8-

)

. properly handle waste a

he

Environmental Enginecring

"Environmental Engineering is a sub-division of Civil Engineering with the thoughtand ti

emnronmentfal sanitation, notably in the provision of sa?e, palatagble, and dlt'ihnoldﬁ}; w:tefr:;)pﬁ?;:
the proper disposal of or recycle of wastewater and solid wastes; the adequate drainage of urban
and rural areas for proper sanitation; and the control of water, soil and atmospheric pollution.
Furt.hermore itis COI.ICEI'{IEd with engineering problems in the field of public health, such as control
9( diseases, the elimination of industrial health hazards, and the provision of adequate sanitation
in urban, ruraland recreational areas, and the effect of technological advances in the environment”

Question: What is the fmportance’s of environmental engineering? (BUET M.Sc — 2013)

Solution:
Environmental engineers are essential to the protection of the environment as well as the health
and safety of humankind. The following represents three ways environmental engineering works

to serve humanity and protect the world.

Water Is Life: Water is essential to our existence, for drinking, for eating, for watering crops, for
nd for supporting the ecosystem. Environmental engineers help ensure that

sustaining wildlife a
lean from contaminants, protected from pollution and readily available for

water supplies are €
people and farms.
Creating sanitation: In arder to help keep people safe from disease, waste must be managed
effectively. This requires environmental engineers to determine how to reduce waste, how to
t treatment and gray water processing facilities and how to keep waste

away from clean water SOUrces.

Reduce Air Pollution: Environmen
working to reduce the dangerous che
and manufacturing. Limiting greenhouse

is also an area of focus.
What is environmental impact assessment? Why it is don

tal engineers play a key role in managing pollution and
micals and gasses that are produced with industrialization
gasses and reducing further damage frormclimate change

Question: e? (CPGCBL —2015)

Solution:
ct Assessment (EIA) is a process of evaluating the likely environmental
g into account inter-related socio-economic,

ironmental Imp2 C
il;::vacts of a proposed project or development, takin .

. ] and human-health impacts, both beneficial and adverse. UNEP defines Environmental
culpera @ d to identify the environmental, social and economicimpacts

as a tool use

Imapact @sses,s_ir::?; Siilt:?zlon-maldng. It aims to predict environmental impactsat an early stage in
ofa‘prmedp ing and design, find ways and means to reduce adverse impacts, shape projects to
rgect planr ngvironment and present the predictions and options to decision-makers. By using
suit the loc2 = nmental and economic benefits can be achieved, suchas reduced costand time of
ElA.both el tation and design, avoided treatment/clean-up costs and impacts of laws and
project implemen t Assessment (EIA) is to identily and evaluate
he environmental

: urpose of Environmental Impac
regulation® l?;fpgctsp(beneﬁcial and adverse) of development and projects ont
the potentia sed on understanding of the environment
d be integrated with the

i useful aid for decision making ba
?r{ls;ﬁgﬁlotn;si:cluding socia), cultural and aesthetic concerns which coul

analysis of the project Costs and benefits.
DESIGN mn'l-:cnm(a Call: 01633905761
219

Scanned with CamScanner

@ M‘y;;g:




s o <

Question: What are the main purpose of EIA? (36th BCS)

Solutiom:
support tool,

Essentially, environmental impact assessment (ElA) Is an environmental decision  the
which provides information on the likely impacts of development projects to those who ta 4
decision as to whether the project should be authorised. The purpose ofan ElAis to determlneWh e
potential environmental, social and health effects of a proposed development, SO that those tho
take the decisions in developing the project and in authorising the project are informed about the
likely consequences of their decisions before they take those decisions and are thereby more
accountable. 3 .
« Promote environmentally sound and sustainable development through the identification o
appropriate mitigation measures.
= Protect the quality and productivity of the natural environment.
« Predict and avoid. minimize or offset the adverse significant en
relevant effects of development proposals.
= Provideinformation for decision-making on the environmental conse

v‘lron}nental, social and other

quences of any proposed

developments. .
Question: Difference between EIA and TIA (DMRTP — 2018)
EIA ; TIA
It denotes environmental impact .| It denotes traffic impact assessment
assessment )

It is a tool for assisting environmental [ It provides guideline for development
management and to contributing to | proponentson how to access the trafficimpacts
sustainable development. of a proposed development on the state.

Its purpose is to identify ~potential | To fulfill the requirements of BRT system, TIA
\environmental impacts from proposals as | plays a vital role.

projects or programs. - ' l

Question: Diffe.réﬁceyi)et\&éen ETP and STP (HED - 2017)

Effluent Treatment Plants or (ETP) are used by companies like pharmaceutical and chemical
industry to purify water and remove any toxic and non-toxic materials or chemicals from it. These
plants are used by all companies for environment protection. An ETP is a plant where the
treatment of industrial effluents and waste waters is done.

Sewage treatment Plants or (STP) is the process of removing contaminants from wastewater and
household sewage, both runoff (effluents) and domestic. Its objective is to produce solld waste or
sludge suitable for discharge or reuse back into the environment.

DESIGN lNTEGRITzY,Z((Z)aII: 01633905761
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Question: Environmental Impact assessment ¢ EIA @& vorpeot WLt wgd @ Envirsnmental
Management Plan «x Sowsy Tom w3t 943 ) (LGED - 2019)

Solution;
Environmental Impact Assessment (EIA) is a process of evaluating the environmental Impacts of

aproposed pr vjector development, taking into account Inter-related soclo-economic, cultural and
human-health impacts both beneficial and adverse.

Steps of EIA: The following points are the main stages of environmental Impact assessrent.
1. Identification

2. Screening

3. Scoping and Consideration of Alternatives

4. Impact Prediction

5. Mitigation

6. Reporting To Decision-Making Body

7. Public Hearing

8. Review (EIA Report)

9. Decision-Making

10. Post Project Monitoring & Environment Clearance Condltion,

Identification: The first step is to define a project and study to understand the range and reach of
the project. This helps (n deciding the possible zones of environmental Impacts.

Screening: Screening is done to sce whether a project requires environmental clearance as per
the statutory notifications. Screening criteria are based upon: (1) Scales of investment (ii) Types

of development (iii) Location of development

Scoping and Consideration of Alternatives: Scoping is the procedure of Identifying the key
environmental issues and is possibly the most important stepin an EIA. Scoping means the scope
or range of the EIA report. It undertakes the project’s effect on the air, watcer, soll, noise Jevel, air

quality and physical impact.
Impact Prediction: Impact Prediction is a way of ‘mapping’ the environmental consequences of
the signifi-cant aspects of the project and its altematives.

Mitigation: This stage includes recommended actions that can offset the adverse impacts of the
project. This Is done with the idea of lessening the negative effects and Improving the scope for

project benefits.,
Reporting To Decision-Making Body: The project authorities have to furnish the following
documents for environmental appraisal of a development project.

Public Hearing: After the completion of EIA report the law requires (hu_t the public must be
informed and consulted on a proposed development after the completion of EIA report.

Review (EIA Report): Once the final report is prepared, It may be reviewed based on the
comments and inputs of stakcholders.

DESIGN INTEGRITY, Call: 01633905761
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.d on the EIA to approve or reject the project. This g
- : The final decision is base \
D;ecu:::drn;::::tﬁativc or judicial review based on pmcf,dural aspeets,
open

t Clearance Conditlon: Oncea project is approved, then
Mnnltoring&l-‘.nvlrnnmen B proved, the
rost:;:ml'z;won as per the conditions stipulated based on environmentl dearancs, These
cto:ditions have to be strictly monitored and Implumcnu:d.

Environmental Management Plan (EMP): The Environmental Management Ilan (EMP) covers
the design, construction, operation and maintenance phases of each project component, The EMP
identities the key environmental issues across the project and provides strategies and plans for
managing them effectively. Italso detines the legal v

crquirements for the project and identifies the
regulatory permits andlicense required for construction activities,
Purposc of EMI%

1. To identify environmental risk & existing management controls
2. To appropriately manage environmental risk

3. Complying with environmental legal requirements

4. To support during implementation.

5. For more eflective use of resources

6. To identify site opportunities, constraints and potentlal sensitive receptorsto the works

DESIGN lNTEGl{l’I‘é{,Z%all: 0,1633905761
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SANITATION

Sanitation; Sanitzdon i the bigiers meang of Promoros beaith troioh mraerme FRpman
€O0RcE wrzh e haar g e TemoToE = Trousn prevenzon of human

Xy [a)
Huma- astes or Hiuman Fxoresm

Mizignai Sewage/ Wastenzrer
- Demeszc Sena g2

V) 1) e

Question: Sriefly describe the Sazimsiern Systems. (3ChBC

‘.luﬁgn.
Easec or the focr whashar s p 5 . . .,
"efav‘-“---m‘l"--?*mssrcred.m:ecaﬁmspcseco:a:msp:i:z:sf;e:emo:

or tr:rsac'ted 0 semewbere eise for treamment and / or ésposal samitsscn S¥siexs may be
aTicxd o the feilowing twp Qegories:; ) R
L On-site systems

2 Off-site systemns

- i ¢ =

Sased on the methods of cellecton and conveyance, saniztion systems are of the fclowirg types
1 Drvsystems

2 Wet syszems

On site Systems
1. Wastes are collected, weazed and disposed of at the point of generation
Z.Exampies are - pit latrines ard sepic ank systems.

Off-site Systems
1 Wasteis collected and transported to somewhere else for treatment and disposal
2. The basic elements of this system are coliection, transportation, treatment and disposaland/ar

reuse

e PitLatine

e Pour-fiush Latrines

Pit Latri

The major tvpes of pit latrines inciude:

e Simple pit latrines

Ventlated Improved Pit (VIP) Latrines
Reed Odoriess Earth Closet {ROEC)

DESIGN Ih"I'EGRITzYéCaH: 01633905761
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. ) . i ntries
i : Most common and simplest form of excreta disposal in developll:‘Sa:g:g slab
Consists of a manually dug or bored hole into the ground, an appropriate seat orsq

and a shielding superstructure,

LTI

VIP Pit Latrine: Families that use solid materials like newspaper, stone, etc. for anal cleansingare
Nnot recommended to use poor-flush latrines as water seal is likely to become blocked or broken.

?n such cases a latrine direct access to the pit is more appropriate and therefore, ventilated
Improved pit (VIP) may be a good solution. The basic difference of VIP Latrine from pit latrine is,
It requires a vent pipe and design should be such that it maintains continuous airflow. This also

increases the cost of super structure.

Types of ventilated pit Latrines:
e Single Pit VIP Latrine
* Twin Pit VIP Latrine

| h

4 e o,
v @
./T- \‘D e .

"y b é{‘}-‘

Twin it VIP Latrine

Single Pit VIP Latrine
Pit Jatrin design: The storage volume required to accommodate the sludge that accumulates in
the pit during its operational life can be calculated from,

Effective pit volume,V =CxPx N

V = Effective volume of the pit in m3
€ = Solids accumulation rate in m3/person/year
P = Number of persons who will be using the latrin

N = Design life in years.
DESIGN lNTEGRITYéCall: 01633905761
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Thet i ; .
otal pit size for a pit latrin not sxceeding 4 m in depth can be determined as,

V=133xCxPxN

The factor of 1. i

end of the :es: g3;13 i:';:fjorpomted to ensure a clear space above the remians of the excreta at the
P . The factor will allow 75% of the pit to be full at the end of this period.

] g
| Wet pit Dry pit
Anal cleansing: - -
! Cleagsol:g, water | Anal cleansing: solids | Anal cleansing: water | Anal cleansing: solids
: 0.06 006 0.09
Table: Values of solids accumulation rates (m3/person/year)

A pour flush toilet is like a regular cistern flush toilet except that the wateris
|

poux:ed in by the user, instead of coming from the cistern above. When the water supply is not
continuous, any cistern flush toflet can become a pour flush toilet A water seal prevents flies,

mosquitos and odours reaching the latrine from the pit. |
The side wall area requlred for infiltration (Ai, m2) depends on the wastewater flow (Q l/day)
and the long-term infiltration rate according to the following relationship:

frequency of flushing, flush volume, urine

Al = 'IQ
The wastewater flow depends on the number of users,
volumes and amount of water used for anal cleansing. Generally the flow varies between 5-20 lcd
The pit volume, V; (m3) corresponding to the sidewall area can now be calculated. For a circular
pit of diameter D,
v =2 H

t™ 4
Where h = the height of the sidewall area = =D

v, = A D '

Y
e
Vi = %7
i i h pit is calculated either using this equation
For alternating twin-pits, the effective volume of eac . .
orV,=CxPXx N, whichever Is greater. For single pit pour-flush latrines, the effective volume is
given by:
v=V-+ Vi
Long-term infiltration rate (1/m? day)
Soil type <0
30 |

Sandy loam 20

Porous silty loam, porous silty clay loam B

ct silty loam, clay ' - : i
Compa ty Tnes for Long-term Tnfiltration rates for wastewater into various s0 Is

Design va
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Question: Design a low cast saple pit latrine for the famlly of 6 persons. The soil in the area fg

fairly permeable and stable. The ground water table is 5 m below ground. The area is therefore ’.
dry. Determiue the size of pit latrine for a period of 5 years. (WARPO - 2017) :
Solution:

Assume that the pit would be above the groundwater table and therefore can be considered asa
dry pit. Hence the value of C, with water being used for anal cleansing can be taken as 0.0

m3/person/year.

The required volume of the pit, V = 1.33CP N
= 1.33x0.06x6x5
=24m

Assume, diameter of circular pit, D = 1,25 m

m D? _mx 1252

Cross sectional area of the pit, 4 = =3 =12 m3
volume of the pit Vv 24
ft it,th; = =—=——=1
Depth of the pit, k; cross — sectional area of thepit A~ 1.23 135im
14 24

In case of square/rectangular pit,h; = — =154m

A 125x125

Question: Design leach pits for a twin offset pit pour - flush latrine fora family of a 7 members for
a design period of 2.5 years. The cross-section of the pits has to be square. The average waste

water flow rate is 12 liters per person per day. The soil is porous silty loam with long - term Ao
infiltration rate of 20 liters/m? /day. In sketch, show the designed latrine and pit arrangement. ~4
Solution;

Famtly Members = 7

Design Period, N = 2.5 years

Avg. Wastewater flow rate, ¢ = 12 liter/person/day
Long term infilration rate, | = 20 liter/m2/day
Now, Total Waste water flow,Q =12x7 = 841/d

84 :
Area required for infiltration, A; = % =55= 42 m?
Assuming pit width=1.2m '
, _QD _84x12 _ .
Pit Volume, V; = a7 - %30 = 1.26m

Now, Case I: single pit pour - flush system:

The effective volume, V =V, + V; = 1.26 + 0.7 = 1.96 m3 = 2 m?
Considering pit with = 1.2 m

|4
Z—m— 139m = 15m
Assuming 0.5m clear space

So effective depth,h =

Sototal depth=15+0.5=2m *,

DESIGN INTEGRszYégall: 01633905761
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9’ ",‘ Case IT: alternating twin pit power flash system:
Governing volume of pit = 1.2¢ m?
Pitwidth=1.2m

So total depth = 0.875 + 0.5=1375m=~15m

Septictapk: A Septic tank i_s a key component of the septic system, a small-scale sewage treatment
System common in areas with RO connection to main sewage pipes provided by local governments
term "septic” refers to the anaerobic bacterial environment that

or private corporations. The
develops in the tank and that decomposes or mineralizes the waste discharged into the tank.
T BosRD ALTELS OFismreG
et B
b d ] e o o
' J_ L L rtmcasts swe
(LaO)
’ 3 OF LQUAD DErT ] i 1990 bum N
I e,
- |G _
. =T
| | IN
’ Mmaw-xmcmmmﬁ SOAKAGE PIT
Ol or
SEPTIC TANK MCUC AR
Question: «¥% 200 user «x Septic tank AT (Cross-section of Long Section) we= wx «x fifex

T X P (HED — 2017)

Solution:
: Access port
inspecvon {wan cover) Inspecton
E—ﬁ rﬁ

Wastﬁ_[;_.v — - g
trom L

8. Efﬂaer.! o

o
resxdence = P = 4 I absorption
F 8 i aea
Scum byer

Cross-section of a two-chamber septic tank.
DESIGN INTEGRITY, (73:111: 01633905761
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Question: Septi
s Septic tank e Soak w

ell 37 - 3w17 ax  wiow wge? (HED — 2017)
Solution;
Septic tank: A t .
decompose througl?tagglf:al“y l_m_defground, in which sewage is collected and allowed to
Sewage treatment system crola activity before draining by means of a soak away. A small-scale
local governments or pri mmon in areas with no connection tomain sewage pipes provided by

environment that deve]l)g:)vsa:e ;lomorations. The term "septic” refers to the anaerobic bacterial
into the tank. N the tank and that decomposes or mineralizes the waste discharged

The essential functions of the septic tank are

receive all wastewater from the house
Separate solids from the wastewater flow
;izifdr:dumon and decomposition of accumulated solids
provid :csito?gs for the separated solids (sludge and scum)
arifted wastewater (effluent) out to the drain field for final treatment and disposal.

to:

\va(;:::(h‘f::l;% soaka.ge pitis a circular covered pit (usually 1-1.5 m dia and similar depth) through
thelliquid v Ltlent ts allowed to be 3soa}<ed in to the ground. After solids settle in the septic tank,
: qu - stewater (or effluent) is discharged to the soakage pit where they are treated by soil

acteria before finally meeting the ground water reserve. The tank is designed to prevent direct
current between the inflow and outflow which is achieved by using pipe tees with submerged end
at inlet and outlets. These pipes also prevent escape of floating oil and grease in the effluent.
Manhole cover is provided for inspection and withdrawal of sludge. Capacity of the tank should be
enough to store wastewaters for one-day plus the sludge for 6-months to a year. A fee board of
about 0.3m is provided at top. The depth of the tank varies from 1.2m - 1.8 m, and L/B ratio is
generally 2-3. Septic tanks and soakage pits are safe methods of treatment and disposal of
domestic wastewaters. ) ~

Question: Write down the definition of septic tank and function with sketch? (DSCC — 2016)

Solution:
A tank, typically underground, in which sewage is collected and allowed to decompose through
bacterial activity before draining by means of a soak away.

