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MODULE-I
SOURCES OF ENERGY

There are mainly two types of sources of energy
1. Conventional Sources of Energy (Non-Renewable@s of Energy)
2. Non-conventional Sources of Energy (Renewablec®s of Energy).

1. CONVENTIONAL SOURCES OF ENERGY
These resources are finite and exhaustible. Ontguceed, these sources cannot be replaced by
others. Examples include coal, timber, petroleugnjte, natural gas, fossil fuels, nuclear fuets et

The examples are

(i) fossil fuel (i) nuclear energyii() hydro energy

Have you not seen the filling of fuel in automobi’eWhat are the fuels that are being used in
automobiles? What type of sources of energy arg?thfge they non-conventional? Fossil fuel is an
invaluable source of energy produced due to chémlt@nges taking place in the absence of oxygen, in
plants and animals that have been buried deegeiedlth’s crust for many million years. Fossil fulite
coal, petroleum and natural gas are formed inrti@isner. These are conventional sources of

energy. For example, energy from, Petroleum, nbfyas, coal, nuclear energy, etc

THERMAL POWER

Thermal generation accounts for about 70% of p@eeeration in India. Thermal energy generation
is based on coal, furnace oil and natural gasnstsale, rankin cycle or sterling cycle can be

used for energy production. Now clean coal techgiek(with 10% ash content) have been used in
thermal power plants on commercial scale.

NATIONAL THERMAL POWER CORPORATION (NTPC)

It was incorporated in November 1975 as a publitosaindertaking with the main objectives

of planning, promoting and organising integratedetigoment of thermal power. Installed capacity of
NTPC projects stands at 16000 MW.

2. NON-CONVENTIONAL SOURCES OF ENERGY

These sources are being continuously producedtimenand are not exhaustible. Examples
include wood, geothermal energy, wind energy, tetedrgy, nuclear fusion, gobar gas, biomass, solar
energy etc. The examples are

(i) Solar energyii) wind energyi(i) geothermal energyJ) ocean energy such as tidal energy,
wave energy\) biomass energy such as gobar gas.

It is evident that all energy resources based esilftuels has limitations in availability and will
soon exhaust. Hence the long term option for ensugply lies only with non-conventional energy
sources. These resources are in exhaustible faretktehundreds of thousands of years.
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The sources which are perennial and give energgmntmusly and which do not deplete with

use are the Non conventional sources of energy.

For example, energy from, solar energy, bio-energiyd energy, geothermal energy, wave,

tidal and OTEC.

INTRODUCTION TO VARIOUS NON CONVENTIONAL
(RENEWABLE) SOURCES OF ENERGY

Renewable energy development programme is gainiognentum in India. It has emerged as a viable
option to achieve the goal of sustainable developmidowever, Indian renewable energy programme
need more thrust at this stage. India has now tinédig largest programme for deployment of renewabl
energy products and systems, the spread of varemesvable energy technologies in the country has be



supported by a variety of incentives and policy suees. Power generation from non-conventional
renewable sources has assumed significance in dh&ext of environmental hazards posed by the
excessive use of conventional fossil fuels. Renésvabergy technologies have provied viable for powe
generation not so much as a substitute, but aslesuppt to conventional power generation. Currently
renewables contribute over 3500 MW, which represalthost 3.5 percent of the total installed genagat
capacity of one lakh MW from all sources.

Of this, wind power alone accounts for 1617 MW, leliiiomass power accounts for 450 MW and small
hydros 1438 MW. An additional 4000 MW of power fraenewable sources is to be added during the
Tenth Five Year Plan period (2002-07) mainly thifowgind, biomass, small hydros, waste energy and
solar energy system. Further, India has set agjeaating the share of renewable energy sourcpevirer
generation up to 10 percent share of new capaditjtian or 10,000 MW to come from renewable by
2012.

Today, India has the largest decentralised sokarggrprogramme, the second largest biogas and iragdro
stove programmes and the fifth largest wind energgramme in the world. A substantial manufacturing
base, has been created in a variety of renewablggtechnologies placing India in a position nolydo
export technologies; but also offer technical etiperto other countries.

BIO-GAS

Biogas is a good fuel. Have you thought how thi®med? Biomass like animal excreta, vegetableagast
and weeds undergo decomposition in the absenceygka in a biogas plant and form a mixture of gases
This mixture is the biogas. Its main constituermhithane. This is used as a fuel for

cooking and Lighting.

AEROBIC AND ANAEROBIC BIO-CONVERSION PROCESS
There are mainly three aerobic and anaerobic hie@sion process for the biomass energy
applications: There are:

Bioproducts: Converting biomass into chemicals for making praslticat typically are made
from petroleum.

Biofuels: Converting biomass into liquid fuels for transptica.

Biopower: Burning biomass directly, or converting it into @asgous fuel or oil, to generate
electricity.

Bioproducts. Whatever products we can make from fossil fuelscare make using biomass.

These bioproducts, or biobased products, are fgtaade from renewable sources, they also often
require less energy to produce than petroleum-baistlicts.

Researchers have discovered that the process kingriaiofuels releasing the sugars that make

up starch and cellulose in plants also can be ttsethke antifreeze, plastics, glues, artificial steeers,
and gel for toothpaste.

Other important building blocks for bioproductsluae carbon monoxide and hydrogen. When
biomass is heated with a small amount of oxygesgie these two gases are produced in abundance.
Scientists call this mixture biosynthesis gas. Ritisesis gas can be used to make plastics and acids
which can be used in making photographic filmstiles, and synthetic fabrics.

When biomass is heated in the absence of oxygtmnis pyrolysis oil. A chemical called

phenol can be extracted from pyrolysis oil. Phésoised to make wood adhesives, molded plastic, and
foam insulation.

Biofuels. Unlike other renewable energy sources, biomasdeamnverted directly into Liquid
fuels, biofuels. For our transportation needs (dausks, buses, airplanes, and trains). The twstmo
common types of biofuels are ethanol and biodiesel.

