listed in order, with distance in kilometers from head, in
column 2, table I. Elevniion of waler surface at each measured section was used
in determination of C' in Chezy formule for typical reeches listed covering length
of canal of 12 kilometers.  Typical condition indicated by plate 21, B,

No. 375, experiment 8F-63, Hyrum canal, Utabh. Sides of earth. One-half of
perimeter across bottom covered with rock fragments up to 1 inch across. Weeds
and alfalfs grew up to water’s edge.  Coefficient n=0.0260.

No. 376, experiment STH-31, Bitter Roob Valiey Irrigation Co.’s conal,
Montana. A nearly straight reach excavated in very gravelly ground with
boulders up to 2 cubic feet in size. The first third of the distance is fairly smooth
on the holtom with no stones larger than fwo-fist size; upper slope cobbly and
with some grass on the lower water edge.  Second third of distance shows much
roughness, with cobbles over most of bottom. Last third, in condition inter-
mediate between first and second thirds. Cosficient n=0.0262,

No. 377, experiment STH-4, Billings Land & Irrigation Co., Montana. A
straight reach excavated in graded gravel up to $wo-fist size underlying about I
foot of soil. The canalis D yearsold. Mud has deposited in the slower velocities
at the sides. Dense grass fringes the cdge but does not trail in the water, Co-
efficient n=0.0264,

No. 378, experiment COW-7, Loveland and CGreeley canal, Colorado. Over-
hanging sod banks with grass in water. Earth channel with many cobbles up to
8 inches in diameter. Reach on & curve. Coeficient n=0.0267.

No. 379, experiment FCS-10, upper canal from Big Cothonwood Creek, Utah,
Reach follows & gentle contour curve on a very gravelly hillside. Sides vertical
and lined with trees and willows, rootlets of which extend into the water prism,
The bottom is completely covered with cobbles up o two-fist size. As with
nearly all ditches of this character the sides are irregular in cutline, the cobbles
not breaking into ar even bank. Coefficient n==0.0277.

Wo. 380, experiment FCS-15, Logan and Northern canal, Ufah. A fine exam-
ple of diiches following gravelly hiliside coniours near the mouths of canyons, a
condition typical of many canals near the mountains. The sides are densely
fringed with willows and bushes, rootlets of which hold silt and form nearly ver-
tical banks. The bottom is completely covered with well-packed gravel and
cobbles up to two-fist size.  Coefficient n=0.0270.

No. 881, experiment VM, Rio Grande lateral No. 1, Colorado. Bed of graded
material from fine gravel to water-worn rocks 6 inches or morve in diameter.
Three tests on the same reach with 380 second-feet, 33,34 second-feet, and 27.16
second-feet, gave values of » as 0.0284, 0.0386, and (.03870, respectively. This
gives a lower value of = for the greater discharge,

No, 382, experiment FCS-51, Reno diteh of the Reno Light & Power Co.,
Nevada. Reach was originally excavated in an old river bed containing innu-
merable boulders up to 5 cubic feet in size (pl. 20, A). Ahbout a year before this
test the sides and bottom of this channcl had been paved with g hand-laid riprap
of these boulders, the sides being laid about ¥4 to 1, and the bottom fat. Many
of the boulders at the top of the walls have rolled into the eanal, as no cement or
other hond was used, but the general condition of the walls appears to be good.
‘The reach tested was straight with the exception of a gentle curve in the last 200
feet. Coefficient n=0.0291.

No. 383, experiment CCW-12, Beasley diteh, Boulder, Colo. Excavated in
gravel and fine sand with a good many small cobbles. Banks held in place by
logs laid parcliel to stream. Coefficient n=0.0320.

No. 384, experiment FFC8-43, Sullivan & Kelley ditch, Nevada. This reach
follows a penfle contour on a rocky hillside. The boulders have been hand laid
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in a nearly vertical wall on the lower side while the bottom aned upper side are
rough and irregular with projecting large boulders. A slime of mud from the
Truckee River water covers all rocks below the water line,  Vegetation iz negligi-
ble. Coeflicient n=0.0324.

No. 385, experiment SF-55, Smithfield canal lateral, Utal.  Cobbles partially
covered with stit. HEdges made irregular by cattle. Coefficient 2=0.0329,

No. 386, experiment SF—47, Logan and Hyde Park Canal, Utah. Entire
channel composed of loose coarse gravel up to hen's egg in size. Cocificient
n=0,0337.

No. 387, experiment SF-33, lateral of Hyrum canal, Ttal. A case where water
flows very siowly over a rough surface on stecp grade. Bed composed of loose
cobbles up to 3-inch size, Coefficient n=0.0305.

No. 388, experiment 8F-57, lateral of Swmithfield eanal, Ttah. Canal on
steep grade with bed composed of gravel and eobbles.  Coefficient n==0.0377.

No. 389, experiment FC5-42, Cochrane ditch, Nevada. Constroeted in grav-
olly soil with many cobbles. Test was made on a reach havisg one bend. The
bottom had many loose cobbles seattered on an otherwise hard gravel bed. The
banks throughout nearly sll of the reach tested were overhung with densely
grassed sod. In addition aboubt 20 percent of the water section was occupied
with moss. Coeflicient n=10.0370.

