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Rough- CT-1 13/12/2025

Lec Of
-

Def" : wastewater engineering the branch of environmental

engineering that uses the basic principle of andscience

engineering to solve the problems associated with wastewater

treatmenta neuse

ultimate goal-> Wastewater management

-

Problems associated wh wastewater:

- Decomposition cause foulodor

- contains pathogenic microorganism that dwells in human

intertine

- contains nutrients that stimulates aquatic growth.

- toric compounds

Role of wastewater engineer :

- knowledge of constituents in concern

- long term fate of those when disposed into

environment

- impacts of those constituents

-beneficial use and disposal of solids generated by the

treatment plant



sources of wastewater (majors :

1. Domestic: waste from food , detergents , soap ,
link,

toilet use

2 .
Commercial : food & toilet usage from restaurant and

other shops

3. Industrial : randing types-chemical & others

based on industry type.

4. Agricultural : organic waste-fertilizen, pesticides ,
etc.

5. Runoff from street : sand , petroleum , tan

other contribution:

- infiltration : Older seven didnot have water fight jointe
water could enter in through the leakages on

get out through the same

=

E =>↑

F



composition of sewage

- 99 .99 liquids ; 0 .1% solids ;

- Faces, wine contains millions of intestinal bacteria

- organic matter contributed by per person pen dox-

log of of suspended solid

Cog of BOD

in domestic enr .
& where kitchen worke is discharged

into seven eyetem

Wastewater treatmentsteps (majors :

1. Preliminary : remover materials that could damage
the treatment plant on would occupy treatment

capacity unnecessarily

2. Primary : Removes cetteleable & flatable solids

3. Secondary : Removes Bod & dissolved and colloidal

particles through biological action.

4. Advanced : Removes additional BOD ,
nolide through

physical, chemical, biological actions.

55. Disinfection : Remover Michonganism

G . Sludge treatment: stabilizes solids removed during

wastewater treatment



composition of sewage

Liquid-90 . 9%

solid-0 . 1 %

- Inorganic - so 20

I Organic- 70 %
-

- Protein - 40-60 %

I carbohydrate - 25-50 %
-

- Fat-10 %



Lec 02
-

Sewage characteristic - Physical, chemical, bacteriological

I &
temperature BOD, COD

colon,
Smell Nutrients

Physical chane

-

- total solid contentsodon, temperature density , colon and

turbidity

- freshly light grey, yellowish and no unpleasantdom

- turns to block when sewage become stale

- unpleasant odom on a result ofseptic on

stale condition .

- temperature affect chemical & biological activities
- settleablesolide , TSs , uss affects treatment unit's

size & operation

Odor-produced by gor production by decomposition &
materials added.

can be detected by portable Has meter



Temperature- women than that of water supply

(10-212 ; ang 162)
- Affects chemical reaction during wastewater treatment

- Affects aquatic life-aygen solubility in higher
in colder water than wormer.

- optimum temp for bacterial activity is 25-35%

- Aerobic digestion & nitrification stop at 2, 50%

methane producing bacteriaot 15
- Nitrifying bacteria stop activity at ~5%

Density-Doesn't change significantly .

color-fresh -> light brownish grey

w/ time -> dark grey

more time->> block

sometimes pink due to algae on coloring

Chemicalcharacteristics
- About 75% of empendednolide & 40% of
filtrable solids are organic

Lanifart - Organic compounds-C, Ho, N WI S,
P

,
Fe

in
erage - Protein -> 40-60%; Combohydrates + 25-50 %, fat- 15 %&-

small amount of conthetic organic compounds-pesticides

- May also contain inorganic substances



BOD-Biochemical Oxygen Demand

Amount of oxygen require dby bacteria to decompose organic
matters into stable end products·

Rate of mydation a amount of organic matter present

-L

= = -L

= -kdf

2) In [L] 2 - KA

=> =e I
↳A = concentration of organic

-) InE = -1 f
matter on BoD remaining

-Kit at time 'A

- Kut ↳ - initial concentration of

L: Le 8m .

--

y = Lo-LA

= = Lo-Lekt = Loll-Ekef

K = 0 . 23 [perdo for domestic sewage & 20%)
T-28

# = Ko (0) [0 = 1 . 047; 120 = 0 .23)

↳ =

BODT

my/L
BoD remaining

5 20



EUP200 mg/

K = 0 . 23 d

BOD5 = ↳ (l-e-kA)
= 200 = 1(1 -

e-223x5)

=) L = 293 my/L

BODe = ↳Cl-e-RAY
= 29311-e-0

.

23xhy
= 60 mg/L

BOD
,
&25%

K25 = K (0)
20

= 0 . 23 (1047925-28 = 0. 2894

: BOD5 = 293(1-e-0
.204x5)

= 227 my/L

-

125 C2H2201 + 1202 - 12002 + 11H20

Oxygen -> 12 x (16x2) = 384

Sugan -> 12x12+ 22+ 11X16 = 342

Theor=: 1 . 123 gOz/fengor

[sugan] = 100 mg/L

TheOD =
0 . 1123802/2 = 1123mg/L

TOC = 42 = 0 . 42 %/g = 428/



NBOD - Nitrogensus BOD

Amount of organ required to convent Nitrogen compounds

into etable nitrates

Nitrosomonos Noz
NItz + O2->

Nitrobacton
Noi + 02- NOz

Theoretical NBOD ->
1

: 4 . 57 502/8N
Kjeldahal Nitrogen -> total concentration of organic & ammonia

CTKN nitrogen



LOG 21/12

Suitable conditions for separate system (Sewen system

*D -> suitable for Dhalia (for evam]

Suitable conditions for combined system

** Diff btwn the two

-> define two SYS

3 Preferably in tabulan
-> adv

format
-> disadva

& name diff, fund same, dia diff.