Ethanol is an alcohol, the same found in beer and.vit is made by fermenting any biomass



high in carbohydrates (starches, sugars, or cekglpthrough a process similar to brewing beeiarktth
is mostly used as a fuel additive to cut down dafels carbon monoxide and other smog-causing
emissions. But flexible fuel vehicles, which runmixtures of gasoline and up to 85% ethanol, are
now available.

Biodiesel is made by combining alcohol (usually magiol) with vegetable oil, animal fat, or

recycled cooking greases. It can be used as ativedidi reduce vehicle emissions (typically 20%) or
in its pure form as a renewable alternative fueliesel engines.

Other biofuels include methanol and reformulatesbfine components. Methanol, commonly

called wood alcohol, is currently produced fromunak gas, but could also be produced from biomass.

There are a number of ways to convert biomass thanel, but the most likely approach is gasificatio
Gasification involves vaporizing the biomass ahhigmperatures, then removing impurities from

the hot gas and passing it through a catalyst,wtanverts it into methanol.

Most reformulated gasoline components produced fimmass are pollution reducing fuel

additives, such as methyl tertiary butyl ether (ME)Bnd ethyl tertiary butyl ether (ETBE).

Biopower. Biopower, or biomass power, is the use of biomaggeherate electricity. There are

six major types of biopower systems: direct fireafjring, gasification, anaerobic digestion, pyisy
and small, modular.

Most of the biopower plants in the world use difigetd systems. They burn bioenergy feedstocks
directly to produce steam. This steam is usualptwe@d by a turbine, and a generator then coniterts
into electricity. In some industries, the steanmfrine power plant is also used for manufacturing
processes or to heat buildings. These are knownrabined heat and power facilities. For instance,
wood waste is often used to produce both elegtrésid steam at paper mills.

Many coal fired power plants can use cofiring systeo significantly reduce emissions, especially
sulfur dioxide emissions. Coal firing involves ugibioenergy feedstocks as a supplementary
energy source in high efficiency boilers.

Gasification systems use high temperatures ancygea starved environment to convert biomass
into a gas (a mixture of hydrogen, carbon monoxithe, methane). The gas fuels what's called a gas
turbine, which is very much like a jet engine, onlurns an electric generator instead of propgli
jet.

The decay of biomass produces a gas methane thaeaased as an energy source. In landfills,

wells can be drilled to release the methane frardécaying organic matter. Then pipes from each
well carry the gas to a central point where iflterfed and cleaned before burning. Methane aladea
produced from biomass through a process calledr@iaedigestion. Anaerobic digestion involves
using bacteria to decompose organic matter inliserace of oxygen.

Methane can be used as an energy source in marsy Masgt facilities burn it in a boiler to

produce steam for electricity generation or fowuisttial processes. Two new ways include the use of
microturbines and fuel cells. Microturbines havépaits of 25 to 500 kilowatts. About the size of a
refrigerator, they can be used where there areedpaitations for power production. Methane caroals
be used as the “fuel” in a fuel cell. Fuel cellsrkvonuch like batteries but never need recharging,
producing electricity as long as there’s fuel.

In addition to gas, liquid fuels can be produceahftbiomass through a process called pyrolysis.
Pyrolysis occurs when biomass is heated in thenalesef oxygen. The biomass then turns into a liquid
called pyrolysis oil, which can be burned like p&um to generate electricity. A biopower systeat th
uses pyrolysis oil is being commercialized.

Several biopower technologies can be used in smalfiular systems. A small, modular system
generates electricity at a capacity of 5 megaveattsss. This system is designed for use at thdl sma
town level or even at the consumer level. For exapgmme farmers use the waste from their livestock
to provide their farms with electricity. Not onlpdhese systems provide renewable energy, they also
help farmers and ranchers meet environmental régusa

Small, modular systems also have potential aslalis&rd energy resources. Distributed energy
resources refer to a variety of small, modular pogemerating technologies that can be combined to
improve the operation of the electricity delivepgtem.



RAW MATERIALS

All types of organic wastes which can form slurrg auitable for producing biogas by the
process of anaerobic digestion in a biogas plambdand sugar biogases are difficult and time
consuming

with this process and incineration may be preferfée choice of raw material (in feed) is

based on availability of the waste. The biogastgkdesigned to suit particular type of in feed.
Dung Water

Fig. 2.2.Energy Route of Biogas (Gobar Gas).
Biogas production taken different time period defieg upon raw material; temperature; process
adopted etc.

The biomass used as a raw material can be claksitie the following categories.

Agricultural wastes Agricultural energy crops

Rural animal wastes Aquatic crops

Poultry waste

Butchary waste

Urban waste (garbage) Forest crops

Aquatic wastes

Forest wastes

coconut husk waste

Industrial wastes

Others are poultry waste, piggery waste, sheeq, goa, horse dung, Slaughter house waste,
coconut shell, husk ,waste garbage, fruit skinsleftdvers.

The waste is generated periodically and can beertewy into useful biogas. The problem of
waste disposal is solved as the sludge is usecaamnm

Waste Biogas Plant Biogas

Sluge Manure

The cultivated or harvested biomass is speciatbyvgron land or in sea/lake for obtaining raw
materials for biogas production.

PROPERTIES OF BIO GAS

Main properties of bio gas are:

1. Comparatively simple and can be produced easily.

2. Burns without smoke and without leaving ashessdues.

3. Household wastes and bio-wastes can be dispdssefully and in a healthy manner.
4. Reduces the use of wood and to a certain epteménts deforestation.
5. The slurry from the biogas plant is excellenhora.

BIO GAS PLANT TECHNOLOGY

The important parts of biogas plant are

1. The tank where biomass undergoes decomposdigaster)

2. The tank where biomass is mixed with water (ngxiank)

3. The tank where slurry of biomass is collectad {low tank)

4. Arrangement to store gas.

Due to the action of bacteria in the absence oferybiogas is produced in the plant. This is
collected in the tank. In the gasholder type pltrg,cylinder rises up as the gas fills the tardk the
storage capacity increases. The gas storage capédibme type will be less than that of gasholder
type. Residue of biomass (slurry) can be used ad g@anure.

