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WATER MEASUREMENT

By D.C. LARSEN
Associate Extension Professor and Extension Irrigationist

Increasing demands from industry, recreational interests, munici-
pal needs and agriculiure are creating pressures on water, a very
important and limited resource. The greater the demand, the greater
the need for water users to use and share available water wisely. How
can a user practice good management unless he knows the amount of

water involved? Measuring water will help every user get his fair
share and be treated equally.

In today’s world good performance is demanded. In the quest for
protection of the environment, water measurement will help reduce
excessive waste and lessen drainage problems. It will establish a
recard of improved use and improve public relations.

Water is measured in two wavs — in motion and at rest. Motion
units used are Idaho miner’s inches, gallons per minute and cubic
feet per second. Rest units are acre-incghes or acre-feet. These water
measurement units are compared in Table 1. The depth of water

applied in 12 or 24 hours by various stream sizes is shown in Table 2
for different acreages.

Table 1. Eyuivalent rates of flow.

Acre-fect
Cubic feet per  1daho Miner's Gallans per

Acre-inches per day
second {cts) inches minute {gpm) per hour (24 houra}
0.2 10 90 0.2 0.4
0.4 2 180 0.4 0.8
0.6 a9 270 0.6 1.2
0.8 40 360 0.8 1.6
10 50 450 1.0 2.0
1.2 60 540 1.2 2.4
1.4 70 630 1.4 2.8
1.6 80 720 1.6 3.2
1.8 90 810 1.8 3.6
240 100 900 2.0 4.0
22 110 990 2.2 4.4
24 120 1080 2.4 4.8
2.6 130 1170 2.6 5.2
2.8 140 1260 2.8 5.6
3.0 150 13560 3.0 6.0
3.2 160 1440 3.2 6.4
3.4 17 1830 3.4 6.8
3.6 180 1620 2.6 7.2
38 150 1710 3.8 7.8
4.0 200 1800 4.0 8.0
5.0 250 2250 5.0 10.0
6.0 300 2700 6.0 12.0
7.0 350 3150 7.0 14.0
80 400 3600 8.0 16.0
9.4 450 4050 9.0 18.0
0.0 500 4500 10.0 20.0



Tuble 2. Depths of water applied by various flows, times and acres.
Water flow Acres Applied
1 2 3 4 5

Cubi [daho ET:

ft per Mirers zal 12k 24h 128 24k 12h 24k 12h 24k 12h 24h

second inches min Inches Inches Inches Inches Inches
0.10 5 45 1.19 238 0.60 1.19 040 0.79 0.30 0.60 0.24 048
0.20 10 90 2.38 4,75 119 2.38 079 1.59 0.60 1 19 0.48 095
0.40 2 180 4.75  9.52 2.38 4,76 159 3.17 1.19 238 0.95 190
0.60 30 270 7.14 14.28 3.57 7 14 238 476 L7 3.57 143 286
0.80 40 360 9.52 19.04 4.76  9.52 317 6.36 238 476 L.O0 381
1.00 50 450 11.90 23.80 5.95 11.90 397 793 298 695 288 478
1.20 60 240 14.28 28.06 7.14 14.28 476 9.52 3.57 7.14 286 571
1.40 70 £330 16.66 33.32 8.33 16.66 555 11.11 4,17 843 3.3 666
1.60 BO 20 19.04 38.08 9.62 19.04 635 14.69 4,76 9.52 3.91 7G‘F_
1.80 90 %10 2142 42.84 10.71 21.42 714 1428 5.36 10.71 428 RS
2.00 10¢G 00 23.80 47.60 11,90 23,80 793 16.87 5.85 11.80 4,76 952
2,20 110 Q90 6.55 13.09 5.24 1047
2.40 120 1080 714 1428 571 11dR
2.60 130 1170 7.4 1547 619 1208
2.80 140 1260 4.33 16.66 6.66 1333

150 1350 B899 17.85 704 LEZK

.00




Table 2 (Cantinued). Degth of waser applied by various flows, time and acres

Acres Applied

Water flow

6 7 ] o 1
Cubie Idaho yal . p P . a4 N o .
ft per Miner's por 19h  24h 12h 24h 12h 24k 12r 24h teh b
second inches min Inches Inches Inches Inches Inctes
0.10 ) 45 0.20 040 017 034 .15 0.30 0.13 0.26 0,12 9.24
.20 10 90 40 0.79 0.34 0.68 0.30 0.60 0,26 0.53 0.24 ‘_),43
0.40 20 180 0.79  1.59 0.68 1.36 0.60 1.19 (.53 1.06 (L4R 185
0.60 a0 270 1,10 2.38 1.02 2.04 0.89 1.79 0.79 1.54 0.71 143
0.80 40 360 1.59 3.7 1.36 2.72 1.19 2.38 1.06 2.12 0.95 1.90
1.00 50 450 198 3.97 170 340 1.49 2.98 1.32 2.44 119208
1.20 60 50 23R8 4,76 2.04 4.08 1.79 3.57 149 3.17 1.43 2.86
140 70 830 2.78 5.55 2,38 4.76 2.08 4.17 1.35 3.70 L7 },i}f!
1.60 80 720 3.7 6.35 2.72 544 2.38 4.76 2.12 4.23 1.90 381
1.80 90 A10 3,57 7.4 J.06 6.12 2.68 5.36 2.38 4.76 212 1.28
2.00 100 900 3.97  7.83 3.40  6.80 2.98 5.95 2.54 5,29 9.38 4.75
2.20 110 990 4.35 870 3,74 T.48 3.27 6.55 291 5.82 2,[3?: ’)‘%-1
2.40 120 1080 1.76  9.52 4.08 8,16 3.67 7.14 317 6.35 2.86 5.7
2.60 130 1170 5.16 10.31 442 8.84 3.497 1.74 3.44 6.88 3.09 Yx}l&?
280 140 1260 5.89 11,11 4.76 9.52 4.17 8.33 3,70 740 3.33 6.66
3.00 150 1350 5.95 11.90 5.10 10.20 4.6 8.93 3.37 7.93 357 104



Water i conveyed in both open channels and closed conduits. This
bulletin will consider some of the standard water measuring devices
designed to operate under open and closed flow conditions.

CPEN FLOW
Ideho has many miles of open canals and ditches. On-farm convey-
ance and distribution systems equipped with measuring devices will
improve water distribution and make the irrigation job much easier.

Rectanguiar weir

Cipolletti weir

V-notch weir

Fig. |. Three types of weirs used in idaho,



Weirs
A weir is an over-pour notch of fixed dimensions in a vertical bulk-
head or head wall through which water may flow. When properly
constrocted, installed and maintained, it provides a simple and
accurate means of measuring water. Weirs are easy to construct and
accurate if dimensions are followed carefully. They will handle float-
ing trash and not clog easily.

