16.13 A STORM SEWER DESIGN PROJECT

Design flows Q. fOr various sewer sections are estimated by the rational method or the
NRCS (SCS) method. The sewer design sequence is as follows:

1. For Qgegign and a velocity of 3 ft/sec (0.9 m/s), determine the diameter of the sewer by
the continuity equation, Q = VA. This is the maximum size.

2. For Qgegign and the surface grade, determine the diameter by Manning’s equation. For a
roughness coefficient, use Table 14.4.

3. If the diameter in step 2 is smaller than step 1, select it (rounded to a next-higher stan-
dard size) as the sewer size and the surface grade as the sewer slope.

4. If the diameter of step 2 is bigger than step 1, recompute the slope by Manning’s for-
mula, adopting the sewer diameter of step 1. In this case a steeper slope than street
grade is required. In certain circumstances it is necessary to use a slope lower than this.
A provision should then be made for flushing of the pipe.

An example illustrates the procedure.

EXAMPLE 16.12

Design a storm drainage system for the section of a city shown in Figure 16.12 (the city
for which a sanitary sewer system is designed in Example 16.4). Design for the following
conditions. :

1. The coefficients of runoff, C, at the time of maximum development are given in
Figure 16.12.

2. The overland flow time, which can be calculated by the method of Section 16.10.5, is
assumed to be 15 minutes for each inlet.

3. The system is to be designed for 5-year peak flows. The rainfall intensity in mm/hr is
given by i = 3330/(t + 19), where ¢ is in minutes.

4. Manning’s nis 0.013.

SOLUTION  Unlike sanitary sewers, the storm sewer line need not run through individual
lots because the connections from housing units are not required. Thus the drains can be
laid by the shortest route. However, the arrangement will be governed by the topography
(contour pattern) of the drainage area that dictates the direction of runoff and hence the
positioriing of the inlets and laying of sewer lines. Also, relatively larger areas can be
covered by each section of the storm drain. For the section of the city in Figure 16.12, the
arrow indicates the lowest point in each block.

The general direction of flow of the block will be toward the arrow. A layout of drains
has beert arranged keeping this in mind. A minimum number of manholes are included.
The manhole number is shown within a U. The drainage area tributary to each manhole
(intercept) point, determined on the basis of the contours, is indicated in the figure along
with the runoff coefficient, which has been taken as 0.6 for the commercial district and 0.4
for the residential area.

The design flows at each intercept point are computed in Table 16.15 by the step
method of Section 16.11. To calculate the flow at manhole 3, the time of concentration
needs to be determined, which involves computation of the time of travel in sewer 1- 3 and
sewer 2—3 (column 9). This requires a determination of the size and the flow velocity
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(design) of the two sewer sections. Thus the design of each section proceeds simultane-
ously with estimation of design flow; the process alternates between Table 16.15 and
Table 16.16. The design flows at the head of section 1— 3 (manhole 1) and section 2— 3
(manhole 2) are computed in the first two lines of column 12 in Table 16.15. For these
flows, pipe sections 1— 3 and 2~ 3 are designed in lines 1 and 2 in Table 16.16. This pro-
vides the average velocity of flow (column 13) and the travel time through the sewer (col-
umn 14) in Table 16.16. This time of flow is included in column 9 of Table 16.15 for
manhole 3 to determine the time of concentration. The design flow is then determined for
the next pipe to be designed. Thus the computation alternates in Tables 16.15 and 16.16.

The design procedure of Table 16.16 is as follows. The value in column 4 is taken
from column 12 of Table 16.15. Columns 5, 6, and 7 are based on the layout plan. Column
8 is the difference between columns 6 and 7, divided by column 5. In column 9, the maxi-
mum sewer size for a minimum velocity of 0.9 m/s is determined using the continuity
equation, Q = AV. In column 10, the diameter corresponding to the street slope of column
8 is computed from Manning’s equation. The design diameter in column 11 is the mini-
mum of columns 9 and 10 (rounded to a standard size). If this pertains to column 10, the
sewer grade in column 12 is equivalent to the street grade. If the design diameter is based
on column 9, the sewer grade is computed from Manning’s equation. The velocity of flow
in column 13 is determined by the continuity equation for known flow (column 4) and
diameter (column 11). When the velocity is excessive, it is reduced to a limiting value of
5.0 m/s and for the known design flow, the diameter is recomputed by the continuity
equation and the slope from Manning’s equation.

Figure 16.12 Storm drains layout for a section of a city.
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