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Bsenenue

[lenbr0 METONMYECKUX YKA3aHUM SIBISETCA HAYYUTh CTYACHTOB
IIEPEBOJINTh U TOHUMATh HMHOCTPAHHYIO JIMTEPATYPY IO CHEHUAIBHOCTH
«BopgocHaOkeHrWe U BOJOOTBEICHUE», JUISl BBINOJHEHUS JIUTEPATYPHO-
MaTEeHTHOr0 0030pa B X0J1€ AUIIJIOMHOTO ITPOSKTUPOBAHUS.

Metoanyeckue ykazaHUs COCTOST W3 6 pa3fenoB, U OXBATHIBAIOT
CIEAYIOIHNE TEMBI: BOJAA, 3arpsA3HEHUE ITUTHEBOM BOJbI, IMPOLECCHl IPHU
OYHMCTKE BOJIbI, OYHMCTKA IMTHLEBOM BOJIbI, CTOYHAs BOJA, OUYMCTKA CTOYHOM
BOJIbI, OUMCTKA 0CaJKa CTOYHBIX BOJI.

Kaxnpiii pasgen BKIHOYA€T OCHOBHOM TEKCT, JEKCHYECKHE U
rpaMMAaTUYECKUE YIPAXKHEHHUS, a TAKKE AUArpamMMbl U CXEMBI IS JIYYILIETO
YCBOEHMSI MaTepuala.

B mocobuu wucnons3yrTCs aJanTUPOBAHHBIE TEKCTHI, B3AThHIE U3
AHTJI0-aMEPUKAHCKUX U3IAHUN U KOMIIBFOTEPHBIX SHIIUKIIONEIUH.



Unit 1

1. Read the text.

Water

Of the 326 million cubic miles of water on Earth, only about 3% of it is fresh
water; and 3/4 of that is frozen. Only 1/2 of 1% of all water is underground; about
1/50th of 1% of all water is found in lakes and streams. The average human is
about 70% water. You can only survive 5 or less days without water.

Water is generally classified into two groups: Surface Water and Ground
Water. Surface water is water found in a river, lake or other surface impoundment.
This water is usually not very high in mineral content, and many times is called "soft
water" even though it usually is not. Surface water is exposed to many different
contaminants, such as animal wastes, pesticides, insecticides, industrial wastes,
algae and many other organic materials. Even surface water found in a pristine
mountain stream possibly contains Giardia or Coliform Bacteria from the feces of
wild animals, and should be boiled or disinfected by some means prior to drinking.

Ground Water is that which is trapped beneath the ground. Rain that soaks
into the ground, rivers that disappear beneath the earth, melting snow are but a few
of the sources that recharge the supply of underground water. Because of the many
sources of recharge, ground water may contain any or all of the contaminants
found in surface water as well as the dissolved minerals it picks up during it's long
stay underground. Waters that contains dissolved minerals, such as calcium and
magnesium above certain levels are considered "hard water". Because water is
considered a "solvent", over time it can break down the ionic bonds that hold most
substances together, it tends to dissolve and 'gather up' small amounts of whatever
it comes in contact with. For instance, in areas of the world where rock such as
limestone, gypsum, fluorspar, magnetite, pyrite and magnesite are common, well
water is usually very high in calcium content, and therefore considered "hard"[2.

Water pollution is the contamination of natural water bodies by chemical,
physical, radioactive, or pathogenic microbial substances. Adverse alteration of
water quality presently produces large scale illness and deaths, accounting for
approximately 50 million deaths per year worldwide, most of these deaths
occurring in Africa and Asia. In China, for example, about 75 percent of the
population (or 1.1 billion people) are without access to unpolluted drinking water,
according to China's own standards. Widespread consequences of water pollution


http://www.eoearth.org/article/Health_effects_of_ionizing_radiation
http://www.eoearth.org/article/Zoonotic_diseases
http://www.eoearth.org/article/Water_profile_of_China

upon ecosystems include species mortality, biodiversity reduction and loss
of ecosystem services. Some consider that water pollution may occur from natural
causes such as sedimentation from severe rainfall events; however, natural causes,
including volcanic eruptions and algae blooms from natural causes constitute a
minute amount of the instances of world water pollution. The most problematic of
water pollutants are microbes that induce disease, since their sources may be
construed as natural, but a preponderance of these instances result from human
intervention in the environment or human overpopulation phenomena.

2. Translate into English.

1. B npupojie Boabl ObIBAET IBYX THUIIOB — IOBEPXHOCTHAS U TPYHTOBAS.

2. IloBepxHOCTHBIE BOJABI COJEpKAaT MHMHEpPAJbHBIE BEIIECTBA, W
3arpsA3HEHBl  JKCKPEMEHTAaMHM  JKMBOTHBIX,  IECTULUIAAMH,  IIPOCTOKAMHU,
BOJIOPOCIISIMU U IPYTUMU OPTaHUYECKUMH 3arpsiI3HEHUSMU.

3. Ilepen ymnorpebneHueM B NHILY, MOBEPXHOCTHBIE BOJIBI HEOOXOIHMMO
IPOKUIIATUTB U MPOAEC3UHPUINPOBATH.

4. I'pyHTOBBIE BOABI MOTYT OBITH 3arpsi3HEHBl TEMHU XK€ 3arpsi3HEHUSMU,
KOTOpBIE COAEPKATCA B IIOBEPXHOCTHBIX BOAAX, a TaKKe pPa3IMYHbIMU
MUHEpAJIaMU IPUMECSMU U3 TPYHTA.

5. Bopma HaspIBaeTcs KECTKOW IIPH BBICOKOM COJEPKAHUHU KAJIbLUA M
MAarHus.

3. Make sentences.

Water quality

The complexity of water quality as a subject is reflected in many types of
measurements of water and wastewater quality. These measurements include:

Water quality target Definition

1. Conductivity a. amount of oxygen that would be consumed if all the
organics in one liter of water were oxidized by bacteria.

2. Dissolved Oxygen |b. determined by the measurement of optical density

(DO) (absorptivity) on a spectrophotometer of various
wavelengths of the passing light.

3. pH c. a major light-absorbing substance, responsible for
much of the color in water bodies.

4. Color of water d. a measure of the ability of water to pass an electrical
current.



http://www.eoearth.org/article/Ecosystem
http://www.eoearth.org/article/Biodiversity
http://www.eoearth.org/article/Biodiversity_and_ecosystem_services
http://www.eoearth.org/article/Volcano
http://www.eoearth.org/article/Human_population_explosion
http://en.wikipedia.org/wiki/Wastewater_quality_indicators
http://www.multitran.ru/c/m.exe?t=5940889_1_2&s1=%ED%EE%F0%EC%E0%F2%E8%E2%ED%FB%E5%20%EF%EE%EA%E0%E7%E0%F2%E5%EB%E8%20%EA%E0%F7%E5%F1%F2%E2%E0%20%E2%EE%E4%FB
http://en.wikipedia.org/wiki/Electrical_conductivity
http://en.wikipedia.org/wiki/Dissolved_Oxygen
http://en.wikipedia.org/wiki/PH
http://en.wikipedia.org/wiki/Color_of_water

5. Turbidity

e. particles that are larger than 2 microns found in the
water column.

6. Total suspended

f. the concentration of oxygen dissolved in water,

solids (TSS) expressed in mg/1.
7. Chemical oxygen | g. a measure of the molar concentration of hydrogen ions
demand (COD) in the water

8. Biochemical
oxygen demand
(BOD)

h. the most common microbiological contaminants of
natural waters, live in the digestive tracks of warm-
blooded animals, including humans, and are excreted in
the feces.

9. Fecal coliform
bacteria

1. measure of water clarity how much the material
suspended in water decreases the passage of light through
the water

10. Dissolved j. the amount of oxygen which is needed for the
organics oxidation of all organic substances in water in mg/l or
g/m3.
4. Describe the scheme in English.
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http://en.wikipedia.org/wiki/Turbidity
http://en.wikipedia.org/wiki/Total_suspended_solids
http://en.wikipedia.org/wiki/Total_suspended_solids
http://www.biology-online.org/dictionary/Concentration
http://www.biology-online.org/dictionary/Oxygen
http://www.biology-online.org/dictionary/Water
http://en.wikipedia.org/wiki/Chemical_oxygen_demand
http://en.wikipedia.org/wiki/Chemical_oxygen_demand
http://en.wikipedia.org/wiki/Biochemical_oxygen_demand
http://en.wikipedia.org/wiki/Biochemical_oxygen_demand
http://en.wikipedia.org/wiki/Fecal_coliform_bacteria
http://en.wikipedia.org/wiki/Fecal_coliform_bacteria

Unit 2

Water purification methods

1. Read and find the appropriate words in English. Remember the tense

and endings of the verbs.

Coagulation and flocculation

Natural and cmounvie 800wbr containing small
particulates. They are so 63sewennom cocmosnuu in
water forming a xomwroudwr. These particles carry the
same 3apsad, and npenamcmeogamsv OMMAIKUBAHUIO
them from combining into larger particulates
ocaxcdamuvca. Thus, some chemical and physical
techniques are applied to help them settle. The
genomen 1s known as koaeyiayus. A well known
method is the Odobasrnenue snexmporuma. Charged
particulates combine with uonst netimpanusauus the
charges. The neumpanvnvie uacmuywsr combine to form
larger particles, and finally settle down.

Another method is to use mamepuan ¢ 6onvuioti
MANeKVIAPHOU MAcCcoU t0 npumsaeusams or Yideiusams
the particulates and settle down together. Such a
process is called xzonveobpasosanue. Starch and
MHO0203apsoHble uoHbL are often used.

Historically, dirty water is cleaned by treating
with amromunuy and uzsecms. These electrolytes cause
the pH of the water to usmenamoca 6 ceasu to the
following reactions:

The slightly basic water causes Al(OH);,
Fe(OH); and Fe(OH), to sbinadams 6 ocadok, bringing
the small particulates with them and the water becomes
clear.

