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 L/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.
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. 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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3. For the hydraulic design equation, use the Manning equation with an n value of 0.013. To
simplify the computations, use Fig 6.10.
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10. Minimum pipe size: The local building code specifies 200 mm (8 in) as the smallest pipe
permissible for this situation.

11, Minimum welocity: 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 cover is 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 50 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

Location Residential flows
Length [(6 , X G)j Average (S’ x9) Cumulative b Cumulative
of Population  Population  uni Flow average 10) peak flow,
sewer, Area.  density, increment,  flow, increment,  fiow, eaking m’/d
Line From To m Subarea* ha persons/ha  persons Licapita-d m*/d m?/d factor (11 x 12)
(1) (2) (3) (4 (3) (6) (N (8) 9 (10) (n (12) (13)
1 1 2 707 A-1 200 40 8,000 380 3040 3,040 2.9 8816
2 2 J 707 A-2 — - — — — 3.040 29 8.816
A-3 - - - - 3,040 29 8.816
A-S 250 70 17500 250 4375 7415 £ 3.5 20.021
3 3 4 1414 A-4 100 120 12,000 220 2640 10,055 2.6 26,143
A-7 300 40 12,000 380 4560 14,6185 2.6 37.999
“ 4 5 707 A-6 200 40 R.000 380 3040 17,655 2.5 44.138
S 5 6 707 A-8 - - - — — 17,655 2.5 44,138
A9 _200 40 8,000 350 3040 20,695 2.5 51738
6 6 7 707 A-10 100 70 7,000 250 1750 22,445 2.5 56,113
3 8 7 707 A-11 _250 40 10,000 380 _J800 JH00F 2.9 11,020

8 7 9 7T ARMIQ A1 26,245 2.5 65.613




Sewer computation table (Conitnued)

Location Commercial flows Industrial flows
-
Length Average  Cumulative Cumalative Average  Cumulantve Cumulative
of unit average peak flow, unit average peak flow,
sewer, Arca, flow, flow, Peaking m*/d Arca, flow, flow, Peaking m*/d
Linec From To m Subarca® ha miha-d m'yd factor (16 x 17)* ha mha-d mid factor (21 x 22)
(1 (2) 3) (@) (5 (14) (13) (16) (17) (18) (19) (20) (21) 22) (23)
| I 2 707 A-l - - - - - - - - - -
I % NLE CAD Frald & = i = i g A - - =
A-3 50 2 | |8 1800 - - - - -
A-S = 1000 18 1800 = = = - -
3 3 4 1414 A4 - - | L 1800 - - - - -
A-7 = - 1000 18 1800 = - - = -
4 s 07 A6 B = 1000 18 1800 — = - — -
3 5 6 707 A-8 100 20 3000 1.8 5400 -- - - - -
A9 - - 3000 1.8 5400 — - — - -
6 6 7 707 A-10 - - 3000 1.8 5400 - - - — —
7 § 7 707 A-ll — - — —_ - - — — — -
8 7 9 707 A-12 - - 3000 1.8 5400 200 k)] 6000 2.1 12,600




Sewer computation table (Continued)

Cumulative subtotals

Location Institutional flows [nhltration
Cumulative  Cumulative Cumulative
Length Cumulative Cumulative average peak flow, Peak unit  mfiltration
of average peak flow, flow.m’/d m'/d Cumulative infiltration allowance,
sewer, flow. Peaking m'd (11 +164 (134184 Area. area, allowance m®/d
Line From To m Subarea* m/d factor (24 x 25) 21 + 24) 23 + 26) ha ha m’/ha-d (30 x 31
(1) (2) (3) (#) (5) (24) (25) (26) (27) (28) (29) (30) (31) (32)
| i 4l 707 A-l - — - 3,040 8816 2003 200 8.0 1600
2 2 3 707 A-2 400 40 1600 3,440 10,416 50t 250 1.5 |1875
A3 400 4.0 1600 4,440 12,216 25¢ 275 7.5 2063
A-S 400 40 1600 R.815 23,421 250 525§ 7.0 3675
3 3 4 1414 A4 400 4.0 1600 11,455 29,543 100 625 6.5 4063
A-T 400 4.0 1600 16,015 41,399 300 925 55 5088
4 4 b 707 A6 400 4.0 1600 19,055 47,538 200 1125 5.0 5625
S 5 6 707 A-8 400 4.0 1600 21,055 51,138 503 1175 5.0 5875
A-9 400 40 1600 24,095 . 58,738 200 1375 49 6738
6 6 7 707 A-10 400 4.0 1600 25,845 63,113 100 14751 438 7080
7 8 7 707 A-l1 — - - 3,800 11,020 250 2504 80 2000
8 7 9 707 A-12 400 4.0 1600 35,645 85,213 100 182§ 40 7300




Sewer computation table (Continued)

