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ABSTRACT

CALIBRATION OF PARSHALL FLUMES WITH
NON-STANDARD ENTRANCE TRANSITIONS

The 9-inch and 18-inch Parshall flumes with the throat section installed level with the
bottom of an incoming pipe were tested. The measured discharges for given flow depths (free
flow) or differences in flow depths (submerged flow) were found to deviate quite significantly
from the computed standard Parshall flume discharges at both low and high flow rates. New
empirical formulas have been developed to take such deviations into account. It is noted that the
values of the coefficients and exponents contained in the new formulas depend on the throat size
of the flume and the slope of the incoming pipe. Calibration curves and tables were prepared for
convenient application of the new formulas.

Chen, Cheng-lung, Calvin G. Clyde, Min-shoung Chu, and Chi-Yuan Wei, “Calibration of
Parshall Flumes with Non-standard Entrance Transitions,” Utah Water Research Laboratory
Report PRWG102-1, Utah State University, Logan, Utah, March 1972.

KEYWORDS—calibration, flow measurements, hydraulics, hydraulic structures, Parshall flumes,
sewer
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EXPERIMENTATION

The waterway dimensions of the 9-inch and 18-inch
Parshall flumes shipped to the laboratory were checked
and found to conform with those in the latest revision of
the U.S. Department of Agriculture Soil Conservation
Circular No. 843.(6)* The material used for the flume
liner is fabricated in one piece trom polyester resin
reinforced with fiberglass. The thickness of the flume
walls is a minimum of 1/4 inch.

The entrance and outlet transitions of the 9-inch
and 18-inch Parshall flumes were made of steel sheet in
conformity to the dimensions specified in the contract, as
shown in Figure 1. The transitions were thinly coated
with cement mortar to provide the same roughness as
smooth concrete pipe. Specific attention was called to the
arrangement of the entrance transitions. For example, the
bottom of the entrance transition of the 9-inch Parshall
flume changes uniformly from an 18-inch semi-circular
section to a bottom corner point on a 22-5/8 inch
rectangular section in a length of 16-1/2 inches. The
bottom (invert) of the entrance transition is level. The
transition has vertical flat walls above the center line of 18
inch approach pipe. The flat side walls of the transition
bend outward 8 degrees from the spring line of the
18-inch pipe.

Data taken during the experiments are the discharge
Q, and the flow depths, H, and Hy, in stilling wells
(Figure 1) at the specified locations in the entrance
section and the throat of the Parshall flume, respectively.

The fluid used for the test was Logan River water
from the reservoir which supplies the laboratory.

Tests on the 9-inch Parshall flume

The incoming 18-inch diameter concrete pipe for
the 9-inch Parshall flume is 24 feet in length and the
outgoing pipe is 8 feet in length. The testing arrangement
for the 9-inch Parshall flume is schematically depicted in
Figure 1 and photographed as shown in Figure 2. The
incoming pipes were set at varying slopes of 0.35, 0.45,
0.60, and 0.80 feet in 100 feet. At each slope setting, tests
were conducted over the full range of flow capacities and
conditions stated as follows:

*Superscript numerals refer to the corresponding references.

The tests were supposed to be conducted by using:
increments of flow of 1 cubic foot per second (cfs)
between the range of 1 cfs and the specified full-flow
capacity of the incoming pipe (approximately 9 cfs).
However, during the test, it was discovered that the
depth-discharge relationships for this type of entrance
transition arrangement deviated quite significantly at
lower and higher flow rates from those for the standard.
Therefore, measurements on the flow rates less than 1 cfs
and higher than 9 cfs were also carried out. Fach
increment of flow was tested under both free flow and
submerged conditions with submergence being varied
approximately in 10 percent increments.

In the first series of tests (i.e., at a slope of 0.0035
of the incoming pipe), each increment of flow was
determined at the beginning and the end of each
increment of testing by using weighing tanks. At the same
time an elbow meter installed between the control valve
and the head tank was calibrated and read. To facilitate
flow measurements after the first series of tests, only the
elbow meter was used, but its calibration was checked
often using the weighing tanks.

The measured and computed data for each series of
tests on the 9-inch Parshall flume are shown in Appendix
Tables 7 through 10.

Tests on the 18-inch Parshall flume

The testing arrangement for the 18-inch flume is
similar to the one for the 9-inch flume (see Figures 1 and
3). The incoming and outgoing concrete pipes were 30
inches in diameter and 24 feet and 8 feet in length,
respectively.

Since the testing of the 18-inch flume was not
required to be as complete as that of the 9-inch flume,
only two series of tests (ie., at slopes of 0.0035 and
0.0080 of the incoming pipe) were performed. To check a
similar trend in the measured depth-discharge relation-
ships for the 18-inch flume, the range of flow rates tested
is approximately from 1 cfs to 20 cfs.

The measured and computed data for each series of
tests on the 18-inch Parshall flume are shown in Appendix
Tables 11 and 12.
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Figure 1. Schematic diagram of the experimental arrangement for 9-inch and 18-inch Parshall flume tests.



Figure 2. Oblique view of the experimental arrangement for the 9-inch Parshall flume.

Figure 3.  Oblique view of the experimental arrangement for the 18-inch Parshall flume.






ANALYSIS

Comparisons of test results with the
standard Parshall flume formulas

The standard 9-inch Parshall flume formula for free
ﬂOW lS(1 ,2a3s4’5)

1.53
Qg = 3.07TH, *

and the empirical (standard) formula for submerged flow

formulated by Skogerboe et al.(2) is

2.51(H, -1 >3
1.060

Qg =
[ - log (Hy, /H,) - 0. 0044]

in which Qg = the flow rate or discharge calculated from
the standard formulas; H, = the flow depth at the
specified location in the entrance section of the Parshall
flume; and Hy = the flow depth above the flume crest at

the specified location in the throat of the Parshall flume.

The standard 18-inch Parshall flume formula for
free flow is

and that for submerged flow is(2)

1.54
4.42 (Ha-Hb)

Q -

st = 1115
[ - log (H, /H,) - 0. 0044]

The transition submergence,(2) often called the
critical or incipient submergence, is the boundary value of
H,/H,, below which a free flow formula applies and
above which a submerged flow formula applies. The
theoretical values of the transition submergence were
found to be 0,63 for the 9-inch flume and 0.64 for the
18-inch flume.(2) These theoretical values are obtained by
equating Eq. 1 to Eq. 2 and Eq. 3 to Eq. 4, respectively. If
the entrance transition for the Parshall flume were

arranged differently from the standard one, the situations
would be complicated and determining the values of the
transition submergence would become difficult.

Measured depth and discharge as tabulated in the
Appendix were plotted on log-log paper. The measured
depth-discharge relationships for free flow in the 9-inch
Parshall flume were plotted in broken lines, as shown in
Figure 4, for different slopes of the incoming pipe. In the
same figure, the standard formula (Eq. 1) was drawn in a
solid line for comparison. There are apparent deviations of
the measured values from the computed standard values at
low and high flow rates. The lower or the higher the flow
rates are, the greater the differences between the
measured values and the computed standard values.
Furthermore the deviations depend on the slope of the
incoming pipe at low flow rates whereas they are
independent of slope at high flow rates. The percents of
error between the measured and computed standard
values, defined as

Q-9

Error (%) =

in which Q = the measured flow rate, are also tabulated in
Tables 7 through 12 in the Appendix.

The measured depth-discharge relationships for sub-
merged flow were similarly plotted for 0.0035, 0.0045,
0.0060, and 0.0080 slopes of the incoming pipe in Figures
5, 6, 7, and 8, respectively. In each of these figures, three
broken lines were drawn by interpolation to express the
measured depth-discharge relationships at 70 percent, 80
percent, and 90 percent submergence. The standard
formulas at the corresponding submergence (Eq. 2) were
shown in solid lines for comparison. There are similar
trends of deviation in the measured values at low and high
flow rates from the computed standard values. The trends
for larger slopes of the incoming pipe were more
significant.

The measured depth-discharge relationships for free
flow in the 18-inch Parshall flume were compared with
the computed standard formula (Eq. 3), Figure 9.
Similarly the measured and computed (Eq. 4) depth-
discharge relationships were compared for submerged flow
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in the 18-inch Parshall flume with 0.0035 slope, Figure
10, and 0.0080 slope, Figure 11, of the incoming pipe,
respectively. Note that the deviations of the measured
values for the 18-inch flume from the computed standard
values were more significant at low flow rates and less
significant at high flow rates than those of the correspond-
ing curves for the 9-inch flume over the ranges tested.

Formulation of new empirical formulas

For the development of new empirical formulas,
many curves representing simple mathematical functions,
or a combination thereof, were tried to fit the measured
points such as along the broken lines shown in Figures 4
through 11. Use of a single all inclusive curve in fitting all
the measured points and with the same value of a flow
parameter was extremely difficult. A simple method was
therefore developed to fit data points in segments with a
number of short-range curves (or lines on a log-log scale).
For convenience in expressing such a family of short-range
curves or segments in a form similar to the standard
formulas for both free and submerged flow, significant
factors which most affect the discharge had to be known.
A dimensional analysis was conducted for that purpose
and data points were then plotted against the significant
factors. New depth-discharge relationships or empirical
formulas so developed were generalized as follows:

For free flow [i.e., Hy/H, = (H,/H,), ]

and for submerged flow [i.e., Hy/H, = (H,/H,), |

c
H \ "3
Qn=C, Hacz ( - H—") ........ %)
a
in which Q, = discharge computed by new empirical

formulas; (H,/H,), = transition submergence; C,; and
Ci = coeff1c1ents and C, and C; = exponents. The values
of (Hb/H )i» Cip, Cys, C2, and C3 were found to depend
on the slope of the incoming pipe, S, and the throat size
of the Parshall flume. Note that the values of (Hy/H,),
were obtained by equating Eq. 6 to Eq. 7; namely

(:—:) (%) = [1 - (2—12)1/(:3] « 100 - - - (&

t

As mentioned previously, because of the difficulty
in fitting data points with one all inclusive curve, data
points for flow with the same value of submergence and
free flow in the 9-inch Parshall flume were fitted by three
short straight segments on a log-log scale as shown in
Figures 12 through 15. Data for the 18-inch Parshall
flume were fitted by two short straight segments as shown
in Figures 16 and 17. The values ofle,Cls,C and C,,
for each segment were determined by using the least-
squares method and are tabulated in Table 1 for free flow
in the 9-inch Parshall flume, Table 2 for submerged flow
in the 9-inch Parshall flume, Table 3 for free flow in the
18-inch Parshall flume, and Table 4 for submerged flow in
the 18-inch Parshall flume. Included in the tables are also
the values or expressions of H, for free flow or (H,-H,)
for submerged flow at a breaking point between two

Table 1. Values of C g, C5,and Hy; for free flow in the 9-inch Parshall flume.

Regions So 0.0035 0.0045 0.0060 0.0080
Region I,
H, ZH,, Cis 2.404 2.380 2.326 2.450
C, 2.060 2.049 2.048 2.055
H.u 1.585 1.631 1.685 1.474
Region I,
H,; S H, SH,,, Cit 3.028 3.056 3.037 3.013
C, 1.559 1.538 1.537 1.522
H, 0.810 0.622 0.601 0.831
Region III,
H, = H,, Cif 2.960 2.711 2.473 2.768
C, 1.451 1.286 1.134 1.063
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Figure 15.Free and submerged flow calibration curves for 9-inch

Figure 14 Free and submerged flow calibration curves for 9-inch

Parshall flume with 0.0080 slope of the incoming pipe.

Parshall flume with 0.0060 slope of the incoming pipe.
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Figure 17 Free and submerged flow calibration curves for 18-inch

Figure 16.Free and submerged flow calibration curves for 18-inch

Parshall flume with 0.0080 slope of the incoming pipe.

Parshall flume with 0.0035 slope of the incoming pipe.



Table 2. Values of C g, Cj, C3,and (H,-Hy), for submerged flow in the 9-inch Parshall flume.