Types of Sewers according to use/position

Trunk sewer on intercepting seven my not be require

in some area

⑧R Sewen cleanout -> blockage

manning's
formula

DD manhole
7
&= ARMs ,'

Design of sanitary seven system =

Quantity estimation of sewage

self cleansing velocity -> Dischange↓velL-> deposit of solids



The sewens are designed to canno

-----

- - -

3 type of water
----

-> ...; not always

Estimation of sewage flow note



LO7 2) I /12

Estimation of wate water flown

Population entimates P= P
. [1 + rjn

&
-

T
Relation to water use

Factory affecting water use

Per Capita newage flow rate

4

- ideally ,
full usage ; but beses due to evaporation, infil

-very dry & avid Region- >, 40 %

- well developed ~ got

- ~88%

Design flow
flow-> wastewater flow

Peak flow [
powf + storm contribution

Storm water
L
L

&

** variations for all; terme -> Apuf, powf, Prwf

Peak factor - any dry/peak flow

variation ineewage flow

Design flow = always peak flow (not and

6.W. infiltration

normally not considered; should be considered



↳
veh

I 17 c mod

Id due to

above cond .

->_*_v-v- neuer

-1 - french

Rate of infiltration depends on
,

--

- workmanship ->> Workforce'sskill

Man = any flow X P. F + G . W · infil.

Quantity of storm water

depends on-



Log 23/12

Estimation/ Quantity of SanitarySewage
---

Storm water- separate consideration

depends on - Q : CIA

Catchment area

Intensity
Duration ofrainfall

Nature of surface

Obstruction

methods of extimation

3 consider only that

1. Rational method which will flow

2. Empirical method not initial seepage on

absorbed

Time of concentration (tc)

Duration required for whole catchment to start contributing
As runoff. -> time of inlet + time of travel

Runoff man whenrainfall duration time of come.

Inlet time (Til - furthest point to mouth of channel

Travel time (TA) -> mouth of channel to outlet



&infall intensioe
+ 10 -> A = 5-20min

1016 (A + 20) -> A = 20-100 min

FL↑mofcouAa
-
factio of proportionality

Rational formula : FCIA

Surfacedrains - Requirements

- self cleansing velocity

-not high vel to scoun sides

---

Estimation of design flow

Residentia encial industrial

* - combined system-Edd
ED : Pen + Ackt Aili--
& : Ank + Ack/4 + A : 1/4

sewen capacity ) Q



LOS 28112

self-cleansing velocity larg =...; memos

cause

Vquid
H2S ,HiSOu

F
-

7- ↓
-

-

-⑳ ·
gets sconned

design condition actual

should follow ground slope

2 not steepen than 1 in 20

1 in 45-1 in 80

S

Manning's formula:6 p

ifn not given ,
n= 0013

Sevens flowing partly full [memo en] clikely graph begiven]

↳ partial flow
D

TX full flow
-

f E
&



Layout of Sewen Lines

Laying of seven pipes



La 30/12

Classroom code : adybhsm

Problem 1 :

Gar(san) = 100 % of water use = 750x50 = 44250 Old = 1843 .75g/h

Infiltration = 30000X1 . 3 =

⑧ nere

&av (design) = Galsans + infiltration + storm "flow

= 1843 . 75 +20000x13 + 9/h) = 83250g/h

& man (design) = 3 X Par + infil

&min (design) = 0 . 67 XoN + infil

Problem 3 :

G=8 . 9

-
- 628 . 12

fom2 X30

& A
,
= 80x30 = 2168m2

25 % Az = 2550 m?

22=8 · 6
As = 10080 ----

15 heat
= 5180m2

For I has Total pop = 300 x 15 = 4580

co

9 = FCIA = 27 .8X0 . 43X45x15 : 807 Ms

&als = 85 % x 4500X250 = gool/d = 10 . 42 lls

↑man = 2. 5x15 . 42 = 26 . 05 I/s

Ratio ----



** For Dhaka city,
which is suitable - combined on separate

storm water, example

S

to

[ -

* -

En. 2 (tail of earlier)

Ex . 3



LII 84/81

Example d, g ,
u

,
S
,

-

For full depth,

D/4

3 112
D: 388mm0

v =#Rs- 2
/

- 2013 O
.3D

+
-

= S = =
..

: 0 . 8043

V = 0 .9 m/s
%/ = 0 . 3

&D
: /2 (1-cos By = 0 = ---

M = 8. 813 = N

Sg = ---

V = ---

Inactive fonce
q =... B

E
*

T=T

=> VRS : VRS

Example

d/p = 0 . 7

Any water supplied =. -
. = 0 . 176 mis & = 0. 838

Sewage production : 8 . 176X0. 8 : 0 . 14 m//s S = 1/600

Man 11 1
: 3X 0 . 176 :...