Location Design flows Sewer design Sewer layout
Ground surface Sewer pipe
elevation invert
Length Cumulative Capacity  Velocity elevation
of peak flow,  Cumulative Sewer when when Al Al .
sewer, m?/d peak flow.$  diameter,  Slope, full, full, upper lower Upper Lower
Lne From To m Subarca® (28 + 32) mYs mm m/m m3s m/s manhol¢e manhole end end
(h @ 3 @ () (33) (24) (35) (36) (37) (38) (39) (40) (41) (42)
| ] 2 707 A-l 10,416 0.121 450 0.0018 0.121 0.75 20.00 19.00 17.50 16.23
-2 2 3 a7 A-2 12,291 0.142 — — —_— — — - - —
A-3 14,279 0.165 - - — - — — - -
A-§5 27,096 0.314 750 0.0009 0.330 0.75 19.00 18.33 153.93 15.29
3 3 4 1414 A4 33,606 0.389 - - — - - — - -
A-7 46,487 0.538 900 0.0009  0.540 0.85 18.33 17.40 15.14 1386
- 4 5 707 A6 53,163 0618 1050 0.0008Y 0.770 0.87 17.40 17.00 13.71 13.14
5 5 6 707 A-§ 57,013 0.660 - - - — - — — -
A-G 635,476 0.758 1050 0.0008¢ 0.770 0.87 17.00 16.50 1314 12.58
6 6 7 707 A-10 70,193 0,812 1050 0.0009 0.820 0.95 16.50 16.00 12.58 11.54
7 8 ? 707 A-l1l 13,020 0.15] 525 0.0014 0.165 0.75 16.20 16.00 12.46 13.46
8 7 9 707 A-12 92,513 1.071 1200 0.0008f 1.100 0.98 16.00 15.00 11.79 11.22
* See figure (a).

t Line 7 receives flow from subarea A-11 only.

% 50 percent of area (sce assumption 64).

§m¥s = (m*/d)/(86.400 s/d).

¢ The minimum practical slope for construction is abou: 0.0008 m/m.
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The entries i1 columns 1 through 3 are used to dentily the sewes lines under con-
sideration siid to summarize the hasic physical data from fieure ()

The cntries in colueins 6 threuzh 13 are used to oblain the cunulative peak dao-
mestic flow [eolumn 131 The ares (column 6) is oblained frem figure {e). The popu-
laticn density (ealumn 7) and the unit Now data (column 9) were piven, Peaking
{nerors, ohtined from figure (o), are entered in column 12

The commercial ureu, the cormesponding unit fow, and the cumulative averags
flows wie entered in golumns 14, 15, and 16, respectively. The given peaking fclor
Far the commercial area is entered in column 17, #nd 1he compuicd cumulative
peak commercnl News are cntered in colurmn 18,

The entries w eolumns 19 theaugh 23 for the industrial flaws are he same as
described for the commercial Nows (eolumns T4 through L&)

The instilutional flows are entered in columns 24 through 26,

The cumdative averape and peak Bows are summarized in columng 27 aned 28
respectively.
The infiltration allewanece (columns 29 through 32) s determined using the curve
far pew sewers in figere (0],
Thie teata ] cusmnlat ive poak desipn flow (ealuma A3y s ohtained by sumiing ealusan:
24 und 32
Sewer desipn infornition is summariged 1n columns 35 throueh 35 The required
pipe sizes are estimated usig Mannipg's cguation with an g value of .013 [sec
Fig. 6-100 The capacity of the selected pipe and the veleeity when Tull zre tabulated
i colemms 37 and 38 In ol cases the velocity should cxceed 075 mfs (2.5 fi/s)
The necessary lvout dita for the sewer {calumps 37 through 42) are obtained &
Forllowws ; The growmnsd st e elevations at Lhe manbole locatians sutered i cehomn:
10 4 nd A0 are ohtned by interpolation with the clevasion data piven an figure (o)
The sewer invert elevatians shown in columns 41 aml 42 are obtained by irind and
crror with wsewer profile wark sheet. The first step in preparing & work shegt is L
plot the ground-surface elevations piven in colures 3% and iy, working hackwands
from o convenient peink. Aler the pround-suzface profile is drawn, the next step
15 ter begin sketehing the invert arsd crown finside hettom ond inside 1op of the pape
respectivelyh of each sewer section as the necessary elevation data are developed
The method lur establishing the invert elevations will be illusirated by anakyon,
celoctorl sewer nes starting with ling [owhieh eonnects manboeles 1 Ancl 2 The firs
step 15 10 loecale the invert of the upper el of the pipe at such an elevation that =
MM Cover requitement is satisficd  1aking into account both the inside dipmets
af the pipe and its wall Unckness. The upper invert elevation of the 450-mm pipe
sel mitially 2t elevation 1.3 mi

grovad surface — deptb ol cover — pipe wilt thickaess — pipe diamater
Hihm - 200m - 0.03 o R

The pipe thickness will vory with the type of sewer. Dor this grample, 005 m ow
he wsed For all pipe sizes, The lower elevation is compuicd by subtricting the Fal
fiollows

Lot Ulppwr Slope Length
nyverl = jverl — of n of
clovition  elevalion SEWLT sEwer



Var line 1;

Lower
invert = 17530m — (0008 m/m)i707 m) = 1621 m
elevalion

If the depth of cover {remember to allow for the pipe wall thickness above the
crovn) lor any section 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 4 sewer junction, the outlet sewer elevation is
fixed by the lowest inlel sewer, [T the pipe size increases, the crowns of the two pipes
must be matched at the manhale. This is done 1o avoud the backing up of wastewater
mtor the smaller pipe, An example of this situation is the increase in size from 430 Lo
T30 mim at manhole 2, For this case, the caleulations are as fellows:

Lower invert elevation of the 430-mm sewer is 16,23 m,

Upper invert elevition for the T30-mm-sewer (line 2) 15 15293 m (10,23 m - 045 m
(0,75 m},

Lawer invert elevation for the 730-mm sewer is 1529 m [ 15.93m — {00009 my/m)
(707 m)].

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

CoMMENT A computation table, such as the one shown in this example, not only saves
lime but also is useful for summarizing both the data and the compuled results in an
orderly sequence for subsequent use. The specific columns ina given computation table
depend on the factors that must be considered in arriving at Lthe peak design Oows, 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 same inlormation 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 7,50,000 225
Above 7,50,000 2
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