No. 390, experiment FTCS8-8%, Beasley diteh, Colorado. A straight reach
carrying hut about one-fourth its eapacity. The boftom and sides are a mass of
unpacked gravel and hbouiders up to 2 cubic feet ir size.  Coeflicient n=0.0383.

No. 391, experiment TFCS-52, Capurro diteh near Reno, Nev, A sinzll diteh
thiekly fringed with grass and with scattered cobbles in the bottom, The banks
are nearly vertical, densely rooted, and very irregular. The hottom is covered
with about 0.1 foot of soft mud through which the seatfered cobbles project.
Coefficient n=0.0408.

No. 892, experiment 3¥-24, canal of Brigham City Electric Light Co., Tiah.
Well-formed canal. Bed of medium-sized unpacked gravel. Onc-third of water
section filled with lang waving water plants. Coefficient n=0,0424,

No. 393, cxperiment SF-56, lateral of Smithfield City canal, Ttah. Edges
uneven. Bed of clean-washed gravel and eobbles. Cocfhcient n=0.0423.

No. 894, cxperiment BF—46, Brigham City canal, Utah. About half full of
horsetail moss. Such bed as is exposed Is gravel. Edges overgrown with cress
and weeds. Coefficient n=0.0499.

SIDEHILL CUTS, WITH RETAINING WALLS

No. 395, cxperiment STH-23, Hedge canal, Montana. A short reach excavated
in granite hillside, with the lower bank formed of a random rubble masonry wall,
well plastered with mortar on the nearly vertical water face. The reach is
straight except for a slight curve In the last 50 feet. The bottom is covered with
granite gravel, most of which would pass a Y-inch sereen, with occasional pieces
one-fist size. The excavation is quite true to line for a rock cut. Coefficient
n=0.0185.

No. 396, experiment STH-27, Hedge canal, Montana. "This reach is about 500
feet helow that in No. 395. The upper side is excavated quite true to line in carth
end disintegrated granite. The lower side is & verticel concrete wall laid against
board forms. The floor is conerete with from 1 to 2 inches of fine, sharp ravelings
from the hillside. In spots the floor shows, Ceefficlent n=0,0225,

No. 397, experiment STH-9, Cove diteh, Montana. Resch ia ecut from a sand-
stone hillside. TLower bank is a rubble masonry wall plastered with coucrete on the
water side. Bottom is also overlaid with conerete.  Alinement is wavy with some
20° curves. From stations 0 to 2 there is some gravel; from stations 2 to 4, clean
bottom, the rock on upper bank being smooth buf the width irregular; from sta-
tians 4 to 6, more uniform in width but rough on rock side; from stations 6 to 7,
rock wall rougly and width variable; from stations 7 to 8, rock wall smooth,
bottom eclean or little gravel, the width uniform, Coefficient n=10.0228.

No. 398, experiment ¥08-17a, Logan, Hyde Park, and Smithfield eanal, Utah.
A reach between an esrth section and the reach in No. 399 below (pl. 15, A).
The excavation is on a steep hillside. The upper bank is mostly of willow roots,
while the lower bank is a well-made concrete wall. The bottom is eovered with
coarse gravel. This reach is nearly straight with bends at both ends. Coeffi-
cient n=0.0256,

No. 399, experiment FC317b, Logan, Hyde Park, and Smithfield canal, Utah.
Just below the reach described in No. 398 the canal enters the section covered
in this test. The same concrete wall formed the lower bank, and the bottom was
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about the same, but the upper bank was a rough vertical rock cut. The differ-
ence in the value of = iz about what is to be expected. Coeflicient n=0.0278.

No. 400, experiment STH—26, Hedge cansl, Monfana. A rock cub with con-
erete floor and a rubble masonry lower wall, faced with 3 inches of concrele
deposited sgainst wood forms. The botfom is mostly covered with sand and
ravelings of smalt rock. The upper bank is rough rock excavated irue to cross
section. The alinement is practically straight except for one sharp curve. Co-
efficient n=0.0269.

MISCELLANEOUS SECTIONS

Nos. 404 and 405 experiments FUS-74 and FC&8-73, lower canal, Riverside
Water Co., California. These tests made on & straight reseh of cansl in a sandy
soil with a shifting sand bottom and a wood lining on the lower side (pl. 15, B).
The cansa!l in test No. 404 is in the shade of a dense row of trees and is free of moss
accumilations. Coefficient n=0.0249. The canal in test No. 405 is in the sun
and moss has accumulated on the wood lining, Coeflicient n==0.0291.

In both tesis the water was retarded by a rank growth of grass for ebout 1 foot
from the bank gpposite the wood lining. The diference in the values of n is
directly due to the moss, which grows in surlight but not in shade,

Nos. 406 and 407, experiments BR-5-26 and 27. Rossi Mill diteh, Idaho.
Rough board sides with gravel. Some grass growing through cracks befween
boards. Coefficient n=0.020. )

No. 408, experiment FCS-17¢, Logen, Hyde Park, and Smithfield cansl, Utsh.
This reach is fairly straight, excavated in rough rock. The botfom is strewn
with coarse gravel {pl. 15, C). Coefficient n=0.0298.