Biogas plants are built in several sizes, small (f&/day) to very large 2500 3fday). Accordingly,
the configurations are simpler to complex.

Biogas plants are classified into following maipég.

—Continuous type or batch type.

—Drum type and dome type.

There are various configurations within these types



CONTINUOUS TYPE

Continuous type biogas plant delivers the biogastoaiously and is fed with the biomass
regularly. Continuous type biogas plant is of twpets.

(A) SINGLE STAGE CONTINUOUS TYPE BIOGAS PLANT

In such a plant Phase-I (acid formation) and Phia@eethanation) are carried out in the same
chamber without barrier. Such plants are simplenemical, easy to operate and control. These plants
are generally preferred for small and medium siegds plants. Single stage plants have lessepfate
gas production than the two stage plant.

(B) TWO STATE CONTINUOUS TYPE BIOGAS PLANT

In such a plant the Phase-I (acid formation) anasBHI (methane formation) take place in
separate chambers. The plant produces more bioghas given time than the single stage plant. Hawnev
the process is complex and the plant is costlifficdlt to operate and maintain. Two stage plant

is preferred for larger biogas plant systems.
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BATCH TYPE BIOGAS PLANT

The infeed biomass is fed in batches with large timterval between two consecutive batches.
One batch of biomass infeed is given sufficienéntion time in the digester (30 to 50 days). After
completion of the digestion, the residue is empdied the fresh charge is fed. The fresh biomass
charge may be subjected to aeration or nitrogematier feeding and then the digester covers are
closed for the digestion process. Thereafter, fbgads is derived from the digester after 10 to asd
Fermentation continues for 30 to 50 days.

Salient Features:

1. Batch type biogas plant delivers gas intermiitgesmd dis-continuously.

2. Batch type biogas plant may have several digeteacters) which are fed in a sequential
manner and discharged in a sequential manner &naibie output biogas continuously.

3. Batch type biogas plants have longer digestioa &ind are therefore more suitable for
materials which are difficult for anaerobic digestie.g.harder, fibrous biomass).

4. Batch type biogas plant needs initial seedingfda the anaerobic fermentation.

5. Batch type biogas plant needs larger voluméefligester to accommodate large volume of
the batch. Hence initial cost is higher.

6. Operation and maintenance is relatively morepera Batch type biomass plants need well
organised and planned feeding. Such plants arerpeeffby European farmers. Such plants

are not yet popular in India.

FIXED DOME TYPE DIGESTER

In the fixed dome type digester biogas plant, tigester and gas-collector (gas dome) are enclos#tki
same chamber. This type of construction is suitdble batch type biogas plant. The digester is
conveniently built at or below ground level in ccamgtively cooler zone. The construction of the dige

is with locally available materials like, brickgr&-cota. The pressure inside the digester incseas¢he
biogas is liberated. The biogas gets collectetiénupper portion of the digester in a dome shapgiyc

The outlet pipe is provided at the tope of thedixtome. Alternatively the gas collector (gas hdlder
separately installed chamber. The digester tankgasdcollector chamber are separated by a watér sea
tank.

The arrangement of a separate gas collector ienpeef as the tapping of gas from the gas holdes doe
affect the pressure and the digestion processimtin digester. The water seal tank preventsetiuerr of
the gas from the gas collector to the digester team

An additional displacement chamber may be providegroviding space to the displacement slurryhia t
digester due to gas pressure in the upper donedixed type digester. The fixed dome type digest@

be fed on daily basis with small quantities of thlerry. The excess slurry in the digester gets
accommodated in the displacement chamber. The lefveéhe slurry in the main digester and the
displacement collector can vary in accordance thighpressure and volume of the biogas in the

fixed type of dome. The pressure in the fixed dame the displacement gas collector are almost the
same as they are connected by the outlet from #ie digester.



Floating Gas Holder Type.In this design a dome made floats above the slartiye disaster.The disaster
tank is of cylindrical masonry construction. Theafting dome is of fabricated steel constructione Th
dome guide shaft provides the axial guide to thatthg dome. As the gas is collected in it. Thdist
bearing provides smooth sliding surface and gwodéee floating dome.The gas generated in the shety
collected in the dome and the dome arises. Therwatd tank provides separation between the gtwin
dome and the outlet gas.

WING ENERGY

Wind energy is another potential source of ené¥ginds are the motion of air caused by uneven
heating of the earth’s surface by the sun andiootadf the earth. It generates due to various dloba
phenomena such as ‘air-temperature difference’cisea with different rates of solar heating.

Since the earth’s surface is made up of land, tesater, and forest areas, the surface absorbs the
sun’s radiation differently. Locally, the strongndis are created by sharp temperature differeneebat
the land and the sea. Wind resources in Indiaraneeindous. They are mainly located near the

sea coasts. Its potential in India is estimatdaktof 25 x 1@mW. According to a news release from
American Wind Energy Association the installed waagbacity in India in the year 2000 was 1167 mW
and the wind energy production was 2.33 srvh. This is 0.6% of the total electricity prodwcti
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During the day, air above the land heats more duiblan air above water. The hot air over the

land expands and rises, and the heavier, coolewvaira body of water rushes in to take its place,
creating local winds. At night, the winds are resegr because air-cools more rapidly over land than
over water. Similarly, the large atmospheric wititst circle the earth are created because landimear
equator is heated more by the sun than land neaddnth and South Poles.

Today people can use wind energy to produce atdgtriVind is called a renewable energy

source because we will never run out of it. Winagsratural phenomena in the atmosphere and have
two different origins.

(1) Planetary winds are caused by daily rotatioaasth around its polar axis and unequal
temperature between Polar Regions and equatogiang

(2) Local Winds are caused by unequal and heatidgcaoling of ground surface of ocean 1

lake surfaces during day and night.

WIND MACHINE FUNDAMENTALS

Throughout history people have harnessed the v@rdr 5,000 years ago, the ancient Egyptians
used wind power to sail their ships on the NiledRiLater people built windmills to grind their

grain. The earliest known windmills were in Pei($ige area now occupied by Iran). The early windsmill
looked like large paddle wheels. Centuries latex,geople in Holland improved the windmill.

