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PREFACE

As the value of water increases, the
extent to which measurement is employed
in an irrigation system also increases.
Additional flow measurements provide in-
formation for improved management of the
water supply. Good water management re-
guires accurate measurement. Many devices
have been developed for this purpose and
are in use. Included among them are weirs,
orifices, calibrated gates, Parshall flumes,
and current meters. Of these, the Parshall
flume is one of the most widely accepted
and used.

Presented in this publication is a
discussion concerning the use of Parshall
flumes for measuring water, including the
utilization of a new approach for treating
submerged flow that was developed at Utah
State University.

The information presented on free flow
has been taken from the original publica-
tions of Ralph L. Parshall, and the bulle-
tin, "Measurement of Irrigation Water,"
prepared by Eldon M. Stock. Utilizing
data developed by Ralph L. Parshall, A. R.
Robinson, and the authors.

Cooperative Extension Work in Agriculture and Home Economics,
William H. Bennett, Director, Utah State University of Agri-
culture and Applied Science, and the United States Department
of Agriculture, Cooperating. Distributed in furtherance of

Acts of Congress of May 8, and June 30, 1914. (1M/12-65/BAP)
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DEFINITIONS

The two forms under which irrigation water is normally
measured are volume and rate of flow. Some of the common
. volumetric and flow rate terms are listed below.

Acre-foot. An acre-foot 1s a volume of water sufficient
to cover one acre of ground with a one-foot depth of water.

Acre-inch. An acre-inch is a volume of water sufficient
to cover one acre of ground with water one inch deep.

Cubic feet per second. Also referred to as second-feet
or cfs. The term is a measure of the rate at which water
flows (discharge) past a point. The flow rate of a stream
of water is the cross-sectional area of flow in square feet
(ft ) multiplied by the average velocity of the flow in
feet per second (ft/sec).

Gallons per minute. Also referred to as gpm. The term
is also a measure of the rate at which water flows past a
point.

The following relationships exist for the volume and
flow rate units.

acre-foot = 43,560 cubic feet
acre-inch = 3,630 cubic feet

O

cfs = 450 gpm (appxoimately)
cfs = 2 acre-feet in 24 hours (approximately)
cfs = 1 acre-inch per hour (approximately)

The nomenclature for a Parshall flume is illustrated in
Figure 2 and is defined below.

Converging inlet section. The entrance section of the
Parshall flume consists of a level floor with walls which
come together in the direction of flow (converge).

Throat section. The throat section constitutes the
middle portion of the Parshall flume. The floor of the throat
section dips downward in the direction of flow. The walls are
parellel.

Diverging outlet section. The exit section of the Par-
shall flume has a floor which rises in the direction of flow.
The walls become further separated in the direction of flow
(diverge) .

iii
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Flume crest. The flume crest is the edge of the floor
at the junction of the converging inlet section and the
throat section.

Two types of flow conditions can exist in a Parshall
flume, free flow and submerged flow. A definition of the
types of flow along with the measurements required for evalu-
ating flow rates are defined below.

Free flow. Free flow exists in a Parshall flume when a
change in the water surface elevation downstream from the
flume does not cause a change in water surface elevation up-
stream from the flume. When free flow exists, only the depth
of flow at H, need be measured to determine the flow rate or
discharge.

Submerged flow. Submerged flow exists in a Parshall
flume when a change in the water surface elevation downstream
from the flume causes a change in water surface elevation up-
stream from the flume. When submerged flow exists, the depths
of flow at both H, and Hyp must be measured to determine the
flow rate or discharge.

Hy. The depth of flow measured in the converging inlet
sectiom at a point two-~thirds the length of the entrance
section upstream from the flume crest.

. The depth of flow measured at a specified point in
the throat. The value of Hy is the depth of flow above the
elevation of the flume crest.

Head loss. Head loss is the loss of energy of the flow
between two points. For the purpose of this publication,
the head loss has been taken as the difference between Hy and
H, (head loss = Hy - Hy). Technically speaking, this is not
true, but such an assumption is usually made for Parshall
flumes.

iv



MEASURING WATER
WITH PARSHALL FLUMES

Gaylord V. Skogerboe
M. Leon Hyatt
Joe D. England

J. Raymond Johnson

Utah Water Research Laboratory

Richard E. Griffin
Utah State University Extension Services

The Parshall measuring flume is a water measur-
ing device that can be used to measure water flow-
ing in an open channel. It is intended primarily
for use in irrigation, and consists of a converging
inlet section, a throat section with straight
parallel sides, and a diverging outlet section
(Figure 1) . The two most desirable features of
the flume are that it operates very satisfactorily
with a loss of head much less than required for a
weir, and under normal operating conditions, the
discharge can be determined with an accuracy of
2 to 5 percent.

Discharge through the flume is called "free
flow" when the water elevation downstream is not
high enough to affect flow conditions upstream.
However, when the water elevation downstream is
not high enough to affect flow conditions upstream.
However, when the water elevation downstream is
high enough to affect conditions upstream, sub-
merged flow occurs. A further clarification be-
tween free flow and submerged flow is illustrated
in Figure 3.
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Figure 1.

Three

dimensional drawing of Parshall flume.




DIMENSIONS OF PARSHALL FLUMES

The Parshall measuring flume consists of:
a converging inlet section, a throat, and a di-
verging outlet section each with vertical side
walls. Figure 2 is a plan and sectional view of
a Parshall flume, along with a letter for each
dimension line. Listed in Table 1 are the values
of each dimension for various sizes of flumes
which have a discharge capacity varying from 0.03
cfs to 140 cfs. The size of a Parshall flume is
denoted by its throat-width. This dimension is
indicated as W in Table 1. The converging floor
section must be level in all directions. The
floor of the throat is inclined downward with a
slope of 9 inches vertically, to 24 inches hori-
zontally. The floor of the outlet or diverging
section has a slope upward of 6 inches vertically
to 36 inches horizontally, with the downstream
end of the flume 3 inches lower than the crest.
These dimensions are for flumes having a throat
width of 1 foot or more. Parshall flumes having
50-foot throat widths are in use that are capable
of measuring flow rates as high as 3,000 cfs.

The flume may be constructed of wood, con-
crete, metal, or any other material depending on
existing conditions, and desired use and durability.

DEFINITION OF
FREE FLOW AND SUBMERGED FLOW

Free flow is the condition under which the
rate of discharge depends only upon the depth of
flow, H,, (Fig. 2) in the converging section.

For a Parshall flume, the free-flow discharge re-
lationship remains valid for a relatively high
degree of submergence, thus allowing a wide range
of downstream flow conditions. For free flow
conditions, the submergence should not exceed the
limits as given in Table 2. The submergence,
which is often expressed as a percentage, is the
ratio of the downstream head, H, , to the upstream
head, H,, (H,/H,) (Fig. 2). The point at which
the transition from free flow to submerged flow
occurs can be observed in a Parshall flume. When
downstream flow conditions cause the water surface
in the flume to be raised until a ripple or wave
is formed at or near the downstream end of the
throat (Fig. 3, water surface profile line b),
the flow is near the transition submergence.



Figure 2. Plan and sectional view of Parshall measuring flumes.
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Table 1. Dimensions and Capacities for Parshall Flumes.

