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THE IMPROVED VENTURI FLUME
By Rarru L. PARsHALL

Water is the most valuable asset of Western agriculture. Large
ex enditures have been made fof works “h)d}mrr} it tofarms. The
“the establisfiment oflegal

righ ater have.dost much addi mrml mongy( Outlays-already
made 10se which’must be faced in the futuré emphasize the need
for th of water, afid correct measurement is the basis
of

¥ plan of sdving. mea9s Sl

In many cases, the absence of suitable demsess for measurmgﬁwqter
is not an 111dlcat1cm of indifference on the part of the users so much
as an indication of their lack of knowledge of such devieces. Measure-
ment may be accomplished by various methods more or less suited to
individual conditions, such as grade of canal or ditch, quantity of
water, or interference by sand and silt.

The right to use water for irrigation is decreed by the courts
which provide that definite amounts may be diverted from natural
streams or water courses, Wmm
by-some.practical-deviee-is-also-stipmiated. Without such measure-
ment, the appropriator of water can not make a definite statement
as to how much water he actunally uses, and if a dispute should arise
it would be difficult for him to furnish satisfactory proof of his
established rights. In some of the Western States, because of the
searcity of water, it is of prime importance that its measurement be
accurate, Where legal questions over water rights are involved, con-
siderable advantage is to be gained by having definite records of
measurements made by some practical device of recognized accuracy.

Sometimes because of faulty measurements, the farmer’s water
supply is so restricted as to interfere seriously with the maturing of
his crops, Were dependable measurements made, the increase in value
of the erops would more than pay for the expense of installing and
maintaining a good,(p l, measuring deviee.

It would be expeefe that large irrigation systems, like any large
manufacturing or commerecial business with many ramifications, would
measure all water deliveries with at least approximate exactness, yet
many of them still estimate deliveries or use faulty.mgasurlng devlees.a
The principal asset of such irrigation enterprises is water, and their
principal duty is the proper and economic distribution of the supply.
Fairness to the water users and successful business management both
demand that reliable measurements be made as a basis for all water
transactions, .

It is generally believed that the measurement of water is an
intricate process, but accurate measurements can readily be made
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where the conditions are as specified for the proper setting or dimens-
ions of the device. The water user himself, with little practice, should
be able to measure the water delivered to him with a satisfactory
degree of accuraey.

The measurément of water flowing in open channels is a matter
of importance thruout the irrigated areas. The cost of the measuring
struetures is complained of in many instances, as well as the fact that
the particu[ar{dev_f(;r_: installe®may not be well suited to the conditions
under whieh it ?ﬁ?ﬁfdperaté. Acenmulations of debris in many deviees
have rendered the measurements either questionable or obviously of
no value®’Such failures have discouraged the imstatation of dewiees
better suited to the conditions. <2l

In the measurement of water in open channels, the weir has been
most generally used for small-to-moderate flows, Laboratory tests
indicate that it is the most accurate practical means for measuring
water under favorable conditions but if the pool or channel section
immediately upstream from the weir crest aceumulates sediment, the
required vertical depth of water below the crest is correspondingly
reduced, thus interfering with the accuracy of shesdewiee, = At

Where the grade of the channel is not sufficient to permit the use
of standard weirs, orifices have been used with varying success. Ex-
periments seem to indicate that the constants which apply to give the
true discharges are affected by the shape of the orifice as well as
certain contraetion distances which may or may not be correet, thus
rendering the practical value of this device, uneertain. However, its
property of indicating the discharge with/a relatively small loss in
head is an advantage. A\ r o A

One of the devices most commonly used to measure large flows is
the rating flume, which is a simple structure built in the channel
where the floor is level, set to the grade line, and with its side walls
either vertical or inclined. This flume is calibrated by current meter
measurements, or by other means, where the rate of discharge varies
with the depth of the stream, which is indicated by a staff gage set on
the inside face of the flume, The ordinary rating flume is not al-
together reliable. Often a deposit accumulates on the floor of the
structure, thus cutting down the cross section of the water prism,
which, in turn, affects the velocity, Flow conditions downstream
from the rating flume may change, causing the gage readings to be
affected to such an extent that certaim ings.will-not-give :
«lisehawge. - Trailing grass, weeds or willows in/the water may affect
the rate of flow, which causes efror in the discharge readings. On the
other hand, a smaller loss of head will suffice for measurenients by
means of the rating flume than for any other practieal device, and
for this reason it is 1'hg-m?st commonly used. |
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T imprmg&*Ven‘turi»—ﬂnmf.}, as ﬂescribed in . this bulletin, i
believéd to/posséss such ¢haracteristigs as Will obviaté many of the
objeétiony'to the weif, orifice, rating flume’or other déviees which/are
now in g‘%neral use.” ]

The-use_of the word ““Venturi’’ is justified, since the flume, by
having a contracted seetion between a converging and diverging sec-
tion, is somewhat similar in principle-to.theVenturi tube or meter. The
improved Venturi flume, under eeftain coﬁditim._gf_r_ flow, does not
operate according to the Venturi prineiple but more nearly-according
to the principle of distharge over a weir. However, as explained later,
if the flow.is“Submerged, the device operates in aceordance with the _
\’Jzntﬂfl/};rinciple. ~3

Early in 1915, tests were conducted at the Fort Collins hydraulic o

laboratory of the Colorado Agricultural Experiment Station on a
water-measuring device having a converging inlet, straight throat “-
section, and a diverging outlet, with a level floor thruout. These tests
were made to determine the most practical angles of convergence and
divergence with relation to the contracted section, as well as the
practical length of the structure. The walls of some of the tested
structures were vertical; in others they inclined outward from the
axis. After arriving at certain conclusions bearing upon the most
practical dimensions to be used, a Series of calibrations was made on
flumes of various widths and of both these types. The first tests were"
reported”in the Journal of Agricultural Research, Vol. IX, No. 4,
p. 115, April, 1917. (Because of the many apparent practical ad-
vantages of the device, more extensive investigations were made at
the hydraulie laboratory, Cornell University, Ithaca, N. Y., where
large flows were available.!

fT e water- uring devige herein—described,weatled the im-

proved.\ ifflume, is thot to possess such characteristies as will l F
make it meet general field conditions more suceessfully than did its | (" )
predecessor, the Verituri-fifime. PEL. S

Experience in the field, as well as laboratory tests with the old
type of Venturi flume, seem to indicate that in order to operate the
device successfully it is desirable that two depthsJ H, and Hb) be
observed simultaneously (Seedigs@0) and the mean values referred
to a discharge diagram to determine the rate of flow. Tests and field
observations on the new device show that, for free flow, the discharge
may be determined by a single gage reading. For the determination
of submerged flow, two gage readings are necessary, two of the four
gages formerly required being eliminated. This report presents the

! These data, together with additional observations, were reported in Bul. 265
of the Colo., Agricultural Expt. Station, entitled “The Venturi Flume.” 1921,
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discharge data \in tabular form, which is believed to be more con-
venient than thart given in former reports on the Venturi flume.

The i : t-flume differs in design from the old type
in the reduction of the convergence angle from 18° 26’ to 11° 19’ for
its upstream or inlet section, a lengthening of the throat section from
1 foot to 2 feet, reduction of the divergence angle of the lower or
outlet section from 18° 26’ to 9° 28’ and the placing of a depression
in the floor at the throat section. The length of the side wall of the con-
verging section is also changed in accordance with the arbitrary rule

Aa=“§ 4. The length of the converging side of the structure will be

discussed more fully in another section of this bulletin. The length
of the diverging section has been taken as 3 feet for all widths at the
throat section from 1 to 8 feet ineclusive.(*) 1In the old flume the
floor was level thruout, whereas in the improved type the floor in the
throat section slopes downward at a rate of 9 inches vertically to 24
inches horizontally, At the point where the diverging section begins,
the floor slopes npward at a rate of 6 inches vertically to 36 inches
horizontally. The floor at the lower end of the flume is 3 inches below
the ﬂpor level of the upper or converging section. The smal=6<neh
Hwmie discussed elsewhere Is of special design. -

- AL

| =

HyprAULIC LABORATORIES

Two hydraulic laboratories were used in developing this flume,
At one, aceurate and precise work is possible; the other is a field
laboratory, of capacity such as to permit the study of flow thru
structures of large size, and where the accuracy in measurement of
flow is well within practical limits. The Fort Collins laboratory )
has a eapacity of about 16 second-feet, where the discharge is measured
volumetrically. Outside, at an elevation above the laboratory floor, is
the supply reservoir which has a capacity of three-fourths of an acre-
foot. The water is led from this reservoir by means of a echannel, into
the laboratory, where the experimental structures are tested. There it
is possible to maintain a specific depth or discharge long enough to
determine quite closely the condition of flow. It has been found
possible to make calibrations come within about 0.005 second-foot
of the discharges determined volumetrically.

The volumetrie tanks are of reinforced concrete. Their capacity is
approximately that of the supply reservoir. The amount of water
added to these tanks or basins for any particular test is determined
by hookgage readings to a limit of accuracy of 0.001 foot. Blectrically-

1The general dimensions of the flume as shown in Fig. l rafer to the tabular

Table §.
dlmo'n;:g:;_n; ﬂ;ﬂl (i*gmp‘.pte E‘Iescriptlnn. see Eng. News, Vol, 70, p. 6‘33. Oet., 1813,
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driven centrifugal pumph return the water to the supply reservoir
for use again. The calibrations of the smaller—Vemtmri-flumes were
made at this laboratory, where the dmcharges were measured to
thousandths of second-feet, and the dept’m or heads affecting the
discharge thru the flumes were determined by hookgage readings.
These experimental structures were built of wood,’accurate in dimen-
sion and of sufficient depth to cover a range of dlheharge such as would
be found in actual serviee/

The field laboratory at Bell\’uv (F:gurp 2) is 8 miles west of
Fort Collins at the headworks of the Jackson Diteh, on the Cache la
Poudre River. It consists of a reinforced conerete channel 14 feet

Figure 2.—Irrigation Hydraulic Laboratory at Bellvue,
2a-ak
wide and 614 feet deep, with a present, ll‘l]“‘“l of about 150 feet. At
the lower end of this channel is a weir box 25 feet wide and 10 feet
deep, having in the end wall a 15-foot standard rectangnlar weir.

At this laboratory, in 1923, when the calibrations were made on
the larger sizes of the u.n.p.mxml Venturi-flume, the concrete weir box
was of the same width as the channel and had a depth of 714 feet for
a distance of 24 feet. Iri the end wall of this weir box was a 10-foot
standard rectangular-weir, patterned after the 10-foot weir calibrated
by J. B. Francis in the early ’50s at Lowell, Mass. Because these
weirs were of similar dimensions, the disecharge eurve for the weir
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}1sed was basg}i upon the results of Franeis’ experiments. The larger
improved-Vemturiflames were built in this concrete channel at a point
upstream from the weir box. The water was admitted to this channel
at its upper end, thence flowed thru the experimental structures, and
finally was carefully measured over the standard weir. Hookgages
were mounted on the model structures at such points as permitted
careful measurement of the upper head, H,, and throat head, H,. The
headl on the standard weir was determined by means of two hookgage
readings on opposite sides of the weir box (Figure®{). All hookgage
readings were observed to a limit of aceuracy of 0.001 foot. Down-
stream from the experimental flumes an adjustable baffle was provided
which permitted the regulation of the degree of submergence. At this
laboratory, calibrations were made for flows ranging from 5 seeend-

~fgst to 90 second-feet.

@' A f'l .II. ('I: fj/lf;f,f_" AAA f A LA

ACTION OF THE Wﬁwmc

The fundamental idea dictating the design of the flume is based
upon the effect of the increasing velocity in the converging section,
resulting from the constantly deecreasing cross-section of the water
prism. As the flowing stream reaches the crest, which is the junction
of the upper level floor and throat floor, it has virtually attained its
maximum velocity. For the free-flow condition, the stream is carried
down the inelined floor of the throat and, with the momentum thus
acquired, is carried upward over the inclined floor of the diverging
section to the exit end of the structure. Because there is no obstrue-
tion to the flow as just described, this econdition is called free flow, as
shown in Figures . When the resistance to the flowing
water in the channel downstream from the flume is great enough, the
momentum thru the throat section is not sufficient to permit clearing
smoothly in the diverging section. By thus restricting the flow, the
water surface is raised in the exit end of the flume. In this transition
of flow, the phenomenon occurs known as the ‘‘hydraulic jump.’’
Because of the downward inelined floor of the throat section, this jump
is produced at some distance downstream from the erest, and is, in
effect, the means of warding off or holding back the resisting water
in the diverging section. In the formation of the hydraulic jump, a
portion of the velocity head of the stream passing the crest is con-
verted into static head, which causes the stream to flow at a slower
velocity but with greater depth beyond the point where the jump is
formed. As the resistance to the flow in the diverging section is
further inereased, the jump is reduced in its effectiveness and at the
same time crowded back into the throat section. As the jump moves
upstream into the throat section, a condition of downstream depth is
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Figure 3.—Experimental 8-foot Improved Venturi Flume, Bellvue Laboratory.
Free-flow Discharge. Note Arrangement of Hookgages to Determine the Upper Head
on Opposite Sides of Flume and the Throat Head.

reached where the momentum or push of the water over the crest is
reduced by the resistance to the point of decreasing the discharge.
This point is called the limiting depth or eritical degree of submerg-
ence and is important because it defines the limit of free-flow dis-
charge. The amount of water flowing will be undiminished until the
water surface at the lower or downstream edge of the throat has been
raised to such a point that the depth here, or H,, is approximately 0.7
of that in the converging section at the gage point H,, where both
these depths are referred to the crest elevation as the datum. When
the resistance to the flow downstream from the structure is further
increased, because of lack of grade or checking of the flow by means
of flashboards, or otherwise raising the water surface beyond this
limiting depth, a reduction in the discharge results. This condition
is called submerged flow. = \ 4y

In this discussion the degree of submercence is the ratio of the
throat gage Hy, to the upper gage H, expressed as a decimal fraction.

In the plan and elevation of the Semt flume (Figurel3), the
lower water surface in the downstream section shows the condition of
free flow, while the upper surface,indicates the approximate elevation
of the free-flow discharge limit. Yhe elevation of this surface at any
point between is within the free-flow zone, and the discharge for this

X P , S e . \ sAtlla, :‘?«;.‘._
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range is a function of the flume’s width or size and of the upper head,
H,, which is measured at the two-thirds point along the converging
side of the structure. {

| CuaracTERISTICS OF THE FLUME—The practical use of the dme
paoved-VMenturi flume has demonstrated that it possesses many desir-
able characteristics and is not subject to many of the disadvantages of
other devices. Tt may be operated either as a free-flow, single-head
deyice, or under submerged-flow conditions where two heads are in-
volved. Because of the contracted section at the throat, the veloeity
of water flowing thru the structure is ‘relatively greater than the
natural flow of the stream, and for this reason any sand or silt in
suspension or rolled along the bottom of the channel is carried thru,
leaving the device free of deposit. Veloeity 0{ approach, which often
beeomes a serious factor in the operation of\weirs, has little or no
b Neffect upon the rate of discharge of the flume.V It is accurate enough
¢ for all irrigation purpoeses and since it remains clear of sediment the
reliability of its measurement is believed to be greater than that of
other ices. Usnally, conditions found in the field will permit it to
operaté fwith a free-flow discharge, which is a funetion only of a single
depth, as with a weir. The loss of head for the free-flow limit is
found to be about 25 percent of that for the standard overpour weir.
There is no easy way to alter the dimensions or cause a change in the
device, modify the channel above or below the structure, or otherwise
interfere with the original conditions for the purpose of increasing
the discharge to effect a wilfully unfair measurement.

The design and action of this device have shown that it is eapable
of withstanding a high degree of submergence before the rate of dis-
charge is reduced. Because of this fact it will operate successfully
where the overpour weir fails because of the flat grade of the channel.
A wide range of capacity of measurement has been provided in its
calibration, and it is, therefore, adapted to use on the small farm
lateral as well as channels of large capacity.”™ The structure itself may
be built of either wood or concrete, or, for the smaller flumes, of sheet-
metal. The faet that the design specifies certain angles does not
greatly inerease the work of building, since all surfaces are plane;
hence the material may be readily eut to fit properly. The practical
operation of the device is simple, and any observer can make the
necessary readings and apply them to the table and diagrams to de-
termine the discharge. When-the-diseharge-is-a funetion of a single
depthr-a-graduated metal tapeshowing the flow in-second-feet, miner’s
inches, or shares may-be-installed so that-the discharge may be read
diveet; For-this-same-condition-of flow, that is, a single head as a
function .of the~-discharge, an integrating instrument operated by
means of a float, ma} be mounted over the stilling-well, which will

f‘-;'. N \ W \'i'r _.:’ L i
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uuu:m.eh-qmeond_the_tuml_d.isahuge in acre-feet for -any-period-of

~time« Where the flow thru the flume is submerged, and two heads or
depths are observed, a graphic recording instrument may be used
which indicates on a chart the value of theswpper-head-and-the-differ-
ence-in-head-between-this upper depth-and. the head or depth at-the
theeat. This recorded data, referred to the size of the flume, is sufficient
to determine the total flow over any period of time. “Frrthecase of the
integrating instrument,. this total -is-read directly from a series of
dials, while for the recording instrument subsequent ealeulations ave
necessary. (See diseussion on page'58=

CoNsTRUCTION oF EXPERIMENTAL FLUMES AND
MeTHOD OF OBSERVATION

The experimental ##¥ flumes at both the Fort Collins and Bellvue
laboratories were of ordinary lumber. The sills and posts were 2 by
4-inch pieces, while the floor and walls were made of 1-inch boards,
surfaced on both sides. In the building of these structures particular
care was taken to have all dimensions exact. When the side walls
and floor became wet they swelled, and due allowancé was made in
having the throat width or size of flume slightly greater than the
nominal length in order that, when the structure was completely
soaked, the swelling would bring the dimension close to the true
value. Dimensions of the structure were checked occasionally to see
whether or not they remained within practical limits.

The stilling wells were metal cans, about 10 inches in diameter
and from 3 to 6 feet deep. The deeper cans were used at the Bellvue
laboratory as a matter of convenience. In the mounting of hookgages,
care was taken to have them securely fixed. At the Bellvue laborntory,_

a 2 by 6-inch plank was set vertically and rigidly fixed to insare '/

against error in depth measurements,-as-shownsinslRigusosl, The

metal stilling well was placed against the face of the-plank, resting
firmly upon a solid base. A 3j-inch pipe connection was provided at
the bottom of the well, and from this was déd a piece of common
garden hose of the same diameter, econnecting to the wall of the flume
by a similar pipe connection at the-desired point. In the concrete
channel downstream from thd 1L flume was a 22 by 22-inch metal
gate, placed in a framework consisting of a set of flashboards. This
gate and the flashboards made it possible to secure various degrees of
submergence and to regulate the flow thru the test structure. Baffles
were placed upstream from the meeel flume as well as downstream
below the submergence bullkkhead.

Each morning before operations were begun, all hookgage con-
stants were determined by means of an engineer’s level and rod. The
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mean elevation of the erest of the test flume was accuratly determined
by several observations at different points. A light wooden rod with
sliding target was placed at a point of mean elevation and the target
set exactly at the line of sight of the instrument. This rod was then
] placed upon the various hooks of the gages and the gages were ad-
Justed so that the target again agreed with the line of sight of the level-
ing instrument. The hookgage readings then gave the constant of
correction for each gage. This same method was employed to deter-
mine the hookgage constants for the standard rectangular weirs.

Water was admitted to the conecrete channel by means of the
main regulating gate and after the flow had assumed a constant
condition observations were taken as follows: An observer started by
Y reading the upper head, or H,, on the flume, calling this observation
< to a note-keeper who recorded it on a special form, and then read in
proper order all other hookgages, calling the readings as they were
observed. For the most part, five hookgages were observed, three on
the experimental flume and two on the standard weir. A complete
round of readings usually required about one and one-half minutes,
and where the variations in the water surface were small, five complete
sets were assumed to be sufficient to give the correct mean; other-
wise, more observations were taken.

In the old type of “Venturi flume it was found that the down-

stream flow conditions were such as to swing the current from one
side to the other, apparently without cause. This swinging was
found to affect the reading of head in the converging section. To
determine whether or not heac
verging section of the impreved.
mately 200 observations were made in 1923 by having two hookgage
connections, one on each side at the proper point. These observa-
tions show that the difference in the two readings was very small,
and it can be safely assumed that the upper head, H,, may be observed
on either side with equal accuracy.

observed on either side of the con-
uri flume were the same, approxi-

At the Bellvue laboratory, the loss of head thru the flume was

determined by staff gages read direet, the zero of the gages being set

at the elevation of the floor of the eonverging seetion. These gages

were so situated that the elevation of the water above and below the

flume could be determined quite accurately. At the Fort Collins
' laboratory, where calibrations were made on the smaller-sized flumes
of small discharge, the loss of head was determined by means of hook-
gage readings.

Freep-Fow ForMULA

The data upon which the free-flow formula is based consist of <Al

dischargegin second-feet and the corresponding heads, H,, for 159
tests. where the degree of submergence is less than 70 percent, these
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tests being divided according to size of flume as follows: 1-foot flume,
27 tests; 2-foot flume, 28 tests; 3-foot flume, 34 tests; 4-foot flume,
21 tests; 6-foot flume, 20 tests, and the 8-foot flume, 29 tests. The
data obtained from the tests, when plotted to a logarithmic scale for
the various discharges and corresponding heads, showed very nearly a
straight-line variation for the various sizes of flumes tested, Upon
adjusting a straight line to these individual sets of plottings, it was
observed that the discharge intercepts for the upper head, H,, at one
foot are very closely proportional to four times the width of the flume
in feet. The slope of the lines for the various sizes of flume is not the
same, thus showing that the values of the exponent of the upper head,
H,, are not identical, and therefore vary with the width or size of
flume. By careful inspection of the plotted data, values of the inter-
cept and slope have been determined for each size of flume, as given
in Table 1. e oY,

TABLE I1.—Values of Intercept J and Slope n, Log Plot, for Law of Free-flow
Discharge Thru Different-sized Tmpreved—Venturi-Flumes

N |

COEFFICIENT J EXPONENT 2 of Ha
Size of| S Somputed |
ol ] SOTY £ -
_L;.}{‘ml._ Intercept | Computed ) Sealed Value | Valueof 1
! Log plot | Value 4W | Difference Log plot 1.522WH0.026 IDiﬁ“an
| I:)‘:'- r
Feet 5
i 3.98 4.00 ~+0.02 1.522 ~0.005
2 8.00 8.00 00 1.5560 - .002
3 11.96 12,00 + .04 1.566 -+ .001
4 16.02 16.00 - .02 1.578 -+ .004
6 24.05 24.00 - .06 1.595 + .003
8 32.00 32,00 .00 1.606 = .002

The fundamental law for the free-flow discharge thru the +m-

preved-Venturi flume is:

Q=J HX
where Q=Quantity in second-feet
J=Coefficient which is a funection of the pize
of the flume

H,=The upper head in feet observed at a point

* distant upstream from the crest two-thirds the
] length of the converging section
[ni=Exponent of the head, Hj

By inspection of the data in Table II, it is evident that, as an approxi-
mation, J=4 W, where W is the size of flume or width of throat,
in feet. The relation of the slope n, and width of flume W has been
established as n=1.522W.%26Hence, the complete formula may be
stated as

Q=4 W H,1:522W0026

&

JAA
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The form of expression employing the double exponent of H, may
at first appear to be complicated and unusual. However, when the
simple operation is performed to reduce to the proper value of the
exponent for the particular width of flume, the form of the expres-
sion for the discharge offers no more difficulty in its solution than the
simple discharge formula for a standard weir or submerged orifice.
This equation, being in the product form, is readily solved by means
of logarithms,

Figure shows graphically the agreement of the computed
discharge, as determined by the free-flow formula, with the observed
discharge as the base. This comparison includes, in addition to the

-
26

2

2

20

3 4 5 . e | g 9 10 n
MNEGATIVE POSITIVE
PER CENT DEVIATION

Figure 4.—Comparison in Percentage of Computed to Observed Free-flow Dis-
charge Thru Experimental Flumes.

PER CENT OF TOTAL NUMBER OF TESTS

R S T,
|
|

N o R

L

S I
|
|

159 original tests made in 1923, the 139 check tests made in 1926.
The data upon which this diagram is based were developed by ex-
pressing the deviation between the observed and computed discharge
in pereentagq,Where the computed was greater than the observed
discharge, the percentage was positive, and where the computed was
less than the observed discharge the percentage was negative. A
tabulation was then made of these values, in which zero deviation
ineluded all values between —0.4 and -4-0.5 inelusive; 1 percent

i
-
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positive including all values between 0.6 and 1.5 inclusive, and
1 percent negative all values between —1.4 and —O0.5 inclusive.
On this same basis the range of positive and negative values was
extended to account for all the free-flow observations on the 1,2,
3, 4, 6, and 8-foot flumes.®) The height, or ordinate of the bars
in the error diagram, Fignrel*- shows the percentage of the total of
298 tests, limited in head, H,, from 0.2 foot to 2.5 feet and with the
limiting degree of submergence of 69.9 percent. For the distribution
of the original 159 tests, it was found that approximately 97 percent
of the total number fell within the limit of =3 percent of the
computed value of the discharge; while for the total of 298 tests,
89 percent were within this limit,

When the series of tests, consisting of 139 observations on the
1, 2, 4, 6 and 8-foot flumes, made at the Bellvue laboratory in 1926,
was included with the original tests, a wider variation of the deviation
between the observed and computed discharges was found to exist. In
the original series of 1923 there were about twice as many tests made
at the Fort Collins hydraulic laboratory, volumetrie measurements, on
the 1, 2 and 3-foot flumes, as were taken at the Bellvue laboratory.
The 1926 tests were all made at the Bellvne laboratory where rec-
tangular weirs, 18 inches, 48 inches and 15 feet in dimensions, were
used to determine the observed discharge. (Figure 30.)