--

Problems to be solved---



Example Nomograph
connect one two known doth, then extend line

mid-> up to above prob (P15)



L12 84/81

Limiting velocity 2. 5 mis

self-cleansing velocity 8 . 6 ~0 . 9 mis

Problem

calculation of area, population, flow

Tape Area Density Population Flow (m3/s)

----- [DensiADX[Anea] [Population]X & . 26X106

252
,
975 2 . 34

commencial sector = 0 .3X2500 no

=

Industrial sector = 0. 2x258

in K

ea /N = 20

mi.

---



Why doesHes form in sewer

z = 0 .300B =

·
D

B = A sin 2 ·

** Has generation problem

D = 2000 mm : 2 m ; R= Im

Slope = 5 . 5815

8 = 8 . --

Loads on seven-Earth Pressure, vehicle

no

moth
-

in
ei

K
Load

,
w = CWB [Kg]



213 86/01

Maintenance of Sewerage System

sewen

*D small Bone Sewerage (SBS) System

&P diff btwn this I other

Design criters :

&& Why self-cleansing wel not ned to maintained

simplified sewenage system



Rough/Midterm 86/81

Terms :

sewage : Liquid waste on wastewater produced as a result of

water use.

Seven : Physical conduit on pipe that carries sewage.

sewenage : A system that includes wastewater collection , and conveying

it to its disposal point wy on wo treatment

Sanitary sewage : A .K . A black water it is the wastewater originated
from sanitary conveniences Le. g ., water diset, univals ,

etc).

Sullage : A . K. A greywaten, it is the wastewater originated from

kitchen
, washbasins

, etc and encluded toilet and uninal

dischanges.

sanitary sewen: Conduit on pipe that only canny sanitary sewages

and not designed for stormwater on ground water.

conventional sewerage system

Basic elements :

1. House connections for collection

2. Sewerage system for conveying the wastewater

3. Treatment plant

4 . Disposal point



Types of collection systems Id on Antmut
planf

&

Advantages & disadvantages : size
, efficiency , lifting , cost

,
cleaning,

overflow
,
treatment difficulty,

Separate sewerage : Sanitary waste and storm waste are connied

separately through two diff
. systems.

Advantages :

1. smallen in size

2. Only sanitary waste is treated

3. Lifting cost is low as vol is low

4. Storm water is not unnecessarily poluted

Disadvantages :

1. High cost for two system

2. Difficulty cleaning small pipes.

combined sewenage : Both sanitary waste & storm waste are

connied through a single pipe.

Advantages :

1. More economical as one pipe

2. Easy cleaning large pipe

3. Sewage is dilluted w/ storm water.



Disadvantages :

1 .
Storm water is unnecessarily polluted

2. High load on treatment plant
3. High lifting cost as vol is high
4.More difficult to treat to a higher standard.

5 Heavyrainfall may cause overflow .

Partially combined system : only one set of seven is used

for both sanitary waste and storm waste but excess water

during heavynainfall is carried separately.

Advantages :

1. Both separatea combined systems' advantages
2. Not so large conduit

3. minimal solid deposition problem

4 . Problems of storm water dischanges from home simplified.

Disadvantage :

1. Increased load on pumpa treatment plant
2. Flow vel may be low during dry seasons.



Suitability-separate system

1 . Flat area;

2. where rainfall is non-uniform yearwise

3. Nearriver; storm water can be open-drained

4. Not enough budget for two system, only sanitary severage

may be installed

5. Rocky areas; large conduit is difficult to enzovate

6. If sewens one laid off before actual der. of the area .

7. Pumping is nea of short interval

Suitability-combined system

1
. Rainfall is uniform

2
. Pumping nea for both sanitary and storm water

3. Not sufficient space for two sys.

Suitable for Dhaka : Separate sewenage

1. Non uniform nainfall

2 . Relatively flat

3. Lots of low lying areas and surrounded by rivers

4. Advantages of this system



Separate vs .
combined :

Separate : Two distinct set of pipes to carry senitary sewage

& storm water separately

combined : Cannies both together in a single set of sewens.

Feature Separate combined

No
.
of pipe 2 1

Pipe size small Lange

Pumping cost Low High

Treatment ed Low High

cleaning Handen Easier

Eur impact cleaner Riskien



Types of sewen : note

Building seven-> Lateral seven- > Main sewen- > Trunk sewen

↓

outfall sewen - Intercepting seven

C
final len of severage network

last coun/intercepting sewen to STP

manhole : Opening constructed along the sewen line that allows

a person to physically enter for inspection,
cleaning, ...

placed at junction]

seven demout: smaller access point used to insent cleaning
tools to clean blockage.