Cycnenzuu oxcuda orceneza particulates and
2YMUHOB0€ _Opeanuyeckoe egeujecmeo in water gives
water the yellow epsasnsie ommenoxk. Both iron oxide
particulates and organic matter can be removed from
coagulation and flocculation. The onucanue given here
1s npocmeuwee, and many more techniques have been
applied in the treatment of water. Coagulation is a

attract or trap,
suspended,
repulsion prevents,
to settle,
phenomenon,
coagulation,
addition of
electrolyte,

ions neutralizing,
neutral particulates,
high-molecular-
weight material,
wastewater,
magnesium,
flocculation,

starch and multiply
charged ions,
oversimplified,
alum, colloid
charges,
precipitate,
suspension of iron
oxide, humic
organic matter,
muddy appearance,
description, salts,
sulfates

special polymers
sodium, chloride,
calcium, lime,
potassium



major application of lime in the treatment of
wastewater.

Other coau such as iron cymnbdarsl Fe,(SO4); and
FeSO,4, chromium sulfate Cry(SO4);, and some
cneyuanvhvle _noaumepst are also useful. Other ions
such as wampu, coau xaopa, Kanrvuul, mazuui, and
kanuu also affect the coagulation process.

Clarification and sedimentation

The term oceemuenue, or ocasicoenue, is normally used
to describe the ocasicoenue xnonves produced by the
coagulation and flocculation process. It works best with
omHocumenvbHo niomuvle yacmuywvl (ur and minerals),
while @aomayus works better for lighter particles
(8ooopocnu, color). A omcmotinux should be big
enough so that it takes a long time to get through.
Bnyck and ewinyck are designed so the water moves
slowly in the tank. /[nuna and wwupuna channels are
ycmanosnerno to let the water to snake its way through
the tank. The settled particles, wan, must occasionally
be removed from the tanks. The water is next ready to
be @urvmposams. Sedimentation is used in pre-
treatment and ouucmka cmounwix 800.

Filtration

Filtration is the process of ydanenue meepdwvix
yacmuy from a gcudkocms by nponyckanue it through
a nopucmas cpeda. Kpynuwi, cpeonuu, and menxuu
porous media have been used & 3asucumocmu om
mpebosanuy. The @uibmpyrowuti mamepuan are
UCKYCCMBEHHble  MeMOpAaHbl,  CemKu,  Nnecuauvie
durompor, and high technological filter systems. The
choice of filters depends on the required filtering
ckopocmb and the mpebosanus ouucmxu 600wl. The
flow required for filtration moorcem 6vims _docmuenym
using cuna maxcecmu Or Oagnenue. In pressure
filtration, one side of the filter medium is at higher
pressure than that of the other so that the filter plane
has a pressure drop.

Inlets, filtered,
narrow, sludge,
sedimentation,
settling of the flocs,
silt,algae,

settling tank, outlets,
long, installed,
relatively dense
particles,
wastewater
treatment,
clarification,
flotation,

Replaced, passing,
porous medium,
coarse, medium,
requirement gravity,
fine, depending on
the requirement,
removing solids,
fluid, reversing the
flow , can be
achieved,

filter media,
artificial
membranes, nets,
sand filter, speed,
cleanness pressure,
clogged,



The process of removing the 3aunennoti portion of the
filter bed by ob6pammnwiti nomox through the bed and
washing out the solid is called back washing. During
this process, the solid must be removed out of the
system, but otherwise the filters must be 3amensams or
taken out of service to be cleaned.

Reverse osmosis

Obpamnulti_ocmoc 1S a npouecc pazoeieHus
which employs pressure to force water through a
nonynponuyaemas memopana (a membrane which will
only donycmumas 6oda_to pass) that retains the salts on
one side and allows the pure water to pass to the other
side. The water with the corecodepacanue 1is
omoenamucsa while the purified water is cobupaemscs
in a tank. The pore size of the reverse osmosis
membrane is 0.0001 yuxporn or 0.000 0001 mm, which
makes reverse osmosis the finest form of water
filtration known to man.

Ozone treatment

The @opmuposanue kucropooa into ozone
npoucxooums _with the use of snexmpuuecmeo. This
process 1S npoucxodums by an 2rexkmpuyecku
paspsoicennoe noae as in the cenepamopwor_ozona CD-
muna. In general, an o30onuposanus includes
nponyckams _uepe3, clean air through a gwicoroe
nHanpsicenue electric discharge, xoporaphwiti paspso,
which creates and ozone concentration of
npubauzumenvro 1% or 10,000 mg/L

The neouuwennas soda is then passed through a
ouggyzop which creates a gaxyym and pulls the ozone
gas into the water or the air is then_obpazyromcsa
nysvipu through the water being treated. Since the
ozone will react with metals to create insoluble metal
oxides, post filtration is required

discarded, semi-
permeable
membrane,
separation process,
allow water, salt
concentration,
micron, reverse
0SMOSIS,

raw water,occurs,
electricity, electric
discharge field,
ozonation system,
high voltage, corona
discharge,
approximately,
passing dry, CD-
type ozone
generators, venturi
throat, vacuum,
carried out, bubbled
up, formation of
oxygen,



UV (Ultra Violet) treatment

Typical dezunpexyus yivmpaguoremom systems
involve the nomox 600wl through a ewxocms containing
a yrompaguoremosas namna. As the water passes
through this vessel, microorganisms are nodsepeamucs
to intense ultraviolet light energy which npusodums x
usmenenuro to cenemuueckux manexynr needed for
socnpoussodcmeennas @ynkyus. This damage prevents
the  microorganism  from  pasmmoowcenue  or
socnpoussodcmso in a human or animal host. Because
the microorganism cannot multiply, no infection can
occur. Disinfection of water is achieved when UV light
causes nooasnenue akmusnocmu muxkpobos. Ultraviolet
(UV) light is electromagnetic radiation traveling in
onuna eonnwvl _in all directions from its ucmounuk
usnyuenus (bulb). It is found in the spectral range of
light between penmeenosckue nyuu and gudumvlil ceem
UV light occurs with a wavelength ranging from 200 to
390 nanometers. The most effective wavelength
yacmoma, from the point-of-view of microbiological
disinfection, is 254 nm as this is where the optimum
energy intensity is found.

Water chlorination

Huzungexyusa, a chemical process whose
objective 1s to control bonesnemsoptbvle
Mmukpoopeanuzmst by killing or odezaxmusuposamso
them, is wmecommenno the most important step in
drinking water treatment. By far, the most common
method of disinfection is xzopuposanue. Chlorine is
added to filtered water to destroy speduvlie
muxpoopzanuzmsbi. An additional amount, known as a
ocmamounblil X10p 18 npumensemucs to protect treated
water from re-contamination as it travels throughout the
cucmema nooadu 800bi.
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frequency,

flow of water,
microbial
inactivation,

UV lamp, x-rays,
exposed,

causes damage,
genetic molecules,
reproductive
functions,
multiplying, UV
disinfection,
replicating
wavelengths,
emitting source,
visible light, vessel,

distribution system,
disease-causing,
inactivating,
chlorine residual,
disinfection,
unquestionably,
harmful
microorganisms,
microorganisms,
applied,


http://www.multitran.ru/c/m.exe?t=935172_1_2&s1=%F5%EB%EE%F0%E8%F0%EE%E2%E0%ED%E8%E5%20%E2%EE%E4%FB

2. Test on your understanding water treatment process

are purification methods which works by using
chemicals that effectively "glue" small suspended particles together so that
they settle out of the water or stick to sand or other granules in a granular
media filter. (2 answers)

a. filtration

b. coagulation
disinfection
flocculation
screening
sedimentation

o a0

. The coagulation chemicals are added in a tank (often called
or ), which typically has rotating paddles. (2 answers)
flocculation tank\basin

rapid mix tank\chamber

sedimentation basin\tank

filter

sludge blanket\thickening tank

flash mixer

Mmoo o

. One of the more common coagulants used is
a. Ozon

b. Iron (II) sulfate

Activated carbon

Aluminum sulphate

Fluoride

® a0

. The principle involved is to allow as many particles to contact other particles
as possible generating large and robust floc particles. Where does this
process happen?

sedimentation basin\tank

flocculation tank\basin

rapid mix chamber\tank

clearwell

eo o

. This could be called a clarifier or settling basin\tank.
a. filter

b. flocculation basin\tank

c. sedimentation tank\basin

d. flash mixer

11



6. It is a large tank with slow flow, allowing floc to settle to the bottom.
a. flocculation basin\tank ¢) mix chamber\tank
b. sedimentation basin\tank d) filter

7. As particles settle to the bottom of the basin a layer of sludge is formed on
the floor of the tank. Where does this process happen?

a. sedimentation basin\tank c) clear well
b. filter d) flocculation basin\tank
8. Why do use filtration?
a. to remove debris c) to remove taste and odour
b. to remove SS d) to soften water hardness

3. Describe the scheme in English. [6]

Coagulation-flocculation

ORGANIC COAGULANT

a
(polyamine, polyDADMAC) T
MIMNERAL COAGULANT . :
R (AP, Fe¥) FLOCCULANT & R
A Decantation i
w / .
T
E
w — — | )
A
U Flottation w
E Coagulation Flocculation A
R tan tank T
(flash mixing) (slow mixing) E
= R
L
Filtration
Reverse Osmosis
APPLIED PRESSURE Pure Water
1 Semi-
Permeable
Salt Membrane Fresh
Water Water
0 J
[¢s]
(o] P o
©% ° o 000 )
o o© 0
oo 90882 o
Contaminants 00 -

Direction of Water Flow



Unit 3

1. Read the text.
Stages in water treatment

There are three principal stages in water purification:

Primary treatment - collecting and screening including pumping from rivers
and initial storage;

Secondary treatment - removal of fine solids and the majority of
contaminants using filters, coagulation, flocculation and membranes;

Tertiary treatment - polishing, pH adjustment, carbon treatment to remove
taste and smells, disinfection, and temporary storage to allow the disinfecting agent
to work.

Primary Treatment

Pumping and containment- The majority of water must be pumped from its
source or directed into pipes or holding tanks. To avoid adding contaminants to the
water, this physical infrastructure must be made from appropriate materials and
constructed so that accidental contamination does not occur.

