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Part1 Teaching Reading Material

Unit 1 Sources of Water Supply

All sources of water can be broadly classified under the following two categories: Surface
water, and Ground water.

The surface water can further be sub-divided into the following categories: Streams,
Lakes, Ponds, Rivers, and Impounded Reservoir.

The surface water sources are discussed with reference to the following impurities: Colour,
Odour, Taste, Physical, Chemical, Bacterial.

(1) Streams. The impurities in the stream water are on account of clay, sand, colloidal and
minerals by and large the water is colourless, odourless and tasteless.

Depending upon the strata through which water passes, it is likely to have mineral
impurities, which may or may not be harmful. Water from streams and springs is the best
source of supply.

(ii) Lakes. Lakes are formed in impervious bed. Since the water is not as free flowing as
in the case of stream and springs, it is likely to be affected by bacterial impurities.

Lake water forms a good source of water supply, particularly if the lake is located at high
altitude.

(ii1) River. Because of the flowing nature of the water and continuous exposure to heat
and light, it has self purification property. It is the major source of water supply for most of the
water works.

The water carries sand, silt and clay with it. The intake point should be a good distance
up-stream from the point at which sewage is discharged into the river.

(iv) Ponds. Comparatively small quantities of water may be collected from ponds, which
are formed by depression in the plain. Because of the stagnant nature of water, it contains
physical, chemical and bacterial impurities. It is invariably contaminated and unsuitable for
water supply purposes.

(v) Impounded Reservoir. In most of the rivers there is considerable variation in the
discharge between rainy season and dry season. Whereas water during the rains goes waste and
occasionally causes flooding, there may be water scarcity or water famine during the summer
months.

The difficulty has been partly overcome by storing water by constructing bund, weir or
dam across the river.

The various sources of ground water are: Springs. Infiltration Galleries, Porous Pipe
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Galleries, Wells.

The ground water is obtained by means of wells and tube wells. Wells may be classified
into the following three categories:

(i) Open well or Dug well. These are normally 3 to 5 metres deep and are a normal source
of supply for the villages.

(ii) Lined well. The wells are lined with bricks, stone or concrete. These wells are 10 to 20
metres deep.

(iii)Deep wells and Tube wells. These are the normal source of water supply in cities.
They are used either alone or to augment the supply from rivers. In remote areas where
irrigation facilities are not available, tube wells form the only source of irrigation wells.

New words and Expressions

source [82:8] n. /]

supply [s@'plai] n. ity

broadly ['bro:dli] ad. g, KEUH
classify [/'kleesifai/] vt. HE

category [keetigari] n. A, %51
surface ['sa:fis] n. FH

ground [graund] n. T

stream [stri:m] n. AN, R

lake [leik] n. b

pond [pond] n. sk

river [riva) n. T, ¥

impound [im'paund] vi. K, K
reservoir [rezevwa:] n. IKEE

discuss [dis’kAs] vI. iR, Wit

with reference to KT, EeeHH
impurity [im'pjuarati] n. 5, 155
odour [‘auda] a. SR, RER

taste [teist] n. BR tasteless a. JCERA
physical [fizikal] a. YRR

chemical ['kemikal] a. A

bacterial [beek tiarial] a. MEE, 4R PER
on account of BT

clay [klei] #Ft, Bt
colloidal [ka'loidal] etk

by and large —RME
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depending upon

stratum ['streitom, 'stree-, 'stra:-]

be likely to

mineral ['minaral]
harmful [ha:mful]
spring [sprin]
impervious [im'pa:vias]
free flowing

affect [a'fekt, 'sefekt]
locate [lau'keit]

altitude ['zeltitju:d]
exposure [ik'spauza]

s

& 3 R B

vt.

purification [pjuerifikeif an]

self purification
property [ propati]
water works

silt [silt]

intake point

a good distance
upstream ['Ap'stri:m]
sewage ['sjurid3]