They gave it propeller type blades and made it solild be turned to face the wind. They have been
used for pumping water or grinding grain. Windmiilslped Holland become one of the world's most
industrialized countries by the 17th century. Tqodhg windmill's modern equivalent —and turbine—
can use the wind’'s energy to generate electricity.

American colonists used windmills to grind whead @orn, to pump water, and to cut wood at
sawmills.

In this century, people used windmills to genegdéetricity in rural areas that did not have

electric service. When power lines began to trartsgdectricity to rural areas in the 1930s, thetle
windmills were used less and less.

Then in the early 1970s, oil shortages createchaimament eager for alternative energy sources,
paving the way for the re-entry of the electric eimll on the American landscape.

Today’s wind machine is very different from yestgy® windmill. Along with the change in

name have come changes in the use and technolalgg windmill. While yesterday’s machines were
used primarily to convert the wind’s kinetic energto mechanical power to grind grain or pump
water, today’s wind machines are used primarilgdoerate electricity. Like old-fashioned windmills,
today's wind machines still use blades to colleetwind's kinetic energy. Windmills work because
they stow down the speed of the wind. The wind §@w~er the airfoil shaped blades causing lift, like
the effect on airplane wings, causing them to tlitre blades are connected to a drive shaft thas tur
an electric generator to produce electricity.



Modern wind machines are still wrestling with threlgem of what to do when the wind isn't

blowing. Large turbines are connected to the utdibwer network-some other type of generator picks
up the load when there is no wind. Small turbirmesadten connected to diesel/electric generators or
sometimes have a battery to store the extra erkeyycollect when the wind is blowing hard.

A wnd turbmne changes the kmehe energy of the wind into rotary moton (or torogue) that can do
work. It could power 2 water pump, or fum a generator,

‘Swept area’

Blade length, b, metres
-4 i

P (watts) = 0.6 bV’

Fig. 15

Wmnds are the moton of air caused by uneven heating of the earth’s surface by the sun and
rotztion of the earth. Theve 15 3 direct relaton=hip berween the swept area of the furbine blades and the
turbing’s powner output (see above). The estimated total power capacity of the winds passing over the
land 15 about le W. But the total exploitable wind power 15 only 2e™ W,

The theoreticz] wind power can be esomated as:

Power demsity = 0.6 k g’ = 0675

where; k = Energy patiern factor (depends on type of wind)

p =Wind density
v = The averape wind velocity.

(Of the theoretical quantity energy that can be extracted from the wmd, large commercial wind
turbanes are unbkely to get meore than 23% of thes. Small and less lugh-tech. designs maght onky get
15%. But the effect of this equation 15 that if the wimd speed doubles, the power output increases eight-
fold 5o small mereases in wind velocity can create large meoreases n power output.

The large amounits of energy that are produced at very high wind speeds means that most wind
turbanes bave a pre-designed masamum power cutpuf to prevent the machmery rppang itself apart.
Large wind turbines rated 150 kW and above are very complex machmes. All wind torbines must
‘feather” the blades hwming then shghtly out of the wind a: wmd speed mereaszes m order to prevent the
turbine nmmng away. If this didn’t happen, the centnpetal force could np the blades off. But larze
turbines zlzo have complex automane gearboxes that keep the generator twmuing at the ophmum speed
for power generation, Farely does the wind blow constantly, Thes means that the rated output of the
turbine will never be achieved as a constant owtput. On averzge turbines produce about 30% of thew
rated capacity as confinuous power. So, to compare wind turbines to confinuous power sources, vou
have to mulhply the confimmens capacity by 3.33 fo zet the amount of wind tuwbize capacity required to
produce the same power ouiput. For exampls, 2 1000 mW cozl-fired power stabon would require
3,333 mW of wind capacity to provide the same average power output. A= vet there 15 no efficient form
of large scale power storage that would zllow the vanations 1 wind torbme cutput to be evenaed out

AEROFOIL DESIGN



The ewreumferential force or torque, iz obtamed from

T= f s P 1
Tw mhN 1)
where I'=torque, W or Ib,

3= apgular velocity of furbine wheel. m's
= diameter of turbine wheel= J4 A'm. m
N=wheel revolutions per unit time_s~

For a turbme operating at power . the torque 1= grven by

T= 1]L ﬁ -A2)
ng N
For a trhine operating at masmmn efficiency 1, = 16/27. the torque 1= given by T
i i D PDV?
GEEERy 1.7 N
The axal force, or axmal thrust 15

. K I
PAV - V)= 7 PPV - 1Y

The amal force on a turbine wheel operating at maximum efficiency where 1, = 1/3:;V, 1z given

= T ¥
Fy g == pAV = — p*i’

9. Ly

The axnal forces are properhonal to the square of the diameter of the furbme wheel which mzkes
them difficult to cope with in extremely large-diameter machines. There 15 thus an upper hmit of diam-
eter that mmst be determined by design and econonucal consideranons.

The parformznce of 3 wind mill rotor stated as coefficient of performance 15 expressed as:

L= APy
= A (12 piA)
whers p = Density of aor
A = Swept arez

V'="Velocity of the wind
Further the fip speed ratio bemng the function of speed ar the fip of the rotor to-the wind spead.
ie. LYV and m most of the parts of India, the wmnd velocity bemg low (through the wind energy average
around 3 KWhim® dav) The explotzton of wind mells in India 15 feasible. Depending upon the sorvey
of veloaty 1n 2 region the appropniate value of design parameter may be computed.

