Water supply & waste water networks

Sanitary Engineering ( municipal Engineering)
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Water supply engineering. Sewerage &sewage disposal

g WTP |4 city city +—| WWTP
\/O\\LQ @/\ %/W«A |
| [T
X

7 i
QL/ d /j/><
: Twvdaghd

O\jl/( (c/\H'V\‘fQ




Water supply Distribution system

Flow in Pipes
1. Darcy-weisbach equation
_L v
hl‘ T d 2g

h; = head looss

f= resistance coefficient

L= length of pipe

D= diameter of pipe

V= velocity in pipe

g= gravitational acceleration

2. Chezy’s formula

8
vz =29 pg
f
where ¢2=2¢ C=chezy Coefficient

f
v2=C*RS orv=CvVRS

V= velocity in the pipe in m/sec
R= the hydraulic Radius of the pipe in m

A T
R = ; A (areaZDz) .....p = wetted perimeter(nD)

S=the hydraulic gradient

3. Manning Formula
1 2 1
v=—R3S82
n

n = roughness coef ficient
4. Hazen-William formula
v = kCRO.6350-54-

C= a constant depending upon the relative roughness of the pipe (C=100 for old
cast iron)



K= is an experimental Coefficient and unit conservation equal to (0.849) Sl units
The hazen-Williams Diagram conducted for C=100 , however

If we use Hazen-Williams Diagram for pipes with C # 100 and

given Q &D

Find S¢=Si00 (100/C)18

givenQ &S

Find D¢= D100(100/C)°38

givenD & S

Qc= Q100 * C/100

Example : find maximum flow use Darcy, Chezy, Manning & Hazen-William
Formulas

hL=3.5 m, L= 200m, D= 317mm, C=150, f=0.0125, n=0.009
solution: g:7

Darcy-weisbach equation

_fL v
hL T d 2g
3.5=0.0125*200*Vv? /2*9.81*0.317
V=2.95 m/s

Q=V*A=2.95*(1r/4)*0.317%=0.233m?/sec

Chezy’s formula

v = CVRS
_[8%9.81 79.24
-~ Jo.o125

d __ 0317

RER=2= — 0.07925m
p 4



S=h./LL.=3.5/200=0.0175

v = 79.24v0.07925 % 0.0175 = 2.95 m/s
Q=2.95*0.3172 *n/4= 0.233 m%/s

Manning Formula

1 2 1
v=—R3S82
n

2 05
1 (0 . 317)3 (3.5) 2.7m
v _

T 0.009\ 4 200/
Q=2.7*0.3172 *n/4=0.212ff"
Hazen-William formula
v = kCR9-6350-54
0.317)0.63 . (£)0.54 _ 2 9m
4 200 7S
Q=2.9* 0.3172 *m/d= 0.228 m?/s

S

0.849 % 150 *(

Example: Consider a 200mm pipe 1500m in length which carries a flow of 2m3/min,
find the velocity and head loss in pipe (C=100) use Hazen-Williams chart.

Solution :

Q= 2m3/ min=0.033m%/s

From chart v=1.05m/s , S=10*10

Sia 1000 JSI e 10 (5 s Al 81 58 ) 6
hy=10*10°*1500=15m =150 kpa

Example: for the previous example find head loss if C=120
S120 =S100 *(100/120)-5 =7.13*10-
hy=7.13*10°*1500=10.7m= 107 kpa

(note : 10.19 m H,0 =100 kpa)
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Figure 6-8 Flow in old cast-iron pipes. (Hazen-Williams C = 100.)
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Method of Water distribution

1. Gravitational distribution
o A b g Gy adi e e (8 Sl jaad) ad e o 5Ss Ladie 45 5kl 038 aadiu
LGl g dalidal) hlaladin S A I alsy)

Various methods of water supply distribution systems in a town adapted are;

1. Gravity system: The source of supply is at a sufficient elevation above the distribution area
(i.e. consumers). So that the desired pressure can be maintained.

HGL or EGL

Source
(Consumers)
(Reservoir) City
HGL = Hydraulic Grade Line

EGL = Energy Grade Line

Srieh

Gravity-Supply System

Advantages of Gravity supply:
*No energy costs

=Simple operation

*Low maintenance costs

*No sudden pressure changes

2. Direct pumping (pumping without storage)
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= The source of water is lower than the area

* The source cannot maintain minimum pressure required.