No. 409, experiment JE. Canal for electric plant of city of Aarau, Switzer-
land (62). A siraight canal with Jarge geschiebe on the natural bed and con-
crete gides on slope of 1 to 1. Coefficient n=0.0173.

No. 426, experiment FCS-AX, Drum canal, Pacific Gas & Klectric Co., Cali-
fornia. A test by representatives of the owners and the asuthor. The canal
section lies on a steep mountain side (pl. 19, 4). The upper bank is 8 submerged
rock wall 4 feet high. Above this the caral has been widened sbruptly, forming
a berm 5 feet wide, to an excavated side slope. The water was 3 feet deep on
the berm. ‘The lower side is paved with concrefe 'planks’” laid side by side down
the incline of the bank. These planks are precast and used wherever erosion
endangers & canal bank. Croses sectiony had been carefully taken at every sta-
tion through the reach tested, with the water out of the eangl. The sectional
areas varied greatly over & range abouf 13 percent above and below the com-
puted mean ares. Coeflicient n=10.0262.1%

No. 428, experiment FCS5-100, Deschutes municipal district, near Bend, Oreg.
A straight reach of canal with leva-rock masonry wells heving plestered inside
face, the bottom of fairly smooth concrete {(pl. 19, C}. Crose sections were
taken every station through the length tested. CoefBeient »n=0.0207.

No. 429, experiment FCB-98, Yakima Valley cznal, near Yakima, Wash, A
combination of concrete lining and bench flurme, which replaced & timber Hume
after the latter wore out. The upper side is on a slope of about ¥ to 1. The
bottom is & typical concrete lining with some rock debris. The lower side is &
nearly vertical concrete wall like s bench flume. The metor measurement was
made at the company gaging station just below the ouilet of Cowiche siphon.
This point was the upper end of the reach fested. The value of n=0.0154 is
typical of concrete linings subject to hilizide debris.

Mo. 430, experiment BR, Cottonwood flume, Idaho. Rubblestone fairly well
laid. Bome cosrse sand in bed being carried as silt. Coeflicient »=0.0163.

No. 431, experiment FCS-29, Jacobs ditch, Boise, Idaho. As shown in plate
8, B the sides are of firat-cless rubble magonry with all cracks smoothly plastered
with cement. The bottom is smooth cement lining laid like a good grade of side-
walk, About 50 feet below the lower end of the reach the diteh passed through
a vertical trash grating, which was kept clean of debris during the test. Coeffi-
cient n=0.0149.

No. 432, experiment FC8-27, The same ditch as No. 431, but this reach is
lined on both sides and boitom with dry Iasid, unchinked rubble, as shown in
plate 9, C. The botfom is quife irregular, with scattered loose cobbles. A
clea.{l}l ngrgg.ing came a short distance below the reach, as in No. 431, Coeflicient
=0, .

HXmpeR, A, W. REIPORT ON TEST FOR COEFFICIENT OF ROUGENESS AND RETARDATION OF FLOW BUE
TG CURVATURE DRUM AND LAKE VALLEY CROSS-OVER CANALS. Drum Division Pacific Qas & Electric Co.
6 p. illes. (Unpublished.)
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No. 433, experiment FOS-28. The same ditch a5 No. 431, This reach, one
city square long. earne beiween No. 431 and No. 432. It appeared to have been
originatly like No. 451, oxcept that the bottom was not lined. There were gsev-
eral cobbles throughout the bottom of this reach, and this probably accounts for
the fact thaco the velue of n is slightly higher than for No. 432, while to all ap-
pearances it should have been slightly lower, A prating similar to thosc noted
above came below the lower end of the reach. Coelficient n=10.0250.

No. 434, experinent FCS-45, Orr ditch, Reno, Nev.  As shown in plate 16, 4,
the sides are smoothiy built rubble, with most of the eracks well pinstered, but the
bottom is covered with shifting sand and loose cobbles so that, if lined, the lining
is completely concealed. The'lined section ends shorbly below the lower end of
this reach, passing into an earth channel. This test exemplifies the need of
keeping sand and gravel from & lined section if the low value of n that might be
expected is to be realized. Cocfficient n=0.0298.

CONCRETE CHUTES

Nos. 4531 and 452, esperiments VMC, south eanal, Uncompahgre project of
Bureau of Reeclamation, Cotorade. This eanal, extending from the outlet of
Gunnison tunnel to the Uncompahgre River, is a serics of ordinary concrete-lined
canel sections (see Nos. 63 to 67, inclusive) with several steep ehutes {pls. 10, A and
22, B). Tests were made on the latter by Cone and his assoeiates some 3 years
before the Foster test (No. 453) and 19 years before the more claborate tests by
T.ane and assoviates {MNos. 454 to 464, juclusive).® The Foster icsts were re-
ported in Bureau of Reclamation data card No. 25. The photographs show the
class of concrete when the eanal was new and detail views show how the hottom
and lower parts of the sides have been eroded by the high velocities (20 to 35 feet
per second) in & terrain that eontributes much abrasive material.