WIND POWER SYSTEMS

Wind machines are just as efficient as coal plaMisd plants convert 30 percent of the wind's

kinetic energy into electricity. A coal-fired powglant converts about 30-35 percent of the heaiggne

in coal into electricity. It is the capacity factoirwind plants that puts them a step behind gplogver
plants. Capacity factor refers to the capabilitagfiant to produce energy. A plant with a 100 eetc
capacity rating would run all day, every day at pdwer. There would be no down time for repairs or
refueling, an impossible dream for any plant. Witahts have about a 25 percent capacity rating
because wind machines only run when the wind i#ibig around nine mph or more. In comparison,
coal plants typically have a 75 percent capactipgasince they can run day or night, during any
season of the year. One wind machine can produs&@Qd thousand kilowatt-hours (kWh) of electricity
year. That is enough electricity for about 50 hopesyear.

In this country, wind machines produce about thi#ien kWh of energy a year. Wind energy



provides 0.12% of the nation's electricity, a vemyall amount. Still, that is enough electricityserve
more than 300,000 households, as many as in ¢heityize of San Francisco or Washington, D.C.
California produces more electricity from the withén any other state of USA. It produces 98 percent
of the electricity generated from the wind in theited States. Some 16,000 wind machines produce
more than one percent of California’s electric{ijhis is about half as much electricity as is praztl

by one nuclear power plant.) In the next 15 yead machines could produce five percent of
California’s

electricity. The United States is the world’s leagivind energy producer. The U.S. produces

about half of the world’s wind power. Other couatrithat have invested heavily in wind power regearc
are Denmark, Japan, Germany, Sweden, The Nethsrlamited Kingdom, and Italy. The American
Wind Energy Association (AWEA) estimates wind eryecguld produce more than 10 percent of

the nation’s electricity within the next 30 years.

So, wind energy may be an important alternativeggngeource in the future, but it will not be

the sole answer to our energy problems. We willrstied other energy sources to meet our growing
demand for electricity.

ECONOMIC ISSUES

On the economic front, there is a lot of good néwsvind energy. First, a wind plant is far less
expensive to construct than a conventional enelagytpWind plants can simply add wind machines as
electricity demand increases. Second, the costoofyzing electricity from the wind has dropped
dramatically in the last two decades. Electriciéyngrated by the wind cost 30 cents per kWh in 1975,
but now costs less than five cents per kWh. In @amspn, new coal plants produce electricity at four
cents per kWh. In the 1970s and 1980s, oil shoclsshortages pushed the development of alternative
energy sources. In the 1990s, the push may comedomnething else, a renewed concern for the
earth’s environment.

We will use two terms to describe wind energy putidun: efficiency and capacity factor. Efficiency
refers to how much useful energy (electricity, dgample) we can get from an energy source. A

100 percent energy efficient machine would chatigh@ energy put into the machine into useful
energy. It would not waste any energy. (You shdwmiow there is no such thing as a 100 percent energy
efficient machine. Some energy is always “lostivasted when one form of energy is converted to
another. The “lost” energy is usually in the forfrheat.)

SELECTION OF WIND MILL

Wind power plants, or wind farms or wind mill agyhare sometimes called, are clusters of
wind machines used to produce electricity. A wiadri usually has hundreds of wind machines in all
shapes and sizes.

Unlike coal or nuclear plants, public utility conmi@s do not own most wind plants. Instead

they are owned and operated by business peopleelhie electricity produced on the wind farm to
electric utilities. These private companies arevkmas Independent Power Producers.

Operating a wind power plant is not as simple aslghg down machines on a grassy field.

Wind plant owners must carefully plan where to tect¢heir machines. They must consider wind
availability (how much the wind blows), local weatttonditions, nearness to electrical transmislnas,
and local zoning codes.

Wind plants also need a lot of land. One wind naemeeds about two acres of land to call its

own. A wind power plant takes up hundreds of adDesthe plus side, farmers can grow crops around
the machines once they have been installed.

After a plant has been built, there are still maaince costs. In some states, maintenance costs

are offset by tax breaks given to power plants tisatrenewable energy sources. The Public Utility
Regulatory Policies Act, or PURPA; also requiredlityt companies to purchase electricity from
independent power producers at rates that araffidinon-discriminating.



Steam Power Plant

A power plant is assembly of systems or subsystergenerate electricity,e., power with economy and
requirements. The power plant itself must be useftdnomically and environmental friendly to the
society. The present book is oriented to conveatias well as non-conventional energy generatiomlén
the stress is on energy efficient system regardsestional power systemsz., to increase the system
conversion efficiency the supreme goal is to dgveldesign, and manufacturer the non-conventional
power generating systems in coming decades préyeaftler 2050 AD which are conducive to society as
well as having feasible energy conversion efficieaad non-friendly to pollution, keeping in vieweth
pollution act. The subject as a whole can be alst®d as modern power plants for power viz eldtjric
generation in 21st century. The word modern mean®iping to time. At present due to energy ctises
first goal is to conserve energy for future whihe tsecond step is todevelop alternative energemsst
including direct energy conversion devices, with tfevotion, dedication and determination rememberin
the phrase, “Delve and Delve Again till wade into”.

CLASSIFICATION OF POWER PLANTS

Power Plant

1. Conventional

- Steam Engines Power Plants

- S team Turbine Power Plants

- Diesel Power Plants

- Gas Turbine Power Plants

- Hydro-Electric Power Plants

- Nuclear Power Plants Thermoelectric Generator

2. Non-conventional

Thermoelectric generator

Fuel-cells Power Plants

Photovoltaic solar cells Power S ystem
MHD Power Plants

Fussion Reactor N PP Power S y stem
Biogas, Biomass Energy Power sy stem
Geothermal Energy

Wind Energy Power System

Ocean Thermal energy conversion (OTEC)
Wave and Tidal Wave

Energ y Plantation Scheme

A power plant may be defined as a machine or adyeshlequipment that generates and delivers a tibw
mechanical or electrical energy. The main equipnienthe generation of electric power is generator.
When coupling it to a prime mover runs the generdte electricity is generated. The type of primeve
determines, the type of power plants. The majorgrgalants, which are discussed in this are:

1. Steam power plant

2. Diesel power plant

3. Gas turbine power plant
4. Nuclear power plant



5. Hydro electric power plant

The Steam Power Plant, Diesel Power Plant, Gasideifpower Plant and Nuclear Power Plants
are calledfTHERMAL POWER PLANT, because these convert heat into electric energy.