Screening - The first step in purifying surface water is to remove large debris
such as sticks, leaves, trash and other large particles which may interfere with
subsequent purification steps. Most deep Groundwater does not need screening
before other purification steps.

Storage -Water from rivers may also be stored in bankside reservoirs for
periods between a few days and many months to allow natural biological
purification to take place. This is especially important if treatment is by slow sand
filters. Storage reservoirs also provide a buffer against short periods of drought or
to allow water supply to be maintained during transitory pollution incidents in the
source river.

Pre-conditioning - many waters rich in hardness salts are treated with bsoda-
ash to precipitate calcium carbonate out utilising the common ion effect

Pre-chlorination - in many plants the incoming water was chlorinated to
minimise the gowth of fouling organisms on the pipe-work and tanks. Because of
the potential adverse quality effects (see Chlorine below), This has largely been
discontinued [3].
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http://en.wikipedia.org/wiki/Water_purification#Stages_in_typical_municipal_water_treatment#Stages_in_typical_municipal_water_treatment
http://en.wikipedia.org/wiki/Water_purification#Primary_Treatment#Primary_Treatment
http://en.wikipedia.org/wiki/Groundwater
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Secondary treatment

There are a wide range of techniques that can be used to remove the fine

solids, micro-organisms and some dissolved inorganic and organic materials. The

choice of method will depend on the quality of the water being treated, the cost of

the treatment process and the quality standards expected of the processed water.

pH adjustment,

Coagulation and flocculation,
Sedimentation,

Filtration,

Ultrafiltration membranes.

Tertiary treatment

Disinfection is normally the last step in purifying drinking water. Water is

disinfected to destroy any pathogens which passed through the filters. Possible

pathogens include viruses, bacteria, including Escherichia coli, Campylobacter and

Shigella, and protozoans, including G. lamblia and other Cryptosporidia. In most

developed countries, public water supplies are required to maintain a residual

disinfecting agent throughout the distribution system, in which water may remain

for days before reaching the consumer. Following the introduction of any chemical

disinfecting agent, the water is usually held in temporary storage - often called a

contact tank or clear well to allow the disinfecting action to complete.

S

Chlorine
Chlorine dioxide
Ozone

UV radiation

2. Answer the following question according to the text.

l.
2.
3.

What are the principal stages in water purification?
What process take place at the Primary Treatment?
What process take place at the Secondary Treatment?

4. What process take place at the Tertiary Treatment?
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3. Read and find the appropriate words in English.

Water leaves the river through 60003a60p. It then passes through a
mechanically raked cmeporcnesas pewemxa before entering the nacocnaa cmanyusa

nepgoco nodvema, where it is strained through fine mexanuuecxkoe 6apabaunoe
cumo before being pumped to the pesepgyap. Water from the Low Lift Pumping
Station enters the first compartment of the reservoir where 90% of the meepdsie
seuecmaa settle to the reservoir floor. Many of the bacteria and viruses die off

before the water cnyckamoca camomexom to the soooouucmuas cmanuus where a

npeosapumenvroe xaopuposarue dose 18 dobaesnamuca to ensure the start of the

npoyecc obeszapaxcusanus. A xoacyraum s added at the cmecumens to bind any

small yacmuywi. The 600da ¢ do3oii koacynsinma 1S now 3adeporcusamubces a short

period to enable the npouecc obpazosanus xnonves to start before the water passes
to the cmaodua oceemnenusa. The 'clarified water' is then pazdenamscsa equally

between ckopuwui 6e3nanopusiii gurbmp. The filtered water is then passed through

a cucmema memopannvix _duirempos. Following filtration the 'filtered water' is

further dosed with chlorine to ensure docmamounas oezundhexuus. It remains in

contact with a high dose of chlorine for a minimum of six hours in a xonmaxmmuuwuii

pezepsyap. The final water is dosed with peacenm to reduce the ocmamounwiii xn10p

to its set point before being pumped by nacocnas cmanyus smopozo noovema.

bar-screen; reservoir; Stage'particles; 'dosed a membrane filtration
solids; Treatment Works; water'; retained for; system; sink; gravitates;
preliminary chlorine dose; 'binding process'; Low Lift  covered contact tank;
added; adequate Pumping Station;; divided, chemicals; High Lift
disinfection; disinfection rapid gravity filters; Pumps.

process; coagulant; Flash Intakes; mesh rotating

Mizxer; 'Clarification screens; chlorine residual;

4. Make sentences in the following way:

For example: The Boiling is used to inactivate or kill microorganisms.
(using the Infinitive).

or During the Boiling inactivation of microorganisms happen. (using a noun
instead of a verb).
or During the Boiling microorganisms are inactivated and killed. (using the Passive
Voice)
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Name of treatment
stage

Name of process

Main verb (noun)

Process

Primary Treatment
Secondary treatment

Tertiary treatment

Sedimentation

Filtration
Pre-chlorination
Water conditioning
pH adjustment
Fluoridation
Coagulation
Flocculation
Pumping

disinfection

to pump (pumping)
to remove (removal)
to be stored in

to chlorinate
(chlorination)

to be added
to use chemicals
to generate

to settle to the bottom
of the clarifier
(settling)

to remove (removal)

to destroy
(destruction)

to prevent
(prevention)

to reduce (reduction)

large debris

to settle out SS in
rapid mix tank\flash
mixer

large flocs in
flocculation
basin\tank

flocs
bankside reservoirs

to minimise the
growth of fouling
organisms on the
pipe-work and tanks

lime or soda ash

organic compounds
including taste and
odour

pathogens
tooth decay

water from its sources

hardness of water

5. Describe the scheme in English.

Primary l
sedimentation S

Surface

Coagulant
dosing

Flocculation

/2 :\/ - [ad]|— [¥ % :\/ .

| Filtration

Sludge

Screen &
grit chamber
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Drisinfectant Fluoride
dosing dosing
Secondary
sedimentation E
Disinfectant s
Distributio

processing
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Unit 4
1. Read the text.

Wastewater

Sewage is the liquid waste from toilets, baths, showers, kitchens, etc. that is
disposed of via sewers. In many areas sewage also includes some liquid waste
from industry and commerce.

The waste from toilets is termed foul waste, the waste from items such as
basins, baths, kitchens is termed sullage water, and the industrial and commercial
waste is termed trade waste. Much sewage also includes some surface water from
roofs or hard-standing areas. Municipal wastewater therefore includes residential,
commercial, and industrial liquid waste discharges, and may include stormwater
runoff.

The underground conduit for the collection of sewage is called sewer. A
network of sewers and appurtenances for the collection and conveyance of sewage
generated from each of the properties to sewage pumping station for pumping to
sewage treatment and disposal is called Sewage System.

There are two types of sewerage system:

I. Separate sewerage system
2. Combined sewerage system.

Separate sewerage system

In separate system of sewerage there are two collection systems or pipe

network:
1. for collecting domestic sewage as sanitary sewerage system,
2. for collecting storm water as storm water drainage system.

The sanitary sewerage systems for domestic sewage are designed for peak
sewage flow expected at ultimate stage at the end design period. The storm water
drainage systems are designed to carry the maximum storm runoff expected during
the critical duration of rainfall.

The advantages of separate sewerage system are:

1. The capacity of the water treatment plant will be smaller since only domestic
sewage alone is to be treated.
2. Operational problems are less.
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The disadvantage of separate sewerage system is:

1. Storm water may always find its way into the domestic sewerage system
either through wrong house sewer connections or through manholes and overload
the sewage treatment plant.

Combined sewerage system

In Combined system of sewerage both sewage discharge and the storm
runoff are collected and conveyed through a common collection system. The ratio
of the maximum storm runoff to sewage flow works out to be 20 to 30. Hence
during non-monsoon period only 1/20th or 1/30th of the design flow, only the
sewage flow is passing through the combined system with very small velocity,
resulting in clogging of the systems. Combined sewers are, therefore not
recommended for Indian conditions since the rainfall occurs for a period of 3
months or less and there are poor water supplies. In India, only separate sewerage
system are adopted.

The advantages of Combined sewerage system are:

1. Only one system is provided and therefore there will not be any
confusion in giving connection,
2. Less expensive to install the system.

The disadvantage of Combined sewerage system is:

1. During non-rainy days the flow will be very meager causing, salivation
requiring frequent cleaning.

As rainfall runs over the surface of roofs and the ground, it may pick up
various contaminants including soil particles (sediment), heavy metals, organic
compounds, animal waste, and oil and grease. Some jurisdictions require
stormwater to receive some level of treatment before being discharged to the
environment. Examples of treatment processes used for stormwater include
sedimentation basins, wetlands, and vortex separators (to remove coarse solids).

The site where the process is conducted is called a sewage treatment plant.
The flow scheme of a sewage treatment plant is generally the same for all
countries:

Mechanical treatment;

v" Influx (Influent)
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v" Removal of large objects
v" Removal of sand and grit
v" Pre-precipitation
Biological treatment;
v" Oxidation bed (oxidizing bed) or Aerated systems
v" Post precipitation
v' Effluent
v
Chemical treatment (this step is usually combined with settling and other
processes to remove solids, such as filtration. The combination is referred to
physical-chemical treatment.).

2. Find the English equivalents to the underlined Russian ones in the text:

a. Crounas Boza is the liquid waste from toilets, baths, showers, kitchens,
etc. that is disposed of via crounbie TpyObl (KOJIJIEKTOPHI, KaHATU3AIIUOHHbIS

TPyOBI).
b. Topoxackue crounsie Boawl therefore includes >xwbie moma, oducel, and

npombliniuieHable npennpusatus liquid waste discharges, and may include

HNOBEPXHOCTHBIN CTOK

Cc. A ceTb KaHaJIW3alIMOHHBIX TPyO conveyance of sewage to sewage

HACOCHOM CTaHIIUM for pumpmg t0 OUHMCTHBIE COOPYKECHUA KaHAJIU3AUU 1S

called kaHaM3aIIMOHHAS CUCTEMA.

d. In pa3aeIbHOM CUCTEME of sewerage arc tWO CUCTEMBI OTBEJICHHA CTOKOB

for collecting domestic sewage as cucremMa ObITOBOM KaHanu3aimu and for
collecting storm water as cucTemMa JUBHEBOW KaHAJIN3ALIUH.

e. CootHomienue of the maximum JUBHEBOTO CTOKAa tO CTOYHBIM BOJAM
works out to be 20 to 30.

f. As rainfall runs over the moBepxHocTbh kpbiil and 3emiid, it may pick up

various contaminants including TBepjble YacTHUIBI (MUHEPAIbl), TSHKEIbIS

MCTAJLIJIbI, OPTaHMYCCKHUC COCANHCHUA, SKCKPEMCHTHI ) KMBOTHBIX, MacJjia and

KHUPBI.
g. Texnomornyeckas cxemMa of a QUUCTHBIX COOPYKCHHW KaHaJIU3aIUH 1S

generally the same for all countries.
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3. Answer the questions:

1. What is the difference is between the following terms: foul waste,
sullage water and trade waste?
2. What is the difference is between the following terms: Separate

sewerage system and Combined sewerage system?
3. What steps does mechanical (biological and chemical) treatment
include?