PRACTICAL USES OF THE EXPERIMENTAL DATA

The greatest practical use of the data given in table 1 is to allow
selections of values of Kutter’s # . .r use in the design of new irrigation
and similar channels for specified original surfaces of definite categorics
witl: the indicated modifications of these values that may reasonably
be anticipated to result from seasonal or permanent changes. Like-
wise to be anticipated are the changes in the values of n reflecting
conditions within the water prism that affect the hydraulic rough-
ness but may have no bearing whatever on the condition of the surface
of the conduit materinl. Obviously, canals should seldom be designed
50 that the best possible conditions are anticipated, for if they are not
attained the channel fails to meet capacity requirements,

The use next in importance is that made by the management of any
system involving older canals. Such managements are continually
faced with the problem or changing from simple earth channels to o
more improved type. This may be necessary to stop seepage and
water-logging of Iand adjacent to canals, to increase the capacity of
the canal without increasing its size, or 1o hold the same capacity in o
smaller channel. In some highly developed areas, carsls located
beside roads have been placed n covered conduits in order to make
more space available for highway traffic. For instance, the Sanderfer
Ditch near Whittier, Calif., (pl. 5, ) bas been placed in & concrete
pipe operating as a flow-line channel i. e., not under pressure.”

Similar changes have been made in orange groves andl other farm
land where the value of the arcas salvaged and reduction of operating
costs have more than peid for the exchange of covered cancrete cor-
mr. AN INVESTIGATION OF THE AYDRAULICS OF A LONG CHUTE IN THE SOUTH CANAL OF THE
UNCOMPATIGRE FROJECT, U, B, Bureau of Reclamation, 12 . illus. (Tnpublished.)

17 A change like this involves the capacity of conerste-pipe Unes. For this Information the reader s

referred to Department Bullotin 852 (36).  For sale by the Superintendent of Documents, Wushisgton, I0.
C., at 25 vents,

B44ET°—39—d
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duits for original open canals in earth or concrete. Another use is
described in detail on page 15 where the capacity of an existing con-
duit was increased by direct improvement of the original channel.

A {future use lies in the studies of the canalization of streams. Much
uf this work has been done in Europe. 1In the United States many
small streams, in their passage through urban property, have been
placed in canal sections, either open or covered. Recently the Rio
Grande has been rectified from El Paso to Fort Quitman, Tex,
Funished, summer of 1938.) This work has changed a meandering
river for 155 miles of its length to a canal but 88 miles in length, with
the resulting steeper gradient available for the transpertation of silt
and sand. This change also stabilized the international boundary
between the United States and Mexico. The canalized channel was
designed for a flow of 11,000 second-feet, using n value of Kutter's
n of 0.025 for the normal flow chanmel and 0.030 for the flood channel.

As problems arise, the usual given quantities are: The discharge,
¢, end generally the bed slope s. Unilorm flow must ordinarily be
assumed; hence s is parallel and equal in value to the energy slope S.
Sometimes any slope may be used, over an appreciable range, so that
many possible channels can be set up for economic study. Even with
both ¢4 and S given, there are many shapes and sizes that will yield
the desired answers from a mathematical standpoint. Most eanals
will have gentle velocities without entrained air so that the continuity
equation, Q=AV, will hold true. Thus any combination of 4 and 1"
that will yield the desired @ can be used. But solution of the Nutter
or the Manning formula yields o value of R rather than of 4. Tor
preliminary study a set of tentative simultaneous values of £ and 1

Q

can be taken from the estimate diagram (p. 668). Then J1=~‘7- Rel-

erence to the Bureau of Reclamation hydraulic tables (67) readily
shows several combinations of canal dimensions and shapes, gll
vielding the required values of B and A.

The data herein ean be used for a question frequently propounded
to the engineer, What will be the maximum capacity ol a canal, spill-
way, floodway or the like, already constructed but never subjected to
full capacity? Here the slope S'is generally assumed as equal to the
bed slope s, unless other facts are available from which backwater
curves can be developed or other elements that give a more proper
value of 8, even if nonuniform flow will be found to held.

From the measurements of eross section, values of 4, P, and R can
be developed for all depths.  With the best possible estimate of the
value of 7 that will hold at the time given in the hypothetical question,
then the estimate dizgram can be entered with the various possible
cornbinations of R, S, and the nssumed . The dingram will yield
the corresponding values of 17 which can be multiplied by the proper
value of A to produce the desired answer, §. The maximum ¢) of the
various possibilitics cau thus be estimated. Of course, all such
estimates nre approximations only.

Before reaching decisions in such ecircumstances, the engineer
should consider:

1. The material of construction and the channel shapes available
fov it.

2. The most efficient proportions for various shapes.
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3. Whether the canal will be of moderate slopes and in sinuous
flow or on a stecp slope and thus in shooting flow.