V.
discharge [dis't[ a:d3, 'distfa:d3] v.

comparatively [kam'peerativli] ad.

quantity ['kwontati]
collect [ka'lekt]
depression [di'prefan]
plain [plein]

stagnant ['staegnant]
invariably [in'veariabli]

contaminate [ken'teemineit] vt.

unsuitable [An'sju:tabl]

considerable [kan'sidarabl]

variation [,veari'eif an]
rainy season

dry season

waste [weist]

flooding ['fladin]
scarcity ['skeasati]
famine [‘feemin]

CHEREIE

FREE, Ao TSE

WE, HE (BYPEN strata); NBKE
ReTfe

L, 5

HEN

R
ANEIK
E R
B3, #HEF
AT
=R, iR
ZFE exposureto RET
Eta

i

M, ¥R

HOKIE, HKIE
BUKOME GhrD

FH 4R B

L

5K

s, =

HxTHh, LB

&2

sk, R

LI

FIR,

T, WEK

ISP 5

EES

ANEH

FZ KK, APRA

6344

RiES

B

KFEN, BRH, TRE
&\‘IV\" ﬁ“&

Bz

BN K Y

impervious bed AFEKE
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store [sto:] vt. it &

construct [kan'strakt] vt. B, g

bund [bAnd] n. R’

weir [wia] n. 1, (&M

dam [deem)] n. g2/

gallery ['geelari] n. KB, #KiE
infiltration gallery BR

porous [pa:ras] a. ZILW, BRFEKE
by means of EB T, @i

well [wel] n. FHF  tube well &
open well aH, KA
dug well FER3F

lined [laind] a. FIRIEER), Nt B
concrete [kan'kri:t, 'kankri:t] n. TREEL

augment [9:g'ment, 'o:gmant] v. i, #h7

remote [ri'maut] a. iz i

irrigation [.iri'geifan] n. PER

facility [fa'siliti] n. KE

(i3]
F—4oc Bt ok k B

— IR EBE 23 A AT I MR KA R K.

MR AKATBE— B LU T LR B BV, HIE. . BAKE.

AT IS REER, THERAOKE: BE. [k, D&, PEZER. b
LA, M

(1) BH. BRAPHZATERF L. . KEATYR. K05, BKEAE. R,
k. WRBKRBLIREEAR, KPRATGBEIETYRA. XLRAATRLE, Hrl6k
Fo BKAREKENRR KKK,

(2) #iH. BEERTAEKNEEZZ £ B TRKPREERRMRKITRE B TRE),
K] i 1R AT REA A A 4 A I Jh B .

WK 2 BIFREKOKERE, 5 —A TR E S HHINE.

(3) {H. BFREUKETEE, UARAHRETARMBEXD, FHREEaEEM. Wi
RAKBEL K TR EERKAKE.

PR ERSER. PEME L. FAKBUK AN FvaKHR O i 295 @ 77 .

(4) Wiy, jhiE B PIEMX PN R, AbERACRAKEANTEERD>. BAK
REFRG, FHPESHFEYEN. WEPRAERPZR. SHKEZREER, RNAET
1 R LK K8
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(5) BAKE. REFUIRERENREZRKERUMAKR. BRNY, KEDH, G
EERBKEZE: TERS, KERD, HARNK.

MR RGER. B, IUEK O ELREESH T —EBERER.

BT KIERR. BE. SAEBENH.

KRS HFEH A, FHAT AT =

(1) MAHBIFEH. —RE3~5m, £ SHFERHKKE.

(2) #Et. HNEARE. ABRRLKF. XMHFERER 10~20m.