Function of septic tank: The essential functions of the septic tank are to: receive all wastgwate;
from the house separate solids from the wastewater ﬂow. cause reduction and decomposllugr; od
accumulated solids provides storage for the separated solids [sludgf: and scum) pass tl?e ct }?nrnest
wastewater (effluent) out to the drain field for f_‘mal treatment anq disposal. Septic ;avr} hns ! ?t 151 ;
step in the process of sewage conditioning, in a sut?surface disposal system. V ithout i :
untr:-eated sewage would quickly clog the receiving soil and prevent the purification process o

leaching and soil percolation.
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Design Example:

Design a septic tank for the following data:

No. of people = 100
Sewage per capita per day = 120 liters
De-sludging period = 1 year
Length/width = 4:1 :
pit if the effluent from the septic tank is to be discharged in it?

What would be the size of its soak
Assume percolation rate through the soak well to be 125 I/m3/d. assume other data.

Design of Septic Tank
Quantity of sewage per day = 100 x 120 = 12000 liters

Assume, the rate of sludge deposit as = 30 liters/capita/year
Sludge volume = 100 x 30 = 3000 liters

Total tank capacity = 12000 + 3000 = 15000 liters
Assume, Detention time of one day, volume of tank = 15 m3

Assume depth = 1.5m

Areaoftank = 10 m?
Use L/Bas4,4B%=10,L = 6.3andB = 1.6 approx.
The dimensions of the tank shall be 6.3 x 1.6 x 1.8 deep including 0.3 m free board.

Design of soak pit
Sewage outflow = 12000 1/day

Percolation rate = 1250 L/m?3/day
Volume of soak pit = 12000/1250 = 9.6 m?

Keep the depth of soak pit as 2 m
Area of pit = 4.8 m?

" Which gives diameter of soak pitas 2.5m
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Impoctant Terms (PGCR = 2015)

Domestic (S . .
o W:::}r l?‘:lﬂlt.‘ll‘}) sewage is the liquid waste which otign
ill\‘mum\n: fﬁ S, _uutmul;. baths. sinks etc. of dwellings, commercid

~ <. This is sometimes also referred to as black water sucn

processing.

atesin

:::il ;:::rfl:ilih:lil‘: »uid discharge from kitchens, wash basins etc. an¢
dischar "wi 'u‘ tliags, 49 kn‘.’w“ as grey water, Is less foul than domestic
scharged through open surface drains in unscwered areas.

Seweri '

r is a pipe or conduit, generally closed, but normally not flowing full, whic
clude storm sewa

Sanitary sewer carries sanitary sewage and is designed to ex
tary sewers, de

surface inflow. Industri
» al waste ma . \
characteristics. y be carried in sani

Stor i
m sewer carries storm sewage and any other waste which may be dischar

or onto the surface of the ground.

Sewerage refers to the entire
system of reticulation sewers.

~ecreal INTEGRITY. Call: 01633905761
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QUALITY OF WATER

Impurities in Water: All the Impurities of water can be listed broadly as follows:

Suspended lmpurit.ies: Suspended impurities are those which normally remain in suspension.
€y are macroscopic angd make water turbid. The concentration of suspended matter in water js

measured by its turbidity, It includes clay, algae, fungj, organic and inorganic matters and
Mmineral matters etc. jts size ranges from 0 - 103 mm.

arevery srqa]l in size, remain jn constant motion and do not settle. These impurities are associated
with organic matter containing bacteria, Most of the color of water is due to colloidal impurities,
whose quantity is determined by color tests. Its size ranges from 10-3 - 10-6 mm..

Dissolved Impurities: Some impurities are dissolved in water when it moves over therocks, soil,
etc. Solid, liquid and gases are dissolved in natural water. These contain organic compounds,
inorganic salts and gases etc. The concentration of total dissolved solids is usually expressed in
ppm. f

Question: Describe briefly quality of water in Physical, chemical and biological views.

. (37th BCS)

(1) Physical examination (2) Chemjcal examination (3) Biological examination
ical Examinati

Temperature: Palatability, viscosity, solubility, odors, and chemical reactions are influenced by
temperature. Thereby, the sedimentation and chlorination processes and biological 0Xygen
demand (BOD) are temperature dependent. Most people find water at temperatures of 10 -15°C

most palatable.

Color: The color of water is usually due to presence of organic matter in colloidal condition. Color
in water is not harmful but it is objectionable. Pure water s colorless, which is equivalent to 0

color units.

Taste and Odor: Taste and odor in water can be caused by foreign matter such as organic
materials, inorganic compounds, or dissolved gasses. The water having bad smel] or odour is
objectionable & should not be supplied to the public w/s. The unit of odor or taste is expressed in

’ . terms of a threshold number.
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Turbidirty: Turhidity 1y the coudiness of water, It is a measura of the ability of light to pass thr')l;'f:
water. It is caused by uspended material such as clay, sil, organic materl, plankton, and ot .h
particulate matenals in water, Turbudity In drinking water 14 esthetically unacceptable, whic
makes the water look Unappetzing Turhidity i+, measured hy an instrument called nephelomatric
turbidimeter, which expresses wurhidity in werms of NT1),

Chemical Examinatiun

Total sollds: These include
of suspended solid is determined b
welghing. The quantity of colloidal
water and weighing the residue,

the solids In suspension, colloidal and in dissolved form, The q.uanllt‘}j'
y ltering the sample of water through a fine filter, drying and
and dissolved solids is determined by evaporating the filtere

Chlorides: Chloride occurs naturally in groundwater, streams, and lakes, but the presence of
relatively high chloride concentration in freshwater (about 250 mg/L or more) may Indicate
wastewater pollution. Chloride ions Cl- in drinking water do not cause any harmful effects on
public health, but high concentrations can cause an unpleasant salty taste for most people.

Alkalinity: The alkalinity of water js jts acid-neutralizing capacity comprised of the total of all
titratable bases. The measurement of alkalinity of water is necessary to determine the amountof
lime and soda needed for water softening.The high levels of either acidity or alkalinity in water
may be an indication of industria] or chemical pollution,

Hardness: Hardness is a term used to express the properties of highly mineralized waters. The
dissolved minerals in water cause problems such as scale deposits in hot water pipesanddifficulty
in producing lather with soap. Calcium (Ca?") and magnesium (Mg2+) ions cause the greatest

portion of hardness in naturally occurring waters.

pPHvalue: pHis one of the mostimportant parameters of water quality. It is defined asthe negative
logarithm of the hydrogen ion concentration. PH ranges from 0 to 14, with 7 being neutral. pH of
less than 7 indicates acidity, whereas a PH of greater than 7 Indicates a base solution. Pure water

is neutral, with a pH close to 7.0 at 25°C.
Dissolve gases: Dissolved oxygen (DO) is considered to be one of the most important parameters
of water quality in streams, rivers, and lakes. It is a key test of water pollution. The higher the
concentration of dissolved oxygen, the better the water quality.

Nitrogen & its compounds (nitrate, nitrous): There are four forms of nitrogen in water and
wastewater: organic nitrogen, ammonia nitrogen, nitrite nitrogen, and nitrate nitrogen. If water is
contaminated with sewage, most of the nitrogen is in the forms of organic and ammonia, which
are transformed by microbes to form nitrites and nitrates. A high concentration of nitrate in
surface water can stimulate the rapid growth of the algae which degrades the water quality.
Excessive nitrate concentration (more than 10 mg/L) in drinking water causes an immediate and

severe health threat to infants.

Biochemical oxygen demand: Bacteria and other microorganisms use organic substances for
food. As they metabolize organic material, they consume oxygen. The organics are brokcn. down
into simpler compounds, such as COz and H0, and_ the microbes use the energy released l'(_)r
growth and reproduction. When this process occurs in water, the gxygen consupe& isthe DO u:n
the water. If oxygen is not continuously replaced by natural or artificial means in the water, the

DESIGN INTEGRITY, (ziall: 01633905761
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DO eoncentration will reduce as the microbes decompose the organic materials. This need for
woient s called the biachemical oxygen demand (BOD). The more organic material there s in the
water, the higher the ROD used by the microbes will be. BOD is used as a measure of the power of
SCWage: strong sewage has a high BOD and weak sewage has low BOD.

Blolezical Examination

:]l:': :-;:!.:l lr(j;mt(i:crla are single-celled micro-organisms with rigid cell walls. Some bacteria are
SENE e _humans and some types are harmful and cause diseases. These size ranges from

0,' 51 t0 5 pindiameter and 0.3 uto 60 p in length,

Following are some tommon types of bacteria:

» Pathogenic bacteria: These cause diseases

Non-pathogenic bacteria; These do not cause diseases

Aerobic bacterla: Bacteria those necd oxygen to live are aerobic bacteria.

Anacrobic bacteria: Can Jive without oxygen.

Faculative bacteria: Can live with or without oxygen.

Algae: Algac are considered as simple, photo synthetic plants with unicellular organs of
reproduction. In fresh water, algae are generally microscopic in size whereas in salty water these
are in the form of cells of several hundred meters in length. Algae impart objectionable taste and
odors to water but may create problems in treatment of water by clogging the filter beds.

Protozoa: These are unicellular animals that reproduce by binary fission. It causes amoebic
dysentery. These are bacteria eaters and thus destroy the pathogens. These are of various types
such as amoeboid, Nagellate and ciliate protozoa.

Viruses: Viruses are infectious agents of both plants and animals cells. Due to their
ultramicroscopic size, they can only pass through an ul tramicroscopic filter. Their sizes range from
10 to 500 milli-microns. It initiates infection by attaching itself by its tail to the wall of bacterial
cell. .

Question: Define potable and palatable water, Which one can be used for drinking purposes?
What are the basic requirements of drinking water? (30th BCS)

Solution;

Potable water is water that has been treated and disinfected so that it is free from disease-
producing organisms, poisonous substances, chemical or biological agents, and radioactive
contaminants which make it unfit for human consumption or other uses,

Palatable water is water that is pleasing in appearance and taste. It is significantly free from color,
turbidity, taste, and odor. It should also be cool and aerated.

Potable water is water that is considered safe to drink.

Basic requirements of drinking water

L
3

The water should be free from contaminants.

The water should be alkaline.
Itis free of unpleasant odors, tastes and colors, and is within reasonable limits of temperature,

It contains no toxins, carcinogens, pathogenic micro-organisms, or other health hazards.
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Standards for drinking water
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Water Quality Paramecters Banpladesh St: : 1/ L. ALESSL
St ngladesh S&IOnsdards (mg/L) 001 —
BOD Day, 20°C 0.2 — |
Boron 1.0 |
Cadmium 0.005 0.003 _—
Calcium 75 T |
Chloride 150 — 600 250 __—
Chlorine (Residual) 0.2 . — ]
COoD 4 - |
Color 15 Hazen = |
Copper 1 Z
DO 6 -
Fluoride 1 1.5
Hardness as CaC0, 200 — 500 500
Iron 03—1.0 03
Odor Odorless -
pH 6.5 — 8.5 6.5 — 85
Salinity - %0 B
Sodium 200 -
Total Suspended Solids 10 -
Temperature 20 —30°C
Turbidity 10 NTU 5NTU
Zinc _ 5__ -

Reference - Department of Public Health Engineering, Bangladesh.

Question: Write down the standard value of the following parameters. (TGTDCL — 2018)

Solution:
Parameters Bangladesh Standard WHO standard
Arsenic ' 0.05 mg/L 0.01 mg/L
BODs (20°C) 0.2 mg/L 0.2 mg/L
Iron 0.3-1.0mg/L 0.3mg/L
Turbidity 10 JTU/NTU 5]JTU/NTU
TDS 1000 mg/L 1000 mg/L
Question: Write down the ECR values for As, Fe, TC, Turbidity and TDS. (DPDC — 2019)
§olgtignﬂ;
Parameters ECR values
Arsenic 0.05 mg/L
Iron 0.2 mg/L
Total dissolved solids 0.3-1.0mg/L
Turbidity 10 JTU/NTU
TC 1000 mg/L

DESIGN INTEGRITY, Call: 01633905761
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WATER TREATMENT

ng_c_gm The m_ain objective of the treatment process is to remove the impurities of raw water
and bring the quality of water to the required standards. Following are the main objectives:

» Toremove the dissolved gases, turbidity and color of water.

* To remove the unpleasant and objectionable taste and odor’s from the water.

* To kill all the pathogenic germs which are harmful to human health.

» To make water fit for domestic use as cooking and washing and other purposes.

* To eliminate the corrosive properties of water which affects the conduits and pipes.

Water Treatment Svstem

\ Process lmphﬁt[es
1. Screening Floating matters as leaves, dead animals, etc.
2. Plain Sedimentation Suspended impurities, clay, silt, etc

3. Sedimentation with Coagulation Fine suspended matters & Colloidal matters
4. Filtration Micro-organisms

S. Aeration Dissolved gases, taste & odour

6. Water Softening Hardness of water

7. Disinfection Pathogens

:;ﬁ Question: Write down the steps for water treatment process. (TGTDCL — 2018)
Solution:

Screening
Coagulation
Flocculation
Sedimentation
Filtration
Dis-infection
Distribution
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Screening: Water from surface sources contains floating bodies, suspended (114t ornng, S EPENS
I v ’

arer e"loved by plD‘vidlllg sCreen at lhe lnlake call ‘
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Coarse Screen
* Coarse screen or bar screen Is used to remove
rosser floating materials.
* These are mostly in the form of grill of bars. ¢ i
» Bars are generally of 25 mm size and are spaced at 75 to 100 mm ¢/c spacing.
* Mostly bars are kept inclined at slopes of (3 — 6) V: 1M -

Fine Screen

Fine sc.reens are used at surface water intakes; sometimes alone and sometimes following a coarse
screen: In order that fine screens do not get clogged up, some device is sct up to clean It
continuously.

& : Plain sedimentation Is the process of removing suspended matters from

e water in Lhe_ tank, so that suspended matter may settle down In the bottom of tank due to
gravity. Itis dgs:gned to reduce the velocity of water, so as to permit suspended solids to settle
down by gravity. It is adopted so that less quantity of chemicals is required in the subsequent
treatment process.

particles particles
suspended seilled
in water on hotlem
time
i »
. Loy

Purpose of Sedimentatjon

To remove coarse dispersed phase.

To remove coagulated and flocculated impurities.

To remove precipitated impurities after chemical treatment.

To settle the sludge (biomass) after activated sludge process

Theory of Settlement

Any particle which does not alter its shape, size and weight while rising or settling in any fluid is
called discrete particle. All the particles, having more specific gravity than the liquid; will move
vertically downward due to gravitational force. When any discrete is falling through a quiescent
fluid, it will accelerate until the frictional resistance or drag force becomes equal to the
gravitational force acting upon the particles. At such stage the particle will settle at uniform
velocity. The uniform velocity is called ‘settling velocity” and is a very important factor.

DESIGN INTEGRITY, lslall: 01633905761
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< v, =418(S,-1)d

Newton's Formula

. |4 E (ke -p) g
v, chn Py d orJ;'c—D-(S,—l)d
vy = settling velodity of particle
Cp = drag coefficlent
Py = mass density of particle
p =mass density of fluid
Determination of Cp

For Re between 0.5 - 104, 2
CD-R'+71'(=.+ 034

Far Re > 103 o 104, Co=0.4
ForRe < 0.5, Co= L.
Re

Where, Re = Reynolds no.
Re - P Vg d - Vg d

H v
Here, v = kinematic viscosity

Stoke’'s Forinula

The settling velocity of a spherical particle is expressed by stokes law which takes the above three
factors inta account.

d2
v =1—2(S,-1)—v- ford < 0.1 mm
M

v=-—
P

Where v, = velocity of settlement of particle in m/s.