Regions So 0.0035 0.0045 0.0060 0.0080
Region I,
Cs 3.365 3.349 3.363 3.563
(H,-Hy) = (H,Hyp),, C, 2.060 2.049 2.048 2.055
C; 0.315 0.310 0315 0.333
H H H H
(H,-Hy),, 1.494 Q- —b> |_l_—.‘593 ( - —b) 1.733 (1 - —b> 1 319( - —9)
H, : H_ E H, : H,
Region II,
Cis 4.115 4.248 4.454 4.130
(H,-Hp),,S H,-Hp) C, 1.559 1.538 1.537 1.522
< (H,-Hp),, C, 0277 0.297 0.329 0.282
1.277
H 2,056 o 1.03 H, 1122 H,
(H,-Hp),, 2.303 {1- o EJ:_836 1- 7 |:3_i841 1- H-) E% (1 - H—)
.a a a
Region III,
Cyq 4503 4.061 4.154 4.480
(H,-H)< (H,H,),, c, 1.451 1.286 1.134 1.063
C, 0.341 0.306 0.378 0.409

Table 3. Values of Cy, C,, and H,; for free flow in the

18-inch Parshall flume.
Regions S, 0.0035 | 0.0080
Region I,
H, ZH, Cys 5193 | 4.995
c, 1.851 1.910
H,, 1.079 1.428
Region 11,
H, =H,, Cye 5.491 6.588
C, 1.114 1.133
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segments or regions. These are denoted by H,, and
(H,-Hy), , respectively, for free flow and submerged flow.
It follows from the experimental results that there are two
breaking points in the 9-inch Parshall flume (Figures 12
through 15), but only one in the 18-inch Parshall flume
(Figures 16 and 17). In order to distinguish between two
breaking points, subscripts 1 and 2 are further attached to
the preceding notations. Therefore, H,,, and H_,, are
used to denote those for free flow and (H,-H,),, and
(H,-H,),,, for submerged flow in the 9-inch Parshall
flume (see Tables 1 and 2). Specifically, in terms of
coefficients and exponents in region I (denoted by
superscript I) and region II (denoted by superscript II), it
can readily be shown that

; 1 II
c 11 l/(CZ -C37)
1f
H = —
atl c I
if



for free flow and

I
1c, -ch 1+(C3-C(Cy-Cy)

<y Hy

(H-H ) =\—— 1-—

a bt CI Ha
1s

for submerged flow. The H,,, and (H,-H,),, between
region II and region III can be expressed accordingly.

Likewise, the values of H,, and (H,-H,), for free
flow and submerged flow in the 18-inch Parshall flume
were calculated in accordance with Eqs. 9 and 10,
respectively. These values along with the values of C,,
Cis» C,, and C; for different slopes of the incoming pipe
were tabulated in Tables 3 and 4.

For each slope of the incoming pipe, the values of
Cy¢> C s and C; in one region are different from those in
the other region. Thus, the transition submergence, as
calculated by Eq. 8, has different values for different
regions (see Tables 5 and 6).

Table 4. Values of C,, C,, Cj3, and (H,-Hy), for
submerged flow in the 18-inch Parshall flume.

Regions So 0.0035 | 0.0080
Region I,
C,, 8.067 7.224
(H,-H,) =(H,H,), |C, 1.851 1.910
C, 0.304 0.263
0.559 0.672
H . H
(H,-Hp), [‘_‘o.jssje( - H—") 7909 ( - —")
a Ha_
Region II,
C,, 5.303 6.708
(H,-H,) = H,-H,),| C, 1.114 1.133
C, -0.021 0.008

New empirical formulas, Eqs. 6 and 7, with the
values of C,4, C,, C,, Cy, and (H/H,), so determined
were used to compute the discharge (Q,) by inserting the
measured values of H, and H,/H, into the equations. The
error involved in using the new empirical formulas for the
estimation of the discharge (Q,) in comparison with the
measured discharge (Q) was calculated by

Q -Q

Error (%) =( nQ

)x 100

Table 5. Transition submergence (Hy,/H,), in percent for

9-inch Parshall flume.
Regions S 0.0035| 0.00451 0.006010.0080
I 65.6 668 | 690 | 67.5
II 67.0 67.0 68.8 67.3
111 70.8 73.3 746 | 69.2

Table 6. Transition submergence (Hy/H,), in percent for

18-inch Parshall flume.
Regions S, 0.0035 0.0080
| 76.5 75.4
11 81.0 89.5

17

For comparison, calculated values by using the new
empirical formulas were all tabulated in Tables 7 through
12 in the Appendix.

Development of new calibration
curves and tables

As shown in Figures 12 through 17, new calibration
curves for free flow and submerged flow were prepared
for each Parshall flume. For convenience, the calibration
curves for both free flow and submerged flow were
plotted in the same figure on log-log paper: Q as the
ordinate, H,-Hy as the upper abscissa for submerged flow,
H, as the lower abscissa for free flow, and submergence
(H,/H,) as the varying parameter.

Theoretically speaking, the transition submergence
line should coincide with the calibration line for free flow,
as was successfully accomplished by Skogerboe et al.(2)
for the standard formulas. It could not be done in such a
way, however, in the case of the new empirical formulas.
Because the calibration line for the new formulas is
composed of either three portions for 9-inch Parshall
flume or two portions for 18-inch Parshall flume, there
are three (or two) different values of the transition
submergence for each slope of the incoming pipe (see
Tables 5 and 6). Therefore, the calibration line for free
flow could not be made to match all of the three or two
transition submergence lines having different values. In-
stead, the major portion of a transition submergence line
in the smallest value was adjusted to overlap approxi-
mately the calibration line for free flow. The areas
between the other transition submergence lines and the
calibration line for free flow were then crosshatched, as
shown in Figures 12 through 17, with the understanding
that any measured point falling within the shaded areas
would be considered as free flow and the calibration line
for free flow should be used.



For convenience for practical application of the new in the Appendix. Note that in the submerged flow
formulas, calibration tables for free flow (Table 13) and calibration tables, only those flow rates with the smallest
submerged flow (Tables 14 through 19) were constructed value of the transition submergence were tabulated.
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DISCUSSION

As demonstrated, a short Parshall flume entrance
transition of non-standard arrangement (Figure 1) causes
higher readings in discharge for given H, or (H,,-Hy) at
low and high flow rates than the computed discharge with
the standard transition. The effect of such a non-standard
entrance transition with different slopes of the incoming
pipe on the measured Q, H, , and Hy, is quite significant at
such low and high flow rates. This may be due mainly to
the high approaching flow velocity in the incoming pipe
which cannot adjust fast enough in such a short transition
section to yield the usual standard flow pattern at the
specified locations of measurement for H, and Hy in the
Parshall flume. A typical example of low flow and that of
high flow is shown in Figures 18 and 19, respectively.

For the 9-inch Parshall flume, the specified arrange-
ment that the flat side walls of the transition bend
outward at 8 degrees from the spring line of the 18-inch
pipe may not prevent separation of the flow from the
boundaries, specifically at low flow rates (see Figure 18).
Generally, a wall deflection of somewhat less than 4
degrees can insure freedom from separation. However, an
overall expansion rate of such magnitude would result in
an excessively long transition which may not be justified.
If the flow in the system is debris- and sediment-free, the
use of intermediate guide walls with angles of approxi-
mately 7 degrees would control the flow locally and yet
would greatly reduce the length of the transition structure
as a whole. Unfortunately, this kind of arrangement may
not be satisfactory for a storm or sanitary sewer in which
a great amount of debris and sediment is transported with
water.

It is true that the standard formulas can be more
conveniently adapted to recording equipment for Parshall
flumes than a set of new empirical formulas. However, an
application of the standard formulas to Parshall flumes
with such non-standard entrance transitions is not
justified because use of the standard formulas tends to
underestimate both low and high flow rates. It appears
that with the larger throat size of the Parshall flume and
steeper slope of the incoming pipe, the more significant is
the underestimation of discharge at low and high flow.
The convenience in the adaption of the standard formulas
for recording equipment evidently cannot offset the loss
in revenue resulting from the underestimation of dis-
charge, especially at high flow. If one insists on using the
standard formulas for recording equipment, it is advisable
to install between the first transition and the Parshall
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flume another uniform transition in rectangular cross-
section with the same size as the Parshall flume specified.
This also is a problem, however, because not all the field
situations will permit such an installation. Further experi-
ments will be required to determine the least length of the
second transition for different slopes of the incoming pipe
and for Parshall flumes of various throat width.

New empirical formulas or depth-discharge relation-
ships for a Parshall flume of any throat size with a
non-standard entrance transition, such as shown in Figure
1, have been developed as shown in a general form in Eqs.
6 and 7 for free flow and submerged flow, respectively. As
mentioned previously, data points in broken lines (Figures
4 through 11) have been fitted to the accuracy of least
squares with three or two calibration line segments of a
type of Egs. 6 and 7 (Figures 12 through 17). The values
of the coefficients and exponents in Eqs. 6 and 7 (see
Tables 1 through 4) depend on the throat size of the
Parshall flume and the slope of the incoming pipe.
Specifically, for a 9-inch Parshall flume, note that the
values of C;¢ and C, in region II are very close to the
respective standard formula values, 3.07 and 1.53 (see Eq.
1). The result is not surprising when one considers that in
region II are moderate flow rates on which the effect of
the slope of the incoming pipe is a minimum. This is not
true, however, for the 18-inch Parshall flume (see Table
3).

The general form of Eq. 7 for submerged flow may
be misleading because the true expression for discharge
based on a dimensional analysis is

C3-C
fh) TS

H
a

Q

C2

n = Cpg (Ha-Hy) }
which can be transformed into Eq. 7. Calibration curves in
Figures 12 through 17 for submerged flow were actually
based on Eq. 12, in which H, -Hy, has been plotted in the
figures as the abscissa and Hb/ H, as the controlling
parameter. An extensive study of data points reveals that
the validity of Eq. 12 starts breaking down for sub-
mergence greater than 90 percent.

Analysis was made of errors involved in the
computation of discharge by using the standard formulas,
Egs. 1 through 4, and those by using the new empirical
formulas, Eqgs. 6 and 7. Errors (differences) between the



measured and computed values were calculated by using
Egs. 5 and 11, respectively, for the standard formulas and
the new empirical formulas. An electronic digital com-
puter was used to calculate Qg, Q,, and hence the errors
on those data points for 9-inch and 18-inch Parshall
flumes with different slopes of the incoming pipe. These

are tabulated in Tables 7 through 12 in the Appendix. A
comparison between the errors computed by Egs. 5 and
11 reveals that except for few data points the error
involved in the prediction of discharge by using the new
empirical formulas is in general smaller than that by using
the standard formulas.

Figure 18. Typical view of low flow in the entrance section of the 18-inch Parshall flume. (Free flow, Q = 1 cfs, H, =
0.191 ft, the slope of the incoming concrete pipe = 0.0080, facing upstream.)

Figure 19. Typical view of high flow in the entrance section of the 18-inch Parshall flume. (Submerged flow, Q = 15 cfs,
H, =2.02ft,H, = 1.82 ft, 90% submergence, the slope of the incoming concrete pipe = 0.0035, facing

upstream.)
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SUMMARY AND CONCLUSIONS

The 9-inch and 18-inch Parshall flumes with the
specified non-standard entrance transitions were tested
and the results of the experiments have been presented in
this report. The measured depth-discharge relationships
for free flow and submerged flow were plotted on log-log
paper and then compared with the standard formulas. The
measured discharge for given H, in free flow or H,-H in
submerged flow has been found to deviate quite signifi-
cantly from the computed discharge by using the standard
formulas, especially at both low and high flow rates. New
empirical formulas have been developed for the mathe-
matical expression of the measured depth-discharge rela-
tionships for 9-inch and 18-inch Parshall flumes with
non-standard entrance transitions. The values of the
coefficients and exponents in the new empirical formulas
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have been found to depend on the throat size of the flume
and the slope of the incoming pipe. For the purpose of
practical application, calibration curves of the flumes
tested were constructed on log-log paper and are tabulated
in the Appendix.