Every waler-measuring device has a set of standard operating con-
ditions that must be met if it is to be accurate, If these conditions
cannot be met at a given site, anather measuring device should be
used. A weir requires approximately a 6-inch drop between the up-
stream and downstream water surfaces. This losa in head is often not
available in ditches with flat grades. The water must a proach the
weir crest very slowly. This condition is achieved by gacking the
water up in a weir pond with a bulkhead or head wall.

It the water is carrying silt it may settle out and fill the weir pund.
This causes the approach velocity of the water to increase and the
device becomes inaccurate. Grass and weeds thrive in the slow water
and the weir pond requires maintenance to keep it free of silt and
weeds.

Commonly used weirs, classified by the shape of the notch, are the

rectangular weir, the Cipolletti weir, and the V-notch weir as illus-
trated in Fig. 1.

How to Install o Weir

A weir can perform accurately only if correctly constructed, in-

stalle}d and used. The following standard conditions must be fol-
luwed:

1. Set the weir in a channel that is straight for a distance upstream
from the weir of at least 10 times the weir crest length.

. Place the weir at right angles to the direction of flow, and vertical

. The water approaching the weir should be free from eddies and
flow slower than one-half foot per second. A weir pond can be
created by the way the structure is built. The height of the crest
above the bottom of the ditch should be al least Lwire the mani-
mum head or depth of water flowing over the crest. The distance
from the side of the weir notch to the side of the channel should
be at least twice the maximum weir head. This is called a con-
tracted weir. A bulkhead of the above proportions is used with a
metal weir plate fastened to it.

4. Avoid backin%1 the water up on the downstream side of the weir.
Water must flow freely below the device, leaving an air space
under the over-falling sheet of water. A concrete or rock apron
should be used to prevent washing below the structure.

5. The weir plate containing the notch is usually made of steel plate
na thicker than 1/8 inch. It must have exact dimensions and its
edges must be rigid, straight and sharp on the upstream face. The
notch should be beveled at 45 degrees on the downstream side.

Avoid knife edges as they are difficult to maintain. The weir crest
should he lavel and very accurate in length,

(A I )

6. Select the crest size so the minimum head to be measured exceeds

2 inches and the maximum head is not greater than one-third the
length of the weir.



Rectangular

Cipolletti
cte

O
.
-
o
Crest Recommended range Symuot dimensions
fength of measurement in
L Cis. C=H E F G J ® M ™ x
fr. Rectanaular Cipotletth  frin frin {tin ftin frin {tin fein frin fein fein in
For Rectangutar and Cipollett Wairs
1.0 2w b 2t 6 8 0 58 0O 27 3 2 26 FLOI R
1.5 Bw 17 3w 18 1 4 486 14 2 36 26 3 10 1.4 3
20 At 35 4Aw 37 1.2 2 [} 2 2 4 3 36 1 16 3%
3.0 b1 895 BHwibD 6 286 7 26 26 45 44 5 16 2 8%
4.0 B1o 185 Y207 2 310 84 310 2-10 § 56 & 2 26 €&
For 80° V.-Norch Weirs
2.0 02015 ! 16 5 % 28 36 28 3 W 14
3.0° 021040 16 22 62 22 34 4 36 4 1 1-6

Tl 6 R G Hu, 12 wrire rmeth reinforging or equivolent

Fig. 2. Dimensions and capacities for Rectangular, Cipolletti and 90-degres

V.notch weirs,



How to Measure
The water surface as it flows over the crest is drawn down as veloc-

ity inereases Tor this reason any measurement at or on the crest is
not as accurate as the methods describad below.

Drive a 2 x Z-inch flat-topped stake in the ground in the weir pool
upstream from the crest a distance of 4 times the maximum head.
Place the stake to one side in still water out of the way but readily
accessible for taking readings. Use a carpenter’s level or an engineer's
tevel to set the top of the stake at the same height as the crest of the
weir. The depth of flow is measnred fram the tap of the stake to the
surface of the water above it. In Idaho, frost will probably heave the
stake out of place so that it would have to be re-set and maintained
annually to keep the top at'the same level as the weir crest.

An observation well {equipped with a sta{f guage) next to the weir
head wall and fed by a pipe from the weir pond will refine the reading.

Water depth may be measured on a bulkhezd wide enomgh sn the
auge can be attached to it in smaoth water and be unaffected by the
rawdown over the crest. The gau(f;e should be at least 1 to 134 feet

away from the side of the notch. Place the zerc on the staff gauge at
the same height as the crest.

A rectangular weir is the simplest te construct. Its crest is hori-
zontal and its sides perpendicular. Table 3 gives the discharges over
various widths of rectangular weirs with complete cantractinns

The Cipolletti weir (named after its inventor, Cesare Cipolletti,
an ltalian engineer} is used most in Idaho because it will measure
slightly more water than a rectangular weir with the same eraat
length. It is more difficult to construct. The sides diver
at a 1 to 4 slope (1 inch horizontally to 4 inches vertic
charges for various widths of Cipolletti w
shown in Tahle 4

glze outwardly
ally). The dis-
eirs with contractions are

The V-nolch weir is designed to handle small flows accurately. A
90-degree angle or V-notch can be laid out very easily using a car-
penter's square. Discharge tables for the V-notch with complete con-
tractions are shown in Table 5. Construction details and dimensions
for the weirs mentioned above are illustrated in Fig. 2.



Table 3. Flow over rectangular contracted weirs
in cubic feet per second®.