\?vkirrlf;;v Dimensions in Feet and Inches g;;:j:g:ev:
fr. i A B C 2/3C D E F G H K |x| Y I‘C’Ifi:‘ NCI?SX
pr 3v]or 10 3/16"| O 7" 1T 63/8" [11 0 1/4" 1t én ov ém |1 o1 3 ]or 21/4" o7 11|l 1/2n] 0,03 .6
0v 6™ 1t 3 1/2 |11 3 1/21"[ 21 0 7/16M |1 4 5/161] 2% on v om)2r o1t g'fort 4 1/2n|or 3|21 3" 0.05| 2.9
ov 9" |1v 105/8" |11 3¢ 2t 10 5/8" |11 11 1/8" |21 10 1V on [11 6" |27 o]0t 4 1/21]0r 3|2 |3n 0.1 | 5.1

121121 9 1/4n AN 41 6" 3t Qv 41 4 7/8" (210" |31 Ov |3t ov| Ot 9 or 3w [2tr|3n 0.4 | 16.0

181 |3t 4 3/8" 21 v 41 9u 31 21 41 7 7/8%" |21 O |31 O |31 On| ot 9 or 3 |2n 3 0.5 ) 24.0

24" |31 11 1/2" | 31 o 5t on 31 4n 4t 10 7/8M|2t 0" |31 Qv |31 Q| Y 9u or 3m |2 3n 0.7 | 33.0

30" |41 6 3/4" 31 61 51 4 1/4% |31 6 3/4n |51 3u 2T oM |3t O (31 o | Ot 9V 01 3 |2m | 3¢ 0.8 | 41.0
3t 0" (5T 1 7/8" 4 ov 51 gn 3r gn 51 4 3/4" |2v o |31 on |31 ot [ ot 9v or 3m |2 3¢ 1.0 | 50.0
41 0" (6T 4 1/4" 51 oV 6t oV 4T ot 5% 10 5/8"|2® 0" |31 Q' |31 On |0t 9u 0T 3t am |31 1.3 | 68.0
51 0" |7t 6 5/8" 6t oV 63 6" 4t 4n 61 4 1/2" [2¢ Q' [3T O |3F O |0% 9V 0T 3t |2m |31 2,2 | 86.0
6% 0" |8t gu 7T ov 7T Qv 4 gn 61 10 3/8"[2T Q' |31 Q' [3T O" |0 9V or 3t 2w [3n 2.6 [104.0
7t 0" |9% 11 3/8" |8 o¢ 7T 6% 51 ov 7t 4 1/4" |21 o' |3T o' (37 Q" [OQf 9¢ 0t 3 [z | 3% 4.1 f1z21.0
81 0" |11 1 3/4" |9 o" 81 o 51 4" 71 10 1/8"|]2t 0" |3 O (3t Q' [0t ot or 3w 21 3¢ | 4.6 [140.0




With this condition, there is a marked reduction
in the velocity of the water as it leaves the
lower end of the flume.

Shown in Figure 3 is a two-foot Parshall
flume with a discharge of 27.0 cfs. The water
surface profiles (lines a, b, ¢, and d) represent
both free flow and submerged flow, with lines a
and b being free flow and lines ¢ and d being sub-
merged flow. Water surface profile lines a and b
both have. an upstream depth equal to 2.19 feet.
Line a is for a very low submergence of 30 percent.

This results in a jetting action at the exit. Line

b has a submergence of 66 percent which is the
transition submergence. This is the maximum value
of submergence that can occur for free flow condi-
tions in the flume. Lines a and b show the wide
range of possible downstream conditions for free
flow. Water surface profile lines ¢ and d are

for submerged flow conditions with line c having

a submergence of 72 percent, which is slightly
greater than the transition submergence, and line
d having a submergence of 90 percent. Of parti-
cular importance is the change in upstream water
depth, H,, under submerged flow conditions (water
surface profile lines c and d).

In Table 2 are the transition submergence
values for Parshall flumes ranging in size from
3 inches to 8 feet. When the submergence, Hb/Ha’
for any given flume size exceeds the transition
submergence value given in Table 2, the flow is
submerged. For this condition, the submerged flow
calibration curves must be used to determine the
discharge.

Table 2. Transition submergences in Parshall flumes.

Flume Transition Flume Transition Flume Transition

Size Submergence Size Submergence Size Submergence
3" 56% 18" 64% 4" 70%
6" 56% 24" 66% 5' 72%
9" 60% 30" 67% 6 74%
12" 62% 3 68% 7! 76%
8' 78%
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Figure 3.

Illustration of free flow and submerged flow in a
two-foot Parshall flume.
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FREE FLOW CALIBRATIONS

Under free flow conditions, the discharge de-
pends only upon the upstream depth of flow, Hj.
Utilizing this relationship, Table 3 has been pre-
pared to give the free flow discharge in second-
feet (cfs) for most possible H, values, and for
Parshall flumes ranging in size from 3 inches to
8 feet.

Example 1. To illustrate the use of
Table 3, take a two-foot Parshall flume
with an upstream depth of flow, Hy, equal
to 2.19 feet. Enter Table 3 at the left
side with a value of Hy equal to 2.19 feet,
then under the column headed by a throat
width of two feet, observe that the rate of
flow is 27.0 cfs.

SUBMERGED FLOW CALIBRATIONS

When the ratio of Hy to H, (H,/H,) exceeds
the limits given in Table 2, which is the transi-
tion submergence value, the flow is said to be
submerged. Here, the rate of discharge depends
on both the upstream and downstream depths of
flow, Hy and Hp. To obtain the discharge under
submerged flow conditions, the downstream and up-
stream depths are measured. Using the values of
Hy and Hp, the nomographs in Figures 4 and 5 are
used to obtain values of the change in water sur-
face elevation (H; - H,) and submergence (Hp/Hy) .
To accomplish this, a straightedge is aligned on
the values of Ha and Hb, and the wvalues of Hy, - Hy
and Hy,/Hy are read along the straightedge alignment.

Example 2. For H, equal to 2.19 feet
and H, equal to 1.97 feet, Figure 4 is used
with a straightedge aligned on Hy = 2.19 and

= 1.97 and the difference (H, - H,) taken
from the alignment is 0.22 feet. From Figure
5, with a straightedge aligned on Hy = 2.19
and B, = 1.97, the value of submergence taken
from the alignment is 90 percent.

With the values of H_ - Hy, and H /Ha, it
is now possible to enter Ehe sUbmerged cali-
bration curves and obtain the value of sub-
merged flow discharge. To illustrate the
use of the submergence flow calibration
curves, the two-foot Parshall flume is se-
lected.