-'K Table 11, giving the free-flow discharge in second-feet thru the
improvedeVenturicflume for sizes from 1 foot to Q—feet,. is based on
4 w 1 1.522W0.026 b

the formula Q=4 W H, =

. PFigures 5 and &show field installations of 1-foot and 2-foot-ime

“¥epturi flumes operating under free-flow conditions, eaeh *

being equipped with a water-stage recording instrument giving a
record of the upper head, H,. There is practically no submergence in
the case of the 1-foot flume, but in the 2-foot structure the degree of
submergence is approximately 50 percent for a discharge of 5.7
second-feet. The loss of head in this structure was determined roughly
‘in the field to be about 414 inches, and by applying the data to the

diagram, Figure % the loss is ealculated to be slightly<sneore=than
® inches. :

‘Of the total of 308 free-flow tests, two were excluded because of Zross error,
(6512, 3-foot flume, and 7043, 8-foot flume). Six special tests (7625-26, 7739-40,
2-foot flume, and 6525-26, 3-foot flume) were excluded, Tests 6476-77 were omitted
because the value of Ha exceeded 2.5 feet. Summary as follows:

w H. | Hu

Ratio 41t |Observed Zomputed| Differ- paviation
Ha | ence .|

Test
|
Ft. It Ft. Sec.-F't. Sec.-Ft. B8ec.-Ft. Percent
G476 1 2.722 1.795 0.669 18.13 18.36 +0.23 1.8
6477 i | 2.641 1.726 653 17.34 17.54 + .20 1.2
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Figure 5.—One-foot lmproved-Wénturi Flume, Experimental Farm, American
Beet Sugar Company, Rocky Ford, Colorado. Free-flow Discharge of 1 Second-foot.
Instrument Installed to Record Total Flow.

(&) i .
Figure 6.—Two-foot -Improved=Wenturi Flume Disehnrg"u'i‘i 5.7 Second-feet, Sub-
mergence 50 Percent, Loss of Head about 0.4 Foot. Mitchell Farm Lateral near Las
Animas, Colorado.
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TABLE tu.-—v[-‘REE—I-‘LO“' DISCHARGE FOR ED VENPURI -FLUMBE

0.026 W

522'W
Computed from the formula Q=4W }-T.l" Ly

Discharge per second for flumes of various throat widths

Upper Head
Ha

: [T 3 4 [ ] [ y i 8 10
| Foot | Feet | Feet Feet Feet | Feet Feet | Feet Feet

Feet Inches | Cu.ft. Cu.ft. Cu.ft. Cu.ft. Cu.ft. Cu. ft. Cu ft Cu. ft. Cu. ft.

0.20 2% 0.35 0.66 0.97 1.26 £
o2 21 .37 71 1.04 1.36 3isiil £
23 268 40 a7 1.12 1.47 :

23 2% 43 .82 1.20 1.58
24 2% 46 88 1.28 1.69 3 ¥ 1
1
25 3 .49 .93 1.837 ° 1.80 2.63 1
.26 314 .51 .99 1.46 1.91 2.80
27 31 | .54 1.056 1.55 2.08 2.50 2.97
28 33 .58 1.11 1.64 2.15 2.65 3.15 T
.29 3% | .81 1,18 1.73 2.27 2.80 3,33
.30 356 | .64 1.24 1.82 2.39 2.96 3.52 4,08 4.62
31 34 .68 1.30 1.92 2.52 3.12 3.71 4,30 4.88
.82 31; 73 1.37 2.03 2.65 3.28 3.90 4.52 5.13 ;
.33 33 | .14 1.44 2.12 2,78 3.44 410 4.75 6.39 3
.34 4 | 1 1.50 2.22 2.92 3.61 4.30 4.98 5.66 3
81 (& s | .80 1.57 2.32 3.06 —3.78 4.50 5.22 5.93
.36 4& .84 1.64 242 Q1% 3.95 4.71 5.46 6.20
.87 4 R 1.72 2.53 3.37 413 4,92 5.70 6.48
.38 ‘fl .92 1.79 2.64 3.48 4.31 5.18 5.95 6.76
.39 4 | .95 1.86 2.76 3.62 4.49 5.35 6.20 7.05
.40 ug .99 1.93 2.86 8.71 5.57 6.46 7.4 9.10
41 44 1.08 2.01 2.97 3.92 5.80 6.72 7.64 9.47
A2 5 g 1.07  2.09 3.08 4.07 6.02 6.98 7.94 9,85
A3 By 1.11 2.16 3.20 4.22 6.25 7.2 8.24 10.23
A4 51 1.15 2,24 3.32 4.38 6.48 7.562 8.55 10.61
.45 5% 1.19 2.82 3.44 4.54 5.63 6.72 7.80 8.87 1100
A6 514 1.28  2.40 3.56 4.70 5.88 6.96 8.08 9.19 11,40
417 55 |. 1.27 2.48 3.68 4.86 6.03 7.20 8.36 9.51 11.81
A48 5% | 1.31 2.67 3.80 5.03 6.24 7.44 8.65 9.84 12,22
.49 5% 1.35 2.65 3.92 5.20 6.45 7.69 8.94 10,17 12,63
50 6 1.39 2.738 4 5.36 6.66 7.94 9.23 10.51 13.05
51 614 1.44 2.82 4 5.58 6.87 8.20 9.53 10.85 13,47
.52 614 1.48 2.90 4 5.70 7.08 F I 9.83 11.19 18.90.
.53 6% | 1.52 2.99 4 5.88 7.30 8.72 10.14 11.54 1484
.54 6% | 1.57 3.08 4 6.06 7.52 8.98 10.45 A1 144
.65 6% | 1.62 . 317 4 6.21 7.74 9.25 10.76 12.24 15.
66 6% 1.66  3.26 4 6.41 7.97 9.52 11.07 12.60 15.
.57 6} 1.70  3.36 4 8.20 9,79 11.39 12.96 18.
58 sg! 1.75 3.44 5 F 8.43 10.07 11.71 13.33 16.5
.59 T4 1.80 3.53 5 6.96 8.66 10.35 12.03 13.70 154
.60 T8 184 3.62 5.39 7.15 8.89 10.63 12.36 14,08 17,
.61 7% | 1.88 " 8.73 6.58 7.34 9.13 10.92 12.69 14.46 17.
.62 7?, 1.93 3.81 5.68 7.53 9.37 11.20 13.02 14.84 18.
.63 5% 1.98  3.91 5.82 7.72 9.61 11.49 13.36 15,28 18,
.64 74} 2,03 401 5.97 7.91 9.85 11.78 13.70 _15.62 19.45
.65 718 2.08 4.11 6.12 811 10.10 12.08 14.05 16.01 19.94
.66 ?Ig 2.13 420 6.2¢ 8.31 10.34 12.38 14.40 16.41 20.44
67 8% 2.18 4.30 6.41 8561 10.69 ([A26%> 1475 16.81 20.94
.68 84 | 2.23 4.40 6.56 8.71 10.85 T29Y  15.10 17.22 21.45
.69 8y | 2.28 4.50 6.71 891 11.10 13.28 15.46 17.63 21.96
.70 8% | 2.33 4.60 6.86 9.11 11.36 13.59 15.82 18.04 2?.- 8
1 814 2,34 4,70 7.02 9.32 11.62 13.90 16.18 18.45 28.90
72 88 | 2.43 4.81 7.17 9.68 11.88 14,22 16.55 18.87 28.82
.73 84 2.48 4,91 7.33 9.74 12.14 14,53 16.92 19.29 24,05
74 8% | 2.53 5.02 7.49 9.95 12.40 14.86 17.29 19.71 24,39

~N
<
<
<
<
<
3
™~
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III.—FREE-FLOW

Computed from the formula f.,'-..;l\\']{_‘1

DISCHARGE FOR BRMPROMEDRD-VENPIRI-PEUME
Continued

= 0.026
B522 W

Upper Head |

Ha

Feet Inches

— 5
Foot | Feet

Cu. ft. Cu. If.

6.56
6.68
6.80
.02

10.61
10.75

Discharge per second for flumes of various throat widths
| T 3 i 5 6 7 8 10
Feet

I'I:H‘l }":-u-lf Feet Feet 1:"0!’!1. _

Ca.ft. Cu.ft. Cu. Tt 'CW It

15.17 20.14 95.13
15.49 20.57
15.82 21

16.15

e v s

50,13
50.84
51.85
52.87
52.99
53.71
5443
55.16
56.89
56.63

= S
D=1

| tevonieds - oo =
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TABLE III—FREE-FLOW DISCHARGE FOR IMPBROVED-PINTETR]I FLUME
Continued
i 0.026
5o29 T
Computed from the formula Q—4 W Hn]'d“ W

Discharge per second for flumes of various throat widths

Upper Head |
1

s | 1 2 ] i 5 [ 7 8 10
Foot | Feet Feet Feat Feet Feet Fect Feet Feet

Feet Inches | Cu.ft. Cu,ft. Cu. ft. C [t. Cu.ft. Cu.ft., Cu. ft. Cu.ft. Cu¥t
1.30 36.47 412.62 4B8.78 6112
1.31 36.92 43.14 49.38 61.88
1.32 3 43.67 49.99 62.65
133 44.20 50.60 6342
1.34 4473 51.22 6439
1.356 38.74 64,96
1.36 39.20 65.7T4
1.7 2960 66.52
1.38 40.12 67.31
1.39 164} 6.60 40.58 68.10
1.4C 1613 6.68 41.05 68.90
1.41 161§ 6:75 41.52 69.70
1.42 17 J 6.82 41.99 T0.50
1.43 175 6.89 42 46 T1.30
1.44 1714 6.97 42.94 T2.11
1.45 58.14 72:92
1.46 58.78 T8.71
1.47 59.43 T4.55
1.48 G0.08 T8.87
1.49 60.74 76.19
& 77.02
1.1 77.85
[ 78.69
B 79,53
1 80,87
1.55 15.78 81.21
1.56 15.94 82.06
1.57 16.10 82.91
1.58 16.26 837
1.58 16.42 84.62
1.60 42 68.10 85.49
1.61 42.5¢ 68.79 86,36
1.62 43.01 69.48 8723
1.63 43.43 70.17 88,10
1.64 43.86 10.86 $8{97
1.65 62.42 71.56 89.85
1.G6 63.03 72.28 90.73
1.67 63.64 T72.96 91.62
1.68 64.25 73.66 92.51
1.69 64.86 74.37 93.40
1.70 203 8.97 18.21 27.66 46.43

1.71 2014 9.05 18.38 27.80 46.86

1.72 205 9.13 18.54 28.06 47.30

1.73 203 9.21 18.71 238,32 47.74

1.74 20 % 9.29 18.88 28.67 48.17

1.76 21 48.61 658.60

1.76 2114 49.05 59.13

1.77 2134 3¢ 49.50 59.67

1.78 213 39.74 49.94 60.20

1.79 2115 40.10 50.38 60.74
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TABLE IIIL.—FREE-FLOW DISCHARGE FOR MEBEROVED-VTENTIRI.FLUME
Continued
L 0.026

Computed from the formula Q=4 W 11,1‘523 w

| Discharge per second for flumes of various throat wi.(.ilhs
Upper Head |

Ha

1 3. s y 5 6 | 7 s | 10
Foot | Feet | Feet | Feet | Feet Feet Feet Feet | Feet

Feet Inches | Cu.ft. Cu.ft. Cu.ft. Cu ft. Cu.ft. Cu.ft. Cu. ft. Cu.ft. Culft.

1.80 218 9.79 19.90 30.13 40.45 50.83 61.29 7175 82.20 1084
1.81 21% 9.87 20.07 30.39 40.80 51.28 61.83 72,39 83.03 1084
1.82 214} 9.95 20.24 30.65 41.16 51.73 62.38 73.08 83.77 10Gi3
1.83 213§ | 10.04 20.42 30.92 41.52 52.18 62,92 7368 8451 1062
1.84 227 | 10.12 20.59 381.18 41,88 52.64 63.46 7433 8525 fo7a
1.86 22 | 10.20 20,76 31.45 42.24 64.01 7498  86.00 1084
1.86 224 | 10.29 20.93 81.71 42.60 64.57 75.63 86.75 1080
1.87 224 | 10.38 21.10 31.98 42.96 65.13 76.2 87.50 110.0
1,88 22% | 10.46 2128 32.26 43.32 65.69  76.92  88.25 1108
1.89 22§} | 10.64 21.46 32.52 43.69 66.25 77.58  89.00 1119
1.90 22 10.62 21.63 32.79 44.05 66.81  78.24  89.76 112.9
1.91° 23 10.71 21.81 33.06 44.42 67.37  78.90  90.52 1188
1.92 234 | 10.80 21,99 33.33 44.79 67.92  79.56 91.29 1148
1.93 2384 | 10.88 22.17 33.60 45.16 68,50  80.23 92.05 115.8
1.94 231, | 10.97 22.35 383.87 4553 69.06  80.90  92.82 1165
1.95 23% | 11.06 22.53 34.14 45.90 69.63 81.57 93.59 1174
1.96 2336 | 11.14 22.70 34.42 46,27 70.20  82.24 9436 11897
1.97 238 | 11.23 22.88 34.70 46.64 70.78 8291  95.14 1199
1.98 23% | 11.31 23.06 3497 47.02 71.35 83.58 95.92 120.6
1.99 237% | 11.40 2324 35.256 47.40 71.92 84.26 96.70 1218
2.00 24 11.49 23.42 385.58 47.77 60.08 7250 84.94 97.48 1228
2.01 24% ‘ 11.58 23.61 35.81 48.14 60.566 73.08 8562 9826 1236
2,02 24 11.66 23.79 386.09 48.52 61.04 73.66 86,30 99.05 124.6
2.03 24% 11.76 23.98 36.37 48.90 6152 7424 8£6.99 99.84 126.6
2.04 24% | 11.84 24.16 386.65 49.29 62.00 7483  87.68 100.6 1266
2.05 245 | 11.93 24.34 36.94 49.67 62.48 7542 8837 1014 127.6
2.06 24% | 1202 2452 3722 50.06 62.97 76.00  89.06 102.2 1286
2.07 244 12.10 24.70 37.50 50.44 63.46 7659 8975 103.0 128.6
2.08 24{3 12.19 24.89 37.78 50.82 63.94 77.19 90.44 103.8 130.6
2.09 255 | 12.28 26.08 38.06 51.21 6443 77.78 91.14 1046 1316
2.10 25 12,37 2527 88.35 51.59 6492 7837 9184 1054 1327
2.11 25 | 12.46 2546 8864 5198 6541 7897 92,54 1062  18%7
2.12 5 12,55 25.64 38.93 52.37 6591 79.56 93.25° 107.0 1347 |
2,18 25 12.64 25.83 89.22 52.76 66.40 80.15  93.95 107.9 18&K7
2.14 25§ | 12,73 26.01 39.50 53.16 66.89 80.75  94.66 108.7 136.8 |
215 25 12.82 26.20 39.79 53.54 67.39 8136 9537 1095 13%8
2.16 25“ | 1292 2639 40,08 53.94 67.89 8197  96.08 110.3 1383
2.17 26 | 13.01 26.58 40.37 54.24 6839 82,68 96.78 1111 1359
218 263 | 13.10 2677 40.66 54.73 68.89 83,19  97.51 1118  140.9
219 261, | 13.19 26.96 40.96 55,12 69.39 83.80 9823 1128 14%Q
2. 2 13.28 27.15 41.256 55.52 69.90 84,41 9894 113.6  143.0
2%2 2232 | 13.37 27.34 41.54 5592 70.40 85.02 99,66 1144 144
292 266, | 13.46 27.54 41.84 56.32 70.90  $5.63 CJOO.0> 1153 1461
223 26% | 183.56 27.73 42.18 56.72 7141  86.25 1011  116.1 mig
2.24 267 | 13.65 2792 4243 57.12 7192 86.87 101.8 116.9 144“
1]
226 27 13.74 28.12 4273 57.52 72.48  87.49 , 1026 1178 13
2.96 273 | 13.84 28.31 43.02 57.93 7294 8811 1033 1186 148
237 971 | 1393 2850 4332 58.34 7346 8873 1040 1195 1500
2.28 27% | 14.02 28.70 43.62 58.74 73.97 89.35 1048 1203 154
2739 971 | 14.12 28.90 43.92 5916 7449  88.98 1055 1212  15E6

=
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TABLE III.

FREE-FLOW DISCHARGE FOR MPROVED-VENTURI FLUME
Conecluded
126
o 1529w 026
lmn_]\ut- i | rmm the formula Q=41 W Ha

Discharge per '=(rrmd for l1l.lrllt"4 of various throat Wil’llhs

Uppe sad |
RReE M 1 2 3 1 5 6 7 8 10
Foot | Feet Feet | Feet Feet Feet Feet | Feet | Faet

Feet Inches| Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cu ft. Cu. ft. Cu, ft——Cu, ft.

2.30 278 | 14.21 29.09 44.22 59.56 7501  90.647106.2  122.0
2.31 27% | 1430 29.29 4452 5996 .<75.50>—101.24 122.9
2.82 274 14.40 29.49 44.83 60.37 oL 91,87 128.7
2.33 2748 14.49 2969 4513 60.7% ~T85T 92.50 124.6
2.34 28 & 14.59 29.89 45. 93.14 125.4
|
2.36 283 | 30.08 93.77 110.0 126.8
2.36 284 | 30.28 94.41 1107 127.2
CR VAR TR s 30.48 95.06 111.5  128.0
2.38 287 | 30.69 95.69 112,2. - -128.9
2.39  28}} 30.89 96.33 - 113.0  129.8
.40 81% 31.09 96.97 113.7  130.7
2.41 28§ 31.29 97.62 1145 1315
2,42 294 31.49 98.27 115.3 132.4
243 207 31.68> 9891 116.0 1333
2.44 201 3T 9956 116.8 1342
2.45 293 ‘ L5, :}3.1{) 100.2 117.6 135.1
2.46 2914 L5 .il'l 100.9 118:3 135.9
2.47 298 | I5. 1016 1191  136.8
2.48 29% | 15. 102.2  119.9 137.7
2.49 29 7 16 102.8 120.6 138.6
2.50 30 16, 103.5 121.4 139.5

SUBMERGED-FLOW ForMULA

In the dt-\'vlnpnwnk‘nt a Inrml ].l suitable for the determination
of dneharge thru the 4mproved ri flume for submerged flow,
various methods were attempted, a form 01 equation being sought that
would follow consistently the trend of the data and at the same time
not be so complicated as to be impracticable. The following was the
manner of reasoning finally followed :

For degree of submergence below 70 percent, it is found that a
simple expression will apply in determining the rate of discharge
where only the upper head. H,, and the width of the flume are
involved. However, when the degree of submergence is 70 percent or
more the free-flow discharge is diminished slightly at first, and as the
degree of submergence inereases the rate of decrease in flow is
inereased until, near the point of complete submergence, the flow is
very greatly reduced. The determination of the rate of submerged flow
is then based upon the application of a certain correction to the free
flow for that particular head, H,, and the corresponding ratio of the
throat head to the upper head. As pointed out, this ratio must be
greater than 70 percent before being effective in the discharge.
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The experimental data upon which this correction was first based
included the results of 228 tests made in 1923, where the degree of
submergence ranged from 70 to more than 95 percent, and a range of
H, from 0.2 foot to slightly more than 2.5 feet. They were divided
according to size of flume as follows: 1-foot flume, 46 tests; 2-foot
flume, 41 tests; 3-foot flume, 65 tests; 4-foot flume, 21 tests; 6-foot
flume, 18 tests, and 8-foot flume, 37 tests. In 1926 a series of sub-
merged-flow tests, numbering 264, was made and when the results
were compared with the original submergence data it was found that
a slight adjustment in the correction was necessary. The combination
of all the submerged-flow tests shows the following division according
to size of flume: 1-foot flume, 80 tests; 2-foot flume, 84 tests; 3-foot
flume, 61 tests; 4-foot flume, 64 tests; 6-foot flume, 65 tests, and 8-foot
flume, 116 tests. In the final arrangement 21 tests were excluded from
the 1923 series.(®)

After reviewing the combined series it was found that for high
submergence, where the gage ratio H,/H, exceeded 0.95, little de-
pendence could be placed upon the accuracy of the computed dis-
charge ; also, when the value of H, was 0.2 foot, the deviation between
the observed and computed discharge was quite large. In the use of
a more complicated expression for the determination of the correction
factor it would be possible to reduce the error for these low heads, but
for the high submergence at any head, H,, observations show marked
inconsistencies,

| | Pl
===

Fee *)

\
\

\\\ -tza
pd

UPPER HEAD Ha, FEET

30 %0 50 0 7.0 BO
DISCHARGE, SECOND ~FEET _
Figure 7.—Meaning of Correction Factor C in Second-feet, to be Subtracted from
the Free-flow Discharge for a Definite Value of Ha and a Certain Degree of Sub-
mergence.

s or the 1-foot flume, test 6494 excluded because H. exceeded 2.5 feet. Tests
6656-57, 6707-8 excluded because H,—0.2 foot. Tests 6684, 6700, 6705 excluded
because submergence exceeded 95 percent. For the 2-foot flume, test 6624 excluded
because submergence exceeded 95 percent. Tests 6642-43 and 6646 excluded because
H,—0.2 ft.: 3-foot flume, test 6583 excluded because submergence exceeded 95 per-
cent, and tests 6579-80-81 excluded because Ha=0.2 foot; §-foot flume, tests 6342 and
7079 excluded because submergence exceeded 95 percent; 8-foot flume, tests T020-29
excluded because submergence exceeded 95 percent. Of the 471 submerged-flow tests
falling within the preseribed limits, test 6335 was excluded because of gross error.
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These data were plotted as shown in Figure 7, where the several
curved lines represent the degree of submergence. ' For any particular
point on the submergence line there will be a definite value, C, as
shown, which is the amount in second-feet to be subtracted from the
free-flow value for that particular upper head, H,, to give the sub-
merged flow. It will be observed that as the value of H, inereases, the
amount of the correction also increases for any particular degree of
submergence. It is found that for the relation ex isting between the
correction factor C for submergence and the upper head, H,, for any
degree of submergence, K, the general expression may be stated thus:

.

: “_J A |
where Cy is the correction in second-feet for the degree of submerg-
ence K, expressed as a decimal fraction, and H, upper head in feet.
A and B are values dependent on the gage ratio or degree of submerg-
ence, K, and n an exponent also dependent on K. Base equations
were developed for various values of K, ranging from 0.70 to 0.95, and

from these the law of variation of A, B and n was determined. This
relation for the 1-foot flume is as follows :

+ B

( H, 14.57 — 314K )
Cr= J 3 1.8 f 1.8 945 ’ + 0.093K
i Pl ]

For the other sizes of flume it was found by introdueing a multiplying
factor to the value of C that a practical agreement with the observed
submerged flow was possible. This factor, M, varies with the width

or size of flume W, according to the simple relation M — W *:815

The following is the complete formula for computing the discharge
thru the impreved-Venturi flume for submerged flow :

H. 4.57 — 3.14K
e Uik } +0.093K | yy 0815
. % —2.45

K

Gt W, W {1
l

This formula is not, in its complete statement, a simple expression ;
however, when the value of K, the degree of submergence expressed as
a decimal fraction, is properly substituted, the formnla, or that term
representing the correction C, becomes much simplified § To-faeilitate
the-use of this-expression-for-the value of Cyit-has-been -expanded in
tabular form, as shown in Table Fv. -
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T¢ apply th correction (/appearing in this tebke, it is necessary

to wul ply \thg,zb*n value C by & constant, as follows :

Size of flume Multiplier

W (feet) M E
1 1.0
2 1.8
: 24 i
4 3.1 '
5 3.7
6 4.3 |
7 49 '
8 54

Figure i‘ifs]m\\':-: the agreement of the observed and computed dis-
charges for submerged flow. The manner of eompiling the data and
construeting this diagram is identical with that given for the free-flow
discharge. In the comparison of computed and observed discharges
for the total 470 tests, it was found that 87 percent were within =5
percent of the observed value.

In the comparison of the free-flow and submerged-flow error
diagrams, it is evident that the accuracy of the measurement is greater
where the device operates under a free-flow condition, _ /

determine the guantity of diseharge thru the improved Ventun _
(ander submerge? flow, roferenco shnul(l be made to Pable-+V f

\ 4 whith isfhﬂfhﬂe applicable to the 1,2/3,4, 5 /6, Tand 8foof flumes  /
ipited in vange of 1ipper Kead Hi, from 0.3 foot to 2.5 feet, and to 95 /[

18

A

T e 7 —

PER CENT OF TOTAL NUMBER OF TESTS
=]
R

aralzlrmsa'rssa?zlo123456?8910“'213
MNEGATIVE FPOSITIVE
PER CENT DEVIATION

Fizure J—Comparison in Percentage of Computed to Observed Submerged-flow
Discharges Thru Experimental Flumes.

pe cen(( submergence. The_ following ex_amp‘les will illustrate the
metHod! of making tanmpu_ta}ions_ for submerged' conditions:





















Gage Ratio or Degree of Submergence

TABLE IV—BASE TABLE FOR CALCULATING CORRECTIONS (C) TO DETERMINE SUBMERGED DISCHARGES FOR THE IMPROVED VENTURI FLUME
FOR THROAT WIDTHS FROM ONE TO EIGHT FEET

Upper Head
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(1) Let it be assumed that the flume
one foot, upper head, H,,/1.50 feet, and t,
The ratio 1.29,-"1.5()=U.If:56. In' the Jéft-hand column of the table
under the head H,, follgw down tg,the value 1.50, the recorded upper
head, and on this line follow 'oyl"t(} the right to the column headed
0.86 where the ‘epnstant 1.33/s found. In the free-flow discharge
Table III for the 1-foot-flumé with t.lic\‘re_{:ordcd head, H,, of 1.50 feet,
note that the discharge is 7.41 seeond—feef?»"_l‘hé flow with a submerg-
ence of 86 percent underthese conditions, will,\therefore, be 7.41—1.33
=6.08 second-feet.