Crest length (L}

For each

additional

foot of crest
Head Head 1.0foot  1Oleet  2W0feet 3.0 feet inexcess
in ft. in inches, of 4 {t.
“HT approx. Flow in cubic feet per second tapprox.!
0.10 13716 0.105 0.158  0.212 0.319 0.427 0.108
0.11 1-5/16 0.121 0.182 0.244 0.367 0.491 t1ud
0.12 1-7/16 0.137 0.207 0.277 0.418 0.558 0.141
0.13 1-8/16 §.155 0.233 0.312 0.470 0.629 0.159
0.14 1-11/718 0172 ¢.260 0.348 0.524 0.701 G137
0.15 1-137/16 0,191 0.288 .088 {.581 G.776 0.108
.16 1-15716  0.210 0.316 0.423 0.638 0.854 0.216
a.17 2-1/16 (0.229 0.348 0.463 0.698 0.924 0.236
0.18 2-3716 0.249 0.376 0.504 0.760 1.02 0.257
0.19 2-1/4 0.270 0.407 0.546 0823 1.10 0.278
0.20 2.3/8 0.291 0.438 0.588 0.887 1.19 6.303
0.21 2-1/2 g.312 0.472 0.632 0.954 1.28 0.326
0.22 2-5/8 0.335 0.505 0.677 1.02 1.37 .35
0.23 2-3/74 0.358 0.539 0.723 1.09 1.46 Q.37
0.24 2-7/8 0.380 0.574 0.769 1.16 1.55 .39
0.25 3 0.404 0.609 0.817 123 1.85 .42
0.26 3-1/8 0.428 0.646 0.865 1.31 1.78 0.44
0.27 3-1/4 0.452 0.682 0.914 1.38 1.85 0.47
028 3-3/8 4.477 0.720 0.965 146 1.95 0.49
0.29 3-1/2 0.502 0.758 1.08 1.62 2,05 ¢.52
0.30 3-5/8 0.527 0.796 1.07 1.61 2.16 (.55
0.31 3-3/4 0.533 0.836 1.12 1.69 2.26 0.57
0.32 3-13/16  0.580 0.876 1.18 1.77 237 0.6¢
0.33 3-15/16  0.606 0.918 1.23 1.86 248 0.62
0.34 4-1/16 0.634 0.957 1.2 1.44 26U .66
0.35 4-3/16 0.661 0.899 1.34 2.02 2.71 0.69
0.36 4-5/16 0.688 1.04 1.40 2.11 2.82 0.71
0.37 4-7/186 0.717 1.08 1.45 2.20 2.94 0.74
0.88 16716 0.745 1.13 1.51 DTS 206 078
0.39 4-11/16  0.774 1.17 1.57 2.37 3.18 0.81
0.40 4-13/16  0.804 1.21 1.63 2.46 3.30 0.84
0.41 4-15/16  0.833 1.26 1.69 2.55 3.42 0.87
0.42 5-1/16 0.863 1.30 1.75 2.65 3.54 0.89
0.43 5-3/16 0.843 1.3b 1.8 Z2.74 3.67 0.93
0.44 5-1/4 0.924 140 1.88 2.83 3.80 0.97
0.45 5-3/8 0.955 1.44 1.94 2.93 3.83 1.00
0.46 5-1/2 0.986 1.44 2.00 3.03 4,05 1.02
0.47 &5/ 1.02 1.51 2.07 3.12 4.18 106
0.48 5-3/4 1.05 1.59 2.13 3.22 4.32 1.10
.48 5-1/8 1.08 1.64 2.20 3.32 4.45 1.13
0.50 6 .11 1.68 2.26 3.42 4.58 1.18
0.51 6-1/8 1.15 1.73 2.33 3.52 4.72 1.20
0.52 6-1/4 1.18 178 2.40 3.6¢ 486 1.24
0.53 6-3/8 1.21 1.84 2.48 3.73 4.99 1.26
0.54 6-1/2 1.258 1.89 2.53 3.83 513 1.30
0.55 6-5/8 1.28 1.94 2.60 3.94 5217 1.33
.50 G-37/4 1.3} 1.00 2.87 4.04 5.42 138
0.57 6-13/1 1.35 2.04 2.74 4.15 5.56 141
0.58 6-15716 1.38 2.09 2.81 4.26 5.70 1.44
0.59 7-1718 1.42 2.15 2.88 4.36 585 1.48
*Computed from Cone's formula: Q=3.247 LI 0.566L" * s
2L

22



Table 3 {Continued). Flow over rectangular contracted weirs,

For each
Crest length (L} additional
foot of crest

Head Head 1.0 fuet 1.0 feet 2.0 feat 3.0 feet 4G fect  inexcess
inft. in inches, of 4 ft.
“HY approx. Flow in cubic feet per second (approx.}
0.60 7-3/16 1.45 220 2.56 4.47 §.00 1.53
0.6t 75716 1.48 2.29 3.03 4,09 G.14 1.86
0.62 77716 1.52 2.3l 3.10 4.69 6.29 1.80
¢.63 7-9/16 1.56 2.36 3.17 4.81 6.44 1.63
0.64 7-11/16 1,60 242 3.25 4.92 8.58 1.87
6.65 7-13/1¢ 163 947 332 503 8.75 172
6.66 7-15/16  1.67 2.53 3.40 515 6.90 1.75
0.67 8-1/1¢ 1.71 2.59 3.47 5.26 7.05 1.79
0.68 B-3/16 1.74 2.64 3.56 5.38 7.21 1.83
0.69 B-1/4 1.78 2.70 3.63 5.49 7.36 1.87
Uiy 85378 1.82 276 3.71 §.61 7.92 1.91
071 8.1/2 1.86 2.81 3.78 5.73 7.68 1.95
0.72 8-5/8 1.90 2.87 3.86 5.85 7.84 1.99
0.73 8-3/4 1.83 2,93 3.94 5.97 8.00 2.03
0.74 8-7/8 1.97 2.99 4.02 6.09 8.17 2.08
0.75 g 2.01 3.05 4.10 6.21 8.33 2,12
0.76 9.1/ 2.05 3.11 4.18 6.33 849 2.16
0.77 9.1/4 2.09 3.17 4.26 6.45 £8.66 2.21
0.78 2-3/8 213 3.23 4.34 6.58 882 2.24
079 §.1/9 217 3.29 4.42 8.70 8.99 2.29
0.80 9-5/8 2.21 3.35 4.51 6.83 9.16 2.33
0.81 9-3/4 2.25 341 4.59 £.095 9.33 2.38
6.52 9-13/16 229 3.47 4.67 7.08 950 2.42
0.83 9-15/16 2.33 3.54 4.75 7.21 9.687 2.46
0.64 101716 2.87 3.60 1.814 7.33 Q.84 2.51
0.85 10-3/16 241 3.66 4,92 7.46 10.01 2.55
0.86 10-5/16  2.46 3.72 5.01 7.59 10.19 2,60
.87 10-7/16 2.50 3.79 5.10 7.72 10.36 2.64
0.88 10-9/16  2.54 3.85 5.18 7.85 10.54 2.69
0.89 10-11/16 2.58 3.92 5.27 7.4y 10.71 2.72
0.90 10-13/16 2.62 3.98 5.35 8.12 10.89 2.77
0.91 10-16/716 2.67 4.05 5.44 8.25 11.07 2.82
4.92 11-1/16  2.71 4.11 5.53 8.38 11.25 2.87
3.93 11 3/16 2.7 1.18 5.62 8.52 11.43 241
0.94 11-1/74 2.19 4.24 5.71 8.65 11.61 2.96
0.95 11378 2.84 4.31 5.80 8.79 11.79 3.00
0.96 11-1/2 2.88 4.37 5.89 8.93 11.88 3.05
0.97 11-5/8 2.93 4.44 5.98 9.06 12,16 3.10
0.58 11-3/4 297 4.51 sU1 9.20 12.34 3.4
0.9% 11-7/8 3am 4.57 6.15 9.34 1253 3.19
1.00 12 3.06 4.64 6.25 9.48 12,72 3.24
1.01 12-1/8 4.71 6.34 9.62 12.91 3.29
1.02 12 174 4.78 6.43 8.76 1310 3.34
1.03 12-3/8 4.85 6.52 9.90 13.28 3.38
1.04 12-1/2 4.92 682 10.04 13.47 3.43
1.05 12-5/8 498 6.71 1018 13.66 348
1.06 12-3/4 5.05 6.80 10.32 13.85 3.53
1.07 12-13/16 5.1¢ 6.80 1046 14.04 3.58
1.08 12-15/16 5.20 6.99 10.61 14.24 3.63
1.09 13-1/16 5.26 7.09 10.75 14,43 3.68