* Pumps are used to develop the necessary head (pressure)

HGL = Hydraulic Grade Line
EGL = Energy Grade Line

Source

(River/Reservoir)

~ (Consumers)
City

Pumped-Supply System

Disadvantages of pumped supply:
eComplicated operation

*Requires maintenance

eDependent on reliable power supply

3. Pumping with storage

| ya
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J
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Pumping ptation

ipeline

Source
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Patterns of water supply distribution system
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2. Grid pattern
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3. Grid pattern with loop
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Design of Dead End System

Ex: for the network show Design the pipes AB, BE, BC & FH assume required
pressure at each end points 250 kpa . assume (100kpa =10 m H,O)

Reservoir

e 4 ’ Water Supply & Distribution System

Water Treatment Plant

Storage Reservoir
(Water Tower)

Water Distribution System
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Design of Dead End System

Ex: for the network show Design the pipes AB, BE, BC & FH assume required
pressure at each end points 250 kpa . assume (100kpa =10 m H>O)

Reservoir



Solution:

In any node...>.Q;, = X.Q0ut -

As 100 kpa=10 m H>O then 250 kpa=25m

Required head at any point =required pressure (m)[given|+Elevation of the point

Allowable head loss at pipe= available head at start point — required head at end
point

Pipe AB

Q=275L/s= 0275 m’/s

L= 6000m

Point B Elevation = 100m

. the required head at point B=25+ 100=125m
Available head at pomnt A= 200m

Allowable head loss at pipe AB=200-125=75m

s =—> =12,51073
6000

From Hazen-Williams nomogram

d~( between 400 -500 mm)

we take the greater Diameter ....So we take d= 500mm

then we correct the hydraulic gradient S & hp

£ S etat =3.5 ¥ 1072 then..... hf sena=S*1073 * L=5.5 * 1073 * 6000= 33m
.. Available head at point B=200-33=167m

Available head at any point must be > required head at the same point

Pipe BE

The required head at point E=110+25=135m

Available head at point B= 167m



Allowable head loss at pipe BE =167-135=32m

s=2=22 —-107'10"% & Q=0.075m%/s
1 3000

From Hazen-Williams nomogram

d~( between 250 -300 mm)

we take the greater Diameter ....So we take d= 300mm

then we correct the hydraulic gradient S & hr

© S aerat =6.5 ¥ 1073 then..... h sna=S*107% # L=6.5 * 1073 * 3000= 19.5m
.. Available head at point E=167-19.5=147.5 m

Available head at E=147.5m = required head at E=135m : OK
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Figure 6-8 Flow in old cast-iron pipes. (Hazen-Williams C = 100.)
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142 COLLECTION AND DISTRIBUTION OF WATER

7-6 The Pipe System

The network of pipes which makes up the distribution system may be sub-
divided into primary or arterial lines, secondary lines and small distribution
mains.

The primary or arterial mains form the basic structure of the system and
carry flow from the pumping station to and from elevated storage tanks and to
the various districts of the city. These lines are laid out in interlocking loops
with the mains not more than 1 km (3000 ft) apart. Looping assures continuous
service even if a portion of the system is shut down for repairs and provides
flow from two directions for fire demand. The arterials should be valved at
intervals of not more than 1.5 km (1 mi) and all smaller lines connecting to them
should be valved so that failure in the smaller lines does not require shutting off
the larger. Large primary mains should be provided with blowoff valves at low
points and with air and vacuum relief valves at high points.

The secondary lines form smaller loops within the primary mains and run
from one primary line to another. They are located at spacings of two to four
blocks and thus serve to provide large amounts of water for fire fighting without
excessive pressure loss.

The small distribution mains form a grid over the entire service area—
supplying water to every user and to the fire hydrants. They are connected to
primary, secondary, or other small mains at both ends and are valved so that
the system can be shut down for repairs without depriving a large arca of water.
The size of the small mains is generally dictated by fire flow except in residen-
tial areas with very large lots.

Velocities at maximum flow, including fire flow, normally do not exceed
1 m/s (3 ft/s), with an upper limit of 2 m/s (6 ft/s), which may occur in the
immediate vicinity of large fires. The size of the small distribution mains is
seldom less than 150 mm (6 in) with cross mains located at intervals of not more
than 180 m (600 ft). In high-value districts the minimum size is 200 mm (8 in),
with cross-mains at the same maximum spacing. Major streets are provided
with lines not less than 305 mm (12 in) in diameter.