4s a throat width, W, of
throat head, Hy, 1.29 feet.

(2) What will be the-discharge thru a 4-foot ﬁ/me where the
upper head, H,, is 2.15 feet and the throat head, Hg, 1.71 feet? The
ratio of heads 1.91/2.15 i§--yur3' close to 0.795. An the submergence
table the value sought will be found between €ertain given numbers,
both for submergence~and valie of upper head, H, First, find the
average value for the submergence 0.79 and 0,80 for an upper head,
H,, at 2.14 feet. This is 1.35. "Now find the average value for these
two submergences with an upper head’of 2.16 feet. This is 1.37. The
average values thus determined are for the submergence 0.795. The
value of the correction for the-upper head, H,, 2.15 feet, will obviously
be the average of 1.85 and 1437, or 136 T1f is found that for the
4-foot flume, the multiplying factor M is 3.1;.and this times 1.36 equals
4.22 second-feet, the ‘corréction or amount to'be subtracted from the
free-flow discharge. Trom the free-flow discharge table, 4-foot flume,
H,=2.15 feet, the dischargeis observed.to be 53.54 second-feet; hence
the submerged flow for these conditions would be 53.54 — 4.22—49.32
second-feet. For this degree of submergence, it is readily détermined
that the free-flow discharge has béen reduced approximately 8 percent.

For general field uSe it would be necessary only to express the
ratio of throat head to the-upper head, K, to the nearest hundredth.

Table V has been-prepared. 1o show the error for submerged dis-
harge reswdting front ‘Dhbserving either the upper head, H,, or:the
thrqa,t. head, T‘lu. 0.01 foot too large ortoesmall. The error in free-flow
discharge caused.by+0.:01-foot error may be détérmined ecasily by
llilli)@\ghe differenee-in the tabiularvalues given in Table 111 for an
increment of 0.01 foot.—-

o L

_In order to make iacomparisml between the eomputed discharge
of am=improvedi¥enturi flume and an ordinary rating flume, there
was built a 6-foot improvefi-Venturi flume in a diteh at Rocky Ford,

7\

.- {-
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) WS

Colorado, as shown in Figure {£) This flume a8 provided with stilling
\ wells for both the H, and H, gages. An index was fixed near the

~Pigure 9. =S8ix-foot Venhri Flume. Sh win, Discharge of About
50 Becond-foet with 3 Submergence ot 35 Perns ooy Bot Copme -

top of each well which made it possible to determine the heads to 0.01
foot by means of a depth gage. Reference points in the upstream

and downstream wings of the structure were used to determine the

loss of head. {

An ordinary rating flume, previously constructed in the diteh at
a point about 100 yards downstream, was calibrated by current- -mefer
gagings and used to ascertain the discharge of the improved-Venturi
flume. The condition of flow thru the rating flume was satisfactory.
Table }V gives a comparison between the computed discharge thru this
6-foot .improvedwentnri flume, as compared with the discharge as

shown by the rating flume. N :
=) :,Y Dl A < ) L. Ih‘,;_‘._ / £ /J' A
S O o, .

'l‘un G-ﬁum IMMm»mem Fruome 4

In the original investigation of this type of measuring device,
the 1-foot flume was the smallest size tested, and beeause of the de-
sirability of using this flume for smaller discharges than could be

measured practically by use of the 1-foot size, sasemiessaf-observations
was made on asfisiweh-strietnre having different dimensions than

- . / | .
R D, L -.'.’\ /‘\ .....I,f.rt-‘.






TABLE V.—-PERCENTAGE OF ERROR IN SUBMERGED DISCHARGE CAUSED BY 001 FOOT ERROR IN READING THE UPPER OR THROAT HEADS

S o Gage Ratio or Gage Ratlo or Gage Ratlo or Gage Ratlo or Gage El:lt io or
Upper Degree of Submergence Degree of Submergence Degree of Submergence Degree of Submergence Degree of Submergence
Head, Ha 1-Foot Flume 2-T'oot Flume 3-Foot Flume 4-Toot Flume 6-Toot Flume

Gage Ratlo or
Degree of Submergence
§-Foot Flume

.70 080 ©0.85 0.90 0.95 0.95 0.80 0.85 0.90 0.95 . 0.75 0.80 0.85 0.90 0.95 0.76 0.80 0.85 0.90 0.95 n75 0.80 0BG 0.90 0.95

Where the throat head, Hs, Iz observed to be 0,01 foot less than the true value
i 15 1 1 a ] 4 1 1 2 i 3

: 1 3 6 i 1 1 3 [

1 4 4 = - 1 3 4

1 “ 1 1

1

h 13

1
3 a9

' : . . 1 ) IS y , 2
Where the throat head, Hy, is observed to be 0.01 fool more than the true value
7 20 1 2 3 7 f 3 3 7

1 1
1
1

8 : 1

S0 d =100

» 0.01 foot less than the true value
b 6 4
1 3
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Figure 11.—Free-flow Discharge thru 6-inch ww Flume Equipped

For Small Flumes the
Flume on Farm Lateral
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Graduated in Shares.

SECTION A

Figure 10.—Plan and Elevation of the 6-inch Improved Venturi Flume,
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TABLE v---“fmumimm and capacitica of the Parshall measwring flume, foe
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(Latthid yeferto Figure 2

Free-flow
capacity

Maxi- | Minj-
mm |

Ft.in, | Bt ¥ in. | Fidn.| B L. : .. . . | See, fi.| See. ft
Gl 5ia| : i 154 2 0, 03
: t v ’ i+ I o

1]

S e e 1D DD -

T BS 1 S







UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF PUBLIC ROADS

LALr 'r_l__.Q

/}’}_Lf? _"\_f_; LA

s o lirs D R 4

o > L'q/? (.{.a f

Ut W7
!

{ .
¥ NAAAALAL l A > C7 -~ ‘_‘l?lr ' r—{

~cf
)

J 1
I p ﬂ. ‘J— I- ) P {
iw’?}wmﬂ B e S S50 G W o

\\ ' #
e Ar AANRNLL ) p uﬁ:—t EANI S {.-4., ty ""l.....“z“_h













Maréh, 1928 Tue ImprovED VENTURT FLUME 31

thos¢ which go\'erned in the larger sizes. /The general dlmenslmg’s of
#his small ﬂume are gn'en in I‘\gare 0. LA 6-inch flume, é(,‘.np J_{
mﬁw dic adua.ted to-shares; is-shown in
Fig{fﬁ, . "'; M} s

«Ber-rhc calibration of e flume ~a-wooden.sirueture was M@I

at the Fort Collins hydraulic laboratory] where-the~diseharge-was
determined by means of a 90-degree noteh weir with standard bottom '
‘and. side. cont.raction_:_;‘;[/ The upper head, H,, and throat head, H,, and

the head on the weir were ascertained by hookgages reading to 0.001
foot, while the loss of head thru the model structuré was observed by
noting the depths of water above and below,the flume, as shown by
staff gages off “vhi¢h the zero points _ -with the elevation of the
level floor @ the crest of the device. | The-ealibration covered-a-com-

]

plete range-ef-free-flow—from-0.05-t0-2.20-second-feet, a5 wellas a-

sufficient number of submergence. tests te- determine the law for
submerged ﬂmv_&_] For the larger flumes, the degree of submergence was
found to be about 70 percent before the free-flow discharge was
affected, while for the 6- inchl flumesthe flow was interfered with at
about 50, percent submergence, s

For free flow in second eet, thru this b}mch flume, the formula
Q=2.06 H,'%% gives ghite klogé agreem it thruout the range of
calibration, where Q=Second-féet, and H, the upper head 1n feet.
In Table XXT are shown the 1ree\ﬂow da.ta upon which this expression
is based, together with the dmllmon of the computed from  the
observed discharge. /Table VII gives ‘!-he free-flow discharge in second-
feet thru the 6-inch improved Venturi flume and is based on the same
formula. For submerged flow the formula becomes

Q=206 H,5% —€,

where the constant or correction (, as detérmined by the expres-

TABLE %Il —FREE-FLOW DISCHARGE THRU §-INCH IMPROVED VENTURI

FLUME
i 1.568
Based on Q=2.06 Hx
Upper | i 2 =11 = n
Head 0.00 0.01 0.02 0,03 0.04 0.05 0.06 [ 0.07 0.08 0.09
Ha T
Feet Sec-ft. Sec-ft. Sec-ft. Sec-ft. Sec-ft. Seec-ft. Sec-ft. See-ft. Sec-ft. See-ft.
0,10 0.05 0.06 0.07 0.08 0.09 0. IU 0.11% 0.12 0.14 0.15
.20 .16 18 .19 .20 22 25 .26 .28 .29
30 51 ¥4 a4 .36 .‘1'1 41 { .43 .'i:} 47
.40 .48 1] 52 .54 5% 61 .63 85 67
.50 .69 71 73 76 80 82°) .85 .87 .89
80 ‘92 94 o7 99 104 1.077 110 112 115
T0 317 1.20 1.23 1.26 1.31 1.34 1.86 1.39 1.42
.80 1.45 1.48 1.50 1.53 1.59 1.62 1.65 1.68 171
.90 1.74 1.97 1.81 1.84 1.93 1.97 2.00 2.08

1.90

F—-2
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sion here given, is expanded in Table VIII which shows the correction
in second-feet to be applied to the free-flow discharge to determine
the submerged discharge in exactly the same manner as that described
for the larger flumes. For the 6-inch flume the correction as given in
the table applies directly and requires no multiplying factor.

The correction table for this small ﬂume for submerged flow is
based on the following formula:

gorem.22 /) / H.—0184
H,+410 1444 817
; 10 K}

where C=correction in second-feet
H.=upper head
K=ratio of throgt head to upper head, or H,/H,,
expressed ag a decimal fraction.

The ecomplete expression for',-‘t;omputing the submerged discharge is:

Q2,06 1% — /’6 072 H,** \  H,—0184
: - HA410 o 143 8.17
10
' : SErPING-oR-THE-FLEME J

This device, like any other water-measuring structure, must be
properly installed and maintained to give best results. Size must be
considered first. Within certain limits of head, any specified discharge
may be measured thru flumes of various sizes, and the selection of the
proper size to use for the conditions imposed requires- careful judg-
ment. From the standpoint of economy, the smaller the flume, the
less its cost, but to ecrowd the full discharge thru it may require too
great a loss of head, which, in turn, would mean greater expense in
strengthening the banks of the channel above the structure, as well
as providing additional protection to the channel below if the flume
operated under free-flow condition.

The flume’s capacity, or quantity of water to be measured, must
first be determined, due allowance being made for additional flow
owing to floods or future enlargements of the channel. On the other
hand, there is danger in selecting a flume having too wide a throat. If
the structure operates under free-flow conditions, the change in upper
head for given fluctuations in the discharge will be less for large than
for small flumes. It might be feasible to operate a large flume as a
free-flow structure for low discharges, and submerged for high dis-






1 TABLE VIIL—CORRECTIONS TO BE USED IN DETERMINING SUBMERGED DISCHARGH FOR 6-INCH IMPROVED VENTURI FLUME

Upper Head Ratio of Throat Head to Upper Head, or Hy/Hs

Ha 3 - . — . ] _ SE——— = =

& = = : — ,
0.50 0.1 0.54 0.56 | 0.58 0.80 | 0.62 0.64 0.66 0.68 | 0.70 0.72 0.74 | 0.78 | 0.78 ‘ 0.80 ‘ 0.82 ‘ 0.84 ‘ 0.86 | 0.88 | 0.90 0.92 0.04 0.98

en
[

Feet Inches | Sec.-Ft. Sec-Ft. Sec-Ft. See-Ft. Sec-Ft. See-Ft Sec-Ft. Sec-Ft. Sec.-Ft. Sec-Ft. Sec-Ft. Sec-Ft. Sec-Ft. Sec.-Ft. Sec.-Ft. Sec-Ft. Sec-Ft. Sec-Ft. Sec.-Ft. Sec-Ft. Sec-Ft. Sec-Ft. Sec-Ft. Sec-Ft.

0'39 %ﬂi | : - g TiTe o, . L o 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.08 0.03 0.04 0.05 0.07 0%%
24 2?5' = o ‘e saa .01 .01 .01 .01 01 .01 .01 i 02 .02 .08 03 04 .06 .08 a3
a8 31s Tes .01 01 1 01 .01 .01 .01 .02 .02 .02 .03 04 04 05 07 10 33
- -3‘*5 - . T N e .01 .01 .01 .01 .01 .02 02 .02 .08 .03 .04 .06 .08 .08 12 4
2 % s e i .01 .01 .01 .01 .01 .02 .02 .03 .03 204 ‘05 ‘08 07 09 13 ;
-30 3% . . : < S 0.01 .01 01 .01 01 .02 .02 .02 03 .03 04 05 06 08 A1 16 .21
2 34 . ‘e ”n us .01 01 ‘01 .01 .02 02 02 .03 03 04 .05 06 07 .09 38 17 28
.4 44y SR .01 .01 .01 .01 .02 .02 .03 .03 04 04 06 .06 .08 10 A3 18 .
26 415 ‘e e s e 2 Gi33a T .01 .01 .01 01 .02 02 .03 .08 .04 .05 .08 .07 .08 .10 .14 .19 27
.38 4% AL e AR i ¥ iy T e .01 .01 01 .01 .02 .02 .03 03 .04 .05 086 07 .09 .11 15 21 .29
-40 i o . s 0,01 01 01 .01 02 .02 .02 .08 04 .06 .05 07 .08 10 13 A7 .28 .32
42 5 7 .01 .01 .01 .02 .02 .02 .03 .03 .04 .05 .06 .07 .09 .11 14 .19 25 .34
44 514 o Sia 0.01 0.01 01 .01 02 .02 .03 .03 .04 .04 .06 .08 07 .08 .10 13 16 .21 28 A7
46 5:6 ‘e A .01 01 .01 .01 02 .02 .08 .08 .04 06 05 .06 08 .09 a1 14 A7 .23 .30 89
.48 ] 48 : S - 01 01 .01 .02 .02 .02 03 .08 .04 .05 .06 07 .08 10 13 15 39 24 .22 41
50 6 . Sy 01 01 .01 02 .02 02 .08 .03 .04 .06 .06 07 .09 10 12 16 19 25 34 43
52 64 . S : 0.01 01 01 .02 02 02 .08 .04 04 .05 .08 07 .08 10 12 14 17 21 T 86 48
.54 615 g 3 s .01 01 .01 .02 .02 03 .08 04 .04 .06 .06 07 .08 .10 12 .15 18 23 28 48 48
.56 634 . et 0.01 01 .01 02 .02 .02 03 04 04 .05 .06 .07 08 .09 .11 138 .16 .20 .25 30 41 51
-58 618 - . 01 01 01 02 .02 .03 03 .04 04 .06 .06 07 08 .10 12 14 A7 21 26 32 48 54
80 T8 +is 01 01 01 .02 .02 .02 .04 .04 .06 06 .07 .08 .09 a1 .18 .15 18 .23 27 .84 456 .57
-62 6 .. 0.01 01 .01 02 .02 03 .03 04 .06 .06 .06 07 .09 .10 13 14 a7 .20 .24 2 26 48 .60
B4 Iﬁ 0.01 .01 01 .02 02 .03 .03 .04 06 .05 .08 07 .08 .10 55 13 15 18 21 25 31 38 .50 .63
.66 7 .01 01 01 02 .02 .03 04 .04 .05 .08 .07 08 .0 .10 a2 14 16 19 22 27 33 40 B2 66
68 8% .01 .01 02 02 03 .03 .04 04 05 .06 07 .08 .09 A1 13 15 A7 .20 24 .28 .34 42 b4 .69
.10 85 01 01 02 02 .03 03 04 .05 .06 .07 .08 09 .10 A2 14 16 18 21 25 .30 .36 44 .56 a2
13 80 01 .02 02 .03 .08 04 .04 .06 06 07 .08 09 .11 .13 14 16 19 22 26 32 .28 A48 .58 .76
T4 8% 01 02 02 .03 .03 04 .05 .08 06 .07 .09 .10 el 14 .16 A7 .20 .28 27 .38 39 .48 .60 78
6 914 02 .02 .03 03 04 04 056 .06 07 .08 .09 10 12 14 .16 18 A1 24 28 34 41 .50 .62 80
78 93 .02 .02 .03 02 04 05 .05 .06 07 .08 .09 A1 12 14 16 19 .12 25 29 .86 A3 62 B4 .83
.80 955 .02 03 03 .04 04 .05 .08 07 08 09 .10 A2 .18 .16 A7 .20 A3 .27 .31 37 45 54 67 86

v 82 91§ .08 .03 03 .04 .05 08 .06 07 .08 .10 a1 13 .14 16 18 91 24 58 ‘ag 28 47 56 69 .38
-84 1045 03 .03 04 .04 .05 .06 07 .08 .09 10 .11 13 .16 a7 19 22 .25 .29 34 .40 48 .58 72 91
.88 1045 .03 .03 04 .05 .05 .08 07 .08 .09 .10 12 .13 .15 A7 20 23 .26 20 '35 41 A9 B0 14 94
88 10 .08 .04 04 05 06 07 .08 .08 .10 11 a2 .14 .16 .18 21 o4 27 ‘33 a7 ‘42 51 63 76 97
i 90 104} 03 04 05 06 06 .07 .08 09 .10 12 13 .16 A7 .19 23 25 29 38 20 45 54 85 79 .99
S92 114 04 .04 .05 .06 07 .08 09 10 11 13 a4 186 .18 .20 .23 .26 30 .35 40 47 56 67 .32 1,02
94 113 04 05 05 .08 07 .08 .09 10 12 .18 15 AT .19 21 24 a7 31 28 41 49 58 69 .86 1.05
98 1134 04 05 08 .07 .08 .09 .10 A1 12 14 16 .18 .20 22 25 28 32 38 ‘43 51 .59 .11 87 1.08
S8 11% .05 06 .06 07 .08 09 .10 A2 A3 16 16 A8 21 23 .26 .29 34 .30 45 52 61 8 .89 1.10
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charges, because the depth in the channel below the flume may inerease
at a faster rate than the depth in the converging section. Figure ]
shows a 6-foot flume carrying 64 second-feet, where the loss in head is
approximately 0.85 foot and the degree of submergence about 60
percent. This is considered an ideal condition because the degree of
submergence is less than 70 percent, the discharge is a function of a
single head or depth, and the exit velocity is moderate.

LW v 8

C a9 <
Flume Discharging 64 Second-feet with
a Submergence of 60 Percent. Farmers’ Ditch, Boulder, Colorado.

Tg assist in the sglection of the propgr size of flume 0 meet cértain
requirements, there /are shown in JKj 14,155 36,17, 18-and 19~
the graphic charts/for vapious sizes of fluies, giving the approximate
loss of head in féet for ¥arious degrees of sibmergence and discharge.
The vertical axis at\thie left of the/diagram giyés the 'depth of water
in feet measured f the top "d_e of the ¢nd of the floor of the
diverging section, 6r theNower end \of the floor of.the flume. Along
the horizontal axj§ is given ‘the Joss of head in feet for any particular
discharge at a gertain degreeYof submerfence. This less of head is
the differénce.dn feet between/the water surface above and, below the
structure. The percentage of submer‘éence is based upon ‘the ratio
of the throat head, H,, to the upstream head in the converging section,
H,. ‘The loss of head from various discharges and depths of water
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Figure 13.—Loss-of-head Diagram for the 6-inch Improved Venturi Flume.
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Figure 14.—Loss-of-head Diagram for the 1-foot Improved Venturi Flume.

DEPTH OF WATER BELOW FLUME, FEET

|
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LOSS IN/ HEAD . FEET
Figure 15.—Loss-of-head Diagram for the 2-foot Improved Venturi Flume.

l:elow‘(Ee ﬂume}dm also given in tabular form in Tables IX, X, XI,
XIT II, XIV and XV.

The fo]lown:v examples are gwon to guide in the selection of the
proper flume/to fulfill the reqmremcnts for the particular case in
haﬂd? Assume that the channel i is| 25 feet wide on the bottom, average
depﬂ{ of wa.ter ('{"') feet at the mte of the structure, with the inside

/| / y
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Figure 16.—Loss-of-head Diagram for the 3-foot Impreved Venturi Flume.
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Figure 17.—Loss-of-head Diagram' for the 4-foot Improved Venturi Flume.

slope of banks 1 to 1. The maximum discharge to be measured is

{‘7_0" second-feet. For this condition it is found that the average velocity

18 approximately 1 foot per second ; however;the-velocity-in-this-ease-is

fmerely incidental and is-mentioned-here-to call-attention-to-the fact
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| .TABLE IX.—LOSS OF HEAD THRU 6-INCH IMPROVED VENTURI FLUME
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TABLE XIII.—LOSS OF HEAD THRU 4-FOOT IMPROVED VENTURI FLUME

Depth Water Discharge (Second-Feet)
Below Flume | B 7.6 10 Zlﬁ 20 30 40 50 60
? : s 2

Feet Ft. Ft. Ft. Ft. Ft. F't. Ft. Ft.
0.6 0.29 i :
0.7 21 0.36 -
0.8 14 27
0.9 09 20 0.62
1.0 06 14 .33 .52 e e
1.1 A0 .26 A4 0.82
1.2 08 .20 11 .71 Ty
1.3 06 16 .30 .61 0.98
1.4 13 24 52 .86
1.5 140 =20 A4 i6 1.10 ek
1.6 08 A6 .38 68 1.00 1.35
1.7 Y A3 32 60 91 1.25
1.8 - 1t 28 a2 .82 1.16
1.9 r W09 ol 46 13 1.07
2.0 .20 40 64 .98
2.1 A7 35 .06 .89
2.2 .15 30 A9 .80
2.3 13 26 A2 71
2.4 | .11 23 37 63
2.6 oue 20 233 06

TABLE XIV.—LOSS OF HEAD THRU §-FOOT IMPROVED VENTURI FLUME

Depth
Water Discharge (Second-Feet)
ol R 10 15 20 % 3 40 50 60 70
Feet Ft. Ft Ft Ft. Fi. Ft. Ft t
0.5 0.20
0.6 13 0.30 o . 2
0.7 07 ] | . “Eem
0.8 04 .14 0.44 .60
0.9 & 0y a4 a0 0.63
1.0 06 15 26 A0 .79 e
1.1 .10 19 .31 69 y
1.2 A7 14 87 a9 0.84 o
1.3 10 IS a0 .74 0.97 :
1.4 07 A4 42 .65 87
L5 1 A7 a7
1.6 08 13 .25 67
n I 10 .23 .58
1.8 W8 19 .49
1.9 3 18 4
2.0 12 23 34 52
2.1 10 19 .29 45
2.2 . 15 24 59
2.3 | »» . 12 20 .33
2.4 17 .28
2.6
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TABLE XV.—LOSS OF HEAD THRU 8-FOOT IMPROVED VENTURI FLUME

e ‘ Discharge (Second-Feét)
Below | 10 15 20 30 40 50 60 70 80 90
Flume |
e ) L - il
Fee Ft. Ft Ft Ft Ft J/Ft Ft Ft Ft Ft
0.5 0y Sy L S g Ty AL W o Wl e T
as |35 o8 W S
0.7 08 22 087 ....
08 | .04 14 a7 050
o8 | .o 08 18, .40  0.60
1.0 05 2 N\ 80 460 0.70 ke N
1.1 e Nore s W qos T Sigoh e e wale eo
1.2 o6 " %7 #3832 50 67 083 087 ...
1.8 13 24 A0 Y | g2 87 1.02
i pEER) .09 .19 .32 AT .62 a1 .82
1.5 07 15 .26 .38 52 .67 .82
1.6 o 12 20 .31 43 B8 .11
1.7 09 16 25 8¢ A8 .61
18 14 21 30 i1 B2
19 | 11 18 %5 35 45
20 | 09 15 .21 30 a8
21 | Soalh g tia | BB a4
2.2 f 1 38 21
2.3 13 18 24
24 ) | W 11 18 21
2.5 Y i s TR 1% 18

- g O N -—

— ) -
thataitisiléw. Referring to Figure 48 f;)l' the $-foot flume, for a
depth-of-water- below the flume of 2.5 feet-and a discharge of ¥ !
second-feet, it is found that the loss of head would be 0.25 foot and the
submergence 90 percent. In this case; the discharge thru the flume
will be determined by observing both the upper head, H,, and the
throat head, H,, and then applying the proper correction factor as
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LOSS IN HEAD, FE'E'Z
Figure 18.—Loss-of-head Diagram for the 6-foot /Improved Venturi Flume.

determined from Table IV, and the multiplier given on page 26. The
free-flow discharge is the mqre desirable, provided conditions will
permit. To operate the 6-foot™flume af a degree of submergence of
70 percent, 70 second-feet discharge, where the depth of water in the
downstream channel is 2.5 feet, the loss-of head will be approximately
0.7 foot and the depth of water at the outlet end of the structure 1.8
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feet. In this case the structure would have o be raised 0.7 foot; that
is, 2.5 feet minus 1.8 feet. Since the crest/of the flume is 0.25 foot or
3 inches above the end of the outlet flooy, the erest is 0.95 foot above
the bottom of the channel. The depth of water in the channel being
2.5 feet and the loss of head 0.7 foot, gives a depth of 3.2 feet upstream
from the flume, it being assumed that the bottom of the channel is
level for the distance occupied by the structure. Since the level floor
of the upstream or converging section of the flume is set up 0.95 foot
above the bottom, the depth of water upstream now referred to this
floor or crest wounld be 2.25 feet/ For the discharge of 70 second-feet
at a submergence of 70 percent or less, it is found in Table I1I that the
corresponding H, is 1.96 feety’ This head subtracted from the depth
2.25 feet gives 0.29 foot, or/the loss in head at gage H, If the
materials of whieh the eha}:nel is composed will not withstand the
veloeity resulting from a sybmergence of 70 percent, or the increase
in depth of water above the structure would require considerable
expense in raising the banks to a safe height, then a higher degree of
submergence will be necessary.