4. Whether the ferrain permits of a relatively straight coenal or
cnlls for many curves and bends.

5. The surface of the material. A good surface in any material
does not tell the whole story. Other things must be considered be-
cause hydraulic friction {requently differs from surface friction.

6. Whether the capacity will be affected by muddy water, insect
life, or aquatic growths.

7. With items 1 to 6 considerad, what velocitics should be used.

These items are discussed in detail from the capacity and design
standpoint in the following pages.

MATERIAL AND SHAPE OF CHANNEL

Usually the various materials of which a canal can be constructed
are associated with certain definite shapes.

Earth—Original construction in n trapezoid with some assurance
that this shape will tend to become an elliptical bed (pl. 13, A). The
form of the ellipse depends Iargely on the amount of gravel and cob-
bles in the matrix (35, p. 273). TFine silts without grit tend to pro-
duce & deep narrow section. Wide, flat bottoms are often developed
where cobbles are predominant (pl. 22, ). Intermediate shapes
appear to depend on the relative number and size of pebbles and
boulders,

Concrele—Generally a trapezoid with side slope of 1% or 2 to 1.
In lower Rio Grande Velley common shapes with shot concrete are
120° of & circle with tangent sides or an approximate paraboln. These
shapes have enough arch action to resist breaking under pressure of
earth or mud backing. Many modern canals have the bottom dished
to get this arch action. Scmetimes struts brace the top of the lining.
Concrete shapes often depend on the method used. Shot conercte is
placed on horizontal, vertical, sloping, or curved surfaces. Poured
concrete, with or without forms, is used in trapezoidal shape while,
with forms, any shape desired can be obtained.  Small ecovered chan-
nels with free~water surfaces are usually of concrete pipe. Cut-and-
cover sections are usually nearly vertical in side wall, but sometimes
circular or trapezoidal shapes are covered. Precast concrete “planks”
are used to line sloping hanks, especinlly on the outside of curves, to
prevent eroston,

Wood.—Wood (other than in wooden flumes) is used to line trape-
zoidal sides and bottom of canuls (pl. 10, B).

Brick.—Brick Is not used to any extent in the United States for irri-
gation or power canals, but is still used to some extent in Indin. One
system in lower Rio Grande Valley is using hoth brick and tile to line
mederate-sized cnnals in rounded cross sections. Rough-finish coat
covers the joints.

Metal—Sometimes n channe! is lined with sheet metal. (Spillway
at El Vado Dam, N. Mex.) Usunlly a metal channel is n fiume of
some sort,

Rubble masonry.—Over most of the irrigated West rubble masonry
has been largely replaced with concrete. ~ However, in the lava flow
terrain of the Northwest there are a few canals of laid-up lava rocl,
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unlined or lined with a coat of cement mortar (pl. 24, B). Along the
border between the United States and Mexico, the use of “mompos-
teria” is quite feasible as the Mexican Is an excellent worker in concrete
and rubble masonry (pl. 20, €). This material is usually given about
1 to 1 or steeper slope in the side walls,

Most _efficient section.—Important in the consideration of efficiency
is the determination of the shape most economic from the hydraulic
standpoint. For any shape, the best section is the one that gives a

minimum value tof (or & maximum value to B). If hard, unerodible

materiels are used, the most efficient channel is the semicircle, For
the recfangle, the ratio of b=2d is best.

In lining canals with concrete, of course a minimum quantity of
concrete is desirable. This minimum is reached in the semicirele.
However, for the larger canals construction features in most cases
dictate the use of the trapezoid.

The maximum use of any svailable energy content {(d+2) is reached
at critical flow, Taking shape into considerstion the ultimate maxi-
mum efficiency is reached when critical flow is found in s semicireulzar
channel. (An example is given (57, p. 80).)

While the most efficient cross section and shape seldom can be
chosen, it is well to know what that shape and section are so that they
may be approached, if not attained.

SINTIGUS OR STREAMING FLOW

Nearly all canals are designed and operzaied at sinucus or turbulent
flow.!* 'This covers the sireaming range from Reynold’s critical flow
to Bélanger’s criticsl flow. Below Reynolds’ critical point, the sur-
face is glassy and movement almost imperceptible. Authorities agree
that the loss of head is proportional fo the first power of the mean
velocity, This condition is, of course, not conducive o the primary
purpose of conveyance of water. (Oddly enough, at Bélanger’s critical
flow are found e glassy-like surface, a relatively transparent prism, and
a nearly uniform velocity. If it could be assured and controlled,
Bélanger's critical flow would be ideal for conveyance in channels
that would not be scoured by the relatively high velocities. How-
ever, it is foo sensitive to slight changes in canal surface to be used
commercially, except for short distances.

If the channel is slightly smoother than assumed in design, the tend-
ency is for the prism to race at velocities in the shooting stage, until
checked by curvature or chenge in roughness. Thereupon the flow
will change—usually through the hydraulic jump—to the streaming
stage which is then slower than the normal stage, and the movement
of the prism will quickly accelerate until normal stage is reached,
whether faster or slower than criticsl flow.