Design of sanitary sewen system

Quantity estimation : v high - non economical

v. low -> flow rel <self cleansing vel
-> deposition

sewens designed to carry :

2. used water from community

2. GW as infiltration

3. Fraction of storm water

4 . Industrial water from small establishments

Depends on,

P = P
, [1 + r]n

-
1. Contributing pop

2. Flow rate of sewage (pen capital

Sewage = 80 % of consumption note (conservatively)
water is lost due to

1. Evaporation

2. seepage

3. Leakage



Design flow-carry peak flow nate

wastewater flow varies - throughout the day and year

ADWF-Aug Dry weather Flow

PDWF-Peak Ba weather Flow

two peaks -> monning, evening

Peak factor = natio of peak to ADWF

PWWF-Peak wet water Flow

PDWF + storm water

variation in sewage flow

water demand

Wastewater flow

umag
of in is to ↓



GW Infiltration

Rate of infiltration depends on,

1. Depth of seven

2. Len of sewen under GWT

3. materials of sewen

4 . Type of sail

5 Types of joints

6. Workmanship

Peak flow nate : Any domestic flow nate XpF + infil · note

Quantity of stam water

Depends on :

1. catchment area -> -d

2. Topography ,
nature of surface -> Steep

3. Rainfall intensity
4. Antecedent Condition

5. Entent ofrainfall

6. obstruction

methods :

1. Rational method

2. Empirical formulae method



Time of concentration : Duration after which entire catchment

anea start contributing torunoff.

Runoff man when noinfall duration = time of conc.

Time of concentration = inlet time + travel time

Ti TA

- ↓
furthest point to mouth Mouth of channel to

of channel ouflet

Runoff estimate

& = FCIA when
, 5 = //1

,
I = am/nm,

A = ha

F=12x1000 = 27 . 8

surface drains

1. should be inexpensive , easy to maintain

2. Develop self-cleansing vel

3. vel not to high to secur

4. Easy to clean

5. Possess structural stability

6. Smooth interior

f .
Prevent weathering



Problem 1

*ar(sam = 59X 750 = 44255 gpd : 1844 gph

Infiltration = 30000 X1 . 3 = 39000gpd = 1625 gph

Pavidaily = Barisans + infil. = 83250 gpd

&man(ha) = (1844] X3 + 1625 : 7157 gph

&min(hng = (844] x0 . 33 +1625 = 2234gph

Problem 2 : Area= 15 ha
,

so house/ha

noof : Tom//house , 2 = 0 .9

wood = 25%, C = 0 . 6

C = 8 . 12

I = 4. 5 cm/h

: Total area : 15ha

Total norf anea = 30x15X8 = 36000m2 = 3 . 6 ha

Total rd = 0 . 25 X 15 : 3. 75 ha

Remaining = 15 - 13. 6 - 3 . 753 = 7 . 65 ha

. c=
&Xb . 6 + 0 .6x3. 75+ 0. 12x7 . 65

= 0 . 43
15

. G : FCIA = 27 . 8X 8. 43 X4 . 5 x 15 = Num

Aug daily sewage = 300x15X 250x0 . 8 = 900,
000 1/d = 10 . 42 Us

*man
= 2. 5 X 18 . 42 = 26. 85 els

Ratio= 31- > separate new



Storm water
, E1

↳= 3 km 5 you

A = 7 . 5 km2

S = 5 m/km

C = 5 . 48

Ac:02
: I = 70 mm/hi

& = FCIA = LB x0 .48X70X75 = my

E2 5 : AV

=S fo=

Sta :DXXo
= D = 5 . 5 m

~Check : v : %A: : 2. 95 ms <3 . 0 m [OR]



/combined sewen

A = 60 km" = 6000 ha

Density : 105 person/na

Any sewage = 350 lped

Man = 58 % more

&arcsews = 185x600X350 = 3 .89x108 Liday = 4 . 5 mils

storm water = 12x103x 60 X 150xx24
= m3/s

&man
= 4. 5 X 1 . 5 + 8 . 33 = m3s

-



#9/

v=43g

=) 0 . 9 : YoBX(33x12
=1 9 = 0 .0043

&/ = 0 . 3 = (2(1 - c)

=> 8 = 132 . 80

MR = 1-no 30-06

VRS : VwRS

=
S = S & = 0 . 0063

-N
: v = 5 . 846 m/s

=%-



114 18/81

Sewen Appuntenances

*& D manholes

*A why provided ; in which situation

Lamp hole

stormwater inlets

Sewage pumping station

DDD Sewen Design Cobtain a printed copy
of dingnam/
plan]

#
Lay
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LI6 27182



L17 15/82

Plumbing system

scope of learning
*& Governing principles of plumbing system in a building

Design Approach IPC, UPC , BNBC



118 17182

Types of pipes used in Plumbing system

Drainage System- sanitary drainage sos

storm water drainage gas

Combined

Wastewater removal

&DA Next-inaps



Rough/CT-4 22/08

Plumbing -> System of pipes

for distribution of potable water

and drainage of wastewater

Defh : Plumbing is a system of pipes, fittings,
drains ,

values,

and fintures installed for the distribution of potable water for

drinking, heating , washing in a building and drainage of

wastewater & storm water from the building.

objectives- water supply system

1. Provision of sufficient water to serve each fintures

2. Provision of no opportunity of backflow of used water

into the system

Objectives - drainage system

1. Removal of vastewater quickly with minimum chance

for stoppage of drains on leakages.

2.Prevention of entrance of seven smell on foul smells

from drainage system into the house.

Scope of plumbing

1.water supply system related

2.waste disposal related

3. Storm water management related
4. Gas supply related



water supply system related

1. cold water sys

2. Hot"
"

3. chilled "

4. Fine suppression Sys

5. Water treatment for occupants

6. Garden hydnout sys

7Pump selection
, installation

,
maintenance

8 . Swimming pool water supply
9. Fountain

Waste disposal related

1. Plumbing finture, pipe equip . Selection
,
ins

,
maint

2. Soil
,

waste
, vent piping sys

3. Building sewen

4
. Swimming pool waste disposal system

55. Basement pumping
6. waternecycling ,

neuse

storm water management

1 . Rainwater collection , storage ,
disuf, distribution

2. Storm water drainage

Gas supply sys .