For the above conditions of channel and flow, what would be the
effect of installing an 8-foot flume? Referring to Figure 19 it is found
that. if this strueture be built with a floor of the outlet end of the
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LOSS IN HEAD,FEET
Figure 19.—Loss-of-head Diagram for the §-foot Improved Venturi Flume.

flume at the bottom of the channel, or at the depth of 2.5 feet, the
degree of submergence will be slightly in excess of 95 percent, or
beyond the recommended limit. For this setting, the loss of head will
be 0.10 foot. To have a loss of head of 0.25 foot, as in the first case
of the 6-foot flume, the depth of\water below the flume would need to
be 1.9 feet; the lower end of the outlet floor of the flume would be set
0.6 foot ahove the bottom, and the crest elevation weuld be 0.85 foot
above the bottom. To operate this larger flume at a submergence of
70 percent, it is found from the loss-of-head diagram that the depth
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below the flume would have to be 1.5 feet, or the end of the dutlet
floor would be 1.0 foot above the bottom and the crest or elex’atjdn of
the level floor of thé converging section would be 1.25 feet above the
bottom of the channel, With the structure at this elevation, the loss of
head or difference in ‘elevation between the upper and lower water
surfaces is observed to he approximately 0.5 foot,” Assuming that the
channel is level for the distance occupied by the structure, the depth
of water immediately upstream from the flume'will be 3.0 feet! Since
the floor of the converging section is set at d4n elevation of 1,25 feet,
it will give a water depth of 1.75 feet when' referred to the level floor
of the flume. From the free-flow discharge, Table III, it is found
that for a discharge of 70.17 second-feef, the upper head, H,, is 1.63
feet, thus giving a loss of head of only 0.12 foot at gage H..

For setting either the 6-foot or 8-foot flume, if no unusual
hydraulic characteristics affect the channel downstream from the
structure, the depth in the channel below the structure will increase
faster than the head, H,, in the ¢onverging section of the flume. It
appears that as the discharge decreases from a maximum of 70 second-
feet with a submergence of 70 percent, the percentage of submergence
also decreases, which permity the flume to funection properly as a
single-head device thru the f],ﬁl range of the discharge.

Slightly more material/would be required to construct the 8-foot
flume, but other things beibg equal, the wing walls would reguire less
material. J

As previously detepmined, the loss of head thru the 8-foot flume
is 0.2 foot less than for/the 6-foot flume ; however, this small difference
may not be of serious/consequence. The 8-foot flume is advantageous,
since, with the lowP}r, exit velocity there would be less erosion in the
channel immediate}yy downstream. If the materials of the channel will
withstand the imposed velocities and sufficient free-board is available,
the 6-foot flume ghould be chosen for free-flow discharge or degree of
submergence off/ 70 percent. If the loss of head is'too great thru this
smaller flume/the loss may be reduced by installing the 8-foot flume,
If free-flow fonditions are not permissible in either'case, because of
excessive epbsion, then the 6-foot structure should be built and so set
in elevation that the resulting submergence will be the least, eonsistent
L_\:._'ith safe ‘exit velocity.

After having fully decided upon the location of the flume, its size,
and the elevation of the crest which will insure that the flume will
operate at free-flow or some predetermined degree of submergence,
consideration must be given to the fixing of the longitudinal axis of
the structure. The site of the flume should be in a reasonably straight
section of the channel. It is suggested that a stake be set in the middle
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of the channel 100 feet upstream, and another at the same distance
downstream, from the proposed site. Reference points should then be
established at convenient distances near the two ends of the structure
and in line with the two more distant points. A line stretched between
the two latter points will locate the axis of the flume or the midpoints
of the floor sills. For structures of moderate size carrying less than
50 second-feet, possibly no great . pains need be taken to have the
structure carefully aligned, but for greater discharges care must be
taken in order that the flow below the structure will be uniformly dis-
tributed thruout the channel.

Lwr)

ConsrtrucTION OF THE FLUME

The building of this structure should offer no great difficulty. No p
warped surfaces have been introduced into the design other than the N/
suggested curved entrance at the inlet of the large flumes. These
structures may be made of lumber, concrete, or sheet metal.

Figure l suggests a wooden framing for the larger flumes, while
for the smaller sizes, Figure |'} illustrates a practical design in which
the walls and floor are of 1-inch or 2-inch material, and the sills, posts
and ties of 2-by-4-inch pieces. Two-inch commerecial lumber is recom-
mended for the floor and walls of the larger flumes, while the sills
and posts may be of 4-by-4-inch pieces or heavier, as conditions war-
rant. In the building of the framed structures it is suggested that
the pieces which compose the floor and walls be laid with sufficient
space between them to allow for swelling when wet, as otherwise the
swelling may be sufficient to warp the surfaces seriously and inter-
fere with the proper functioning of the deviee. Ordinarily if the
cracks between the planks or boards be one-eighth to three-sixteenths
ineh wide, the swelling will not cause distortion and vet will make a
tight joint.

Let it be assumed that the elevation of the crest of the flume has
been fixed by the characteristics of the channel in which the flume
is to be built. It is then necessary to set the crest sill at its proper
elevation, as well as in the correct transverse position. For the smaller
sizes, the fact that the longitudinal axis of the strueture is not exactly
coincident with that of the channel is of little importance where only
moderate flows have to be cared for, but the large flumes should be so
set that this axis is approximately correct to permit the stream to
approach and leave the structure without undue distortion. Henece
the site of the flume should not be in a decided bend of the channel.

The erest sill having been set and securely fixed in position, the
other floor sills may be placed at their proper intervals and elevations,
after which the posts and ties may be set. The posts must be set




‘wopanIsuUL) 0} s suopsIBAng Furmoyg Jwmpg WUMUIA PeAcxduwi] 300J-7 JO UOIIRAS|HY Puw uB[J—07 SanIg

g v-¥v NOILD3S f\

|

FEERELT R HE

T IS woemnsamem 11 1 4 Wemse oo L
e i H ! : Ty @9B4ING JPIEM

MOL4 994 |
pEaY J0 /
S50 Wnwiuly







March, 1928 Tae ImPrOVED VENTURI FLUME 45

back the thickness of the wall to give the flume its proper inside
width when completed. The walls of the structure may then be
secured to the vertical posts.

The walls of the converging section are of straight framing. Two
methods may be used in cutting the pieces for the throat walls. One
is shown in Figure ‘ where the pieces are reetangular and the cracks
between them horizontal. If it is desired to have the cracks parallel
the slope of the floor, the pieces composing the throat walls would be
cut at parallelograms with end cuts on a skew of the ratio 9/24. As
the top of the wall will then have a slope equal to that of the floor,
the downstream end will be low by 9 inches. If the flume is to be
operated under free-flow condition, the height of walls in the diverging
section may be less than the converging or upstream part, and, there-
fore, the top of these walls may be made to agree with the low point
of slope of the throat wall. This method of building will reduce the
amount of material in the structure. It is suggested, however, that
the bottom pieces in the walls of the downstream or diverging section
be so cut that the top edgm WllI bc le\el thn'; leavmg the finished top
horizontal. ¢ 7 2I I

After the' walls have been plac¢ed, the floor is laid. Since the
floors of the upstream and downstream sections taper, special pieces
will need to be cut to fit. The lower end of the level floor, which forms
the crest, should be smooth and even. At this point the throat floor is
joined and the pieces forming this inclined floor should be cut on a
bevel of 9/24 which will fit closely to the ends of the level floor.AThe
placing of the floor after the walls have been set holds the bottom
course of the walls in position and prevents the outside earth pressure
from dislodging or erowding the walls and altering the inside dimen-
sions. The tendency of the larger wooden structures to float should
be given consideration, and it is recommended that posts or piling be
driven down to tie the sills securely. The cut-off walls set at each
end of the structure will aid in holding the flume in place. A plank
laid along the outside of the flume walls on the ends of the sills will
resist the uplift after back filling has been placed. Where the dis-
charge thru the flume is 50 second-feet or more, the contraction effect
set up by the water entering the flume where the 45-degree wings
are attached, causes a disturbance. A better entrance condition is
secured by setting these wings back from the flume and then joining
them to it by a sheet metal section rolled to a radius of 30 to 60 inches.
The downstream 45-degree wings may be attached directly to the
structure.

For moderate flows thru the smaller flumes, the downstream wings
may be nlaced at right angles to the axis of the flume, as shown in
Figure 1% For the larger discharges, some protection to the bottom
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of the channel immediately upstream from the flume may be necessary.
Large, flat stones or heavy gravel would, under ordinary conditions,
provide ample protection. For free-flow conditions, the exit velocity
is quite high, and where the channel is in earthy section, ample pro-
tection must be provided. To prevent bottom scour, a wire mattress
filled with cobble stones and brush has been used successfully. This
mattress is attached to.the lower end of the structure and laid trans-
versely to the axis of the channel. The top and bottom web of the
mattress should be securely wired together. These vertical wires will
prevent the material within the mattress from collecting at the lower
side. Being flexible, the mattress will sag down if any cutting occurs
and form a protection for the lower end of the structure. Bank pro-
tection may be provided in the same manner downstream from the
outlet of th ﬂume 1.0 A '.t

AAALDS LA

The i roved Venturi flume may be constructed of concrete, as
shown in Figure & The construction of lam@e concrete flumes is
similar to that of /any ordinary reinforced structure. Because of the
flume’s relatively short length it is not necessary to provide expansion
joints, but-t6 increase stability, braces be added to tie the walls
at the-fop. As the crest of the flume is an important part of the
striicture it is suggested that an angle iron be cast in the floor at this

“}r.~~ point with its top face flush with the pldue of the level floor; the

Nz

-

s LA

Figure 21.—One-foot Reinforced Conecrete Improved Venturi Flume, Free-flow
Discharge of 4 Second-feet. Lake Canal, near Fort Collins, Colorado.

i
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corner of the angle iron forming the true crest. The stilling wells for
the concrete flumes may be of either wood or concrete, and since the
water level in the well is the real index to the water surface within
the flume itself, it is essential that the leakage be a minimum to insure
the correct reading of the effective depth. Wooden stilling wells
carefully made, when once tight after swelling, are dependable but
can not be expected to last indefinitely. Wells of small cross section
are impractical, because of the difficulty experienced in cleaning them.
They should be of ample size with the side opposite the flume sloping
outward at the top, to permit easy cleaning as well as for easy and
accurate reading of a staff gage set on the far side of the well, as
shown in Figure §, (L Tl cm LA

/ LA =J~.\. v 1_]”, LA~ I-:'\A ;:j-‘!"_’l ‘—‘_’7‘_._"5

d

\
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Figure 22.—8 d Construction of Open
Stilling-well with Staff Gage or Scale Inside
the Well. :

=G, O ot | 2= il
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For tile)&!-inahmd_l-fnot. flumes, where a number are to be in-
stalled, precast conerete members may be made and installed in the
field. To accomplish this, the design for the casting of the several
pieces must be such that each will not be too heavy to be handled con-
veniently. It is recommended that the floor of the converging or
upstream section and the floor of the throat section be cast as one
Piece, with a light angle-iron cast into the face at the crest. A rib
should be cast longitudinally along the center line on the bottom side
to strengthen the members while they are being handled, and a groove
should be formed at the proper distance along the sides, top face, to
locate and fix the position of the side walls. Each of these side walls
should be cast as a flat slab of the proper dimensions with a projeeting
tongue on the sides to engage the grooves of adjacent members. Stub
bolts cast into the top face of wall members will fix crosshars or struts
to resist displacement after the structure has been assembled. Tubes
should be cast at the proper points, both in the converging and throat
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walls, to which stilling wells may be attached for the measurement of
heads. The wells may be made of lumber (Figure #) set to fit the
tube connections, or for moderate depths of flow, they may be of
ordinary sewer tile set into a concrete base with the connecting tube
reaching thru a hole in the side. (Sections of old stave pipe may be
used as stilling wells.) This arrangement will not permit the use of a
vertical seale in the tile or pipe to determine the head, but a scale
measuring down to the water surface from a fixed point at the top
may be used. This distance subtracted from the elevation of the fixed
point above the crest of the flume will give the effective head.

In building a concrete flume in place, a suitable foundation is first
prepared in the bottom of the channel. The forms for the floor are
set to a grade such that, when struck off, the floor of the converging
section is level and the floor of the throat and diverging section have
properly inelined slopes. For all structures built in a channel, it is
necessary to guard against the possibility of the water washing be-
neath the structure. It is recommended that in preparing the found-
tion a trench be cut erosswise, which, when filled with eoncrete, will
form a cut-off wall at each end of the structure and be made a part
of the floor itself, and the concrete wings be set down deep enough and
into the banks far enough to prevent the water from cutting around
the sides. The lower parts of the wing walls should be cast at the
same time as the floor system. In building small structures, before
the concrete sets, short pieces of reinforcing bars or scrap iron may
be placed at intervals along the edges of the floor in such manner that
when the walls are cast they will strengthen the structure against
possible cracking or rupturing at the floor line. After the floor has
set hard enough to permit work to be done on it, the forms for the
side walls are placed and braced securely to prevent possible dis-
placement. Before pouring the walls, the surface of the floor which
is in contact with the new wall should be cleaned thoroly in order that
a proper bond may be secured. | i

The smaller sizes of flumes may be made of sheet metal, as shown
in Figure 2L This 6-inch flume was assembled in the shop ready for
setting in the field. It was built rigidly of 16-gage galvanized sheet
steel and, exclusive of the stilling well, weighed 65 pounds.

Small flumes built of sheet metal have long life, are easy to set,
may be readily moved and relocated, can not be harmed by burning
weeds or trash in ditch-cleaning operations, do not leak, and are easily
built true to specified dimensions. (7
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Figure 23.—Six-inch Improved Venmturi Flume Constructed of Sheet Metal, with
Stilling-well Equipped with Discharge Indicating Tape Graduated in Second-feet.
Typical Field Installation on Farm Lateral.

Figure 24.—Ten-foot Reinforced Concrete Improved-Venturi Flume Discharging
200 Second-feet. Dye Lake Outlet, near Rocky Ford, Colorado.
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Because of limited laboratory facilities, it has not been possible
to investigate the flow thru the larger sizes of flumes, but such flumes
installed in the field have permitted study of eonditions fypical of those
encountered in actnal service. In Figure 24 is shown a discharge of
200 second-feet thru, a 10-foot reinforced concrete improved Venturi
flume on the Dye Lake Outlet near Rocky Ford, Colorado. This
structure was designed to ecarry a maximum discharge of 400 second-
feet. Because of this large capacity the dimensions were altered from
those of the standard design. The throat length was made 4 feet
instead of 2 feet as in the standard ; the length of converging side was
made 20.39 feet instead of 9.00 feet; the struéture was made 18 feet
wide at the upstream end instead of 13.53 feet and the dip in the
throat was 18 inches. The angles of convergence, divergence and the
dip are the same as for the standard plan. The gage, H,, was set at a
point 24, the distance along the converging side from the crest.

In Figure 25 are shown 120 second-feet flowing thru a standard
10-foot improved Venturi flume on the Las Animas Consolidated
Ditch near Las Animas, Colorado. Table XVI shows the comparison
of current-meter gagings with the dis¢harge as computed by the free-
flow formula. The head, H,, in this ¢ase was determined by observing

Figure 25.—Ten-foot Improved Venturi Flume Discharging 120 Second-feet Free-
flow. Las Animas Consolidated Ditch, near Las Animas, Colorado.
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TABLE XVI—Comparison of Current Meter Gagings and Computed Discharge,
Standard 10-foot Improved Venturi Flume, Las Animas Consolidated
Ditch, Las Animas, Colorado

DISCHARGE ' ‘
- | Differ- | Devia- | Method of Hydro-
Date | Ha Current | Com- enee tion Gaging grapher
Meter | puted | |
1}
Per
3 Feet | Sec.-Ft. Bec.-Ft. Sec.-Ft cent
3-12-26 1.15 49.5 50.1 +0.6 1.2 Nk C. Rohwer
5-13-26 1.71 96. 96.2 —0.9 0.9 V.1 C. Rohwer
5-13-26 1.99 120.4 121.6 +1.2 1.0 V.I C. Rohwer
7-25-26 1.16 50.2 650.8 + 0.6 12 V.1 R. L. Parshall
9-17-26 0.48 13.2 12.2 -1.0 7.6 0.6 Thos. Curtis
9-20-2 0.51 14.56 13.56 -1.0 6.9 0.6 Thos. Curtis
9-22-26 0.43 10.4 10.2 -0.2 1.9 0.6 Thos. Curtis
7- 1-27 2.05 126.1 127.6 -+ 1.5 1.2 V.1

C. Rohwer

V. IL=Vertical Integration.

the depth on a staff gage set vertically on the inside face of the flume
at the correct distance back from the ecrest. The ecurrent-meter
gagings were made in the converging section of the structure at the
section of the gage, H,.

In Figure 26 is shown a discharge of 40 second-feet thru a stand-
ard 12-foot improved Venturi flume built in the channel of Box Elder
Creek, near Fort Collins, Colorado. Table XVII shows the comparison
of current meter gagings with the computed discharge, as determined

&N M=

> .J‘I\. _..q: ____‘,__" ‘,s:"-.
A Koo, S

Figure 26.—Twelve-foot Improved Venturi Flume Discharging about 40 Second-
feet, Free-flow. Box Elder Creek, near Fort Collins, Colorado.




52 CoLorADO AGRICULTURAL COLLEGE Bul. 336

TABLE XVH.—COMPARISON OF CURRENT METER :GA.GINGS AND COM-
PUTED DISCHARGE, STANDARD 12-FOOT IMPROVED VENTURI FLUME,
BOX ELDER CREEK., FORT COLLINS COLORADO

|
Da. H |- DiunTge Differ- | Devia- | Method nf H&dm-
te Current Com- ence tion Gaging | grapher
Meter puted | ;
Per
Feet BSec.-Ft Bec.-F't. Sec. Ft. cent
8-3-26 0.89 37.6 39.7 +2.1 5.6 S C Rohwer
8-3-26 .89 38.8 39.7 =+0.9 2.3 Y.L R. L. Parshall
8-3-26 956 42.1 442 +2.1 5.0 Vv.I. / C. Rohwer
8-4-26 .93 41.9 42.7 +0.8 1.9 V.L C. Rohwer
8-5-26 .66 23.6 24.4 +0.8 3.4 V.L [/ C. Rohwer
8-17-26 1.19 60.3 63.7 +3.4 5.6 V.1./ R. L. Parshall
§-17-26 1.19 61.0 63.7 -+ 2.7 4.4 V.14 R. L. Parshall
8-19-26  1.04 48.4 51.2 +2.8 5.8 vV.E R. L. Parshall
8-31-26 .86 38.1 37.6 =0.5 1.3 V.. R. L. Parshall
T-26-27 1.28 72.7 11.7 =1.0 1.4 Vil R. L. Parshall
8-26-27 1.44 87.4 86.3 -0.6 0.7 V.1 C. Rohwer

V. I.—=Vertical Integration.

by the free-flow formula. This structure settled during construction
in such a way that the end of crest, on the side of channel where H,
was observed, was 0.03 foot lawer than the opposite end. The com-
puted discharge was based on the head, H,, read on a vertical staff
gage on the inside of the wall of the converging section, where the zero
of the gage was assumed to agree with the mean elevation of the crest.
The current-meter gagings were made within the converging section
of the structure in a section slightly upstream from the gage, H,.
Table XVIII shows the comparison of current-meter gagings
with the ecomputed discharge as determined by the free-flow formula
for another flume. This 6-foot flume is installed in the Jackson Ditch
near Bellvue, Colorado, and operates with no submergence.
TABLE XVIIL—COMPARISON OF CURRENT METER GAGINGS AND COM-

PUTED DISCHARGE, STANDARD 6-FOOT IMPROVED VENTURI FLUME,
JACKSON DITCH, BELLVUE, COLORADO

| |
___ﬂ”_‘ﬂge | Differ- | Devia- | Method of | Hydro-
Date Ha Current | Com- ence tion Gaging | grapher
Meter puted | |
Per-
Feet Sec.-Ft. Bec.~-Ft Sec.-F't. cent
5-15-26 0.635 10.3 11.6 +1.3 12.6 % 5 C. Rohwer
5-19-26 1.4556 44.1 43.7 —0.4 0.9 V.1 C. Rohwer
5-21-26 1.375 40.1 39.9 —0.2 0.5 V.L C. Rohwer
5-31-26 1.6756 52.2 49.5 =23.7 6.2 VoL C. Rohwer
8-10-26 1.125 29.2 29.0 —0.2 0.7 v.L R. L. Parshall
6-14-27 1.47 45.3 44.4 —0.9 2.0 I R. L. Parshall
6-14-27 1.49 45.0 45.3 +0.3 0.7 V.1 L. R. Brooks
6-15-27 1.54 48.1 47.8 -0.3 0.6 V.1 R. L. Parshall
7- 7-27 1.1556 30.5 30.2 —0.3 1.0 V.E R. L. Parshall

V. I ._Vertlcal Integ‘ratlon

ErrEcr oF VELOCITY OF APPROACH ON THE
AccUrACcY OF MEASUREMENT

To test the effect of velocity of approach, a series of observations
was made on the 2-foot isgiEEsed (lume at the Bellvue laboratory.




FA A L geh A




March, 1928 TeE IMPROVED VENTURI FLUME 53

The floor of the channel immediately above the flume structure was
built level, of 1-inch boards, this floor being in reality merely an
extension of the floor of the converging section of the experimental
flume. Vertical wing walls were placed at an angle of 45 degrees to ~
the longitudinal axis of the flume from the upper ends of its con-
verging section, these wings extending back on each side to the con-
crete walls of the laboratory channel. . Movable partitions were set
up in a vertical position on the floor of the approach section, one on
each side of and parallel to the axis of the channel with the lower
or downstream ends against the wings. Tests were made with widths
of approach channel varying from a maxjmum of 11.1 feet to a
minimum of 6.0 feet. { The results of this7series of observations for
free-flow eenditioms are given in Table ¥ | X

In the last eolumn of this table showing ratio of velocities in _
percentages, it appears that for the narrow channel, $=footwidili, the
inerease in velocity of approach is practically{_ﬁ%@fi_’ that for
the standard condition of 11.1 feet. To determine these values, the
velocity of approach in feet per second was carefully plotted against
the upper head, H,, where the width of channel was 11.1 feet. The
mean curve was drawn thru these points, which gave the values near
100 percent as indicated. Then for the other widths of channel, the
velocity of approach for the corresponding head was determined from
this mean curve and this value was compared with the actual velocity
of approach. These tests indicate that the maximum inecrease of /o

.oB9 percent in the velocity of approach does not cause a significant
“" change in the discharge, as the variation is less than the experimental
error.