23



Table 3 (Continued). Flow over rectangular contracted weirs

For each
Crest length{L} additional
— foot of crest
Head Head 1.0foot 1.5feet  20feet  30feet  40feet  inexcess
inft. ininches, of 4 .

"H" approx. Flow in cubic feet per second lapprox.}
1.10 13-3/14 5.34 7.19 10.99 14.64 374
1.11 13-5/16 5.41 7.28 1104 14.83 379
1.12 13-7/16 548 7.38 11.19 15.03 384
113 13-6/16 5.55 7.47 11.34 15.22 3.88
1.14 13-11/16 5.62 7.57 11.48 15.42 3.94
1.18 13-13/18 5.69 7.66 11.64 15.62 3.98
1.16 13-15/16 217 7.16 1179 153.82 4.03
1.17 14-1/16 5.84 7.86 11.94 16.02 4.08
1.18 14-3/16 5.91 7.96 12.09 16.23 4.14
1.19 14-1/4 5.98 8.0¢6 12.24 16.43 4.19
1.20 14-3/8 8.06 g.16 12.30 16 63 424
1.21 14-1/2 6.13 8.26 12.54 16.83 4.29
1.22 14-5/8 6.20 8.35 12.69 17.03 4.34
1.23 14-3/74 6.28 8.46 12.85 17.25 4.40
1.24 14-7/8 6.35 8.56 12.99 17.45 4.46
1.25 15 6.43 8.68 13.14 17.65 4.51
1.26 15-1/8 13.30 17.87 4.57
1.27 15-1/4 13.45 18.07 4.62
1.28 15-3/% 13.61 18.28 4.67
1.29 15-1/2 13.77 18.50 492
1.30 15-5/8 13.93 158,71 4.78
1.31 15-3/4 14.09 18.82 4.82
1.32 15-13/16 14.24 19.12 4.88
1.33 15-15V16 14.40 149.34 4.94
1.34 16-1/16 14.56 19.55 4.99
1.35 16-3/16 14.72 19.71 5.05
1.36 16-5/16 14.88 18.95 5.10
1.37 16-7/16 15.04 20.20 5.186
1.38 16-9/16 15.20 20.42 5.22
1.38 16-11/16 15.36 20.64 3.28
1.40 16-13/16 15.563 20.86 533
1.41 16-15/18 15.69 21.08 539
1.42 17-1/186 15.85 21.29 5.44
1.43 17-3/16 16 (2 21 RD A.50
1.44 17-1/4 16.19 21.74 5.55
1.45 17-3/8 16.34 21.96 5.62
1.46 17-1/2 16.51 22.18 5.67
1.47 17-5/8 16.68 22.41 5.73
1.48 17-3/4 16.8% 22.64 5.79
1.49 17-71/8 17.01 22.85 5.84
1.50 18 1717 23.08 5.91



Teble 4. Flow over Cipolletti weirs in cubic feet per second.*

For each
Crest length (L} additionsl
foot of crest
Head Head 1.0 foot 1.5 feat 2.0 feot 3.0 feet 4.0feet  inexcess
inft.  ininches, of 4 ft.
“H approx. Flow in cubic fest per secand (zpprox.)
.10 1-3/716 $.107 0.160 0.214 0.321 0.428 0.108
0.11 1-5/16 0.123 0.185 0.246 0.370 0.494 0.1¢
0.12 1-7/16 0.140 0.210 0.280 0.421 0.562 0.141
0.13 1-8/16 0.158 0.237 0.316 0.474 0.632 0.159
0.14 1-11/16 0177 0.264 0.352 0.528 0.706 0.377
0.15 1-13/16 0.105 0.283 0.320 0.586 0.782 0.186
0.18 1-15716  0.216 0.322 0.430 0.644 0.860 0.216
017 2-1716 0.237 0.353 0.470 0.705 0.941 0.238
0.18 2-3/16 0.258 0.3584 0.512 0.768 1.024 (.257
0.19 2-1/4 0.280 0.417 0.555 0.832 1.110 0,278
U.2u AN 7.1 U.80% U.40U U.byy .88 1.20 0.302
021 2-1/2 0.324 0.484 0.644 0.966 1.29 0.324
0.22 2-5/8 0.349 0.519 0.691 1.04 1.38 0.35
0.23 2-3/4 0.374 0.555 0.739 1.11 1.47 0.37
0.24 2-7/8 0.397 0.591 0.786 1.18 1.57 0.39
0.25 3 0.423 0.628 0.836 1.25 1.67 0.42
0.26 3-1/8 0.449 0.687 0.886 1.33 1.77 0.44
0.27 3-1/4 0.475 0.70% 0.937 1.40 1.87 0.47
0.28 3-3/8 0.502 0.745 0.930 1.48 1.97 0.49
0249 3-1/2 0.528 (L7858 1.04 1.56 2.08 0.52
0.30 3-5/8 0.557 0.827 1.10 1.64 2.19 0.56
0.31 3-374 0.588 0.889 1.15 1.73 2.30 0.57
0.32 3-13/16  0.6815 0.911 1.21 1.81 241 0.60
.33 3-15/16  0.644 0.954 1.27 1.8% 2.52 0.62
0.34 4-1/186 0.675 1.00 1.3z 1.98 2.84 0.60
0.35 4-3/16 0.705 1.04 1.38 2.07 2.75 0.69
0.36 4-5/16 (0.735 1.09 1.44 2.18 2.87 0.71
0.37 4-7/186 0.767 1.13 1.50 2.25 2.99 0.74
0.38 4-9/16 0.799 1.18 1.57 2.34 3.11 0.78
0.39 4-11/16  0.832 1.23 1.83 2.43 3.24 0.81
0.40 4-13/16  0.866 1.28 1.68 2.53 3.38 0.84
0.41 4-15/16  0.899 1.32 1.76 2.62 3.49 .87
0.42 5-1/16 0.932 1.37 1.82 2.72 3.61 0.88
0.43 5-37/16 0.967 1.42 1.69 2.81 3.774 0.93
0.44 5-1/4 1.00 1.47 1.95 2,91 3.87 0.97
0.45 5-3/8 1.04 1.63 2.02 3.01 4.01 1.00
0.46 5-1/2 1.07 1.58 2.08 3.11 4.14 1.02
0.47 5-5/8 1.11 1.63 2.16 3.21 4.28 1.06
0.48 5-3/4 1.15 1.68 2.23 3.32 441 1.10
0.49 5-7/8 1.18 1.74 2.30 3.42 4.55 1.13
0.50 6 1.22 1.79 2.87 3.53 4.69 1.16
0.51 6-1/8 1.26 1.85 2.44 3.64 4.83 1.20
0.52 61/4 1.30 1.00 2.51 3.74 4,97 .24
0.53 6-3/8 1.34 1.96 2.59 3.85 5.12 1.26
0.54 6-1/2 1.38 2.02 2.66 3.98 5.26 1.30
0.55 6-5/8 1.42 207 2.74 4.07 541 1.33
0.56 6-3/4 1.48 2.13 2.81 4.18 5.56 1.38
0.57 6-13/16 1.50 2.19 2.89 4.30 571 1.41
0.58 6-15/16 1.54 2.25 2.97 4.41 5.86 1.44
0.59 7-1/16 1.5R 2.31 3.0 4.53 6.01 1.49
*Computed from Cone’s formula: Q 3.247 LH! w Q566L° 1y * 40,608 HY*
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Table 4 {Continued). Flow over Cipolletti weirs.

