SEWER DESIGN
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Design of a gravity-flow sanitary sewer

Design a gravity-flow trunk sanitary sewer for the area shown in the accompanying figure (a).

The trunk sewer is to be laid along Peach Avenue starting at 4™ Street and ending at 11" Street.
Assume that the following design criteria have been developed based on an analysis of local

conditions and codes.

1. For design period use the saturation period (time required to reach saturation population).

2. For population densities use the data given in the following table.

Saturation
population Wastewater
Type of density, flow,

Zoning development person/ha I/capita - d
Residential Single-family dwellings 40 380
Residential Duplexes 60 300
Residential Low-rise apartments 120 220
Residential Mixed housing 70 250




3. For residential wastewater flows use the data given in the table above.

4. For commercial and industrial flows (average):
a. Commercial - 20 m*/ha. d
b. Industrial —30 m*/ha . d

5. For institutional flows (average):
College — 400 m®/d (5330 students x 75 L/student. D) /(1000 L/m?>)

6. For infiltration allowance:

a. For residential areas, obtain the peak infiltration values from the accompanying figure (b).

b. For commercial, industrial and institutional areas, also obtain the peak infiltration values
from the figure (b). However, to make into account that the total length of sewers in these
areas will generally be less than that in residential areas, use only 50 percent of the actual area
to compute the infiltration allowance.



7. For inflow allowance assume that the steady flow inflow is accounted for in the infiltration allowance.
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8. Peaking factors:
a. Residential — use the curve given in the accompanying figure (c).

b. Commercial— 1.8
c. Industrial - 2.1
d. Institutional (school) - 4.0
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9. For the hydraulic design equation, use the Manning equation with an n value of 0.013. To
simplify the computations, use Fig 6.10.



10. Minimum pipe size: The local building code specifies 200 mm (8 in) as the smallest pipe
permissible for this situation.

11. Minimum velocity: To prevent the deposition of solids at low waste water flows, use a
minimum velocity of 0.75 m/s (2.5 ft/s) during the peak flow conditions.

12. Minimum cover (minimum depth of cover over the top of the sewer): As established by the
local community building code, the minimum depth of coveris 2.0 m.

Solution
1. Lay out the trunk sewer. Draw a line to represent the proposed sewer [figure (a)].

2. Locate and number the manholes. Locate manholes at (1) changes in direction, (2) changes in
slope, (3) pipe junctions, (4) upper ends of sewer and (5) intervals from S0 to 120 m or less.
Identify each manhole with a number. For the purpose of this problem only the manholes at
the major junctions have been numbered [figure (a)]. In actual design, intermediate manholes
would be located and numbered.

3. Prepare a sewer design computation table. Based on the experience of numerous engineers,
it is found that the best approach for carrying out sewer computations is to use a computation
table. The necessary computations for the sanitary sewer shown in figure (a) are presented in
the accompanying table.






Sewer computation table (Coniinued)

Location Commercial flows Industrial flows
-
Length Awverage  Cumulative Cumulative ) Average  Cumulative Cumulative
of unit average peak flow, unit average peak flow,
sewer, Arca, flow, flow, Peaking m*d Arca, [flow, flow, Peaking m'/d
Line From To m Subarca* ha miha-d mid factor (16 x 17)% ha m’ha-d mid factor (21 x 22)
n @ 3 @ (3) (14)  (15) (16) () (18) (19) (20) (20 {22) (23)
1 I 2 707 A-l - - - - - - - - - —
2 2 3 07 A-2 — — - - -~ — - - - -
A-3 50 2 1000 |8 1800 - — - - -
A-S - - 1000 1.8 1800 - — - - -
5 3 - 1414 A-4 — - 1000 9 1800 - - - —-— -
A-7 - - 10040 1.8 1800 — - - — —
4 4 S 107 A-b - - {1000 L8 1800 — — -- -- —
p. 5 6 707 A-8 100 20 3000 I8 5400 -- - - — -
A9 - - 3000 1.8 5400 — — - - -
6 6 7 707 A-10 — - 3000 18 5400 - — = = —
7 § 7¢ WA = o < - - o o Lh b _
8 7 9 707 A-12 — - 3000 1.8 5400 200 ) 6000 2.1 12,600
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_“T'he entrics in columns 1 through 3 are used to identify the sewer lines under con-