Lines which provide only domestic flow may be as small as 100 mm (4 in)
but should not exceed 400 m (1300 ft) in length if dead-ended or 600 m (2000 ft)
if connected to the system at both ends. Lines as small as 50 and 75 mm (2 and 3
in) are sometimes used in small communities. The length of such lines should
not exceed 100 m (300 ft) if dead ended and 200 m (600 ft) if connected at both
ends. Dead ends should be avoided whenever possible, since the supply is less
certain and the lack of flow in such lines may contribute to water quality
problems.

7-7 Design of Water Distribution Systems

The detailed design of a water distribution system is affected by local topogra-
phy, existing and expected population densities, and commercial and industrial
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gemand. First, the flow must be disaggregated to individual subareas of the
é system as described in Art. 7-4. Next, a system of interlocking loops must be
} jaid out as described in Art. 7-6. The disaggregated flows are then assigned to
- the various nodes of the system. The design then involves determination of the
' - sizes of the arterials, secondary lines, and small distribution mains required to
. ~ psure that the pressures and velocities desired in the system are maintained
¥ ~ ynder a variety of design flow conditions. These design conditions are based on
' ~ {he maximum daily flow rate plus one or more fires, depending on the size of
ihe community. The fire flow rate depends upon the character of the individual
subarea as discussed in Arts. 2-6 and 7-4. In general, those fire locations which
are most distant either vertically or horizontally from the pumping plant will be
critical for design; however, it is usually necessary to assume various fire
locations in order to ensure that all areas are adequately protected.
Consideration of the design problem described above leads to the obvious
conclusion that, in general, there are many possible solutions which will satisfy
the design constraints. The task then becomes determining the *“"best™ solution.
Such an optimization problem for a looped pipe network is very complicated
since the distribution of flows in the pipes is a function of the design, hence
simplified techniques are often used.* Even so, the optima for the various
design conditions will not be the same, so that the final design which satisfies
all required conditions may not be an optimum for any particular condition.
The usual engineering approach to design of looped pipe systems involves
1 layout of the network as described in Art. 7-6, assignment of estimated pipe
sizes (perhaps the minima of Art. 7-6), and calculation of resulting flows and
; head losses. The pipe sizes are then adjusted as necessary to ensure that the
i pressures at the various nodes and the velocities in the various pipes meet
| i the criteria established for the community. For a given set of pipe sizes, the
3 calculation of flows and pressures is normally a reasonably straightforward
%
‘i

HIESERN Jh-lmm | atabd il

~task which can be performed in a variety of ways.

The Hardy Cross method® and its modifications have been used in design
and analysis of water distribution systems for many years. The method 1s based
upon the hydraulic formulas of Chap. 3, which are used to calculate the energy
losses in the elements of the system. It is not unusual to neglect the losses In
fittings, since these will be small with respect to those in long pipes. The energy
loss in any element of the system may be expressed as

=k

B Yo e T e gy

 E1 -

where h, = energy loss in element i i e R ot v

g ;'.:_. Q, = flow in that ¢lement : Alaiaad A :
=i b =constant depending on pipe diameter, length, type, and condition
: S x = 1.85 to 2 normally, depending on equation used

' Forany pipe in a loop of the system, the actual flow will differ from an assumed
~ flow by an amount A: R
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Q,‘ = 0Op + A : {?-2}

where @Q; = actual flow in pipe
Q,, = assumed flow
A = required correction

Substituting Eq. (7-2) in (7-1) gives
kO = k[Q% + x0%5 VA + - -] (7-3)

The remaining terms in the expansion may be neglected if A is small compared
to Q,. For any loop, the sum of the head losses about the loop must be equal to
zero. This statement is mathematically equivalent to saying there is only one
pressure at any point. Thus, for any loop,

EI: k@i =0 (7-4)
where n is the number of pipes in the loop. Then, from Eqg. (7-3),
X k@ = 2kQp + 2 xkQFT" A =0 -5

Equation (7-5) may then be solved for the correction:
> kQ% 2.k, ,
A= = = (7-6)
Dk Q%Y x2hi0e

| 1

The procedure may be outlined as follows:

1. Disaggregate the flow to the various blocks or other subareas of the
community.

Concentrate the disaggregated flows at the nodes of the system.
Add the required fire flow at appropriate nodes.
Select initial pipe sizes using the criteria of Art. 7-6.