This investigation has shown that the larger the
flume throat size and the steeper the slope of the
incoming pipe, the greater is the difference between the
actual flume flow and the flow predicted by the standard
formulas.

Use of a Parshall flume with such non-standard
entrance conditions without further calibration of the
flume is to be avoided.
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APPENDIX

For compilation of measured and computed data,
an electronic digital computer (UNIVAC 1108) was used.
Tables 7 through 10 are measured and computéd data on
the 9-inch Parshall flume and Tables 11 and 12 on the
18-inch Parshall flume. Note that in these tables, the
values of Hy, Hy/H,, and H, -H,, for some data points are
omitted. These are the free flow data for which Hy was
not measured during the experiments. The errors com-
puted in these tables confirm the fact that the new
empirical formulas tend to give poor results for sub-
mergence greater than 90 percent but are good otherwise.

Calibration tables for free flow in the 9-inch and
18-inch Parshall flumes with various slopes of the incom-
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ing pipe are constructed, as shown in Table 13, for the
range of H, from 0.10 to 2.00 ft in 0.01 ft increments.
The table approximately covers the computation range of
discharge from 0.1 to 10 cfs for 9-inch Parshall flume and
from 0.5 to 20 cfs for 18-inch flume. Calibration tables
for submerged flow in the 9-inch Parshall flume are shown
in Tables 14 through 17 for computed discharge up to 15
cfs, and those for 18-inch flume in Tables 18 and 19 for
computed discharge up to 20 cfs. Although the computed
discharges at 95 percent submergence are also given in the
tables, these values are only shown for the purpose of
understanding the characteristics of Eq. 7 and therefore
are not recommended for use in any event.
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Table 7. Test and computed data on the 9-inch Parshall flume with 0.0035 slope of the incoming pipe.

Table 7. Continued.

H
a

ft

+«365
.373
385
479
405
-4 00
.6 U6
728
.532
550
-540
<605
670
.533
<560
554
-773
.777
.822
.798
. 783
.809
.838
.84
813
.821
1.0 39
.988
1.1€0
1.182
1.026
“.998
1.372
1.488
1.218
1.188
1.1°5
1.244
1.317
1.284
1.4 26
1.497
1.608
1.739
1.363

Hy

ft

1.015
1.048
702
<455
1.195
1.33
-208
-hl2
+66 1
«921
1.091
1.746
1.231
«991
1.592
«799

Hb/Ha Ha-H

%
7U.91
78,55
89.37
57.04

S0.40
94,37

T7l.u48
60.59
81.60
87.76
28433
T7.77

32.1¢6
48.52
79.20
69.92
69.37
78.99
83.77
83.97

80.75

87.50
83.66
68a42
45.59
87.10
9y.cl
6638
51.52
55.31
T4.08
82.88

73.35

82.22
70.49
91.52
58.65

ft
-10¢2
083
-049
-1 71

.062
-0 4]

«157
«213
-111
-0 92
«382
.124

«524
<400
.17
<240
<240
«1 70
«136
-100

«205

«145
-134
«324
<543
«177
-135
«40N9
«57h
538
«322
225

<380
266
U415
<147
<564

b

Q

cfs

.72

.72

-T2

.72

«77

-78
l1.02
1.02
1.15
1.16
1.20
1.20
1.20
1.21
l1.21
1.25
2.02
2.03
2.02
2.02
2,03
2.03
2.03
2.03

2.25

2.74
2.88
.00
Z.01
X.01
I.01
3.03
3.93
3.933
3.9
3.97
3.97
3.98
3.98
4.43
4.79
4.85
4.86
4.86
4.87

Qst

cis

«65 7

-850

633

.06

770

«756
1.098
1.150
1.13 9
1.175
1.195
1-208
1.247
1.17 2
1.132
l1.244
?2.070
2.187
1.238
2.0%83
70048
1.957
1.914
?.150
2.237
2.270
2.819
3.01 4
2.909
?2.307
3.11 4
3.061
3.797
3.R76
4.097
3.996
4.032
3.994
2.88 5
4.500
4.958
4.78 1
4.971
4.R825
4,931

@_,-Q)/Q

%
=-9.15
-10.04
-12.47
=239
27
=3.17%
7.64
12.73
1.54
1.26
-e76
«35
3.51
-3.12
-6 4 8
-+51
2.44
2.65
-1<26
3.60
1.08

-3.51

-5.80
5.82
-«50

-2.98

=210

46

-3.39

=3.53
3.30
l1.04

-3.39

-1.36
3.71

55
1.56
«36

-2.40
1.59
3.51

=1l.01

228
-e73
1.25

R -)/Q

%
-5.15
=227
-7.59

Tl 2
3.84

o1
19.91
28.01
3.01
bel k4

47
B4 3
13.47
~1.83
-2.10

51

80

«96
4.87
8.82
614
2.28
1.75
1°.03
-2.514
-4 .85
5.00
-«95
T84
R.13
9.39
-34
7.70
12 .95
4.21
~e23

<69
6.92
640

«93
1065
7.59
9.20
14.63

76

H
a

ft
l.640)
1.639
1.520
1.54]
1.571
1.520
1.88S8
1541
1.797
1.7849
2.211
1.722
2.090
1.688
1.69]
1.832
1.916
1.766
1.695
1.726
2.041
2.195
24220
1.913
1.901
1.862
1.825
1.817
1.817
1.810
1.828
?.355
24142
2.0u40
1.964
2.163

Hy

ft
1.489
1. 300
«871
-989
1.126

1.708
1.577
1.32395
2.u71
1.196
le.911

«936
len21
1.514
1.679
1.7
1.002
1.0186
1.778
1.9349
2.018
1.525
1.488
1.%4
1.178
1.094
7.139
1.758
1.507
1.195

H -
Hb/ a Ha H

%
A9.33
79.12
57.30
6u4.18
71.87

90.4u3
87.175
77.98
33.65
69.45
91.44
$9.00
bU. 4y
82.44
. 87.83
76.30
$9.12
58.86
87.11
SU.66
Sue
79.72
73.27
70657
64455
60.71
90.83
82.07
73.87
60485

ft
-17%
«332
649
«552
<445

-181
«220
«394
=14}
<526
-179
«R92
«RTD
«322
«237
418
<693
-710
«263
«2 0%
~212
«388
412
+548
«647
«723
<216
«384
»537
«769

Qst

cfs

u.Nn2?
S.73%
5.926
5.239
5.834
5.826
5665
SeS4 9
S.h49
Reh73
6.465
6827
Rau0 7
f.339
R B5 R
felBS
6.249
£.673
f.883
T.U76
6£.959
7.078
7148
Te225
7.225
7633
7.680
T7.655
7.655
7.610
7.726
7.841
8.288
8.533
8.623

Q

n
cfs
Se35u
64216
5.816
£ 3 62
5?2 53
5.8 1F
6512
5.9 42
he3 T2
T.278
7 .5 86
7.33u
T4 34
7.068
7.09%
7.175
T.056
7.202
7.129
7.500
7 .8 60
8.18%
8.2 80
7.875
7.321
8.2 38
8301
B2 26
B2 7%
8.1F1
8 <372
9.257
9404
9.577
9.5 56

9.995 11.780

(Qst'Q)/Q

%o
-3.a45
-1.56
-a45
.99
-e30
-1.09
-5.89
-2.47
-7T<.RS
-l.403
=5.21
~e62
-7.55%
-2.29
-?2.03
-T.36
~10.73
-5e34
"=3.51
~1.06
~10.83
-3.72
-8.83
~7.96
-8.41
“4.41
-5.30
-5.73
-5.73
-7.42
-5«01
-17.19
-1%.24
~10.72
-1N.19
=23.47

@, -Q)/Q

%o
9.72
6«70
~ef61
l1.04
516
-1.25
8.17
=259
3.94
677
11.23
fe76
7.27

.98
1.35
1.78

81
2.16
-.06
3.47

«57
4 .38
5.6 1

33
-.55
3.17
236
1.31
1.31
~e72
1.33
3.66
=1.56

«19
«57
-9.80
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Table 8. Test and computed data on the 9-inch Parshall flume with 0.0045 slope of the incoming pipe.

Table 8. Continued.

ft

.351
<362
.363
.3%6
<479
+4 30
473
<484
-4 8%
.47
.512
.52y
<643
.615
<637
.749
.745
-786
.24y
<897
<771
.798
-966

1.147
.977

1.080
<955
.52

1.166
.986

1.4 26

1.306

1-197

1.165

1.157

1.920

1.449

1.483

1.585

1.688

1.5638

2.055

1.5688

1.803

1.912

Hy

ft

752
-?27°
- 302
-435

«325
e Wy
«383
. 407
«555
«534
«UR7
. 432
«229

«573
«725
.779
.Su7
. 661
-2 6
1.987
881
.19
~u87
-U20
1.006
+FR 8
1.287
1.133
.918
«RT7
-S91
1.784
.12
.23 9
1.791
1. 496
.54
1.867
+»992
1.417
1.655

Hb/Ha Ha-H

%
69.6R3
77.06
82.58
90.92

67.15
7T0.22
78.01
79.48
£9.52
20.82
75.95
67.8
30.57

7342
85.85
B6.85
7d.9
80.33
83.68
4.73
90.18
85.07
5Ue 6
44.12
87.51
69.79
90 .26
86.71
76.66
58.11
51.04
92.94
56.05
67.25
81.45
88.63
58.26
QU.8S
58.20
78.59
86.56

ft

-110
-G83
+0 50
+Du3

«159
-141
-109
105
-0 RS
.05
o148
«20%
-520

.207
-11°
.118
228
-157
.10
.060
<09f
.18l
~468
.532
“1u?
2298
.139
1T
.279
«4 38
587
.135
<637
484
2
.19?
.68s
.188
-696
«386
.257

b

Q

06

NN NN r b et bt b et ot ol et et et e
[T Nl o
RORRUISPBEURFRRE

)

204
2.8
2.3
2.84
2.85
2.85

3.63 -

3.65
3.65
3.83
3.88
5.37
S.40
S.40
Se40
S.40
6. 80
6.85
6.95
6099
6.99

Qst

cfs

.6 9
626
«S8 7
«551
.68 4
-84 4
«377
934
974
«94 0
+35 4

1.n58
1.u76

1.334

1.507

1.973

1.957

1.9% 8

1.856

1.993

1.977

1.880

?2.076

2.215

2.083

2.753

2.8 1

2.847

2.848

2.905

3.703

3.554

3.666

3.8718

3.839

S.343

S.413

5.509

5.280

S.021

6.5%2

6361

6.839

6.701

f.388

Q

n
cfs
- 705

<773 .