1. Fuel gas supply in building



Governing principle of plumbing system in a building

1. sufficient water pressure for each fintures

2. must not permit back flow of used water

3.
Prevent the entrance of waste gases & foul adon from

waste drainage
4.Waste water should be drained quickly with minimum chances

for drain stoppage on leakage
5

. Shouldn't be any contamination potential due to cross-connections

between water supply pipe & drainage pipe

6. Facilitate & support the storage of fine fightings
7 . Pipe should be protected from damages while lying

on the line

8. The pipes should be laid out as straight as possible

to avoid any majon head loss

9. Pipe dia should change gradually to avoid undue he

10 . Pipes should not be installed as to damage structural

stren of building



Design approach

- Safety
- sanitation

- Good env

- convenience

- Comfort

- Economy

- Durability
- Legality

Types of pipes used

1. Galvanized iron pipe -> small dia

best for services & internal connections

2. cast inon pipe -> Upo 60m in do

doen't echo when water goes in

3. unplasticized Pre -> 16mm to 315 mm dia

Connosion
,
chemicalresistant

4. Rigid plastifie -> 32 mm 3151

Drainage system

1. sanitary drainage system

system that drains waste water from basin
,
sinks

, kitchen
lavatories

,
soil matter from toilets

2. Storm waten drainage system

collectsrainwater from roofs , yands ,
and areaways



Wastewater removal

1. wastewater carried to sanitary seven through building

drainage system of howwent. pipes

2. Theyore isolated from water supply asa must have

sufficient capacity ,
slope

, andrenting + cleanouts.

3. Ideal to drain as many fintures as pos through single
main drain

4 . Works under gravita; no pressure

Pipings ,

1. House sewen : Portion of the pipe that extends into the

public sewen to about 3-5' from house . Usually 3" in

did

2. House drain : The hor pipe into which vertical on soil,

waste stacks dischange
3. soil

,
waste, went stacks :

soil stacks : Pipe thatreceives soila sullage materials from

water closet & univals .

Waste stack : Receives wastewater from all fintures except

water closet & uninals .

rent stack : Allows movement of ain .

4. Fintune branch : hon · pipe connecting finture trap to

vertical waste in soil stacks .
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L19 22/02

Inaps

** what is trap& god qualities of Anaps

Types of Anaps

*A Floor traps, Gully traps...
-

---

Loss of water traps
--

Diff btwn induced siphonage vs .

self Siphonage



L28 24/82

Plumbing system - Types

Two pipe system
One pipe system

single stack system

water distribution system

upfeed system J difa

Plumbing fintures
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Up Feed System

L21

·
01/83

Down Feed

A Sustainable Plumbing

*** Design of water supply system

1
.

2 .
P = p + 0 . 434h + f

--

Moth# Private/Public building ? matters

---

Graph - use value from flush value curve (higher)

64-
> Assume 5 floor ; 18 underground



,

L22 M 83/83
·

-

-/-·

-

·

;

Example problem :

p = 8 . 434h ; P : maximum finture pressure

= h = 034

Design of upfeed zone

-> see provided script

Design of downfeed zone



L23 88/83

sustainability of water & sanitation services

SDG 6 : Ensure access to water and sanitation for all

*D Define sustainability with respect to water supply on sanitation sys
---

waten sources software

** key sustainability factors

Sustainability : Social issues

11 Governance issues



29/03
L24

Sustainability GL

-> clean up fund

+ v4 : S3,

social issues fetch active sav

Aws own , one

Governance issues R2

Financial issues Notepad

Technical issues
-> everything local-free

community water management



↳25 31/83

Community based water supply

** Explain the water supply mangement-community based

community management-sanitation

Fee Sludge Management (FSW)



L26 85/84

Feeal sludge management

Onsite
,
offsite

Elements



Rough/Final 89/55

Introduction to wastewater engineering

Branch of enr. Science in which basic principles of science &

engineering are applied to solve the issues related to the disposal,

treatment , andneuse of wastewater.

sources of wastewater:

i) Domestic

ii)Commencial

iii) Industrial Y major

iv) Agricultural
v] Street nunoffs

vi) infiltration

Composition :

(i) 99 . 9% water

(ii) 2. 01 % solid
, of which 30 % inongonicI

70% organic, of which 65% protein

25% carbohydrate

18% fat

iii) Pen day pen person contribution - llog of suspended solid

-gog of BOD



physical chans :

[i] Idon

(ii) Temperature - commonly higher than clean water

Optimum range 25-35%

&2 dissolves better in cold water

Aerobic activity stops after 58%

methane producing bacteria stops below 15%

Nitrifying back becomes inactive below 50

[ii] Density

[iv] colon

[v) Turbidity

Chemical chans-Bod

Biochemical Oxygen Demand; amount of O2 met by bacteria

for decomposition of biodegradable organic matter.