The effect on the discharge over standard weirs caused by filling
the basin upstream from the crest with sediment or deposit, or re-
ducing this depth by improper construction, possibly may not be
fully appreciated. For proper measurement by the use of the stand-
ard overpour weir, it has been found by experiment that the bottom
depth or vertical distance from the crest to bottom should equal
twice the maximum head, and the distance out to the sides of the
box or banks be equal to three times this head ; or the bottom depth be
three times the head and the side or end distance be twice the head.
With these limitations of bottom and side distances, the velocity of
approach should be about one-third foot per second, and the error
from this source about 1 percent of the discharge. To take the extreme
case where the bottom and side distance are each one-half foot for a
1-foot rectangular weir with a head of 0.6 foot, the error in discharge
due to the veloeity of approach is found to be 4.6 percent. For these
same distances and head, but with a 4-foot rectangular weir, the error
in discharge is 10.5 percent. For a 1-foot and a 4-foot weir, with 1
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TABLE XIX.—EFFECT OF VELOCITY OF APPROACH ON DISCHARGE THRU
2-FOOT ITMEROVED'VENTURI FLUME

Discharge Area Water | Velocity | Ragig of

i s Prism, in | R
Ha Difference Deviation Ohannel o | Channslof: | Ve!;:l
Observed | Computed Approach | Approach |
Feet per Per-
Feet Sec.-Ft. Sec.-Ft. See.-T't. Percent Sq. F't. Second cent
Width of Approach Channel 11.1 Feet
2.65 35.84 36.23 -0.39 -1.1 32.2 1.11 100
2.56 33.48 34.34 ~0.86 =2.56 31.2 1.07 101
2.52 33.03 5 ~0.49 ~1.5 8 1.07 101
2.5 33.43 —0.09 =0.3 1.11 = 103
2.35 —-0.14 ~0.5 .8 1.04 100
2.09 -0.05 -0.2 6 0.98 100
1.79 +0.18 +0.9 .9 0.91 100
1.63 ~0.57 -3.8 A 0.81 103
1.51- +0.04 + 0.3 s 0.83 101
118 ~0.08 -0.8 6 0.70 100
0.97 ~0.13 -1.7 i 0.64 100
0.97— -0.10 -1.3 1 0.64 100
0,76 —0.13 -2 ¥ o 0.55 100
Mean =1.1
Width of Approach Channel 10.0 Feet
2.66 36.20 36.45 ~0.25 -0.7 29.4 1.23 111
2.36 30.33 30.28 <+ 0.05 -0.2 25.9 137 112
2.05 24.51 24.34 +0.17 +0.7 22.6 1.08 111
1.68- 17.93 17.80 +0.13 +0.7 18.5 0.97 111
1.33 11.11 11.03 +0.08 +0.7 13.5 0.82 112
1.08-~ 8.89 8.94 -0.05 =0.6 11.7 0.76 112
0.75 4.99 5.12 -0.13 -2.6 8.1 0.62 113
Mean —0.3
Width of Approach Channel 8.0 Feet
2.56 34.28 34.34 ~0.06 -0.2 22.9 1.61 139
2.31- 29.13 29.25 -0.12 —0.4 20.4 1.43 139
1.97 23.05 22.88 ~+0.17 +0.7 17.4 1.33 139
1.50= 15.05 14.92 +0.13 +0.9 13.2 1.14 138
1.16 9.98 10.07 =0.09 —0.9 10.1 0.99 139
0.98 7.68 7.75 ~0.07 ~0.9 8.6 0.89 138
0.756— 4.97 5.07 -0.10 =2.0 6.6 0.75 136
Mean -0.4
Width of Approach Channel 6.0 Feet
2.39 30.76 30.89 =0.13 ~0.4 15.9 1.83 184
2.19 27.01 26.96 -+ 0.05 +0.2 14.6 1.85 184
2,02 23.89 23.79 -+ 0.10 +0.4 13.3 1.80 187
1.71 18.41 18.38 -_tO.DS +0.2 11.3 1.63 184
1.38- 13.16 13.10 0.06 ~+ 0.5 9.1 1.45 186
1.06 8.62 8.63 -0.11 -1.3 6.8 1.25 185
0.76 4.97 5.12 ~0.15 -3.0 4.9 1.02 186
Mean -0.5
%
(=14 24 29 (-
4 19 5 Zz
> I «
2527 2l v 0
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foot head and the bottom and side distances each at 1 foot, the error
in discharge is 2.8 percent and 6.8 percent, respectively. As the head
increases, the error also inecreases, assuming the bottom and side
distances to remain fixed. For this fixed eondition the error in-
creases as the length of crest is increased.

CoMPARISON OF Loss oF HeAp ror VaArious DiscHARGES OVER
STANDARD WEIRS AND THRU THE JmereveEe-—VaNeesi FLUME

A

Table .;{', has been prepared to show the relative 1633 of head in
feet for various discharges thru the impreved—Venturi)flume and
over weirs. For the 6-inch flume the degree of submergence at 50
percent was taken as the limit of free-flow, while for the }; 2-and
4-foot flumes the limiting percentage was taken at 70. It is to be
noted in this comparison that the values given under the headings
for the various weirs represent the actual head on the crest to give
the corresponding discharge. The loss of head is, in reality, greater
than that indicated by the distance between the water surface down-
stream from the weir and the crest. This additional fall is necessary
to permit the free passage of air underneath the nappe, or over-
pouring stream of water, and may be assumed to be from 0.05 to
.10 foot.

A CCESSORIES

flow discharge formula and may shew er cubic-feet per second,
miner’s inches, rights or shares, for equdl increments in depth, or it
may be graduated in cubic-feet per secﬁnd miner’s inches, or shares
as whole numhers the Anerement in gepth decreasing as this depth
increases.

The prmclple Qt' thls device is shown in Flgure 1. The graduated
metal tape, passing\over the flatfaced wheel, is directly under a
fixed index or pomtei‘ observed thru a small opening which permits
accuracy and eage in l‘eadmg /With this arrangement, the amount
of discharge may be read dicéctly from the tape. As the moving
system is a unit, it will not get out of order. The numbers showing
the value of the graduationst'sh{)uld be outlined by perforations, thus
insuring against obliteration by wear or erasure or fraudulent chang-
ing of the number. The stillingwell as designed and shown in Figure
92 features a very desivable improvement over the old straight well,
as the inclined wall makes cleaning easy. Sediment which accumu-
lates in the stilling well is deposited in a spage provided below the
inlet tube. The process of cleaningis accomplished by raising a
hinged lid and drawing the deposit upward along the inclined side

The discharge-indicating tape is gra;l{t:{(ed according to the free-
@
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~0f the well by means of a garden hoe. This cleaning is done without
interference with the indieatin mechanism.

For small flows thru the iliproved -Venituri flume. a staff gage
set flush with the inside face of the converging section at the proper
distance back from the crest may be found satisfactory to determine
the upper head, H,, for free-flow™ If the flow is submerged, the
throat gage on the inside face will be found unsat isfactory because
of the roughness of the water surface. As the degree of submergence
increases, the water becomes less disturbed, but for high submergence
the error in reading the head may cause a large error in the computed
discharge even tho the reading may be carefully observed. It is
thot, however, that more satisfactory results will be obtained by
placing the staff gages, or seales, in the stilling wells as suggested
in Figure § & 722

' An automatic recording ipstrumernt has been perfected to be
used in connection with the mdasurepient of the discharge thru any
device where depth and differenge iy depth are to be recorded. This

' instrument is readily adapted to \uge in connection with the improved
Venturi flume, but further caleflations from the record would be
necessary to make the sulnncrg{ad-ﬁml table adaptable to this type
of device. Such an instrument (Figure. 27) consists of a horizontal

Figure 27.—The Improved Venturi Flume Register which Records Graphically
the Upper Head, H:, and the Difference in Head, H. - Hy.
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eylinder turned at the rate of ‘one revolution in 8 c'}{:ys. The gradu-
ated-record chart on this eylihder has for the rdinate, depth in
feet, and time in hours as the abscissa. Two pgns moved by floats
trace out the elevation and dii’ferépm in elevation’ of the water surface
in the stilling wells, which are dikectly communicated to the desired
points in the structure. In order that the totdl discharge in acre-feet
thru such a device may be determined from'this instrument record,
it is necessary to caleulate such values from the tables, the record
being used as an index.

To eliminate the necessity of making office computations to de-
termine the total discharge, a recording instrument has been designed
and built which is capable of mechanically integrating or summing
up the total discharge thru the improved Venturi flume under free-
flow condition for any period of time. Figure 28 is a front view

Figure 28.—Acre-foot Integrating Instrument.
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showing the general working parts. The total number of acre-feet
18 read on the series 'of dials immediately above the clock face.
When the case is in place} a window is provided at the top thru which
the rate of discharge in Second-feet at Any particular time may be
observed on the graduations appearing/on the edge of the dise wheel.
On the back part of the instrument ig a circular chart upon which is
inseribed the variation of the depth of water. This graphic chart,
however, is not intended to be us¢d to compute discharge and only
serves as an indication of the variation of the flow as well as to show
the time the water was turned in or out of the channel. Altho the
instrument is designed to operate in conmection with the improved
Venturi flume, free-flow condition, it may be attached to any measur-
ing device where the discharge is & function of one head, such as a
weir, rating flume, or free-flow orifice. With any of these devieces the
law of discharge must be known, in order that the regulating cam
may be properly designed.

GENERAL CommeENT AND Notis C ll\[l.'li\[\{: OriGINAL DaTa

The original data given in Tables XXT to ‘{X‘(" constitute the
results of the complete series of both free-flow and submerged-flow
tests used in the determination of the discharge formulas for these
two conditions. o

Tests 6295 to 6494 were made in 1923 at the Bellvue laboratory,
where a standard 10-foot rectangular weir was used to determine the B
__nhsvrw discharge thru the various sizes of experimental impeoved
'\"ml fumes. For the smaller discharges, medel flumes of 1, 2 and
3-foot sizes were tested at the Fort Collins hydraulic laboratory as
indicated in the tables which follow.

Tests 7015 to 7138 were made in the fall of 1924 at the Bellvue
laboratory where the 10-foot standard rectangular weir was used to
obtain the observed discharge. Only a limited number of this series
of tests was used in the comparison because they were purpn:y?ly run
at high submergence and H. depths greater than 2.5 feet. The few
tests considered were made a part of the 1923 series, as they were
used in the original derivation of the discharge formulas.

Tests 7285 to 7554 were made in 1926 at the Bellvue laboratory,
where a standard 15-foot rectangular w eir was used to determine the
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Figure 29.—Fifteen-foot Standard Rectangular Weir at the Bellvue Hydraulic
Laboratory. Discharge 40 Second-feet. Actual Length of Crest, 14.98 feet.

Figure 30.—Weir Basin at the Bellvue Hydraulic Laboratory with a 4-foot
Rectangular Weir Mounted on the 15-foot Crest.. The Headon Weirs Determined by
Two Hookgages as Shown. Discharge Over the 4-foot Weir, 7.67 Second-feet.
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!
observed discharge, Figure . Tests 7555 to 7615 were also made
at the Bellvue laboratory, but apply to a different device. A standard
4-foot rectangular weir was used in tests 7616 to 7712, Figure 36,
while for tests 7713 to 7756 an 18-inch rectangular weir was used.
Tests 7757 to 7773 were made where the 15-foot weir was used to
determine the discharge. It will be found for tests on the 2-foot
flume that four different-sized weirs, as well as volumetric determina-
tions of discharge, were used in the calibration.

The computed discharges for tests 7674 to 7683, 1-foot flume,
were reduced by 2 percent because the dimension of width of throat
was ineorrect. i_“_) b _

Tests 7379 to 7388 were made on the 8-foot hmpreved-Venturi
flume as special observations to determine the effect of increasing
the length of the converging section of the structure. In this case the
length of side was increased from the standard dimension of 8 feet to
14.5 feet. This inerease of length of side gave a width of structure
at the front end of 14.0 feet. It will be noted that the computed
discharges for both the free-flow and submerged flow agree quite
closely with the observed discharge. The hydraulic condition of

flow within or thru this setting was very good. See Table XXXV./

The series of tests at the Bellvue laboratory in 1923 was for the
mosh part made with duplicate readings of the upper head, H,, on
the tlede]l flumes; that is, the head was determined at corresponding
points on opposite sides of the converging section and the value of
the mean used as the effective head. The throat head, H,, was a single
determination. The 1926 series of tests at the Bellvue laboratory was
made with duplicate readings of both H, and H, and the means
determined as the effective heads. It was found that the upper head,
H,, as observed on either side of the flume, gave very consistent agree-
ment, while the two throat gages gave results that were more dis-
cordant. Examination of the mean values of H; shows that for _the
8-foot flume these differ as a maximum as much as 0.07 foot for a dis-
charge of 80 second-feet, and for submergence between b0 and S0
percent. These maximum differences in the H, mean readings indi-
cate that one gage was consistently high, but in general it was found
that either one may be greater. As the size of flume decreases the
maximum difference in the throat gages also decreases, but the tend-
ency is for greater differences to show for the lower degree of sub-
mergence. These inconsistencies under laboratory settings would war-
rant the conclusion that for field conditions where only “ppl'o.xlm?te
methods are used to determine the heads, an aceurate determination
of the computed submerged-flow discharge would not be expected.
However, it is believed on the whole, that submerged-flow measure-
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ments in the field are possible, allowing for these apparent ineonsist-
encies of the throat-gage reading.

The first nine tests, free-flow, on the 8-foot flume, series of 1926,
showed a difference of 0.03 to 0.05 foot in the H, gages. Examination
of the floor disclosed an irregularity near the gage opening at one
side. The removal of this obstruction appeared to correct the diffi-
culty, and thereafter very close agreement with the opposite, Il
reading was obtained. Elevations taken on the crest of this 8-foot
flame at the beginning showed one end to be approximately 0.03 foot
low. Commencing with test 7310, the floor in the converging section
had been removed and the erest adjusted to within about 0.005 foot.
Free-flow discharge for succeeding tests showed better agreement.
The general trend of all tests on this 8-foot setting was for the
observed discharge, as determined by the 15-foot standard rectangular
weir, to be in excess of the computed discharge. The mean width of
throat at the conclusion of test 7388 was 7.98 feet. Computed dis-
charges for this 8-foot setting were corrected accordingly. After com-
pleting the tests on the 4-foot flume the apparatus was again adjusted
to an 8-foot size and tests 7518 to 7554 were made. This short
series shows a better agreement between the computed and observed
discharges,

Tests on the 6-foot flume, 7389 to 7455, series of 1926, show
fair agreement. These tests were made by four different observers.
For discharges of 75 to 85 second-feet, free-flow, the contraction effect
caused by the water flowing past the upstream end of the converging
section resulted in a pronounced dip or depression at the point
vertically above the piezometer opening to H, gage stilling wells. This
depression was estimated to be about 3 inches below the general slope
of the inclined water surface. The law of the discharge is based upon
stilling-well depths, and the faet that the statiec head is reduced by
the contraction does not vitiate the results of this seemingly erratic
condition. Gage staffs or scales placed on the inside face of the con-
verging section to permit the head, H,, to be read would be unsatisfac-
tory for large free-flow discharges.

For the 4-foot settings, test 7501, the discharge was free-flow;_

that is, unrestricted by back water, similar to that shown in Figure #
This test showed a gage ratio of approximately 74 percent, and even
tho being strictly free flow it was classified as a submerged test and
corrected accordingly. At this discharge the throat was filled to such
an extent that the gage at this point registered a depth of more than
the free-flow limit. Had this test been considered as free-flow, the
deviation between the observed and computed discharges would have
been approximately 1.1 percent.
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Profiles of the water surfaces were taken along the longitudinal
axis of the flume for tests 7511-7517. It was found for these tests
that the gage, H,, agreed reasonably well with measured depth in the
flume ; however, in all cases the stilling-well depth exceeded the profile
in amounts ranging from 0.01 to 0.03 foot. Greater variation was
found to exist in the H, hookgage readings.

Nothing of unusual importance was observed in connection with
these tests on the 2-foot flume. Test 7763, free-flow discharge, gave
the maximum flow thru this size structure in 1926, this test being
limited to the total supply available in the river. At the Bellvue
laboratory in 1923, a test was made on the 2-foot flume where the
upper head, H,, was 2.65 feet and the gage ratio 72 percent. This
condition of flow was similar to test 7501 for the 4-foot flume. As-
suming the condition as free-flow, it was found that the deviation of
computed and observed discharge was approximately 1.1 percent, the
computed discharge being in excess for both these maximum flows.

It was found in testing the 1-foot flume that the computed dis-
charges for tests 7674 to 7683 had to be rednced by 2 percent, due
to reduction in mean length of crest.

Ice was a troublesome factor at the Bellvue laboratory in 1926
during the time tests were being made on the 1-foot and 2-foot flumes.
It is believed. however, that it had little or no effect upon the accuracy
of the work.

® SUMMARY

The improved-Venturi flume has shown in field operation that it
is practical under eonditions which make a standard weir or rating
flume impractical, either because of silting trouble or insufficient
grade.

The accuracy of measurement with tlm device is entirely within
practical limits. The observed discharge, free-flow, was within %3
percent of the computed amount in 89 percent of the tests. For the
submerged flow, 85 percent of the observed discharges were within
*5 percent of the computed amounts.

The range of capacity of discharge from a minimum of less than
0.10 second-foot thru the 6-inch flume to a maximum of 200 second-
feet thru the 10-foot flume, as limited by present investigations, is
sufficient to meet ordinary requirements.

This device operates successfully with relatively small loss of
head, and for free flow this loss in a standard weir is approximately
four times that in the flume.

The flume will withstand a high de‘rree of submerﬂenm without
affecting the rate of trve—ﬂow thscharge A { o AL G
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Because of the inereased velocity of the water, it will operate
successfully in sand- or silt-laden streams. Since the floor of the
strueture is constantly swept clean of all deposit, constancy of con-
dition is maintained.

Operation is simple because it has no adjustable or moving parts.

Its dimensions are not easily altered so as to cause wilfully unfair
measurement of the discharge. The filling of a weir box upstream
from the crest, by natural deposit from the stream, causes the weir
to over-register and consequently there is no ineentive on the part of
the water user to correct this condition. Discharge thru rating
flumes may be changed to the advantage of the user by altering
downstream conditions.

Velocity of approach of the stream to the entrance of this deviee
has little or no effect upon the rate of discharge.

Plane surfaces in the structure make it easy to construct. For
moderately large flows the upper ends of the converging section should
be rounded off by means of sheet-metal pieces rolled to a radius of
4 or 5 feet.

The structure may be built of wood, conerete or sheet metal.
Precast conerete members may be made and assembled in the field
for the small-sized flumes. Sheet-metal flumes, portable beeause of
their light weight, are entirely practical for the small sizes,

Recording instruments may be operated in conneetion with this
device to register heads or total discharge.

The indicating tape gives the discharge direet, making it unneces-
sary to refer to tables; discharge may be indieated in second-feet,
miner’s inches, rights or shares. The tape will not get out of order.

Where the degree of submergence exceeds about 95 percent, the
indicated discharge thru the flume is not wholly dependable. If
conditions permit, the discharge should be free flow or with the least
possible degree of submergence.

For free flow, the flume’s measurement of discharge depends on
a single head or depth only, it being similar in this respeet to a
standard weir or rating flume.

The upper head in the converging section, or the throat head,
may be read on either side of the flume with equal aceuracy.

Scales or gages attached to the inside of the flume for the purpose
of determining the head are not recommended except for small
flows or moderate depth and free-flow condition. Better results are
obtained if the heads are observed in stilling wells outside the
structure.
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For free flow the exit veloeity is relatively high, and bottom as
well as bank protection must be provided to pervent erosion. Where
the materials are of such a nature as to withstand a high velocity,
such as heavy gravel or rock, then no attention need be given to
protection. 2y AL AL

The improved-Venturi flume has the advantage over the old type
Venturi flume in that the angles of convergence and divergence are
such as to eliminate the effect of the switeching of the eurrent in the
diverzing section, which, in the old flume, affected the discharge.
The elimination of this effect made possible the determination of the
discharge by means of single, upper and throat heads; in the old flume
it was recommended that these heads be observed on both sides and
the mean readine used as the basis of computing the discharge. The
dip in the floor at the throat section permits the formation of a
hydraulic jump downstream from the throat section, thus leaving the
conditions of flow in the converging section unaffected by submerg-
ence until the deeree of the submerged flow reaches 7
where the ratio of the upper head, H,. and throat head, I, both

U percent, or
referred to the erest as the datum, has a value of 0.7.
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AN ACT

To Regulete the Use of Artesian and Deep wells and to Prevent the
Waste and Contemination of Subterrsnean Waters in this State, and
Prescribing Penalties for a Violation of the Provisions Hereof.

Be It Znacted by the General Assembly of the State of Colorado:

SECTION 1. That Chapter 114, Compiled Laws of Colorado, 1221
be and the same is hereby repealed.

STOTION 2. Artesian well defined.- An artesien well 1s defined
for the purposes of this act, to be ean artificial well penetrating
one or more water bearing formations which exist under rressure such
that, if properly cesed, the waters of any one formetion will rise
sbove the bottom of the first overlying and confining impervious
stratum; Provided thet nothing in this act shell be construed to
apply to water flowing from a mining shaft.

SECTION 3, Deep Well defined.- A deep well is defined for the
purposes of this act to be an artificial well which penetrates con-
solideted material such as shale, sandstone or other rock before

encountering one or more water yielding formations. The water
pressure may or may not be sufficient to cause the water in that
particular water bearing stratum to rise above the point at which
water is first encountered. This includes such wells drilled through
more than one water ylelding formation where water might pass from

an upper to a lower stratum if not tightly cased.

SECTION 4. Wells must be properly cased and controlled.- Any
artesian well which is not tightly cased to prevent the escape of
water into a pervious stratum, either containing water or not con-
taining water or provided with a valve or other mechanical contriv-
ance thet will effectively prevent and control the artesian flow of
~water at the ground surface 1s hereby declared to be a public
nuisance. Any deep well which is not properly cased to prevent con-
tamination of a potable water by salts or polluted waters originating
from an underground or surface souree is hereby considered to be a
public nuisence. Any person, company, corporation, municipality or
association owning, controlling or occupying the lend upon which such
well is situated, who causes, permits or suffers such public nuisance
or suffers or permits it to remain or continue 30 days or such other
reasonable specified time after notification from the stete engineer
to place such well in proper order is guilty of @ misdemeanor,

SECTION 5. Unnecessery flow and waste forbidden.- Any person,
company, corporastion, municipality or essocietion owning, controlling,
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TABLE XXI.—ORIGINAL FREE-FLOW DISCHARGE DATA FOR 6-INCH
MPROVED-VENPURI FLUME, 1926

Discharge

_Fln_mt-: Heads

Head on 5 | Devia-

Hy/Hs | Weir . . Difference | tion

| Obs. Comp.

Per-
Feet Sec.-Ft, BSee.-Ft Sec.-FtL. cent
0.352 0.186 0.182 —0.004 2.2
517 483 .481 - 002 0.4
B78 947 948 < .001 0.1
8156 1.500 520 + .020 1.3
1.960 966 L 006 0.3
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TABLE X

6647

6648
6649
6650
6651
6652

6653
BS:’-%

CoLorADO AGRICULTURAL COLLEGE

OV-ED VENT—URI FLUME, 1923

Flume Ilea.di_ Ratio Head on Di&charga

Bul. 336

XII. -—OHIiGINAL FREE-FLOW DISCHARGE DATA FOR 1-FOOT

Devia-

Hu/Ha Weir Difference | “tjon

| Obs. | Comp.

0.623 18 16.29
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TABLE XXIIIL—ORIGINAL FREE-FEOW DISCHARGE DATA FOR 2-FOOT
IMPROVIED- VENTURI-FLUMBE, 1923

Fl > Hes : = scha
umt . Eds = g{mtm l Head un == Di\!l:lnrge T Devia-
He | W S
Hu | Fo/Ea eir | Obs. Comp. i

Per-
Feet Feet Sec.-Ft. See.-Ft Sec.-It. cent
1.640 G 0.943 29.94 30.08 . 0.5
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TABLE XXIV.—ORIGINAL FREE-FLOW DISCHARGE DATA FOR 3-FOOT
EMPROVEPVENSFRI FLUME, 1922

] | 4 Discharge |
Ratio Head on B - Devia-
b/ Ha | Weir | ‘ Difference |~ tion

Flume Heads

Obs. Comp,

1

Per-

Y Sec.-Ft. jec.-Ft. cent

6409 2.138 AT0 688 .13 39.45
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* Volumetric Measurements, Hydrauliec Laboratory, Fort Collins.
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TABLE XXV.—ORIGINAL FREE-FLOW DISCHARGE DATA FOR 4-FOOT
IMNPROVEDVNENBURI FLUME, 1923

Test __I. Iu_mg _H_r_-ads | Ratio |Headon|_ _Dmd"“.g" Differ . |Dr-vi:1—
2 | Toir erenc
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TABLE XXVI—ORIGINAL FREE-FLOW DISCHARGE DATA FOR 6-FOOT
IMP RGVM"U’RI F[.U\{L 1“23

I-‘Iumc i[mds 1 T arge
: | I}'};lt:n Head on | _ Discharge | Dife ~ | Devia-
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TABLE XXVIL—ORIGINAL FREE-FLOW DISCHARGE DATA FOR 8-FOOT
IMPROVEIEVENSUR? FLUME, 1925—Concluded
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TABLE XXVIIL—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR
THE 6-INCH IMPROVED VENTURI FLUME, 1926
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TABLE XXIX—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR THE
1-FOOT IMPROVED VENTURI FLUME, 1923
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TABLE XXIX—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR THE
1-FOOT IMPROVED VENTURI FLUME, 1923—Concluded

Check Tests, Bellvue Laboratory, 1926
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TABLE XXX —ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR THE
2-FOOT IMPROVED VENTURI FLUME, 1923
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TABLE .\'XZ\'.—__ORIGIN,—\L SUBMERGED-FLOW DISCHARGE DATA FOR THE
2-FOOT IMPROVED VENTURI FLUME, 1923—Concluded

Check Tests, Bellvue Laboratory, 1926
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TABLE XXXI—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR THE
3-FOOT IMPROVE‘D VENTURI FI;U“I:. 1923
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TABLE XXXII—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR THE
4—1"00'1‘ IMPRO\'ED VE\ITURI FLUME, 1923

t:_lumt: Hea:(_ls[ Ratlo | | Loss ol’ Head | Hnad Discharge
| Hu/Ha
Ha | Hbs

_! Differ- | Devia-
|

Obs, |L0mp_ 'Woir; Obs. iy i

Per-

Feet Fee Feet TFeet TFeet Sec.-Ft. . Beec.-Ft. cent

1.702 : . 0.39 0.454(1.055 35.44 -0.27 0.8
B B4l 32 30 3] 1,050 35.18

A2 .14 ~ 1,022 33.78

.49 .69 571,264 46.31

30 42 441.262 45.66

16 "%" 1.210 43.42

A3« 24,42

24.565

24.66

15.09

15.38

60.98

44,32

. 44.00

938 i 144 ; 33.93

931 " i .8 27.87

769 3¢ .38 4 .81 "" 06

861 . YRS b 13 93

934 ’ v .bT73 14.28

886 13 i A.571 14.42

—ono0 W=l

nom Lotk e

'c-‘-li-m (=]
== DD T el D =]

ok ok 3 ke ek
D D00 68

wo

Wl =l N=1=1=D 0D D din=]

| &

| B bopa

check Tests, Bellvue I.aboratory, 1926

0.730  0.21 0.21.720.336

802 5 I § A7 v, 1333

898 .10 .08 ¥

982 08 07/

715 16 141

729 ) Jd6 .11 .28
a4 12V 260
09 L8 256
09 08 « 254
07 11
02 = 110 °
WO e AT
80 .58, l854
37 .34 V. 821
25 2874 784
.20 16 v .76
47
28
22

|

=
=3
o

Daen® BM@ms
S 0D e
nowwe

LoiGo |

L WE BiemnD lamoi-a

4
b
3
! A
6 5.8
."'
D
2
0
0

oo o wow

L1 1]
B o) Sn D

i = amo
=

ek et

KHOK HONMM HOSOW OHM O BUWNOM koo

P
Bl ow

=3I oots ned =3
|90 OV e 20 0D

S oo=In
DO T2

18
.18 _-»_ .696

ot tatn DO=1CHENEs CO-d ~abSE

o D=t

TV o i

527
P "_.629
.:Fi §5.902
37 584
J:‘, -", -843

=3 b - SV O
IS b

-
B2

el T e e

SO0 VDL WWwmowos W=I=1=1=]

53.54
18,39
18.34
17.96
16,19
17.12
17.02
33.01
33.47
33.60

=l W=~ DRl —~D OO0
Soo CRWHS 2

slela]n] ale]a)e]e] =le]ad
enenenen
i e e s BRSO BS RO BS b
e
=13 TN @ =1 =0

il HOWe

L= l--L 5 ]
~IiEots hitote s Mo o Do oo e =160

bt B0 ek ek ek




March, 1928 Tae ImprovED VENTURI FLUME 81

TABLE XXXIII—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR
___THE 6- I-‘OOT IMPROVED \"ENTURI FLUME, 1923
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TABLE XXXIV.—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR
THE $-FOOT IMPROVED VENTURI FLUME, 1923
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TABLE XXXIV.—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR
THE 3-FOOT IMPROVED VENTURI FLUME, 1923—Continued

Check Tests, Bellvue Laboratory, 1926
Mean Width of Throat 7.98 Feet, Tests 7285 to .::qs inclusive
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TABLE XXXIV.—ORIGINAL SUBMERGED-FLOW DISCHARGE DATA FOR
THE 8-FOOT IMPROVED VENTURI FLUME, 1923—Concluded

Check Tests, Bellvue Laboratory, 1926
Mean Width of Throat 7.98 Feet, Tests 7285 to 7388, Inclusive
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the Colorado Water Conservation Board from the Discharge Tables pub-
lished in Bulletin Li23 of the Coloradoe Experiment Station of Colora-
do State College at Fort Collins, Colorado.