G = specific gravity of the particles.

g = acceleration due to gravity

d = diameter of the particles.

v = kinematic viscosity of water in m2/s

i = viscosity if water in centistokes (1 centistokes = 0.01 cm2/s)

The above stokes equation was valid for d < 0.1mm in which viscous force predominates over
inertial force. This is called the streamline settling. Since the viscosity is dependent upon
temperature, the above equation can be written as,

3T+70
v, =418 (S; - 1) d? (-—I_CT) ford < 0.1 mm

If however, the settling particles are larger than 1.0 mm, the nature of settling becomes turbulent
settling and is governed by Newton'’s equation given by,

v,=Jgd (S;—1) ford>1.0mm

Grit Particles, however generally lie between 0.1 mm and 1 mm in the transition where settling
velocity is given by Hazen as,

L 70) for,0.1mm<d< 1.0mm
100
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Velocity of flow: 0.15 - 0.30 cm/min
Detention period: 4 - 8 hours

Shape: Generally rectangular or circular
Size: For circular, dia = 60 cm

For rectangular, B = 12 m; Depth maximum,
Free board: 0.30 -0.50 m

Sludge zone depth: up to 1m

caltime required for the

Detention period (t) of a settling tank may be defined as average theoreti ¢ water
water to flow through the tank length. It is that time which would be required by the flow 0 ol
to fill the tank if there were no outflows. The retention time usually ranges petween 4 to 8 hour
for plain sedimentation and 2 to 4 hours when coagulants are used. . :

D=4m

Detention time t for rectangular tankis = Volume of the tank _ Y— = E—liﬂ'
gular tank IS = —p>te of flow Q Q
D? (0.01 +0785H
Detention time for circular tank = ( gy ) )

Where, D = Diameter of the tank
H = Vertical death at wall or side water depth
B and L = Width and length of the rectangular tank respectively
Let L and H be the length and depth respectively of the settling zone. Let B be the width of the
tank and Q be the discharge rate. The horizontal discharge velocity Va is given by,

wheo¥ GuTLow
a joa io
> —~g
' ‘\\ ‘ Yy r
{ >~ " . .
' \\ 9 -L
L pIRECTION ©OF -~ i B
w | e \Ilt‘ LT ey
':1; © GETTLING ZONE  tvy SN ;
2 o
‘gi ~ I :
; _L ~ 3
t5 ) 5 ]
) .* ' siupct Zowe " °
!'_-_° L {
Q
Horizontal flow velocity, Va = g7
. L LBH
Time of horizontal flow, tg = === N
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' :& Consider a particle entering the tank to have a vertical falling speed v,. The time for falling through

distance # will be H/v,. For the particle to reach the bottom before the water leaves the tank the
time of fail should be equal to time of horizontal low. Hence
H LBH

Vs Q
From which

5 Called surface overflow rate (SOR)

From the above two equation,

.' iﬁlﬂlﬁmm“nn_cmmm The process of removing fine suspended clay particles as well
as colloidal matter in the sedimentation work by using chemicals, whic §

sedimentation is called sedimentation with coagulation. The chemicals used for this process is

called coagulanes. These coagulants if properly used, also removes color, odor, taste, bacteria and
viruses from water.

Following factors affect coagulation:

* Type of coagulant

* Quantity of coagulant

* Characteristics of water; such as temp,, pH, etc.
* Time and method of mixi ng

e

Sedimentation with coagulation consists of three different processes:
1. Coagulation: It is the process of mixing coagulants and formation of PPt
2. Flocculation: It is the process of building up the particles to bigger size called 'floc’.

3. Sedimentation: Bigger floc particles are settled in the tank and are removed; this settling of
particles is called sedimentation

ion; Colloidal particles are difficult to separate from water because
they do not settle by gravity and are so small that they pass through the pores of filtration media,
To be removed, the individual colloids flocculation & coagulation process commonly used.

Coagulation: A chemical process that involves a neutralising charge on the particles. This occurs
when a coagulant is added to water to destabilise colioidal sus ‘
flocculation in water and wastewater treatment process

sedimentation.

DESIGN INTEGRITY, Call: 01633905761
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Commonly used coagulants

e Aluminium sulphate or Alum [4l; (504)3- 18H,0]

« Sodium aluminate [Na;Al;0s]

e Chlorinated coppers

e Ferrous sulphate and Lime [FeSOs- 7H;0]

e Magnesium carbonate [MgCO05] R
. merate destabilized

nical means t0 888 ° 0 itation results

rticles (or flocs): Floccula‘:l‘gich cfuses the fine moving,
ttleable flocs. It is a

f the coagulant or
th of the floc takes

lo

particles into compact, fast settleable pa
from velocity differences or gradients dily se
destabilized particles to come into contact and become large, rez ¢ Ye =i
common practice to provide an initial rapid (or) flash mix {or the lstl;1 g
other chemnicals into the water. Slow mixing is then done, during which the g

place.
Floccutation
Polyme

*

W’Mo

Flocoulation

n the water, the next operation is flocculation. It is a slow
y consist of paddles which are at very slow
Its should be between 30 and 60 minutes.

uullclii

haas ber
. _ .

paddie-f—(2) N

l.sludge out

After thoroughly mixing of coagulants {
mixing process, which forms floc. Flocculators mostl

speed ofabout 2 -3 rpm. The detention ti;ne for best resu
fi shat

L

=3 !' g ~ A

f Ml n utlet
ﬁ . S padidie
inlet ﬂ ﬂ

ﬂg..: Flocculation

fig: Clarification

DESIGN INTEGRI'IZ'Y‘,‘Sall: 01633905761

Scanned with CamScanner




Clarification: In this operation the floc which had been formed by flocculation Is allowed to settle
and s separated fromy water, For this, water Is retalned (n sedimentation tank for a sufficient

periad tor the settlement of (loe to the bottom.
Fltration: The resultant water after sedimentation will not be pure, and may contaln some very
hoe suspended particles and bacteria in it. To remove or to reduce the remalining impurities still

lurther, the water ts hitered through the beds of fine granular material, such as sand, etc. The
process ot passing the water through beds of sand or other granulare materials to remove bacterta,

color, taste, edor and produce clear and sparkling water is called filtration.

¢ Slow sand filter

* Rapid-sand filter

Slow sand filters: These are earliest type of filter and are so called because rate of filtration
through them may be 1/20th or less than that of rapid sand filters or pressure filters. Because of

low filtration rate, these require more area of land and are costly to install.

Rapid sand filters: These are the most commonly used filter in water supply projects due to their
high rate of filtration and other more benefits than the slow sand filter.

Question: Explain the process of coagulation-sedimentation. How does it differ from plain
sedimentation? (33th BCS)

Solution:

Sedimentation with coagulation: The process of removing fine suspended clay particles as well
as colloidal matter in the sedimentation work by using chemicals, which can't be removed by plain
sedimentation is called scdimentation with coagulation. ‘The chemicals used for this process is
called coagulants. These coagulants if properly used, also removes color, odor, taste, bacteria and

viruses from water.

Following factors affect coagulation:

= Type of coagulant
e Quantity of coagulant

DESIGN INTEGRITZ'Y. (12311: 01633905761
4

Scanned with CamScanner



« Characteristics of water; suchas temp., pil et

« Time and method of mixing.
Sedimentation with coagulation consist

1. Coagulation: It is the process of mixing coapul
2. Flocculation: It is the process of building up the par
3. Sedimentation: Bigger floc particles are seuled in
particles is called sedimentation.

nt [)I'l)(’ﬂ.‘iﬁﬁ‘;:

of ppt '
e ‘I- ., called 'lo€ .
d; this settling of

s of thred ditlere
ants and for ma
riclesto ipper s et
the tank and arc rer

’
N

. the tank, so
oy from the water in
squcndmj "“:‘;ﬁ:u‘: rgmv,w_ Very fine suspended

Plain sedimentation is the process of removing s p

= s n of tan mm size requires 10
that su own in the hottom O of 006 )
suspended matter may settled el i1l require about 4

clay particles are not removed by plain sedimcnt.:ll'mn. :
hours to settle in 3 m deep plain sedimentation tan

days for settling.

part

e such a long time. In plain
This settling time is impracticable: because water cannot be (Mai'r;:ﬂ;(::‘imned basins and about 6
sedimentation tanks detention time of about 2 hours lo:' ?iﬁ::m Y b fine dlay oarticles ang
hours for ordinary tanks, can pe allowed. Whe';ytuac; process " hich can " asily remove them,
pp

colloidal impurities, it becomes necessary to 3
from the water.
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Question: Write the difference between SSF and RSF. (30th BCS)

Bl R P Al JRE USSP
£ ' A

Item

Slow Sand Filter

Rapid Sand Filter

Pre treatment

Not required except plain

Coagulation, Flocculation and

graded gravel.

— sedimentation Sedimentation :
Base materials Gravel base of 30 to 75 cm Gravel base of 45 to 50 em
depth with 3 to 65mm size depth with gravel size varies

from3toSOmmun4o0r5
lavers

and small town

Filter sand
» Effective size *  0.25t00.35 mm 045 to 0.70 mm
* Uniformity = 3t05.0 - 12t01.7
coefficient
* Thickness of * 8to100cm = 60to75cm
sand bed
Under drainage Open jointed pipes or drains Perforated pipe laterals
system covered with perforated blocks | discharging into main header
Size of each unit S0 to 200 s3.m 10 to 100 sq.m
Rate of ftiltration 100 to 200 Lph/sq.m 4800 to 7200 Lph/sg.m
Cost
* Installation * High * Low
» O&M * Low = High
Etficiency
= Turbidity of Low; <30 NTU Any level of turbidity of feed
feed water water; (with pre-treatment)
* Removal of 98 to 9% 80 to 90%
bacteria o
Suitability For water supply to rural areas | For public watersupply to

towns and cities

Post treatment Slight disinfection Complete disinfection is a
must
Ease of construction Simple Complicated;
Skilled supervision Not essential Essential
Loss of head
s Initial * 10cm ) = 30cm
= Final * 80to120 cm * 250t0330 cm

Method of cleaning

* Scrapping and removing
Schmutzedecke and 1.5t0 3
cm thick sand layer

* Laburious

= Back washing with or
without compressed air
agitation

» Simpleand easy

Quantity of wash
water reyuired

0.2 t0 0.3% ot total water
fiitered

1 to 5% of the total water
filtered

Cleaning intervatl

[hroe to four months

(Ine to bwo days

e L R I

o
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) ducing bacteria
| disease PrO The process of

P harm
contain someé inking:
ormally - water safe for dn oo disinfect water to

ion: The filtered water may n ke
rder to ma .

is necé
n. It 3S€ES-

in it. These bacteria must be killed in O Prue
killing these bacteria is known as Disinfection or sSteriliza o er-borne dise
Kill bacteria and other micro-organisms, and thus prevent
Requirements of Good Disinfectants from the water-
. They should destroy all the harmful pathogenic organisms 117
o They should not take more ime in killing pathogens-
e They should be economical and easily available.
application-
r their app d ob]-ectionab].e to the user.

They should not require high skill fo

t, the water should not become toxic an

e« After their treatmen

Method of Disinfection

e By boiling of water
e By ultra-violet rays
By the use of lodine and bromine

e By the use of Ozone
e By the use of excess lime
e methods of it? (MES — 2015)

Question: What is disinfection of water? Write down som

val, deactivation oOf Killing of pathogenic microorganisms.

Water disinfection means the remo i E o
Microorganisms are destroyed or deactivated, resulting 1n termination of growth and
water, drinking water usage

reproduction. When microorganisms are not remove

will cause people to fall 111
disinfection of water the following disinfectants can be used:

d from drinking

For chemical
Boiling of water

_Ultra violet light disinfection
Disinfection using chlorine
Ozone water disinfection
By the use of lodine and bromine

By the use of excess lime

Chlorination

The use of chlorine
reliable and presents no

has become practically universal in the disinfection of water. It is cheap,

difficulty in handling.
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;&‘ Question: Why is chlorine used for Disinfection?
" Solution:

Chlorine is one of the most versatile chemicals used in water and wastewater treatment. This
powertful oxidizing agent is used for,

1. Available in Liquid, Powder & Gas
2. Removal of ammonia

3. Control of taste and odor

4. Disinfection control of microorganisms
S. Destruction of organic matter

6. Cheap & Easy to use

When chlorine dose is increased, the combined available residual chlorine also increases. If we
further increase the chlorine dose, a sudden drop of residual chlorine occurs and then again

increases. Hence, the point where residual chlorine is suddenly dropped and then increased; is

called break point chlorination, It completely destroys all the disease bacteria, taste, odor and
.manganese-from water,

Destruction of Formation of Destruciion of Formation of free
chiorine residual chloro-organic  chioramines and chiorine and presence of

" by reducing and chionmine  chioro-organic chloro-organic compounds
/ -"q'_ compounds compounds compounds not destroyed
3 L L L l
s
Froe and
4} combined
residuals

N
T

:
H

Free residual
/

Chiorina residuals, mgL
w
o

1+ Breakpoint ~~ € Combined
" residual
o A . L L 1 L A 1 1 1

a 1 2 3 4 5 8 7 8 9 10 11
' Chilorine dose, mg/L.
Chiorine reacts with reduced materials (Fe*, Mn?*, H;S, organics, NH3, etc.)

Breakpoint Chlorination

-,

DESIGN INTEGRITY, Call: 01633905761
245

SE S TEN SRR B ""‘\& st

[ R

|

Scanned with CamScanner

T Y S )



' PC . Fxplain break-point
Question: Draw a typical chlorination curve and explain thet reaction zones p

chlonnation. (33th BCS)

Solutlon:
4
Zono 1 ! Zone 2 : Zone 3 Zone
N L :
:nlv'n‘ : farmation of 3 ponachlorsming frae wallsuls shiedes reeidusie
.:::::““ : menakhiersmine 0nd § comvarting le dichloraming (Hect =¥ ’::"’. 19
ves & chisr srganics i sad airagen Uichteride ($0% of sach 1904 :
s H
:':':‘l‘:"“ P60 rate (€11 NHL A By salght) 3
. wuna : Letis] Amvmonts gL § 3 161 ratle (Cly 2 WH W) -
= "E:mm‘” ey BTN : Breakpoint
pras /
] e
4 ; g ddonaton ' ((\\(\ opnes!
c : ~ : Fres
o 2 ot
b Cambined <, ™ ~ H ::ﬂ‘:‘:‘
< Chierine 1949 N ¢ (>05% of
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~ vegsn 0O
—

Chlorine Dosage
«Zsne 1: initisl ciorine & 4 Js caused by reducing sgents (Fe™, Mn’
WIOW‘MMOM
z.u::mmMWmmmmmmoumupthmlmMm
vW&umm.mﬁMWmﬂhhhlm
Zmz:ummmpm
chm:nmmnml

Znol:fn-bum. icust is d and provi
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Ammonia (NH3) and nitrogen-based contaminants like urea get oxidized and become variations
of chloramines when combined with chlorine. When ammonia (NH3) met with hypochloreus acid

(HOC), chlorine starts replacing hydrogens.

The chemical reaction that creates Monochloramine (NHzCl

2NH3 + 2HOCT - 2NH2CI + 2H20
Ammonia + Hypochlorous Acid = Monochloramine + Water

24,5, H0,) that consume rmost of the corine applied

) Jooks like this:

Further chlorination of monochloramine creates Dichloramine (NHCl2):

2NH2Cl + 2HOCI = 2NIICTz + ZH20

Monochloramine + Hypochlorous Acld = Dichloramine + Water

And of course, even further chlorination yields the most noxious of chloramines that off-gasses
from pools, Nitrogen ‘Irichloride, aka Trichloramine (NCl3):

NHClz+ 3HOCI = NCl3 + 3Hz0
Dichloramine + Hypochlorous Acid = Trichloramine + Water

Finally all Hydrogens have been replaced by chlorides to create Nitrogen Trichloride When
chlorine dose is increased, the combined available residual chlorine also increases. If we further
increase the chlorine dose, a sudden drop of residual chlorine occurs and then again inareases.

DESIGN INTEGRITY, Call: 01 633905761
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Hence, the point where residual chlorine is suddenly dropped and then increased; js g
point chlonnanon, It completely destroys all the discase bacteria, taste, odor and manga
water.

led break
nese from

Question: The population of 2005is 10000 and 2015 is 19500. What is the water demand a7= - ~ -

MR e By

Given water dernand is 90 'ped. Chlonine content of (.5 mg/L is to be added in water. Eouw r.
bleaching powder is needed if bleaching powder contains 25% of chlorine? '
(GTCL — 2016, DESCO - 2015 DpDC - 2019)

Solution;
We know, P, = F(l+r)m

Growth rate per decade,r = P'/;; 1= " (12300 1= 0.069
& ’ ~ J1ooo0 " ‘=0

\ P
ABAIN, Prozs = Paoys (14 7)™ = 19500 (1+0.069)° = 38002
Water demand = 38002 x 90 = 3420180 l/day
3420180 x 0.5

1000x 1000 — 17 kg

1.57x 100
Bleaching powder required = 2\’;- =6.28kg

Amount of chlorine required perday =

Question: 100 MLD water is to be supplied from a water treatment plant which containing 0.4
ppm Clz, if bleaching powder contains 25% available chlorine by weight find out the amount of
bleaching powderin kg/day. (DPDC - 2014, RPGCL — 2017, BWDB — 2018, DTCA — 2018, BCIC -
2019)

Solution:

Waste water to be treated = 100 Mld = 100000000 L/day

. 100000000 x 0.4
Amount of chlorine required perday = 1000 X000 = 40kg

) 40 x 100
Amount of bleaching powder required = 25— = 160 kg

Question: 500 m3/d water is to be supplied from a water treatment plant with chlorine
concentration of 0.5 mg/L, if bleaching powder that is used for chlorine has contins 30% available
Cl; (by weight), find out the amount of bleaching powder in kg/day. (ERL — 2017, DESCO — 2019)

Solution;
Quantity of water to be treated = 500 m3/d = 500 x 193 L/day
0.5 x 500 x 103
Amount of chlorine required perday = T000x7005" = 0-25 ke
0.25x 100
Amount of bleaching powder required = 30 =0.83 Kg.