(3) WAHMEEH. XREBHHKTEEFHIKIE. SO LMER B REHKKE,
WAME ARG ACKIREF FEKIR . FERE BB BRI RITHIX, BN E— KRR
BT,
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Unit 2 Combating Water Pollution

Effective pollution control systems depend on policies that combine technical, economic,
social, and aesthetic considerations. The decisions involved require answers to many complex
questions. How can we provide water of what quality, when, how much, to what people, and
for what purposes? Who is to be restrained from putting how much of what kinds of wastes
into what parts of the water system? Who is to be permitted to use waters for waste disposal
and under what terms and conditions? Who will pay the high cost of protecting surface and
ground waters?

The extreme view of demanding absolutely clean or pure water is as unacceptable as
uncontrolled water pollution, since technical and financial feasibility must be included in all
practical considerations of the problem.

There are several ways in which water pollution can be combated. First, through treatment
of wastewater to make water reusable and of high quality. Second, by the enactment and
enforcement of governmental regulations prohibiting and limiting pollution of water. Third, by
development of practices and techniques that will prevent or limit the natural runoff of
pollutants—for example, from agricultural areas—into water.

The traditional method of controlling water pollution in the United Stated has been to
collect waste in a system of sewers and transport it to a waste treatment plant where the
wastewater is treated for discharge into streams and for reuse.

There are two kinds of sewer systems—combined and separate. Combined sewers carry
both water polluted by human use and storm water polluted as it drains off homes, streets, or
land. In separate systems, sanitary sewers carry only sewage, while storm sewers carry the
large volumes of storm runoff water. During dry weather when combined sewers are
handling only the normal amount of wastewater, all of it is carried to the waste treatment
plant. But during wet weather, only the normal amounts of wastewater, all of it is carried to
the waste treatment plant, part of the water, including varying amounts of raw sewage, often
bypass the treatment plant and flow directly into receiving streams. In theses cases, the
process of dilution is depended on how to minimize the pollution, but this is a highly
undesirable situation.

Wastewater is usually treated by two processes, called primary and secondary treatments.
In primary treatment, solids are allowed to settle out from the water, and the effluent from the
tank is then treated by chlorination to kill disease-causing bacteria and reduce odours.
Although 30% of the municipalities in the United States give sewage only primary treatment,
this process is inadequate for most water needs. In secondary treatment, up to 90% of organic
material in sewage is removed simply by making use of the bacteria in the organic material. In
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this process the effluent leaving sedimentation tanks is acted on by bacteria that consume a
substantial amount of the organic material in the sewage. Secondary treatment is completed by
the addition of chlorine, which kills more than 90% of harmful bacteria in the effluent. In a
very few areas, notably near Lake Tahoe, water is subjected to advanced tertiary treatment
involving many, notably near Lake Tahoe, water is subjected to advanced tertiary treatment
involving many new processes that further purify the water.

In areas lacking a sewer system or treatment plant, lagoons or septic tanks are used.
A septic tank receives wastewater from home and holds it while bacteria in the sewage
break down the organic material so that clearer water flows out into a leaching field.
Lagoons that provide for proper depth and detention while sunlight, algae and oxygen
interact can also restore water to a quality equal to that provided by the standard
secondary treatment.

New words and Expressions

aesthetic [i:s'0etik] a. EKE¥EH
restrain...from (doing) il L eeeeee (FD eeeeee
waste disposal EYatE

feasibility [fi:za'biliti] a. ATAT

enactment [i'neektmant] n. bl

enforcement [in'fo:smant] n. L

combined sewer(system) BREPTKE (R
separate sewer(system) ARHETKE (RG)
drain off e dRER

bypass ['baipa:s, -paes] va g, el
minimize ['minimaiz] Vi. B/ME

dilute [dailju:t, di-] v ik

settle out TUE R
municipality [mju:.nisi'peelati] n. m; BT
undesirable [,Andi‘zaiarabl] a. WRE; 4 AR
inadequate [in'sedikwit] a. ARE: AEAM
be acted on oo tEH

notably ['neutabli] ad. BEM: FaM
tertiary [to:[ori] a. FE=Z

leach [li:t]] vt. B (WH)
leaching [li:tfin] B

septic ['septik] a. SIEBIZH

septic tank 1k
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detention [di'ten[an] n. bid e
interact [intorsekt] vi. HAHER, HAHZMW
[¥F3X]