Example 3. Using the values of Hy - Hy
and H,/H; as obtained in the above example,
the submerged flow calibration curves for
the 2-foot Parshall flume (Fig. 11) is
entered from below with the value of Hy - Hy =
0.22 feet. Then, move vertically upward to
the 90 percent submergence line. At this
point of intersection, move horizontally to
the left to the discharge value located on
the vertical scale which is 21.3 cfs.
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Table 3. Free flow calibration tables for Parshall flumes.
Upper Throat Width
head 3 6 9 12 18 24 30 3 4 5 6 7 8
Ha linches |inches |inches |inches|incheslinches [inches | feet { feet |[feet |feet [feet [feet
Feet Flow in cubic feet per second
0.10 {0.028 0.05 0.09{---- e T ---- R B il IR T BEEET B
0.11 0.033 0.06 0.104---- Rl B ---- R R R il Il
0.12 |0.037 0.07 0.124---- R R -—--- B e e Ikl el Rt
0.13 |0.042 0.08 7 0.14{---- PR T -—--- et Il N BT B
0.14 10.047 0.09 0.151---- N B - e B B e I ] I
0.15 {0.053 0.10 0.17 §---- e -—-- R B R B B
0.16 10.058 0.11 0.19 ;---- ———— === - B I I B B (R
0.17 10.064 0.12 1 0.20]---- e e - et IEEET I BRI TR (PR
0.18 10.070 | 0.14 | 0.22---= | =coc oo [ mmmo b omc ] cmea i e e o] -
0.19 §10.076 | 0.15 ] 0.24---- } =-nc|-mem | mmme | mmecl ccca] e mmem} mmee] mm=-
0.20 10.082 | 0.16 0.2610.35 0.51 ]0.66 | 0.81 0.97]1.26|=---={ -—==| ===-fs-=-=~-
0.21 0.089 0.18 0.28]0.37 0.55 |0.71 0.88 1.04]/1.36~-=-- == =---] ===
0.22 10.095 0.19 0.3010.40 |} 0.59 |0.77 0.95 1.12]1.47]--=-{ -—ca] =~} —=-~
0.23 |0.102°| 0.20 | 0.32{0.43 0.63]0.82 1.01 1.20] 1.58 | ----{ --==| === ===-
0.24 ]10.109 0.22 | 0.35§0.46 } 0.67 |0.88 1.08 1.2811.69 ]| ---=| --=<) o=-<| -==-
0.25 0.117 0.23 } 0.3710.49 0.71]0.93 1.15 1.3711.8012.2212.63| ----| ----
0.26 |0.124 0.25 0.3910.51 0.76 10.99 1.23 1.4641.91(12.36{2.80) ----] ----
0.27 10.131 0. 26 0.4110.54 | 0.80(1.05 1.30 1.5502.03(2.50{2.97} ~---| ---~
0.28 {0.138 | 0.28 | 0.44]0.58 0.8511.11 1.38 1.6412.1512.65{3.15| =-=-| =---
0.29 {0.146 0.29 { 0.461]0.61 0.9011.18 1.45 1.7312.27]2.80]3.33| ~==-| ----
.30.-10.154 0.31 0.49)0.64 | 0.9411.24 11.53 1.8212.39[12.96]3.52| 4.08| 4.62
.31 [0.162 0.32 0.5140.68 | 0.99 (1,30 1.61 1.9212.52(3.1213.71] 4.30| 4.88
32 10.170 0.34 | 0.54{0.71 1.04 |1.37 1.70 | 2.02| 2.65(3.2873.90({4.52| 5.13
.33 °10.179 | 0.36 0.5630.74 [ 1,09 (1.44 1.78 | 2.12[2.78|3.4414.10( 4.75| 5.39
.34 1{.0.187 0.38 | 0.59170.77 1 1.14{1.50 1.87 | 2.2212.92(3.61[4.30f4.98| 5.66
.35 |0.196 0.39 | 0.62{0.80 1.19J1.57 ]1.95 | 2.32|3.06|3.78|4.50|5.22| 5.93
36 |0.205 0.41 0.64 {0.84 1.2511.64 12.04 | 2.42|3.19(3.95{4.71| 5.46| 6.20
37 0.213 0.43 0.671{0.88 1.301491.72 1 2.11 2.53(13.34|4.1314.92| 5.70| 6.48
.3Sf 0.222 0.45 0.7010.92 1.3611.79 | 2.22 | 2.64| 3.48]4.31{5.13|5.95| 6.76
.39710.231 | 0.47 0.7310.95 1.41 [1.86 | 2.31 2.75(3,6214.49(5.35| 6.20] 7.05
40 1 0.241 0.48 0.76(0.99 1.4711.93 [2.40 | 2.86|3.774.6815.57| 6.46| 7.34
41 0.250 0.50 [ 0.7811.03 [ 1.53§2.01 2.49 { 2.97|3.92(4.86]5.80| 6.72( 7.64
42 | 0.260 | 0.52 | 0.81{1.07 [1.58]2.09 |2.59 | 3.08|4.07|5.05]6.02| 6.98| 7.94
.43 | 0.269 0.54 ] 0.84|1.11 1.64{2.16 |[2.68 | 3.20| 4.22|5.24]6.25| 7.25| 8.24
44 10.279 0.56 |1 0.87(1.15 1.7012.24 | 2.78 | 3.32| 4.38|5.43]6.48; 7.52| 8.55
45 10.289 0.58 0.90(1.19 1.76 |2.32 | 2.88 3.44|4.54|5.63]6.72| 7.80| 8.87
46 | 0.299 0.61 0.94 (1.23 1.8212.40 | 2.98 3.56(4.70|5.83]|6.96| 8.08] 9.19
.47 10.309 0.63 | 0.97 1,27 1.88 12.48 | 3.08 | 3.68| 4.86|6.03|7.20| 8.36[ 9.51
.48 | 0.319 0. 65 1.00]1.31 1.94 12.57 | 3.19 3.80[5.03(6.24|7.44| 8.65| 9.8
.49 0. 329 0. 67 1.03]1.35 §2.00{2.65 3.29 3.92| 5.20| 6.45|7.69]| 8, 94[10.2
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Table 3. (Continued)