DESIGN I.N"!'EGRITZ'Y&(BZ:{U: 01633905761
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Question: Bleaching powder @ 30% Chlorine W€ 10.5 mg/1, carrwa 4 million litte

&
Vo= bleaching powder WWEE 2(1IED —~ 2020)

Solutiomn
Waste water to be treated = 4 Mld = 4000000 L/day

4000000 x 0.5
A tof chlon : d 2 ———— =2k
Amount of chlorine required 1000 x 1000 g

2x100

Amount of bleaching powder required = = 6.67 kg

30% of available chlorine will be

Question: How many kilograms of bleaching powder with
5 mg/it? (30th BCS)

required to treat 4 million liters of water with a dosage of 0.

Solution:

Waste water to be treated = 4 ML = 4000000 L
_ 4000000 x 0.5

Amount of chlorine required = S600 X 1000 2kg

2x100

Amount of bleaching powder required = 30— 6.67 kg

- ——— ————

> “

Question: It is required to disinfectant 500,000 gpd of water with 0.3 mg/1 of chlorine. Ifbleaching
powder that contains 33.33% of available chlorine is used, how much bleaching powder is needed

; ' to treat the daily flow of water. (38th BCS)

Solution: ‘
Average daily water demand = 500000 gpd = 500000 x 3.78 = 1890000 Ipd

A £ chlori i d d _1890000x0.3
mount of chlorine required per day = —5om——0500

A ; 0.567 x 100
Amount of bleaching powder required = —3333

B

=0.567 kg

= 1.70kg.

Question: It is required to dfsinfect 500000 gpd of water with 0.3 mg/L chlorine. If bleaching
powder is used (which contains 25% of available chlorine), how many kg of bleaching powder are

needed to treat the daily flow of water? (WRGCL — 2014)

Average daily water demand = 500000 gpd = 500000 x 3.78 = 1890000 Ipd
hlori ired per day = So0000X 93 _ 567k
Amount of chlorine required per day = —-or-—rrn= = 0. g

0.567 x 100
Amount of bleaching powder required = ———

S T ety

= 2268 kg.

DESIGN INTEGRITZ\’;(giall: 01633905761
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Question A
AL Nt with
dove 65 mg oL
6y 11 | fday

sulution.
=1

Quantity of watel to

Arount of chlonae required pes day = ‘1'”“(;‘;"”””
075 x 10D 25K

A g e 4

equired = 30 d

NI nl',’t

be trested )
[
oax 1oy 75 ke

Amount of bleachimg powderr

ant produces 1 ML waste water per day. Bleaching powg,,

n thys plant You must maintain 0.5 mg/L Cl; residua " F
Calculate the amount of bleaching powcp:

n: A water treaynont pl
{35 mg/L

Questio

[40% Cl;) 15 used to dismfert the water |
the Kinished water with a cl, demand 0
required per day (EGCE — 2020)

Solutien
Waste water to be treated =1 MLD = 1000000 lpd
Chlorne dosage = chlorine demand + residual chlorine = 0.5+ 3.5 =4mg/L
o 1000000,
Amount of chlorine require per day = 71500 x 1000 = 4 kg/day
4x 100 '
2 10 kg/day ‘

eaching powder required = —5— =
with 25 mg/L toxic substances. Concentration of toxic

s contaminated
mine the mass of toxic substancesto

estion: 1000 L of water i
be reduced to 0.5 mg/L be discharging. Deter

FCL — 2017)

Amount of bl

Qu
substances i$ to
be reduced? (SG

Solution:
ubstances to be reduced = (25 - 0.5) x 1000 = 24500 mg = 24.5 g

Mass of toxic s
yning: The removal or reduction of hardness from the water is known as w
S e I te. m;x}l;c consumption of soap in producing lather for washing clothes with ha::;
water than soft water. The main advantage of water softening i ion i
> isr .
soap. g is reductioa in the consumption of

Necessity
Hard water caused following problems, hence itis essential to remove from wat
water.

o |t causes more consurnption of soap during washing of clothes
It causes formation of scales on the boiler .
s and other hot wat \
erheating system

5, -

It causes choking and clogging problems of house plumbing

.

v e
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i i which absorbs
A . It is the process of bringing water in intimate contact with air (02).
P oxygenfromair and remove COz gas, iron, manganese, etc.

Objective

e To remove taste and odor.

« Toincrease the dissolved oxygen in water.

e Toremove H,S, iron and manganese up to certain extent.
e To decrease the COz in water. (Which may be up to 70%)

ial to effective disinfection? (BPDB — 2015)

Question: Why removal of turbidity is essent
Disinfection is usually accomplished by means of chlorine, ozone and chloxjine oxide. To be
effective there must be a contact between the agent and the organisms to be killed. But many of

the pathogenic organisms may be encased in the particles that causes turbidity and get protgcted
from the disinfectant. That's why removal of turbidity is essential to effective disinfection.

Question: Flow diagram of conventional activated sludge proéess?
(PGCL — 2017, BCPCL — 2016, BPDB — 2018)

"f-- Alr

| ’ l 1 1 ‘l

Disinfection
. 3 A 1 ] — 3 A > Fh.’
Aeration Tank claif y effluent

Recycle

Actvated shudge l
Waste activated sludge

/

To sludge treatroent and disposal
Fig 4 - Flow disgram of activated sludge wastewatar treatment syatem

. vmoa

DESIGN INTEGRITZY,SCall: 01633905761
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<1(PGCB = 2017)

Q . ""‘: Why ilcnlﬂ()n ib necess. i . -4 (] b .
‘ . "I 0cCess ()‘ 'Iddinuﬂ“ lﬂt() VVZIS £2Wei Ad T,

] of the pollutant components. In municipal and indu.strm'l waste! ated sludge process is the mogt
: of the stage known as the secondary treatment process. The acuv;fd -;Iudgé process is based on
: common option in secondary treatment. Aeration in an activate h' wastewater. The microbes
8 pumping air into a tank, which promotes the microbial growth in the After settling In a separat
feed on the organic material, forming flocs which can casily settle out. ATter S culated backto the
settling tank, bacteria forming the "acuvntcdsludge"ﬂocsarecontinuallyrecntc" i e
: aeration basin to increase the rate of decomposition. An ample _""d evenly distriouted oxygen
4 supply in an aeration system is the key to rapid, economically-viable and effective wastewater

j treatment,
primary treatment sacondary treatment
{ M !
disinfectant
m raw sawage aeration tank socondary
clarifier {
- — - '

—

z

D"ﬂ'lﬂfy ’ secondary
effvent { etuent” |
b discharge to
h surface water
4 (or tertiary
ki primary
3 clasiliar treatment
@ if needed)
)4
‘s

';‘ ) grit chn
1, )

prit disposal

© 2012 Encyclopansa Braanea, . sludge treatment and disposal

Question: What is the pre mechanism by which heavy metal ionsa i i
pentralet s the pr vy reremoved during coagulation

Solution;
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:}r:teraction lberween the inorganic/organic pollutant and ingr
e remov .
metal poll at.of hgavy metals. Overall, chemical coagulation is an effect

potlution with/without other water treatment technologies V€ way to control heavy
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Question: Waste water is flowing through a horizontal grit chamber at a maximum flow rate 30
fe3/s. The depth of grit chamber is 6 ft and length is 15 times of its width. If the approach velocity
is 1ft/sec, determine the length of grit chamber. (EGCB — 2020, CPGCBL —2021)

Solution:

Maximum flow rate = 30 ft3/s
Horizontal velocity, Vy =1 ft/s
Assume, Width of the grit chamber = B
Length of the grit chamber, L = 158
Depth of the grit chamber, H = 6 ft

Area of grit chamber, 4 = Qe
Vi

pep <30
x4=73
Bx6 =30
B=5ft

Length of grit chamber,L = 15x5=751ft

Question: A rectangular settling tank without mechanical equipment is to treat 1 million of raw
at the detention period is 2.5 hours, the velocity of flow

water per day. If the design criteria are th
is 8 cm/minutes and depth of water and sediment is 4.5 m. then what would be (i) The length of
the tank? (ii) The width of the tank if an allowance of 1.5 m is to be made for sediment? (iii)

Overflow rate of the tank?
Solution:

Discharge , @
Detention period, t = 2.5 hours

* Velocity of flow, 74 = 8 cm/min

Depth of water and sediment =4.5m -
=pyxt=8x10"2x25%x60= 1Zm

— 10° litres per day = 41.67 m3/hr = 0.6945 m*/min

Length of tank, L
When an allowance of 1.5 m is made for sediment, the depth of water, H = 45—-15=3m
L_e :
’ BQH 0.6945
= =. _ —=29m
B Hxvg 3x8x1072

' 41.67
Overflow rate = 57 = 3912 = 1.1974 m3/hr /m?
s 1023 m3/day and volume of this tank is 93 m3. Determine

ow of water supply i

Question: Ifthe fl
f this tank (DPDC — 2014)

detention period 0
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wing in at rate 1000 m3/day. What is the

| i i k water is flo
: .stion: In 300 m? sedimentation tan
n?el:::ggn time in hours? (NPCBL — 2017, GTCL - 2018)

Solution:

¥ = 300m? @ = 1000 m3/day = 41.67 m*/hr

Detention time, t = ¢ 4167
Question: Design a rectangular sedimentation tank to treat 2.4 million liters of raw water per day.

The detention period may be assumed to be 3 hours.
Solution;

) Raw water flow per day is 2.4 x 106 liters. Detention period is 3h.

A Volume of tank = Flow x Detention period = 2.4 x 103 x z—i- =300 m?3

Assume, depth of tank = 3.0 m.
0 5
Surface area = -3?- =100 m?

Assume,L/B = 3,L = 3B
382=100m?.e.B=58m

L=3B=58x3=174m
Question: One million gallon liters of water (1 mgd) flows through a sedimentation tank. If the

size of the tank is 20’ x 50’ x 10', find the detention time of the tank.
(BPDB — 2016, CPGCBL - 2018)

y Solution:
3 20x 50x10x 1000
?r Volume of the tank = 328x328:328 =2.833x10°L

Volume of the tank  2.833x 10° = 0.0749 dav =
Flow per unittime ~ 1x106x3.78 2= Lr5houss

(1 mgd) flows through a sedimentation tank. If the size

Solution: One million gallon liters of water
of the tank is 20" x 50’ x 10’, find the detention time of the tank. (CPGCBL - 2018)

v
We know, Detention time, ¢t = olume of the tank
Flow per unit time

. 2
" Volume of the tank = 22X 503"2;2 O 2833x 1051

Detention time, t =

o 2.833x10°
Detention time, t = 1x10°x378 = 0.0749 day = 1.79 hours

DESIGN INTEGRIT'2Y54CaH: 01633905761
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) i .2 mm and sp-
Solution: A rectangular grit chamber is designed to remove particles w“%; (:,a/:_f: ﬁow through
gravity 2.65. Settling velocity of these particles has been found to aeit Determine the tank
velocity of 0.3 m/s shall be maintained through a proportional weir.

dirnensions for a max water flow of 10000 m3/day

Solution:

Discharge, Q = 10000 m? /day = 0.116 m? /s

Settling velocity, V; = 0.02 m/s |

Flow velocity,Vqy = 0.3 m/s

So cross sectional area = VoS W = 0.385sqm.

Provide effective depth = 1.0 m, the width of tank = 0.385/1 = 0.385m

Surface loading = 0.116/0.02 = 5.8 m? /m? /day

Length of the chamber = 5.8/0.385 = 15m ‘

Overall depth = 1.0 + 0.3 m (distance to crest of weir) + 0.45 freeboard = 1.7Sm
Tank dimensions = 15 x0.385x 1.75S m deep '

15x 0.385x1.0 =50
0.116 - o sec

Solution: A water treatment plant has a flow rate of 0.6 m3/sec. The settling basin at the plant has

an effective settling volume that is 20 m long, 3 m tall and 6 m wide. Will particles that have a
settling velocity of 0.004 m/sec be com

pletely removed? If not, what percent of the particles will
be removed? (SGFL — 2021) g
Solution:
Q 0.6
Vo == 0x6= 0.005 m/sec ‘
Since vodis greater than the settling velocity of the particle of interest, they will not be completely
removed. -

0.004

v
P ] 2 3 =
ercenF removed 0.00% x 100 = 80%

Ql.ne_stio.n: The maximum daily demand at a water purification plant has been estimated as 12
mnlhorg liters per d:'«xy. Design the dimensions of a suitable sedimentation tankfor the raw supplies,
assuming a detention period of 6 hours and the velocity of flow as 20 cm per minute.

Solution;

Maximum daily demand = 12 x 106 \iters

Quantity of water to be treated during the detention period of 6 hours = 12x10°x6

24
= 3 x10° liters

= 3000 cubic metres
DESIGN INTEGRITY, Call: 01633905761
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The capacity of the tank = 3000 cu.m,
Velocity of flow to be maintained through the tank = 20 cm/minute = 0.2 m/minute

The length of the tank required = velocity of flow x detention period
Capacity of the tank _ 3000
Cross sectional area of the tank required = Length of the tank s

= 41,67 m? = 41.7 m?
Assuming the water depth in the tank as 4 m,

The width of the tank required = % = 10.42 m,say 10.5m

Using free board of 0.5 m, the overall depth=05+4=45m
Hence, Size of the tank =72 mx 10.5 m x4.5m

Question: A rectangular settling tank without mechanical equipmentis to treat 1.8 million litres
per day of raw water. The sedimentation period is to be 4 hours, the velocity of flow 8 cm/minute
and the depth ofthe water and sediment 4.2 m. Ifan allowance of 1.2 mfor sediment is made, what
should be the length of the basin and the width of the basin?

Solution;

Maximum daily demand = 1.8 x 10° litres = 1800 cubic meters
1800 x 4

The capacity of the tank = 7= 300 cu.m.

Flow velocity = 8 am/minute
Length of the tank = Flow velocity x Detention time = 8 x 4 x 60 = 1920cm = 19.2 m

Capacity of the tank 300

. = = - 2
The cross sectional area ofthe tank length of the tank 103 15.63 m

The depth of sediment and water = 4.2 m
The depth of sediment = 1.2 m

The water depth = 3m

The width of the tank = Cross sectional area - 15.63
water depth 3

= 5.21 m (5.20 m say)

Question: A circular sedimentation tank fitted with standard mechanical slud

Py . - » - e r
equipment is to handle 3.5 million liters per day of raw water. If the detention periodgof tlsgnt(::lali
Is 5 hours, and the depth of the tank is 3 m, what should be the diameter of the tank?

Solution:
Quantity of the raw water to be treated perday = 3.5 x 106 liters

3.5x 10%x 5
.

The capacity of the tank = >a

= 728x 103 liters = 728 cu.m

DESIGN INTEGRszYéCaH: 01633 90576 1
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The capacity ofa circular tank of depth H and diameter D Is given by

volume = D? [0.011 D + 0.785 H]

Here, H = 3 m (given)
728 = D? (0.011D + 0.785x 3) = D?*(0.011D + 2.255)

Solving this equation, D = 17.3 m

Question: Design a six slow sand filter beds from the following data:

Population to be served = 50000 persons
Per capita demand = 150 liters /head/day

Rate of filtration = 180 liters/hour/sq.m
Length of each bed = Twice the breadth itout
Assume maximurn demand as 1.8 times the average daily demand. Also assume thatoneun

of six will be kept as stand by.
Solution:

Average daily demand = Population x Per capité demand = 50,000 x 150 liters/day

= 7.5 x 106 liters/day

Maximum daily demand = 1.8x7.5 x 106 = 13.5 x10° liters/day

Rate of filtration per day = (180 x 24) liters/sq. m/day
Max. daily demand 13.5x 108
= = = 3125sq.
Total surface area of filters requlrc.:d ~te of Ailtration per day 180 T sq.m

Now, six units are to be used, out of them, one is to be kept as stand-by, and hence only 5 units

should provide the necessary area of filter required.
d ' 1
=g X Total areareqd. = X 3125 = 625sq.m.

The area of each filter unit
Now, if L is the length and B is the breadth of each unit, then L = 2 B (given)

2BxB = 625sq.m
B%=312.5sq.m

B =17.7msay18m

L=2x17.75= 36m

Hence, use filter units with one unit as stand by, each unit of size 36m x 18m, arranged in series

with 3 units on either side.

DESIGN lNTEGR]'lgégall: 01633905761
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Question: What is acid rain? What are the impacts of acid rain? (WASA — 2014, RRI )

Solution;

Acid deposition, more commonly known as acid rain, results from man-made emissions o( Sul%hg;
dioxide and nitrogen oxides through the burning of fossil fuels for energy and transportation. Aci
rain has negative effects on the environment in which we live, Since acid rain s a trans-bqunda'}'
polluton problem, if large quantities of acid rain are deposited they may have detrimental
consequences for wildlife, trees, soils, freshwater, and buildings. :

Impacts of acid rain

* Harms fish and wild life.

* Harms plants and trees

¢ Causes discoloration of building paints,

¢ Causes corrosion of metals and metallic materials.