Assume any internzally consistent distribution of flow. The sum of the flows
entering and leaving each node must be equal to zero.

. Compute the head loss in each element of the sysiem. Conventionally,
clockwise flows are positive and produce positive head loss.

7. With due attention to sign, compute the total head loss around each loop:
th— = zl:kafn '

8. Compute, without regard to sign, the sum

.

n bW

=3

E]'kiQ-:'rﬂ_ ;
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Calculate the correction for each loop from Eq. (7-6) and apply the correc-
tion to cach line in the loop. Lines common to two loops receive two
corrections with due attention to sign.

Repeat the procedure until the corrections calculated in step 9 are less than
some stipulated maximum. The flows and pressures in the initial network

-are then known.

Compare the pressures and velocities in the balanced network to the
criteria of Arts. 7-5 and 7-6. Adjust the pipe sizes to reduce or increase
velocities and pressures and repeat the procedure until a satisfactory
solution 1s obtained. :

Apply any other fire flow conditions which may be critical and reevaluate
the velocities and pressure distribution. Adjust the pipe sizes as necessary.

The procedure outlined above is almost always performed on a computer. A
simple example using tabular calculations is presented here in order to aid in
understanding the technigue.

— Example 7-1 Figure 7-9 represents a simplified pipe network. Flows for the area

have been disaggregated to the nodes, and a major fire flow has been added at
node G. The water enters the system at node A. Pipe diameters are based on the
flows and the criteria discussed above. The calculations are tabulated in Tables -
7-2 through 7-4, and the corrected flows after each iteration are shown on Fig.
7-10. The calculations are continued in this example until the corrections are less
than 0.2 m3/min (50 gal/min). e

" The network is divided into the loops ABHI, BEFGH, and BCDE. Any
other system might be used (ABCDEFGHI, ABHI, and BCDE. for example),
provided all lines are included in at least one loop. In Table 7-2 the pipe identifica-
tion, assumed flows, length, and diameter are listed in the first four columns. The
slope of the hydraulic grade line (in this case calculated from the Hazen-Williams
equation with C = 100) is tabulated in the fifth column. The head loss in each line
is the product of s and the length and is positive or negative depending on the
direction of the flow in each line.

Columns 6 and 7 are summed and the correction calculated as shown. Note
that the flows in lines common to two loops are positive in one loop and negative
in the other. The calculated corrections are applied, with attention to sign, to the
flows in each loop. Lines common to two loops receive both corrections. The
corrected flows entered in Table 7-3 are then reanalyzed in the same fashion to
vield a-second set of corrections: The iteration in Table 7-4 gives corrections

~~which are equal to or less thanthe stipulated maxlmum Tﬁe Tast corrections are _

applied to yield the-final flows of Fig. 7-10. ST :
ALE The balanced network must then be reviewed to assure that the velocity and

| pressure criteria are satisfied. The velotities vary from 2.13 m/s (7 ft/s) in line AB -

to 0.22-m/s (0.72 ft/s) in line ED. The velocities in lines Al, IH, AB, BE, and EF
exceed the criteria suggested above, and these lines might be increased in diame-
ter. The pressure drop from node A to node G is 49 m of water or 480 kPa. If the
pressure at node A were 500'kPa (Art. 7-5), the pressure at node G would be only
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2.2 m3/min
I 305 mm A Inflow
1000 m 25 m3/min
E
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FIGURE 7-9

Simplified distribution system.

400m ©

0.5 m3/min

111

1.5 m3/min

20 kPa—well below the normal minimum of 150 kPa. The pressure calculation
here assumes points A and G are at equal elevations. If they are not, the static
difference must be included in the calculation. The pipe sizes are evidently
somewhat ‘inadequate with regard to both velocity and pressure. The deficient
lines should be increased in size and the procedure repeated until adequate