4. Describe the scheme in English.

BUSINESS

Grease

Trap Cleanout )

RESIDENCE f ey 7
Private -~ v
Service e 4
Laterals v
Cleanout g o ;
| al
v .
ey Local Main
><Z . o y Sewer Line
e
e // 4

~ Manhole .~
W
_ S,

Regional
Trunk line Wastewater
Sewer Treatment
Plant

Diagram of a sanitary sewer system



Unit 5
1. Read the text.
Wastewater treatment

Sewage (or domestic wastewater) treatment incorporates physical, chemical
and biological processes which treat and remove physical, chemical and biological
contaminants from water following human use. The objective of the treatment is to
produce both a clean waste stream suitable for discharge or reuse back into the
environment, and a solid waste or sludge also suitable for proper disposal or reuse.

Sewage 1s generated by residences, institutions, and commercial and
industrial establishments. It can be treated onsite at the point of which it is
generated (e.g., septic tanks or onsite package plants), or collected and conveyed
via a network of pipes and pump stations to a municipal treatment plant (see
Sewerage and pipes and infrastructure). Efforts to collect, treat and discharge
domestic wastewater are typically subject to local, state and federal regulations and
standards (regulation and controls). Industrial sources of wastewater often require
specialized treatment processes.

Typically, sewage treatment is achieved by the initial physical separation of
solids from the raw wastewater stream followed by the progressive conversion of
dissolved biological matter into a solid biological mass using indigenous, water-
borne bacteria. Once the biological mass is separated or removed, the treated water
may undergo additional disinfection via chemical or physical processes. This 'final
effluent' can then be discharged or re-introduced back into a natural surface water
body (stream, river or bay) or other environment (wetlands, golf courses,
greenways, etc.). The segregated biological solids undergo additional treatment
and neutralization prior to proper disposal or re-use.

Treatment stages
Primary treatment

Primary treatment is to reduce oils, grease, fats, sand, grit, and coarse
(settleable) solids. This step is done entirely with machinery, hence the name
mechanical treatment.
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Influx (influent) and removal of large objects

In the mechanical treatment, the influx (npumox) of
sewage water is strained yoauams all large objects that

are coodepoicamucsa in the sewer system, such as

MPANKU, NAIKU, ucueHuyeckue cpedcmasa (sanitary

napkins), cans, fruit, etc. This is most commonly done
using a manual or automated mechanically pewemxku.
This type of waste is removed because it can damage

the uyscmseumenvroe 0bopydosanue in the sewage

treatment plant.

raked screen, to
remove, sticks,
deposited, sensitive
equipment, Influent,
sanitary towels,

rags.

Sand and grit removal and Screening

This stage typically includes a neckosoii kanan

where the ckopocms of the incoming wastewater is

mwamenvHo Konmpoaupyemes to allow sand grit and

stones ocedams but still maintain the majority of the

opeanuyeckue vamepuaiant within the flow. This

equipment _is called a neckonoska. Sand grit and stones
need to be removed early in the process to so

uzbesicanue nospexcoenuu to Hacocsl and other

equipment in the remaining treatment stages.
Sometimes there is a sand washer followed by a
conveyor that transports the sand to a container for
ymunuzayus. The contents from the sand catcher may

nooasamucsa into the mycopocorcucamenvHas neusb in a

sludge processing plant but in many cases the sand and

grit 1s sent to a wiosas NIOMIAIKA.
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material, sand or grit
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Sedimentation

Almost all plants have a cmaous oceemnenus

(omcmausans) where the sewage is allowed to pass

through large xpyensie or npsamoyeonvhvie pesepsyapol.
The tanks are large enough that ghexanvrvie meepovie

homogeneous liquid,

circular or

sewecmesa can settle and naasyuue sewecmsa such as
rectangular tanks,

grease and plastics can rise to the surface and be cnameo

floating material,
skimmed off, be
pumped, sludge
treatment stages,
faecal solids,
sedimentation stage,
driven scrapers,

¢ nogepxnocmu. The main purpose of the primary stage

is to produce a generally odrnopoodnas scudoxocmo
capable of being treated biologically and a sludge that
can be separately treated or processed. Primary
settlement tanks are usually equipped with

mechanically dsuorcywutics ckpedroswviii mexanusm that
continually drive the collected sludge towards a hopper

in the base of the tank from where it can nepexauusamo

to further cmaousi o6pabomru ocaoka.

Secondary treatment

Secondary treatment is designed to substantially degrade the biological
content of the sewage such as are derived from human waste, food waste, soaps
and detergent. The majority of municipal and industrial plants treat the settled
sewage liquor using aerobic biological processes. For this to be effective, the biota
require both oxygen and a substrate on which to live. There are number of ways in
which this is done. In all these methods, the bacteria and protozoa consume
biodegradable soluble organic contaminants (e.g. sugars, fats, organic short-chain
carbon molecules, etc.) and bind much of the less soluble fractions into floc
particles. Secondary treatment systems are classified as fixed film or suspended
growth. In fixed film systems - such as rock filters - the biomass grows on media
and the sewage passes over its surface. In suspended growth systems - such as
activated sludge - the biomass is well mixed with the sewage. Typically, fixed film
systems require smaller footprints than for an equivalent suspended growth system;
however, suspended growth systems are more able to cope with shocks in
biological loading and provide higher removal rates for BOD and suspended solids
than fixed film systems.
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Roughing filters

Quabmp npedsapumenvroi (2pyoou) ouucmku
are npeouasmwaven to treat ouewb 6bicoKas _Or
nepeMeHHasl Haspy3Ka No OpeaHu4ecKuM 8euecmsam,
typically industrial, to allow them to then be treated by
conventional secondary treatment processes. They are
typically tall, circular filters filled with open
cunmemuyeckas _Quibmpyrowas 3aepyska to which
sewage 1s applied at a Jdocmamouno evicokas
ckopocmsb. The design of the filters allows gwicokas
euopasnuieckas nazpyska and a uHMeHCUsHbIL NOMOK
so30yxa. On larger installations, air is nodaemcs
through the media using 6030yx0dyexy. The
noayuuswascs dcudxkocmy is usually within the normal
range for mpaduyuonnwvix treatment processes.

Activated sludge

Axmusnbiii un plants use a variety of mechanisms
and processes to use dissolved oxygen to generate a
buonoeuueckue xaonbs that substantially removes
organic material. It also traps particulate material and
can, under ideal conditions, npeobpazosamsv azom to
Humpumst and uumpamer and ultimately to azom
2a3000pA3HbL.

Filter Beds (Oxidising beds)

In older plants and plants receiving more variable
loads, kanenvnwii buonocuueckuii ¢uromp are used
where the oceemanennas cmounas scudkocme is spread
onto the surface of a deep bed made up of xoxc
(kapboHU3UPOBAHHILL Y20b), U3BECMKOBbLU UeOeHb OF
CHeyuaiIbHO NPueomosieHnble NiACcmuKosble 3a2py3Ku.
Such media must have high surface areas to support the
ouonaenka that form. The liquor is distributed through
nepgopuposanHulil spawarwuiics opocumeins
ouogabmpa radiating from a yewmpanvuvili npusoo.
The distributed liquor trickles through this bed and is
collected in dpenasicnoco ycmpoticmea 0ns_yoaneHus
npogunvmposasutetics 600vl. These drains also provide
a source of air which percolates up through the bed,
keeping it aerobic.
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media, relatively
high rate, high flow-
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nitrite, biological
floc, convert
ammonia, nitrate,

nitrogen gas,
activated sludge,

settled sewage
liquor, protozoa,
fungi,limestone
chips, specially
fabricated plastic
media, biofilm,
perforated rotating
arms, central pivot,
drains at the base,
coke (carbonised
coal), trickling filter
beds.
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Moving Bed Biological Reactor

buopeaxmop ¢ nnasaroweii sazpyskoii involve
the addition of urepmuas cpeda into existing activated
sludge basins to provide active sites for npucoedunenue
ouomaccwt. This conversion results in a strictly attached
cucmemy pocma. Advantages of attached growth
systems include 1) maintain a high nromuocme
nonyayut buomaccol 2) increase the efficiency of the
system without the need for increasing the
nepemewusanue xcuokocmu suspended solids (MLSS)
concentration and 3) eliminate the cost of operating the
mpyoonposood peuupKyIAYyUOHHO20 AKMUBHO20 UId.

Aeration Tanks

The aspomenx provide a location where
biological treatment of the waste water takes place. In
these tanks, microorganisms and waste water in various
stages of pasnoocenue are mixed, aerated, and
maintained in suspension. The contents of the aeration
tanks, which require a delicate balance of food and
oxygen, are commonly referred to as the mixed liquor
suspended solids (MLSS) or activated sludge. The
activated sludge npeobpasosvieams opeanuueckue
sewecmsa into oxidized products and a ocaoicoenue
xnonves which 1is settled out in the emopuunsie
omcmounuxu. Raw sewage can be introduced in
various locations and be aerated and mixed for varying
lengths of time and intensity.