SWgr K5 RBR

AR REHRERRTHEZRBEAR. 2%, LS RXFERETHIT HRARE.
KRR B R B0, BATGRAFAREIK. AR, 24D,
mEAN. ATH2BR? #ERZRIRGITA L F KRR8I HEA L DR —RKIE
K? EEMAFZMNS AR TR AFNRKEREERY? R H = SR RRRTH
RAHT KA?

R EX 15 T B o 2 1 7K B AR Ao AR s A B B R SR K 95 e AN I il — R AN T
XK, BOATESERR B ) MR LS B ER RS LT .

HILFBHG KIS RN T . B, BEBKAETEKERAMBEFRKT: F,
AT M SE RS TRBUFE AR B IE MR EIKAERTEER: 8=, PR —EERRPILRBHIRR
HHRAR (B, AR KIESH I MRRIGROBTR) FHAKK,

REZHKGROERTERBERUEAEGKEERET, IR ERIERGKEE,
FEXCER ) Hevs K M EAAE B CLE HE TR BREE A

HRRIGKEERE: SRBEIREMDWHRE. R TKEERBEEANRMAGES
Rk, SCEIENERS . #REECCHEEM RIS R T HRK. EDRBIRES, HKEER
X AETETSK, TURERFKERBNAERE. £FF, SR FTKERBIXIEEREK
B, XWMAERERBREEGKLEER . HENE, GR FKENREEREKENGKES
KAEE] . Hph—ERERSLENEFRGK, BESEBGKEE HEFARHTN.
FERXMELT, TUKERBERRDEER, HIXR—FRERKEL.

RACGEERANM TZERETAHE, R —ROEEN T RaE. £ F0ES, EiE
YR MKFUTEE R, ARG Ui ith ot tH ZAGHE I 0 AL 2 LR R BUw 41 A A PR R0k . RARK
EH 30%M i EiEE K RET — R #E, EZTEIBEAEHE RS HAKNERK. %
“arET, REGHAENDRAEREEERERGT KT 0% U LHENY. EXLEL
B, TURmKHAKZAHEM, ARSHEEGKTRENFIOR. —RLEBRRETF
REF LSRR KD 90% LA ERH FHE . ERDOBK—LHX, 2 KR ERRIXE,
BKE#IT=HAHE, BFRELENFEHITZ.

RO TRERARITKEE HIHX, TRAEAERIE . LERBRBOMHETFR
BEAETEBOK, k5K A EBA A YY) UER S KK SRS . BT RAIE HHIKER
B nE, £, ERMEMNESHERT, WAMKKEEKERS TR RLE
A REIR AL I KRR L
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Unit 3 Water and Wastewater Treatment Methods

Over the years, a variety of methods have been developed for the treatment of water and
wastewater. In most situations, a combination or sequence of methods will be needed. The
specific sequence required will depend on the quality of the untreated water or wastewater and
the desired quality of the product. Although treating water is relatively inexpensive on a
per-cubic-metre basis; there is little opportunity to modify water quality directly in most
natural systems such as streams, lakes, and groundwaters because of the large volumes
involved. Rather, what is done is to treat the water used for public water supplies and to treat
wastewater before it is returned to the environment in engineered systems.

A wide variety of contaminants that may be found in water and wastewater were
identified. Contaminants that may have to be removed from groundwater, surfacewater, and
wastewater to meet specific water quality objectives are identified in Table 3.1. Because of
their importance, treatment methods for contaminants of anthropogenic origin are also
considered.

[Water treatment methods] The most important objective of water treatment is to produce
water that is biologically and chemically safe for human consumption. Quality requirements similar
to those for domestic use will generally apply for most industrial users. In some cases, such as in
the manufacture of printed circuits, even higher quality requirements may have to be met.