pressure and velocity are obtained.
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. *“xIAHLE 7-2
Hardy Cross analym&—ﬁrst correction
—
== I
= _ g Flow, Dia., Length, k, RIQ,
Line mYmin m 5 m m/(m® - min)
= iz 13 0.40 1250 0.0110 13.75 1.058 by R : \
2 0.25 1100 0.0033 363 1815 a— DV Cad)ie BRUSY
=17 -9.8 0.30 1000 —(.0260 —26.00 2.653
=iy -12 .30 1000 —{(.0380 —37.80 3.150
—-46.42  8.676
—46.42 3
- - —— LT S
s 1.85(8.676) 29 ™}
Loop II
Flow, Dia., Length, ke, RO,
Line m~/min m m £ m m/(m? - min)
= 3 V| G | gy = o AL
75 035 400 0.0075 300 0400 o DU el Bl
EF 7.0 0.35 600 0.0066 3.96  0.566
FG 4.7 0.30 1000 0.0067 6.68 1.423
GH -9.3 0.30 1250 —-0.0236 —29.54 3.177
E HB -2.0 0.25 1100 —0.0033 —3.63 1.815
i ~19.53  7.381
E e s Bk
‘:& Su = — Tg5¢738n ~ 14 ™/
] Loop ITI
] Flow, Dia., Lemngth, h, hiQ,
: Line m¥/min m m 5 m m/(m? - min)
BC 1.5 Q.20 500 0.0058 2.91 1.937
cD 1.0 0.20 400 0.0028 1.10 I.110
DE —0.5 0.20 500 = (.0008 —0.38 0.762
ER —T5 0.35 400 —0.0075 —3.00 (0.400
0.63 4.209
S G L S/
S = 1.85(4.209) ~ 1 v/t

TS
e B AN Rt b

_'I._":
b

"
B—-“' -

i+ As noted above, the procedure outlined in the example is carried out by
.digital computer. techmques The basic Hardy Cross. technigue is readily pro-
lgm:medﬁ and is oﬁf:n used as an exermse in mtrc-ducmr}r computer courses. The
_J;:ﬂpablhty of eommercmlly available models -includes- simulation of ir-line
pumping and storage.” Recently developed models use linear theory or New-
s #hiv ‘ton-Raphson techniques to solve somewhat differently formulated energy
2 sermequations.®-? These solution methods converge more certainly than the Hardy
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TABLE 7-3
Hardy Cross analysis—second correction

Loop I
Flow, Dia., Length, I, hiQ),
Line m3/min m m 5 m mi(m> - min)
AB 15.9 0.40 1250 0.0157 19.65 1.236
EBEH 3.5 0.25 1500 0.0094 10.34 2.954
HI —-6.9 0.30 1000 —0.0136 —13.60 1.971
IA -9.1 0.30 1000 —0.0227 —22.70 2.495
—6.31 R.636
Ap =04
Loop 11
Flow, Dia., Length, k. hiQ,
Line m>/min m ) 5 m m/{m® - mim)
BE 9.0 0.35 400 0.0105 4.20 0.467
EF 8.4 0.35 600 0.0093 3.58 0.664
FG 6.1 0.30 1000 0.0108 10.80 1.770
GH —79 0.30 1250 —0.0175 —21.88 2.769
HB —3.5 0.25 1100 —0.0094 —10.34 2.954
—11.64 8.624
Ag = 0.7
Loop I
Flow, Dia., Length, k., hiQ,
Line m3 min m m 5 m m/(m3 - min)
BC 1.4 0.20 500 0.0051 2.55 1.821
cD 0.9 0.20 400 0.0023 -~ _ 0.92 1.022
DE —0.6 0.20 500 —0.0011 —0.55 0.917
EE -9.0 0.35 400 —0.0105 —4.20 0.467
—1.28 4277
Amp = 0.2

Cross procedure and, in some cases, do not require that the continuity equa-
tions be satisfied by an initial set of flow assumptions.

As with any solution to an engineering problem, the predictions of pres-
sure and flow rates are only as accurate as the assumptions or measurements
used to formulate the equations.

_ Appropriate values for friction losses, actual pump performance, and
similar factors must be carefully defined.'® When the model has been properly
calibrated, predicted pressures in actual systems have been found to be within
35 to 70 kPa (5 to 10 Ib/in?) of measured va!ugs.”