Upper Throat Width
head 3 6 9 12 18 24 30 3 4 5 6 7 8
Ha | inches |inches linches|inches|inches|inches|inches | feet| feet | feet] feet] feet | feet
Feet Flow in cubic feet per second
0.50 0.339 0.69 1.06 11.39 [ 2.06]2.73 3.39 4,05(5.366.66]7.94]19.23(10.5
0.51 0.350 0.71 1.10 (1.44 2.13)2.82 3.50 4,181 5.53|6.87(8.2019.53(10.9
0.52 0.361 0.73 1.13 (1.48 2.1912.90 3.61 4,31 5.7017.09]|8.46(9.83(11.2
0.53 0.371 0.76 1.16 [1.52 2.25(2.99 3.72 4.44( 5.88]7.30|8.72]10.1 11.5
0.54 0.382 0.78 1.20 [1.57 2.32| 3.08 3.83 4,57 6.05]7.52| 8.98(10.5 11.9
0.55 0. 393 0.80 1.23 |1.62 2.39(3.17 3.94 4,70 6.23)7.74(9.25]10.8 12.2
0.56 0.404 0.82 1.26 |1.66 2.45| 3.26 4,05 4,84 6,41 7.97| 9.52|11.1 12.6
0.57 0.415 0.85 1.30 [1.70 2.52) 3,35 4,16 4,98 6.59(8.20|9.79|11. 4 13.0
0.58 0.427 0. 87 1.33 |1.75 2.59| 3.44 4,28 5.11| 6.77]8.43(10.1 |11.7 13.3
0.59 0.438 0.89 1.37 {1.80 2.66) 3.53 4,39 5.25| 6.96)8.66{10.4 (12.0 13.7
0.60 0.450 0.92 1.40 |1,84 2.73| 3.62 4,51 5,.39| 7.15|8.89110.6 [12.4 14.1
0.61 0.462 0.94 1.44 (1,88 2.80| 3.72 4,63 5.53| 7.34|9.13(10.9 (12.7 |14.5
0.62 0.474 0.97 1.48 [1.93 2.871 3.81 4,75 5.68| 7.5319.37({11.2 |13.0 14.8
0.63 0.485 0.99 1.51 (1.98 2.95| 3.91 4,87 5,82 7.72(9.61(11.5 13,4 15.2
0. 64 0.497 1.02 1.55 |2.03 3.02| 4.01 4.99 5.97 7.91( 9.85(11.8 (13.7 15.6
0. 65 0.509 1.04 1.59 |2.08 3.09( 4.11 5.11 6.128.11(10.1 12.1 |14.1 16.0
0.66 0.522 1,07 1.63 (2.13 3.17| 4.20 5.24 6.26( 8.31{10.3 [|12.4 |14.4 16.4
0.67 0.534 1.10 1.66 |2.18 3.24| 4. 30 5.36 6.41] 8.51]10.6 (12.7 [14.8 [16.8
0.68 0. 546 1.12 1.70 ]2.23 3.31] 4.40 5.49 6.561 8.71|10.9 |13.0 j15.1 17.2
0.69 0.558 1.15 1.74 12.28 3.39| 4.50 5.61 6.7118.91(11.1 |13.3 [15.5 17.6
0.70 0.571 1.17 1.78 [2.33 3.46( 4. 60 5.74 6.86| 9.11|11.4 |13.6 [15.8 18.0
0.71 0.584 1.20 1.82 |2.38 3.54( 4.70 5.87 7.02] 9.32[11.6 [13.9 |16.2 [18.5
0.72 0.597 1.23 1.86 |2.43 3.62| 4.81 6.00 7.17( 9.53[11.9 (14.2 [16.6 18.9
0.73 0.610 1,26 1.90 |2.48 3.69| 4.91 6.12 7.33| 0.74({12.1 |14.5 [16.9 19.3
0.74 0.623 1.28 1.94 |2.53 3.77| 5.02 6.25 7.49( 9.95|12.4 |14.9 |17.3 19.7
0.75 | ----- 1.31 1,98 |2.58 3.85| 5.12 6.38 7.65110.2 |12.7 {15.2 |17.7 20.1
0.76 | --=-=~ 1.34 2.02 |2.63 3.93| 5.23 6.52 7.81|10.4 ]12.9 [15.5 |18.0 |20.6
0.77 | m-ma== 1.36 2.06 |2.68 4,01] 5.34 6.65 7.97[10.6 |13.2 |15.8 |18.4 |21.0
0.78 | ==-==- 1.39 2.10 |2.74 4.09| 5.44 | 6.79 8.13(10.8 [13.5 [16.2 |18.8 21.5
0.79 | -=-=--- 1.42 2.14 |2.8&0 4,17 5.55 6.92 8.30(11.0 |13.8 |16.5 |19.2 |21.9
0.80 { ----~-- 1,45 2.18 |2.85 4. 26{ 5. 66 7.06 8.46]11.3 114.0 ]16.8 |19.6 [22.4
0.8l | -==== 1.48 2.22 [2.90 4,34 5,77 7.20 8.63|11.5 [14.3 [17.2 [20.0 |22.8
0.82 | ---=- 1.50 2.27 |2.96 4.42] 5. 88 7.34 8.79111.7 [14.6 [17.5 (20.4 |23.3
0.83 | ----- 1.53 2.31 13,02 4,50[ 6.00 7.48 8.96|11.9 |14.9 |17.8 |20.8 23,7
0.84 | --~-= 1.56 2.35 |3.07 4,59 6,11 7.62 9,13(12.2[15.2 |18.2 |21.2 |24.2
0.85 —— - 1.59 2.39 |3.12 4,67 6,22 7.76 9.30(12.4 |15.5 [18.5 {21.6 }24.6
0.86 | ~=w-= 1.62 2.44 13.18 4,76 6. 33 7.91 9,48112.6 {15.8 118.9 |22.0 25.1
0.87 | -=--= 1.65 2.48 [3.24 4, 84| 6.44 8.05 9.65[12.8|16.0 |19.2 |22.4 |25.6
0.88 | ----- 1.68 2.52 |3.29 4,93| 6,56 8.20 9.82(13.1(16.3 [19.6 {22.8 |26.1
0.89 [ ----- 1.71 | 2.57 13.35 | 5.01| 6.68 L8.34 10.0 [13.3[16.6 |19.9 [23.2 |26.5
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Table 3. (Continued)

Upper Throat Width

head 3 6 9 12 18 T 24 30 3 4 5 6 7 8

Ha | inches |inches |inches]inches|inches} inches|inches| feet| feet| feet| feet | feet feet
Feet Flow in cubic feet per second
0.90 - 1,74 2.61 13.41 5.10 [6.80 8.49 10,2[13.6|16,9|20.3 |23.7}27.0
0.91 -—— 1.77 2.6613.46 5.19 [6.92 8. 64 10.4}113.8(17.2120.7 124.1127.5
0.92 -—— 1.81 2.70¢13.52 5.28 {7.03 (8.79 10.5[14.0}17.5]21.0 |24.5128.0
0.93 _——— 1.84 2.7513.58 }5.37 [7.15 8.93 10.7114.3|17.8121.4 [24.9}128.5
0.94 -——— 1.87 2.79 [3.64 5.46 17.27 9.08 10.9(14.5118.1]21.8 [25.4129.0
0.95 P —_— 1.90 2.84}3.70 5.55 [7.39 |9.23 11,1114.8[18.4]22.1 |25.8329.5
0.96 ———- 1.93 2.88¢3,76 |5.64 17.51 9. 38 11.3[15.0(18.8|22.5 |26.2130.0
0.97 -—-- 1.97 2.93}13.82 5.73 17.63 9.53 11.4§15.3)19.1]22.9 |26.7{30.5
0.98 - 2.00 2.98 f3.88 5.82 {7.75 9. 69 11.6[15.5(19.4}23.2 {27.1131.0
0.99 -——- 2.03 3.0213.94 5.91 {7.88 9. 84 11.8415.8119.7123.6 127.6(31.5
1.00 ———— 2.06 3.07 |4.00 6.00 [8.00 [0.00 12.0116.0120.0{24.0 [28.0132.0
1.01 e 2.09 3.12 }4.06 6.09 [8.12 [0.16 12.2116.3(20.3124.4 |28,4132.5
1.02 —_—— 2.12 3.17 (4.12 6.19 £8.25 [10.32 12.4]116.5|20.6{24.8 |28.9(33.0
1.03 _——— 2.16 3.21 (4.18 6.28 §8.38 [0.47 12,.6116.8(121.0}125.2 129.4]33.6
1.04 - 2.19 3,26 (4.25 6.37 [8.50 [10.63 12.8117.0121.3|25.6 29.8 |34.1
1.05 -—— 2.22 3.31(4.31 6.47 [|8.63 [0.79 13,0117.3121.6[25.9 130.3(34.6
1.06 ———- 2.26 3.36 4. 37 6.56 [8.76 [10.95 13.2417.5|21.9(26.3 [30.7§35.1
1.07 ——— 2.29 3.40|4.43 6.66 (8.88 1,11 13.3117.8]22.3}26.7131.2|35.7
1.08 - 2.32 3.45 [4.50 6.75t9.01 [11.28 13,5118.1(22.6127.1 31.736.2
1.09 -—=- 2.36 3.50(4.56 6.85 [9.14 1. 44 13.7118.3(22.9(27.5 |32.1 [36.8
1.10 ———— 2,40 3.55(4.62 6.9519.27 {11.60 13,9/18.6123.3127.9(32.6 |37.3
1.11 -——- 2.43 3.6014.68 7.04 59.40 11,76 14.1118.9|23.6[28.4 |33.1 |37.8
1.12 -——— 2.46 ] 3.6514.75 7.1419.54 }11.93 14.3119.1123,9{28.8 |{33.6 [38.4
1.13 ———— 2.50 3.70|4.82 7.24£9.67 N02.09 ]14.5(19.41{24.3]|29.2 (|34.1138.9
1.14 -—— 2.53 3.75 4. 88 7.34}19.80 {12.26 {14.7|19.7124.6]29.6 [34.5139.5
1.15 -———- 2.57 3.80/4.94 7.4419.94 [12.43 14.9119,9125.0[30.0|35.0 (40.1
1.16 ———— 2.60 3.8515.01 7.54 40,1 12.60 15,1120.2(25.3130.4|35.5 [40.6
1,17 -— 2.64 3.90:5.08 7.64 0.2 12.77 15.3120.5(25.7]30.8 [36.0 141,2
1.18 _—— 2.68 3.9515.15 7.74 0.3 12.94 15.6|20.8126.0131.3 (36.5 141.8
1.19 -——- 2.71 4.01]5.21 7.8410.5 13.11 15.821.1 |26.4|31.7|37.0142.3
1.20 ———- 2.75 4.0615.28 7.94 H10.6 13.28 16.0(21.3)26.7132.1137.5 {42.9
1.21 _——— 2,78 | 4.1115.34 8.05 i0.8 13, 45 16.2121.6 |27.1|32.5(38.0 {43.5
1.22 -——— 2.82 4.1615.41 8.15 &0.9 13.63 16.4121.9(27.4(33.0|38.5 {44.1
1.23 _—— 2.86 4.22]5.48 8.2511.0 13.80 16.6(22.2|27.8133.4(39.0 |44.6
1.24 ——-- 2.89 4.27]5.55 8.36111.2 (13.98 16.822.5]28.1133.8(39.5 {45.2
1.25 ———— - 4,32]5.62 8.46/11.3 14.15 17.0(22.8 |28.5(34.3 [40.0 |45.8
1.26 -—— ———- 4.3715.69 8.5611.5 14. 33 17.2(23.0|28.9 [34.7 | 40.5 |46.4
1.27 _——— . 4.43}15.76 8.67(11.6 14.51 17.4(23.3(29.2]35.1(41.1|47.0
1.28 -——— _——— 4.48| 5.82 8.77(11.7 14. 69 17.7123.6(29.6135.6|41.6147.6
1.29 -——-- - 4.53] 5.89 8.88|11.9 14. 87 17.9(23.9(30.0(36.0|42.1 |48.2