Table 3.1 Typical contaminants found in various waters that may
need to be removed to meet specific water quality objectives*

ical contaminants found in
Typical i found i
Class Groundwater Surfacewater Wastewater
Floating and None Branches, leaves, Wood, rags, paper,
suspended materials algal mats, soil particles grit, food wastes, feces
Colloidal Microorganisms, trace A Clay, silt, organic materials, Food wastes, feces,
materials organic and inorganic pathogenic organisms, algae, pathogenic bacteria,
constituents® other microorganisms other microorganisms, silt
Iron and manganese . . .
Dissolved hardness ions 1gn orgar;ic Organic compounds, tannic Organic compounds (e. g.,
materials salts trace’or anic acids, hardness ions, inorganic | BOD)nutrients, heavy metals,
c’ompoun gs salts inorganic salts
. Carbon dioxide, hydrogen Ammonia, hydrogen sulfide,
Dissolved gases sulfide ® ' nethane
Immiscible liquids ® Oils and greases " Oils and greases

* Specific water quality objectives may be related to drinking water standards, industrial use requirements, effluent
discharge requirements, or agricultural reuse.
@ Typically of anthropogenic origin.
® Gas super saturation may have to be reduced if surface water is to be used in fish hatcheries.
® Unusually in natural groundwater aquifers.
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The principal contaminants found in water and the unit operations and processes used
for their removal are summarized in Table 3.2. As noted there, commonly used water
treatment methods are either physical operations or chemical processes. Biological processes
as are not used because appreciable amounts of organic matter are not present in most natural
waters and biological processes are not suitable in situations where contaminant
concentrations are low. In general, effluents from biological treatment processes do not meet
source standards for domestic water supplies. However, many community water supplies
contain treated effluents from upstream wastewater discharges, but dilution and the
assimilative capacity of the receiving water are sufficient to make the mixture acceptable as a
water supply source.

Table 3.2 Unit operations, processes, and treatment systems
used to remove the major contaminants found in water
Contaminant Unit operation, unit process or treatment system Classification*
Pathogenic organisms Chlorination, ozonation CC
Turbidity and suspended Screening, sedimentation, filtration P,P,P
matter
Coagulation/flocculation/sedimentation/filtration C/P/P/P
Color L
Adsorption, ion exchange P,C
Tastes and odors Coagulation/flocculation/Sedimentatior/ filtration C/p/pP/P
Oxidation (aeration), adsorption C,P
Organic matter Chemical oxidation C
Adsorption, ion exchange, ozonation P,C,C
Hardness ions Coagulation/flocculation/sedimentation/filtration C/P/P/P
(Ca**, Mg Chemical precipitation, ion exchange C,C
Dissolved gases Aeration, vacuum deaeration PP
8 Chlorination, ion exchange CC
Heavy metals Chemical precipitation, ion exchange C,CC,
Iron and manganese Ion exchange, oxidation/precipitation/filtration C/p/P
Dissolved solids Reverse osmosis, distillation PP

* C=chemical, P=physical.