Membrane Biological Reactors

Membpannwviti_buopeakmop (MBR) includes a
HOJYHenpoHuyaemas _membpana oapvep either
submerged or in couemanue with an activated sludge
process. This technology guarantees removal of all
suspended and some pacmeopennvie 3aepsasnenus. The
oepanuuernue cucmemwvl MBR is directly proportional to
nutrient reduction efficiency of the activated sludge
process. The cost of building and operating a MBR is
usually higher than conventional wastewater treatment.

return activated
sludge line, biomass
attachment, inert
media, density of
biomass population,
growth system,
mixed liquor,
Moving Bed
Biological Reactor,

decomposition,
settleable floc,
converts organic
substances, aeration
tanks, secondary
clarifiers.

limitation of MBR
systems, dissolved
pollutants,semi-
permeable
membrane barrier
system, conjunction,
Membrane
Biological Reactors
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Secondary sedimentation

The final step in the secondary treatment stage is to settle out the biological
floc or filter material and produce sewage water containing very low levels of

organic material and suspended matter.
Tertiary treatment

Tertiary treatment provides a final stage to raise the effluent quality to the
standard required before it is discharged to the receiving environment (sea, river,
lake, ground, etc.) More than one tertiary treatment process may be used at any
treatment plant. If disinfection is practiced, it is always the final process. It is also

called Effluent polishing.

Lagooning

buonpyo provides settlement and further Daphnia, species of
biological improvement through storage in large Rotifera, Lagooning,
COENAHNbIIL PYKAMU Yel08eKa NPYO OF HPUPOOHbLU NPYO. man-made ponds,
These lagoons are highly aerobic and colonization by feeding
npupoouvie muxpodumst, especially reeds, is often invertebrates, native
encouraged. Small filter xopmrenue 6ecnozsonounwvix macrophytesm,
such as dagnus and sudwl korospamox greatly assist in lagoons.
treatment by removing fine particulates.

Constructed wetlands

Hlons  opowenus  (purvmpayuu)  include Constructed
engineered 3apociu mpocmnuka and a range of wetlands, similar
noxooicux memodos, all of which provide a high degree methodologies,
of aerobic biological improvement and can often be phytoremediation,
used instead of secondary treatment for small reedbeds.
communities, also see pumopemuduayus.
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Disinfection

The purpose of disinfection in the treatment of
wastewater is to substantially reduce the number of
living organisms in the water to be sosspawamscs
obpamuo 6 oxpyacarowyio cpedy. The effectiveness of
disinfection depends on the quality of the water being
treated (e.g., turbidity, pH, etc.), the type of disinfection
being used, the disinfectant dosage (concentration and
time), and other environmental variables. Mymnas 6oda
will be treated less successfully since solid matter can
shield organisms, especially from Ultraviolet light or if
contact times are low. Generally, short contact times,
low doses and high flows all militate against effective
disinfection. Common methods of disinfection include
ozone, chlorine, or UV light.

2. Describe the scheme in English.

discharged back into
the environment,
turbid water,
persistence,

DISINFECTION

PRIMARY AERATOR

SECONDARY
CLARIFIER ;] CLARIFIER

L

BAR SCREEM/
SCREENINGS GRINDER I l

— )
INFLUENT =
PUMP UNIT

AERATION BASINS

GRIT

CHAMBER

RETURN ACTIVATED SLUDGE
=

PRIMARY SLUDGE WASTE ACTIVATED SLUDGE

—

=
THICKENED : ; :
WASTE SLUDGE I_I_I

GRAVITY BELT THICKENER

SLUDGE
DIGESTERS

DIGESTED
TO SOLAR
— E,—\\ S

SLUDGE DEWATERING

‘ EFFLUENT

PUMP STATION
CHLORINE
CONTACT
CHAMBER

BAY
—

=

TO LANDFILL
OR REUSE
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3 Match the words

i ARl

15.
16.
17.
18.
19.

activated sludge
aeration

BOD

biosolids
decomposition
domestic wastewater
effluent

grit chamber
influent

. lagoons (oxidation ponds or

stabilization ponds

. primary treatment

. secondary treatment

. sedimentation

. settling tank (sedimentation tank

or clarifier)

sludge

tertiary treatment

total suspended solids TSS
trickling filter process
turbidity:

a. exposing to circulating air; adds oxygen to the
wastewater and allows other gases trapped in the wastewater
to escape (the first step in secondary treatment via activated
sludge process)
b. sludge particles produced by the growth of
microorganisms in aerated tanks as a

part of the activated sludge process to treat wastewater
c. wastewater that comes primarily from individuals, and
does not generally include industrial or agricultural
wastewater
d. a parameter used to measure the amount of

oxygen that will be consumed by microorganisms during the

biological reaction of oxygen with organic material
e. sludge that is intended for beneficial use. They must
meet certain governmentspecified

criteria depending on its use (e.g., fertilizer or soil amendment)

f. treated wastewater, flowing from a lagoon, tank,
treatment process, or treatment plant

g. wastewater flowing into a treatment plant

h. a chamber or tank used in primary treatment where

wastewater slows down and heavy, large solids (grit) settle
out and are removed

I. the process used in both primary and secondary
wastewater treatment, that takes place when gravity pulls
particles to the bottom of a tank (also called settling)

J- a tank in which solids settle out of water by gravity
during wastewater or drinking water treatment processes

k. a wastewater treatment method that uses ponds to treat
wastewater

1. the first stage of wastewater treatment that removes
settleable or floating solids only

m. a type of wastewater treatment used to convert

dissolved and suspended pollutants into a form that can be
removed, producing a relatively highly treated effluent

n. any level of treatment beyond secondary treatment,
which could include filtration, nutrient removal and removal
of toxic chemicals or metals

0. the process of breaking down into constituent parts or
elements

p. the cloudy or muddy appearance of a naturally clear
liquid caused by the suspension of particulate matter

g. any solid, semisolid, or liquid waste that settles to the
bottom of sedimentation tanks or septic tanks

r. a laboratory measurement of the quantity of suspended
solids present in wastewater

S. a biological treatment process that uses coarse media

contained in a tank that serves as a surface on which
microbiological growth occurs
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4. Describe in details each of 5 processes using the following words.

1. Preliminary treatment

transported via

the sewer system

to be sent through a bar screen

to include

to be used to

to remove large solid objects
wastewater flow

to enter the grit tank

to settle to the bottom

debris is disposed at a sanitary landfill

2. Primary treatment

second step

physical separation of solids and
greases from the wastewater

to flow into settling tank

to allow solid particles to settle to the
bottom of the tank

oil and grease float to the top

3. Secondary treatment

a biological treatment process

to remove dissolved organic matter
from wastewater

the settling tank

to flow by gravity

aeration tank

to be mixed with solids, that contain
micro-organisms

to use oxygen to consume the
remaining organic matter

air bubbles provide the mixing and
oxygen

to be sent to the final clarifier

the solids settle out to the bottom
to be sent to the solids handling
process

4. Final treatment

to be disinfected by chlorine and
ultraviolet disinfection

to kill harmful micro-organisms to
release into receiving water

5. Solids processing

The primary solids from the primary
settling tank

the secondary solids from the clarifier
to be sent to the digester
micro-organisms use the organic
materia as a food source

to convert to by-products such as
methane gas and water

a 90% reduction in pathogens
production of a wet soil-like material
called “biosolids™ that contain 95-
97% water

filter presses or centrifuges

to be used to squeeze water from the
biosolids

is sent to landfill, incinerator

to be used as a fertilizer or soil
amendment
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Unit 6

1. Read the text.
Sludge treatment

The coarse primary solids and secondary biosolids accumulated in a
wastewater treatment process must be treated and disposed of in a safe and
effective manner. This material is often inadvertently contaminated with toxic
organic and inorganic compounds (e.g. heavy metals). The purpose of digestion is
to reduce the amount of organic matter and the number of disease-causing
microorganisms present in the solids. The most common treatment options include

anaerobic digestion, aerobic digestion, and composting.
Anaerobic digestion

Anaspobnoe copascusanue is a bacterial process

that is carried out in the omcymcemeue xuciopooa. The

process can either be mepmogunvroe dpasicusanue in

which sludge is nodsepeaemcsa 6Opoosicenuro in tanks
heated to about 38°C or mezoduivroe copasicusanue

where sludge is maintained in large tanks for weeks to
allow ecmecmeennas munepanuzayus of the sludge.
Thermophilic digestion generates biogas with a high
proportion of meman that may be used to both heat the
tank and run engines or microturbines for other on-site
processes. In large treatment plants sufficient energy
can be generated in this way to produce more electricity

than the machines require. The o6paszosanue memana is
a key advantage of the amaspobmwiti npoyecc. Its key
disadvantage is the long time required for the process
(up to 30 days) and the high xanumanvnsie sroscenus.
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digestion, methane,
methane generation,
anaerobic process,
anaerobic digestion


http://en.wikipedia.org/wiki/Biosolids
http://en.wikipedia.org/wiki/Heavy_metals
http://en.wikipedia.org/wiki/Organic_matter
http://en.wikipedia.org/wiki/Microorganism
http://en.wikipedia.org/wiki/Anaerobic_digestion
http://en.wikipedia.org/wiki/Composting
http://en.wikipedia.org/wiki/Biogas
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Engine
http://en.wikipedia.org/wiki/Microturbines
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Mineral
http://en.wikipedia.org/wiki/Fermentation
http://en.wikipedia.org/wiki/Mesophilic
http://en.wikipedia.org/wiki/Thermophilic
http://en.wikipedia.org/wiki/Methane

Aerobic digestion

Aspobroe copascusanue is a bacterial process

occurring in the presence of oxygen. Under aspoousie
yenogus, bacteria cmpemumenbHo nompebisims organic
matter and convert it into yezekucasiii eaz. Once there is
a lack of organic matter, bacteria die and are used as

food by other bactieria. This stage of the process is
known as »swmoocennoe Owvixamue. Pacmeopenue

meepovix seuecms occurs in this phase. Because the
aerobic digestion occurs much faster than anaerobic
digestion, the capital costs of aerobic digestion are
lower.  However, the operating costs are
characteristically much greater for aerobic digestion

because of energy costs for aeration needed to add
oxygen to the process.