Question: Write down the effect of climate change in Bangladesh (DPDC — 2014)

Solution;

More than three-quarters or 13.4 crore of around 16.5 crore population of Bangladesh are at the
risk of declining living standards as a result of rising temperature and erratic rainfall due to climate
change, the World Bank has said. Rising temperature could affect living standards in diverse ways.

Top among them are fall in agricultural and labour productivity and rise in spread of vector-borne
and other infectious diseases resulting in lost productivity and income

Climate change impact

Loss of GDP 6.7pc¢ or $171 billion by 2050.

Temperature increase projected up to 2.5 degree by 2050.
Chattogram, Barishal, Dhaka and Khulna division's worst affected.
Hill districts ae included as new hotspots.

Climate change affecting livelihood, health and production.

Question: Write the name of major greenhouse gases.
(PGCB — 2018, DTCA — 2018, NHA — 2019, DPDC — 2019)

Solution:

Water vapor (Hz0)

Carbon dioxide (CO:)
Methane (CHa4)

Nitrous oxide (Nz0)

Ozone (03)
Chiorofluorocarbons (CFCs)

® o 8 o

DESIGN lNTEGRl'IgéCall: 01633905761
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Question: From which harmful ray’s stratospheric ozone layer save us? Which substances harm
ozone layer? Write down the problems behind ground-water exploration in BD. (BWDB — 2018)

Solutjon:

The ozone layer absorbs ultraviolet radiation rays and prevents thern from coming to the surface
of the earth thus saving the human beings from harmful rays. Halocarbon refrigerants, solvents,
propellants and foam-blowing agents [chlorofluorocarbons (CFCs), HCFCs, halons] referred to as
ozone-depleting substances (O Ds).

Bangladesh is a country of rivers and floods but groundwater is still a vital resource because it
provides bacterially safe water and helps produce food for millions of people. Availability of
groundwater has not been a constraint to agricultural development. But this resource is
increasingly facing various problems including quality hazards in many areas where the exposure
to pollution from agriculture, urbanized areas and industrial sites as well as arsenic contamination
in shallower groundwater aquifers makes the water unfit for human consumption and in some
cases even for irrigation purposes. High rates of pumping for irrigation and other uses from the
shallow aquifers in coastal areas may resultin widespread saltwater intrusion, downward leakage
of arsenic concentrations and the general degradation of water resources. Besides, use of
agrochemicals may cause contamination of shallow groundwater and sediments. Continuous
decline of groundwater tables due to over-withdrawal has also been reported from some areas.
Thus the overall situation calls for urgent groundwater management for sustainable development.

Groundwater management must adopt an integrated approach taking into account a wide range
of ecological, socio-economic and scientific factors and needs.

Question: What are the main problem for extraction of ground water and collection of surface
water in Bangladesh? (DPDC — 2019)

Bangladesh is a country of rivers and floods but groundwater is still a vital resource because it
provides bacterially safe water and helps produce food for millions of people. Availability of
groundwater has not been a constraint to agricultural development. But this resource is
increasingly facing various problems including quality hazards in many areas where the exposure
to pollution from agriculture, urbanized areas and industrial sites as well as arsenic contamination
in shallower groundwater aquifers makes the water unfit for human consumption and in some
cases even for irrigation purposes. High rates of pumping for irrigation and other uses from the
shallow aquifers in coastal areas may result in widespread saltwater intrusion, downward leakage
of arsenic concentrations and the general degradation of water resources. Besides, use of
agrochemicals may cause contamination of shallow groundwater and sediments. Continuous
decline of groundwater tables due to over-withdrawal has also been reported from some areas.
Thus the overall situation calls for urgent groundwater management for sustainable development.
Groundwater management must adopt an integrated approach taking into account a wide range
of ecological, socio-economic and scientific factors and needs.

Surface waters receive pollutants from agricultural, industrial, c!om_estic and municipal sources.
Concentration of silt content in turbulent water in the rmonsoon 1$'h1gh. Smru{arly algal growthin
stagnant water bodies in the dry season is a]s? very high Insanitary practices of people. have
greatly contributed to the deterioration of quality pf surface water sources. The faecal col‘xjform
concentration in most surface water sources lies in the range of 500 to several :ihousa; per
100ml. The rivers and surface water sources around densely populated urban areas dependingon

DESIGN INTEGRITY, Call: 01633905761
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aerquality parametersare four to ten times more polluted than the similar water sources i the
:"r;u"'“ys“m The deterroration of water quality Is directly related to population density and
industnial activities due to poor management of domestic and industrial wastewater. The use of
surface water for drinking purpose requires clarification and disinfection by elaborate reatmen,
processes.
Question: Abbreviations of the words: ETP, STP, ECR, BOD and COD

Solutiomn:
ETP = Effluent Treatment Plant
STP = Sewage Treatment Plant
ECR = Earth Centered Rotating
BOD = Biological Oxygen Demand
COD = Chemical Oxygen Demand

Question: Draw the four phases of bacterial growth.
(BWDB — 2016, RRI — 2015, BUET M.Sc. —2013)

r@ Log phase: @ Stationary phase: Death or
exponential plateau in number decline phase:
) increase of living bacterial exponential
8 in number cells; rate of cell decrease in
-E of living division and death number of
3 bacterial roughly equal living bacterial
o cells 1 cells
a
(=]
£
2
k]
E
s
5 Lag phase:
=4 no increase in
- number of living
bacterial cells

Time

Question: Write down the name and function of the stabilization pond. (RRI - 2014)

Solution:
Waste stabilization ponds are pond built for wastewater treatment where biological processes
iur which reduce the organic content (measured as BOD) and kill pathogen in the
\z;lstewater. Waste stabilization ponds are commonly used for wastewater treatment
in developing count1€s.

Stabilization ponds may be-

a. Aerobic
b. Anaerobic

C. FQCUItatiVC I YA
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*+ Aerobic ponds are shallow ponds with depth less than 0.5 m and BOD loading qf 40-120
kg/ha.d so as to maximize penetration of light throughout the liquid depth. Such ponds develop

intense algal growth.

* Anaerobic ponds are used as
kg./had. Such ponds are constructed

unimportant. ' L.
<+ Facultative pond functions aerobically at the surface while anaerobic conditions prevail at the
bottom. They are often about 1 to 2 m in depth. The aeraobic acts as agood check against odor

pretreatment of high strength wastes with BOD load of 400-3000
with a depth of 2.5-5m as light penetration is

evaluation from the pond.
Question: Explain the biological treatment procéss of sewage. (30th BCS)

Solution:
Treatment ponds have been used to treat wastewater for many years, particularly as wastewater
d has been used as an all-

treatment systems for small communities. Waste stabilization pon
inclusive term that refers to a pond or lagoon used to treat organic waste by biological and physical

processes.
Aerobic Ponds. The aerobic pond is a shallow pond in which light penetrates to the bottom,
thereby maintaining active algal photosynthesis throughout the entire system. During the daylight
hours, large amounts of oxygen are supplied by the photosynthesis process; during the hours of
darkness, wind mixing of the shallow water mass generally provides a high degree of surface
reaeration. Stabilization of the o g an aerobic pond is accomplished mainly
through the action of aerobic bacteria.

rganic material enterin

Anaerobic Ponds. The magnitude of the organic loading and the availability of dissolved oxygen
in a treatment pond will occur under aerobic or

determine whether the biological activity
anaerobic conditions. A pond may be maintained in an anaerobic condition by applyinga BODs

load that exceeds oxygen production from photosynthesis. Photosynthesis can be reduced by
decreasing the surface area and increasing the depth. Anaerobic ponds become turbid from the

presence of reduced metal sulfides. This restricts light penetration to the point that algal growth

becomes negligible.
DESIGN INTEGRITY, f‘.'all: 01633905761
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wastL‘S invo{-::'t;d fi cﬂlil“(";}lthird Fs’fage (known 25 metha[::
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e ¢ process and are particularly

_ However, they hay,

stages: 7

Anaerobic tred

hydrolyzed. In the secon SU’S‘;
broken down ma
fermentation), thes
proper desi
fermentation.

suited for the
been used successfully t

e materia
robic ponds
, use

jcipa
unicip Enerey

o treat Im

_.__-_—____—————_-—-_ﬂ"‘g’bs‘
coz+H,o+Li,u——>Msx"’°2 zon¢
Orgmcowﬂd""ol—" CO_.+"10 —
Organic compounds —> Organic Acids Anacrobic
Organic Ackds —> CHy +CO; y
Sludge
mon type wastewater treatment

Facultative Ponds. Facultative ponds are by far the most com ] '
systems for small communities. Facultative ponds are popular for such treatment situations
because long retention times facilitate the management of large fluctuations In wastewater flow
iAcant effect on effluent quality. Also capital, operating and maintenance

de equivalent treatment. Suspended
where an anaerobic layer develops.

and strength with no sign
costs are less than those of other bi ological systems that provi
ttle to the pond bottom,
This means that molecular oxygen will

solids contained in the wastewater sé
The facultative zone exists just above the anaerobic zone.
nerally, the zone is aerobic during the daylight hours

not be available in the region at all times. Ge
and anaerobic during the hours of darkness.
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Question: Draw mutualism diagram of algae bacteria In waste stabilization pond?

Solution:
RNy Ny
—} ¢
oh %- e SACTERIA xa‘\
3"' o“"“ L NEW CZULS
co
2
02 NH3
\\&u \ : &w / oyl
NEW CELLS suuueo-rr " { “
T wind action promotes mixing ~ 5 v
TR and gasecus transfer Y e H oxygen Is depleted in the upper
- VRN layers odorous gases will be relessed
Nighttime{  Day-time O i '

o, 0, Sunlight co, HS
Algae NH, Aerobic zone

N
cells PO
Wastewater 0O, Dead cuells <o, ® H;S + 20, - H,;S0,

NH, New

PO, Bacteria cells.

ete. Facultative zone

Settieable solids
Deod cells ' l l I
DT g e g v e " N AR ST
' : Organicacids & @& b, 4 Anaerobiczone

£
:3' drnnk:rmmr - sicohols — co,«mn,ocm-m,s
§ ) . o
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Bushemical uxygen denand (B0 & (hemical Vsygen Demand (LOD)

1,’?' FIRUAL ol oavien requited 1o owdize 3 substinee ta carthan divnde and water ”u’ b:
::::mm BV StoWRomety o the themsgal comprsition of the subitance 18 known Thes amoun
* RN 13 knowwn as the theoretical oxygen demand ( ThO D)

Uvvwen Jdemnand ol wastes measured by

; !:!ao\h-em-c.nl Oxygen Demand (HoMm
- Chermucal Oxygen Demand (Cop)

The amo '

the bmchk:r"r:::.?:’gcn roquired by microorganisms to oxidize organic wastes aerobically s called

(mg/L). The B()l)“;sg::;;:"rndfwou)‘ Expressed in miligrams of oxygen per liter ofwastczater
(tr P of two : "BOD) ard the

Nitrogenous axygen demand (NBOD).NM the cxcbensgafiypes demand (CB0D)

The five-da
¥ BOD or BOD; is the total amount of oxygen consumed by microorganism during the
first five days of biodegradation.

BODS =-DO‘_P&

Where, DO; = the initial dissolved oxygen (DO) of the diluted wastewater.
DO; =The DO of the diluted wastewater, S days later.

volume of wastewater
o,

P = thedilution fraction =
volume of wastewater plus dilution water
A standard BOD bottle holds 300 mL, so P is just the volume of wastewater divided by 300 mL

F led diluti
BOD,, ¥;, = BOD,, V,, + BOD,4 V,
B0OD,, = BOD of the mixture of wastewater and seeded dilution water
BOD,, = BOD of the wastewater alone
BOD4 = BOD of the seeded dilution water alone
V., = the volume of wastewater in the mixture
Vg = the volume of seeded dilution water in the mixture
V/n = the volume of the mixture = V, + V,,
BOD,, — BOD4 (1 —P)
BODS = P

BOD," = DOI —DO, and BODd = Bl -B]

B, = initial DO in the seeded dilution water
B’/ = final DO in the seeded dilution water
BOD of the waste itself,

(po, — Do;) — (B,— B;)(1 - P)
BOD,,, = P

DESIGN INTEGRITY, Call: 01633905761
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Itwe let L, represents the amount i

foxyren demand left alter time & then assuming, Nrst order
reaction we can write,
dL,
dt ¢

Le=Lyeke

The ultimate carbonaceous oxygen demand Is the sum of the amount of oxygen consumed by the
waste in the ficst t days BOD,,

plus the amount of oxygen remalning to be consumed after timet.
Ly =BOD + L,
BOD, = Ly (1 — e~¥¢)
BOD equation for base 10,
BOD; = Lo (1 — 107%¥)
Note that lower case k is used for the reaction

ate constant in base eand that capital K Is used for
the constant in base 10.
k=K In10 = 2303 Kk

2 e — — ———— — —_——
g E j Lo-1, BOD Exented
23
-/ "E;.'_ o
1 5% .
£
Q&
§ 9
Sy BOD,
6 ‘3 \J
o N
| L. Remaining
1 1 T T T ¥ T R
h] 10 15 20 25 kil 33 40
Time. d
................. berulome arbomceouBOD
| g ;
| .
| BOD, % ‘:
[ § H BOD, = Ly (1~ ey
L lg™
'\ L ’
Time Time, dap
- (a) BOD remaining () BOD utilired
Y
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jd Mled the carbo
' arbon to carbon dioxide s ¢ Naceoy,
ed to oxidize orpanic ca s

N oxy
The oxXvgen need arnmonia to nitrate Is called the nity,

; 0
'gen noeded to convert am g°"°'1:

demand (CBONY and the oxy
oxygen demangd (NBOD).

as follows:
From this reaction the theoretical NBOD can be calculated

i NH: + 20, F‘]l:?'ﬁnr,ﬂﬂﬂf:mt N(); + M0 + 2H°
&rams of oxygen used L 4x 16 =457g0,/gN
Erams of nitrogen oxidized 14 ks 1o
rganic and ammonia nitrogen in wastewater is known ¢ the togy

The total concentration of o
kKjeldah) nitrogen or TKN.

Ultimate NBOD = 4.6 xTKN
ogical processes speed up as the temperature increases and sig,,

f Tempera ture: Most bijo] : i
: as the temperature drops. Because oxygen utilization is cau:::m?e,. Btg; rr:;te::gohsm o
Microorganisms, the rate of utilization is similarly affected by tegl(p e ftant js
adjusted to the receiving-water temperature using the following exp ’

NBOD =

kr = kzo 6 (T—20)

T =temperature of interest, °C ) -
kr = BOD rate constant at the temperaturg gf ér_IEerest- d

k30 = BOD rate constant determined at 200C,

02: temperature coefficient. This has a value of 1.135 for temperatures between 4 and 200¢ and

1.056 for temperatures between 20 and 300C

Time, d

!

' Figure: BOD curves showing both carbonaceous and nitrogenous BOD.
igure:

DESIGN INTEGRJTZYégaH:Gl633905761
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0 Sag Eguatlon ity to assess the capabtl

:‘uln,v :‘)jlkllw major tools of water quality m:m::jucmc;ll Ll: {,’.Zf,:fnlgi,;h:ehaehgrzlle of DO concentration
of a stream to absorb a waste load. 'lhl; Is done by de ° -

downstream from a waste discharge, This profile is called the DO sagc

Intnial
Deficinp,)

-—

-

-~
i

{ Saturation DO (DO,)

Deficit (D)

-l
‘o
1+
o
g 6 N~ Critcal
o Point
e .
}f DO Concentration (DO)
3 2 |
: P |
' T 4 : T T 1
2 4 6 8 10

Travel Time, d
Figure: Typlcal DO sag curve.
kalo |

r d

Oxygen deficit, D =

(e-kdt —_ e-k,.t) + Do e-krt

D = oxygen deficit in river Water after exertion of BOD for time, t, mg/L

Lo = initial ultimate BOD after river and wastewater have mixed, mg/L
kg = deoxygenation rate constant, d-1 y

Ky =reaeration rate constant, d-1
t =time of travel of wastewater discharge downstream, d

Dy = initial deficit after river and wastewater have mixed, mg/L
When k, = kq, Equation reduces to:

D = (kdtl:o + Do) e"h“

Time at which the deficitis a maximum,
1

- kr Do(kr“kd)
el e

Reaeration. The valu

e ofk, depends on the d
velocity, and on the a

8 whichiis related tp Stream
mount of water surface e€xposed to the atmosphere Compared to the volume
of water in the river, A narrow, deep river will haye amuch lower krthan 3 wide, shallow river
39p0Ss

kr = reaeration rate constant at 200C, day—1
V = average stream velocity, m/s
H = average stream depth, m

U’('?‘

Scanned with CamScanner

SN




Distamce, ¢
or time, ¢

T i

er at the paint of discharge. Assuming

Lo = u'nm
Lo e aatt: ggg o;' the mixture of streamwater and wastewater (mg/L)
L of the river just upstream of the point of discharge (mg/1.)
R Mmate BC:]D of the Wastewater (mg/L)
r = Volumetric flow rate of the river just y i '

g u-c ‘ ] ‘

Qw = Volumetric flow rate of wastcwa)ter (msz/s) S0 e discharge peint ()
Mass of DO in Wasacwarer

AMaxs of DO Alass of DO
i River 1n River
Afier Miring

Conservative mass balance diagram for DO mixing.