Fc()l' mchl
st leny . additional
Crest leng il (L i o
Head Head 1.0foot  1.5feet  2.0feet 3.0feet 4.0feet inexcess
inft.  ininches, of 4 1t.
“HY approx. Flow in cubic feet per second {approx.}
0.60 7-3/16 1.62 2.37 313 4,64 6.17 1.53
0.61 7-5/16 1.67 2.43 3.20 4.78 6.32 1.55
0.62 7-7/16 1.71 2.49 3.28 4.88 6.47 1.80
0.63 7-9/16 1.75 2.55 3.87 5,00 6.63 1.63
U.04 T-L1/16 1.80 2.62 3.45 6.12 6.79 1.67
0.65 7-13/16  1.84 2.68 3.53 5,24 695 1.72
0.66 7-15/16  1.89 2.78 3.61 5.36 7.11 1.75
0.87 81/16 1.93 2.81 3.70 5.48 7.28 1.79
0.68 R.3/18 1R 2 RT 379 761 7.44 1.83
0.69 8-1/4 2.02 2.94 3.87 513 7.81 1.87
0.70 8-3/8 2.07 3.01 3.93 5.86 777 1.91
0.71 B-1/2 2.12 3.07 4.04 5.99 7.94 1.95
0.72 8-5/8 2.16 3.14 4.13 6.12 8.11 1.98
0.73 8-3/4 2.21 3.21 4.22 6.24 8.28 2.03
0.74 8-7/8 2.26 3.28 4.31 6.38 8.45 2.08
0.75 9 2.31 3.35 4.40 6.51 8.62 2.12
0.76 9-1/8 2.36 3.42 4.49 6.64 8.80 2.18
0.77 Q.1/4 2 41 349 4.58 6.77 8.97 2.21
0.78 9-3/8 2.48 3.56 4.67 6.90 9.15 2.24
0.79 9-1/2 2.51 3.63 4.76 7.04 9.33 2.29
0.80 a-5/8 2.56 3.70 4.85 7.18 9.51 2.33
0.81 9-3/4 2.61 3.77 4.95 7.31 9.69 2.38
U.BZ Y-13/716 2.6 3.84 3.04 T.43 9.87 2.4¢
0.83 9-15/16 2.71 3.82 5.14 7.59 10.05 2.46
0.84 10-1/16 2,77 3.99 5.23 7.3 10.23 2.51
0.85 10-3/16 2.82 4.07 5.33 7.87 10.42 9.55
0.86 10.5/16 2 87 4.14 543 8.01 10.60 2.60
0.87 16-7/16  2.93 4.22 5.52 8.15 10.78 2.64
0.88 10-9/16 2.98 4.29 5.62 8.30 10.88 2.69
0.89 10-11/16 3.04 4.37 572 B.44 11.17 2.72
0.90 10-13/16 3.09 4.45 5.82 8.59 11.38 2.77
.91 10-15/16 3.15 4.53 0.92 8.73 11.55 2.82
0.92 11-1/16  3.20 4.60 6.02 8.88 11.74 2.87
0.93 11-3/16  3.26 4.68 6.13 9.03 11.94 2.91
0.94 11-1/4 3.32 4.76 6.23 9.17 12.13 2.96
0.85 311-3/8 3 37 4 84 6.33 9.32 12.33 3.00
0.96 11-1/2 3.43 4.92 6.44 9.48 12.53 3.05
0.97 11-5/8 3.49 5.00 6.55 4.62 12.72 3.10
0.98 11-3/4 3.55 5.09 6.64 9.7% 12.92 3.14
0.99 11-7/8 3.61 5.17 6.75 9.93 13.12 3.18
1.60 12 3.67 525 b.86 10.08 13.32 3.24
1.01 12-1/8 5.33 6.96 10.24 13.53 309
1.02 12.1/4 542 7.07 10.40 13.73 3.34
1.03 12-3/8 5.50 7.18 10.55 13.94 3.38
104 12-1/2 5.9 7.29 10.71 14.15 3.43
1.05 12-5/8 5.67 7.40 10.87 14.35 3.48
1.06 12-3/4 5.76 7.51 11.03 14.56 3.54
1.07 12-13/16 5.84 7.62 1118 14.76 3.58
1.08 12-15/16 5.93 7.73 11.35 14.98 3.63
1.09 13-1/18 G.02 7.84 11.51 1519 3.68
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Table 4 (Concludedi. Flow gver Cipolletti weirs,