* This condensed table was prepared by the Engineering Department of

the Colorado Water (Conservation Board from the Discharge Tables pub-
lished in Bulletin L23 of the Colorado Experiment Station of Colora-
do State College at Fort Collins, Colorado.




¢
i

|

092=-38-0127% BILL OF MATERIAL For PARSHALL VEASURING FLUMES*

Size of Piece No. Feeti[Width Item Size of Piece
™ to Order B.M, | "W" te Crdor

17T Sidewalls 2" x 12" x 107

R S Ko

O

; T8O .57 Sidewalls 2" X
{Floor 130 M [ 2l Vo i M e Floor i 12F x 127
ISills L L™ x 10°% o Sills 6" x 6" x 16%
[Posts L" " x 12t L8 i Posts " x 6 161
1Ties 2r é" 8t 16 | Ties "« 6" = 16°
Piling 2% x 127 x 1g¢ LB i Piling 2" x 12% xie!
Anchors 2" L x 12t ol i Anchors L" x 4" x 12%
|Bolts 3/8"x 6" Bolts 1/2" x 8" 10
Neils 30 penny Nails L0 penny Lot
1-1/11":&0’-2”'3.1.}"‘5. e Nipples il.—l/l;"xi‘-'-?"ﬂ.I.P'*:.(-B Nipples 2
Steel Angle-2x2x1/lix11-0" i Steel ﬁngle-ExExl/LKST-O"
Total 1383 | : Total

X 12 {180 116t Sidewalls 2" x 12" x 12t
! 60 | Floor ot x 12" x 12¢
Lo Sills a" 6% 36"

i Posts L 6" x 16t
Ties Py 6" x 161
Piling oM x 12" x 121
Anchors L" x 4" x 127

8}3\.}4 N WM N

=

=

O AN ARAN O WY

12" x 1017
12" x 10¢
L" x 10t
L" x 12!
6" x 10!

“[Sidewalls 2"
Floor on
i5411s 1"
Posts L
ITies 2"
iPiling on 12" 121
Anochors 2" L" x 121 }

IBolts 3/8" x &" | Bolts 1/2" x 8" _
Nails 30 permy E Nails L0 penny L5
1-1/L"x01-2"G, 1. Pipe Nipples 2 | 1-1/1"x01=2"G,.1.Pipe Nipples
Gteel Angle2x2xl/lpxo? 1|l istéeel Angle 2xex1/lx61-0"

Total 1L O : Total

128l 17t~ lSidewalls 2"
. 96 ! ifloor 2n

Ny =N

MM N

HHRK
'—!
o \J

| = o -\-Tﬁ:

=

n -
OSZDW\,\J\:JW\N\

=]
D N

12" x 14t
12" x 1Lt
6% = 12t

Sidewalls 2" x 12" x 12t 11
Floor 2“ 2“ 12 1
Sills L" 4" x 16t 2 | I3 \5111s én

Posts g L* x 16 © 3 |
Ties o A x 161
Piling 2" x 12" x 121 3
Anchors L" x L" 12t ;
iBolts L% x, 6F 10
MNails 30 penny %08 | ,
11-1/1"x01-2"G,I,Pipe Nipples 2 11-1/1"x01.2"G,1.Pipe Nipples
Steel Angle—2x2xl/£x3?~0" & b ISteel Anglee2x2x1/lx71=0"
0 Total 635 | | : Total ~ 1233

Sidewnlls 2" x 12" x 127 o0&l 8t T Isidewails 27 x 12" 1LY T T 13 6L
Floor a" x 12" x 12¢ 1120 | Floor 2" x 12" x 1Lt 280
5i1ls 6%z 6% x 1L} 1126 51118 8" x 8" x 1 373
Posts iy 6" x 161 96 | Posts L 6" x 161 06
Ties e 6" x 14! L2 ITies L 6" x 123 | 120
Piling 2" x 12" x 12¢ ' 96 il Piling om x 12" x 121 ' 192
Anchors 4" L" x 121 Anchors 4" L. x 127 | 80
Bolts 1t = 6F Bolts 176" &'8" 10 |
Nails - 4O penny ' Neils L0 penny 554
I-I/L”XO‘-E"G.I.?:TQ Nipples 2 ! , 1=1/L"x01-2"G,1.Pipe Nipples 2!
Steel Anglc-?xﬁxl,;xh‘—ﬂ" 1 1 ISteel Rugle-?;?xl/lxaf—eu E N
f Total *_ﬂpﬁﬂf-’ Total

N AT

| &" 121

72 " Piling 9% x 121
6ly | {Anchors L" x 12t
iBolts y/er x 8"
Nails LO penny

b 3

‘Ties

X
X
X

| &l Posts x 6" % 168
%2 x
X
x

2
L
0

= \J7 =
=D O oA~

N AN OAN

MM HARHA

i et TRS RS URS 2 Il

-

T

$5
FHe

NOTEs 411 timber shall be sound and first class material, straight and free from
loose knots, All planks used in the floor and walls shall be surfaoced,

To determine the size to which sach piece should be cut, refer to plan and
table of dimensions. Plank for wing walls 1s included with "sidewanlls", For sills
allow minimm of 2l inches over width of flmmey for posts allow minimum of G" over
height of side wells,

gide walls 2 feet (two 2 x 12 boards) in height are adequate for the small
flumese J=fcot side walls (three 2 x 12 boards) high are required for {lumes from
3 4o 8 feet in width, All &bove Bills of Material are figured on this basis,

Stilling wells are to be constructed of 2" plank, Minimum inside dimension
of stillirg wells to bo 18" square, Material for one stilling well (two 2 x 12~121)
is included in the above Dills of Muteriel under "Sidewalls",

For preater permenconce, all plank and timbers should be troated with areosote,
The dimensicns of timbers mmd plmmk shown on these Bills of NMaterial are The
miniman desireble for a gatisfactory installation, Reinforeed concrote can he used
st some additional cost over cost of wooden structures,

*Prepared by the Enginecring Department of the Colorado Water Conservation Board
in sccordance with "The Parshall Measuring Flume" as deseribed in Bulletin L23 of
the Colorade State College Experiment Station, Fort Collins, Oolorado,
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PARSHALL MEASURING FLUME
WOODEN CONSTRUCTION *
* Prepared by the Engineering Department of the Colorado Walter Conser-
vatton Board in accordance with “The Parshall Measuring Flume” as described
in Bulletin 423 of the Colorado Slate College Experiment Stafion, Fort
Collins, Colorado.
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PARSHALL FLUMES
OF LARGE SIZE

By R. L. PARSHALL, Senior Irrigation Engineer

Twenty-foot Parshall Measuring Flume, for Bijou Canal, South Platte River Valley,
near Greeley, Colorado,

Based on data gathered under cooperative agreement between the
Bureau of Agricultural Engineering, U. 8. Department of Agricul-
ture, and the Colorado Agricultural Experiment %tation.
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PARSHALL FLUMES OF LARGE SIZE'

By R. L. PARSHALL, Senior Irrigation Engineer, Division of Irrigation,
Bureau of Agricultural Engineering, United States
Department of Agriculture.

Whenever the demand for water available for beneficial uses
encroaches upon supply, the water acquires a value that makes
rights to use it subject to restrictions by customs, laws, rules and
regulations. Thruout the West generally water used for irrigat-
ing agricultural crops has long since become so valuable that its
equitable distribution has been a matter of public concern, and
laws providing administrative officers and methods of control
have been enacted. Among such laws are those relating to the
measurement of water.

It is of vital importance to all concerned that those charged
with and held responsible for the distribution of public water sup-
plies shall know, as nearly as it is practically feasible, not only
the amounts carried in artificial channels and distributed there-
from for individual beneficial uses but also the amount diverted
from the stream, lake or other primary source of supply by each
one of such channels, in order that distribution may be made in
accordance with the lawfully established priority rights of
appropriators.

Measuring water in irrigation channels is discussed briefly
in a recent publication®. Measuring large amounts necessarily
calls for greater outlays of both care and expense in building the
required structures than does the measurement of small flows and
this report has been prepared with a view to furnishing assistance
in such cases, altho the controlling principles involved are the
same for both groups. This bulletin, therefore, deals more partie-
ularly with the measurement of the larger amounts of water
diverted from streams and reservoirs rather than the smaller
amounts.

Rating flumes of the type commonly recommended and con-
structed in the past? have very often been found unsatisfactory
because of the adverse local conditions encountered. Moss, weeds,
willows and other growths, accumulations of sand, and other
obstructions of various kinds retard the flow of the water and
reduce the carrying capacity of the channel. When the discharge
of a channel thus obstructed is computed bv using a rating flume
of the usual type, the actual discharge is likely to vary materially

1Prepared under the direction of W. W. McLaughlin. Chief. Division of Trrigation. Bureau
gf Agricultural Engineering, and in cooperation with the Colorado Agricultura]l Experiment
tation.
*Measuring Water in Irrigation Channels, by R. L. Parshall (U, 8. Dept. Agr. Farmers'
Bulletin 1683, 1082, ‘
'Early Riennial Reports of Coloradn State Engineers, especially the Third (1885-1886).
Fourth (1886-1887), and Eleventh (1901-1902).
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from that indicated by the gage height. Many Western streams
carry heavy burdens of silt, sand and gravel, especially at high-
water stages, and experience has demonstrated that in such cases
the ordinary rating flume is wholly unreliable as a measuring
device unless frequent attention is given to its.calibration. It
has long been evident, therefore, that some more dependable
measuring device, of reasonable simplicity and cost, was needed,
and for several years investigations have been carried on at the
Colorado Agricultural Experiment Station, with a view to filling
this need. The Parshall flume is the present outcome of these
investigations.

The Parshall flume is an improved form of what was orig-
inally called the “Venturi flume”*5 and, until 1930, was called
the “improved Venturi flume.”® It is designed as a practical de-
vice for meeting the adverse conditions ordinarily encountered in
measuring the discharge of streams of water of any size up to
2000 or more second-feet, and this report describes a number of
the installations of large size that have been made in Colorado,
especially in the Arkansas Valley.

In Colorado, the Arkansas River and its tributaries are espe-
cially burdened with sediment during high, and even mean water
stages. In some cases the channels of Arkansas Valley canals
have changed so much thru the alternate filling in and scouring
out of the sediment that within short periods of time the rates of
flow for the same gage heights have been nearly halved or dou-
bled. In the Holbrook Canal near Rocky Ford, for example, sand
as much as 2.5 feet in depth has been found on the floor of the
old rating flume, a structure 32 feet wide and 7 feet deep.

In the Arkansas Valley, therefore, the state hydrographic
force has been obliged, owing to the frequent changes in flow
conditions, to devote much of its time to measuring the amounts
of water drawn from the streams and preparing rating tables to
govern the regulation of the headgates of the canals, and even
then it was found practically impossible in many cases to deter-
mine the actual discharge accurately. Naturally, this condition
of affairs was very unsatisfactory to water users and officials
alike.

In operating a canal, the superintendent and his assistants
make certain arrangements for the delivery of the water to the
farmer by setting the delivery gates according to the amounts
flowing in the various sections of the canal. It was not unusual,
after such settings had been made, to have the official hydro-
__"_T'h_e. Venturi Flume, by V. M. Cone (U. S. Dept. Agr. Journal of Agricultural Research,
Vol. IX, No. 4, pames 115-129). 1917.

!QZI%e Venturi Flume, by R. L. Parshall and Carl Rohwer (Colo. Agr. Exp. Sta. Bul. 265),

*The Improved Venturi Flume, by R. L. Parshall (Colo. Agr. Exp. Sta. Bul. 336).
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grapher check the flow at the head of the main canal and find
the actual discharge either too great or too small, thus requir-
ing a change in the amount of discharge to agree with lawful or
rightful diversion according to priority. Such changes would
require immediate resetting and adjustment of farm headgates
along the canal, and the decrease in the flow would naturally
cause dissatisfaction on the part of the users, particularly when
there was a shortage of water at times of extreme need. In some
instances temporary checks in the channel some distance down-
stream from the rating flume were required to raise the water
enough to accommodate adjacent high lands by diversion thru a
headgate. This check usually raised the water surface in the
rating flume, thus shifting the rating curve to agree with a tem-
porary condition. Furthermore, the operating of a water-stage
recording instrument in connection with the rating flume, as re-
quired by state law, was in some instances somewhat unsatisfac-
tory because of the deposits accumulating in the float well.

THE PARSHALL MEASURING FLUME

Experiments on a device called the Venturi flume were made
in 1915 by V. M. Cone at the hydraulic laboratory of the Colo-
rado Agricultural Experiment Station. Later experiments on
the same device were made by Carl Rohwer and the writer in
1920 at both the hydraulic laboratory at Fort Collins and the
Bellvue laboratory on the Cache la Poudre River, 8 miles .west
of Fort Collins. This device had converging entrance and diverg-
ing outlet sections, joined by an intermediate throat. The walls
were either vertical or inclined outward, and the floor was level.
In 1922 the writer proposed somewhat radical changes in the
design of this device—the angles of convergence and divergence
were changed, the lengths of these sections were altered, and the
floor in the throat was sloped downward, forming a fixed crest
and control at the junction of the converging section and the
throat. The walls were made vertical and the floor of the con-
verging section level, while the floor of the diverging section in-
clined upward to the lower end of the structure. It is this device
that the Irrigation Committee of the American Society of Civil
Engineers has named the Parshall Measuring Flume. The devel-
opment of the larger flumes, however, during the years 1926 to
1930, inclusive, has been largely thru the design of structures for
particular locations, especially in the Arkansas River valley.

The general ratio of dimensions that applies to the small-
sized flumes has not been followed for the large flumes. In Table
I are given the main dimensions for sizes ranging from 10 to 50
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feet in throat widths and having maximum capacities from 200
to 3,000 second-feet under conditions of free-flow discharge.” The
flumes may successfully measure greater flows than those indi-
cated as the maximum in Table I (see Tables II to X, pages 36
to 43 and 49 to 52, but under ordinary channel-capacity condi-
tions the size of flume and the related maximum flow are approx-
imately as shown in the first table. For example, in a channel
having 600 second-feet capacity, it is probable that under aver-
age conditions the 15-foot flume would be suitable, provided a
free-flow discharge could be secured.

In small flumes the length of the wall of the converging sec-
tion is % - 4, in feet, W being the length of crest or size of
flume in feet, and the point of observing the upper head, H,, is
two-thirds of the length of the wall measured back from the
flume crest. For the large flumes, the length of the converging
section generally has been made considerably longer than
W
a7
thru this part of the structure. The location of the gage point,

H,, however, is maintained at 2/3 (}2‘i -+ 4) back from the

crest. The lower gage, H,, is located near the downstream end
of the throat section (see Table I and Figures 9 and 13), and
the head there is communicated to the H, stilling well thru a
pipe of ample size which is also a part of the flushing system.
For both the H, and H, gages, the zero point is at the elevation
of the crest. Thus the depth or water pressure indicated by the
H, gage is depth above the crest, and not the full depth of water
at the pressure orifice.

-+ 4, in order to obtain a smoother flow as the water passes

REPRESENTATIVE LARGE FLUME INSTALLATIONS

The first attempt made in the Arkansas River Valley to im-
prove conditions of measurement was in the installation of a 10-
foot Parshall measuring flume on the Las Animas Consolidated
Ditch near Las Animas. (Fig. 1.) This experimental structure
was built of untreated common fir lumber in March, 1926, and
has been in constant use since that time. The condition to be
met was the correcting of an unstable relation between discharge
and gage height in the old rating flume, and also to provide
against the backwater effect of a check located downstream.

"Discharge is “‘submerged” or “free flow,” respectively, according to whether thy depth
of water in the throat of the flume is or is pot sufficient to retard the flow; the stage at

which inecreasing depth begins to retard the flow is the “eritical degree of submergence.”
(See pages 34 and 44 and following.)
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Figure 1.—Ten-foot timber Parshall Measuring Flume, discharge 06 gecond-feet, Las Animas
Consolidated Canal (See Table X).

After the new device was in operation, the discharge was found
to be independent of backwater caused by the check, and sand or
silt had no effect upon the indicated rate of discharge. The ordi-
nary flow thru this flume is 50 second-feet, and numerous check
measurements by means of the current meter indicate that the
rates of discharge from about 12 second-feet to nearly 130 sec-
ond-feet agree with the computed discharge, within practical lim-
its. (See Table X.) Five years’ experience with this improved
method of measuring indicates that it has been successful. The
operation of this first flume, which was of moderate capacity,
was watched with much interest by irrigation men and water of-
ficials. So completely and satisfactorily was this problem met
that other canal companies became interested enough to solicit
assistance in solving their measuring problems.

The next large flume of this type was a 20-foot reinforced
concrete structure in the Holbrook Canal near Rocky Ford.
(Fig. 2.) Like many others in the valley, this canal was sub-
ject to erratic variation in the relation of discharge to gage
height in the old rating flume. The new flume, built in Novem-
ber, 1927, with a capacity of about 1,000 second-feet, has met
successfully the trying conditions of variation in discharge due
to filling in and scouring out of the channel whether upstream
or downstream from the new structure.

The Fort Lyon Canal, the largest irrigation canal in Colo-
rado, having a capacity of about 1,800 second-feet, was subject -
to unstable flow conditions. Since the distribution of water in
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Figure 2.—Twenty-foot Parshall Measuring Flume, Holbrook Canal, discharge 75 second-feet,
submergence 82 percent. (See Table X.

the river depends largely upon the draft of this canal, the accu-
racy of discharge measurements is relatively important. For-
merly the almost constant attention of one hydrographer was
required in gaging the flow. The success of the 20-foot flume on
the Holbrook Canal is believed to be largely responsible for the
final approval by the Fort Lyon Canal Company and state water
officials of the installation, near the canal headworks, of a 40-
foot reinforced conerete Parshall measuring flume. This is the
largest device of this type thus far constructed. (Figs. 3 and 4.)
This structure, having a capacity of more than 2,000 second-feet,
was built in December, 1928, and since then numerous current-
meter check measurements have been made of flows ranging
from approximately 130 to 1,460 second-feet. A maximum dis-
charge of 1,800 second-feet has been passed thru this large struc-
ture. The measurements made have been found to agree remark-
ably well with the law of flow that was developed before the flume
was built. (See Table X.) This flume has proved very satisfac-
tory in its operation, has solved a very perplexing measuring
problem and also has relieved friction and occasional strained
relations between the several appropriators along the river.

The successful operation of the large Parshall flumes on sev-
eral canals has been sufficient to show the practicability and re-
liability of this new type of measuring device, and now virtually
every diversion from the Arkansas River, between Pueblo and the
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Kansas state line, has been provided with a suitable flume of this
type. These flumes are being used officially in the measurement
of water diverted from streams in various irrigated sections of
Colorado and other Western States.

Figure 3.—Forty-foot Parshall Measuring Flume, Fort Lyon Canal.

Figure 4.—Forty-foot Parshall Measuring Flume, discharge 177 d-feet, no submergenc e
Fort Lyon Canal. (See Table X.)
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Figure 5.—Smoothness of flow in converging section thru 40-foot Parshall Measuring Flume
discharging 177 second-feet, with no submergence. Fort Lyon Canal. (See Table X.)

Figure 6.—Forty-foot Parshall Measuring Flume, discharge 1390 second-feet, with sub-
mergence not effective, in Fort Lyon Canal. (See Table X.)
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Figure 7.—Thirty-foot Parshall Measuring Flume, in Colorado Canal.

Figure 8.—Thirty-foot Parshall Measuring Flume, discharge 803 second-feet, submergence 89
percent, in Colorado Canal. (See Table X.)
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Figure 10.—Fifteen-foot Parshall Measuring Flume, discharge 101 1-feet, submergence
19 percent, Rocky Ford Highline Canal. (See Table X.)

|
|
i
|

Figure 11.—Fifteen-foot Parshall Measuring Flume, discharge 464 mon;i—feet. submergence

95 percent, Rocky Ford Highline Canal. (See Table X

"
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Figure 12.—Twenty-foot Parshall Measuring Flume, discharge 239 second-feet, submergence
69 percent, Antero Reservoir outlet, upper South Platte River. (See Table X.)
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THE SETTING OF LARGE FLUMES

For the successful operation of the larger flumes, it is im-
portant to have the crest set at the proper elevation with refer-
ence to the grade line of the channel. It will be found more con-
venient to set the flume so as to operate at less than the critical
degree of submergence, which will eliminate the effect of back-
water and thus having the rate of discharge a function of the size
of flume and the upper head, H,. Quite often, however, such a
setting results in too much loss in head, and at the same time
gives to large discharges high exit velocities which erode the
downstream section of the channel. Often particular attention
must be given to the increased depth of water upstream from the
flume after it has been installed. The freeboard of canal banks
must be considered, as well as the possibility of interfering with
the diversion thru the headgates of the full capacity of the canal.
In irrigation practice it is sometimes found necessary to deter-
mine the flow accurately for the smaller discharges while when
the supply in the river is ample to provide a full head in the
canal accuracy of measurement is not so important. To meet
such conditions, the practice in establishing the proper elevation
of the crest has been to provide a free-flow condition for the
lower flows and allow a submerged flow condition for the greater
discharges. This setting is desirable because of the lessened exit
velocities for the larger flows and minimum loss of head thru the
structure.

To illustrate the method used in determining the proper ele-
vation of crest, an example applicable to a reasonably large canal
is given. The discharge curve for the old rating flume on the
Holbrook Canal, shown in Figure 14, was based on a few current-
meter gagings that established a rating curve that was approx-
imate only, because of the changing conditions of the channel,
but was accurate enough for use in determining the crest eleva-
tion of the new flume. Previous attempts to establish a depend-
able rating curve based on current-meter gagings had been en-
tirely unsatisfactory. At times more than 2 feet of sand had
been observed on the floor of this flume, while later this deposit
had been scoured out and moved downstream. In one observed
instance, a depth of more than 1 foot of sand was deposited upon
the floor in less than 2 hours. Because of this constantly shift-
ing condition, the uncertainty of determining the flow by use of
the rating curve was apparent, and the setting of the crest eleva-
tion of the new flume to meet such conditions, likewise, could not
be accurately determined.

The first appropriation right of the Holbrook canal to the
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Figure 14.—O0Ild concrete rating flume and gage house on Holbrook Canal, typical of many
old structures replaced by Parshall Measuring Flumes,

use of water from the Arkansas River is 155 second-feet. In this
case it was required to set the crest so that this discharge would
be free flow and maximum discharge would be delivered under
submerged-flow conditions. A width of 20 feet was chosen as
the best size of structure and it was decided to place the new
flume just upstream from the old concrete rating flume, so that
the old structure would serve as a protection against erosion.
From current-meter gagings made previous to the installation of
the new flume, it was found that for a discharge of 155 second-
feet thru the rating flume the depth of water on the staff gage
was, on the average, about 2.25 feet. Had this been approxi-
mately a fixed stage, the crest elevation for the 20-foot flume
with respect to the staff gage, computed from the free-flow dis-
charge formula Q — 76.25 Hy,1¢ (Table V, p. 39), should have
been about 1 foot for the limiting submerged flow of about 80
percent.