BOILERS
STEAM GENERATOR

Boiler is an apparatus to produce steam. Thernebgreleased by combustion of fuel is transferred
to water, which vaporizes and gets converted itgars at the desired temperature and pressure.
The steam produced is used for:

(i) Producing mechanical work by expanding it in stemgine or steam turbine.
(i) Heating the residential and industrial buildings
(iii) Performing certain processes in the sugar naiemical and textile industries.

Boiler is a closed vessel in which water is coregihto steam by the application of heat.
Usually boilers are coal or oil fired. A boiler shd fulfill the following requirements

(i) Safety.The boiler should be safe under operating condition

(i) Accessibility. The various parts of the boiler should be access$dylrepair and maintenance.
(iii) Capacity. The boiler should be capable of supplying steamraliicg to the requirements.
(iv) Efficiency. To permit efficient operation, the boiler shoulddi®e to absorb a maximum
amount of heat produced due to burning of fuehafurnace.

(v) It should be simple in construction and its mar@nce cost should be low.

(vi) Its initial cost should be low.

(vii) The boiler should have no joints exposed to flame

(viii) The boiler should be capable of quick startind Eading.

The performance of a boiler may be measured ingafrits evaporative capacity also called powea of
boiler. It is defined as the amount of water evape or steam produced in kg per hour. It may héso
expressed in kg per kg of fuel burnt or kg/rrhheating surface.

The boilers can be classified according to theoWaithg criteria.
According to flow of water and hot gases.

1. Water tube.
2. Fire tube.

In water tube boilers, water circulates throughtthees and hot products of combustion flow

over these tubes. In fire tube boiler the hot potslof combustion pass through the tubes, which are
surrounded, by water. Fire tube boilers have Iatiaircost, and are more compacts. But they areemor
likely to explosion, water volume is large and do@oor circulation they cannot meet quickly the
change in steam demand. For the same output tee shell of fire tube boilers is much larger thhe t
shell of water-tube boiler. Water tube boilers iiegjless weight of metal for a given size, are ledde

to explosion, produce higher pressure, are acdesasilol can response quickly to change in steam migma
Tubes and drums of water-tube boilers are smdibar that of fire-tube boilers and due to smaller

size of drum higher pressure can be used easilieMi#be boilers require lesser floor space. The
efficiency of water-tube boilers is more.

Water tube boilers are classified as follows.
1. Horizontal straight tube boilers

(a) Longitudinal drum§) Cross-drum.

2. Bent tube boilers

() Two drum b) Three drum



(c) Low head three drund) Four drum.
3. Cyclone fired boilers

Various advantages of water tube boilers are as folws.

(i) High pressure of the order of 140 kgéwan be obtained.

(i) Heating surface is large. Therefore steam cageberated easily.

(iii) Large heating surface can be obtained by usargéInumber of tubes.

(iv) Because of high movement of water in the tubegdke of heat transfer becomes large
resulting into a greater efficiency.

Fire tube boilers are classified as follows.
|. External furnace:

(i) Horizontal return tubular

(i) Short fire box

(iii) Compact.

2. Internal furnace:
(i) Horizontal tubular
(a) Short firebox ) Locomotive €¢) Compact ) Scotch.
(i) Vertical tubular.
(a) Straight vertical shell, vertical tube
(b) Cochran (vertical shell) horizontal tube.
Various advantages of fire tube boilers are as failvs.
(i) Low cost
(i) Fluctuations of steam demand can be met easily
(iii) It is compact in size.
According to position of furnace.
(i) Internally fired {i) Externally fired
In internally fired boilers the grate combustioraotber are enclosed within the boiler shell
whereas in case of extremely fired boilers anddoenand grate are separated from the boiler shell.
According to the position of principle axis.
() Vertical (i) Horizontal {ii) Inclined.
According to application.
(i) Stationaryif) Mobile, (Marine, Locomotive).
According to the circulating water.
(i) Natural circulationi{) Forced circulation.

According to steam pressure.

(i) Low pressureil) Medium pressurdii) Higher pressure.



Cochran Boiler

This boiler consists of a cylindrical shell witls icrown having a spherical shape. The furnacesis al
hemispherical in shape. The grate is also placdtieabottom of the furnace and the ash-pit is ketat
below the grate. The coal is fed into the grateugh the fire door and ash formed is collectechadsh-

pit located just below the grate and it is remowehually. The furnace and the combustion chamteer ar
connected through a pipe. The back of the combustiamber is lined with firebricks. The hot gasestf
the combustion chamber flow through the nest ofzbatal fire tubes (generally 6.25 cm in external
diameter and 165 to 170 in number). The passiraugir the fire tubes transfers a large portion eftibat

to the water by convection. The flue gases comiogy af fire tubes are finally discharged to the
atmosphere through chimney. The spherical top phdrical shape of firebox are the special featofes
this boiler. These shapes require least matenighfovolume. The hemi spherical crown of the baleell
gives maximum strength to withstand the pressuthesteam inside the boiler. The hemi-sphericalaor

of the fire box is advantageous for resisting isterneat. This shape is also advantageous for the
absorption of the radiant heat from the furnace.

Coal or oil can be used as fuel in this boilenilfis used as fuel, no grate is provided but tbedm of the
furnace is lined with firebricks. Oil burners aittefd at a suitable location below the fire doorm&nhole
near the top of the crown of shell is provideddiganing. In addition to this, a number of handelare
provided around the outer shell for cleaning pueso3he smoke box is provided with doors for clegni
of the interior of the fire tubes.

The airflow through the grate is caused by meartketiraught produced by the chimney. A damper is
placed inside the chimney (not shown) to contreldischarge of hot gases from the chimney andltlgere
the supply of air to the grate is controlled. Tharmey may also be provided with a steam nozzlé (no
shown; to discharge the flue gases faster througlchimney. The steam to the nozzle is

supplied from the boiler.