If decomposition takes place w/ O2 , produces non-objectable

materials

If decomp 1 "Wo ", produces highly-objectable

components- Hes



Bod ean :

20-

BODT : Lo - LA

= Lo-Lekt
= L(l-ekly

S

↳tLoekt
I

z I 28

x-2

= &--ldt

=) (lnc) = - k(A)

= In It--kt

= E = ekt
- kt

=) La = Loe

K = 0 . 23 for domestic waste at 20
°

C

T-28 A in days
K
+

= 1010) ; @ : 1 .847 Y



# BOD5 = 250g/L

k = 0 . 23 d

B851
, 200

= Loll-ethey
B05 = L(1-ekt)

= 60 . 1 my/L
> 200 = 211-e-0

.

23xsy

T25 : To (1047)
25-20

-> Lo : 252·7 my/L

= 0 . 29

·: BOD
5

,250c
= Lo(l-ekit)

= 224 ug/L

Theoretical Orogen Demand (ThOD)

Amount of orgen ned to oridize an organic matter of known

composition intoCo is thosusing strichiometry)



121/

C2H228 + 1282 -> 12C02 + 11H28

9He : 12x12 + 22x1 + 11x16 = 342

125 : 12x(6x2] = 384

· Thos: : 1 . 13 802/8
sugon

-> 113 MOO2/L & for 100 ong/L cone Wif

Toc= 0 . 428c/g sugar

-> 42M8e/L

-

12 CsHyNO2 + 582 -> 5282 + 218 + NHS

- L

113 168

Thos= = 142 Soy/g
...

= COD = UBOD

BOD5 : UBOD (1-eky =...



NBOD - Manogenous BOD

convent nitrogen comp into stable nitrates

TKN - Total Kjeldahan Nitrogen

Sngania + Ammonia nitrogen



poz/ seven design

Peak flow :

P. F = aub
; b = 0 . 0785; a= 2.269

- 0 . 0785
= 2. 169c

Pipe Subarea Type Aneachas Aug. flow Cum.
flow p.F Peak cum.

---hi
1 - 2 A-1 Residential 208 3 . 8352 & 184

2- 3 A -2 Institutional 108 8. 88463 & 8398 2. 92 8. 116

A-3 Commencial 58 8. 8116 8. 8514 22. 86 8147

A . 5 Residential 258 8. 8586 8. 182 2. 71 8. 277

3 - 3 A- 4 Residential 100 8. 8386 8 . 133 2. 66 8 . 354

A-7 Residential 368 8. 8528 8. 185 2. 59 8. 479

Infiltration allowance :

E. F = an
, b =0 . 3 , a= 42. 5

- 8 .3
= 42. 5th

Pipe Submen Type Anea Cum .
Anea I. A Cam . I . A

(a)mA - 1 Residential 250 200 8. 67

23 A2 Institutional 100/2 258 8 . 11 8. 8235

A -3 commencial 58/2 275 7.88 8. 025)

A - E Res 258 525 6. 49 8. 3394

3 - 4 A - 4 Res 188 625 6 - 16 8 . 0446

A-7 Res 35 925 5 . 48 8. 8586



Design :

Pipe Cum
.

flow Cum . Infil Total flow Dialmus stope Check Check

-ms))(m)()882 80019 8 . 124 8. 78

2-3 5.277 8 . 8394 8. 316 758 8.2009 8 . 334 8.76

3 - 4 8. 479 8 .8586 8. 538 975 8.80870 . 593 8.79



Theory for problems :

Flow natio
,

to avenage :

man daily : 2. 51

man hourly : 30

Min Hourly = 0. 331

Min daily : 8 . 671

Pen capita savage flow :

conservatively , 80% of consumption

Design flow :

4

·i wet period
Mgalda- period

1

z

Sm + w + F)



variation in sewage flow :

:

M-u48

28

·

midnights woom's midnight

man sanitary flow : any flowx pF + infiltration flow

methods for estimation of storm water :

Rational method

Empirical method

Time of conc = inlet time + Anavel time

Ti = (2)
0 . 35

To : Le
Rainfall intensity

[cm/un) : Eo ; A btwn 5-20 mins

t 20-100 mins



Time of conc .

A: , min , Ana 3 F = 58. 5

Runoff est .

* = FCIA -

Prob 1
-

&
ar, san

: 750X59 = 44, 250 gal/d = 1844 gallnow

& infil = 1 . 3x30
,
000 = 39,

000 galld = 1625 gal/um

: Pav
, daily : 44250 + 39008 : 83 , 250 galld

&
av, un = 1844 + 1625 : 3469 galln

&
man

, daily
: 2. 5x44250 + 3900 = 140

, 625 gold

&man, ha
= 3X 1844 + 1625 : 7157 gal/h

& min
, daily

= 0 . 67x44250 + 3900 = 68, 648 gold

Quin
,

un = 0. 33x1844 + 1625 : 2234 gal/hr



Prob02

Total area : 15 how

house anea : 15x38x88 = 36008 m2 = 3 . 6 ha

wood Mea = 0 .25x15 : 3. 75 ha

open space : 15-3. 6-3. 75 = 7 . 65 ha

8.9x 3 . 6 + 8 . 6x3. 75 + 812X7 . 65

.: C = = 8. 427
15

- G = FICA = 27 · 78 X4 . 5X8. 427x 15 = 800 Us

Diy weather flow = 0 . 8x 250 x 300x15 = 900, 000 N/d

- Aman = 2. 5x900, 000 = 225, 0008 eld

: Ratio of storm sewage to day weather flow:0x56s
= 38. 72



1115/1 = 3 km & = FICA

A = 7. 5 km2 I=10
S = 5 m/ km

C = 8 . 48 te=or
-

·

: ta:or:on = 104 min

I = 70mm/na (From IDP curve

: B : FICA

: Lx 048X7 · 5x10002 : to cames

Follow-up example :