- 702

Nt

-7 56

<916
1.3
1 .00 66
B}
0 un
057
-1 01
-1 08
1.405
1.518
1.959
1 .943
1.967
1.5 730
1.3¢68
1.%42
1.8652
2.052
2.188
2.058
2.718
2 <8 47
2.8 32
2 .817
2315
3.671
3.518
3.6 36
3.865
3826
S.o04
5404
5587
5.220
4.9393
6542
5«3 80
R <958
6.9 48
Be7 84

e e b

Q_,-Q)/e

%

-15.13%
-14.10
-19.45
-24.40
-5 .70
-7.26
-7.89
~5.21
-8.16
11.33
-9.04
-.18
1.52
-2.63
T a.,03
3.83

© #35
-.08
-5.78
1-19
~2.11
-5 494
2.76
12.62
209
-2.37
1.10
26
-<08
1.8S
2.02
-2.63
.16
1.26
~1.086
-e50
2l
202
~2.21
-7.02
-3.94
-7 4
~1.59
-4a1 b
-8.62

Q -Q)/Q

%

-3.25
53
-3 406
=10.31
3.76
-<03
=234
53
.99
=) 92
-e29
3.90
4.53
257
w.u0
3.12
~e35
~<16
~7.09
~el2
~3 .86
-8.29
1.58
8.33
-91
=357
-60
-<23
~1.1%
222
l1.14
=361
-<65
«92
-1.39
4.35
-08
3.46
~3e14
=754
~3 .80
1.90
11
-<58
=2.94

ft

1.712
1.951
?.1569
1.772
1.783
1.795
1.841
?.119
1.959
t.840
1.808
2.292

By

ft

1.m7
lef21
1.977
1.059
1.111
1.172
1.323
1.773
1.571
1.7272
1.094
?2.073

Hb/Ha Ha-H

%o
64,8
83.03
91.15
59.76
62.7%
6£5.29
71.86
88.u2
84.13
69.13
60.61
90.46

b
ft

«€E15
-3 36
«192
«713
«672
«623
«518
.2 45
.38
<568
«711
«219

Qst

cfs

f.S8 0
T.061
.04 4
737
7.437
7.451
7.425
7.145
Ttk 2
7.574
7.578
7.607

Q

n
cfs
7. 82
7 <593
7.718
7.6 86
T.784
7.8°
7.8
7395
8 .0 41
8.115
7.982
8 .8 41

(Qst-Q)/Q

%

-1.69
-7.57
M.l
-4.33
-2.u2
=3.11
=357
-10.13
~5.97
-5 4 4
-5.86
-14 .53

Q -/

%o
«87
-«6 2
1.02
-e19
1.U9
2.49
2.52
.56
«51
131
~«85
-«66
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Table 9. Test and computed data on the 9-inch Parshall flume with 0.0060 slope of the incoming pipe.

Table 9. Continued.

H
a

it

«271
«?2F9
272
273
409
388
428
<549
525
.597
R Ul
553
487
506
.5u7
.788
799
1.0632
1.121
-308
1.158
817
929
-809
86U
1.224
595
1.080
.285
1.185
1.189
1.202
1.228
1.354
1.543
1.353
1.405
1.515
1.968
1.757
1.556
1.574
1.872
1.689
1.603

H,

ft

177
-193
.218
.373

«38S
454
-« 348
-514
« 576
«u52
-322
- 400

.61
.638
.o48

1.056
LT77

1.097
«?292
P05
.u57
.591

1.ms
.592
.R4q
Su4E
<614
.515
.708
843

1.148

1.404
- 74 4
.99

1.267

1.874

1.622
«837
«9396

1.685

1-348

1.125

Hb/Ha Ha—H

%

65.80
72.79
79.85
91.20

71.24
R2.74
6R.29
86.45
89.91
81.66
66.05
79.05

71.76
79.80
91.86
94.1F
85.57
94.73
35.74
86.66
556042
80. 35
3954
59.54
79.34
45.23
S1.84
51.81
58.°0
6853
84.79
90.93
55.00
70.739
83.63
95.02
92.72
57.65
63.23
90.04
79.81
70.18

ft

<092
«3 7
-Jss
-0 3R

«123
«09
<177
-083
<065
-101
166
-106

<225
-161
.0 84
065
<131
<061
.528%
124
352
-1569
.128
<403
219
.539
.57
573
R
.385
.206
.139
-509
<416
248
.gas
138
-659
578
.186
<341
478

b

Q

cfs

.59
.59
.59
.59
.53
.87
.28
.
.5

1.07

1.08

1.08

1.08

1.u8

1.17

2.00

2.00

2.00

2.01

2.01

2.02

2.11

2.11

2.13

2.15

2.83

2.95

2.%

2.93

3.95

4.01

4.01

4.01

4.01

4.m

4.88

4.88

4.38

4.88

4.90

6.02

6.05

6.05

§.07

6.08

Qst

cfs

«41 ¢
4038
-395
-3 7
532
«721
8010
l1.0620
1.13 1
l1.089
1.101
1.652
l.01 1
«953
1.088
2.037
1-.839
2.146

. 7245

2.088
2.307
2.253
2.11 4
2.220
2.107
2.993
047
2.94 3
X.000
3.980
4.001
4.068
4.0%5
3.913
4.086
4.7 4
4.9 3
4.749
S.14 3
4.759
6.038
6.159
565 3
S5.9% 4
6.08 8

Q
n
cfs

.5 63
.5 58
565
.520
<601
.8 45
<3 uy

1.0 83

19

1.100

1.057

1.119

1.0

1.063

14145

2.043

1.866

2 .08

2.087

2.030

2.118

2.2%

2.052

219

2.068

2.89

3018

2.300

2.968

3.342

3.963

4.030

5.165

3.8 71

3.9 3

4.8

5.073

4 .60

5.2 30

4.753

S .9 G2

6.099

S.873 .
Se943 .

B.178

Q,,-Q/Q

%
-29.89
" =31.35
~33.51
<38.26
~10 .40
~156 .91
=9.11
8.51
19.09
leti}
2.23
-2.38
-6 35
=11 .75
-5 73
2.00
=503
7.30
11.67
3.66
14.23
6.80
.19
4.21
=2.00
3.58
3.27
-e?3
<34
«77
~e22
1.45
2012
~2443
1.90
~e12
1.80
-2.69
5.39
~2.67
30
1.81
-5.56
-1.75
12

Q _-Q)/Q
n

%
-5.28
~f.08
-4 .89
-12.45

1.26
-2.63
726
15.17
25.36
239
-1.82
3.77
1.38
~l1e61
-1.71
2.61
~6.71
2.41
3.81

«80
4.86
5.50
=2.76
2.94
-3.80

<04
216
-1.71
~-aT4
~-19
-1.18

49
3.89
-4 .72
-1.98
-.99
3413
“4.71
Tel7
-3.00
-4 7

-81
~2.92
-2.09

1.61

H

a
it

1703
1.980
?a.u31
1708
1.813
l.6P1
1.811
1.892
?.0Nn¢°
f.256
1.9R2
2.070
72.0040
2.232
1.918
2.328

H,

ft

1.115
1768
1.83¢6
1.154
1.474
.98 8
1.1082
1.407
1.668
2.068
1.40%
1.676
1.557
1.955%
1.175
2.090

Hb/Ha Ha-H

%

65.u4
£49.29
UL 84U
6745F
81.30L
58.77
59.75
T4.37
g83.02
91.68
70.90
80.95
76432
87.62
61.24
839.78

ft

<589
-212
.1 98
<554
+332
«693
«729
485
<341
-188
« 577
<394
.483
«276
«T4u
«238

cfs

%92
652
be. 92
6.98
6.8
7.00
7.2
7.9
T.90
7.90
8. R0
8.92
S.10
9. 15
S.720
3.20

st
cfs

5.881
Re282
€.335
€.827
6.50 1
6.796
7.F1 6
7.55R
7.9 3
7.4 4
8.381
8.0110
8.31¢9
7.897
8.318
7.947

Q
n
cfs

6.3 75
fe74N
6.8 GO
59 €2
B .707
B 747
7 8 ue
8 .0 84
8.028
8.l3
9.259
B8 .8 56
9.199
S.020
8.831
9.2 49

(Qst'Q)/Q

%

=s5h
-9.08
-P .5
~2.19
-h <86
=791
-3.59
=4.,20
-H 2
-9.57
-4.77
~1n.20
-8.58
-13.70
-9.59
-13.62

(Qn-Q)/Q
%

07
=2.50
-<.86
-e?26
-3.91
=361
-eb U4
2.33
1.62
2.94
5.22
~e72
1.09
=l.42
-4.01

«53
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Table 10. Test and computed data on the 9-inch Parshall flume with 0.0080 slope of the incoming pipe. Table 10. Continued.

Ha Hb Hb/Ha Ha'Hb Q Qst Q11 (Qst Q)/Q (Qn-Q)/Q Ha Hb Hb/Ha Ha-Hb Q QSt Qn (Qst'Q)/Q (Qn-Q)/Q
ft ft % ft cfs cfs cfs % % ft ft %o ft cis cfs cfs % %
272 167 60U.08 «112 «R8 435 -717 -3 ?5 4.33 1.5R5 «©93 §8.92 .69 7.02 GeR23 7.1€1 ~7.81 ?2.01
«513 «470 91.63 «0 42 - 76 «74 3 +8 110 =244 4.98 1.7u8 1.105 64.71 « 603 7.03 he93u T7.3Ff1 =136 4.71
«293 - - - « 75 <459 <78 I -38.57 ~1.75 2.1F) 1.8 <¢1.99 .173 7.4 R.618 7.488 -5.99 536
.29% 213 72.70 .@8“ « 75 -4y 3 <714 -4?2 .02 -6eu49 1800 1.403 77.9 «337 7.06 Re7u 1l 7.210 ~4.52 2.13
«295 «232 78.68 063 .75 U421 -6 52 =44 .95 ~-l4 .72 1.991 1.783 89.55 <208 7.6 6$.739 F314 =10 .77 -2.07
<342 - - - - 90 <598 <8 85 -331.86 ~-1.58 ?2.347 2.186 93.15 .161 7.98 7.211 B.u2u -3.64 5.56
<386 - - - 1.02 «716 1.008 -29.71 ~1.15 Z2.ul)9 1707 84.72 .307 7.99 7.153 T.39% ~18.35 «U5
«6 37 «SA5 89.29 .06R8 l1.02 1.089 1.105 T.51 8.10 1.812 1.173 64.74 .639 8.00 7590 R.312 -5.17% 3.89
621 «S6 0 SU0.19 .0861 1.02 1.2 1.D46 1.82 2.21 1.791 1.082 bU.79 713 3.02 7.431 8.11° -5a59 l.24
«425 «333 78.26 D92 1.05 « 737 «9 67 ~?2%.77 -7.95 1.868 1.149 61.49 .720 8.9 7.996 8.363 -10.16 -4 2
«419 «787 68.42 4132 l1.08 «731 1.0 -25.76 1.66 7338 2.127 90.9R .211 Re92 T7.720 9167 . -13.45 2472
«5 Uu «491 81.86 109 1.18 1.186 1 .29 «50 9.5 8 1.920 1.3 S5 7¢g.N% .57% 3. 9% 8.031 %.112 -16.37 1.70
«717 «R59 91.91 .05%8 1.18 1.227 1.27% 4 .00 3 .80 1.988 1.559 78.44 429 3.9% T.7948 8.7 70 -13.01 ~2.12
«517 #5825 B5.09 4092 1.19 1.168 1.2231 ~1.24 346 1.966 1.?273 65.1L <68%2 9. 76 8517 9.7 -1?2.74 =35
-4 85 «344  70.93 L1441 l1.21 «972 1.253 ~19.68 351 1.9R0 1.370 69419 +4610 S5.80 8.470 9.79 ~13.58 -.01
«562 448 7%.772 114 1.27 1.3109 1l.2&4 -12 .62 ~el U 2.042 1.571 76.84 47T Se 80 8.275 9.4 82 -15.56 -3.24
848 «730 86.U8 .118 1.88 1.851 1 .843 =103 -1.99 2.0UR7 1.540 T79.37 .47¢ 9.80 8.174 9,367 -1r«b 0 -4 .42
908 <303 89.11) .099 1.88 1.919 1.309 2.08 1.53 ?.336 2.084 89.1% .252 9.80 8.128 9.715 -17.0¢ --87
733 «216 29.41 517 2.00 1.909 1.590 “6.56 ~e52 1.946 1.202 61.7F .744 9,85 £.504 9.527 '-13.66 =226
737 «?280 37.97 .458 2,00 1.927 2.003 -3.66 «13 ?2.U7T8 1.282 61.69 .79F 11.10 9.400 11.014 -15.31 -<78
«759 «S16 68.U1 <243 2.00 1.970 2.0¢8 -l1.48 3.31 24145 1.317 61.40 <828 J1.90 9.858 11.756 -17.08 ~1.21
<784 «527 79.97 <157 2.01 1.839 1.812 =851 ~-92.89 2.163 1.32»3 6le.84 .834 12.30 9.5995 11 .959 ~18.74 =2.77
«801 .53 70.24 .238 2.06 2.107 2.157 228 4.70 2.232 - - = 13.40 10.487 12.757 -21.74 -4 .80
«8 35 «f7T0 B8U.285 165 2.16 7.Ul6 1.386 ~2.12 -3.60
l.039 e W1l S0.53 <038 2.060 72.250 2.7249 9.9 9.17
1.232 1.136 92.23 .U9 2.97 2.778 2.7%9 Bl 7 -7.10
1081 706 67.83 .335 3.14 X.198 3.191 1.84 162
1.d11 «U76 47.06 4535 315 3.124 3.065 ~<872 -2.67
1.1F2 1.000 86.06 162 3.15 3.015 2.378 -4 .29 =5.47
1.341 1221 S0.93 .121 315 3.297 3.275 .67 3.98
1285 1.N28 79.66 262 3.97 3.936 3.863 ~«85 -2.569
1.2586 «R18 65.13 438 4.2 4.324 4282 7.56 6.03
le438 1.277 88.81 .16l 4,02 " 3.909 3.872 =2.76 -3.69
1.595 1.472 92.32 .123 4.07 4.313 4.075 1.05 15
1.203 «626 52.04 «577 4.10 4.073 3.99 ~e65 -2.54
1.34¢ «752 5S5.76 <597 4.77 44856 8,755 1.81 ~e32
1.413 1.026 7?2.61 <387 4.77 4.922 4.89 3.18 1.71
lebll 1.477 90.01 <l64 4.85 4.626 U4.584 -4 .63 -S.48
1.732 1.588 91.57 -14u 4,85 4.769 4.815 -1 .66 ~e71
l1.B64 1.698 91.u% .156 5.85 S«437 5.725 -7.06 -2.13
?.051 1.932 S4.20 4119 5.8 S.644 §&.042 =3.51 3.28
1.532 «270 56.80 .662 5.85 5899 5.8¢9 ° 57 «52
1.545 344 6H1.13 .600 S«.86 5.973 5.99 1.93 222
1.556 1.030 66.18 .526 5.85 $5.968 6.0 1.84 372
14677 1.379 82.23 4298 5.8 S.684 5.799 -3.00 -1.04