For each‘
est length additional
Crest length (L} foot of crest
Hoad Head t0fent 15feet  2.0feet  30feet 4.0fest inexcess
inft.  ininches, o014 fL.
CH approx. low in cubic feet per second {approx.}
114 3-3/1¢ bt 1.8 11.68 19.41 3.74
[ 13-5716 6.20 8.07 11.84 15.62 3.9
bz 13-7/16 6.29 8.18 12.00 15.84 3.84
113 13-9/16 6.37 8.29 12.18 16.04 3.88
o4 1311716 6.46 &.41 12.38 16.26 3.94
115 13-13/16 6.56 853 12.50 16.48 3.98
116 13-15/16 6.65 8.85 12.67 16.70 4.03
1.17 14-1/18 6.74 8.78 12.84 16.93 4.08
1.18 14-3/18 6.83 8.88 13.01 17.15 4.14
1.1¢ 1d-1/4 6 43 9.00 13.18 17.37 419
1.20 14-3/8 7.02 9.12 13.35 17.5 4.24
1.21 14-1/2 7.11 g.24 13.52 17.81 4.28
1.22 14-5/8 7.20 9.36 13.69 18.03 4.34
1.23 14-3/4 7.30 9.48 13.87 18.27 440
1.24 14-7/8 7.40 9.60 14.04 18,49 4.46
1.25 15 7.48 9.72 14.21 18.71 4.51
1.26 15-1/8 14.38 18.95 4.57
1.27 15-1/4 14.56 19.17 4.62
128 15-3/8 14.74 19.41 4,87
1.29 15-172 14.92 19.65 §.T4
1.30 15-5/8 15.11 18.88 4.78
1.3¢ 15374 - 15.20 20,12 4.82
1.32 15-13/16 15.46 20.34 4.88
1.33 15-1b/716 15.64 20.58 4.04
i.34 161716 15.82 20.82 4.99
1.35 16-3/16 16.01 21.06 5.05
1.36 16-5/16 16.19 21.29 5.10
1.37 16.7/16 16.37 21.53 5.16
1.38 169716 16,57 21.78 582
1.38 16-11/16 16.75 22.02 5.28
1.40 16-13/16 16.94 22.27 5.33
141 16-15/18 17.13 22.51 5.39
1.42 1i-8/16 17.01 22,75 5.44
1.43 17-3716 17.51 23.01 5.50
1.44 17-1/4 1770 23.26 5.55
1.45 17-3/8 17.89 23.50 5.62
1.46 17-1/2 18.08 23.75 5.67
1.47 17-5/8 18.28 24.01 5.73
1.48 17-3/4 18.47 24.26 5.79
1.49 17-7/8 18.66 2450 5.84
1.50 iB 18.85 24.75 5.91
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Table 5. Flow over 90 V-notch weirs in cubic feet per second.*

Head
H

Discharge

H

Head Discharge
Q

Head Discharge
H Q

Feet or Inches

Sec-feet

Feet or Inches  Sec-feet

Feet or Inches Sec-fest

10 147186
11 1-5/16
1z 1-7/16
B! 1-9/18
B 1-11/16
15 1-13/186
16 1-1671%
17 2-1/16
18 2.3/1R
19 2-1/4
20 2-3/8
21 2-1/2
22 2-5/8
21 2-3/4
.24 2-7/8
25 3

26 3-1/8
27 3-174
28 3-3/8
24 3172
30 3-5/%
31 3-3/4
.32 3-18716
.23 3-15716
.34 4-1/16
.35 4-3/16
.36 1-5/16
37 4-7/18
.38 4-9/16
.39 4-11/16
.40 4-13/16
4 4-15/16
42 5-1/16
43 5-3/16
44 5-1/4
45 5-3/8
A6 5-1/2
47 5-5/8
48 5-3/4
49 5-7/8
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50 6

51 6-1/8
52 6174
53 53/8
o4 61/2
55 §-5/8
56 6:3/4
57 6-13/16
58 6-15/16
59 71716
80 7-3/16
61 7-5/16
.62 7-7/16
63 7-9/16
54 711/16
85 §-13/18
66 715/16
67 8-1/16
62 8-3/16
69 B-1/4
70 8-3/8

71 8-1/2
K B0/6
73 6-3/4
74 87/8
75 9

8 9-1/8
a7 51/

78 9.3/8
79 8172
80 §.5/8

81 9:6/4
82 §-13/16
83 9-15/16
84 10-1/186
85 10-3/186
86 10-5/16
87 10-7/16
88 10:9/16
89 10-11/18

* Computed from Cones formula: Q=249 «
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0.443
0.468
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.80

81
.92

93

94

.95
86
97
.88
89
1.00
1.01
1.02
1.03
1.04

[ N
d

ta roborgot
e

10-13/16 1.92
10-15/16 1.97

111716 202
113716 2.08
IEEVANENT
1138 219
Vi-iiz 2.9
11-5/8 23]
11-3/4 2.37
11778 2143
12 2.49
12-1/8 285
12-1/4 2.5
12:3/8 268
12172 2.74
12:5/8 281
12:3/4 2,67
12-13/16 2.94
1218716 3.01
13-1/16  3.08
13-3/16 3.15
135718 322
15-7/16 9.0
13-6/16  3.37
1311716 3.44
13-13/16 3.59
13-15/16 3.59
143/16 367
145416 3.75
14-174  3.83
143/8  2.91
14-1/2 3.89
14578 4.07
14-3/4 4.16
14T/8 424
15 4.33
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Flumes
Flow measuring flumes are open-channel devices containing a
specially-shaped constricted-throat section. They can be constructed
from metal, concrete or fiberglass. Standard designs are available to
measure water over a wide flow range. Two types are commonly used,

Parshall and trapezoidal. Either can be made on the farm or pur-
chased commercially.

Flumes can operate in a flat ditch and require a relativ
head loss. They are self-cleaning and do not require a pool
to reduce the approach velocity. Flumes can operate accurately over
a wide range of flows. The velocity of water as it approaches the
flume has little effect upon its operation. Unless submergence (water
backing up in the throat) oceurs, only one head measurement is re-
quired to obtain the correct flow. The pre-built flumes can easily be

re-set in colder areas where the frost might heave them out each
winter.

ely small
upsiream

Flumes are relatively expensive when cast in place. Considerable
care must be used in forming them to the correct shape and dimen-
sions, such as throat width, rup and diverging sections and augin
wells. The size of the flume is determined b the throat width. For
instance, a 8-inch flume would have a 6-inch throat width.

Parshall Flume
The Parshall flume, developed by Ralph Parshall at Colorado State
University, is the oldest Emdpmost widely used flume. This flume is
illustrated in Fifg. 4. Dimensions and capacities for Parshall flumes
H

ranging iu size from G inches to 4 feet are shown in Fig. 5. Larger
sizes are available.

How %o Install
1. The direction of water flow must be ‘Yn line” with the structure.
he flow should be reasonable smooth, free from turbulence and
uniformly distributed across the channel.

2. The flume should be installed to operate under free flow eondi-
tions if possible. Free flow occurs wgen the elevation of the water

surface near the downstream end of the throat section is not high

enough to reduce flow due to water backing up in the throat.

11



4
17.1L]

Fig. 4. Parshall measuring flume.