&=Ar5

=> to oXorr
=) D = 5. 5 M

~neem
=A= = 2. 9 m/s (3.0 ms



#8/ A = 60 km
2

= 6000 ha

Gar
, sewage

= 350X185 x 600 : 4 . 5 m3/s

&mal sewage
= 1 . 5x4. 5 = 6. 75 M31S

I = 0. 5 mmyhn

· @ = FICA:Xx2x60x10 = 8.33m3

· Bsewen = 6 . 75 + 8 . 33 : 15 . 88 m3/3

=> & = AV ; v= 0 . gm/s

=) : A = ...



Dep B = 8. 3 m & Ip : (1-cos]
d/D = 3 . 3

=> 8 -> had on deg

At full depth : = 1 - I

v=R : A

: 10. 9: a
= S = 8. 00433 :sing

25

At 8 .3D :

- : El-cos) => 0 = 132 . 8
:

* = 1- So B28-0. 683

= A = s = SR/n : 0 . 00634
;

-sing : 025

=
=) v = 0 . 9x( ..] = 0 . 845 mis

& = av = 0 .25210
.3

X0 .84520 . 815 m3/



1122 d/D = 0. 7

P= 88
,

888

Supply : 190 Aped

S = 1/60 = 8 . 00167

-

Qau = 0 .8x80
,
000 X 190Xoxaso = 0 . 141 miss

· Eman = 3X141 = 0 . 423 ms/s

&min = 0 . 333x141 = 8 . 8478 m3/s

At d/p = 8 . 7 :

4/0 = 8 . 83

V = 1 .12

&man
to be at 8 . 7D

: @ = 04 = 0. 51 was

-> Q:DT

= D = 0 . 783 m

: At D = 0 . 753 m ,
dD = of

man dischange : 0 . 423 mYs ; Full dischange: 8. 51 mils

: V = /A :E : 106 ms;:V =V = 1.1



Min dis = 0 .0478 m3/5 ;: 0 . 04

From graph , d/p = 0 . 2 ; V = 0 . 6

=)v = 8 . 6X 186 : 8 . 64 my



1125/ D = 8. 38 m

M = 8 . 813

S = 8 . 884

d = 8 . 875m

d/i = 0 . 25

From Nomognaph : Q = 59 . 5 Ms

V = 8 . 84m/)

From partial flow diagram :

& /0 = 8 . 12 = @ = 7 . 142/3

~/v = 0 . 67 =) v = 0 . 56 M/S



1128/ A = 25 km2

S = 8 . 001

Anen distribution :

Total = 2580 ha

Residential = 0 . 6X2580 : 1500 no

Large slots = 0 . 4X1558 : 600 na

Population
Small single family = 0. 55x 1500 = 825 ha

= 7x658 +754825

Mult-stoney = 8 . 05 X 1588 : 75 ha + 2558x75

Commencial = 8 . 3x2558 : 758 ha
= 253575 person

Industrial : 0 . 1x 2500 = 258 na

Average flow :

Anea classification AnexCha] Aug flow (fund) Aug flow (m3/s]

Re : Large start 688 5688 8. 8389

Re : small single 825 68,
858 8. 573

Re : Multicney 75 2000, 80 8 1 . 7-36

Commercial 758 25,
888 8. 217

IIndustrial 255 48888

embs
Infiltration = 100 X 2500XExcus = 0 . 0289 m3s

. Eman
, seven

= 2.681x15-18 + 0 . 0289 = 5 . 473 m3/S(253. 575)
8. 16

&min
, sewen = 2. 681X0 .2x(253575) + 0 .0289 = 1 . 33 m3/1



1134/ D = 2 m

S = 8 . 8815

8 = 8 . 6 m3/3

B = 1 . 414 m

BOD5 = 200 mg/L

T = 38%

-

T-28

2 : 0.308BoDo EBOD : BOD5 X 1 . 07

= 393 .

4 mg/L
: 4111(5008

B = Dsin

=> * = 1 . 57R

P = D & = 1 . 57 m



Manholes : Gateway to sewen network

They are circulan of nect. opening along the length
of pipe provided for entrance into the sewen by

a person

Provided for i

i) maintenance : cleaning, flushing, inspection

ii) ventilation

iii) Logistics (construction]

Provided at :

i) Junctio

ii) ching in din

ii) " " slope

iv) n 11 el

v) 11 "did

vi] Normal length at interval

Interval : i) D30 . 3 m - you man

ii) D) 2 m -> 300 m man



Design of water supply system of a building

upfeed zone :

- water meter, equips...