Table 11.

Test and computed data on the 18-inch Parshall flume with 0.0035 slope of the incoming pipe.

Table 12.  Test and computed data on the 18-inch Parshall flume with 0.0080 slope of the incoming pipe.

H
a

ft

«218
207
«207
«207
.207
<L ub
- 427
o4 31
427
<4 20
-4 33
<428
«562
«5%2
«558S
«548
«535
+873
-871
«854
<936
1.118
1.183
1113
1.279
1122
1.292
1.323
1.5F4
1.298
1474
1.490
1.525
1.630
1.585
1.618
1.658
1.785
1.732
2.428
1.8u48
1.943
1.756
1783
2.020
1.806
1.861
?.014

Hy

ft

- 147
-181
.189
-198
309

«391
- 27296
<316
«327
«335
«38S
«839
«495

-700
«613

.845
+729
. RB2
264
1.110
.803
.872
1.062
1.422
477
.RS8
1.052
1.213
1.474
.836
1.150
1.319
1.616
931
2.301
1.547
1.747
1.200

1.823
1.762
1.496

Hb/Ha Ha-Hb Q

%

71.Mm
87.44
91.30
9%.C5
76.11

In.72
69.32
73.49
75.52
78.50
63.75
79.53
89.19

80.18
70.38

S10.?8
66.10
77.69
23.72
86.79
71.57
67.49
78.76
90.92
36.75%
47.35
70.60
79.57
90.43
52.74
71.08
79.55
20.53
57.16
au.77
83.7

89.91

68.34

90.23
£9.88
80. 39

ft cfs

- .99
060 .93
026 .99
.018 .99
009 . 99
<097 1.74

- 1.388
~0un  1.88
+131 2.08
<118 2.06
<106 2.05
.092 2.0s
<167 2.8
+113 2.8
060 2.8

- 2.0

- 2.97
2173 4.7
«258 4.73

- 4.79
<091 4.79
<379 6.38
+255% B.45
<849 6,51
«169 655
«319 6.70
<420 R.S6
.281 8.69
<142 R.85
«R?1 8.86
<776 103U
438 10.35
«311 10.35
-155 10.35
<749 12.19
~46R 12.19
+339 12.19
«169 12.19
2742 14.26
<127 14.26
301 tu4.50
«196 14.50
«556 14.67

- 1S.10
«1397 15.30
<544 15.40
«365 15.40

- 20.00

Qst

cfs

<535
«50%
«41 6
«38 1
-2 N
1.367
1.618
1.195
1.547
1.52S
1.518
1.450
2.293
?.121
1.830
2.376
2.290
4.726 5
4.613
4.70 5
3.98°9
6.3909
f.634
7.075
6.955
6.76 6
8.586
f8.220
8.654
8.95 6
10.935
10.531
10.138
9.337
12.185
11.924
11.537
10.712
13.980
15.% 3
12.91 4
12.391
13.721
14.626
13.062
14.719
13.650
17.636

Q
n

a 8 8 8 s 0 v s 0
NN AN DD DD R e

BYIASTAAATRD

EEENNNNNVNNYNNNDN

.
o
=}
7

5.173

10 .6 49
10 .8 64
10 .8 67
9.7 65
12.1 €1
12 .6 S4
12 6 9
11 .515
14 .3 54
16 .9 R
14 .4 81
13.73
10 .72
151
144525
15 .510
15.5 22
18.977

@_,-Q)/Q

%o

-5 .06
-u9.27
-53.05
-6l «60
-R5 .67
=21.41
-13.93
~3 .43
~24 .88
-25.96
-26.33
-?29.63
-19.83
-25.83
-3.03
-18.06
~-22.90
-10.39
-3.50
-1.77
-15.73
8.30
2.86
8.569
519
«98
31
-S.41
-2.21
1.20
5.88
178
-2.0§
-9.79
04
-2.18
-5.36
=17.13
~1.96
767
-10.94
~14 .54
XL N4
-3.14
~14.63
-7.67
-11.36
-11.82

@, -Q)/Q

%o

-3.64
-4.16
=3.31
=257
“l.14
15.61
13.19
1611
3.30
4.10
4.91
3.56
-.96
~+96

«83
=312
-7.90
-84
-1.51
-3.85
8.01

06
1.52
=2.75
11.12
-h .09
=253
-2.69
3.71
-5.01
3.39
.97
S.00
~5.65
-.08
%.81
4.13
-5.54

66
19.16
-~el3
-5.28

«37

<36
~4.41

71

«79
=511

H
a

Hy

ft

- 123
-« 140
- 157
<174
«251
-164
« 313
.278

.71
UUY
-428
- 328
oty g
- 339
-133
«871
794
1.239
.729
-924

.973
1.147
1.771
1.105
1.233
1.FR57
1.808%

«790
1.782
1.491
15608
1.771
?.030
1oyl
1. 335
1.706
1862
2.271

H H -H
Hb/ a a

%o
6£5.43
73.30
82.63
91.10
76.06
48.665
96.W
82.99
78.72
84.17
87.35
67.35
90.16
TUe.77

4.19
84l1.25
28.R5
0.5
638.76
83.62
69.76
79.93
89455
Tu.u3
78.24
91.29
8S5.00
51.80
68.37
79.86R
83.36
£8.64
292.99
58.438
66,32
81.16
86.08
92.9

ft
+0 &5
2051
032
-017
07e
-173
<010
-057

=103
076
-0KR2
«159
«pDus
+1 40
« 755
-2 01
«732
1130
-316
-181

«U424
+2 88
<160
-4 64
+343
-158
«248
.73%
<568
«376
=313
«227
«153
-739
-h78
-396
«301
«172

b

Q
cfs

le(H
le4
lew
leN4
1-04
1«80
1.81
1.81
1.82
1l.84
2. 804
2.8y
2.3
2.90
2.9
PN
S.M5
fe96
7.03
7.11
7-16
Te31
S. 70
9. 70
3. 70
9.70
11.24
11.29
11.38
11.47
11.51
15.00
15.0u
15.00
15.00
15.00
15.10
20.00
20.0
20.00
20.00

Qst

cfs

«Ug @

44 5

«43 R

<395

-3312

«9%4
1.124

.680

-9 1
1.144
1.74 8
1.608
1.570
13912
1.4567
1.833
4.157
S.776
.24 2
Tel2u
127
5.858
9.7 2
.63 3
9.196
8.658
11.415
10.821
10.778
10.657
11.492
14.438
13.803
13.7 1
13.71 8§
13.679
14.581
17.U77
16.311
15.825
16.28 2

Q
n
cis

1.010

«932
1.010
1.004
1.0u8
1876
1.3721

1.213 .

1308
1.947
2.8
7 .B FR
2.8 3
2.916
2.321
?2.861
5.07%
7.128
R o782
9.396
b <375
7377
3404
9 .5 61
9.919
10 .6 U
11 .8 08
11 «5 33
12975
11 .643
11 .1 84
15 o6 uy
15.6 1R
15 .0 67
15.2933
15 .8 5N
15 .0 26
19.005
19 .2 46
18.7 71
19.798

@Q_ -/

%

-55.14
-57T.4u4
-58.12
-F2.21
~67 «6 6
-4t .77
-37.91
-R2.u1
-48.30
~37.80
-38..45
~43.36
-45.10
~3.07
~49.42
-37.66
-17 .58
"-17.01
-11.21
.19
~14 .43
-19.87
«32
-e70
-5.20
~10.75
1.56
-4.15
=528
-7.09
-el6
-3.748
-7.98
=11.06
-11.23
-8.81
-3.43
~14 .62
~18 .44
-20.87
~18.59

QR _-Q)/Q
n

%

-3.38
-5.10
-3.318
-3.96
=351
4,22
Bell

.18
4 .85
581
1.94

«39
2.65

54

.72
=267
-1
2.41
-3.52
Pe.l6
~3.28

.92
-3.06
—el 1
2.25
10.03
S.05
215
1357
1.51
=7 .84
4.30
4.12

45
1.95
.34
-4 9
-4.97
-3.77
-6el15
-1.01
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Table 13.  Free flow calibration tables for 9-inch and 18-inch Parshall flumes. Table 13. Continued.