3. In most cases the flume is set with the floor {or crest) elevateq
above the ditch bottom to prevent excessive submergence. The
amount to raise the flume corresponds to the head loss through the
structure at about 70% submergence. The flume is set so the
water elevation at Hp is higher than the normal tailwater down-
stream by an amount equal to the head loss. The head loss at 70-

submergence is the difference between HA and 0.7 times HA or
0.3HA.

4. The floor of the converging section must be level both length-
wise and crosswise.

How to Meuasure

For free flow, one measurement of water depth at Ha is all that is
required. Discharge tables are shown in Table 7.

A staff gauge attached to the inside wall at HA will function for a
depth measurement. The water surface here is often turbulent and a
reading will be more accurate if a stilling well is installed with the zero
of the gauge level with the erest of the flume,

Tne Parshall flume can be operated with a high degree of submer-
gence — up to 70%. This means it will be accurate as long as the ratioc

HB/g'IA is less than 0.70. Below this figure only H A need be mea-
sured.

When submergence or HR/HA is greater than 0.70 a correction
must be made. To do this the discharge given by the water depth 114
is multiplied by the correction factor Q/Qo for the degree of submer-
gence and corresponding flume size shown in Fig. 6. This correction
canreduce flow by a factor of up to 45%.

12
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Fig. 5. Dimensions and capacities for Parshall measuring flume.



Table 7. Free flow through Parshall measuring flumes
in cubic feet per second.

Head Throat width
Feet inChes 4 b g i LB r 53 4
tapprox.} {Flow in cubic feet per second)

0.10 1-3/16 0.028 0.05 0.09 0.11 0.15

0.11 1-5/16 0.033 0.06 0.10 0.12 0.18

0.12 1.7/18 0.037 0.07 012 0.14 0.20

0.13 1-9/18 0.042  0.08 0.14 0.18 0.24

0.14 1-11/16 nn47  00Ng O.18 [1%

0.15 1-13/16 0.053  0.10 0.17 0.20 0.30

0.18 1-15/16 0058 011 0.19 0.23 0.34

0.17 2-1/16 0.064 0.12 0.20 0.26 0.38

0.18 2-3/16 0070 0.14 0.22 0.29 0.42

U1y 4174 0.076  0.15 Q.24 0.32 .40

0.20 2-3/8 0082 0.16 0.26 0.35 0.50 0.66 0.97 1.26
0.21 2-1/2 0,083 0.8 0.28 0.37 0.54 0.71 1.04 1.36
0.22 2-5/8 0.095 0.19 0.30 0.40 0.58 0.77 112 1.47
0.23 2-3/4 0.102 020 0.32 0.43 0.63 0.82 1.20 1.58
0.24 2-7/8 0109  0.22 0.35 0.48 0.67 0.88 1.28 1.69
0.25 3 0.117  0.23 0.37 0.49 0.71 0.93 1.37 1.80
0.26 3-1/8 0.124 025 0.39 0.51 0.76 0.99 1.46 1.91
0.27 3-1/4 0131 0.26 0.41 0.54 0.80 1.05 1.55 2.03
0.28 3-3/8 0.138  0.28 0.44 0.58 0.85 1.11 1.64 2.1%
0.29 3-1/2 0.146  0.29 0.46 0.61 0.80 1.18 1.73 .21
0.30 3-5/8 0.154 0.3 0.49 0.64 0.94 1.24 1.82 2.39
0.31 3-3/4 0.162  0.32 0.51 0.68 0.99 1.30 1.92 2.52
0.32 2-13/18 G170 N34 054 0.7 1.04 1.37 2.02 2.65
0.33 3-15/16 0.178  0.36 0.56 0.74 1.09 1.44 2.12 2.78
0.34 4-1/16 0.187 0.38 0.59 0.77 1.14 1.50 2.22 2.92
0.35 4-3/16 0.196  0.39 0.62 0.80 1.19 1.57 2.32 3.06
0.36 4-5/16 0.205 041 0.84 0.84 1.25 1.84 2.42 3.19
.37 4-1716 0.213  0.43 0.87 0.88 1.30 1.72 2.33 3.34
0.38 4-8/16 0.222  0.45 0.70 0.92 1.36 1.79 2.64 3.48
0.39 4-11/16 0.231  0.47 0.73 0.85 1.41 1.66 2.75 3.62
0.40 4-13/16 0.241 048 0.76 0.99 1.47 1.93 2.86 3.77
041 4-1R/16 0.250  0.50 0.78 1.03 1.53 2.01 2.97 3.92
0.42 5-1/16 0.260 0,52 0.81 1.07 1.58 2.0 3.08 4.07
043 ' 5-3/18 0.269  0.54 0.84 1.11 1.64 2.16 3.20 4.22
0.44 5-1/4 0.273  0.56 0.87 1.15 1.70 2.24 3.32 4,38
0.45 5-3/8 0.289  0.58 0.90 1.19 1.76 2.32 3.44 4.54
0.46 5172 0.299 Q.61 0.94 1.23 1.82 2.40 3.56 4.70
0.47 5578 0.309  0.83 0.97 1.27 1.88 2.48 3.68 4.86
0.48 5-3/4 0.319  0.85 1.00 1.81 1.94 2.57 3.80 5.03
0.49 57/ 0.329  0.87 1.03 1.35 2.00 2.65 3.92 5.20
0.50 ] 0.339 N A 106 1.39 2.06 2.73 4.05 5.3¢€
0.51 6-1/8 0350  0.71 1.10 1.44 2.13 2.82 4.18 5.53
0.52 6-1/4 0.361  0.73 1.13 1.48 2.19 2.90 4.31 5.70
0.53 6-3/8 0371 0.76 1.16 1.52 2.25 2.99 4.44 5.88
0.54 6-1/2 0382 078 1.20 1.57 2.32 3.08 4.57 6.05
0.55 6-5/8 0393 0.8y 128 1.62 2.39 3.17 4.70 6.23
0.56 6-3/4 0404 0.82 1.26 1.66 2.45 3.26 4.84 6.41
0.57 6-13/16 0.415 0.85 1.30 1.70 2.52 3.35 4.98 6.59
0.58 6-15/16 0.427 0.B7 1.33 1.75 2.59 3.44 5.11 6.77
0.59 7-1/18 0.438 0.89 1.37 1.80 2.66 3.53 5.25 6.96

o
(g%l



Table 7 {Continued). Free flow through Parshall measuring flumes
in cubic feet per second.

Throat width

Head

Inches
lapprox.}

Feet

1.5

{Flow in cubic feet per second}
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Table 7 (Continued). Free flow through Parshall measuring flumes
in cubic feet per second.