Sludge thickening

Ynnomnenue ocaorxa 1is the process used to
increase the solids content of sludge by the pazoderenue
and removal of a portion of the ocudkas

dasa. I pasumayuonnoe yniomunenue makes use of the
force of gravity as the main agent in the settling and
thickening process. The thickening of sludge plays an
important role in reducing capital costs relating to the

provision of sludge handling equipment and the
operational costs of the handling and treatment of the
sludge. Three accepted methods used for pre-digestion
sludge thickening: Gravity thickening, daomayuonnoe
unoyniomuenue and yenmpugyauposanue.

solids reduction,
aerobic conditions ,
carbon dioxide,
endogenous
respiration, aerobic
digestion,

rapidly consume,

separation,
dissolved air
flotation thickening,
centrifugation,
liquid phase,
gravity thickening,
thickening.
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Composting

Komnocmuposanue is also an aerobic process
that involves mixing the wastewater solids with sources

of carbon such as onuiku, coroma or oOpeesechvie

wenku. In the presence of oxygen, bacteria digest both
the wastewater solids and the added carbon source and,
in doing so, produce a large amount of heat.

wood chips
straw,
composting,
sawdust,

Both anaerobic and aerobic digestion processes can result in the destruction
of disease-causing microorganisms and parasites to a sufficient level to allow the
resulting digested solids to be safely applied to land used as a soil amendment

material (with similar benefits to peat) or used for agriculture as a fertilizer

provided that levels of toxic constituents are sufficiently low.

Thermal depolymerization

Tepmuueckas Odenonumepuzayus uses hydrous

nuponuz to convert reduced complex organics to oil.
The npedsapumenvro usmenvuennwvlii, npu yoanreHuu
necka sludge is heated to 250C and compressed to 40

MPa. The hydrogen in the water inserts itself between
chemical bonds in natural polymers such as fats,
proteins and cellulose. The oxygen of the water
combines with carbon, hydrogen and metals. The result
is oil, light combustible gases such as methane, propane
and butane, water with pacmeopennvie conu, carbon

dioxide, and a small ocmamounvii unepmmuoiii

Hepacmeopumwlti_mamepuan that resembles powdered
rock and char. All organisms and many organic toxins
are destroyed. Inorganic salts such as nitrates and
phosphates remain in the water after treatment at
sufficiently high levels that further treatment is
required.

soluble salts,
pyrolysis,
premacerated,
grit-reduced,
residue of inert
insoluble material,
thermal
depolymerization

The choice of a wastewater solid treatment method depends on the amount
of solids generated and other site-specific conditions. However, in general,
composting is most often applied to smaller-scale applications followed by aerobic
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digestion and then lastly anaerobic digestion for the larger-scale municipal

applications.
Sludge disposal

When a liquid sludge is produced, further
treatment may be required to make it suitable for final
ymunuzayus. Typically, sludges are thickened
(dewatered) to reduce the volumes transported off-site
for disposal. Processes for reducing water content
include lagooning in drying beds to produce a cake that
can be applied to land or incinerated; pressing, where
sludge 1s mechanically filtered, often through
mkanesviti _guivmp to produce a firm cake; and
centrifugation where the sludge is thickened by
centrifugally separating the solid and liquid. Sludges
can be disposed of by liquid injection to land or by
disposal in a landfill. There are concerns about

corcueanue ocaoka because of air pollutants in the

sblopocvl 8 ammocgepy, along with the high cost of
supplemental fuel, making this a less attractive and less
commonly constructed means of sludge treatment and
disposal. There is no process which completely
uckaoyams the requirements for disposal of biosolids.

2. Translate into English.

emissions,

cloth screens,

sludge incineration,
eliminates,

disposal

1. Ocagox u3 MNEPBUYHBIX OTCTOMHMKOB M HW30BITOYHBIM AKTUBHBIA HII W3

BTOPHUYHBIX OTCTOMHHUKOB ) qacCTo 3aIrpA3HCHHBIC TOKCHUYHBIMHU

OPTraHMYECKUMH ¥ HEOPTaHWYECKHMMH COCIUHEHHSIMH, JOJDKHBI OBITh
00paboTaHbl U YyTHJIM3UPOBATH 0e30MacHbIM U 3 (PEKTUBHBIM CITIOCOOOM.

2. Haubonee pacnpocTpaHEHHBIMH BapuaHTaMH OOpaOOTKH OcCajiKa SIBJISIFOTCS
aHa’poOHOe U adpoOHOE cOpaKMBaHUE U KOMIIOCTUPOBAHHUE.

3. Jnsg aHa’poOHOro cOpakuBaHMsS OOBIYHO HCIHOJB3YIOT Ba TEMIIEpaTypPHBIX

pexxuma: TepMopuiIbHBIN pu Temnepatype 38°C u Me30(pUIbHBIA.

4. Tlpu ad’poObHOM cOpakuBaHHM OaKTepUH MOTPEOISIIOT OpPraHUYECKUe

BCIICCTBA U IIPCBPAIIAIOT UX B yrﬂeKHCJIBIﬁ ras.
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5. YIUIOTHEHHE OcCaJKa 3TO MPOLECC, HCIOJIb3YEMbIM [JI1 MOBBIIICHUS
COJICpKaHMS CyXOr'o BEIIECTBA WA, OTACISS KUIKYIO (a3zy.

6. Ilpu KOMIOCTUPOBAHUM MPOUCXOJUT CMEUIMBAHUE OCAJKa CTOYHBIX BOJ C
WCTOYHUKAMHU YIJIEPOJA, TAKUMU KaK OMNWJIKH, COJIOMAa WJM JPEBECHAS
CTpYyXKKa.

7. llpy  TepmMuyecKkOM [E€NOJMMEPU3ALUM  HCHOJIB3YETCS  MUPOJIM3  JUIA
Pa3I0KEHUSI CIOKHBIX OPraHUYE€CKUX COCTMHEHUM.

3. Describe the scheme in English.

a. The main scheme of sludge treatment[6]

mixed sludge | effluent
dissolved-air flotation tank from secondary to seconaary
traatment treatment
' : : : : : : : filtered water :

| thickened
sludge

dewatering

anaerobic
digester

pulped sludge ! hydrolyzed sludge

2012 Encyclopaedia Britannica, Inc.

heat exchanger



b. Alternative treatment of sewage sludge

Underflow to
Plant Influent

Waste
Activated

Sludge Flotation

Thickener

Primary l T

Sludge !
Thickening
(Optional)

Combined Waste
Activated and Primary
Sludge

Combined Waste
Activated and Primary
Sludge

Sludge Digestion

. Sludge Cake
Anaerobic Chemical )
o e Belt Filter
Sludge Digestion Conditioning
Supernatant to F‘lltrate to
Plant Influent or :;thenﬂer or
Separate Treatment ant Influent
Dewatered
Anaerobic Chemical Centrifuge Sludge
Sludge Digestion Conditioning entritdg 7
v .
Supernatant to Centrate to
Plant Influent or S Plant In?uent or
Separate Treatment eparate Treatment
Dried Sludge

Anaerobic

Sand Beds

Supernatant to
Plant Influent or
Separate Treatment
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IHoHsATUIIHBIN CJI0BAPb

A
Absorptivity — abcopOnroHHast CHIOCOOHOCTD,
Addition — nobaBjeHKe, IPUBHECEHHUE,
Alum — anmroMuHui,
Algae — Bogopociu,
Artificial membrane — memMOpaHa 13 HCKYCCTBEHHOTO BOJIOKHA,
Ammonia — a3or,
Activated sludge — akTuBHBII1 wiI,
Aeration tank - asporeHk,
Anaerobic digestion — anaspoOHOe cOpaKuBaHUE
B

Biochemical oxygen demand (BOD) — 6moxumudeckast moTpeOHOCTh B
KHCIIOPOJIE,

Bar-screen — permierka,

Biofilm — Ouorutenka (TOHKHIA CJI0W MUKPOOPTaHU3MOB),

Biosolids — TBepabie BemecTBa OHOIOTHUECKOTO TIPOUCX 0K ICHUS.

C
Conductivity — 31eKTpOIIPOBOIHOCTb,
Chemical oxygen demand (COD) — xumuueckast moTpeOHOCTh B KUCIIOPOJIE,
Coagulation — xoarymnsus,
chloride — xmopwup,
Clarification — ocsetiienue,
chemicals — pearenTsi,
Conditioning — KOHAUIMOHUPOBAHKE,
Combined sewerage system — koMOMHHpOBaHHAs KaHAIM3AIIMOHHAS CHCTEMA,
Cleanout — peBu3sns (KaHaTH3AIMOHHOM CETH),
Constructed wetlands — mone gpunsTparum,
Carbon dioxide — yrnexucneblii ras,
Composting — KoOMIIOCTHPOBAHHUE.

D
Dissolved Oxygen (DO) — pacTBopeHHbIi KHUCIOPOI,
Disinfection — o0e33apakuBanue,
Decomposition — pacniaz, pa3ioxeHue,
Domestic wastewater — xo3s1iicTBEHHO-OBITOBBIE CTOYHBIE BOBI,
Disposal — ynanenue, yctpanenue.

E
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Evaporation — ucnapenue,
Effluent — Beimyck cTOYHBIX BO/I,
endogenous respiration — sHAONEHHOE IbIXaHHE.

F
Feces — dhexanun,
Flocculation — xyionseo6pa3oBanue,
Floc — xiombs,
Flotation — ¢orarus,
flocculation tank\basin — kamepa xyonbeco0pa3oBaHue,
Fluoridation — ¢ropupoBanue,
filter media — ¢ubTpyromas 3arpyska,
fermented — BeI3bIBaTH OpOXKECHHE, PEPMEHTHPOBATS,
flotation thickening — ¢uioTanMoOHHBIH WIOYIIIIOTHUTEb.

H

Hydrogen — Bomopon,
Hardness — TBepblii IpOYHBIH,
High Lift Pumps — nacocHast cTaHI¥sI BTOPOTO MOAbEMA.

Infiltration — mpocaunBanmue,
Influent — mocrymnenue (IpUTOK).