9 inches 18 inches 9 inches 18 inches
H | . _ThroatWidth | = Throat Width _| H | __ ThroatWidth Throat Width
& Slope ) o Slope | Slope Slope
feet | 0.0035  0.0045 0.0060  0.0080 | 0.0035  0.0080 feet| 0.0035° 0.0045  0.0060 _ 0,0080 | 0.0035 _0.0080 1
) - Q in cfs Q in cfs Q in cfs Q in cfs
-tu .105 .140 .18 «239 -4 22 .685 .« 52 1347 1.3 & 1373 teS5) 2 .u9gz 7.654
.11 -120 .158 202 .65 470 .50 .59 1.377 Les78% 1.35¢% 1. 58101 7051 3.024
-12 -137 177 .223. -231 517 596 |___| <fu 1.411 1.404 1.386 1.7 8 T .08 3.€73
.13 153 .197 245 +31 6 «5 66 .653 | | .51 letius 1.4%6 1.621 1.637 2.1 66 3.7F.3
18 «171 «216 «2 66 - 342 «b 14 o710 -2 l.470 la4r G ] <6 %7 ek S T.724 3.R37
.15 .189 .236 .288 -3%8 <6 63 .768 .52 1.514 1,502 1.893 1.f96 2282 R.9p 7
.18 <207 257 .310 .35 .713 .826 R4 1.549 1.5%8 1.529 1.7772 3.3 a0 3.97%
17 228 .278 332 .421 <7863 .885 k8 1.594 1.875 1.565 1e 7517 1,390 [ Iy
.18 <246 .298 .3 54 487 813 .Quy RS 1.820 1.612 1.500 1.781) 2 .6 GF 5.114
.19 <266 .320 37 Ju7 Y -8 63 1.004 «F7 1.0 585 1.5%1 }.RUY 1. 808 3.51°€ 4.18%
.20 .288 342 . +399 «500 «914 1.064 .69 1.6 1.6t ¢ 1.6 79 1527 2.573 Lo2n5
21 .307 364 421 .527 365 1.124 .G 1.72¢ 1.727 1.717 1.955 3.5 22 4,27
22 <329 .387 oy . 554 L.017 1.185 .70 1.764 1.7R¢ 1.755 t.PA5 3E 9l 4.38
.23 .351 410 .4 67 .580 1.068 1.246 .71 1.3u1 1.305% 1.7 9% 1.923 3.749 4.uf 0
T .24 <373 .433 <480 -80.7 1.120 1.308 .72 1.6138 1.064 1.8 33 1a952 3.008 4.54)
.25 336 456 513 <634 1.172 1.370 -7 1.87s 1.383 1.872 1.% 1 2.867 4.6 2
«26 -4 18 .479 +5 37 .61, 1220 1.u32 .70 1.912 1.97 % 1.°12 2.010 3.926 [y
.27 <443 -503 .580 .688 1.277 1.494 .75 1.950 1.9F 3 1.952 2.0%9 7.385 u.78¢
.28 467 .527 .5 84 .715 1.330 1.557 .76 1.2aR 2.0t 1.09 2.0 8 u .0 4s 6,27,
.29 «49] .552 .608 742 1.383 1.621 .77 2.07¢ .00 ?.0322 2.087 4.10u 4.0
.30 -516 .576 «5 31 «770 1436 1.684 .72 ?.06n 2.045 2.n73 2.126 4.) 67 4.972
.31 541 601 .655 797 1.4839 1.748 .79 2.1N3 2.127 24114 2.154 4,273 S.uy
.32 557 .626 .678 .824 1.543 1.812 .80 2.101 2.1 9 2.155 7.183 y .2 37 6.711€
.33 592 652 .703 -852 1.597 1.876 .81 ?.180 2.21u 2.1°7 ?.713 4,342 S.107
.34 .619 .877 .728 .879 1.651 1.941 .92 7.222) 2.252 2.239 2.7242 4 4402 S.281
.35 <645 .703 .752 -907 1.705 2.008 .az 2.265 7.295% 2.7231 ?2.271 Y LE? S5.274
.36 672 .729 778 934 1.759 2.070 <RG 2.3u7 2.317 7.323 2.3 4 .8 22 S.4n7
- 37 -693 755 -801 -9 2 1.814 Z.136 - .85 2.350 7350 716G V.32 4 .5 a2 5456
-38 .727 .781 .825 .990 1.869 2.201 .85 7?3498 2.423% 2.009 2.395 4 oh 42 5.5512
.33 <755 .80 8 -850 1.0 7 1.924 2.267 <87 24437 2 4R T 2.u52 2.43¢& u.702 S.€21
40 .783 .334 .875 1.045 1.979 2.333 .8Q ?2.401 2.511 2.u 95 7.u80 4 762 Se 7011
81 .812 .861 -9300 1.073 2.0 2.395 .89 2.52% 2.585 2.5 7.52% 4,822 S.773
“42 .841 .888 .925 1.101 2.089 2.46S .90 ?2.569 2.599 2 .58 A3 2.6 7 4 .823 §.807
43 -870 .8186 .950 1.128 2.1845 2.532 .<1 7R 14 2.607 7627 LIS 4,943 5.972n
Juu .8939 -9u3 .37 1157 2.200 2.599 -92 ?.F 959 2.6R® 2. 72 7.650 Sy 5.294
w45 .92% .971 1.000 1.184 2.256 2.65€ .93 2 704 2.733 2.716 2.688 S .5 6. 0F ©
.46 -959 .999 1.025 1.212 2.312 2.733 .ou 7.750 ?2.770 2.701 2.7 .1 25 6,142
47 -390 1.027 1.050 1.241 2.368 2.801 .95 ?.795% .82 4 2 RUT 7. 787 5.1 86 6,216
.48 1.020 1.055 1.0678 1.269 2.424 2.868 TS 2.341 ?.870 2.a82 2.831 5.247 £e29N
.49 1.0851 1.083 1.101 1.297 2.4 80 2.936 .G7 7.88% 2.416 2.09% 7.877 5.30° 6e365
.50 .| 1.083 1.112 1.127 1. 325 2.537 3.004 .9R .93 2.9 3 2.9u4 2.922 54369 f.uzQ
.51 1.114 1.140 1.152 1353 [ 2.593 3.072 .Qaa 7.981 AT 2.0 2.95 7. 5.4 30 6.513
.52 i.148 1.169 1.178 1.381 2 .6 50 3.140 1.00 2.y 7R TN 6 3.0 37 3.1 2 5 .4 91 he.ER®
.53 1.178 1.1%8_ 1.204 1.410 2.707 3.209 1.0 2.075 103 3080 7,059 5 .F 652 [
-54 1.211 1.227 1.230 l.u38 2.768 | 3.278 1.02 74123 I.001 3.1 31 3.108 S .R 13 6737
.55 1.243 1.257 1.255 1. 466 2.821 3.346 1.1 3 3.171 3,199 3.178 3.182 S .6 7S 5.017
«56 1.27% 1.2386 }.281 1e.494 2.878 3.415 1.i74 2,719 I.2u6 3.27% 3.198 5 .7 36 R B8R T
57 1.309 1.316 1.307 14523 2.935 . 3.485 | 1.1i5 2,267 3294 2.2 T4 30065 54798 6. 902
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Table 13. Continued.

Table 13. Continued.

9 inches 18 inches 9 inches 18 inches
H Throat Width | Throat Width H Throat Width Throat Width
2 - “Siope Slope a Slope “Slope |
feet [ 0.0035  0.0045 _ 0.0060 _ 0.0080 | 0.0035 _ 0.0080 feet | 0-0035 0.0045 _ 0.0060 _ 0.0080 | 0.0035 _ 0.0080
Q in cfs Q in cfs Q in cfs 0 in ofs
1.06 3.316 3.383  3.322 5.252 | 5.859 7.N38 1-54 5.93% 5.917 S.ta97 Seosh | NLLSEE 11395
1.07 3.355 3.391 3.3 2.3u0 §.921 7.113 1.55 5-595 S.454 5% SACATIR VIR n.a.:
1.08 3ok 14 3.0 3.4 1R Z.387 5.3 88 7.188 1.56 6-?;7 6.05(:; i,.l". Ia %.11I.A 11 «F 27 11.47
1.08 | 3.u63 3.489  3.467 3.435 | s.091 7.284 1-57 be117 6.1356  5.075 Reldl o ALL9fE 11.627
1.10 3.513 3.53% 3.515 3.483 §.155 7.338 ll-gg E-;Zg Z:;g ~:';5: ; ?’Z’z 1‘;113? ;;“7
SE 8 % (o - .2 7. ) o -2 e o 5F 2252 -
:.:; g:?é 33?2 ggslg ;7’338 g.;gg 7.:,‘13? 1.60 £.330 6.296 Y] 6. 436 wnni 12.25¢
1.13 3.654 3.588 3.565 3.629 5.511 7.566 1.81 het12 6.357 6.3 14 6.5 ¢ 12.537  12.u04
1.14 3.718 3.738  3.715 3.678 6.618 7.642 1.67 6.4 6.418  E£.375 Ref03 | 12567 12.557
1.15 3.765 3.789 3.7RS 3.727 | 8.726 .7.718 %'23 2;;’{ é:Z: g:}; :-;_»‘;17 :;2; ]17;23
a . 5. . 69 . .0 2.
I O O SO DRl ok G i B 0 e
- - 868 . - : ° .66 6.829 6.723 (IR E . 25 .
1.18 3-919 3-S02. 3.917 3.87¢8 -7,'022 23;; }.57 6-914 6.%0 6 R.h o 7.028 | 13.037  13.302
1.19 3.271 3.883  3.968 3-928 7" o e oo 1.68 7.000 6.2%u  R.TW1 70115 | 13.568  13.65%
po2e Yoz aeGes  aeDly ?,’227 7'590 ao17E 1-69 7.08¢ £.975  6.R13 7.202 | 13718 13.R0R
12 .o et 2'0;; s.a78.] 7.500 fupn3 1.70 | raw T.0fa 5.8 7.290. | 13.867 13.782
S B e R ‘2o | 7.818 R.19 1.71 | 7.759 7.145  £.979  7.79 | 16.018  13.917
1.23 4.181 ©.202  4.17S 4.12 7818 e 1.72 7.347 7.231 7 0063 7.6088 | WM 14.073
1.2 4.2 34 4.254 u.227 4.180 . A.une 12 it T 7enes Teah | el du.07s
122 Lo2ss P $.280 -2z ;'8259 R. 550 1.74 7.524 To40n 7.232 7T.€u7 | .77 14037
S et Bkl 3= Rl I o637 1.75 | 7.61s Touui 7.317  7.73R | 1.6T 1u.58n
1.27 4.395 4,61y 4.335 a'§s7 a'zm é.nu 1.76 T 7.57 7.5 U3 7.929 14 .7 8 14,705
y-28 praes penst uesss : 8-320 3.791 1.77 7794 TehEE Tel WY Te921 14 .83 42 14.FFS
1.29 n-s0 u-521 “;fg ,‘,‘233 8.640 a.8c9 1.78 7.885 7.787 7.577 8.013 | 15.0% 15,008
130 :'2?3 ?227; 2'539 w.sss | 5.560 BostE 1.79 7.576 7.866 7.664 RelU5 | 15.7%6  15.167
i';; q';sg u.res 4.6 53 u.587 8.6 82 °.023 1.80 8.069 7.917 7.752 £4159 | 15408 15,30
: 4.7 : 708 u4.e51 | s.808  9.109 1.81 | 8.161 8.027  7.hun R.23T | 15.573 15.817
S B NSNS 6.708 | a.927 a.178 1.82 | 8.2su 8.11%  7.623  B.3]7 | 15.7337  1%5.67
e | ala ey ae% c157 | 9.080 9.25¢6 1.83 | 3.3u3 8.200  £.019 s.un? | 15.803  14.8u2
| aas by s oy 1S 3.334 1.86 | ".6u2 8312  £.109 2.678 | IF.O58 18005
1237 | 22899 al3es  u.eav  w.aes | 5.308 onand e85 | FLIT ALINS A9 P.GTH | 18215 1R.17S
238 5.003 5.01'S G.982 4.919 9.426 9.489 1.86 LR 14 3.458 £.2 0y 1-770 | 1637 16.3u2
1235 | 3:880  2:057 3038  uors | s.sss  a.ser 187 | e7o 2.587 r3R 8.7 | AE.s42 16510
- 1.40 5.116 5.12 71 5.094 S5.M2& 9.6 81 .66 C 1.8 -n-;; eHTh . -®B5 o7 I¥ £.F79
1 . .122 2.771 R.8 46 QAF 3 16771 1R.34
el e -1 5'}22 gcl)_a‘; 3‘2‘3’: 3‘}5’3 i.gg .10 B.866 8.6 &y Q157 | 17.0357 17.u20
PSR A SR S T 5.133 | 10.068  9.891 1.91 | .17 AR RLTS3 9u267 | 17.263 17.191
1248 | Bosee  3.584 S 5.248 | 1p.1%  10.023 PR PSS A R AR
1':; 5:'40'-» 5::12 5.375 54304 10.330 10.i57 1.83 9.315 :-t:u s.q:z :.2;‘ g;‘j’; :7.;‘;
1.4 5.462 5.469 5.4 33 5.360 | i0.462 10.281 1.34 “.418 <2853 9037 N - 175 17l
: w6 | 10.5% 10.426 1.95 a.515 a.351 9.1713 665 | 1746
L 3-52 S.: i 5'“3’ 16-720  10.562 1.86 9.61F 9. 4nil 5.2 79 9.767 | 1R.065  1R.081
eS| el Soat g g gm0 1.97 | e.717 90548 9.32% Q.89 | 18.717  18.778
1.2 o3 3.003 2808 5 7| 16.9s¢ 10.336 1.98 a.81s e R4 R 9.4 73 2.573 | 1P.188  1R.u1S
ity S5y MR PR e 1.135  10.974 1.99 9.321 9.7u 9 9.521 10.07h | 18.561 1P.593
}212 g;ﬂ ;"lf‘; ZZf.g §°§;‘5 L :;72 11114 2.00 [1n.n74 9. 34 % 2.619  10.181 | 1R.73u  18.772
1.53 5.876 5.878  5.833 S.871 | 11.410 11.25u
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Table 14.  Submerged flow calibration tables for 9-inch Parshall flume with 0.0035 slope of the incoming pipe.