i
=t
N

)



Table 3. (Continued)

Upper Throat Width

head 3 6 9 12 18 24 30 3 4 5 6 K 8
Ha inches | inches linches|inches|inches inches|inches| feet| feet] feet| feet| feet| feet
Feet Flow in cubic feet per second

1.30 | ---- —~--| 4.50]5.96 | 8.99112.0]|15.05 18.1[24.230.3{36.5 }42.648.8
1.31 | <=--- } =--=--1 4.6416.03 ) 9.09312.2115.23 18.3}24.5130.7)36.9143.1)49.4
1.32 | ---- —ee—| 4.69|6.10 | 9.20]12.3|15.42 }18.5(24.8}31.1{37.4}{43.7/50.0
1.33 [ ---- - ! 4.75]|6.18 | 9.30[12.4]15.60 }18.8§25.1}31.4|37.8 [44.2|50.6
1.34 | ---- ~---| 4.80]6.25 | 9.41{12.6]15.79 19.0]/25.4131.8]38.3144.7|51.2
1.35 | =--- | -~---] 4.8616.32 | 9.52(12.7}15.97 19.2(25.7[32.2]38.7{45.3|51.8
1.36 {---- ----| 4.9216.39 | 9.63}12.9}16.16 19.4]|26.0132.6}39.2(45.8|52.5
1.37 {---- oo | 4.9716.46 | 9.74113.0416.34 [19.6]|26.3(33.0}39.7 [46.4|53.1
1.38 | ---- ----} 5.03y6.53 | 9.85}13.2}16.53 19.9126.633.3]40.1 {46.9153.7
1.39 | ---- ----| 5.08]6.60 ( 9.96[13.3]|16.71 20.1}26.9(33.7[40.6 147.4154.3
1.40 | ---- cee-} ----]6.68 |10.1 [13.5}16.90 }20.3[27.2(34.1(41.1{48.0]55.0
1.41 {---- meme| ----6.75 [10.2 }13.6[17.09 [ 20.6[27.5|34.5(41.5}48.5155.6
1.42 | ---- eeee| ~a--|6.82 [10.3 {13.8f17.28 | 20.8[27.8(34.9[42.049.1(56.2
1.43 ---- - ----16.89 [10.4 [13.9}17.47 21.0[28.1135.3}142.5 [49.6 {56.9
1.44 {---- ce-e| —-e-16.97 |10.5 {14.1]|17.66 |[21.2128.5(35.7{42.9 [50.2]57.5
1.45 -—-- —-—- -—--17.04 {10.6 [14.2{17.85 21.3[28.8{36.1]43.4[50.8}58.1
1.46 | ---- cmemt —-=-|7.12 |10.7 |14.4118.04 [21.7}29.1/36.5143.9(51.3}58.8
1.47 1---- | ==l 7.19 ]10.8 f14.5]|18.23 | 21.9}(29.4(36.9}44.4(51.9159.4
1.48 (---- -~ ~~--{7.26 |11.0 {14.7]18.43 22.2129.7137.3144.9152.4 {60.1
1.49 |---- e ----] 7.34 [11.1 |14.9({18.62 }22.4[30.0f37.7]45.3(53.060.7
1.50 ---- ---- ----17.41 111.2 }15.0(18.82 22.6130.3[38.1}45.8 {53.6 |6l.4
1.51 ---- -~-- ---=17.49 {11.3 [15.2}19.02 22.9130.7138.5|46.354.2(62.1
1.52 1---- oo -2--| 7.57 (11.4 (15.3|19.22 }23.1§{31.0]38.9}46.8 ]54.7}62.7
1.53 |---- - ----| 7.64 111.5 [15.5(19.41 23.4131.3139.3[47.3155.3163.4
1.54 |[---- —meo| --=<[ 7.72 |11.7 |15.6]19.61 23.6:31.6139.7|47.8 155.9164.0
1.55 [---- me-] _---}7.80111.8 [15.8]19.81 23.8132.0140.1]48.3]56.5 ]64.7
1.56 |[---- —---| ----] 7.87 |11.9 |15.9|20.01 24.1132.3}40.5[|48.8 157.1 |65.4
1.57 }=---- ---- ----[ 7.95 112.0 [16.1720.21 24.3132.6(40.9]49.3 |57.7(66.1
1.8 }---- -~ ----| 8.02 |12.1 [(16.3]20.41 24.6132.9141.4| 49.8 |58.2 |66.7
1.56 -—-- -~-- ----18.10{12.2 (16.4(20.61 24.8§33.3141.8]/50.3 {58.8 167. 4
1.60 }---- —---t ----[ 8.18 |12.4 |16.6|20.81 25.1133.6)42.2| 50.8 |[59.4 (68.1
1.61 ---- -~-- ----] 8.26 |12.5 |16.7)21.01 25.3133.9142.6| 51.3160.0 {68.8
1.62 |---- ceen} ----] 8.34 ]12.6 [16.9]21.22 | 25.5}34.3|43.0|51.8160.6]69.5
1.63 |---- - ----| 8.42 |12.7 |17.1{21.42 25.8134.6|43.4( 52.3(61.2 (70.2
1.64 |---- ae--| ----] 8.49 [12.8 |17.2]21.63 | 26.0}34.9143.9|52.8 {61.8 [70.9
1.65 }---- ~---} ----1 8.57113.0 |17.4|21.83 | 26.3}35.3|44.3]53.3162.4|71L.6
1.66 [---- oo ---- 8.65[13.1 |17.6]|22.04 | 26.5}35.6|44.7| 53.9 (63.072.3
1.67 |---- eem=| ----4 8.73[|13.2 |17.7|22.24 | 26.8}35.9]|45.1| 54.4163.6 |73.0
1,68 |---- ----| ----] 8.81[13.3 [17.9]22.45 | 27.0]36.3|45.6(54.9 |64.3]73.7
1.69 |---- ----] ---4 8.89|13.5 |18.0|22.66 | 27.3|36.6|46.0| 55.4 |64.9 |74.4