Qw =volumetric flow rate of wastewater, m3/s
Q@r =volumetric flow rate of the river, m3/s
oncentration in the wastewater, g/m3

DO, =dissolved oxygen c
DO, =dissolved Oxygen concentration in the river, g/m3

po = ZwDO. + Q-D0,

Qw + 0
Oxygen Deficit. The DO sag equation has been developed using oxygen deficit rather than
dissolved oxygen concentration. The oxygen deficit is the amount by which the actual dissolved
oxygen concentration is less than the saturation value with respect to oxygen in the air:

D = Do, — DO

D = Oxvgen deficit, mg/L

DO = Actual concentration of dissolved oxygen, mg/L

DO, = Saturation concentration of dissolved oxygen at the temperature of the river after mixing,
ependent on water temperature it

mg/L, and The saturation value of dissolved oxygen is heavily d
decreases as the temperature increases.

DESIGN INTEGRITY, Call: 01633905761
268

N

Scanned with CamScanner




é‘

“ir—

Initial Deflcit. The beginning of the DO sag curve |s at the point where a waste d:,"};’ég:,,':}"df:
with the river. The Initlal deficit Is calculated as the difference between saturat

concentration of the DO after mixing.

Dy = DO, — Qu DO + Q, bo,

Qw + Q,
Do = Initial deficit after river and waste have mixed, mg/L.

Question: What is BOD a
(BEPZA - 2016, DTCA -
TGTDCL - 2014, WASA — 2017

PGCB - 2020)

Solution;
Biochemical oxygen demand (BOD) is the amount of dissolved oxygen needed by aerobic biological
organisms to break down organic material presentina given water sample at certain temperature

nd COD? Which one is greater and why? .
2018,BPDB — 2018, WRGCL —~ 2014, BWDB — 2014, BSEC— 201
, BHP — 2017, DESCO — 2019, DSCC — 2019,5GFL — 2020,

over a specific time period.
(COD) is the measure of the capacity of water to consume oxygen during

Chemical Oxygen Demand
rganic matter and the oxidation of inorganic chemicals such as ammonia

the decomposition of o

and nitrite.

COD measures all organic compounds that can be chemically oxidized. On the other hand BOD

measures the dissolved oxygen consumed by organisms to oxidize organic compounds. In other
y the organic compounds that can be consumed by organisms while COD

words, BOD measures on!
measures all. Hence, COD should always be higher than BOD.
Question: Why should BOD be determined? (ARMY - 2014)

Solution:
Determination of the size of waste treatment facilities.

[ ]
e Measurement of the efficiency of some treatment process.

Question: Why 5 days BOD measure in laboratory? (MPA — 2019)

Solution:

In Laboratory, The BOD value is measured by measuring the difference of dissolved oxygen (DO)
of the sample after 5 days of incubation at 20 degrees centigrade. One of the reasons to use
incubation period of 5 days for BOD determination is to eliminate oxygen demand for
nitrification (Due to low growth rate of nitrifying bacteria, the nitrogenous BOD demand normally

occurs from 6 to 10 days), and to find out only carbonaceous oxygen demand.

1. DO (Dissolved Oxygen) is maximum at 5 days

2. 80-95 % decomposition at 5 days
3. Bacterial Process is happen within 5 days

DESIGN INTEGRITY, Call: 01633905761
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‘ Question: A sample of sewage was Incubated for 2 days and its BOD was found tobe 200 ppm at

a temperature of 20°C. Compute its 5 day BOD, therate constant is 0.1 /day (base 10).
Solutjon;
BOD, = BOD, (1 - 10-¥ t)

B0OD 200
BOD = 2 = —
“ T (1-10%%) (1 —10-91xs) — 541.90 ppm

BODs = BOD, (1 - 107**) = 541.90 (1 — 10-1%5) = 370.53 ppm
Question: Define BOD. Determine the ultimate BOD for a sewage having5 day BOD at20°C is 150
mg/L. Assume, reaction arte constant is 0.22/day (BIFPCL — 2015, BCIC — 2016, JOCL — 2018)

Solution;
BODg = BOD, (1 —e~k¢)

BODg 150
Bop, = (I —e-*0) = (1= e-Sxomsy = 224.84 mg/L

Question: Ifthe BODs is 102.5 mg/L and k= 0.23/day at 20°C temperatu;e. Determinetheultimate
BOD. (RPGCL — 2017, BWDB — 2018)

Solution:
" BODs = BOD,, (1 —e~*¢)

BODs 102.5 g
BODIl = (1 _e_k t) = (1 — e_5x023) = 150 mg/L

Question: The amount of BODs in a sewage found 200 mg/L at temperature 20°C. If k= 022/day,

then determine the BOD1o at the same temperature.
(MPL — 2017, BPDB — 2018, SGFCL — 2018)

Solution:
BODs = BOD, (1 —e~*%)

BODs 200
BOD, = 77—y = {7 = g-oazwsy = 29979 mg/L

BOD,y = BOD, (1 —e~**) = 337.02 (1 — e~0%2%10) = 266.57 mg/L
Question: The amount of BODs in a sewage found 200 mg/L at temperature 20°C. [f k= 0.2 2/day,
then determine the ultimate BOD. (Combined Bank — 2020)

Solution;
BODs = BOD, (1 —e*%)
20
BODs . = 299.79 mg/L

i BOD, = (1 —e-kt) _ (1 - e-022x5)

DESIGN INTEGRITY, Call: 01633905761
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Question: The dilution factor P for an unseeded mixture if waste and wate[";}?'orig;::'}:; constant
mixture is Initially 9.0 mg/L, and after five days It has dropped to 3.0 mg/ e
k has been found to be 0.22 day?,
a. What is the five day BOD of the waste?
b. What would be the ultimate carbonaceous BOD?
¢. What would be the remaining oxygen demand after five days?

Solution;

() The oxygen consumed In the first five days is

BODs = 7 =003~ 200 mg/L

(&) The total amount of oxygen needed to decompose the carbonaceous portion ofthe waste s,

BODs = BOD, (1—e~kt)

BOD; 200
BOD, = = =15 = a _3—0.22:5) = 300 mg/L

(c) The remaining oxygen demand after five days is = 300 — 200 = 100 mg/L

Question: If a wastes had an ultimate BOD equal to 300 mg/L At 200, the five day BOD was 200
mg/L and the reaction rate constant was 0.22/day. What would the five day BOD of this waste be

at250C?
Adjust the reaction rate constant with usiﬁg a value of equal to 1.047

Kys = K, 8(T=20) = 022 x 1.047(25-20) = 0.277/day

BOD; = BOD, (1—e™*) = 300 (1 — e=0277x5) - 235 mg/L

Question: If the BODs at 20°C of a sewage sample is 320 mg/L. Calculate its 10 days BOD at 30°C
ifk = 0.23/day. (DSCC — 2016)

Solution: ;

BOD; = BOD, (1 —e~k?)

BODs 320
BOD, = e’ 7} = (= e-omwsy = 468.27 mg/L

K30 = K0 8(T20) = 0,23 x 1.047(30-20) _ 0.36/day

BOD,o = BOD, (1—e~**t) = 468.27 (1 — €7036X10) = 455 47 mg/L,

Question: Waste water @« BODs 3o R ooty wivtiaty *oF W 150 mg/L K @A x130.23 / day 3o
e R crmiT wiviataty BODs o 717 v 3 ?(HED - 2020)

Solution:
BODs = BOD,, (1—e~*%)

NECT/R YR I/ v -
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< BOD, 150
Y BOD, = Gy - =575 = 219.50 mg/L

Kis = K2, 67-2% = 0.23x 1.047015-29 = 0,182/day
80Dy = BOD, (1—e7%%) = 219.50 (1 — e-%1%228) = 168.31 mg/L

1
Question: For a domestic sewage having 5 day BOD of 200 mg/1 at 200 C. Calculate the BOD at
and 5 cays at 12°C. Assume the value of R as 0.18 per day at 20°C. (38th BCS)

Solution;
B0Ds = BOD, (1 —e~%?)

BOD; 200
BOD, = = = 3l
0D, {i—e—k%) (1= e—t22x5) 337.02 mg/L

Ris = R35, 6729 = 0,18x 1.047(12-20) — 0.124/day _

BOD; = BOD, (1 —e~®%) = 337,02 (1 —e~0124x1) = 3930 mg/L

BODs = BOD, (1 —e~R*) = 337.02 (1 — e~0124x5) = 155,72 mg/L

Question: If a 2% solution of sewage is incubated for 5 days at 20°C and dissolved oxygen
depletion was 5 ppm, determine BODs. (PGCB — 2017) :

, Solution;

Here, P=2% = 0.02

DO; — DO 5 ’
BODs = —— LA 503 = 250 mg/L

Question: A test bottle containing just seeded dilution water has its DO level drop by 1.0 mg/Lin
five days test. A 300 mL BOD bottle filled with 15 mL of waste water and the rest seeded dilution
water (sometimes expressed asa dilution of 1:20) experiences adrop of 7.2 mg/Lin the same time
period. What would be the five day BOD of the waste?

Solution:
The dilution factor, P = 15/300 = 0.05

7.2—-1(1-00
BOD; = ofos 2 _ 125 mg/L

Question: A standard five day BOD test is run using a mix consisting of four parts distilled water
and one part wastewater (no seed). The initial DO of the mix is 9 mg/L and the DO after five days

is determined to be 1 mg/L. What is BODs?
Solution;
The dilution factor,P = 1/5 = 0.2

DO— DO, 9-1

BODg = P =937 = 250 mg/L

a
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P
X 2 830) ~ (g g ';'4)r1~0.1)
0.1
Qucstlnn: Som

vy © Wastewe

‘“Mperature pyy been detcrrr;rffg t: l:’e(g)z;}zj}?u ki

(2) Find the ultima ' ;
M CAUDORYeren

(b) Find ¢ ¢ reaction s Naceous oy,

(€) Find g¢

e .
Ws a 150 Coefficiens ¢ 15%C
BODg = Bop, (1
BOD, = .. BOD; 150

(1—e-xty = (1 ~e~0Zx5) = 219.5 my/y,
Kis = Ky, g(r-20)

28 frogen,0m res kg vt

- c"k!)

=0.23x 1,04705-20) _ 0.183/day,

BODS = BOD,‘ (1 - ek 2) = 2195 (1 - e-o.uxs)

=131.5 myL,
Question: Waste water 40 ml is mixed with diluted water 360 lin 2 botsle Do) = 2/L, 1
= 35 mg/L, then BOD:? (Wakko - 7915, b L0255 . 1
Solutfon; '
, DF = Bottle volume - 360 + 40 =10
Sample volume 40
BODs = (D0, ~ DO,) xDF = (85 - 35)x10 =50 my1,
Question: Determine the 5 day BOD fora 15 ml sample thatis diluted with dibtion viser v g vp
volume of 300 ml when the injtjal DO concentration js 8 mzfland after S duys, hae bees, £ a0 58
to 2 mg/I.
Solution;
Dp =8 mg/L
Ds = 2 mg/L
15
P=—=0.05
300 D. 8-2 - -
' Do—Ds _8 -~ 2 120men .
BODs = P " 005 ' \
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» Question: A sample having 25 ml sewage water to dilute in 300 ml. D; =8.7, D¢ = 3.7 and the dilute

water seed sample D; = 3.7, D, = 2.6. Determine BODs. (WASA — 2014, BCIC — 2017)
Solution;

25
Here,P = — —
300 0.08333

Bop, = (PO9:t— DO;)— (8, —B)(1-P)

P
_(87—-37)-@3.7- 2.6)(1 —0.08333)
= YT EEE = 47.90 mg/L
Question: The dilution factor is

and final dissolve oxygen of 4.3
ulti

50 for a 5 days BOD test having initial dissolve oxygen 7.4 mg/L

mg/L. The rate of constant (e base) is 0.2/day. Determine the
mate BOD of the sample. (BCIC — 2019, BADC — 2020)

Solution:

BODs = (DO; — DOy)xDF =
Now,BODs; = BOD, (1 — e~k¢)
155 = BOD, (1 —e~92x5)
BOD, = 245.20 mg/L

(7.4- 4.3) x50 = 155 mg/L

Question: Dilution factor, Initial and final dissolved oxygengiven0.6,3.6and 2.6. Determine BODs,
BOD remaining and ultimate BOD. X = 0.22 day~? (DESCO — 2015)

Solution: .

() BODs = (BOD, — BOD,) x DF = (3.6 — 2.6)x 0.6 = 0.6 mg/L

(i) BODs = BOD,(1- e~*¢) 3

0.66 = BOD, (1 - e~922x5)

BOD, = 0.9 mg/L:

(iii) Remaining BOD, BOD, = BOD, e %¢ = 0.9x £¢7%22%% = 0.29 mg/L

Question: The dilution factor = 0.5, value of DO Initial 7.4 after 5 days 4.4 and BOD reaction rate
constant 0.2 per day. Find out (i) BODs (if) ultimate BOD (if{) BOD remaining after 3 days.
(GTCL — 2016)

Solution:

D, — D, 7.4 — 4.4
(i) BODs = =

> 55— = 6 me/L

(iii) BODs = BOD,(1 - e*F)

6 = BOD, (1 - e~%%%%)

BOD, = 9.49 mg/L |

(iii) BOD; = BOD,(1 - e %t) =949 x (1- e"%*3) = 428 mg/L

i iy
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00 ml BOD pottles and ?L'-':l‘l‘;:::m" o

Questlon Ten § ml vamples of waste water one placed in 3 . average initial con e hich the
volunie. [t of the hottles are tsted nediately and 'mh,.(ml for § days alte 1) Standard
dissolved oxygen » 7,9 mg/l, the remaining bottles are lnC"o l"! day-1) Find out

average dissolved oxygen (g determined ta be 4.5 mg/l. (Ky = 0.1

BOULN) IUmate cacbomsceays HOD. (KL AD = 2018)

Sulutlpn;

Total sample = 10) x § w 50 ml,

P ! % 0.1067

dop — 7100
Do= Dy 70 w45

on e B e

f0Ds » =52 0.1667~ = 2039 mg/1,

Now, B0Dg = BOD (1~ 10-h1y

2039 = Bop, (1 - 19-0.13x 0]

Ultimate carhonaceous BOD, BOD, = 20.27 mg/L :

N i 8

Question; The dissolved oxygen in an unsecded sample of diluted waste hamng.'m lnnmlrl)((} ‘:}f;c
mg/l. and final dissolve OXygen alter 5 days |s 4 mg/L. If the sample is diluted u; 1.:50. }‘:nt' i
BODs ot the sample. If this BOD, water dischargein an open source at a rate of 10 ft3/sec what w
be BOD load per year (ton/ycar)? (NllA - 2019) :

Solution; -~

1
F=%
l)(), e 1)0, 3
we know, BODy = T p = (8B-4)x50 =200 mg/L = 0.2 kg/m
10 x 3600 x 24
ischarse = 3 3

Discharge = 10 1 /sec = 326x328%338 = 24484.55 m /day

BOD Load Peryear = 24484.55x0.2 x 365 = 1787372.49 kg/year = 1787.37 ton /year
Question: A municipal waste water treatment plant discharge 1.2 m¥/sec of effluent having Bopn
of 60 mg/L that has a flow of 9.3 m}/sec and BOD 6 mg/L Assume complete and mixing estirnate
the BOD of the niver just drawdown of the rainfall, (BPDB - 2015, ERL - 2017)
Solution:
Here,BoD,, x @ + BODy xQr = BOD,, x (Quw + Qx)
60x1.2 +6x9.3 = BOD,, x (1.2 + 9.3)
80D, = 12.17 mg/L

P,

oY
DESIGN INTEGRITY, . 905761 LAG
1 3 - ¥ _
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% Question:A wastewater treatment plant discharges 1 m¥/s of effluenthaving an ultimate BOD of

1

~

40 mg/L into a stream flowing at 10 m3/s. Just upstream from the discharge point, the szr:lmm’ii:’
an ultimate BOD of 3 mg/L. The deoxygenation constant kq is estimatedat 0.22/day. (a) otn :
complete and instantanegus mixing find the ultimate BOD of the mixture of waste and river j]uw
downstream from the outfall. (b) Assuming a constant cross sectional area for the stream equa

55 m?, what ultimate BOD would you expect to find at a point 10,000 m downstream?