Table 14. Continued.

H_ -Hy, Submergence

feet 65. 6% 70% 75% 80% 85% 90% 95%
.C2 - .058 .g12 092 .127 .189 .42
-03 - .106 -129 .16 6 .228 .358 -809
.Qu - 181 197 .252 .36 .53 1.267
.05 - «222 .272 .3u8 .u79 751 1.795
.06 - .289 350 .45 3 624 .981 2.385
.07 - -362 443 .56 7 . 760 1.247 3.032
.08 - 439 .537 .688 .7 1.536 3.734
.09 - .521 637 «817 1.124 1.845  4.487
.10 - 807 .43 .95 1 1.209 2.175 5.481
.11 .- .697 .83 1.092 1.503 2.523 &.646
.12 - .790 «9%8 1.240 1.718  2.889 7.951
.13 - .888 1.087 1.382 1.9 7 3.273  9.3Ts
-lu - .988 1.210 1.550 2.185 3.€874 10.922
.15 - 1.092 1.338 1.713 2.433 4.092 12.590
.16 - 1.200 1.469 1.882 2.691 4.525 14.380
.17 - 1.310 1.604 2.055 2.957 4.973 -
.18 - 1.423  1.743 2.236 3.233 S5.468 -
.19 - 1.539 1.88S 2.432 3.517 6.112 -
.20 - 1.658 2.030 2.635 3.810 6€.794 -
.21 - 1.780  2.1798  2.843 4,111 7.512 -
.22 - 1.904 2.332 3.057  4.420 2.268 -
.23 - 2.031 - 2.487  3.276 4.738 9.060 -
.24 - 2.161 2.645 3.501 5.063 9.891 -
.25 - 2.232 2.807 3.731 5.5 10.758 -
.26 - 2.427 2.980 3.9%6 S.748 11.660 -
.27 - 2.5 3  3.160 4.207 6.213 12.606 -
.28 - 2.702 3.384 4.452 6.637 13.587 -
.29 - 2.843 3.533  4.702 7.198 14.608

.30 - 2.987 3.724 4.858 7.7 3 - -
.31 - 3.132 3.920 5.218 8.259 - -
.32 - 3.280 4.113 S5.482 B8.817 - -
.33 - 3.430 4.321 5.752  9.334 - -
.34 - 3.563 4.527 6.047 8.990 - -
.35 - 32789  4.736 6.419 1Q0.6804 - -
.36 - 3.917 4.949 §.803 11.238 - -
.37 - 4.088 5.1865 7.198 11.891 - -
.38 - 4.262 6.38U 7.604 12.%52 - -
39 - 4,438 5.606 8.022 13.253 - -
.40 - 4.616 5.832 g.451 13.92 - -
<41 - 6.798 6.061 £.892 14.6%1 - -
42 - 4.981 6.331 9.345 - - -
.43 - 5.167 6.645 9.808 - . - -
by - 6.356 6.9%8 10.285 - - -
.45 - 5.5467 7.298 10.772 - - -
.48 - 5.740 7.636 11.271 - - -
47 - 5.936 7.982 11.782 - - -

H_-Hp Submergence
feet 65. 6% 70% 75% 80% 85% 90% 95%
48 - .13 4 8.336 12.304 - - -
«49 - 6.335 8.697 12.838 - - -
«50 - 6.59 6 9.067 13.383 - - -
«51 - 6.871 S.444 13.9u41 - - -
52 - 7.151 9.830 14.510 - - -
<53 - 7.437 10.223 - - -
a5 4 - 7.729 10.825 - - - -
«5S5 - 8.027 11.034 - - - -
-586 6-561 8.331 11.451 - - - -
-57 6.8 04 8.640 11.876 - - - -
-58 7.053 8.955 12.310 - - - -
.59 7.309 8.276 12.751 - - - -
<60 7.563 9.603 13.200 - - - -
-61 7.825 9.935 13.657 - - - -
b2 8.091 10.274 14.122 - - - -
«63 8.3 62 10.618 14.596 - - - -
-64 8.638 10.968 - - - - =
«6S 8.919 11.324 - - - - -
.66 9.203 11.686 - - - - -
67 9.4 93 12.054 - - - -
.68 9.787 12.427 - - - - -
-69 10.086 12.807 - - - - -
-70 10.388 13.192 - - - - =
«71 10.698 13.583 - - - - =
.72 11.010 13.980 - - - - -
«73 11.328 14.383 - - - - =
74 11.6 50 14.792 - - - - =
«75 11.976 - - - - - -
-76 12.307 - - - - - =
«77 12.643 - - - - - -
-78 12.584 - - - - - -
-79 13.329 - - - - - -
-80 13.6 73 - - - - - -
.81 14 .0 34 - - - - - -
.82 14 .393 - - - - - =
-83 14 .7 57 - - - - - -
-84 - it - - = = =
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Table 15. Submerged flow calibration tables for 9-inch Parshall flume with 0.0045 slope of the incoming pipe. Table 15. Continued.

H,-H; | Submergence ‘ H,-Hy lSubmergence

Boet 66.8% 70% 5% 80% 85% 90%  95% | feet 66. 8% 70% 75% 80% 85% 90% 95%
.02 - .086 . 103 .128 170  .253 .50 -ug - 6.121  £.29u1 12.226 - - -
.03 - .45 174 .26 -7 027 .82 -49 - 6.318 B.852 12.75%& - - -
.04 - LAy .252 .31 3 .415 .618 1.238 -SD - 6.567 9.018 13.293 - - -
.05 ‘- .280 338 .41 7 .55 3 .823 1.745 «51 - 6.839 9.391 13.843 - - -
.06 - .355%5 .u24 .52'8 .639 1.041 2.310 .52 - 7.117  S.772 14.405 - - -
.07 - .432 .517 .64 3 853  1.2%'9 2.928 +53 - 7-400 1C.151 14.978 - - -
.08 - .513 -614 .64 1.013 1.521 3.595 54 - 7.689 10.558 - - - -
.09 - .57 .74 .889 1.178 1.83  4.ul2 =58 6.694 7.984 18.%52 - - - -
.10 - .68 4 .818 1.018 1.3#9 2.184 5.475 «56 6.945 8.284 11.375 - - - -
.11 - .173 .24 1.150 1.525 2.482 6-656 .57 7.202 8.580 11.7385 - - - -
.12 - .85 1.03¢ 1.287 1.716 2.838 7.95S -58 7.4863 8.802 12.223 - - - -
.13 - .58 1.146 1.426 1.0 3.209 9.373 .53 7.723 8.219- 12.658 - - - -
14 - 1.054  1.261 1.%9 2.175 3.587 10.910 -60 8.000 9.5¢2 13.102 - - - -
.15 - 1.182 1.378 1.714 2.418 ‘4.000 12.567 -61 8.276 8.871 13.553 - - - -
.16 - 10252  '1.497  1.869 2.670 4.417 14.343 -62 8.55 10.205 14.012 - - - -
.17 - 1.353  1.618 2.051 2.931 4.865 - -63 8.841 10.545 14.479 - - -
.18 - 1.457 1.742 2.240 3.201 5.470 - -64 9.131 10.821 14.354% - - - -
.19 - 1.561 1.867 2.434%  3.478 6.111 - -65 9.426 11.262 - - - - -
.20 - 1.668 1.997 2.634 3.764 6.788 - <65 9.725 11.600 - - - - -
.21 - 1.776 2.152 2.833 4.057 7.501 - -67 | 10.030 11.93 - - - - -
.22 - 1.885 2.312 3.050 4.358 8.252 - .68 | 10.339 12.331 - - - - -
.23 - 1.996 2.476 3.265 4.687 9.038 - -63 | 10.653 12.706 = - - - -
.24 - 2.109 2.643 3.486 4.982 9.8 2 - -70 10.971 13.086 - - - -
.25 - 2.4 2.8l4 3.71Z S-305 10.722 - -71 11.295 13.472 - - - -
.26 - 2.334 2.989  3.943 S5.7+1 11.620 - 72 11.5623 13.8564 - - - - -
.27, - 2.526 3.168 4.179 6.202 12.554 - L«73 | 11.957  14.2%1 - - - - -
.28 - 2.672 3.350 4.419 6.682 13.52S - <74 12.235 1 4.664 - - - - =
.29 - 2.820 3.536 4.664 7.180 14.533 - .75 | 12.837 - - - - -
.30 - 2.971 3.725 4.914 7.637 - - .76 | 12.985 - - - -
.31 - 3.125 3.918 5-168 8.232 - -77 | 13.338 = - - - - -
.32 - 3.281 4.1l14  S5.427 8.78S - .78 [ 13.695 - - - - - -
.33 - 3.440 8,313 5.680 9.35 7 - - .79 14.057 - - - -
34 - 3.602 4.516 6.031 .94 7 - - .80 194 24 - - - - - -
.35 - 3.766 4.722 6.401 10.556 - - .81 14.7% - - - - -
.36 - 3.933 4.931 6-781 11.183 - - .82 - - = - = = -
.37 - 4.102 S5.183 7.172 11.8289 - -

.38 - 4.27T8  5.359 7.575 12.433 - -

.39 - 4,448 5.577 7.989 13.176 - -

.40 - 4.624 5.798 8.415 13.878 - -

.41 - 4.803 6.023 8.852 14.698 - -

.42 - 4.985 §.309 9.300 - - -

43 - 5.168 6.620 9.759 - - -

.40 - 5.354 6.0 10.230 - - -

.45 - S.563 7.267 10.712 - - -

.46 - 5.733 7.601 11.2085 - - -

47 - 5.926 7.9%4 11.710 - - -
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Table 16. Submerged flow calibration tables for 9-inch Parshall flume with 0.0060 slope of the incoming pipe.

Table 16. Continued.