~13~



Table 3. (Continued)

- Throat Width

Iiiiii 3 6 9 12 18 24 30 3 4 5 6 7 8
Ha |inches |inches | inches|inches| inches|inches|inches| feet| feet| feet| feet| feet | feet
Feet Flow in cubic feet per second

1,70 | ---- el —wee] B,97) 13.6}18.2 122.87127.6137.0146.4156.0[65.5 {75.1
1.71 ] ---- ==} me--f 9.05] 13.7118.4 }23.08]27.8137.3146.9(56.5|66.1 |75.8
1.72 | ---- ~m--fp o=--=1 9.13F 13.8118.5 123.29128.1137.7147.3157.0166.7176.5
1.73 - e ———— ~--~1 9,21 13.9 18,7 23.50428.3138.01}47.757.5(67.3177.2
1.74 § ---- === ----1 9.291 14.1118.9 {23.72128.6|38.3[48.2/58.168.0177.9
1.75 { ~--- ----p ----{ 9.38] 14.2(19.0 [23.931{28.8 |38.7148.6|58.6|68.6 |78.7
1,76 ] ---- ----f ----i 90460 14.3019.2 [24.15129.1139.0149.1(59.1169.2 (79,4
1.77 | ---- ===t ----1 9.54 14.4119.4 }[24.36.429.3139.4[49.559.7[69.9 [80.1
1.78 | ~--- womm b meeef 9,621 14.6019.6 124.58 £29.6139.7149.9160.2(70.51{80.8
1.79 | ---- cmmmg o —-== QU700 14.7 219,07 [24.79429.9 140.1150.4160.7171.1181.6
1.80 | —--- -===1 ----1 9.79 14.8[19.9 §25.01 §30.11(40.5(50.861.3{71.8|82.3
1.81 | —-=- === ----1 9.87 15.020.1 }25.23 §30.4]40.851.3161.8|72.4/83.0
1.82 | —--- === ----] 9.95/ 15.11{20.2 }25.45 ;30.7141.21t51.7162.4|73.0183.8
1.83 § —--- =-~-| ----110.0} 15.220.4 }25.66 [30.9[41.5[52.2(62.9(73.7|84.5
1.84 | ---- === w~--110,11 15.37(120.6 [25.88 }31.2'41.9152.6/63.5]|74.3(85.3
1.85 | —--- mmeml ----3 100211 15.5020.8 §26.10131.5142.2153.1164.0175.0186.0
1.86 | —-n- - ---=110.31 15.6{20.9 126.32 }31.7}42.6153.6[64.6|75.6186.8
1.87 { -~~~ ~---f ----110.4 1} 15.7F21.1 }26.54 §32.0[43.0154.0165.1176.3/87.5
1.88 | --—- ----] ----110.5] 15.8(21.3 |26.76 §32.3]43.3/54.565.7{76.9|88.3
1.89 | ---- ~---1 ----110.5] 16.0121.5 }26.98132.5[43,7}54.9166.3]77.6189.0
1.90 §{ ~--- wmmwd .- 10.64 16.1521.6 [27.20132.8144.1155.4166.8]78.2189.8
1.91 - mme=) e--=1 10070 16.2021.8 127.44 133.1[44.4155.9167.4178.9{90.5
1.92 § ---- el ~---110.81 16.422.0 }27.65 }133.3144.8[56.3167.9179.6/91.3
1.93 § -~ ———- -=-=110.97 16.5}22.2 [27.87133.6145.2156.868.5[80.2192.1
1.94 | ---- === ----111.0] 16.622.4 }28.101]33.9[45.5|57.3169.1/80.9 92.8
1.95 § —--- === ----3 1001} 16.7)22.5 128.32(34.1145.9157.7169.6181.6]93.6
1.96 § —--- - -e--P 1101 16.9122.7 128.55134.4146.3158.2170.2(82.2|94.4
1.97 ————— - ---- 11,21 17.0022.9 [28.77 134.746.6|58.7]70.8[82,9|95.1
1.98 § wwwm ——— ----p 11.31 17.2723.1 £29.00/35.0]147.0}59.1{71.4(83.6/95.9
1.99 § -~~~ --==} ----] 11.4] 17.3[23,2 }29.23 (35.3]47.4/59.6]71.9|84.3|96.7
2.00 { ---- mmompomeesf 15| 17.41023.4 129,46 135.5(47.860.1(72.5(84.9(97.5
2.0l | -—--- mm=-) mee- 1164 17.6123.6 | 29.69 [35.8[48.1[60.6]73.1{85.6/98.3
2.02 - - ~e=-l 10T 17.7823.8 | 29.92 136.1148.5161.0(73.7(86.3]99.1
2.03 | ~~-- =-=-p --=-{ 11.8} 17.8}24,0 |30.15}36.4}48.9161.5(74.2|87.0] 99.8
2,04 § wwen ===t ----1 11.8] 18.0f24.2 [30.39|36.7}49.3162.0]74.8/87.70100.6
2.05 § -ewn ~=m=1 ----1 13,9 18.1324.3 | 30.62 136.9149.7162.5175.4|88.41101.4
2.06 - -—-- ---— 12.0 18.2524.5 30.85 [37.2]50.1{63.076.0]89.11102.2
2.07 | ---- -=e=-f ----] 12,10 18.4424.7 }31.08 }37.5(50.4163.5176.689.8/103.0
2.08 | ---~ “m==| ---- 12.27 18.5}24.9 }31.32 137.8{50.8163.9|77.2190.4(103.8
2.09 | ~-~- -e-=| ----f 12.3| 18.7}125.1 , 31.55 ]38.1]51.2 64.4 177.8191.1|104.6
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Table 3. (Continued)
Upper Throat Width
head 3 6 9 12 18 24 30 3 4 5 6 7 8
Ha |[inches !inches |inches{inches |inchesiinches]inches| feet| feet| feet | feet| feet ifeet
Feet Flow in cubic feet per second
2.10 | ~°-" et --__l12.4 118.8|25.3 B1.7% |38.4|51.6{64.9 [78.4 | 91.8}105.4
2.11 | -—-—- ceof ww--]12.5 {18.9]25.5 32.03 {38.6(52.0165.4 |79.0( 92.51{106.2
2.12 { ---- eeee} ----f12.6 119.0125.6 32.27 |38.9|52.4]65.9 }79.6 | 93.3{107.0
2.13 | ---- ceewd —---b12.6 119.2(25.8 |32.50 {39.2|52.8]66.4 [80.2 | 94.01107.9
2.14 | -—-- eeoo) {1207 119.3]26.0 [32.74 |39.5[53.2]66.9 180.8 ] 94.7]108.7
2.15 | ---- el —---J12.8 |19.5]26.2 32.98 [39.8{53.5]67.4 [8l.4] 95.41109.5
2.16 | —--- ceee] ~--=112.9 {19.6}26.4 }33.22 ]40.1|53.9]67.9 (82.0{ 96.1§110.3
2.17 § ~--- ool —--2713.0 {19.7|26.6 133.46 140.4 [54.3]68.4 |82.6{ 96.87111.1
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Figure 4. Nomograph for obtaining the change in water
surface elevation, Hy - Hy.
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Figure 5. Nomograph for obtaining submergence, H,/H,.
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Figure 6. Submerged flow calibration curves for 3-inch
Parshall flume.
0.60 7 5
0.50 e
0.40 o ‘
.0\ ] o ra
0.30 \~Z‘ :
2 /
" 7
qc-) 0.20 0@ i i '::Ip{}'
o 0 5
@
kq |
- & X
o J i Fird
Z % ’ o MAYS
o /! Q '/'7
< 0.10 S
Q /\_CZ:SO
i A o
o 0.08 i i 5
H :Ea‘n ;‘H'L_
0.06
0.05 s>
0.04 7 5
as’ | i :
0.03! / HAEA i H
0.008 0.02 003 004 006 008 Ol 0.2
Hq— Hp» feef

-18-

0.3



i

Figure 7.

cfs

Discharge,

Submerged flow calibration curves for 6-inch
Parshall flume.
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Figure 8. Submerged flow calibration curves for 9-inch
Parshall flume.
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Submerged flow calibration curves for 18-inch
Parshall flume.