Head Throat width
Feet Inches K 6" g i 1.5 2 3
{approx.} {Flow in cubic feel per second}

1.1¢ 13-3/1C 2.40 3.00 4.62 6.95 8.27 13.9 18
1.11 13-5/16 2.43 3.60 4.68 T.04 9.40 14,1 18
1.12 13-7/16 2.46 3.65 4.75 7.14 9.54 143 18
1.13 13-9/16 2.50 3.70 4.82 T.24 8.687 145 18
1.14 13-11/16 2.53 375 4.88 7.34 9.80 14.7 19
1.15 13-13/16 2.57 3.80 4.94 7.44 9.94 14.8 19
1,16 13-15716 2.60 3.85 5.01 7.54 10.1 151 20
117 14-1/16 2.64 3.80 5.08 7.64 10.2 15.3 20
1.18 14-3/18 2.68 3.95 5.15 1.74 10.3 15.6 20
1.18 14-1/4 2.71 4.01 5.21 7.B4 10.5 15.8 21
120 14378 275 406 538 794 106 160 21
1.21 14.1/2 278 4.11 5.34 8.05 10.8 16.2 21
1.22 14.5/8 2.82 416 5.41 8.15 10.8 16.4 21,
1.23 14-3/4 2.86 4.22 5.48 8.25 11.0 16.6 22,
1.24 14-7/8 2.89 427 5.55 8.36 112 16.8 22
1.25 15 4.32 5.62 8.46 11.3 17.0 22
1.26 15-1/8 4.37 5.69 8.56 11.5 17.2 23
1.27 15-1/4 443 5.76 8.67 11.6 17.4 23
1.28 15-3/8 4.48 5.82 8.7 11.7 1777 23
1.29 15-172 4.53 5.89 8.88 119 1.9 23
1.30 15-5/8 4.59 5.96 8.89 12.0 181 24
1.31 15-3/4 4.64 6.03 9.09 12.2 18.3 E
1.32 15-13/16 4.69 6.10 9.20 12.3 185

1.03 15-16/1G 4.70 6.18 9.30 124 18.8

1.34 16-1/16 4.80 6.25 9.41 12.6 19.0

1.35 16-3/16 4.86 6.32 9.52 12.7 19.2 .
1.36 16-5/16 4.92 6.39 9.63 12.9 19.4 i
1.37 16-7/16 4.97 6.46 9.74 13.0 19.6 .
1.38 168-9/18 503 8.53 9.85 132 188 26
1.39 16-11/16 5.08 6.60 9.95 13.3 20.1 26
1.40 16-13/16 6.68 10.1 13.5 20.3 27
1.41 16-15/16 6.75 10.2 13.6 20.6 27
1.42 17-1/1¢ (.82 10.3 13.8 20.8 27
1.43 17-3/16 6.89 10.4 13.9 21.0 28,
1.44 17-1/4 6.97 10.5 141 21.2 28.
1.45 17-3/8 7.04 10.6 14.2 21.3 28,
1.46 17-1/2 7.12 10.7 144 21.7 29.
1.47 17-5/8 7.18 10.8 14.5 21.9 29
1.48 17-3/4 7.26 11.0 14.7 22.2 29
1.49 17-7/8 7.34 111 149 22.4 30
1.50 18 7.41 11.2 15.0 22.6 30
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RAMPED BROAD CRESTED WEIR!

General Description

The ramped broad crested weir (RBCW) has been used successfully in a

number of canals in Southern Idaho and ic one of several types of broad crested

weirs.  This device requires only a single upstream depth measurement for
discharge determination. The structure can not be used (o regulate {Tow, but is
capable of accurately measuring a wide range of discharges. Construction

cosls for this weir may be relatively lower than other measurement structures used
on larger ditches or canals. The RBCW also passes {loating debris and sediment
well,  As with other weirs and flumes, normal periodic maintenance is required.

Installation and Measurement

A computer model has been developed for use in designing the RBCW and
alluws the wel to be tailored to fit the channel configuration. The computer
program also generates a rating table using the as-built dimensions, Discharge is
then determined by reading the height of water on the staff gauge with the
corresponding height listed on the compntar generated rating tahle.  Further
detailed information about the weir and computer program may be obtained from

the University of Idaho Kimberly Rescarch and Extension Center or the Tdaho
Department of Water Resources.

Schematic view of a ramped broad crested weir.

T RBCW text and figures reprinted from France, K.E, and Brockway,
C.L, Ilow Moasurement Using Ramped Broad Crested Weirs, Idaho Water
Resource Research Institute, University of Idaho, Moscow, 1daho.
September, 1987, 48




CONSTANT HEAD ORIFICE TURNOUT (CHOY!

General Deseription

The constant head orifice turnout (CHO) is & combination regulating and
measuring structure that uses an adjustable submerged orifice for the discharge
measurement.  The structure has been developed and widely adopted by the
Rureau of Reclamation. Its operation is based upon sciting and maintaining a
constant head differential (usually 0.20 foot) across the orifice. Discharges are
varied by changing the gate opening, that is, the area of the orifice. The rate of
flow is measured by using the principle that a submerged orifice of a given size
operating under a specific dilferential head will always pass the same known
quantity of water.

The CHO turnout consists of a short entrance channel leading to a headwall
containing one ur muic gatc-controlled openings, a stilling basin section, and a
downstream headwall with one or more gate-controlled openings that relcase the
flow into the delivery channel. The turnouts are usually placed at right angles to
the main canal. The upstream gate or gates constitnte the orifice, the size of
which can be increased or decreased by opening or closing the gates. The head
across the orifice is measured at a constant value, usually 0,20 foot, by adjusting
the downstream gate or gates, and is measured by staff gauges or stilling wells
upstream and downstream from the orifice gate headwall,

How to Measure

The opening of the orifice for the desired dischiarge is ubtained from discharge
tables. With the upstream gates set at this opening, the downstream gates are
adjusted until the differential head across the orifice as measured by the staff

gauges or stilling wells is at the required constant head (usnally 020 font). The
discharge will then be at the desired value.

Schematic view of a CHO turnout with a horizontal inlet channel

'CHO text, figures and tables reprinted from Water
Measurement Manual, Department of Interior Bureau of Reclamation,
Second Edition Revised Reprint: 1984 (Denver) Pp. 95-99, 298-299.
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WATER MEASUREMENT MANUAL TABLES

Table 33.~—Discharge of constant-head orifice turnout in second-leet.

Table 32.—Discharge of constant-head arifice turout in tecond-feet, - N ik b 0.90
Capacity 20 second-fect, qute size 30 by 24 inches, dh=0.90 Capacng 10 second-feet, gote size 24 by 18 inches, & .
foot. (See sez, 64.) faot. ee sec. 64.)
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