8 'The writer suggests the more general] use of "sipuons” Dow, with “turbolent” being teserved for the
violently ngitated water quite commenly shcourtered in hydraniic epgineering pmct%ce. As ased by
Reynolds, “turbulent” Sow included evervthing above “glissy” flow whirh would include conditicns
found in most irripation canais—s rather placid Bow of 2 to 3 feet por second. I “slnuons™ i used for sueh
flow, “turbuiept” can be used for o deseription more In keeping with such dictionary definitions as Web-
ster’s (1934 ed.): *'"Turbwient: Aroused to violent commotion: violently aglisted; tumulteus.” Ohviousiy

the fow in most canals and genile rivers does not meet this definition, yol they sre turbuient sccording to
Reynolds end this term has been carried in the Hterature of hydraulies to this day.
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SHOOTING FLOW

{Sec Critical Depth, p. 4}

In canal chutes and reservoir spillways, velocities lie wholly in the
zone of shooting, rapid or torrential flow, as it is variously called (pl.
8, B). Such flow is subject to phenomena now being eritically studied
as research problems. Some chutes and spillways develop “slug”
flow in greater ot lesser degree, and some do not, the reason for either
condition not being cleav (pl. 22, »4). Again, some entrailn air in
appreciable quantities, thus swelling the votume so that the continuity
equation Q=AYV, no longer holds (pl. 22, B). So far as is known, the
water prism with the swelled volume can be determined by the use of
the same friction coefficient used for ordinary flow. However, the
actual faster velocity is that computed with much lower values of the
friction coefficient (37, pp. 90-91). On slopes that are obviously
sharp inclines (pl. 22, B) the depth of water should not be taken in the
vertical but in o plane normal to the bed of the channel.

The antithesis of the sharply inclined spillway chute sometimes
holds just above the brink leading to the chute. Here the bed of the
collecting channel leading to the spillway crest may be level or even
have an adverse slope.

FLOW ARQUND CURYES AND RENDS IN CANALS

Streaming Row arcund gentle curves in both earthen and lined
conals results in a small amount of superelevation of surface on the
outside {concave side) and depression on the inside, of the curve.
Any scouring of an earthen channel takes place on the cutside of the
enrve, and the raveled material is deposited on the Inside {convex side)
(pL. 10, A). For sharp curves or bends in a lined section (that cannot
be eastly scoured) the greatest velocities are near the inside (vortex
flow?); the smoothest surface is on the outside, and the choppy water is
on the inside of the bend (pl. 19, B). The water on the outside ap-
pears to roll up from below the surface and flow rapidly along the sur-
{acs {rom the outside to midchannel, where it meets the edge of the
choppy waves. The ne$ result, in terms of design, is that about the
same Jrecboard is reguired on both sides of the channel around bends
Or CUIves.

For sharp bends, the path of the flow on the inside of the curve is
mateorialiy shorter than that on the outside. This, of course, gives &
steeper gradient on the inside and makes more fall per unit length
;wailable for high velocities and for correspondingly heavy {rictional
osses.

For velocities Taster than the eritieal (that is, for shooting flow) the
direct forward velocity is faster than a velocity convertible to vortex
flow, and it is not feasible to hold the prism within a trapezoidal
channel on a curve of much sharpness. A vertical outside wall with
a properly designed top may turn back the wave into the channel.

One obvious control can be effected by warping the whole channel
so as to depress the floor on the inside and elevate it on the outside.
The effects of curvature in canals may be itemized about as follows:

1IN BARTH CHANNELS

New banks on the outside of moderate curves are easily eroded.
They should be protected by brush or rock riprap. Curves sharp




54 TECHYNICAL BULLETIX 652, U. 5. DEPT. OF AGRICULTURE

enough to class as “bends’ are very difficult to hold in earth channels,
except withs riprap.

Mud and debris will be deposited on the inside of curves as they
bhecome available to the {low,

Velocities are so moderate in such canals that no provision need be
made for difference of water surface elevations on the outside and in-
side of curves. The highest velocity is sometimes on the outside and
sometimes on the inside.

iN LINED CHANNEL3

For streaining flow, which occurs in mos$ canals ol such gentle slope
15 not to class as chutes, there appears to be a critical curvature.

Curves sharper than this critical can be classed as bends. Ifor the
same channel, this critical curvature may change with depths of water.

Flow around bhends appears to be of two forms:

(1) On the inside of the bend the surface is depressed but choppy,
the velocitics are higher than on the outside; the flow is distinctly
forward and color, string, or other fiags held on a rod close to the side
will hug the side of the channel. If the lining is formed by short
straight reaches, separation of the prism and an eddy occur just helow
each angle point. Traveling debris on the bottom works toward the
inside, as evidenced by a clean polished streak in many lined channels.

(2} On the outside of the bend the surface is clevated but smooth,
the velocities in rectangular, circular, or trapezoidal shapes are slower
than on the inside; the water sppears to be rising rapidly from some
point below the surface and rolling toward the center of the channel.
Surface flow is from the oulside toward the center (not toward the
outside as many technical books and articles state). Flags held on

rods at the outside take angles of 30° to 45° with the side, instead of
hugging it as might be expected.  On the outside, the flow appears to
lack the straight forward features characterizing the inside flow. It
surges up from helow the surface as sand boils in = heavily silted TiVET.
Sometimes chips float aimlessty about, slowly working their way
downstream.