To arrive at the elevation of 1 foot, refer to Figure 15. It
will be observed from the discharge given in Table V for a 20-

Figure 15.—Section of flume as an aid in the determination of the proper crest elevation.
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foot flume, that the H, head for a discharge of 155 second-feet
is about 1.56 feet. For a setting of limiting submergence at 80
percent, the Hy; gage would be about 80 percent of 1.56 feet, or
1.25 feet. At this degree of submergence, the water surface
downstream from the Hy gage is essentially level, and the loss
of head or grade to the staff gage in the rating flume may be
neglected. Since the average staff-gage reading is taken as 2.25
feet with the Hy gage estimated to be 1.25 feet, the difference
(X in Fig. 15) of 1 foot will be the elevation of the crest above
the zero point of the rating-flume gage.

Because of the wide range of gage heights in the rating
flume, with the discharge remaining approximately constant, it
is better to base the elevation of crest on the condition of maxi-
mum rating-flume gage. For this condition, the depth or staff-
gage reading in the rating flume may exceed 3 feet, and for such
a limiting stage the crest of the new structure would be about
2 feet above the floor of the old rating flume to measure 155
second-feet under free flow—that is, with the degree of sub-
mergence not exceeding 80 percent.

After approximating the elevation of the crest of the flume
at 2 feet, for a discharge of 155 second-feet at about 80 percent
submergence, it is necessary to determine the condition of flow
for large discharges. On June 1, 1924, about 3 years before this
new 20-foot flume was built, there was a period when there was
a discharge of 558 second-feet, as determined by a current-meter
gaging with a staff-gage reading of 6.04 feet in the rating flume.
With the crest set at 2 feet. the H,; gage would be approximately
4.04 feet, and bv use of the submergence correction diagram
(Fig. 22, p. 45) it is found that for this discharge the degree of
submergence will be about 95 percent, and the H, gage will read
4.25 feet. Therefore. the crest of the new Holbrook flume was
set 2 feet higher in elevation than the zero of the staff gage in
the old rating flume.

In planning such large flumes it is necessary to know, within
reasonable limits, the depth of water in the channel for any par-
ticular discharge. As previously mentioned, it is not unusual to
find that one or more limitations in measurement are imposed:
that is, if conditions warrant, the lower rates of discharge should
not be submerged. or, if submergence is necessary. it should be
in the least possible amount and for maximum discharge the
deegree of submergence should not exceed from 95 to 98 percent
with the lower percentage preferred. To meet these require-
ments. it is necessary to investigate the nroblem where various
sizes of flumes are considered, as well as the cost of the proposed
new structure.
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Let it be assumed that it is required to provide a flume of
the proper size and setting in a channel 50 feet wide, whose
capacity is 950 second-feet, with submergence not exceeding 80
percent for a discharge of 500 second-feet, and with depth and
discharge relationships at the site of the installation as follows:

Gage height Discharge Gage height Discharge

Feet Sec.-ft. Feet Sec.-ft.
0 0 3.5 308
0.5 18 4.0 500
1.0 45 4.5 607
1.5 86 5.0 718
2.0 145 5.5 832
2.5 218 6.0 949
3.0 303

First, congider a 20-foot flume. For a free-flow discharge of
500 second-feet the Hi, gage will be 3.24 feet and the Hy gage
2.59 feet at 80 percent submergence, as illustrated in Figure 16.

Figure 16.—A discharge of 550 second-feet passing thru the throat section of the 20-foot flume
on the Holbrook Canal with 80 percent submergence. (See Table X.)

In the foregoing tabulation a depth of 4.0 feet downstream from
the proposed flume is required for this discharge. Since for this
submergence the water surface at the Hy gage point is practi-
cally at the same elevation as it is downstream, X, the elevation
of crest above bottom of channel (Fig. 15), is 1.4 feet. For the
maximum discharge of 950 second-feet with this setting and size
of flume, it is necessary to determine the degree of submerged
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flow. For a discharge of 950 second-feet the flow will be sub-
merged. To determine the actual condition quickly, first assume -
the submergence to be 90 percent. Since the Hy gage will be
approximately 6.0—1.4, or 4.6 feet, for 90 percent submergence
H, will be 5.11 feet, and the corresponding free-flow discharge
1,087 second-feet. (See discussion, pages 44 to 46). From the
correction diagram (Fig. 22) it is found that this correction is
about 145 second-feet, giving computed discharge of 1,037—145,
or 892 second-feet. For 88 percent submergence, the H, gage
is 5.23 feet and the computed discharge is 972 second-feet. At
89 percent submergence, the computed submerged flow is 934
second-feet. For a 20-foot flume set 1.4 feet above the bottom
of the channel and discharging 950 second-feet, with a submer-
gence of slightly more than 89 percent, the loss of head is about
1 foot. In this case, therefore, the depth upstream from the
proposed structure would be 1 foot more, which might seriously
reduce the freeboard of the canal banks and also interfere with
the diversion or entrance conditions.

For a 25-foot flume to measure 500 second-feet at 80 per-
cent submergence, it is found that the height of crest above the
bottom of the canal should be about 1.7 feet. At this elevation
of crest it is also found that the maximum discharge of 950
second-feet will occur when submergence is 91 percent. From
the diagram shown in Figure 23 (page 46), it is found that the
loss of head for this'maximum condition of discharge and sub-
mergence is about 0.7 foot. The decision as to which size of
flume to select depends largely upon whether or not the loss of
head of 1 foot for the 20-foot flume is too great for economical
operation, or whether, on the other hand, the cost of a 25-foot
flume of similar construction would be excessive. It will be noted
that the larger flume must be set higher, but the loss of head
would be less. Either size of flume would satisfactorily measure
the flow.

As in the case of the Holbrook flume, there naturally arises
the problem of increasing the depth of water upstream from
the new structure, due to raising the crest 2 feet and decreasing
the width of the channel from about 40 feet to a throat section
of 20 feet. Referring to Table X, it is noted that two discharges
of approximately 550 second-feet were measured thru this 20-
foot flume, with submergences of 63 and 81 percent and the
upper gage (H,) at about 3.5 feet. For the condition of 81 per-
cent submergence, the loss of head from the H, gage point to
the upper end of the converging section of the flume is about 0.33
foot. The difference H,—Hj, is 0.66, with a total loss of head of
about 1 foot. The upstream water surface would now be about
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5.8 feet or 0.2 foot less in depth for 550 second-feet than it would

have been on June 1, 1924, for approximately the same discharge -

with reference to the old rating-flume gage. This comparison
shows that in the previous case the filling in of sand in the chan-
nel caused the water to assume a maximum, whereas the raising
of the 20-foot flume 2 feet and reducing the channel to a 20-foot
throat shows a lesser depth upstream after the new flume was
installed. This condition is cited merely to indicate that under
actual normal shifting conditions on this partieylar canal, the
change in depth was greater than that caused by the installation
of the 20-foot flume.

CONSTRUCTION OF LARGE FLUMES

Reinforced concrete has been used very largely in the con-
struction of the larger flumes. Figure 9 gives a design showing
the principal dimensions for a concrete 30-foot flume, and Fig-
ure 13 gives a design for a frame structure having a throat width
of 20 feet.

The concrete structures are of ordinary monolithic construec-
tion, with reinforcing steel bars cast into the walls and floor.
(Fig. 17.) Because of the wide span, it is not practical to pro-
vide cross bracing or struts between the tops of walls, and coun-

Figure 17.—Partly completed reinforced concrete 20-foot Parshall Measuring Flume on the
Bijou Canal, South Platte River, near Greeley, Colo.

R



May, 1932 ParsHALL Frumes or LArce Size 25

terforts have proved to be satisfactory for supporting 7-foot
walls in 20-, 30- and 40-foot flumes, at the same time providing
ample strength to sustain the backfill pressure. (Fig. 18.) It

Figure 18.—Flume wall, with counterfort bracing, of the 20-foot flume on Bijou Canal.

will be noted in Figure 9 that substantial footings are shown.
The bases for such footings should be firm and well prepared,
and with the entire floor of the structure acting as a base, little
or no settlement has been observed in the large conerete struc-
tures. The longitudinal and transverse beams under the floor
should have U-shaped lengths of short pieces of reinforcing bar,
properly bent, inserted in the top surface of these beams at suit-
able intervals so that the bars in the floor may be threaded thru
them to secure rigid contact between the beam and floor. These
beams provide strength against heaving or bulging of the floor
surface.

The essential feature in the building of the flumes is to have
the finished dimensions and alignment correct. The floor of the
converging section should be level. The downward-sloping floor
in the throat should be a plane surface, pitched to the proper
dimensions as shown. The floor of the diverging section slopes
upward, the line of intersection of these two surfaces being level
transversely. The most important feature of these flumes is the
uniformly level floor of the converging section, and especially
the uniformly level, straight crest at the junction of this floor
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and the floor of the throat. To provide a sharp and definite edge
to serve as the crest, it is recommended that a straight, substan-
tial angle iron be leveled and securely fixed in the proper posi-
tion. For concrete structures this may be cast in the floor where
the ends of the angle iron extend 2 or 3 inches back into the side
walls of the structure. Holes provided thru the vertical leg of
the angle iron at about 2-foot intervals, thru which short pieces
of reinforcing steel or bolts may be inserted and cast into the
floor, will securely anchor the crest in place. It is recommended
that an angle iron be placed at the downstream end of the diverg-
ing section also, if the structure is built of concrete, as a protec-
tion to the exposed edge. The inside faces of the walls should be
smooth, straight and vertical, and the outside faces should have
the required batter. The floors of concrete structures should also
be provided with pressure vent tubes, as indicated in Figure 9.
The inclined apron at the upstream end of the flume, as well as
the curved walls reaching back to the banks of the channel which
serve to lead the stream of water into the entrance of the flume
with slight loss of head, should all be smooth and regular to in-
sure good flow conditions.

The utility of the structure lies in the accurate measurement
of the discharge. As the rate of flow is a function of the rela-
tionship of the depths of water at the upper and lower gage
points in the flume, it is important that the proper distances to
these points be carefully determined. Table I gives the distances
to the upper gage, Hy,, in feet, measuring back from the end of
the crest along the wall of the converging section. This point
may be located on either side of the structure. Figures 9 and
13 show inlet tubes leading from the inside face of the wall into
the H, gage well, where this well is cast as an integral part of
the structure. These inlet points are located in a vertical line,
12 inches apart, with the bottom one about 3 inches above the
floor line. The lower or throat gage, Hy is at a point near
the downstream edge of the throat. (See note, Table 1.) The
inlet openings into the flume for both H, and H; gages must
be set flush with the inside face of the wall, and must be perma-
nently fixed in position and neatly finished.

To insure better alignment for the frame structure along
the floor line, it is recommended that the first courses of wall
planks be set and the floor planks then be carefully fitted into
place. This arrangement insures against the bulging or erowd-
ing inward of the bottom wall planks, due to the hydrostatic and
earth pressure against the outside face of the flume wall. Also,
experience teaches that the planks should not be matched too
closely, as the swelling of the wood may cause the floors to warp
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or heave, thus making an irregular surface. There should be
left a crack one-eighth- to one-fourth-inch wide between adja-
cent planks. Parting stop fillets to prevent leakage are thought
to be unnecessary.

As for the concrete flume, an angle-iron crest is highly de-
sirable. After setting the floor of the converging section with
the ends of the planks at the crest line smooth and even, the
angle-iron crest should be set flush with the floor surface and held
firmly in place with substantial lag screws. The heads of these
lag serews, set at about 2-foot intervals, may project above the
surface without material interference with the proper working
of the flume. If properly set, this angle-iron crest will be
straight, at right angles to the axis of the flume, with its surface
level thruout.

For the frame structure (Fig. 13) the curved transition at
the entrance is formed of 3- by 6-inch pieces set on end and held
in place by one-fourth- by 3-inch steel bands, properly spaced,
with one end securely bolted to the upstream end of the wall of
the converging section and the other to a post firmly set in the
bank of the channel. These bands, when in place, form a smooth
curve to support the vertical pieces and are held in place by the
backfill. The framing of the large structures can be accom-
plished by any experienced carpenter. After the work has been
completed, it is desirable to trim the tops of the posts to a uni-
form height as a matter of general appearance. As a measure
of economy the use of lumber pressure-treated with creosote or
other preservative is fully warranted.

Wooden flumes in ditches carrying water during the winter
season have been subject to scoring due to angular pieces of ice
striking against the side walls of the lower end of the converging
section. For this reason it is thought advisable to protect the
angle at the junction of the walls of the throat and converging
section by means of a vertical strip of heavyweight sheet steel,
shaped to the proper angle, so that when in place it will fit snugly
against the side walls. It has also been the practice to provide
a substantial footbridge spanning the converging section at a
point about three-quarters the length of this section, measured
back from the crest. This bridge is to provide a means of cross-
ing and may be used in making current-meter gagings.

It is not possible to state the cost of these structures, as
many factors are involved which influence the final figure. From
the designs submitted, it is possible to approximate the amount
of material, either in lumber or concrete. The local market prices
are then used to estimate the cost of materials. The excavation
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required, accessibility, transportation, and other features ulti-
mately enter into the cost. Treated-lumber flumes should cost
somewhat less than those made of concrete. In some instances,
however, the difference in cost for the two types has been small.

STILLING WELLS

For making accurate discharge measurements in large
flumes, it has been found necessary to determine carefully the
effective heads H, and Hy. A staff gage for the determination
of the H, reading, if attached to the inside face of the flume
wall, can be read only approximately because of the fluctuations
of the water surface, and the turbulent condition of the water
within the throat of the structure makes it quite impossible to
obtain accurate Hy readings by means of a staff gage located in
that section of the flume. In order to obtain reliable and accu-
rate gage readings, a double stilling well (Fig. 19) is provided
at a point where the gage inlet tubes will pass directly into the
H, compartment, while the head for the Hy gage is brought back
to the other compartment thru a suitable pipe leading from the
proper point in the throat section. A reinforced concrete stilling
well with a quarter-inch steel plate diaphragm cast into the walls
and bottom of the well to provide the water-tight Hy, and Hp
compartments is recommended. A ladder way for each compart-
ment, improvised by fixing U-shaped pieces of reinforcing steel
in the walls of the wells at suitable places, is also suggested.

Because of the depth of the wells, it has been found difficult,
if not impracticable, to clean out the deposit of mud and sand by
means of bucket and rope. Under some conditions, where the
water passing thru the flume is heavily laden with silt, sand and
suspended matter, the stilling wells soon become fouled. As a
practical means of clearing the wells, a flushing system has been
developed which has been found to be effective and suitable.
Leading from the curved wing wall at the upstream end of the
structure is a 6-inch metal pipe which discharges into the H,
stilling well. This pipe has a substantial gate valve, located as
shown in Figures 9 and 13. At the outlet end in the well is an
elbow pointed downward. In the steel diaphragm is a 6-inch cir-
cular opening near the floor line, and attached is another similar
gate valve. The 6-inch pipe leading from the Hy well to the
throat of the flume completes the system. To flush the wells,
open the valve on the inlet pipe and the valve on the steel dia-
phragm, and raise the slide gate in the Hy well. Unless the sub-
mergence thru the flume is very high, the hydrostatic head be-
tween the inlet and outlet ends of this flushing system is suffi-
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cient to provide a good scouring velocity thru the two wells.
The elbow, pointed downward in the H, well, will move the de-
posit on the inclined floor toward the opening thru the dia-
phragm, and since the outlet from the H, well is at a low eleva-
tion, the deposits will tend to move to this point and eventually
be carried out and discharged back into the throat section of the
flume. Under extreme silt or sand conditions, a 5- or 10-minute
flushing every day should maintain the wells in good order. When
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Figure 19.—Method of determining actual values of the Ha and He heads in feet, for com-
parison with indicated values on instrument drums.

all the valves are closed the water levels in the two wells will
readily assume their normal elevations.

It will be noted that the valve in the pipeline leading to the
H, well is shown set back at some distance from the inlet end.
For winter operation, the danger of damage to the valve by freez-
ing is lessened by having this valve well back from the exposed
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wall surface. For convenience in the operation of the valve, a
pit may be provided with a trap door and lock, or a key stem may
extend to the ground surface.

The slide gate at the upper end of the outlet pipe from the
Hy well will not need to be a close-fitting valve. A simple gate
may be constructed (Fig. 20) by using a standard 6-inch cast-
iron flange loosely turned on the projecting end of the pipe. A
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Figure 20.—Slide gate for flushing pipe from the Hs stilling well.

lug and cover plate prepared as shown, bolted on opposite sides
of the flange, serve as guides for the slide valve. The latter may
be made of eighth-inch steel plate, cut to dimension as shown,
with a long handle extending up to the top of the wall. Insert
the slide gate into the guides and then fix a short stub bolt thru
the lower hole in the slide. This bolt head will then come in con-
tact with the bottom edge of the inside of the pipe and stop the
gate in its proper position, and will, in like manner, prevent the
gate from being withdrawn from the guides. When this slide
valve is in normal position, the three-quarter-inch hole is near
the top side of the pipe opening and is intended to damp down
the pulsations caused by the roughness of the water in the throat
of the flume. If sediment is deposited in the 6-inch pipeline, it
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will occupy the lowest portion leaving some space at the top for
the communication of the water pressure.

GAGE HOUSE AND INSTRUMENT

The gage house built over the stilling wells is not indispens-
able as a shelter for the instrument, but is in keeping with the
utility of the installation. Experience shows that the conven-
ience afforded by providing a suitable shelter warrants its cost.
As shown in the several-illustrations of large flumes, The gage
houses are built of drop siding, with a shingle or metal roof, hard
pine floor; 4-light windows and a well-painted exterior, and are
of neat appearance Meen finished inside w1th paneled
wallboard, and each one has a built-in cabinet over the gage wells
on which the recording instrument is mounted. The height of
the top of the cabinet above the crest should be sufficient to pre-
vent the counterweight from striking the top of the float when
the maximum stage or depth of water in the flume is reached.
For a range of 5 feet in depth the base of the instrument should
be not less than 10 feet higher than the crest of the flume. In
general, the height above the crest should be somewhat more
than twice the maximum H, gage height. The plane of the
front side of this cabinet agrees approximately with the center
line thru the two gage wells. The remaining area of the top of
these wells is covered by a trap door, hinged at the edge so that
the opened door will lie flat on the floor of the house, disclosing,
within easy reach, a hand wheel on an extended stem-for operat-
ing the 6-inch gate valve on the steel diaphragm; and also the
handle of the slide gate. The ladder into the wells should be
located on the wall or across the corner near the trap-door-epen-
ing. The front side of the cabinet should be provided with two
doors, hinged at the sides and equipped with a cupboard latch.
When these doors and the trap door are open. enough light enters
the wells to permit makmg‘ observations.*

The double-head indicating and recording. instrument, espe-
cially designed for the Parshall measur-
ing flumes of large sizée (Fig. 21), has proved to be of practical
design and well suited to the pur L_Thls', instrument has a
base of 8 by 21.5 inches and is 17.5 inchew; high, equipped with a
vertical clock eylinder which turns one revolution in 7.5 days and
carries an especially designed, convenient chart. The recording
gage-height range is 5 feet. The clock used is a high-grade move-
ment, arranged so that a friction gear permits the chart to be set
to the correct time by merely turning the cylinder in place as de-
sired. On two independent rotating shafts, suitably mounted on
the base of the instrument, drums are fixed which indicate the H
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Figure 21.—Double-head recording and indicating instrument designed for use in connection
with Parshall Measuring Flumes of large size.

and Hy gage heights. Each of these is moved by a sprocket
wheel and chain, the latter being attached to a float in the
well, and the system is balanced by a counterweight. The H,
and Hy gage heights are read on continuous spiraled scales,
graduated in feet, on the surface of the drums. The scales are of
neat, clear-cut marking, printed on white pyralin strips which
are afterward formed into cylinders of the proper diameter and
provided with heavy pyralin heads, securely fixed to the sprocket
wheel shaft. Mounted on ® brass supportsis a strip of clear
pyralin with a fine black-etched line spanning across the face of
each eylinder. Any change or variation of the water surface in
the wells is indicated by the movement of the scale beneath this
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index line. | The drum at the teft gives the value of the Hpy head, -
and at the »ight is a wider-faced drum bearing two sets of grad-
uations, one set giving the H, readings and the other showing in
bold-faced type the rate of free-flow discharge in second-feet.
The H, drum with its discharge graduations is especially de-
signed for any particular size of flume. =~

__s—alach pen used to scribe the graphs on the graduated chart
is mounted on a suitable head block carried at the upper end of
a vertical rack, meshing with a small gear of proper diameter
attached to the shaft carrying the sprocket wheel and indicating
drum,

Parallel guide rods direct the pens vertically along the hour
line of the chart. Each pen is synchronized to the drum reading
for gage height, and, since the index line crosses more than one
line of graduations, it is only necessary to read approximately
the indicated echart reading and then observe to close limits the
actual value of the head as shown on the drum.

In the operation of this instrument, the only manipulation
necessary is to remove the cylinder, wind the clock and change
the chart. To remove the cylinder, the H, and H;; pens are lifted
from the chart by a suitable lever arrangement, and the cylinder
is then lifted vertically from its pivot support. The key for
winding is attached to the clock movement and extends to the top
of the cylinder. An ornamental cover fits snugly over the top
as a protection. The blank chart, cut to fit, is laid around the
evlinder and rests against a ring projection at the bottom. Rub-
ber bands are used to hold the sheet in place. Paste may be used
to seal the edges if desired.

The distance between sprocket wheels is 18 inches, and
where 12-inch floats are used only 6 inches are available to clear
the vertical diaphragm in the float wells. If a concrete partition
wall is used to separate the H,, and H.. compartments, it is found
that with a practical thickness of wall there is not sufficient safe
margin or clearance for the travel of the floats. (Thé metal
diaphragm, with horizontal angle-iron stiffeners, occupying only
about 2.5 inches, is much more suitable. To locate properly the
position of the instrument on the cabinet, it is necessary to plumh
carefully from the diaphragm up to the under side of the top of
the cabinet and there drive thru a nail. From the point thus
obtained on the top, the places for the holes for the sprocket
chains and those thru which the penracks are to pass may be
marked. To provide ample clearance, 1-inch auger holes are ree-
ommended. The instrument base is now shifted to position and
firmly fixed by screws at the ends. The sprocket chains are
threaded thru, and the float and counterweight are attached.
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The mounting and setting of the instrument require no special
expert mechanical skill.

By carefully determining the mean crest elevation, using an
engineer’s level and rod, a reference point, or bench mark, is set
over each well. The elevation of these marks above the mean
elevation of the crest is calculated to 0.001 foot and posted at
each point. A special weighted hook gage attached to a light-
weight steel tape, graduated to 0.01 foot, is used to determine
the vertical distance between the water surface and the fixed
reference point. (FEE) To use the hook-gage plumb bob,
attach it to the ring of the steel tape and lower it into the water
in the well until the point is submerged. Carefully raise until
the point just appears, and then read tape at the reference point.
This tape reading will, of course, be the distance to the zero
point of the tape. To this must be added the distance; <8 from
the point of the hook to the zero point of the tape. The sum is
the distance from the reference point to the water surface, and
this sum subtracted from the elevation of the reference point
will be the actual effective head. The drum reading on the in-
strument is observed at the same time that the hook-gage read-
ing is taken, the resulting difference indicating the error in the
instrument reading.

In setting the instrument for the first time, a material error
may be expected. By moving the chain on the sprocket, large
corrections may be made until a fair agreement is attained. Sev-
eral hook-gage and drum readings should next be taken simulta-
neously. The difference between the means of these observations
will indicate the extent of the correction which must be made by
adjusting the lock nut attachment at the float. The comparison
of both drums and final adjustments must be made before actual
discharge calculations are possible.® J

FREE-FLOW DISCHARGE

The free-flow discharge thru the Parshall measuring flume
for all sizes is defined as that condition of flow where the degree
of submergence does not retard or resist the rate of discharge.
As the water passes thru the throat section, it may assume two
different and distinct stages; first, where the velocity below the
flume is high and the stream flattens out and conforms very
closely with the dip at the downstream end of the throat section;
second, where the depth of water in the channel downstream
from the structure is such as to cause a hydraulic jump or stand-
ing wave to form in the lower portion of the throat. As the de-

"Further information concerning the double-head indicating instrument may be obtained
by addressing the Colorado Experiment Station, Fort Collins.
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gree of submergence becomes greater, the standing wave moves
upstream in the throat until it becomes “drowned” and the rate
of flow is retarded. For all conditions of flow up to this limiting
degree of submergence, the rate of discharge is unrestricted, con-
stant and fixed ; hence, owing to the application of a definite law
of flow, this range is called “free-flow.” For very small flumes,
such as the 3- to 9-inch sizes, this limiting degree of submergence
is approximately 50 percent, while for the 10- to 50-foot flumes,
the practical limit is about 80 percent.

The free-flow discharge formula for small flumes (1- to 8-

foot size), Q=4WHA1-522W°‘°26, when extended to large struec-
tures is found to give a discharge in excess of the actual flow.
In developing the general discharge formula for the large flumes,
a more simplified expression has been found to be applicable to
flumes ranging in size from 8- to 40-feet. This general discharge
formula is Q — (3.68756W - 2.6) H,'%, where Q is the rate of
discharge in second feet, W, the throat width in feet, and H,,
the upper gage in feet. The free-flow discharge computed by
this formula for an 8-foot flume differs by less than 1 percent
from the general expression applicable to the smaller flumes.