The outstanding features of this boiler are ligietbw:

1. Itis very compact and requires minimum floazaar

2. Any type of fuel can be used with this boiler.

3. It is well suited for small capacity requirengnt

4. It gives about 70% thermal efficiency with cbahg and about 75% with oil firing.

5. The ratio of grate area to the heating surfaea garies from 10: 1 to 25: 1.

It is provided with all required mountings. The étion of each is briefly described below:

1. Pressure GaugeThis indicates the pressure of the steam in thieiboi

2. Water Level Indicator. This indicates the water level in the boiler Theevdevel in the boiler should
not fall below a particular level otherwise thelbowill be overheated and the tubes may burn out.

3. Safety Valve.The function of the safety valve is to preventitrease of steam pressure in the holler
above its design pressure. When the pressure segeabove design pressure, the valve opens and
discharges the steam to the atmosphere. When ibésipe falls just below design pressure, the valve
closes automatically. Usually the valve is springtoolled.

4. Fusible Plug.If the water level in the boiler falls below a pe¢ermined level, the boiler shell and tubes
will be overheated. And if it is continued, the éslmay burn, as the water cover will be removechrithe
prevented by stopping the burning of fuel on thetgyrWwhen the temperature of the shell increasegead
particular level, the fusible plug, which is mouhtever the grate as shown in the Fig. 4.1, meltsfarms

an opening. The high-pressure steam pushes théniamavater through this hole on the grate andfitlee

is extinguished.



5. Blow-off Cock. The water supplied to the boiler always containguirities like mud, sand and, salt Due
to heating, these are deposited at the bottom efbiler, and if they are not removed, they are
accumulated at the bottom of the boiler and redutsesapacity and heat transfer rates. Also thé sal
content will goes on increasing due to evaporatiowater. These deposited salts are removed wéth th
help of blow off cock. The blow-off cock is locatatthe bottom of the boiler as shown in the figamel

is operated only when the boiler is running. Wheanlilow-off cock is opened during the running & th
boiler, the high-pressure steam pushes the watkthencollected material at the bottom is blown out
Blowing some water out also reduces the conceatrati the salt. The blow-off cock is operated after
every 5 to 6 hours of working for few minutes. Tkéeps the boiler clean.

6. Steam Stop Valvelt regulates the flow of steam supply outside. $team from the boiler first enters
into an ant-priming pipe where most of the watetiplas associated with steam are removed.

7. Feed Check ValveThe high pressure feed water is supplied to thkebtsirough this valve. This valve
opens towards the boiler only and feeds the watéhne boiler. If the feed water pressure is less e
boiler steam pressure then this valve remains dlesd prevents the back flow of steam

through the valve.
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Cochran Boiler

It is stationary fire tube, internally fired, hooiztal, natural circulation boiler. This is a widelged boiler
because of its good steaming quality and its ghititburn coal of inferior quality. These boileravie a
cylindrical shell 2 m in diameters and its lengtrigs from 8 m to 10 m. It has two large interdaéf
tubes having diameter between 80 cm to 100 cm iictwthe grate is situated. This boiler is set in
brickwork forming external flue so that the extdnpart of the shell forms part of the heating

surface.



Lancashire boiler
The main features of the Lancashire boiler withbitekwork shelling are shown in figure. The boiler
consists of a cylindrical shell and two big furn&gkes pass right through this. The brick settorgns one
bottom flue and two side flues. Both the flue tybwsich carry hot gases, lay below the water
level as shown in the Fig.

The grates are provided at the front end of thenrflaé tubes of the boiler and the coal is fechi® grates
through the fire doors. A low firebrick bridge isopided at the end of the grate, as shown, to pitethe
flow of coal and ash particles into the interiortbé furnace tubes. Otherwise, the ash and coétlear
carried with gases form deposits on the interiatheftubes and prevent the heat transfer to therwahe
firebrick bridge also helps in deflecting the hasgs upward to provide better heat transfer:

The hot gases leaving the grate pass up to the ératlof the tubes and then in the downward diractio
They move through the bottom flue to the fronttod boiler where they are divided into two and gass
the side flues as shown in the figure. Then theyaevadong the two-side flues and come to

the chimney as shown in the figure.
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Lancashire boiler

With the help of this arrangement of the flow pgesaof the gases, the bottom of the shell is fiestted
and then its sides. The heat is transferred tavdter through surfaces of the two flue tubes (whéhain
in water) and bottom part and sides of the maiti.shieis arrangement increases the heating sutfaee
large extent.

Dampers in the form of sliding doors are placethatend of side flues to control the flow of gasdss
regulates the combustion rate as well as steamrg@re rate. These dampers are operated by chains
passing over a pulley at the front of the boilenisTboiler is fitted with usual mountings. The Ea®
gauge and water level indicator are provided afritiet whereas steam stop valve, safety valve viater

and high steam safety valve and manhole are prowdehe top of the shell.



The blow-off cock is situated beneath the frontiparof the boiler shell for the removal of sedirteeand
mud. It is also used to empty the water in thedvailhenever required for inspection. The fusiblegplare
mounted on the top of the main flues just overgiages as shown in the figure to prevent the oatitng
of boiler tubes by extinguishing the fire when tater level falls below a particular level. A lovater
level alarm is usually mounted in the boiler toegavwarning in case the water level going below the
precast value.

A feed check valve with a feed pipe is fitted oe fiont end plate. The feed pipe projecting into
the boiler is perforated so that the water is unify distributed into the shell.

The outstanding features of this boiler are ligietbw:

1. Its heating surface area per unit volume abtiiler is considerably large.

2. Its maintenance is easy.

3. It is suitable where a large reserve of hot wigteeeded. This boiler due to the large reserve
capacity can easily meet load fluctuations.

4. Super-heater and economizer can be easily iocatgal into the system, therefore; overall
efficiency of the boiler can be considerably inse (80-85%).

The super-heater is placed at the end of the rhartdibes. The hot gases before entering the bdttmm
are passed over the super-heater tubes as shalenfigure and the steam drawn through the steam st
valve are passed through the super-heater. Tha gt@ssing through the super-heater absorbs heat fro
hot gases and becomes superheated.