Figure 10.
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Submerged flow calibration curves for 24-inch

Parshall flume.

Figure 11.
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Submerged flow calibration curves for 30-inch

Parshall flume.

Figure 12.

40

o'l
80
=
090
:.WI”O.V.O
oS
N Hy 94 HA--
B oywnf.” J 9jdwpx3 3 =00
I anall
S PRI O Sl S
N i N 8 i N MK ) i 4
,,,‘1 .. ,111 ll....,..,:: II
010
264
o Sif e e s ESii SEh180°0
% RindSEL R B _ N PR
S o4 T 43 ] - /!
Q ™ uum_"m wo.o
)
)
Ys
Qs s ¥00
@Q\v &F ™
% mm "__ ] )
_ 200
% m 100) 9] < ol -

S0 ‘abipyosiq

feet

HCI - Hb 1
-24 -~



i

cfs

Discharge,

Figure 13.

Submerged flow calibration curves for 3-foot
Parshall flume.
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Submerged flow calibration curves for 4-foot

Parshall flume.

Figure 14.
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Figure 15. Submerged flow calibration curves for 5-foot

Parshall flume.
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Submerged flow calibration curves for 6-foot

Parshall flume.

Figure 16.
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cfs

Discharge,

Figure 17. Submerged flow calibration curves for 7-foot
Parshall flume.
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Submerged flow calibration curves for 8-foot

Parshall flume.

Figure 18.
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INSTALLATION OF PARSHALL FLUMES

The Parshall flume, like any other water-
measuring structure, must be properly installed
to give best results.

First, consideration should be given to the
location or site of the structure. The flume
should be located in a straight section of channel
and, for convenience, near a point of diversion
or a regulating gate if operating conditions re-
quire frequent changing of the discharge. However,
the flume should not be placed too near a gate
because of unbalanced flow or surging effects
which result from gate operation.

After selecting the site for the Parshall
flume, it is necessary to determine the maximum
quantity of water to be measured, the maximum
depth of flow corresponding to this quantity of
water, and the amount of head loss which can be
allowed through the flume. For practical pur-
poses, the head loss is the change in water sur-
face elevation between the entrance (inlet) and
exit (outlet) of the flume. After installation
of a Parshall flume, the depths of flow down-
stream remain essentially the same as prior to
installation, whereas the flow depths upstream
from the flume are increased by the same amount
as the head loss. The change in flow depths in
a canal after installation of a Parshall flume
is illustrated in Figure 20. The amount of
head loss that can be allowed through a flume is
often limited by the height of the canal banks
upstream from the flume. The diagram shown in
Figure 19 has been prepared to assist you in the
selection of the proper size of flume. TUse of
this diagram may best be-illustrated by an ex-
ample:

Example 4. Let's assume we need to
find the smallest size flume necessary to
measure a maximum discharge of 10 second
feet with a corresponding maximum flow
depth of 0.8 feet and a head loss not ex-
ceeding 0.5 feet. Thus, after installation,
the maximum downstream flow depth would be
0.8 feet and the maximum upstream flow depth
1.3 feet (0.8 = 0.5 = 1.3). The maximum
submergence would be 62 percent (0.8/1.3 =
0.62) . Enter Figure 19 at the lower left
and follow vertically on the 62 percent
submergence line until the curved discharge
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Head loss through Parshall flumes.
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line of 10 cfs is reached. At this point
move horizontally to the right until the
vertical line representing 0.50 feet of
head loss is intersected. Note that this
point is very near the diagonal line marked
2-foot throat width. Thus, a 2-foot Par-
shall flume would be used.

In some circumstances, several flume sizes
may be considered for measurement of the water,
but the selection is usually based on economic
factors. Normally, the throat width of the flume
will be from one-third to one-half the width of
the channel.

The Parshall flume may be constructed of
almost any material depending on the intended use
and desired durability. The most commonly used
materials are timber, steel, and concrete. When
timber is used, it is important to allow for
swelling (1/8-inch space between planks is ad-
visable) and some effort must be made to pre-
serve the timber. If greater permanency is
desired, steel or concrete should be used.

For the larger (10-50 foot) Parshall flumes,
reinforced concrete is usually used. However,
the forms should be carefully set to insure exact
dimensions.

Tt's important that the crest of the flume
is set at the correct elevation with reference
to the channel bed. This elevation depends upon
the size of the flume used, and the quantity of
water to be measured. Setting the crest at the
proper elevation isn't difificult if sufficient
fall is available, but if fall or grade of the
channel is very flat, difficulty may be encountered
and it may be necessary to operate under submerged
flow conditions. The crest of the Parshall flume
should be straight and level, and the flume floor
should be installed so that the converging en-
trance section is level longitudinally and later-
ally.

The flume should be built to the exact di-
mensions given in Table 1, especially the en-
trance and throat sections. If throat width is
not constructed as specified, adjustments can be
made to the discharge tables or curves to arrive
at the appropriate flow rate passing through a
flume.
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Example 5. Let's assume a two-foot
Parshall flume is to be constructed using
concrete. After the concrete has been poured
and the forms removed, a check measurement
shows the throat width is 2.10 feet. Con-
sequently, the discharge values obtained
from the free flow table (Table 3), or the
submerged flow calibration curves (Fig. 11)
for a two-foot Parshall flume, must be mul-
tiplied by a factor of 1.05 (2.10/2 = 1.05).
For free flow then, the discharge for a two-
foot flume would be 27.0 cfs if the Hy gage
reading were 2.19 feet, whereas the dis-~
charge is 28.4 cfs (27.0 x 1.05 = 28.35)
for a throat width of 2.10 feet.

The rate of flow through a Parshall flume is
determined by the water depths in the entrance
and throat sections. For free flow, only the
depth, H,, needs to be measured, and a staff gage
set vertically at the specified location on the
inside face of the converging entrance wall, can
be used to determine the head, Hy, with fair ac-
curacy. The staff gage for measuring Hy must be
carefully referenced to the elevation of the
flume crest, which is the elevation of the flume
floor at the end of the entrance section, or be-
ginning of the throat. For submerged flow, the
depth of flow in the throat, Hp, must also be
measured. Since the flow in the throat is quite
turbulent, causing the water surface to fluctuate
considerably, it is difficult to accurately mea-
sure Hp with a staff gage. Consequently, a
stilling well placed just outside the flume wall
is usually necessary. To connect the stilling
well with the point in the throat for measuring
Hp, as specified in Table 1, a short length of
pipe is used. A staff gage can be placed verti-
cally on the inside face of the stilling well
and the zero point of the gage referenced to the
elevation of the flume crest. If desired, a
stilling well may also be used for the Hy reading.
Stilling wells have the advantage of providing a
more accurate measurement of the flow depths than
staff gages. Also, stilling wells are necessary
if continuous recording instruments are to be
used. For submerged flow, two stilling wells
placed adjacent to one another are very desirable,
if a double head recording instrument continuously
records the water depths Hy and Hj, is to be used.
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Installation to Insure Free Flow

In most cases it is preferable to have a Par-
shall flume operate under free flow conditions.
The principal advantage is that only the upstream
flow depth, Hz, need be measured to determine dis-
charge. Another advantage is, if a continuous re-
corder is to be used, it is less expensive to pur-
chase a recorder that only measures one flow depth
(Hy) rather than two (Hy; and Hp), which would be
required if the flume were submerged. The pro-
cedure for installing a Parshall flume in a canal
to insure free flow is listed below.