Solution;
kd = 0.22/d

Lr=3 mg/L Lw = 40 mg/L
Q'—'OMJ/' L ) Qwa 1 "y ' i

AR

Quwly+Q L, 1x40+10x3 '
L - rer - = ¢
) G + 0, 01 6.4 mg/L ' r
At 10,000 m downstream: b

- distance _ 10,000 = 58
Soeed = —1/5—5 = 550000 s = 0.578 days

BOD, = BOD, e™** = 6.4x e~022x0578 = 56 oy, v . 4

Question: The town of State College discharges 17,360 m3/d oftreated wastewater into the Bald
Eagle Creek The treated wastewater has a BODs of 12 mg/Landa kof0.12 d-1at 20°C. Bald Eagle
Creek has a flow rate of 0.43 m3/s and an ultimate BOD of 5.0 mg/L. The DO of the river is 6.5 mg/L
and the DO of the wastewater is 1.0 mg/L. Compute the DO andinitial ultimate BOD after mixing

Ow = 17360 m3/d = 0.20 m3 /s -

: s Qw DO, + Q. DO, 0.2 x14043x6.5
DO aft = = =4,
er mixing, DO %, 70, : 027043 4.75 mg/L
. BODg 12

Ultimate BOD of wastewater, BOD,, = (1= == e—0izE) = 26.6 mg/L

Now setting L..,= Lo, initial ultimate BOD after mixing,

_Owly+Q,L, 02x266+043x5
—‘ Qw +Qr - . 0.2+ 043 =11.86 mg/L

Question: The Waramumgundi tannery with a wastewater flow of 0.011 m3/sand a BODs of 590
mg/L discharges into Djanggawul Creek. The creek has a 10-year, 7-day low flow of 1.7 m3/s.
Upstream of the Waramurungundi tannery, the BODs of the creek is 0.6 mg/L. The BOD rate
constants (k) are 0.115 day~? for the Waramurungundi tannery and 3.7 day™? for the creek
Calculate the initial ultimate BOD after mixing. (BWDB — 2020)

Solution:
Given: Tannery @, = 0.011 m3/s, BOD; = 590 mg/L, Creek , =1.7 m3/s

BODs upstream of tannery = 0.6 mg/L, keannery = 0.115 day™, k., =3.7 day™1.

Ly

DESIGN INTEGRITY, (Yiall: 01633905761
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Calculate the ultimate BOD of tannery wastewater

BODg 590 ¥
BOD, =(1 e k) =( 1—e-o11e ¥, = 1349.2 mg/L

L, =1349.2 mg/L
Calculate the ultimate BOD of Djanggawul Creek

BODg 0.6
BOD, == K = (1=e-v7wsy = 0.6mg/L

L, =0.6 mg/L

Calculate the initial ultimate BOD by simple mass balance

Owlw+QrL, 0011x13492+1.7x06
Lo = = - " — = g“.
g Qw +Qr 0.011 +1.7 defdm

Question: Just below the point where a continuous discharge of pollution mixes with ﬂvurﬁ the
BOD is 10.9 mg/L and DO is 7.6 mg/L. The river and waste mixture has a temperature of 20°C, a
deoxygenation constant of 0.20/day, an average flow speed 0.3 m/s, and an average depth of 3.0
m. The saturation value of DO at 20°C js 9.1 mg/L and reaeration constant is 0.41/day.

a. Find the time and distance downstream at which the oxygen deficit is at a maximum.

b. Find the minimum value of DO. (DMTCL - 2019)

Solutjon;
Initial deficit, Dy = 9.1- 7.6 = 1.5mg/L

Time at which the deficit is a maximum,

. 1 In ﬁ-_l_Do(kr"kd)
€ T hky—ky kg kg Ly

i 1 l 0.41 1 1.5 (0.41 - 0.20) —267d
fc =0.4a1—020 "|0.20 020x109 (|~ <°/days
So the critical distance downstream would be,

Xc =ut, =0.30x2.67x24x3600 = 69300 m = 69.3 km

The maximum deficit,

kyL
Oxygen deficit, D = z—ﬁ—‘;‘— (e7%at — e~krt) 4 D, e~krt
r - Rd
_ 0.20x10.9 (e=020%267 _ o=081X267) 4 1§ ,—041x267 _ 31 mg/L

T 041 - 0.20
The minimum value of DO will be the saturation value minus maximum deficit:

DOpin = 9.1- 3.1 =6.0 mg/L
LAY

- ——- et mct— e A a——e - aa o
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glllt;;thm: A canal exerts wastewater In a river at 8000 m3/day. BOD of the waste water is given
mg/L. what Is the total amount of BOD exerted in the river (DOMTCL— 2019)

Solution;
Total amount of BOD = 8000 x 18x 1000 _
To00x1000 L+4ke/day
l(rl!uleis(;lom 2 canal exerts wastewater in a river at 55000 m3/day. BOD ofthewaste water is given
the wa":s/ . what is the total amount of BOD exerted in the river? [ a treatment plant is treating
ste water to remove 70% BOD, what is the amount of BOD exerted now? (GTCL — 2016)

!
v

Solution:
Total amount of BOp < 55000 % 110X 1000 _ {
T000x1000 - 00> K&/day

6050 x 70
———— = 1815 kg/day . ;

Amount of BOD exerted = 6050 —
100 4
Question: The BOD of a waste water sample is estimated to be 180 }r)g'/L. What volume of

fl_mdlluted sample should be added to a 300 mL bottle? Also, what are thesample size and dilution
actor using this volume? Assume that 4 mg/L BOD can be consumed in the BOD bottle.
(PGCB —2019) . .

Estimate the sample size needed: Sample size = Tgﬁ x100 = 2.22%
Estimate the volume of undiluted sample needed since the volume of diluted sample is 300 mL:

Vol. of undiluted sample = 0.0222 x 300 mL = 6.66 mL
Therefore a convenient sample volume would be 7.00 mL
Compute the actual sample size and dilution factor:

. 7
Sample size = 300 ¥ 100 = 2.33%
300
Dilution factor = = =429
neration rate

Let there is a community with a po
There is a necessity to

Consider that, the comp
th of compacted solid waste is 20 ft JB—2017)

pulation of 35,000. Thesolid waste ge
design a landfill for the community. Estimate the

Question:
acted specific weight of solid wastes in landfill 800

is 6.5 Ib/capita-day.
required landfill area.
Ib/yd3and average dep

Solution:

Daily Solid waste generation rate = 35000 x 6.5 = 227500 Ib/day
00

22750 = 284.375 yd3/day

Volume required =
284.375 s

Area required = m = 42.69 yd*/day
42.69 x 365 = 15585 yd?/year

Area required =
‘ DESIGN lNTEGRI'l'ZYiQCall: 01633905761
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Trlvkllng il

ors: Tric =
TF Is an acrobic trz::‘:;‘}:l!"“ llters (TEs) are used to remove organic matter from wastewater. The
orRanic matter fron; w Nt system that utilizes microorganisms attached to a medium to remove
oe\eWater. This type of system is common to a number of technologies such

as rotati :
otating biological contactors and packed bed reactors

Water Recirey); :

microurg:misn?sld(‘ ti}(:: An important consideration in the operation of a trickling filter is that the

waiting for the food to ::.)'Oﬁ:eal slime) does not move. They just hang onto the media as slime

missed, operators recyg o by - To give the microorganisms another opportunity to eat food they
etycle clarified effluent. This is called recirculation.

Recirculation i

or eliminate ﬁlltsc:?]edot: reduce the organic loading, improve sloughing, reduce odors and reduce
of the treatment plal:lt asg':ﬁmg problems. The amount of recirculation is dependent on the design
expressed as a specific flow rf; tOe[.)erational requirements of the process. Recirculation flow may be

Types of Filters: Trickling fi
_ : ilters i i .
hydraulic loading applied %o the u:ir: o T o o eelontheorgmicend

A : . ] .
7 S“t’zngggzr:(t);d lo:’ rate trickling filter in combination with secondary settling tank may remove
and produce highly nitrified effluent. It is suitable for treatment of low to medium

strength domestic wastewaters,

The high rate trickling filter, single stage or two stage are recommended for medium to relatively

high strength domestic and industrial wastewater. The BOD removal efficiency is around 75 to

90% but the effluent is only partially nitrified.

Single stage unit consists of a primary settling tank, filter, secondary settling tank and facilities for
recirculation of the effluent. Two stage filters consist of two filters in series with a primary settling
ed in certain cases and a final settling tank.

tank, an intermediate settling tank which may be omitt

1+R
Recirculation factor, F = m %

100 10
Efficiency for single stage, E; = = 0
1+0532 [ 140532 /ch

E, = Efficiency of BOD removal for first stage at 20°C

W = BOD loading to filter, kg/day
V = Volume of filter media, m*

F = Recirculation factor

Q = wastewater flow rate, m3/d

C = influent BOD, kg/m3
For the second stage filter, the formula becomes

DESIGN INTEGRITzYéSall: 01633905761
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100

1_'_0.(_)_561 w'
1-F

W' = BOD loading applied to second stage fliter, kg/day
Adjustments to the efficiency based on wastewater temperature areg
Er = E (1.035)720

Er= Efficiency of BOD removal at temperature T in percent |
E = efficiency of BOD removal at 20°C given by the equations in percent

£1=

fven by:

T = wastewater temperature in °C :

Question: Calculate BOD removal efficiency for the single stage high rate trick
loading is 750 g/m3/d and re-circulation ratio is 0.60. (30th BCS)

Solution:
BOD loading = 750 g/m?/d = 0.75 kg/m?/d"

. : 1+R 1+06
Recirculation factor, F = = = 1.509¢
(1+01R)? (1+01 x0.6)? 1.50%

Ing filter. BOD

100

A Efficiency for single stage, E; = 190 =
, 1+ 0.532 ,VVYF 1 +0.532 ’{;‘ix }

s

100
=7272%

E, =
1+ 0532 ’0.75 X 75557 !

@

s, determine the BODs of the effluent from a single stage low

Question: Using the NRC equation
of 1900 m3/d and a

rate trickling filter that has a filter volume of 1443 m?, a hydraulic flow rate
recirculation factor of 2.78. The influent BODs is 150 mg/L.

Solution:
Wastewater flow rate, @ = 1900m3/d
Influent BOD, C = 150 mg/L = 0.15 kg/m?3

. 100
Efficiency for single stage, Ey = =
1+ 0532 f%}r
100
b= oo %
1+ 0532 J1ag ’,: =3
ffluent is,

The concentration of BODs in thee
¢, = (1—0.8758) x 150 = 18.63 mg/L

DESIGN INTEGRITY, Call: 01633905761
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epth 0
- operating " o verag®
minimum n
. 00 m?inarea a ewater
. h three cells, each 115.9 3/d of wast
Ql:nensdﬂ: ;Lﬁiﬁi?:r;p:ra'&ig depth of 1.5 m. receives 1"_303": d{:tcﬂﬁon tme?
;IODs of 122 mg/L. What s the BODs loading and what1s
Solution:
122 x 1900 x 1000 _
BODs mass = o0 231.8kg/d
115000
=—=11. .each
Area = o500 11.5 ha.eac
231.8
BODs loading = Ti5 = 20.2 kg/ha.d
115000 x3x (1.5 — 0.6)
Detention time = 15 0(0 = 163.4 days
: is treated by primary
Question: Waste water flowing from a city at a rate of 1.5 1‘74:0% 0'3 2. The influent BODs
sedimentation and secondary trickling filters with total surface_ 3;"230 mg/1. The primary treatment
lids concentratiori 1s g/l J2/d. (DP DG — 2020)

i ed
concentration is 300 mg/1 and suspended so loadingratein kg

process removes 33 % ofthe BODs. Calculate the require

Total BOD applied to filters = (1 —0.33) x L5 X 108x 3.78 x300x 10-6 = 1139.67 kg/day
Suspended solid = 1.5x 10° x 3.78 x 220 x 10~ = 1247.40 kg/day

Total solid production = 1139.67 +1247.4 = 2387.07 kg/day
2387.07 .
i T e— -3 2
Loading rate 700000 3.410x 1073 kg/ft*/day

Question: A trickling ﬁlter—blant treats 1500 cum per day of s
a suspended solid concentration of 250 mg/L. Estimate the total solid productio
primary clarification removes 30% of BOD and 60% of influent Solids. Take the solid production

in the trickling filter as 0.5 kg/kg of the applied BOD.
Solution:

Solids removed in primary clarification units of the trickling filter plant,

. 60
= 0, i — —_
60% of influent suspended solids = 00 250 = 150 mg/L =0.15 kg/m?

ewage witha BODs of 220 mg/L and
n assuming that

Solids removed per day = 0.15 x 1500 = 225 kg
BODs removed in primary clarification = 30%

BOD applied to filters = 100 — 300 = 70%
Total BOD applied to filters = 0.7 x 220 x 10° x 10~ x 1500 = 231 kg/day

Solid production in filters = 0.5 kg/kg of BOD applied = 0.5x 231 = 115.5kg/da
Ton,ﬂ solid production = Solid removed in primary clarification + Solids prod Y
Total solid production = 225 + 115.5 = 340.5 kg/day cedin filters
NECICRAT AT T A nere—— ~ -
e
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. w Question: An aerated lagoon (50 m x 50 m at water surface) is 3 m deep with banks sloped at

2H:1V reccives a wastewater flow 0f 2 5 MLD with 600 mg/L BOD. Calculate the detention tirpe.
volumetric organic loading rate and F/M ratio. (Assuming that equivalent volatile S concentration

inthelagoon is 4000 mg/L = 0.4 kg/m?) (40th BCS)

Solution:
_Sh b ~ Sh
R !:_?
S:1\ :E ‘[h § /s:1

Assume, bottorn width of the lagoon = b
Here,b +2sh =50 .
b=38m

50 + 38 50+ 3
S0x50+4x X + 38x38
Volume of the lagoon, V = ( : Z ( £ 8) ) x3 =5844 m3

Wastewater flow, ¢ = 2.5 MLD = 2.5x10°¢ L/day = 2.5x 10% m?/day

BOD = 600 mg/L = 6x10~* kg/L

Detention time, ¢t = Volume, v L 2 3376d
‘"~ Flow,@ _ 25x107 _ ~3376day

Volumetric organic loading rate = Flow x BOD = ZS x 108 L/day x 6 x10~* kg/L
= 1500 kg/day
Mixed liquid volatile suspended solids, MLVSS = 0.4 x 5844 = 2337.6kg

. BOD loadingrate 1500
F/M ratio = ~MLVSS =33376 = 0.64 kg BOD/day per kg MLVSS

Sulfur Oxides

Sulfur oxides may be both primary and secondary pollutants. Power plants, industry, volcanoes,
and the oceans emit S0z, 50;3,and S0¢~ directly as primary pollutants. In addition, biological decay
processes and some industrial sources emit HzS, which is oxidized to form the secondary pollutant

S0,.

The most important oxidizing reaction for H2S appears to be one involving ozone:
HzS'f'O; =H25+S02 . . ,

The combustion of fossil fuels containing sulfur yields sulfur dioxide in direct proportion to the

sulfur content of the fuel:
S + 02 = SOZ

DESIGN INTEGRITZYégaII: 01633905761
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oxidation Feaction '

S+02= 50, |

GMW =32, 32=64

The amount of sylfy dioxide formed js then 61/3Z of the sulfur vailahle fop converylgn:
64
Sso, =§3x8.99x 105=1.80 x 106 kg/y |
]

DESIGN INTEGRITYY, Call: 01633905761
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WATER SOFTENING
er softening. Water Is sald

The removal or reduction of hardness from the water s known a5 wat

to be ‘hard’ when it contains relatively large amounts of bicarbonates, carbonates, sulphates and
chlorides of calcium and magnesium dissolved in it It requires more consumption of soap In
producing lather for washing clothes with hard water than soft water. The main advantage of

water softening is reduction in the consumption of soap.

Total hardness (mg/L as CaC0O; or meq/L) = Calcum hardness + Magnesium hardness

TH (mg/L as CaCO, or meq/L) = Ca** + Mg**
N .

e Hard water caused following problems, hence itis essential to remove from water.

e It causes more consumption of soap during washing of clothes. . .

e It causes serious difficulties in manufacturing processes. Such as paper making canning ice
making etc. '

e It causes formation of scales on the boilers and other hot water heating system.

e It causes choking and clogging problems of house plumbing.

Types of Hardness

e Permanent hardness / Non-carbonate hardness
e Temporary hardness / Carbonate hardness -

Permanent hardness is due to the presence of suiphates, chlorides and nitrates of calcium and
magnesium and is also known as ‘non-carbonate hardness' (NCH). Permanent hardness can't be
removed by simple boiling but requires special treatment of softening.

of carbonates and bicarbonates of calcium and

Temporary hardness is due to the' presence
dness’ (CH). It can be removed by boiling or by

magnesium & is also known as ‘carbonate har
adding lime. :

Total Hardness (TH) = CH + NCH

Carbonate Hardness Non-carbonate hardness
Calcium carbonate (CaC03) Calcium sulfate (CaS0y)
Magnesium carbonate (MgC03) _Magnesium sulfate (MgS0,)
~ Calcium bicarbonate (Ca(HCO3)2) Calcium chloride (CaCly)
"Magnesium bicarbonate (M g(HCO03)2) Calcium chloride (MgCl)
[ Calcium hydroxide (Ca(OH)z)

Magnesium hydroxide (Mg(OH);) ~

_ion concentration in mg/L xEq. wt. of CaC0;
mg/Lor ppm as CaCOs = Equivalent weight ofion

Sr (Strontium)

Where,ion = M Ca, Fe, Mn,
g 22, a = 20,Eq.wt.ofSr = 43.8,Eq.wt.of CaC03 = 50

Eq.wt.of Mg = 12.2, Eq.wt.of C
DESIGN INTEGRITY, Call: 01633905761
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Concentratjon in meq/l can be ¢

meq/l = mg/I
Equivalent welght

alculated by the equation:

Equivalent weight was defined as

EW = Atomic or molecular weight
n

The units of gy are grams/e i lent (m g/meq). For

) quivalent (8/eq) or milli ams/milli equivalent (mn g, Je 3
calcium, n §g equal to the valence or oxidation state in Watgnr', s0 n= 2, From thetable on the inside
cover of the book, the atomic weight of cq2+ Is 40.08. The equivalent weightis then

40.08
EW = T2 =20.04 mg/meq

¢ Causes corrosion, decreases efficiency and danger of burst of pipe line and boiler.
* Makes food tasteless, more fue| consumption and causes bad effects to our digestive system.

