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CHUTES AND DROP SPILLWAYS (ENTRANCES-WEIRS)
Weirs (e.g., Fig. 1) are the inlet sections of chutes and drop spillways, which are often required
to drop water over steep sections of the landscape where flow velocities would be too erosive for
an earth or vegetated channel. The flow through a weir, q, is described by the weir equation:

q = CLH
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q = 0.55CLH
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where L is the length of the “lip” over which the water flows, H is the head above the weir, and
C is the weir coefficient, tabulated almost always in English units, which leads to the 0.55
coefficient fo the SI form of the weir equation (Eq. 1b).
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Figure 1: Schematic of a sharp crested weir profile and plan view; note that free outfall is
shown.

The following provide brief discussions a appropriate tables and nomographs for the following:
A. Weir Types and Coefficients
B. Determining L
C. Ogee Spillways and Chutes
D. “Catchbasins” and Other Unweir Configurations
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A. Weir Types and Coefficients
Important: C has dimensions and they are almost always in English units. Also, be cautious
when determining C and H because some tables of C have been determined by including the
velocity head, v2/2g, in H and other consider H to be the depth of water above the weir (Fig. 1),
thus, look closely at how weir coefficient have been developed. For those of you who like to
relate engineering hydraulic equation back to fluid mechanics, note that embedded in C are
physical constants, like g = 32.2 ft/s2. There are literally an infinite variety of weir forms but two
common, simple forms are the sharp and broad crested weirs (Fig. A.1)
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Figure A.1: Schematic of a sharp and broad crested weir profiles.
Table A.1: Coefficients for sharp crested weirs:
C
comments
generic satisfactory value as long as the upstream channel width is >1.5L
3.2
H = depth above the weir
commonly used equation for H/P<10
H
3.21 + 0.4
H = depth above the weir
P
1.5
commonly used equation for H/P>15; the weir acts as a sill.
P⎞
⎛
5.70⎜1 + ⎟
H = depth above the weir
H⎠
⎝

Tables are attached for broad crested weirs and references are provided at the end for good
references related to weirs.
Special Notes:
• Drop spillways consisting of a sharp crested and downstream vertical drop are not
advised for drops > 3 m.
• For large drops (>1 m), consider aerating the nappe to keep the flow from “sucking” onto
the downstream spillway face and potentially compromising its structural integrity.
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B. Determining L
Straight Lips
If the weir is straight and especially wide or the upstream channel is about the same width as the
weir lip, then L is just the physical length of the lip.
Non-Straight Lips
Sometimes it is advantageous to use a non-straight weir lip, as in the case of stormwater
catchbasins and L is the physical length of the lip as shown in Fig. B.1. Of course, one must
make sure that converging flows in a non-straight lipped weir do not substantially interfere with
one another.
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Figure B.1: Schematic of a straight and non-straight weir lips inn plan view.

Contractions
Notice the length of L is the straight-lip diagram in Fig. B.1 is slightly less than the physical
length of the lip due to flow contraction. The general guideline is that each contraction reduces
the L by 0.1H from the physical length of the lip; fig B.1 shows 2 contractions, one on each end,
so L is the physical length of the weir lip minus 0.2H.
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C. Ogee Spillways and Chutes
Chutes are weirs with a ramp on the downstream face. Depending on the steepness of the chute,
these entrances to these control structures may perform more like a sharp crested weir or a broad
crested weir. There are innumerable tables and nomographs for chute design, but for steep
chutes it often sufficient to design the inlet using sharp-crested weir assumptions.
To reduce head losses that arise from a nappe forming at the entrance of a chute, the profile of
the sharp crest is curved (Fig. C.1). Interestingly, ogee spillways can be designed to take
advantage of “suction” of the nappe to the surface of the weir to get higher capacity than with a
sharp crested weir, i.e., an ogee spillway often has a higher C than 3.2 (see the following tables).

H

Figure C.1: Schematic of the lip of an ogee spillway

Design relationships for an ogee spillway are attached.
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D. “Catchbasins” and Other Unweir Configurations
Often structures transition among different types idealized hydraulic controls. For example,
culverts running partially full behave like open channels and as flow increases they eventually
behave like pipes or orifices. Weirs are subject to similar transitions as in the case shown if Fig.
D.1, in which weir flows converge and could potentially begin to interfere with each other. This
occurs in a variety of structures such as storm water catchbasins and morning-glory spillways. A
general design guideline is that such structures will behave as weirs as long as H/R < 0.45 and
will behave as orifices for H/R > 1 or 2. In some many instance catchbasins empty into pipedrain systems and often pipe flow will control the entire system, thus care must be taken to
explicitly calculate the height of water above the structure at a variety of flow conditions to
understand how the different hydraulic elements work in series.
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Figure D.1: schematic of converging weir flows.

BEE 473

Watershed Engineering

Fall 2004

References:

For weir coefficient tables:
Davis, C.V. 1952. Handbook of Applied Hydraulics. McGraw-Hill Book Company, Inc. New
York. pp.1272.
King, H.W. 1939. Handbook of Hydraulics. McGraw-Hill Book Company, Inc. New York.
pp.617.
For further information:
Chin, D.A. Water Resources Engineering. Prentice Hall. Upper Saddle River. pp. 750.
*
Chow, V.T. 1959. Open Channel Hydraulics. McGraw-Hill Company, New York. pp. 680.
†
Haan, C.T., B.J. Barfield, J.C. Hayes. 1994. Design Hydrology and Sedimentology for Small
Catchments. Academic Press, New York. pp. 588.
*
Montes, S. Hydraulics of Open Channel Flow. ASCE Press, Reston. pp. 697.
†
Schwab, G.O., D.D. Fangmeier, W.J. Elliot, R.K. Frevert. 1993. Soil and Water Conservation
Engineering, 4th Ed. John Wiley & Sons, Inc. New York. pp.508.
†
Tollner, E.W. 2002. Natural Resources Engineering. Iowa State Press, Ames. pp. 576.
*
US Dept. of the Interior, Bureau of Reclamation. 1977. Design of Small Dams. US Government
Printing Office, Washington, DC. pp. 816.

*
†

Particularly good books for this topic
These texts were previously used for this course