[Wastewater treatment methods] The principal objective of wastewater treatment is to
produce an effluent that can be discharged without causing serious environmental impacts. The
principal contaminants found in wastewater and the unit operations and processes used for
their removal are summarized in Table 3.3. Processes and operations used in wastewater
treatment are similar to those used in water treatment, except for biological methods. The
principal use of biological treatment is for the removal of easily biodegradable organic
compounds, although biological processes are also used for removal of nitrogen and
phosphorus in some situations. A large number of biological process configurations are in use,
and several combine physical operations and chemical and biological processes are within the
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same unit.
Table 3.3 Unit operations, processes, and treatment systems
used to remove the major contaminants found in wastewater
Contaminant Unit operation, unit process or Classification®
treatment system
Screening and comminution, sedimentation PP
Suspended solids Flotation, filtration P, P
Coagulation/sedimentation, land treatment C/P, P
Biodegradable oreanics Activated sludge, trickling filters B/B
er g Rotating biological contactors aerated lagoons B/B
Oxidation ponds, physical/chemical B,P/C
Pathogens Intermittent sand filtration, land treatment P/B, B/C/P
Chlorination, ozonation, land treatment CCP
Suspended-growth nitrification and denitrification B
Nutrients Nitrogen Fixed-film nitrification and denitrification B
g Ammonia stripping, ion exchange C/h,C
Breakpoint chlorination, land treatment C,B/C/P
Metal salt coagulation/sedimentation (0] 4
Phosphorus Lime coagulation/sedimentation C/P
P Biological/chemical phosphorus removal B/C
Land treatment C/P
. Carbon adsorption, tertiary ozonation P/C
Refractory organics —— Land treatment systems P
Chemical precipitation, ion exchange C/IC
Heavy metals Land treatment C/P
Dlssol\::iglsorgamc Ion exchange, reverse osmosis, electrodialysis C/P/C

* B=biological, C=chemical, P=physical.

[Contaminated groundwater treatment methods] Serious health and environmental
hazards exist in a wide variety of chemicals of anthropogenic origin that have been found in
both surface waters and groundwaters. The principal objectives to be met in treating
contaminated groundwaters are to eliminate the health hazards and to restore, to the extent
possible, the quality of the groundwater. Treatment methods for contaminated groundwaters
are listed in Table 3.4.

Table 3.4 Unit operations, processes, and treatment systems used
to remove the major contaminants found in groundwater

Contaminant Unit operation, unit process or treatment system Classification*
Acids and alkalis Membrane se]‘)am'tlon/reuse P
neutralization C
. . Activated sludge, aerobic filtration B
Biodegradable organics Aerobic ponds, anaerobic digestion B
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Continued
Contaminant Unit operation, unit process or treatment system Classification*
Heavy metals Adsorption (traces), chemical reduction pC
vy Gravimetric separation, precipitation P,C
Adsorption (traces) P
. . Encapsulation/fixation, gravimetric separation PP
Inorganic ions and salts Membrane separation/reuse, landfill PP
Precipitation C
Adsorption (traces) P
Organ-metallic compounds Chemical oxidation/reduction C
Gravimetric separation P
Reactive i d ds Chemical oxidation/reduction C
eac;(vi_rl(:::s an rcomil::un Encapsulation/fixation, dissolving, hydrolysis PC,C
clractory organ Chemical oxidation, incineration ,C
Solvent extraction/incineration C
Solvent extraction/reuse C
Solvents and oils Acid/caustic stripping, distillation CP
Evaporation, filtration, steam stripping P,P,P
Gravimetric separation, incineration P,C

* B=biological, C=chemical, P=physical.

New Words and Expressions

engineer [end3i'nia]

contaminant [ken'teeminant]
coagulation [keu'zegju'leif an]
flocculation [flokju'lei] an]

algal ['zelgal]

grit [grit]

feces [fiisiiz]

silt [silt]

algae [eeld3i:]

trace [treis]

immiscible [I'misabl]
colloidal [ka'loidl]
assimilative [9'similativ]

biodegradable [baiaudi'greidabal]

screening ['skri:nin]
adsorption [sed'so:pJen]
deaeration [dieia'reifan]
osmosis [02'mausis]
distillation [disti'leif an]

v. wit, #H

n. e L]

n. wBEE (ERD, B3R
n. 25 (ERD

a. R

n. Uk, £RE

n. Hettdy, M8

n. TR, Bk

n. pl. &%

n. RE, WE

a. NREW, DRER
a. AR

a. EAGET, T

a. Al A YIREAR

n. k], e, (&R, MR
n. WA (FERD

n. BRI BSE)
n. BiE

n. W, B