Tables II to IX, inclusive, give the discharge in second-feet
for throat widths of 10, 12, 15, 20, 25, 30, 40 and 50 feet, respec-
tively. In these tables it is possible, by estimation, to read the
free-flow discharge in second-feet with an error of less than 1
percent.
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TABLE I
FREE-FLOW DISCHARGE 10-FOOT PARSHALL MEASURING FLUME
FORMULA Q=39.38 H,"°
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TABLE Il
FREE-FLOW DISCHARGE 12-FOOT PARSHALL MEASURING FLUME
FORMULA Q=46.75 H,'*

Ha Q He Q Ha Q H, a Ha Q
FEET SEC.FT FEeT SEc.Fr FEET Sekc. Fr FEET SEC. Fr. FEET SEc Fr
00— - ,, 20142 30— 270 401430

] T =0 146 1273 1435

= =5 148 s i M

: T s2 i 1280 1440
-3 11— 54 21— 31285 41 445

] +— 56 i 3-290 1450

] = 58 3 3—455

B T 160 2 ]

3 C ol 3 &80 1-460

2 12— 82  22-F 165 325300 427 465

] 31— 64 1 =
] 3 66 170 3 205 = 470
E _::.l_ 68 - £—3I0 5—475

3—j |.3_—_— 70 23 33_:_.315 4'3_-_—.—'480

= I 72 180 1 320 1-485
) & e 3 3490
T—10 = 78 +-330 =

AL 14—— 80 24——190 34— 44——500
1 55 - 82 1-335 1-505
3 o g‘; 195 ——340 4510
+— 14 + 2 1515
] T 88 200 1-345 3

3 e 15— g0 = 35?_350 45— 520
}" + 92 : 1525

18 —— 94 210 —-—355 1530
¥ o8 1-360 1535
20 _— 98 215 367 46—
6 191 100 1-365 4540
= E e s 3370 3-545
24 106 225 1 a7s 1-550
28 175100 230 37—=-380 4-77_222
28 112 4 I
J=1 14 235 - 305 —+4—565
o 116 : -390 1570
32 119 g 1-395 1-575

8 18—-120 38— 48——5
1-34 122 245 1-400 1-580
1 T s ~ "
—+36 -_'_fgfs' 250 7405 J—38S
138 E}{gg R e T :—ggg

9 1e—r S oo Nl W
3: 40 1—132 260 3 415 1igen

42 + 124 - 420 3
3136 265 ] 1605
44 E::ig 1-425 1 610
|10 48 20-+tia2 270 40-3-430 50— g5
| e




COLORADO EXPERIMENT STATION

B

ulletin 386

TABLE IV
FREE-FLOW DISCHARGE 15-FOOT PARSHALL MEASURING FLUME
FORMULA Q=57.81 H,*
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TABLE V
FREE-FLOW DISCHARGE 20-FOOT PARSHALL MEASURING FLUME
FORMULA Q=76.25 H®
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TABLE VI _
FREE-FLOW DISCHARGE 25-FOOT PARSHALL MEASURING FLUME
FORMULA Q=94.69 H,'*
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TABLE VI
FREE-FLOW DISCHARGE 30-FOOT PARSHALL MEASURING FLUME
FORMULA Q=113.13 H.'®
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TABLE VI
FREE-FLOW DISCHARGE 40-FOOT PARSHALL MEASURING FLUME
FORMULA Q=150.00 Ho®

Hy o o | By 4 Ha Q Ha Q Ha Q Ha Q
FEET SEc. Fr.| FEET _szc. Fr | FEET Sec.Fr.| FEET SEc, Fr. | FEET Sec. FT. | FEET SEkc. FT.
00— 10— 150 20— 30— 870 40 50—
3 sk 460 880 {338 31980
3 160 470 890 1400 4 54500
. 900 +
3 170 :gg 910 1420 3-2020
4 1.1 21 3.1 gz0 41 Si—=
: 180 o s 1440 ' "3-2040
3 510 940 1460  J-2060
= 190 3
520 950 2 i 12080
5 960 ,. 11480 T
2 12200 22— 530 32 970 —_:—1500 52—-2100
I R Pme 18 e iao
550 i
1 b 4 220 260 1000 e e
3% 7 13T 530 23T 570 3371010 43 53-1-2160
11020 1560 1
25 Sdo 580 :HOSO —2180
&o —-590 lggg 1580 5-2200
F 250 600 | I 557
A 35 14T 54, 24610 3411080 4 e PBR0. g e REED
= 620 L 1620 :—2240
270 630 1090 1640 —+— 2260
45  S-280 640 1100 T 2080
5 50 157 590 25-1-650 35 -: :ég 4541690 55+ .00
: T 660 1680 I
;fss 3300 F 670 iis s 2320
99" -0 680 1150 - +2340
261690 3611390 4631720 56--2360
+79 Hieo 1740 12380
4 31190 T
720 31200 1760 ?3{2400
730 31210 2420
271 J40 3711220 471780 573 =558
750 11230 1800 T
1240 12460
760 11250 1820 =
& 5| 2480
210 a1 1550 1840 o T
2-3 780 3.8—_]—1 2 70 4.3 5.3—:!_ 2500
790  ES8 1860 T 5529
g?g %1 300 1880 T 2540
: 1310
29 820 39 11320 49 1900 59 2560
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1980
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TABLE IX
FREE-FLOW DISCHARGE 50-FOOT PARSHALL MEASURING FLUME
FORMULA Q=186.88 H,"*
Ha Q Heo o Ha Q Ha Q Hy Q@ H« Q
FEET Sec.Fr.|FEET Sec. Fr. |FEET SEC. FT. | FEET SEc. FT. | FEET Sec. Fr. | FEET Sec. Fr
I
0.0 1.0 20 30 40 50—
1 :gg 570 1095 1725 1-2460
] 580 1740 12480
= =3 200 590 1110 1760 .::_2500
;. _{—2!0 600 1125 1780 T 2520
14 11 24— 610 311140 4 51
. 220 620 e (800 . 12540
3 230 630 12560
| 1170 1820
e 640 +2580
1 +—240 650 1185 1-_|540 T 2800
2 12—-250 22— 660 32 1200 42 860 523 5620
| fee0 F 219 Fi2l® 1880  1-2640
3 L 1oy 1230  °
- 270 I 690 (DK 1900 12660
T 25 2280 T 700 e 1920 12680
3+ 13— 231 710 331260 43 53T 2700
—1';_ 30 290 720 1275 1940 T o720
% a5 300 ;ig 1290 1980 I Fo-
3 2 = B
40 310 750 it W0 Laeee
4= 14%320 24 34 4412000 542780
F 45 765 1335 =D
E 330 2020 12800
£so F 780 1350 T
= 340 2040 12820
=85 3 795 1365 T ¥
I : 1380 2060 12840
.5% o5 ' 360 251 810 35,504 45%2050 55?_—2223
£ 70 370 825 1410 2380 . & 200
£ 75 380 840 1425 2120 - e
sl 390 1440 1
6+ 80 163 400 26-F 22% 35F 55 4612140 5632040
£ s 4 - 870 1470 2160 12960
E 4% pei0 ~ 885 2180 2980
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3 T 1560 T
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B s Y80 975 38— 590 48 2200 581 3120
+140 1490 990 1605 2320 13140
145 500 1005 1620 2340 3-3160
1130 ~510 1635 12360 +3180
155 o T 520 1020 T T
.9—4_1 80 I.91 39+1650 491 2380 593200
163 530 1035 1665 1,400 13220
170 540 1050 1680 o
3240
1175 550 1065 1695 RARY -
3480 Tow0 . Fiowp cobinn0 g A0 3200
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SUBMERGED FLow

For the small-sized flumes, the free-flow condition of dis-
charge is very desirable, because only one gage height or depth
is involved in determining the rate of flow. Here the exit veloe-
ities are relatively high, but as the amount of water is not great,
the resulting effect of erosion is easily controlled and of small
moment. For the large flumes, where 500 or 1,000 second-feet
are being discharged under a condition of free flow, as illus-
trated in Figure 6 (page 13), the matter of erosion due to the
higher velocities, particularly in soft materials, presents a prob-
lem. In general, where the banks and bottom of the downstream
section of the channel would be subject to considerable cutting,
it is the better practice to set the larger structures so that a sub-
merged condition of flow will result for the higher discharges.
For submerged flow, where there is no hydraulic jump, both the
upper gage and the throat gage heights must be considered in the
determination of the rate of flow.

To determine the rate of submerged flow, the ratio H; to H,
is expressed ordinarily as the percentage or degree of submer-
gence. Figure 22 is a correction diagram showing the amount in
second-feet to be deducted for each 10 feet of crest from the free-
flow discharge for that particular value of H,,. At the left, verti-
cally, are given the values of the upper head, H,, in feet. Cross-
ing the diagram diagonally are straight lines indicating the ratio
Hy/H.,, the degree of submergence, and along the base of the
diagram is the correction in second-feet. The following tabula-
tion gives the multiplying factor for correcting the indicated
value from the diagram for the various sizes of flumes:

Bize of flume Multiplying factor ‘, Size of flume Multiplying factor
1 |
W in feet | W in feet
10 1.0 | 25 2.5
12 1.3 (| 30 3.0
15 1.5 ! 40 4.0
20 2.0 5.0

| 50

l

To illustrate the use of the correction diagram, let it be
required to determine the discharge thru a 20-foot Parshall
measuring flume, where the upper head, H;,, is 3.25 feet and the
Hpg, or lower head, is 3.06 feet. The ratio 3.06/3.25 is 0.941.
From the diagram find the value of H, at 3.25 feet, vertically,
along the left-hand side. Next move horizontally to the right to
the diagonal line 94 ; then, by estimation, advance one-tenth of the
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distance between the lines 94 and 95. Vertically below this point,
a correction of 56 second-feet is indicated. From Table V, the
free-flow discharge thru a 20-foot flume with an upper head, H,,
of 3.25 feet is found to be approximately 503 second-feet. The
submerged flow, then, is 502—2 ¥ 56, or 391 second-feet. The
correction is determined in the same manner for submerged flow
thru other sizes of flumes. For a 10-foot flume, the correction is
as shown by the diagram; for the 12-foot flume the correction as
indicated by the diagram is to be multiplied by 1.2 before sub-
tracting from the free-flow rate of discharge.

Loss or HeEap THRU FLUME
In the design and setting of the large flumes, it is frequently
necessary to know, within reasonable limits, the total loss of
head thru the structure. It not infrequently happens that it is
quite important to predetermine the high-water line in the chan-
nel upstream from the flume before installation. The diagram
shown in Figure 23 will be found useful in making the final selec-
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Figure 23.—Diagram for determining the total loss of head thru large Parshall Measuring
Flumes,
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tion of the size of flume which is to meet the requirements as to
capacity, loss of head, degree of submergence, and channel free-
board. This diagram is based on the formula

1 100 — S T
L= (W _|_ 15)1.4.;' ( 5 )Q

where L is the total loss of head in feet thru the structure, W
the size of flume (width of throat) in feet, S the percentage of
submergence (ratio Hp/H,), and Q the discharge in second-feet.

The use of this diagram is best shown by example. Let it be
required to determine the loss of head thru a 30-foot flume when
discharging 1,000 second-feet at a submergence where the ratio
of the gage heights, Hp/H,, is 95 percent. At the left-hand side
of the diagram will be found vertical lines, equally spaced, rep-
resenting the ratio Hy/H,. On the line 95, move vertically until
the discharge curve 1,000 is reached. At this point, move hori-
zontally to the right until an intersection is made with the
straight line marked W = 30. Now move vertically downward
to the base of the diagram, where the loss of head is found to .
be 0.39 foot. Likewise, let it be required to determine the loss of
head where 100 second-feet are to be measured thru a 10-foot
flume at a submergence of 80 percent. Making use of the dia-
gram, as in the previous case, the total loss of head is found to
be 0.54 foot.

COMPARISON OF OBSERVED T0O COMPUTED DISCHARGE

Table X gives comparative discharge data for both free and
submerged flows for flumes ranging in size from 10 to 40 feet.
In this table, data are given on the Las Animas Consolidated
Canal 10-foot flume and the Box Elder Creek 12-foot flume,
which were reported upon in Colorado Agricultural Experiment
Station Bulletin 336, previously referred to. Furthermore, since
this bulletin was published there have become available the re-
sults of special studies in the determination of velocities with the
use of current meters for shallow depths by the various standard
methods of gaging. In this table, for depths of 1 foot or less at
the gaging station, the result of the discharge measurement has
been corrected in accordance with the findings of current-meter
studies made in the laboratory with shallow water depths and
moderate-to-slow velocities.

The current-meter gagings here reported have, in every in-
stance, been made near the upper end of the converging section
of the flume. The accelerating velocity of the water in this part of
the flume tends to eliminate the eddies and cross currents. This
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results more or less in a state of streamline flow and gives very
good gaging conditions.

The mean deviation between the measured and computed
discharges, as determined from 118 observations made by vari-
ous hydrographers using different current meters and methods
of gaging, with the head H, observed both by the use of staff
gage on wall of flume and in stilling well, is about + 0.5 percent.
This result, however, is not to be interpreted as showing that the
formula is inaccurate, for the probable error of individual cur-
rent-meter measurements, even when made by experienced oper-
ators, is from 2 to 3 percent.
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Table X.—Comparison of discharges obtained from current-meter measurements with amounts
eomputed by formula, for Parshall measuring flumes of various throat widtha.

FORT BENT CANAL, 10-foot flume ?

Heads Discharge

Ratio e ——| Deviation
Ha/Ha Current
H, Hea meter Computed Difference
Feet Feet Percent Sec.-ft. Bee.-{t. Sec.-{t. Percent
o Ty A (R T g 27.1 26.5 0.6 +2.3
.79 27.8 27.0 0.8 +3.0
7 e Y R [ e A g 27.7 27.0 0.7 +2.6
R e e i 29.6 29.2 0.4 +1.4
- (AR S e 28.7 20.2 0.5 —1.7
T s R e B B 28.7 28.7 0.0 0.0
LAS ANIMAS CONSOLIDATED CANAL, 10-foot flume ?
I |

5 3500 VR SRR M SR R ey 49.5 | 49.3 0.2 +0.4
15 B (e Rt S I[ ........... 6.1 92.9 3.2 +3.4
1.99 X P e 120.4 118.4 2.0 +1.7
3 | oaas et e 50.2 49.9 0.3 +0.6
R He 0t aiaa ] i s B 13.0 12.2 0.8 +6.6
IR AT N | R e 14.3 13.4 0.9 +8.7
0.43 o ST 10.5 10.2 0.3 +2.9
e Dl [ ] 127.6 124.2 3.4 +2.7
4 4 ) O 51.4 51.3 0.1 +0.2
LiBB: oo ivvmcared|asaesna ey 54.2 5.1 0.1 +0.2
3t R S ) [T, 42.0 45.3 2.4 —5.3

PINE RIVER CANAL, 10-foot flume

[
0.78 | 25.8 28.5 0.7 —2.6
1.65 092.4 87 .8 4.6 +5.2
HOLBROOK RESERVOIR OUTLET, 10-foot flume !
2.21 2.02 01.4 123.5 123.0 0.5 +0.4
2.2]1 2.08 4.1 118.1 114.5 3.6 +3.1
1.96 1.79 91.3 105.8 102.6 3.2 +3.1
1.91 1.67 57 .4 101.2 | 104.9 3.7 —3.5
CANAL, 12-foot flume ¥

0.66 24.4 24.1 0.3 +1.2
1.57 97.0 096.2 0.8 +0.8
0.92 39.4 40.9 1.5 —3.7
1.28 71.7 69 .4 2.3 +3.3
1.08 50.0 49.0 1.0 +2.0
1.01 48.4 47.5 0.9 +1.9
1.04 45.8 40.8 4.0 —8.0
1.00 46.3 46.8 0.5 —1.1
1.21 61.6 63.4 1.8 —2.8

See footnotes at end of table.
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HORSE CREEK LATERAL (Torrington, Wyo.) 12-foot flume !

Heads Discharge
Ratio —_ = Deviation
Ha /Ha Current
Ha Hg meter Computed Difference
Feet Sec.-ft. See.-ft. See.-ft. Percent
2.07 148.9 €140.7 0.8 —0.5
1.66 106.6 105.2 1.4 +1.3
1.34 74.1 T4.7 0.6 —0.8
0.78 31.3 31.4 0.1 —0.3
BOX ELDER CREEK, 12-foot flume ?
(13- M ‘ 37.6 38.7 : IV —2.8
L1 - L N o Rl St o 38.8 38.7 0.1 +0.3
(1" S . 42.1 43.1 1.0 —2.3
(1R s el 41.9 41.6 0.3 +0.7
(| MO S I DA ' 24.3 24.0 0.3 +1.2
G | ] ' 60.3 61.8 1.5 —2.4
1.19 | 61.0 61.8 0.8 —1.3
G O O e o 48.4 49.8 1.4 —2.8
0B il as s sata e ana 38.1 36.7 1.4 +3.8
N e ot e e+ A e it 72.7 ‘ 69.4 3.3 +4.8
.44 |..ooiiiiiia]e e 87.4 53_.3 3.6 +4.3
PINE RIVER, 12-foot flume
1.70 ’ I 110.7 ‘ 109.3 ‘ 1 I +1.3
CATLIN CANAL, 12-foot flume % ?
2.48 | 1.74 ‘ 70.0 i 195.0 | 200.0 ‘ 5. ‘ —2.5
ROCKY FORD CANAL, 12-foot Alume *
IR AR | | R, et ! 114.1 116.5 2.4 ‘ —2.1
1.73 S B | e ] ] 109.7 112.3 2.6 —2.3
1.71 0.52 30.0 108.2 110.2 2.0 —1.8
1.27 0.86 65.0 68.9 . 68.4 0.5 +0.7
1.35 1.23 01.1 66.5 _QS.S 2.1 —3.1
FORT BENT CANAL, 14-foot flume !
R T ] P R 23.4 | 23.9 0.5 —2.1
s e I (NP RE T | 70.3 | 65.6 1; +2.5
LAMAR CANAL, 15-foot flume ?
T2h: Leeinnes 1083 .0 82.6 0. +0.5
B [ e e 111.8 !1!_].6 15 +1.1

See footnotes at end of table.
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ROCKY FORD HIGHLINE CANAL, 15-foot flume*

Heads Discharge
Ratio S Deviation
Ha Ha Current
Ha Hp meter Computed Difference
Feet Feet Percent Bec.-ft. Sec.-t. Sec.-ft. Percent
2 R e 45.5 44.6 0.9 +2.0
4.61 4.37 094 .8 l 1463.7 478.5 ‘ 13.8 —2.0
1.39 0.26 19.0 12100.8 97.9 2.9 +3.0
HOLBROOK CANAL, 20-foot flume ™
1.00 0.82 82.0 .5 75.4 0.9 —1.2
2.65 2_58 07 .4 0 249.5 1.5 —0.6
0.84 S, e .8 57.7 1.9 —3.3
1.57 1.31 83.4 9 153.8 2.1 +1.4
2.30 1.81 78.8 7.4 289.1 1.7 —0.6
0.93 0.43 46.2 .8 67.9 1.1 —1.6
Ly T PR R L 62.1 1.0 +1.6
1.08 0.38 35.2 .3 86.2 2.1 2.4
1.43 1.10 77.0 139.0 135.2 3.8 +2.8
1.00 0.25 25.0 77.2 76.3 0.9 +1.2
3.40 2.14 63.0 547 .5 540.3 7.2 +1.3
3.45 2.79 81.0 w546.0 344 .8 1.2 +0.2
3.08 2.14 70.7 453 .4 449 .8 3.6 +0.8
3.31 2.08 62.8 520.9 517.6 12.3 +2.4
2.27 0.74 32.6 272.7 10.4 —3.7
1.56 0.50 31.8 161.6 6.3 +4.0
1.57 | 0.60 38.2 160.2 3.3 +2.1
1.42 1.15 81.0 130.0 | 2.2 —1.7
2.08 1.86 80 .4 227.0 2.0 +0.9
"2 .07 1.80 87.0 249.5 18.7 +8.1
1.71 1.24 72.5 178.0 1.9 | —]1.1
1.55 1.50 096.8 119.1 1.1 +0.9
1.94 1.87 096.4 174.1 6.9 +4.1
4.97 4.68 94.2 757.2 | 30.2 +4.1
2.36 2.13 90.3 280.7 11.7 +4.3
1.80 1.51 3.9 106. 1 ‘ 100.3 5.8 +3.0
3.55 3.16 80.0 504 .0 521.0 17.0 —3.3
ANTERO RESERVOIR OUTLET, 20-foot flume *
2.04 ‘ 1.41 | 69.0 | U238.9 J 238.6 0.3 { +0.1
BIJOU CANAL, 20-foot flume®
2.53 2.33 92.1 289.0 288.0 1.0 +0.3
1.00 0.26 26.0 76.8 ‘ 76.2 0.6 +0.8
1.35 0.66 48.9 13125.3 123.2 2.1 +1.7

Bee footnotes at end of table.
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COLORADO CANAL, 30-foot flume ®

Heads Discharge
Ratio —— — — Deviation
Ha Hg Ha /Ha Current Computed Difference
meter
Feet Feet Percent Sec.-ft. Sec.-ft. [ See.-ft. Percent
2.29 1.57 68.6 426 .4 425 .6 0.5 +0.1
3.66 3.27 80 .4 BROZ.6 803.0 0.4 —0.1
1.93 0.67 34.8 | 325.3 324.0 1.3 +0.4
FORT LYON CANAL, 40-foot flume 12
1.29 222.7 225.4 2.7 —1.2
0.92 120.6 131.3 Ly —1.3
1.45 276.0 271.8 4.2 +1.5
1.46 278.9 274 .8 4.1 +1.5
1.60 324.9 318.2 | 8.7 +2.1
1.14 184.9 185.0 0.1 —0.5
1.85 410.2 401.4 8.8 +2.2
2.37 595.4 506.6 1.2 —0.2
P M At 20176.5 177.3 0.8 —0.5
2.80 1.30 46.5 774.1 779.0 4.9 —0.6
2.77 0.95 34.3 751.8 765.7 13.9 —1.8
£ B Jedevwrsmamen s cansmvies 1464 .0 1496.0 32.0 —2.1
3.43 2,00 58.3 1054.0 1077 .8 23.8 —2.2
1.39 260.3 254.1 6.2 +2.4
1.25 214.5 214.4 0.1 +0.5
1.08 165.9 169.5 3.6 —2.1
2.01 820.6 828.5 1.1 +0.1
8.08 |...oa 016.5 907 .3 9.2 +1.0
Bl N N i R G e 1107.1 1108.2 1.1 -—0.1
3.85 1.17 30.4 1305.4 1206.7 8.7 +0.7
4.00 1.31 32.8 11360.3 1378.5 11.8 +0.9
3.19 974.0 950.7 14.3 +1.5
1.7, 386.7 377 .4 9.3 | +2.5
1 Staff gage in stilling well. 1 Figure 2.
2 Figure 24. # Figure 16. View taken Aug.
3 Staff gage on flume wall. 6,1980; Ha = 8.44 ft.; Hs =
¢ Figure 1. 2.76 ft., submergence = B0
5 Poor gaging conditions. percent; discharge==5660 sec.
¢ Figure 25.

* Ha gage checked July, 1931, and found to be 0.06 high.
8 Heads indicated by instrument illustrated in Figure 21.
® Figure 26.
10 Figure 27.
U Figure 11.
12 Figure 10.
13 Heads observed by using special indicating tapes.

ft.
* Value doubtful.
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Figure 24.—Ten-foot Parshall Measuring Flume, discharge 27 second-feet, Fort Bent Canal.
(See Table X.) In 1930 this was changed to a 14-foot flume.

Figure 25.—Twelve-foot Purshall Measuring Flume, discharge 149 second-feet, free flow,
(See Table X.)

Horse Creek Lateral near Torringtom, Wyoming.
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Figure 26.—Twelve-foot Parshall Measuring Flume, discharge about 50 second-feet, no sub-
mergence, Catlin Canal. (See Table X.)

Figure 27.—Fifteen-foot Parshall Measuring Flume, discharge 83 second-feet, no submergence,
Lamar Canal. (See Table X.)
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SUMMARY

The Parshall measuring flume has been found accurate
enough to meet practical irrigation requirements under condi-
tions where sand and silt had given trouble in the old type of
rating flume.

The range of capacity of the measuring flume extends from
less than 0.1 second-foot for the 3-inch flume to more than 2,000
second-feet for the 40-foot flume.

The successful operation of the flume depends largely upon
the correct setting of the elevation of the crest above the grade
of the channel, and on precise construction to correct dimensions.
It is recommended that these flumes be built in straight canal
sections.

The cost of the large flumes varies with the size and material
used. Ordinarily, for reinforced concrete construction, this cost
may be approximated at about $100 per linear foot of crest
length. The frame structures generally cost less than the con-
crete. The 20-foot timber flume is the largest frame structure
thus far constructed.

The problem of economically selecting the proper size and
setting of flume to meet the requirements of measurement, is
best determined by the use of the loss-of-head diagram.
(Fig. 23.)

A practical and efficient flushing system has been provided
for cleaning the Hy and H; gage wells for flumes operating
under severe sand and silt conditions.

A special recording and indicating instrument has been de-
signed for operation in connection with the large Parshall mea-
suring flume.

This type of flume will measure irrigation water supplies
efficiently and accurately. It is rapidly replacing the ordinary
rating flume, especially where the deposition of sand and silt
has been a serious problem.




