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PART ITI

HYDRAULIC TABLES FOR OPEN CHANNEL, GRASSED

WATERWAY, AND SURFA DEATINAGE DITCH
GENERAL v 5

This part contains tables for the most commonly designed for open
channels (Drainage Main or Lateral - 608 or Open Channel - 582) grassed
waterways (412), and surface drainage ditches (Drainage Field Diteh - 607).

In all cases, values are not given where the velocity exceeds 5 ft,/sec.

A detailed use and examples for 1. Open Channel 2. Grassed Waterway
3. Surface Drain follows:

Open Channel

The values for this practice are the table IN-14-4., The headings and
values are self-explanatory.

By the use of a simple two or three point plot, values can be interpolated
between the figures given in the tables.

Example: Design and field information give the following requirements -
channel slope - s = 0.0008 ft/ft.; side slopes = 2:1; toughness coefficient -
n = 0.04; bottom width - b = 4 ft.; and the required discharge - Q = 165 cfs.

Find: The required depth - d and the velocity -V.

Referring to page 14-150, it is noted that the depth of flow must be somewhere
between 5.0 and 5.5 ft. By a plot of depth versus discharge with values of

d =5.0ft. & Q=141 cfs and d = 5.5 ft. & § = 176 cfa (See Fig. 1), an
estimated depth of 5.35 ft. is required for the discharge of 165 cfs.

By plotting the veleocity values on the same graph with values of d = 5.0 ft. &
V=2ft.fsec, and d = 5.5 ft. & V= 2.1 ft./sec., an estimated velocity of
2.07 ft./sec. is given for the depth of 5.35 ft.
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A similar technique may be used to attain values for channel slope - 5 when the
field value is something other than that shown in the tables.

A roughness coefficient of n = 0.04 is a generalized estimate that is not
necessarily true for all the depth ranges shown in the open channel tables.
Other factors are important for the final determination of "n" such as the
lining (whether in earth, gravel, rock, etc.); roughness of the wetted perimeter
(rough slopes, etc.); changing cross-sections; obstructions (log jams, etec.);
degree of vegetative retardance; and channel meander. Since the wvalues for
velocity and discharge are inversely proportional to the roughness coefficient
it is easy to correct them for other than 0.04 "roughness" values.

Example: Standard Practice 582 - Open Channel states that channels must be
stable under the following conditions:

1. As-built condition - Bankfull flow, design discharge, or 10 vear
frequency flow, whichever is smallest but not less than 50% of design
discharge. . -

2. Aged condition - Bankfuil flow or design discharge, whichever is
larger, except that it is not necessary to check stability for dis-
charges greater than the 100-year frequency.

Given and required: Channel slope - 5 = 0.001; bottom width - b = .4 ft.;
n = 0.04; side slope = 2:1; and Q = 71 cfs. From the data on page 14-150,
it is noted that the design depth - d = 3.5 ft. However, to meet the need
for an adequate tile outlet, the constructed depth will be 5.5 ft.

Find: The velocities for the as - built and aged conditionms.

The following procedure to find the as-built wvelocity will give results within
acceptable tolerance.

For the as-built condition, the design discharge would be the smallest wvalue.

An n = 0.025 (bare soil) will be used along with the design discharge of 71 ecfs.

Since our charts are for n = 0.04, the equivalent discharge from our tables

would be — 0.025 x 71 = 44.4 efs (discharge at the as-built depth, would n = 0.025).
0.04

With a two-point plot of depth versus discharge values of d = 2,5 & Q = 34 and
d = 3.0 & Q= 51, the as-built design depth of 2.80 ft. is required for the
discharge of 44.4 cfs (See Fig. 2).

By plotting the table velocities on the same graph, the velocity (for m = 0.04)
for a depth of 2.B0 ft. would be approx. 1l.62 ft./sec.

The as-built velocity would then be -_0.04 x 1.62 = 2.59 ft./sec.
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For the aged condition, it is apparent that the bankfull flow will be larger
than the design discharge of 71 cfs. We shall also assume that the aged
"roughness" will be 0,045,

From the table, it is noted that the velocity is 2.4 ft/sec. for the constructed
depth of 5.5 ft. The aged velocity for bankfull flow would be - 0.04 x 2.4 =
2,13 ft./sec. ' 0.045

Grassed Waterway

The tables for this practice are contained on pages 14-152 and 14-153, The wvalues
are given for "C" retardance (moderate vegetal retardance) which is considered
the best average condition for grassed waterway design in the state.

As may be noted, the channel slopes are flatter than normal for grassed water-
way design. However, it is possible that a grassed watercourse may be required
for flat grades such as in an urban setting., These tables are also needed for
decision-making for a choice between a grassed waterway and a bare-earth surface
drain.

The roughness coefficient for a grassed waterway is extremely variable with
depth changes. The relationship of Manning's n and VR (the product of velocity
and hydraulic radius) may be noted on Fig. 13 of SC5-TP-61 - Handbook of Channel
Design for Soil and Water Comservation. Therefore, when values are given or
needed between the given depth increments, a three point plot should be used.

Example: Channel slope - S = 0.0035; side slopes = 6:1; bottom width - b = 4 fr;
and discharge -Q = 100 efs

Find: Design depth - d and desipgn velocity -V.

Plot the values of d = 2.0 ft. & Q = 52 cfs; d = 2,5 & Q = 110; and d = 3.0 &
Q = 198 (See Fig. 3).

By using a french curve to comnnect the three points, the design depth is approx.
2.42 ft.

A plot of the velocities on the same graph gives a design velocity of approx.

2.2 £t./sec.
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A common problem exists when the grassed waterway is on too flat a grade and
the design velocity is less than 1.5 ft./sec. The following section on surface

drains is available for the selection of a waterway that may be maintained on
bare earth.

Surface Drain

The tables for this practice are contained on pages 14-154 and 14-155. The roughness
coefficient - n = 0.025 is an average figure for bare soil lining. However, n

could be as low an 0.02 for a straight and uniform ditch in clay soil and it

could be as high as 0.033 for cobble lining. The design can be adjusted in the

same manner for varying "roughness" values as was previously noted in the

examples for Open Channel.

The following example is, perhaps, where a landowner has requested cost-sharing
for a grassed waterway. SC5 investigation indicates a flat-grade situation and
a determination must be made for the proper practice.

Example: Channel slope - 8§ = 0.0015; side slopes = 6:1; bottom width = b = 6 ft.;
discharge -Q = 66 cfs; and the channel will be in a sandy clay loam soil.

Find: The proper practice and the design parameters.

Going into page 14-152 for grassed waterway, it is noted that the design gives a
depth - d = 2.5 ft. and a veloecity - V = 1.3 ft./sec.

Going into page 14-154, it is noted that the depth would be somewhere between 1.5
and 2.0 ft. Using a two-point plot (See Fig. 4), the design depth would be
1.69 ft. and the design velocity would be 2.35 ft./sec.
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At this point, Table 14-2 on page 14-26 of the Engineering Field Manual should
be checked to determine whether the permissible velocity for the soll type has
been exceeded. The value for sandy clay loam is 3.5 ft./sec. so this is
satisfactory. However, field experience with the specific soil should be taken
into account as to whether or not it will erode under the design conditioms.

For this example, it is assumed that the surface drain would be acceptable

(with the above design) and the grassed waterway would develop into a silting-
up problem and, therefore, would not be satisfactory.

(EFM Notice IN38, August 1981)
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