H_-Hp . Submergence Ha-Hb Submergence

feet 68. 8% 70% 75% ) 5 _80% 85% 90% 95% | teet 68. 8% 0% 75% 80% 85% 90% 95%
.02 - -122 .16 0 156 .206 .280 w474 .48 5.887 6.172 B8.266 12.168 - - -
.03 - .184 .222 263 eR7 Ty .758 .49 6.076 6.371 8.622 12.693 - - -
04 - .268 «308 .30 . U53 .615 1.180 .50 6.268 6572 8.986 13.229 - - -
«05 - 345 .397 U6 9 «583 -793 1.662 51 6462 6.823 9.358 13.777 - - -
.06 - 425 .u88 .577 JTIT .975 2.200 .52 6.657 7.108 9.738 14.336 - - -
.07 - .50 6 581 .68 7 854 1.207 2.788 .53 - 7.382 10.125 14.906 - - -
.08 - .589 .676 -800 .99 4 1.482 3.423 <54 - 7.670 10.521 - - - -
.09 - 673 L772 <914 1.136 1.776  4.3562 «55 7-%4 10.923 - - -
.10 .758 .870 1.030 1.280 2.088 5.413 .56 - 8.264 11.334 - - - -
.11 - .85 .970 1-14 8 1.481 2.418 6.579 <57 - 8.59 11.752 - - - -
.12 - .932 1.070 1.257 1693 2.763 7.863 .58 - 8.879 12.178 - - - -
.13 - 1.021 1.172 1387 1e915 3.125 9.263 .59 - 9.196 12.813 - - - -
el4 - 1.110 1.274 1.516 2.146 3.502 10.782 <60 - 9.518 13.054 - - - -
.15 - 1.201" 1.378 1.686 2-386 3.894 12.418 61 - 9.845 13.504 - - - -
.16 - 1.292 1.483 1.861 2.635 4,300 14.173 .62 - 10179 13.9%1 - - - -
o17 - 1.384 1.588 2.043 2.832 4.827 - 63 - 10.518 14.426 - - - -
.18 - 1.477 l1.704 2.231 3.158 5.427 - «B4 - 10.863 14.839 - - - -
.19 - 1.570 1.81 2.424  3.431 6.062 - «65 - 1i.213 - - - - -
.20 - 1.6654 2.003 2.623 3.713 6.733 - 66 - 11.589 - - - - -
.21 - 1.759 2.159 2.827 4.002 7.u41 - .67 - 11.931 - - - - -
.22 - 1.861 2.319 © 3.037 4.299 8.185 - .68 - 12.299 - - - - -
.23 1.900 1.982 2.483 3.251 4,603 B8.95 - «69 - 12.672 - - - - -
.28 2.028 2.127 2.651 3.471 4,914 9.1 - .70 - 13.051 - - - - -
25 2.160 2.265 2.823 3.636 Se267 '10.634 - .71 - 13.435 - - - -
26 2+2% 2.405° 2.998 3.926 Se707 11.524 - -72 - 13.8268 - - - - -
.27 2.4 31 2.549 3.177 4.160 6.166 12.450 - .e73 - 18,222 - - - - -
.28 2.571 2.696 2.30 4.339 6.643 13.412 - 74 - T4.624 - - - -

.29 2.713 2.84°S  3.545 4.643 7.138 14,412 - <75 - - - - - - -
«30 2.859 2987 3,736 4.891 7.651 - -

<31 3.006 3.152 3,929 S.l44 8.182 - -

.32 3.1957 3.3100 4.125 5.402 8.732 - -

.33 3.310 3.470 4,325 5.663 8.300 -

.38 3.465 3.633 4.528 6.005 9.886 - -

.35 3.623 3.799 4,734 6.372 10.491 - -

«36 3.783 3.967 4.544 64751 1Ylell W - -

37 3.946 4.137 5157 7.180 1L.75% - -

.38 6.111 4,310 5372 7.581 12.415 - -

39 4.278 4.486 5.591 7.953 13.084 - -

<40 4,848 4.664 S.813 Be376 13.780 - -

.41 4.620 4.844 65.038 8.811 14.506 - -

42 4,795 5.027 6.288 9.257% - - -

43 4,971 5212 65398 Q.71 W& - . - -

oy Se150 S.400 6.917 10.182 - -

<45 | S5.331 5530 T«262 10.662 - - -

46 Se5 14 5.782 7.576 11.152 - - -

47 5699 5+976 74817 11655 - - -




143

Table 17.  Submerged flow calibration tables for 9-inch Parshall flume with 0.0080 slope of the incoming pipe.

Table 17. Continued.

H,-Hy ) Submergence Hj -Hy Submergence
feet 67.3% 70% 75% 80% 85% 90% 95% feet 67.3% 70% 75% 80% ~ 85% 90% 95%
.02 = .154 173 «201 .24 2 2316 487 .48 5.405 6.268 8.581 12.601 - - -
03 - 237 «267 .38 373 U8 E .815 .49 - 6540 B8.952 13.148 - - -
.08 - .322 362 419 .506 .60 1.263 «S0 - 6817 9.331 13.703 - - -
«0S - 408 459 «531 . B8 1 .836 1.774 <51 - 7.100 9.719 14.272 - - -
.06 .48 5 -S5 7 -645 «779 1.015 2.382 52 - 7.389 10.115 14.854 - - -
.07 - 583 .65 7 760 «917 1.254 2.951 -53 - 7.684 10.518 - - - -
.08 - 672 «757 «876 1.057 1.536 3.629 -1 - 7.985 10.830 - - - -
.08 - 761 .858 .993 1.198 1.838 4.397 =55 - 8.292 11.350 - - - -
.10 - 852 959 1110 . 1340 2157 54460 56 - 8.605 11.778 - - - -
.11 - 4982  1.062 1.223 1.509 2.494 B.641 =57 - 8.24 12.215 - - - -
.12 - 1.034 1.165 1.348 1.722 2.848  7.942 58 - 9248 12.6589 - - - -
.13 < 1.126 1.268 1467 1.9S 3.216 9.3%1 <53 - 9.579 13.112 - - - -
16 . - 1.218  1.372 1.588 2.178 3.600 10.901 -60 - S.915 13.573 - - - -
.15 - 1.310 1.476 1.708 2.419  3.999 12.52 61 - 10.258 1a.042 - - - -
.16 - 1.404  1.581 1.868 2.669 4,412 1&.304 -62 - 10.607 14.518 -
.17 - 1.497 1.687 2.048 2.326 4.925 - «63 - 10.91 - - - - -
.18 - 1.591 1.792 2.235 ' 3.192 5539 - <64 - 11.322 - - - - -
.19 - 1.685 1.898 2.426 3.466 6.189 - «65 - 11.688 - - - - -
20 - 1.779 2.008 2.623 3.748 6.878 - -66 - 12.061 - - - - -
.21 - 1.878  2.143 2.825 4.037 7.603 - «67 - 12,439 - - - - -
.22 - 1.969 2.300 ‘3.033 8.333 8.366 - -68 - 12.824 - - - - -
23 - 2.064 2.461 3.2u5 4.636 9.166 - «68 - 13.214 - - - -
24 - 2.160 2.625 3.462 4.976 10.003 - «70 - 13.611 - - - - -
-25 - 2.256 2.794 3.684 5.412 10.879 - 71 - 14,014 - - - - -

. .28 - 2.365 2.955 3.911 5.86 11.732 - .72 - 14.422 - - - - -
.27 - 2.505 3.141 U4e.l82 B6.339 12.743 - 73 - 14.837 - - -
.28 - 2.648 3.320 4.378 6.831 13.732 - .74 - - - - - - -
.29 2.510 2.793  3.502 4.618 T.342 14.758 -
-30 2.643 2.941 3.687 4.82 7.872 - -
31 2.778 3.092 3.876 5.131 8.420 -
32 2.916 3.245 4.088 S.477 8.988 - -
33 3.056 3.400 4.263 5.834 S.57§ - -
34 3.198 3.558 4.461 6.203 10.181 - -
.35 3.342 3.719 4.662 6.584 10.806 -
<36 3.488 3.882 .86 6.977 11.450 - -
«37 3.637 4,047 5.073 7.381 12.113 - -
38 3.787 4.215 S.339 7.796 12.73S - -
39 3.940 4.384 5.600 8.224 13.497 - -
.40 4.095 4,557 S5.893 8.663 14.2T - -
.81 4.252 4.731 6.206 9.11% 14.957 - -
82 G.411 = 4.908 6.521 9.577 - - -
43 4,571 5.087 6.844 10.0501 - - -
a4 | 6.734 S5.268 7.176 10537 - - -
45 4.899 S.430 7.515 11.036 - - -
46 5.066 SeT44 74862 11.545 - - -
.87 5.234 f.003 8.217 12.067 - - -
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Table 18. Submerged flow calibration tables for 18-inch Parshall flume with 0.0035 slope of the incoming pipe. Table 19. Submerged flow calibration tables for 18-inch Parshall flume with 0.0080 slope of the incoming pipe.
H,-Hy . Submergence R Hy-Hy Submergence
“feet ~76.5% _ " _80% B5% 907 5% feet 75.4% 80% 85% 90% 95%
.02 - -4 22 +5S RS <927 2.03% .02 - -4 88 «b T4 1.063 2313
.03 - .6 63 919 1.455 34197 .02 - <772 1.067 1.683 3.671
.04 - .913 1.266 2.005 4604 .06 - 1.068 1.478 2.332 S .086
-05 - 1.171 1.6 23 2.57 5.6u7 .05 - 1.377 1.903 3.003 6.549
.06 - 1.u435 1.988 J3.151 6«8 18 .06 - 1.693 2.3 40 3.692 8 .052
«07 - 1.703 2.361 37Ul B 215 .07 - 2.016 2.7 86 4 .3 95 9.588
.08 - 1.875 2.740 4.341 9.533 .08 - 2.3u8 3.241 S.114 11 .155
.09 - 2.2 5% 3.124 4.949 10 .870 .09 - 2.680 3.704 5 .8 US 12 . 747
.10 - 2.53 3.513 S .566 12 .223 . .10 - 3.019 4.173 £.586 14 .363
.11 - 2.818 3.906 6.1 89 .13 .964 .11 - 3.3564 4.6 49 7.337 16 .001
.12 - 3.105 4.3 04 6.819 16 .4 05 .12 - 3.712 5.131 8.097 17 .659
.13 - 3.395 4.705 7.455 19.025 .13 - 4.065 S.618 8.865 -
.14 - 3.687 54110 8.097 - .14 - 4.421 6.110 9.642 -
.15 - 3.981 5.519 8.744 - .18 - 4.780 6.607 10 .4 26 -
«16 - 4.278 5.930 9.5 62 - «16 - 5.143 7.108 11 .2 17 -
«17 - 4.577 6.3 44 10 .6 97 - 17 - 5.508 7.6 14 12..0 1% -
.18 - 4.878 6.7 61 11 .8 91 - .18 - 5.877 8.123 12.818 -
.18 - S.181 7.181 13 .1 43 - .19 - 6.20u8 8.63%6 13.628 -
.20 - 5.485 7.718 14 .4 52 - .20 - 6.622 9.153 14 .8 16 -
.21 - 5.792 B.4 47 15.818 - .21 - 6.999 9.673 16 :2 64 -
.22 - 6.100 9.207 17.2 40 - «22 - 7.377 10.197 17.775 -
.23 - 6.4 09 9.997 18.718 - .23 - 7.758 10.7 23 19.350 -
<24 - 6.931 10.8 16 - - .24 - 8.142 11.253 - -
.25 - 7.475 11.6 65 - - .25 - 8.527 11.786 - -
«26 6.263 8.038 12.543 - - .26 - 8.915 12.542 - -
.27 6.716 8.618 13.u 51 - - .27 - 9.304 13.479 - -
.28 7.184 9.220 14.388 - - .28 - 9.6 35 14.448 - -
.29 7.666 9.838 15.353 - - .29 - 10-.089 15.4 50 - -
+30 8.162 10.475 16.347 - b <30 - 10.4 84 16.4 84 - -
.31 8.673 11.131 17.370 - - .31 - 10.927 17.549 - -
.32 9.198 11.805 18.4 22 - - .32 - 11.610 18..6 46 - -
.33 S.737 12.496 19.5@ - - «33 - 12312 19.775 - -
34 18.291 13.206 - - - .34 - 13.035 - - -
<35 10.858 13.934 - - - .35 - \3.777 - - -
<36 11.4389 14.680 - - - .36 10.338 14.538 - - -
.37 12.034 15.4 44 < - - .37 10.8 34 15.320 - - -
-38 12.643 16.2 25 - - - «38 11.463 16.1 20 - - -
.39 13.266 17.025 - - - .39 12.0u46 16.940 - - -
.40 13.902 17. 842 - - - .40 12.643 17.779 - - -
41 14552 18.676 - - - o411 13.253 18.638 - - -
42 15-216 19:528 - - - 42 13.878 19.516 - - -
43 15.8 54 - - - - .43 14.516 - - - -
-4 16.584 - - - - -4 15.1867 - - - -
.45 . 17.289 - - - - .45 15.8 32 - - - -
+U6 18.007 - - - - <46 16511 - - - -
471 18.738 - - - = 57 1 17.203 - = iy -
48 18.483 - - - - <48 17.909 - - - s
.49 - - . - - - .49 18.629 - - - -
- -5} 19.362 - - - -
«51 - - - - -
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