7.8 Construction of Water Distribution Systems

Water lines are normally installed within the rights-of-way of the streets. Cover
provides protection against traffic loads and freezing and varies from as little as
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—
=
L Filow, Dia., Length, k, kiQ,
== Line m3min m m 5 m m/(m> - min)
.
AR 1632 0.40 1250 0.0165 20.63 1.265
BH 3.2 0.25 1100 0.0080 8.80  2.750
HI —-6.5 0.30 1000 -0.0122 —-12.20 1.877
IA —8.7 0.30 1000 -{0.020% - 20.%0 2.402
-3.67 8.294
Ap = 0.2
j; Fll}'“’, Diat’ LEIIEEH[ h-’ hl‘rg‘
3 Line m>/min m m 5 m m/{m3 - min)
BE 9.5 0.35 400 0.0116 4.64  0.488
: EF 9.1 0.35 600 0.0107 6.42  0.705
3 EG 6.8 0.30 1000 0.0132 13.20 1.941
GH -7.2 (.30 1250 —0.0147 —18.38 2.552
3 HEB —3.2 0.25 100 = 0.0080 —8.80 2.750
i —-2.92  8.436
Ay = 0.2 '
:  LoopIN
: Flow, Dia., Length k, hiQ,
Line m¥min m m E m m/(m3 - min)
BC 1.6 0.20 500 0.0066 3.30 2.063
CcD 1.1 0.20 400 0.0033 1.32 1.200
: DE —-0.4 0.20 500 -0.0005 —0.25 0.625
EB —-9.5 0.35 400 -0.0116 —4.64 0.488
= -0.27  4.376
1 Ay = 0.03
A 0.75 m (2.5 ft) in the southto as much as 2.4 m (8 ft) in the north. Trench width
; must be great enough to provide room to join the pipe sections and install
_ {L required fittings. Clearance of about 150 mm (6 in) on either side is normally: 5
o - -adequate. This-requires a trench width of about 1760 mm (68 in) fora 1220-mm’
& & -1, (48-in) pipe. The trench width must be increased at joints and fittings: An €xtra
:7‘-'”5 - depth-of 150 mm (6 in) and an“extra width of 256 mm (10 in) on either: srde_' I
S should be provided for a distance of S‘{}i} mm (3 £ty at-the joinfs! « == v Tt SnoEEs

- .-"

.0 o Sinee water: line trenches are” re!atwe]y shallow, ‘they- are” unlikely t{r""'"""
: .”re:qmre bracing egxcept in unstable soils. In rock éxcavation, the'trench should=
be cut toa level at least 150 mm (6 in) below the final grade of the pipe and a

i_i .‘ [ "q!. i
L TR, Lo £

t Backfill- material should be free of cinders, refuse, and large. stones. -
Careful backfilling decreases the load on the pipe and will dccreaﬂe the proba-

4 o |
s

= eushion ‘ofssand-or clean fill should be placed: between the rock: and the* plpe“";' NS
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FIGURE 7-10 _
Corrected flows in distribution system.

AL 2

bility of failuire. Standard pipe bedding conditions are illustrated in Fig. 6-1.

. Type 2 bedding is commonly used and

" by hand up to the centerline of the pipe
than 75 mm (3 in). From the centerline to
pipe, the fill should be placed by hand. Fro

requires that the fill material be placed
in carefully tamped layers of not more
300 mm (12 in) above the top of the
m 300 mm (12 in) above the top of
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Design of Sewer Systems

Sanitary Sewer Design * S
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Sewer Networks System
« General Consideration
« Sewerage: refer to the collection, treatment and disposal of liquid waste

« Sewerage Works (or Sewage works): include all the physical structures required for
that collection treatment and disposal

« Sewage: Is the liguid waste conveyed by sewer and may include domestic and industrial
discharges as well as the storm sewage , Iinfiltration and inflow.

* Domestic (or Sanitary Sewage): Is that which originates in the sanitary convenience of
dwellings, commercial or industrial facilities and institutions.

 Industrial Wastewater: includes the liquid discharges from industrial processes such as
manufacturing and food processing.

« Storm Sewage: Is flow derived from rainfall events and deliberately introduced into
sewers intended for its conveyance

* Infiltration: is water which enters the sewers from the ground through leaks.

 Inflow: Is water which enters the sewers from the surface during rainfall events through
flows in the system or through connections to roof or basement drains.

« A sewer: iIs a pipe or conduit generally closed but normally not flowing full for carrying
sewage.