P = p + 0. 434h +ft fintune pressure
-

↳ main
-> loss from gravitypressure

Downfeed zone :

B = 0 . 434h

Design step :

1. Determine zone

Assign fintune unit to floors -> total F

Defh demand (gal/min)
Deth service pipe loss (psi/100]

Def" meten loss (pSi]

Det"upfeed zone ht

Deth pen downfeed zone not from man all pressure

specify zones

2. Design up feed zone

Deth available pressure to overcome frictions for hot of stored
-V

Deth pressure lose pen 100ft of service pipe + risen

Defh pipe size following that constraint + respective floor's demnd



3. Design of downfeed zone :

Consider len of hon + went . pipe before top fintune

Defhmin pressure at top fintune (f+ B)
Deth allowable psi loss pen 10s1

Def"allowable psi loss per 100' pen following storeys

Det "pipe size



Example : P263

1. Deth of zoning :

Fintune units :

For 1 to 23rd floor = man (3x10 ,
18 + 2x103 + 2x2

= 34

24th to 25th floor : man(3x5,
5 + 2x5) + 2x2

- 19

· : Total demand : 34x23 + 19x2 = 828 FU

-> 184 gpun

Loss in service pipe : Gpsi/100' & 3"

On 1 . 4 psi/108 &"[takes

Loss in water meten = 3 . 5 psi

upfeed zone :

P= 50 = 3 . 5 + 15(78th]X + 0 . 434h + 15 +

= ne64' -> take 5 stoned + 18 ' main to finture

Downfeed zone :

Pman: 58 = 0 . 434h = ) h = 115' -> 115-24 = 92'

-> take I Stoney

Required : 25-5 = 28 floor

Take It' by each overhead take

Entax psi = (18-9) = 1- > 18'x 8 . 434 : 4. 34 psi



2. Design of upfeed zone :

Available pressure for friction : 50 -3. 5-60x0 .434-15-1 = 4 . 46 psi

on x150 = 2 . 27 psioa

Floor-fumininedia(in)

* 828 828 184 3 . 5

1 34 178 85 3

2 34 136 77 22. 5

3 3) 182 68 2- 5

4 34 68 58 2. 5

5 34 34 43 2

3. Design of down feedzone :

Tank to edge -> 15 vent. dist above 25th florm : 24

Allowance above 25th floor = 24X0 . 434-8-1 = 1416 psi

: his x100 = 2.78 psi ora

Allowance btwn 24t & 2513 floor = 9 + 28X0 . 434-16 = 1 . 65 psi

·6 x100 : 5 . 6 pi/o

Below 24th floor = 16 + 10x8 . 434-16 : 3 . 34 psi

: x100 = 20 . 9 /10



Floom = efminoipe dia (in]
-

25 19 318 1)8 2. 8 3

24 19 291 187
5

. 6 2.5

23 34 272 153 5. 6 I

22 34 238 98 28.9 '

21 34 214 I I

&

28 34 178

19 34 136

18 34 182

17 3) 68

16 34 34



20231319/

1
. Zoning ;

FU : 4 + 4 + 4 +12 : 24 FU/ floor

: 24 X 15 : 245 Fu

Demand : 73 gpm

Loss due to service pine : 11 psi/ 100 & 3
"

water meten : 1 . 5 psi

upfeed zone :

45 = 1 . 5 + 1.5 (48th) + 0 .434h +8H =Sh = 64'[5 stress 15)

Downfeed zone : nest 5 stoned

2. Design of upfeed :

Allowance = 45-15-60X8 . 434-8-1 = 3 . 46 psi

·6 X100 : 23 pilosa

Floor A. Fr fo (in]
-

8 248148 73 2. 5

2 24 128 58 25

2 24 96 43 2

3 24 72 36 2

4 24 48 26 2

5 24 24 17 1 . 5



3. Design downfeed :

18 I tank to edge

24' above 10th floor

Allowance = 8 .434X24-8-1 = 1 . 42 psi

· x100 = 2. 7 pi/100

Below 18th floor :

9 + 8 . 434X18 - 9 = 8 . 434 psi

· x10:2. 89 mil

Flora # AF dia(in)
-

gal/min 1000
-

18 24 18 58 289 2

9 2 96 43 289 ↑

* 24 72 36 2. 89 /

7 24 48 26 2. 89 I

6 24 24 17 2 . 89



Theory

sewage : Liquid waste generated from water use

Sanitary waste: Generated from sanitary conveniences -> black waten

seven : Pipe conveying serage

severage : the system

Types of coll . System :

2. separate : Adv is small dia

ii) only samittany seven to be treated

iii) storm waten dischange w/r Artmut

in Less wh

Disadv . i) costly two pipe

ii) small pipe diff. to clean

2. combined : Adv . i) Large pipe easy or an

ii) Less costly

iii) Diluted serage

Disad i) Increased Id

ii) more val

iii) storm water mined

in min wel during day session

1 Rain may cause overflow



3. partially combined

-

Suitable cond-separate

Flat area,

When funds not avail - one sewen + drain

not-uniform Main

meanriver

rocky Men

pumping at short interval

before actual dev

Suitable - combined

rainfall uniform

not enough space for two

pump new fin both sewage & main water

Types of seven
:

building- > branch -> main -> trunk -> intercepting
-> outfall seven

serage flow less than total flow :

- evaporation
- leakage

- seepage into ground



Layout of seven line:

House seven -> branch -> main -> trunk -> intercepting -> outfallseven

Planning : 1 . Deth disposal puts

2. Deth of drainage one

3. FinalizeAnuk seren

4 . Pump placement

Laying of sewen :

Lis Alignment (ii) Benchmarks [iii] Grade line [iv] Encor

(v) Dewatening() Bedding (vi) Laying (i) Inspection

Livs Backfill