Mﬂﬂ*ﬂﬁmﬂnmiﬂmnﬂnm

Hardness of water is measured in PPm or mg/1 of calcium carbonate presentinwater,

mg/L as CaCO,

Hardness classification us. International
Soft 0-60 0-50
Moderate soft 51-100
Slightly hard 101-150
Moderate hard 61-120 151-200
Hard 121-180 201300
Very hard >180 >300
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Types of Alkalinity
ate of the sum of

. f water. It is an aggreg
Alkalinity is a measure of the acid-neutralizing capacity o to be alkaline. Alkalinity [n

all titratable bases in the sample. When pH of water is > 7, It Is sald =~

most natural waters is due to the presence of carbonate (CO3 1) ‘Dicatbonats (HC;Oazlk;."::'l;
hydroxyl (OH ") anions. Alkalinity is mainly two types, alkalinity due to bicarbonate an
due to bicarbonate.

Alkaljnity = [HCO3] + 2 [C03") + [OH™] - [H*]
Where [ ] refers to concentrations in moles/L.

Alkalinity = (HCO5]) + [c0}~)+ [0H™) - (H*]
Where [ ] refers to concentrations in meq/L or mg/L as CaC0;.

xide alkalinity or caustlc alkalinity, caused by

Alkalinity caused by hydroxides s called hydro ‘
d blearbonate alkalinity.

carbonate is carbonate alkalinity and caused by bicarbonate is calle
A K
50,000 { (e + [#]) - 1)

HCO7 =
2K
| 1+ ()
-_ (2K -
co3- = ([TF}) (HCO7)
Where, A = total alkalinity, mg/L as CaCO; %
K, = second dissociation constant of carbonic acid = 4.68 x 1011 3t 25°C

K,, = ionization constant of water = 1 x107** at25°¢C
HCOj5 = Bicarbonate alkalinity in mg/L as CaC0, '
€02~ = Carbonate alkalinity in mg/L as CaC 03
Relation between Hardness and Alkalinity

#

If alkalinity > Total hardness

Carbonate hardness, mg/L as CaCO3 = Total hardness, mg/Las CaC03 (TH = CH)
Non-carbonate hardness, mg/L as CaC0O3 =0 (NCH = 0)

1€ alkalinity < Total hardness

Carbonate hardness, mg//L as CaCO3 = Alkalinity, mg/L as CaC03 (CH = Alkalinity)
Non-carbonate hardness, mg/L as CaC0O3 = Total hardness, mg/L as CaCO3 - Carbonate hardness,

mg/L as CaCO3(NCH =TH - CH)

Removal of Hardness of water

Temporary Hardness: By boiling and by addition of Lime
Permanent Hardness: Lime-soda process, Zeolite or base-exchange process, Demineralisation

process.

DESIGN INTEGRITZY,S(T:all: 01633905761
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Step Chemical additlon® Reason

Carbonate hardness

1. Lime = CO, Destroy H:CO4

2. Lime = HCO; Raise pH: convert HCOj to CO3
3. Lime = Mg*" to be removed Raise pH: precipitate Mg(OH),
4. Lime = required excess Drive reaction

Noncarbonaie hardness

5. Soda = noncarbonate hardness Provide CO;”~

to be removed

“The terms “Lame =~ and “Soda =" refer 10 mg/L of CalOH» and N2yCO; a3 CaCO; equal to mg/L of ion
(or gas in the case of CO,) as CaCO,

Question: The hydrogen-ion concentration or pH value of water is a measure of degree of aciditfy
or alkalinity of water. For water at 21°C, Water becomes acidic when concentration of H ions is
increased and alkaline when concentration of H ions is decreased. o

Solution;

For pure water, pH = 7

POH = —log[OH™] -

pH + pOH = 14 3

For water with maximum acidity, pH value is zero, while for water with maximum alkalinity, pH
value is 14. For potable waters, the pH value should between 6 and 9, and preferable between 7
and 8.5. 5

Question: If the pH = 9.5, what is the [OH-] concentration? (PGCB — 2019)
Solution: -

pH + pOH = 14

pOH =14 —95= 45

pOH = —log [OH"]

[0H~] = 107*5 = 3.16x 10~° mol/L

Question: Find the hydrogen ion concentration and hydroxide ion concentration in tomato juice
having pH of 4.1 (GTCL — 2018)

Solution:
pH = —log [H*]
41 = —log [H*]

[H*] = 10"%! = 7.94x10~° mol/L
pH + pOH = 14

pOH =14 — 41 =99
pOH = —log [OHT]
[0H-] = 10~ = 1.16x 10~ mol/L
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Question; 100 gm H2S0¢ mixed with 1001, water, determine the value of pH [MW = 98] .Equation

HaS04 = 2 [H*] + s02- (NPCBL - 2019)

Solutjop;
Weight .192 = 1.02 mol

mol of 4,50, = =
Molecular Weight ~ 98

. 1 1.02
Molari M = m_o=__. =
ty, L 100 0.0102M

Hz50, = 2 [4%) + 503~
Concentration of [H*] = 2 x 0.0102 = 0.0204 M

PH=—log (H~] = - log [0.0204] = 1.69
A water contains 100.0 mg/L €03~ and 75.0 mg/L HCO3 at apH of 10. Calculate the

Question: : : i
alkalinity exactly at 25° C. Approximate the alkalinity by ignoring (0H~] and [H ‘]

Solution;

First convert C02~, HCOy, OH~ and H* to mg/L as CaCO,

The equivalent weights are,

CO;™:MW = 60,n = 2, EW = 30

HCOT:MW = 61,n = 1,EW = 61

HY: MW = Ln=1LEW=1

OH™:MW =17,n= 1, EW = 17 v

And the concentration of H*and OH~ is calculated as follows: pH = 10
[H*] = 1010 it

mg/L = (10~'° moles/L)(1 g/mole) (103 mg/g) =107

K 1014
=—2 10~* moles/L

mg/L = (10~* moles/L)(17 g/mole) (103 mg/g) = 1.7
Taking the equivalent weight of CaC 03 to be 50

50
2= _— =
€0~ =100 (35) =167
Heoy =75 (20) = 61
7=75 (1) =
0
H* =107 (ST) =5x10°
ol =17 (2) =5
=17(3) =

= 233 mg/L as CaC0,

Alkalinity = 61+ 167 +5 - (5x10-6)
28 mg/L as CaC0,

Approximate Alkalinity = 61 + 167 = 2
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Question: Determine the total hardness as CaCO3, of a sample of water that has calcium content
of 28 mg/L and magnesium content of 9 mg/L as the lon.

Solution:
Total hardness (mg/L as CaC0; or meq/L) = Calcium hardness + Magnesium hardness

Ca®** x50 + Mg?* x 50

Total hardness =
20 12
28x50 9x50
TH = —o—+—5—= 107.5 mg/L as CaCO,

Question: A water sample contains 110 mg/L alkalinity as CaCOs3 and 105 mg/L total hardness
as CaCO3. What is the carbonate and non-carbonate hardness of the sample?

Solution;
Here, alkalinity > Total hardness

CH = Total hardness = 110 mg/L as CaCO3
NCH =0

Question: The alkalinity of a water sample is 80 mg/L as CaCOs. If the total hardness of the water
sample is 112 mg/L as CaCOs, what is the carbonate and non-carbonate hardness, in mg/L as
CaCo03? ‘

Solution:

Here, alkalinity < Total hardness

CH = Alkalinity = 80 mg/L as CaCO;

Non — carbonate hardness = TH — CH = 112 - 80 = 32 mg/Las CaCO0,

Question: A water sample has a total hardness of 250 mg/L as CaC0; and a total alkalinity of
180 mg/L. What soda ash will be required to remove the noncarbonated hardness in mg/L?

Solution:
Here, alkalinity < Total hardness

CH = Alkalinity = 180 mg/L as CaCO,
Non — carbonate hardness = TH —CH = 250 — 180 = 70 mg/L asCaCO;

106
Soda ash required (Na,C03) =70x 100 = 74.2 mg/L soda ash

DESIGN INTEGRITZY,Q(?“: 01633905761
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the following results in mg/L; Ca®* = 65, A
~ =220, CI" = 18, CO%~ = 240. Find Total
bonate Hardness (NCH) in mg/L as CaC0,
2+ i
Total hardness = £2%* x50 Mg+ x50
BT ——0s— l
TH =85%50 51450

12 = 375 mg/L ascaco,
[HCo31 + [coz-] 4 [oH-] -
Alkalinity = 248X50 240x 50

61 T 35— =1203.278+ 400 = 603.27 mg/L as CaC0, ﬂ

Here, Alkalinity > Total hardnes.s

Hence, Carbonate hardness (CH) = Total hardness =
Non — carbonate hardness NCH) =0

A]kalinity = [H+] | i

488 mg/L asCa(0,

ws the following results in mg/L as the ion.

A =103.5,K* =195, HCO3 = 244,502~ = 220.8, cI- = 78.1. Fing
out the total hardness, Carbonate hardness and non-carbonate hardness inmg/L as CacCo0,.
(WARPO — 2017, DMTCL — 2019) ¥

Solution; e o co >
Ca’* x50 M 50 '
Total hardness = —_~ >~ + -LX— » -

20 12
60x50 48x50
+

20 1= 350 mg/L as CchO;
Alkalinity = [HCO5] + [cO3~]1 + [oH 11— 1Y)

24:’;50 = 200 mg/L as CaCo,

TH =

Alkalinity =

Here, Total hardness > Alkalinity

Hence, Carbonate hardness (CH) = Alkalinity = 200 mg/L as CaC0,

Non — carbonate hardness (NCH) = Total hardness (TH) — Carbonate hardness (CH)
NCH = 350 — 200 = 150 mg/L as CaCO0,

Hi
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1+ concantration of 160 mg/Las

. . e Cﬂ
.3 CaC0s. The Find the total, carbonate

Question: A water has an allalinity of 200 mg/1 e PH IS 8.1
the fon, and the Mg?* concentration Is 40 mg/L. as the lon. The P"Is B L.

and noncarbonated hardness. (PGCB = 201Y)
Solutjon:

Ca®* x50 Mg?* x50 Sr3*x50
Total hardness = 70 + 1z + 230

160x 50 0
8Oxs +4 l":50=567mg/L as CaC0y

20 12

Where 50 is the equivalent weight of CaC0O3. By definltion, the carbonate hardness Is the lesser of
the total hardness or the alkalinity. Since, in this case, the alkalinity Is less than the total hardness,
the carbonate hardness (CH) is equal to 200 mg/l.as CaCOs.

Non — carbonate hardness = TH — CH = 567 — 200 = 367 mg/L as CaC03

TH =

Question: Laboratory analysis of water sample. All concentrations are “as substance”. Ca?t =74
=139.1 mg/L, Pi=7.8; HCO3 = 2745 mg/L, SOZ™ =

mg/L, Mg**=18.3 mg/L, Na* = 27.6 mg/L, Kt =
72 mg/L, Cl~= 49.7 mg/L. Determine i) Hardness of water in mg/L of CaC0O3? Il) Amount of lime

needed to remove hardness by CaC03? (SGIFL — 2017)

— 2+ 2+
Ca®* x50 Mg** x50
Total hardness = 20 + 12

in= 74)(50+ 18.3x 50
- 20 12

274.5x 50
HCOF = ——611— = 225 mg/L as CaCO;

= 261.25mg/L as CaC0;

Total alkalinity = CO3~ + HCO3 + OH™ — H*
For nearly neutral water (pH around 6 — 8) the concentration of H* and OH~ are Insignificant and

alkalinity is determined entirely by the carbonates,

Alkalinity = €03~ + HCO3 = 225 mg/L as CaC0,
Lime required = CO, + HCO3 + Mg** + excess

50
HCO5 = 274.5 x —— = 225 mg/L as CaC0s

61
50
Mg?**t = 18.3x Tia 76.25 mg/L as CaCO;
Step Dosc (mg/L as CaC0,)

Lime = CO, 0

Lime = HCO7 225

Lime = Mg?* — 40 = 76.25 — 40 = 36.25

Lime = excess 36.25

Excess lime = 36.25 mg/L as CaC0,

DESIGN lNTEGRng,gCaII:'016339OS761
3

Scanned with CamScanner




o
Total Lime required = 225 4 (7625 - 40) + 3625 + 0 = 207.5 mg/L as CaC0,

ference
. alto the differen
The amount of lime tg 3¢ q 1$297.5 mg/L as Caco,. The excess Ch“‘"l;‘m?,uzo and 40, that is,
between the Mg3+ concentration and 40 since that difference was betwee
Mg+ = 76.25 =40 = 36.25.

e L. Assume
Question: Laboratory test shows cq2+ o 40 mg/L. Total carbonate hardnﬂssﬁ 3[;2fgx(mlne total
carbonate hardness only due to HCOF; Non-carbonate hardness = 1 meq/L.

hardness ang Mg?* and HCO5 in mg/L, (BWDB - 2019)

TH=CH+NCH=3+1=4meq/L

40 mg/|,
2+ -
Ca o — 0 2 meq/L

|
!
5 TH = Mg2+ 4 cq2+

']' Mg* =4_3_, meq/L = 12.2x2 = 244 mg/L

CH =HCoy = 3 meq/L=3x61 = 183 mg/L

J Question; The PHis 10 and tota) alkalinity js 332 mg/Las CaC0,. Find the valye of carbonate and
bicarbonate alkalinity ang carbonate and bicarbonate concentration. (GTCL — 2016)

A K,
so,ooo{ 50,000 + [H*]) 9 }
Bicarbonate alkalinity (mg/L as CaC0o,) = ( 000 2hd |

2K
. ([H*i)
332 10714
{ opnn + 10710 ~ 5o
= 50,000 10~ ]
HCO: = \[W =168.90 mg/L as CG.C03
o)

1+ 10-1

Carbonate alkalinity (mg/Las Cac03) = ([ZH\I?I) (Hcoy)
2- _ (2x4.68x 10-11
Co# = 10\_10 X 168.90 = 158.09 mg/L as CaCo,

Because the alkalinity is reporteq asmg/Las CaCo,, i Must be converteq tq mg /L

Molar Concentration, [HCO;' ]l= 168.90 mg/Lx El*mm X 1
S0mg/meq * g1 8/mol x 10qp mg/g
[Hco;) Concentration = 337g 107 moles),

Molar Concentration, [C 032‘] =158.09 mg/Lx L) mg/ meq X 1
' S0mg/meq * 35 8/mol x 100y mg/g
[co?) concentration = 31618, 1073 molesyy,

~
NN ftiitac o %9
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f— Question: A sample of water at pH 10.0 has 32.0 mg/L of

alkalinity as CaC0;
50
co2- =32 (-3—0) = 53.3 mg/L as CaC03

50
HCOF =56 (Ef) = 49.50 mg/L as CaC0;

50
H* =107 (—1—) =5x10"

[H*] = 10719 mol/L

mg/L = (10~2° moles/L)(1 g/mole) (102

mg/g) = 1077

C03~ and 56.0 mg/Lof HCO3

.Find the

50
H* =107 (—1—) = 5x 105 mg/L as CaC0;

50
OH- =17 (ﬁ) = 5 mg/L as CaC0;

Total alkalinity = CO3~ + HCO5 + OH™ —H*
Alkalinity = 53.3 + 459+ 5-5x107° =104.2 mg/L as Cal0;
a sample of water with pH 7.5 has produced the following concentrations

L Question: An analysis of

(mg/L) .
[ Cations mg/L Anions mg/L
Ca** 80 cl” 100
Mg?t 30 S0;~ 201
Na* 72 HCOy 165
K* 6
Find the total hardness, the carbonate hardness, the noncarbonated hardness and thealkalinity
lved solids in mg/L.

all expressed as €aC0;. Find the total disso

Solution:

Water analysis,

[ lon ‘Mg/L MW n mg/meq meg/L | mg/LasCaCO
[ ca?** 80 40.1 2 20.05 3.9 1995
[ Mg* 30 24.3 2 12.15 2.47 1235
| Na* 72 23.0 1 23.0 3.13 1565
[ Kt 6 39.1 1 39.1 0.15 7.1
[ cl- 100 35.5 1 35.5 2.82 1408
s0Z 201 96.1 2 48.05 4.18 2092
HCO; 165 61.0 1 61.0 2.70 1352

Total hardness, TH = Mg** + Ca

2+ — 1995 + 123.5 = 323.0 mg/L as CaC03

DESIGN INTEGRITY, Call: 01633905761
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Carbonate hardness, CH = HCO; = 135.2 mg/L as Cal0y
Non — carbonate hardness, NCH = TH — CH = 323 - 135.2 = 187.8 mg/LasCa(0;
Total alkalinity = CO3~ + HCO3 + OH~ — H* = 135.2 mg/L as CaC04
Total dissolved solids, TDS = 199.5 + 123.5 + 156.5 + 7.7 + 140.8 + 209.2 + 135.2 = 654 mg/L
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