G
Ground Water — rpyHnToBas Boja,
grit chamber — neckosoBka,
Gravity thickening — rpaBuTaniMOHHBIN HIOYIIIOTHUTEb.

L
Lime — u3Becrs,
Low Lift Pumping Station — HacocHast cTaHIUs IEPBOIO MOIbEMA,
Liquid — sxuakocTh,
Lagooning — Guosoruaeckuii mpy;.
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M
Measurement — usmepenue,
Mesh rotating screens — mexanndeckoe OapabaHHOE CHTO,
Moving Bed Biological Reactor — 6uopeakTop ¢ moIBUXKHOM 3arpy3KoHu,
mesophilic digestion — me3odunsHOE cOpakuBaHUe,
Methane — metan.

N
Nitrite — HuTpwuT,
Nitrate — HuTpar.

O
Oxygen — kuciopo,
ozonation system — cuctema 030HUPOBAHUSI.

P
Pollution — 3arpsi3Henue,
Particle — yactuma,
Precipitation — BelnajieHre B 0CaJIOK,
purification methods — meToab! OUKCTKH,
Primary treatment — nepBu4Hast O4nCTKa,
Pumping — nepekaunBanue Hacocamu,
Pipe — tpy0a,
Pre-conditioning — nmpeaBapuTeIbHOS KOHIUIMOHUPOBAHHKE,
Pre-chlorination — npeaBapuTenbHOE XJIOPHUPOBAHHE.

Q

Quality — kavectso.

R
Runoff — moBepXHOCTHBII CTOK,
Reverse 0SmMosis — o0paTHBII 0cMOC,
Raw water — HeouunieHHas Boja,
Rapid mix chamber\tank — cmecurens,
Rapid gravity filter — ckopslii 6e3HanmopHBINA GUIBTP,
Return activated sludge — perupkyISIIMOHHBIA AKTUBHBIN HII.

S
Surface Water — moBepXHOCTHBIC BOJIBI,
spectrophotometer
substance — cyocrannus,
suspended

38


http://en.wikipedia.org/wiki/Mesophilic
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Nitrite
http://en.wikipedia.org/wiki/Nitrate

settle — orcrauBaTs,

salt — coxb,

sludge - ocamoxk,

Sedimentation — ocaxaenue,

settling tank — oTcTOMHUK,

semi-permeable membrane — monynenponuiiaemas memOpana,
separation — paszeinenue,

sedimentation basin\tank — orcroiiHuK,

Secondary treatment — BTopu4Has O4HMCTKA BOJIBI,

Storage — xpanumnuie,

Solids — TBepapIie BemiecTna,

Sewage — kaHanmm3anus,

Separate sewerage system — pa3zzenpHasi cucTeMa KaHaTN3allnu.

T
Turbidity — myTHOCTB,
Total suspended solids (TSS) — o01iee YnCiIO B3BEIICHHBIX BEIIECTB,
Tertiary treatment — noouncTka BOJEI,
thermophilic digestion — TepmodunbpHOE cOpakuBanue,
Thermal depolymerization — Tepmudeckas aemnouMepu3aIus.

Y

well — xonozer,
wastewater — cTouHbINA BOJBI,
wastewater treatment - odmcTka CTOYHBIX BOJI.
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[Ipunoxenue

1. Read the text and state the main idea of it. Be sure to speak about
stages In history of drinking water treatment.

History of drinking water treatment

In ancient Greek and Sanskrit (India) writings dating back to 2000 BC,
water treatment methods were recommended. People back than knew that heating
water might purify it, and they were also educated in sand and gravel filtration,
boiling, and straining. The major motive for water purification was better tasting
drinking water, because people could not yet distinguish between foul and clean
water. Turbidity was the main driving force between the earliest water treatments.
Not much was known about micro organisms, or chemical contaminants.

After 1500 BC, the Egyptians first discovered the principle of coagulation.
They applied the chemical alum for suspended particle settlement. Pictures of this
purification technique were found on the wall of the tomb of Amenophis II and
Ramses II.

After 500 BC, Hippocrates discovered the healing powers of water. He
invented the practice of sieving water, and obtained the first bag filter, which was
called the ‘Hippocratic sleeve’. The main purpose of the bag was to trap sediments
that caused bad tastes or odours. In 300-200 BC, Rome built its first aqueducts.
Archimedes invented his water screw.

Aqueducts

The Assyrians built the first structure that could carry water from one place
to another in the 7th century BC. It was 10 meters high and 300 meters long, and
carried the water 80 kilometres across a valley to Nineveh. Later, the Romans
started building many of these structures. They named them aqueducts. In Latin,
aqua means ‘water’, and ducere means ‘to lead’. Roman aqueducts were very
sophisticated pieces of engineering that were powered entirely by gravity, and
carried water over extremely large distances. They were applied specifically to
supply water to the big cities and industrial areas of the Roman Empire. In the city
of Rome alone more than 400 km of aqueduct were present, and it took over 500
years to complete all eleven of them. Most of the aqueducts were underground
structures, to protect them in times of was and to prevent pollution. Together, they
supplied Rome with over one million cubic meters of water on a daily basis.
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Today, aqueducts can still be found on some locations in France, Germany, Spain
and Turkey. The United States have even taken up building aqueducts to supply
the big cities with water again. Many of the techniques the Romans used in their
aqueducts can be seen in modern-day sewers and water transport systems[1].

Archimedes’ screw

Archimedes was a Greek engineer that lived between 287 and 212 BC, and
was responsible for many different inventions. One of his findings was a device to
transport water from lower water bodies to higher land. He called this invention the
water screw. It is a large screw inside a hollow pipe that pumps up water to higher
land. Originally, it was applied to irrigate cropland and to lift water from mines
and ship bilges. Today, this invention is still applied to transport water from lower
to higher land or water bodies. In The Netherlands for example, such structures can
be found in the city of Zoetermeer (see picture), in the west close to The Hague.
The water screw formed the basis for many modern-day industrial pumps.

During the Middle Ages (500-1500 AD), water supply was no longer as
sophisticated as before. These centuries where also known as the Dark Ages,
because of a lack of scientific innovations and experiments. After the fall of the
Roman Empire enemy forces destroyed many aqueducts, and others were no
longer applied. The future for water treatment was uncertain.

Than, in 1627 the water treatment history continued as Sir Francis Bacon
started experimenting with seawater desalination. He attempted to remove salt
particles by means of an unsophisticated form of sand filtration. It did not exactly
work, but it did paved the way for further experimentation by other scientists.

Experimentation of two Dutch spectacle makers experimented with object
magnification led to the discovery of the microscope by Antonie van Leeuwenhoek
in the 1670s. He grinded and polished lenses and thereby achieved greater
magnification. The invention enables scientists to watch tiny particles in water. In
1676, Van Leeuwenhoek first observed water micro organisms.

In the 1700s the first water filters for domestic application were applied.
These were made of wool, sponge and charcoal. In 1804 the first actual municipal
water treatment plant designed by Robert Thom, was built in Scotland. The water
treatment was based on slow sand filtration, and horse and cart distributed the
water. Some three years later, the first water pipes were installed. The suggestion
was made that every person should have access to safe drinking water, but it would
take somewhat longer before this was actually brought to practice in most
countries.
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In 1854 it was discovered that a cholera epidemic spread through water. The
outbreak seemed less severe in areas where sand filters were installed. British
scientist John Snow found that the direct cause of the outbreak was water pump
contamination by sewage water. He applied chlorine to purify the water, and this
paved the way for water disinfection. Since the water in the pump had tasted and
smelled normal, the conclusion was finally drawn that good taste and smell alone
do not guarantee safe drinking water. This discovery led to governments starting to
install municipal water filters (sand filters and chlorination), and hence the first
government regulation of public water.

In the 1890s America started building large sand filters to protect public
health. These turned out to be a success. Instead of slow sand filtration, rapid sand
filtration was now applied. Filter capacity was improved by cleaning it with
powerful jet steam. Subsequently, Dr. Fuller found that rapid sand filtration
worked much better when it was preceded by coagulation and sedimentation
techniques. Meanwhile, such waterborne illnesses as cholera and typhoid became
less and less common as water chlorination won terrain throughout the world.

But the victory obtained by the invention of chlorination did not last long.
After some time the negative effects of this element were discovered. Chlorine
vaporizes much faster than water, and it was linked to the aggravation and cause of
respiratory disease. Water experts started looking for alternative water
disinfectants. In 1902 calcium hypo chlorite and ferric chloride were mixed in a
drinking water supply in Belgium, resulting in both coagulation and disinfection.
In 1906 ozone was first applied as a disinfectant in France. Additionally, people
started installing home water filters and shower filters to prevent negative effects
of chlorine in water.

In 1903 water softening was invented as a technique for water desalination.
Cations were removed from water by exchanging them by sodium or other cations,
in ion exchangers.

Eventually, starting 1914 drinking water standards were implemented for
drinking water supplies in public traffic, based on coliform growth. It would take
until the 1940s before drinking water standards applied to municipal drinking
water. In 1972, the Clean Water Act was passed in the United States. In 1974 the
Safe Drinking Water Act (SDWA) was formulated. The general principle in the
developed world now was that every person had the right to safe drinking water.

Starting in 1970, public health concerns shifted from waterborne illnesses
caused by disease-causing micro organisms, to anthropogenic water pollution such
as pesticide residues and industrial sludge and organic chemicals. Regulation now
focused on industrial waste and industrial water contamination, and water
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treatment plants were adapted. Techniques such as aeration, flocculation, and
active carbon adsorption were applied. In the 1980s, membrane development for
reverse osmosis was added to the list. Risk assessments were enabled after 1990.

Water treatment experimentation today mainly focuses on disinfection by-
products. An example is trihalomethane (THM) formation from chlorine
disinfection. These organics were linked to cancer. Lead also became a concern
after it was discovered to corrode from water pipes. The high pH level of
disinfected water enabled corrosion. Today, other materials have replaced many
lead water pipes.

2. Read the text and state the main idea of it. Be sure to speak about
stages in history of drinking water disinfection

History of drinking water disinfection

The link between water quality and health has been known since the early
ages. Clear water was considered clean water. Swamp areas were associated with
fever.