sideration aind to summarize the hasic physical data from fizure (a).
The entrics in colurans 6 through 13 wre used to obtain the cunulative peak do-
mestic fow (column 13}, The arca (column 6) is oblained from figure («r). The papu-
lation density (column 7) and the unit ow data (column 9) were piven, Peaking
factors, ohtained from figure (¢), are entered in column 12.
The commercial area, the corresponding unit flow, and the cumulative average
flows iwre entered in eolumms 14, 15, and 16, respectively. The given peaking factor
For the commercial arca is eotered in column 17, and 1he compuicd cumulative
peak commercsal flows are entered in column 18,
The entries i columns 19 threugh 23 for the industsial flows are the same as
described Sor the commercial flows (eolumns 14 through 18).
The institutional flows are entered in columns 24 through 26,
The cumulative average and peak Hows are summarized in columns 27 and 28,
respectively.
The infiltration Wlewance (columns 29 through 32) is determined using the curve
for new sewers in fipere ().
The tolal cusmulative peak design flow (column 33} is obtained hy sumiring colum:
28 and 32
Sewer design information is summarized in columns 35 through 38 The required
pipe sizes are estimated using Mannipg's cquation with an n valee of 1,013 [sec
Fig. 6-10) The capacity of the selected pipe and the velocity when Tull zre tabulated
in colemms 37 and 38. In all cases the velocity should exceed 075 mfs (2.5 fi/s)
The necessary layout data for the sewer {calumns 39 through 42) are obtained s
follows: The ground surface clevations at the manhole locations entered in columns
19 and 40 are obtamed by interpolation with the clevation data piven 1o figure (a)
The sewer invert elevations shown in colurns 41 and 42 are obtained by wialand
error with i sewer profile work sheet. The first step in prepanng a work sheet is 1©
plut tlie ground-surface elevations given in columns 32 and 40, working backwirds
from o convenient point. Afer the pround.susface profile is drawn, the next step
15 to begin skhetching the invertand crown {inside hottom und inside top ol the pp:
respectively) ol each sewer section as Lhe necessary elevation data are developed.
The method oz establishing theinvert elevations will be illustrated by analyzin:
selected sewer lines starting with line 1 which connects manholes ] anc 2. The firs
step is 10 locate the invert of the upper end of the pipe at such an elevation that th
minimun cover requirement is satisfied, 1aking inte account both theinside diamets
of the pipe and its wall thickness. The upper invert elevation of the 430-mm pipe =
sel mitially 2t elesation 17.5 m:

grovad surface — depib ol cover — pipe wall thickness — pipe diameter
20060 m - 200 m - 0.05m 045 m

The pipe thickness will vary with the type of sewer. Tor this example, 0.03 m »
he used Tor all pipe sizes. The lower elevation is compuicet by sublracting the [ =
follows:

Lower Upper Slope  Length
inverl = invert — of x of
clevation  clevation SOWeT sewers



Yoy ling 1

Lower
mvert = 17.50m — (0.0018 m/m)(707 m) = 1623 m
elevation

If the depth of cover (remember to allow for the pipe wall thickness above the
¢rown) for any scction has become too shallow, repeat the process with a lower
initial invert elevation or a steeper slope for that section.

When a manhole is located at a sewer junction, the outlet sewer elevation is
fixed by the lowest inlet sewer. If the pipe size increases, the crowns of the two pipes
must be matched at the manhole. This is done 1o avoid the backing up of wastewater
mto the smaller pipe. An example of this situation is the increase in size from 430 to
750 mm at manhole 2, For this case, the calculations are as follows:

L.ower invert elevation of the 450-mm sewer is [6.23 m,

Upper invertclevation for the 750-mm-sewer (line 2)is 1593 m (16.23m - 0.45m -
0.75 m),

Lower invert elevation for the 730-mm sewer is 15.29 m [ 1593 m — (0.0009 m/m) x
(707 m)].

These procedures are repeated until the clevations for the entire sewer are estab-
lished.

COMMENT A computation table, such as the one shown in this example, not only saves
time but also is useful for summarizing both the data and the compuled results in an
orderly sequence for subsequent use. The specific columns in a given computation table
depend on the factors that must be considered in arriving at the peak design flows. Most
sanitary and civil engineering consulting firms have developed tabulation forms of their
own for sewer design computations. Although the forms may differ in specific details
and in the order of presentation from this table, the sanmie information is usually presented.
Some engineering firms have developed computer programs for sewer design.
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Contributing Population

Peak Factor

Up to 20,000 3
20,000 to 50,000 25
50,000 to 7,50,000 2.25
Above 7,50,000 2
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