1. Establish the maximum flow rate to be
measured.

2. Locate the high water line on the canal
bank where the flume is to be installed and de-
termine the maximum depth of flow.

3. BSelect from the free flow discharge table
(Table 3), the proper depth of water, H,, that
corresponds with the maximum discharge capacity
of the canal. For example, assuming that a 2-foot
flume is to be used and the maximum discharge is
27.0 second-feet, the depth of water, Hy, on the
crest is 2.19 feet.

4. Place the floor of the flume at a depth
which does not exceed the transition submergence
times, Hy, below the high water line (Fig. 20).
In general, the floor of the flume should be
placed as high in the canal as grade and other
conditions permit.

Example 6. A two-foot Parshall filume is
shown in Figure 20. The transition sub-
mergence for the two-foot flume is 66 per-
cent. The maximum discharge in the canal
is 27.0 cfs, which for free flow conditions
has a Hy value equal to 2.19 feet. Multi-
plying Ha (2.19) by the submergence (0.66),
gives a depth to flume floor of 1.45 (2.19
X 0.66 = 1.45). Therefore, the flume crest
should be set no lower than 1.45 feet below
the original maximum water surface (Fig. 20).
The loss of head through the structure will
be the difference between 2.19 feet and 1.45
feet, which is 0.74 feet, as shown in Figure
20. If the amount of head loss is too great,
then a larger flume could be used with a
resulting decrease in the head loss.
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Illustration of the installation of two-foot

Parshall flume to operate under free flow

conditiopns.
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Installation for Submerged Flow

Some conditions exist, such as insufficient
grade, where it is impossible or impractical to
set the flume for operation under a free flow
condition. Where this is the case, the flume may
be placed in the canal to operate under submerged
flow conditions. The principal advantage in
using submerged Parshall flumes is that a smaller
head loss occurs through the flume. The savings
in head loss (as compared with free flow), may
mean that canal banks upstream from the flume do
not have to be raised in order to maintain the
same maximum flow capacity in the canal that ex-
isted prior to the installation of the flume.
Also, for submerged flow, the floor of the flume
may be placed at the same elevation as the canal
bottom, thus allowing quicker drainage of the
canal section upstream from the flume, and reduced
seepage losses upstream from the flume particularly
for flow rates less than the maximum discharge.
The procedure to follow in placing a Parshall
flume in a canal to operate under submerged flow
conditions is listed below.

1. Establish the maximum flow rate to be
measured.

2. Locate high water line on the canal bank
where the flume is to be installed, and determine
maximum depth of flow.

3. Taking into account the amount of free-
board in the canal at maximum discharge and maxi-
mum flow depth, determine how much higher the
water gurface can be raised in the canal above
the location for the flume.

4. Select the required size of flume from
the submerged flow calibration curves using trial
and error. With the floor of the flume being
placed at nearly the same elevation as the bottom
of the canal, maximum depth of flow (item 2) can
be used as Hy, and the amount that the water sur-
face in the canal can still be raised (item 3),
can be used as Hy - Hp. With this information,
the submergence, Hp/Hz, can be computed. Knowing
Hy - Hp and Hp/Hy allows the size of flume to be
selected from the submerged flow calibration
curves. The trial and error procedure for se-
lecting the size of flume is illustrated in the
example that follows.
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Example 7. A site for a Parshall flume
has been selected in a canal having a maxi-
mum discharge of 27 cfs. Maximum depth of
water in the canal corresponding to this
flow rate is 1.8 feet. With the amount of
existing freeboard in the canal, it is felt
that the water surface should not be raised
more than 0.2 feet, thereby resulting in a
maximum flow depth of 2.0 feet (1.8 + 0.2 =
2.0) upstream from the flume after instal-
lation. Therefore, for purposes of selecting
the flume size:

H,

1.8 feet

i
il

2.0 feet
Hy - Hy = 2.0 - 1.8 = 0.2 feet
H,/H; = 1.8/2.0 = 0.90 = 90%

As a beginning point, enter the sub-
merged flow calibration curves for a two-
foot Parshall flume (Fig. 11). With the
value of Hy - H, = 0.20 feet, move vertically
to the submergence line for 90%, and then
read the discharge to the left as 18.5 cfs.
Since this flow rate (18.5 cfs) is less than
the maximum flow rate (27 cfs), a larger
flume is required.

Entering the submerged flow calibration
curves for a 30-inch Parshall flume (Fig. 12)
with Hy - Hy = 0.20 feet, move vertically to
the 90% submergence line, and read the dis-
charge as 22.8 cfs. Again, the flow rate is
less than the design maximum flow rate of 27
cfs, and a larger Parshall flume is required.

Entering the submerged flow calibration
curves for a 3-foot Parshall flume (Fig. 13)
with Hy - H, = 0.20 feet, move vertically
to the 90% submergence line, and read the
discharge as 27.8 cfs. Since this flow rate
(27.8 cfs) is larger than the maximum f£low
rate in the canal (27 cfs), a 3-foot Par-
shall flume may be used.

After a Parshall flume has been properly in-
stalled periodic maintenance is required to insure
satisfactory operation. Moss may collect on the
walls of the entrance section and must be removed.
In cexrtain channels, debris material may collect
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on the floor of the entrance section, and should

be removed. Walls of steel Parshall flumes may
become encrusted and should be removed with a
steel-wire brush. Once the walls have been scraped
clean, applying asphaltic paint will add to the life
of the flume and delay the build-up of encrustation.

It is very common for Parshall flumes to
"settle" after being in operation for a period
of time. So it's wise to check the levelness
of the entrance floor after a few months of
operation, and agalin at the end of the season
or year.

Either '"settling” or improper installation,
can cause a flume to tilt sideways as illustrated
in Figure 21. If the settling is minor, discharge
can still be estimated with fair accuracy by mea-~
suring the depths of flow on both sides of the
flume. The discharge can be determined by using
the average of the two readings and the rating
tables or calibration curves.

Settlement near the entrance section of a
Parshall flume is illustrated in Figure 22.
And again, if the settlement is not too great, dis-
charge can be estimated with fair accuracy. For
this particular situation, the flume crest is
the controlling point. If a staff gage is being
used to measure H_, zero should be set at the
same elevation as the flume crest.

Settlement occurs most commonly near the
exit section, as illustrated in Figure 23. It is
more likely at the outlet, because of channel
erosion immediately downstream from the flume due
to jetting action of the water. Use of the flow
depths Hy or Hy and Hp to obtain discharge from
the tables or curves, will yield values less than
the true discharge. This discrepancy between the
estimated discharge and the true discharge be-
comes greater as the amount of settlement in-
creases. Satisfactory solutions to this problem
include: raising the lower end of the flume so
that it is level again; placing a new level floor
in the flume; and purchasing a plastic or fibre-
glass Parshall flume liner, placing it inside the
existing flume, then grouting it into place.
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Figure 21. Parshall flume tilted sideways.
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Figure 22, Settlement of Parshall flume in vicinity of

inlet section.
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Figure 23. Settlement of Parshall flume at exit section.
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