Disinfection has been applied for centuries. Two basic rules dating back to 2000
B.C. state that water must be exposed to sunlight and filtered with charcoal and
that impure water must be purified by boiling the water and than dipping a piece of
copper in the water seven times, before filtering the water. Descriptions of ancient
civilisations were found about boiling water and water storage in silver jugs. To
realize water purification copper, silver and electrolysis were applied.

Disinfection has been applied for several decades. However, the
mechanism has been known for only one hundred years. In 1680 Anthony van
Leeuwenhoek developed the microscope. His discovery of microorganisms was
considered a curiosity. It took scientists another two hundred years before they
started using the microscope to distinguish microorganisms and other pathogens.
The first multiple filter was developed in 1685 by the Italian physician Lu Antonio
Porzo. The filter consisted of a settling unit and a sandfiltration unit. In 1746 the
French scientist Joseph Amy received the first patent for a filter design, which was
applied in households by 1750. The filters consisted of wool, sponges and
charcoal.

For the past centuries humans have suffered from diseases such as cholera
and the plague. The origin of these diseases was misinterpreted. It was said that the
diseases were a devine punishment or were caused by impure air or the alignment
of the planets.
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In the nineteenth century the effect of disinfectants, such as chlorine, was
discovered. Since 1900 disinfectants are largely applied by drinking water
companies to prevent the distribution of diseases and to improve water quality.

3. Read the text and state the main idea of it.
Water Treatment Membrane Type and Materials

The water treatments membrane can be defined essentially as a barrier,
which separates two phases and restricts transport of various chemicals in a
selective manner. A membrane can be homogeneous or heterogeneous, symmetric
or asymmetric in structure, solid or liquid, can carry a positive or negative charge
or be neutral or bipolar. Transport through a water treatments membrane can be
effected by convection or by diffusion of individual molecules, induced by an
electric field or concentration, pressure or temperature gradient. In the Water
treatment Membrane filtration are categorized according to their pore sizes as
micro-filtration, ultra filtration, nano filtration and reverse osmosis. Micro
filtration uses the largest pore size, reverse osmosis the smallest. Reverse Osmosis
water treatment membranes have pore diameters ranging from 5 to 15 A degree
(0.5 nm to 1.5 nm). The extremely small size of Reverse Osmosis water
treatments membrane pores allows only the smallest organic molecules and
unchanged solutes to pass through the semi-permeable membrane along with the
water. The water treatments membrane thickness for reverse osmosis may vary
from as small as 100 micron to several millimeters. The first commercially
available membranes, developed in the mid 1960s, were made of cellulose acetate
(CA) manufactured in flat sheets. Modern Cellulose Acetate membranes are
modifications of the cellulose acetate structure, including blends and different
surface treatments, and are called cellulose or symmetric water treatments
membrane.

Non-cellulose water treatments membranes, called thin-film composite
membranes, have been developed since the 1970s. These include poly amide
membranes with relatively thick asymmetric poly amide support structures and
composite membranes with thin-film poly amide or other membrane materials on a
porous support structure. Almost all water treatment Reverse Osmosis membranes
are made of polymers, cellulose acetate and poly amide types rated at 96%-99+%
salt rejection[4].

44



4. Read the text and state the main idea of it.

Activated sludge

Clarifier

Return activated sludge (RAS)
;
Waste activated sludge (WAS)

Activated sludge refers to a mass of microorganisms cultivated in the
treatment process to break down organic matter into carbon dioxide, water, and
other inorganic compounds. The activated sludge process has three basic
components: 1) a reactor in which the microorganisms are kept in suspension,
aerated, and in contact with the waste they are treating; 2) liquid-solid separation;
and 3) a sludge recycling system for returning activated sludge back to the
beginning of the process. There are many variants of activated sludge processes,
including variations in the aeration method and the way the sludge is returned to
the process[5].

The process was discovered by the aeration of holding tanks for distributing
raw sewage onto land. It was noticed that the nature of the sewage improved
during aeration, which was applied mainly to prevent odours from forming. This
improvement was even more marked when some of the sludge that was suspended
and settled to the bottom during decanting, was re-suspended during aeration of the
following batch of sewage. This led to the Fill and Draw method of treatment by
which the sludge was allowed to settle to the bottom before decanting the effluent,
filling the tank again with raw sewage, re-suspending the sludge by aeration and
repeating the decanting process. It was noticed that under these conditions the
sludge became more active and this process was referred to as activating the
sludge. The basic layout of an activated sludge plant is illustrated in the sketch
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below. The aeration basin is followed by a clarifier, where the active sludge is
separated from the liquid and returned (pumped) to the aeration basin, together
with the raw influent. The aeration basin or reactor, the clarifier and return sludge
pumping form integral parts of an activated sludge system.

The wastewater, containing numerous organic compounds, serves as a food
source for micro-organisms in the mixture of activated sludge. Air is supplied for
the respiration or breathing of these organisms and also for keeping the organisms
in suspension and in contact with the food source. The organisms use the food to
obtain energy, thereby growing to form new micro-organisms, carbon dioxide and
water. The mass of organisms is constantly passed to the clarifier to be separated
by settling and recycled by pumping back to the aeration basin (return activated
sludge — RAS). The surplus sludge (waste activated sludge — WAS) formed by the
additional growth of organisms must be removed from the system to keep the total
mass of organisms constant [5].

5. Read the text and state the main idea of it.
Nutrient removal

Wastewater may also contain high levels of nutrients (nitrogen and
phosphorus) that in certain forms may be toxic to fish and invertebrates at very low
concentrations (e.g. ammonia) or that can create nuisance conditions in the
receiving environment (e.g. weed or algal growth). Weeds and algae may seem to
be an aesthetic issue, but algae can produce toxins, and their death and
consumption by bacteria (decay) can deplete oxygen in the water and suffocate fish
and other aquatic life. Where receiving rivers discharge to lakes or shallow seas,
the added nutrients can cause severe eutrophication losing many sensitive clean
water fish. The removal of nitrogen and/or phosphorus from wastewater can be
achieved either biologically or by chemical precipitation.

Nitrogen removal is effected through the biological reduction of nitrogen
from the ammonia to nitrate (nitrification involving nitrifying bacteria such as
Nitrobacter and Nitrosomous), and then from nitrate to nitrogen gas
(denitrification), which is released to the atmosphere. These conversions require
carefully controlled conditions to encourage the appropriate biological
communities to form. Sand filters, lagooning and reed beds can all be used to
reduce nitrogen. Sometimes the conversion of toxic ammonia to nitrate alone is
referred to as tertiary treatment.
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Phosphorus removal can be effected biologically in a process called
enhanced biological phosphorus removal. In this process specific bacteria, called
Polyphosphate accumulating Organisms, are selectively enriched and accumulate
large quantities of phosphorus within their cells. When the biomass enriched in
these bacteria is separated from the treated water, the bacterial biosolids have a
high fertilizer value. Phosphorus removal can also be achieved, usually by
chemical precipitation with salts of iron (e.g. ferric chloride) or aluminum (e.g.
alum). The resulting chemical sludge, however, is difficult to dispose of, and the
use of chemicals in the treatment process is expensive. Although this makes
operation difficult and often messy, chemical phosphorous removal requires
significantly smaller equipment footprint than biological removal and is easier to
operate.

6. Read the text and state the main idea of it.
Water Distribution Pipes

A water pipe is any pipe or tube designed to transport drinking water to
consumers. If the water is treated before distribution or at the point of use (POU)
depends on the context. In well planned and designed water distribution networks,
water is generally treated before distribution and sometimes also chlorinated, in
order to prevent recontamination on the way to the end user. The varieties of water
pipes include large diameter main pipes, which supply entire towns, smaller branch
lines that supply a street or group of buildings, or small diameter pipes located
within individual buildings. Water pipes can range in size from giant mains of up
to 3.65 m in diameter to small 12.7 mm pipes used to feed individual outlets within
a building. Materials commonly used to construct water pipes include polyvinyl
chloride (PVC), cast iron, copper, steel and in older systems concrete or fired clay.
Joining individual water pipe lengths to make up extended runs is possible with
flange, nipple, compression or soldered joints (SCOTT 2011)

Types of Pipes

Pipes come in several types and sizes. They can be divided into three main
categories: metallic pipes, cement pipes and plastic pipes. Metallic pipes include
steel pipes, galvanised iron pipes and cast iron pipes. Cement pipes include
concrete cement pipes and asbestos cement pipes. Plastic pipes include plasticised
polyvinyl chloride (PVC) pipes.
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Steel Pipes
Steel pipes are comparatively expensive, but they are the strongest and most
durable of all water supply pipes. They can withstand high water pressure, come in
convenient (longer) lengths than most other pipes and thus incur lower
installation/transportation costs. They can also be easily welded.

Galvanised Steel or Iron Pipes

Galvanised steel or iron is the traditional piping material in the plumbing
industry for theconveyance of water and wastewater. Although still used
throughout the world, its popularity is declining. The use of galvanised steel or
iron as a conveyer for drinking water is problematic where water flow is slow or
static for periods of time because it causes rust from internal corrosion. Galvanised
steel or iron piping may also give an unpalatable taste and smell to the water
conveyed under corrosive conditions.

Cast Iron Pipes

Cast iron pipes are quite stable and well suited for high water pressure.
However, cast iron pipes are heavy, which makes them unsuitable for inaccessible
places due to transportation problems. In addition, due to their weight they
generally come in short lengths increasing costs for layout and jointing.

Concrete Cement and Asbestos Cement Pipes

Concrete cement pipes are expensive but non-corrosive by nature. Their
advantage is that they are extremely strong and durable. However, being bulky and
heavy, they are harder and more costly to handle, install and transport.

Plasticised Polyvinyl Chloride (PVC) Pipes

PVC pipes are non-corrosive, extremely light and thus easy to handle and
transport. Still, they are strong and come in long lengths that lower
installation/transportation costs (LEE n.y.). However, they are prone to physical
damage 1if exposed overground and become brittle when exposed
to ultraviolet light. In addition to the problems associated with the expansion and
contraction of PVC, the material will soften and deform if exposed
to temperatures over 65 °C.
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