INFLOW SOURCES
INFILTRATION SOURCES

Roof Drain

Connected to Sewer Lateral |
Foundation Drain — Rt ./
Connected to Sewer Lateral o i wd
| Storm
Uncapped/Broken —~ Il
Lateral Cleanout | | Sewer
|
Broken Sewer Lateral — -
Root Intrusion Into Lateral
Faulty Manhole Cover/Frame —— | — Cracked or Broken
' ; Sewer Pipe

'~ Faulty Lateral Connection

Sanitary ~—— Deteriorated Manhole
SEPARATE SEWER SYSTEM  Sewer W 2



Storm Sewer Design

Storm Water Flow

« Rainfall intensity (i1 ): the rate at which rain falls over an area in mm/hr , or in/hr
 Rainfall duration ( t): the time in minutes at which rain falls at constant rate.

 Rainfall frequency ( T ): the period in years at which the storm happened again

« Runoff: the water that runs off immediately to appears in streams during rainfall events upon

catchment area.
Factors which affect runoff

« The topography of the drainage area, it
IS degree of roughness and slope, affects
the time of concentration of the runoff
antd there by cause high or low runoff
rates.

« Geology of the area including
perviousness or imperviousness of the
sub terrain and slope of the strata

» The slope and the characteristics of the
drainage area.

 Solar radiation and it is variation on the
watershed will affect evaporation.

Drainage patterns

C. Rectangular pattern
develops on highly

develops on relatively
uniform bedrock jointed bedrock

Valleys cut in
less-resistant

D. Trellis pattern
develops in areas of
alternating weak and
resistant bedrock

volcanic cones or domes



Calculation of runoff (storm Sewage)
The rational method

Q=CIiA

Q= actual amount of runoff (volume/time)

C= runoff coefficient, I.e, the fraction of the incident precipitation
which appear as surface flow. (unitless)

1= rainfall intensity (rainfall depth / time)

A= area
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TABLE 13-2
Runoff coefficients for various
surfaces
Type of surface C
Watertight roofs 0.70-0.95
Asphaltic cement streets 0.85-0.90
Portland cement streets 0.80-0.95
Paved driveways and walks 0.75-0.85
Gravel driveways and walks 0.15-0.30
Lawns, sandy soil
2% slope 0.05-0.10
2-7% slope 0.10-0.15
> 7% slope 0.15-0.20
Lawns, heavy soil
2% slope 0.13-0.17
2-7% slop€ 0.18-0.22
< 79 slope _025-035

! TABLE 13-3

! Runoff coefficients for different

areas>
1§ Description of area C
| X \ Business
i o~#\ 4o » Downtown area 0.70-0.95
i “y . ¢# Neighborhood area 0.50-0.70
- = Residential (urban)
'z Single-family area 0.30-0.50
i Multiunits, detached 0.40-0.60
Multiunits, attached 0.60-0.75
| ;20! Residential (surburban)  0.25-0.40
O ;‘ _f Apartment areas 0.50-0.70
) Industrial
W s Light 0.50-0.80
. Heavy 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.20-0.35
U‘.w Railroad yards 0.20-0.40
0.10-0.30

-~ < Unimproved areas
"en




Example 13-2 Determine the runoff coefficient for an area of 0.2 km2, of which 3000 m2 is covered by buildings, 5000 m2
by paved driveways and walks, and 2000 m2 by Portland cement streets. The remaining area is flat, heavy soil covered by
grass.

Solution:

From Table 13-2, one may obtain values of C for each area:

Roofs 0.70 to 0.95

Driveways and walks 0.75 to 0.85

Street 0.80 to 0.95

Lawn 0.13t0 0.17

The fraction of the area with each surface is

Roofs 3000/200,000 = 0.015

Driveways and walks 5000/200,000 = 0.025

Street 2000/200,000 = 0.010

Lawn 190,000/200,000 = 0.95

Cmin= 0.015* 0.70+ 0.025 *0.75+ 0.010*0.8+0.95*0.13=0.16

C max.= 0.015* 0.95 + 0.025 * 0.85 + 0.010* 0.95 +0.95* 0.17 =0.21
The average value of C, depending on the specific values chosen for the individual areas, will thus lie between 0.16 and
0.21.



Rainfall intensity (i) =f (1)

Time of concentration ( tc ) : the
time required for the maximum
runoff to develop.
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FIGURE 13-4
Diagram illustrating time of concentration.

F!GURE 13-5
Diagram lllustrating time of concentration.
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Table 133 Precnpntanon formulas for various parts of the Umted States I
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