FOR EXTREMELY SINUQUS LINED CANALS

The value of » used in design should be 0.001 to 0.003 higher than
for the samo conditions in a reasonably straight canal.

The surface is elevated on the outside and depressed on the inside,
and the hydraulic grade line developed by averaging these fwo su rince
points for each station follows a very broken unpredictable path.

If the velocity head for the mean velocity ab each station be added
to the hydrauii¢ grade line as computed above, the result is the energy
grade line, usually called the energy line.

The energy line, even for this very sinuous canal, is remarkably
straight, being without the steep dips that would be expected at each
distinct hend.

This means that the local losses for the individual hends continue
on downstream and blend with the normal loss. Thus it 18 not neces-
sary to allow a special drop in energy for each individual bend, but
merely to use a higher value of n throughout.

For streaming flow, no special freeboard on the cutside appears
necessary; the elevated buf smooth water on the outstde approximately
balances the depressed but choppy water on the inside. However,
some excess [reeboard may be necessary both inside and outside.
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Apparently, water surfoce warp reverses at the same point where
alinement curves reverse.

Tor twe close bends In the snme direction the elevation of the outside
and the depression on the inside are greater for the second curve.

The flow in & tangent below two close reversing curves is smoother
than below curves following the same direction,  This suggests that
some point near the lower end of this tangent is o better ploce for o
gaging station than one on a longer tangent following bends in the
same direction. This is probably true of sinuous rivers as well as
canals. (For more complete discussion see Scobey (57).)

FOR SHOOTINCG FLOW IN LINED CHANNELS

Curves and bends are to be avoided as much ns possible.  Little is
known of the action of rapid flow in curved chutes. Tt was noticed
ithat in one trapezoidal channel the water Howed up the steep outer
side and left the bottom of the channel on the inside “dey.”  On the
other bhand, shooting flow approuching o sharp curve with nearly
verticnl outside wall pussed through the hydraulic jump in twisted
form, rolling the water prism buck into the channel again.

Shooting flow may be converted to streaming flow before conveying
the water around a sharp curve, or ib moy be modified by pluiting
rough “plums” of boulders on the floor ol the curve, with freeboard
on boih banks increased to care far the flow il the modification throws
the prism into streaming flow.

For additional comments on the effects of curves and bends the
reader is referred to the following authorities: Godlrey (27), Yarnel
(70, 71), Mitehell and Harrold (43), Shepherd (48), Freeman (21}, and
Pearl (49).

EFFECTS OF MUDDY WATERS, AND AQUATIC GROWTHS

The statement 1s almost axiomatic that muoddy waters do not have
extensive nguatic growth out in the water prism and that clear waters
in earthen chunnels are seldom free of such growths throughout the
irrigation season.® However, intermittent flow of muddy water may
not eradicate aquatie growth, even though muddy for 2 or 3 weelks at
o time. In concrete-lined canals, silty waters sometimes form a
coating on the conerete.  If allowed to become thick, this coat forms
a bed for the growth of various types of “moss.”  (Quotation marks
are used as irrigation parlance includes many forms of growth that are
not moss, strictly speaking.) Sometimes this combined mud-and-moss
coat becomes thick and leathery. It then has a bunchy formatien
that joses the high carrying-capueity effect of n thin shick cont.  Blow
sand slides down the Incline of concrete cunal sides until it reaches the
line where capillary water is effeetive, there becoming moist sud
necumulating in fiem patcehes that do not seour out even in reasonably
high velocities, This is particulnrly true i the waters ol the canal are
silty, the eflect then being to add sticky colloidal muds to the sharp
cand deposits,

Throughout the West the Russian-thistle, or tumbleweed, has a
arent influence on the reduction of capacity of canals.  During a hard

' Phe dlfarence is pol attribuable Lo ellmstie or ollier ditterenees fin the loenlitios whers U tw o wolers
have been ghserved; indeed, they may appear side by shie.  For fnstance, in the Rio Gaaede Yolley, near
Bl Paso, Tes., the elear water of draizage ditehes, even thogh high i alkaline content, becomes choked

with wepetntign. O Lw other band, the doeigation ennals, carering mukddy bt swecter water, lgse rola-
Lively litthe vegetnlion,
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wind, dry thistles from the last year’s crop break off and roll along
the roads and fields until stopped perhaps by an irrigation canal,
where they not only reduee velocitics by their own structure but also
form the nucleus of mud islends. Extensive erosion takes place in
the eanal bed around each island.

Muddy waters like those of the Colorado River and Rio Grande
reduce capacity by deposits that encroach from the two sides, forming
berms up to & surfsce level close to that of the water (pl. 13, B). In
this shallow water and rich mud, tules, arrowweed, and dense grasses
take root and form deposits that cannot readily be scoured out but
must be removed by mechanical means if the capacity of the canal is
to berestored. Usually the deposit of mud on the bottom between the
berms is relatively thin.

The growth of vegetation in clear-water canals depends much on
water temperatures. In Jocalities where the supply is clear mountain
water, fresh from melting snow, the effect of vegetation is at a mini-
mum. However, those same waters, after miles of transport, become
like the waters of the Scuthwest, warm and limpid. In earth chan-
nels and at ordinary velocities these waters are particularly subject
to the vegetation hazard. Relatively high velocities, say 3 to 4 {eet
per second, discourage piant growth; so does deep water; i. e, 3 feet
or more.

Canals carrying muddy waters should be designed for high velocities
even thongh drop structures may later have to be instalied. This is
particularly true of new systems not expected to operate at full capac-
ity for many years. If the cansgls should be operated at partial eapae-
ity, with low velocities, the mud deposits would form typical meander-
ing flow on a bed built up within the larger canal bed (pl. 23, B).
When the full-design ecapacity is required, say several years in the
future, the banks will be so well seasoned that they can withstand a
mu{;h higher velocity than was believed possible only a few years
earlier.

A shaded canal is seldom afflicted with aquatic growths. However,
trees use water consumptively,

Not all acquired conditions are adverse in effect. It has long been
known that thin coatings of slick :nud improve the capacity of rough
concrete or graveled canal beds, unifying the surface over local holes
and humps. Canals originally excavated in glacial drift and morainal
material are relatively low in capacity and high in seepage loss owing
to the predominance of cobble boulders of all sizes. Artificially
muddied water has often been used in such canals to lessen the seepage
and grade the material of the canal bed, making it smoother and
increasing its capacity.

For additionﬂ{ discussion of canal eapacity as influenced by aguatic
growth and muddy waters, the reader is referred to the following
authorities: Lippineott (40), Kennedy (32), Finley (16), Pacific
Electric Association (8), Burkholder (7}, report of the City of Los
Angeles (41), Grunsky (25), Lindley (37}, Buckley (6), Haltom (26),
Dibble and Parry (3), and Etcheverry (74).

PERMISSIBLE VELOCITIES

In canals having conveyance as_their sele function, necessity to
conserve slope usually prescribes velocitics in either earth or concrete
chonnels that are in streaming stage of flow. In concrete and other
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tough material, permissible velocities are only of moment when the
channel is designed as a chute—essentially 2 drop structure—to lower
a body of water from one general elevation to another. The mean
velocity of a canal section is & direct fnctor in the amount of water it
carries, since Q=AY. From n cost standpoint alone, to get the
maximum capacity for the minimum eross section, of course the highest
feasible velocity is desired. In earthen chnnnels this is usually under
34 fect per second; in gravel, fiom 4 to 7 feet; and in concrete, metsl,
and wood, usually under 6 to 8 fect per second (ph. 20, B). Other
factors belng equal, a canal shouid be designed for a velocity approach-
ing that permissible for the material of the canal and the type of water
to be conveyed. The other factors that may operate against such
velocities are discussed bhelow.

1. It may be necessary to conserve slope in order 1o command a
larger aren. This would reduce the velocity for n given material.

3. It may be neecessary to prevent silting and scouring in a given
channel conveving muddy waters.  This may dictate the use of recent
data for nonsilting-nonscowring velocities {32, 85). These are some-
what below those usually thought of ns permissible.

3. It may be necessary fo use a rather low velocity to induce precipi-
tation of silt from the water in order to reduce seepage losses, especiaily
in a new cangl in o well-settled country, where seepage water might
do expensive damage.

In many of the older books on irrigation and hydraulics permissible
velocities were confused with transporting velocities, It is now
known that the two arc nlmost paradoxical—that the material most
ensily transported may be relatively hard to scour. That is, old
seasoned canal beds with slick silty banks arc not easily croded, but
these silty particles, when raveled off the bark, essily remain in
suspension in the water and are most easily carried. In fact, if
transported as colloidal matter in o dispersed state, they may even
stay In suspension without appreciable velocity. On the other hand,
clean sugar sand is so easily set in motion that & clean sandy bed is
continually changing local formation; yet this mnaterial may require
a much higher velocity to pick it up and transport it downstrean:,

Tuble 2 was developed by the author from material submitted to
the special committee on irrigation hydraulics of the American Society
of Civil Bngineers (20). The contributors of these datn were operators
of irrigation systems throughout the West and were well informed as
to the action of waters in their particular cansls. As developed
originally, this table was circulated for discussion throughout the
membership of the society and received but Iittle, if any, adverse
comment, It has since then been freely copied into enginecering
literature 2
mmmum calloids™ as used in Lhis tnble, shonid be explained, Collotdal muds, to have n
oeximnim ofieed io cememting nud binding the hed of & cavnd, shonld bave heen deposited from the fis-
persedd rather than the Socenlated stute. In the dispersed stato 1oy are very fine, are fragsported by any
velqeity whotever and ju mnny cases rémaln i saspension in stilt water for s loog time.  Likewise, (hey nre
nepatively ehripeed clectrically, but wiil pro