The economizer is placed at the end of side fleésrb exhausting the hot gases to the chimney. The
water before being fed into the boiler throughftred check valve is passed through the economizer.
The feed water is heated by absorbing the heat finenexhaust gases, thus leading to better

boiler efficiency. Generally, a chimney is usegbtovide the draught.

Locomotive boiler

Locomotive boiler is a horizontal fire tube typelnile boiler. The main requirement of this boilethst it
should produce steam at a very high rate. Therefoi® boiler requires a large amount of heatindese
and large grate area to burn coal at a rapid Pataviding provides the large heating surface artage
number of fire tubes and heat transfer rate issg®ed by creating strong draught by means of getam

A modern locomotive boiler is shown in Fig. It cats of a shell or barrel of 1.5 meter in diameted 4
meters in length. The cylindrical shell is fittenl & rectangular firebox at one end and smoke bakeat
other end. The coal is manually fed on to the gr#teough the fire door. A brick arch as shownha t
figure deflects the hot gases, which are generdtexito the burning of coal. The firebox is entirely
surrounded by narrow water spaces except for teehfole and the ash-pit. The deflection of hot gase
with the help of brick arch prevents the flow ohamd coal particles with the gases and it alspshar
heating the walls of the firebox properly and unifity. It also helps in igniting the volatile mattEom
coal. The walls of the firebox work like an econaeri The ash-pit, which is situated below the firekis
fitted with dampers at its front and back end shawthe figure to control the flow of air

to the grate.

The hot gases from the firebox are passed througlfire tubes to the smoke box as shown in thedigu
The gases coming to smoke box are discharged tattth@sphere through a short chimney with the help o
a steam jet. All the fire tubes are fitted in thaimshell. Some of these tubes (24 in number).



Flue Gas
[

Locomotive boiler

are of larger diameter (13 cm diameter) fittechatupper part of the shell and others (nearly L66<)

of 4.75 cm in diameter are fitted into the lowertjd the shell. The shell contains water surrongdill

the tubes. The top tubes are made of larger diartteteecommodate the super-heater tubes. Absorbing
heat from the hot gases flowing over the tubesrhigads the steam passing through the super-heats.t
The steam generated in the shell is collected theewater surface. A dome-shaped chamber, known as
steam dome, is fitted on the top of the shell. @bme helps to reduce the priming as the distandbeof
steam entering into the dome and water level iscaged. The steam in the shell flows through a pipe
mounted in the steam dome as shown in the figucetire steam header which is divided into two parts
One part of the steam header is known as satuigtesin header and the other part is known as
superheated steam header. The saturated wet dieaugti the steam pipe enters into the saturategnste
header and then it is passed through the supeesiedtes as shown in the figure. The superheagzanst
coming out of super-heater tubes is collected énsihperheated header and then fed to the steamesngi
A stop valve serving also as a regulator for stélam is provided inside a cylindrical steam dome as
shown in the figure. This is operated by the drieough a regulator shaft passing from the frdrnthe
boiler.

The supply of air to the grate is obtained by disging the exhaust steam from the engine throughst
pipe which is placed below the chimney. The aiwfltaused by this method is known as induced draught
A large door at the front end of the smoke boxr@/led which can be opened for cleaning the smoke
box and fire tubes. The height of the chimney nestow to facilitate the locomotive to pass through
tunnels and bridges. Because of the short chinaréficial draught has to be created to drive dwethot
gases. The draught is created with the help ofwestisieam when locomotive is moving and with thip he
of live steam when the locomotive is stationarye Tiotion of the locomotive helps not only to inaea

the draught, but also to increase the heat transter
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MODULE-II
Steam Power Plant Cycles

Classification of Power plant Cycle

Power plants cycle generally divided in to thedwaling groups,

(1) Vapour Power Cycle

(Carnot cycle, Rankine cycle, Regenerative cychdat cycle, Binary vapour cycle)
(2) Gas Power Cycles

(Otto cycle, Diesel cycle, Dual combustion cycl@sGurbine cycle.)

1. CARNOT CYCLE

This cycle is of great value to heat power thedityoaigh it has not been possible to construct a
practical plant on this cycle. It has high thermualyics efficiency.

It is a standard of comparison for all other cyclEse thermal efficiency J of Carnot cycle is as
follows:

| = (T1— T2)/T1

where, T = Temperature of heat source

T2= Temperature of receiver

2. RANKINE CYCLE

Steam engine and steam turbines in which steaseid as working medium follow Rankine cycle. This
cycle can be carried out in four pieces of equipn@nt by pipes for conveying working medium as
shown in Fig. 1.1. The cycle is represented ond@resvVolume P-V and S-T diagram as shown in Figs.
1.2 and 1.3 respectively.
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3.REHEAT CYCLE
In this cycle steam is extracted from a suitablietia the turbine and reheated generally to
the original temperature by flue gases. Reheasingenerally used when the pressure is high sayeabov

100 kg/cm. The various advantages of reheating are as fsllow
Reheater

Tk5iEam ]
Generator [

e

Condenser

(i) It increases dryness fraction of steam atext
so that blade erosion due to impact of

water particles is reduced.

(i) It increases thermal efficiency.

(iii) It increases the work done per kg of steam



and this results in reduced size of boi

The disadvantages of reheating are as follows:
(i) Cost of plant is increased due to the reheater
and its long connections.

(i) It increases condenser capacity due to increased
dryness fraction.

Fig. 1.4 shows flow diagram of reheat cycle. First
turbine is high-pressure turbine and second turisine
low pressure (L.P.) turbine. This cycle is shownTe8
(Temperature entropy) diagram (Fig. 1.5).

If,

Hi= Total heat of steam at 1

H2= Total heat of steam at 2

H3= Total heat of steam at 3

H4= Total heat of steam at 4

Hws = Total heat of water at 4

Efficiency = {(H1— H2) + (H3— Ha)}{H 1+ (H3— H2) — Hw4}

4. REGENERATIVE CYCLE (FEED WATER HEATING)
The process of extracting steam from the turbireegin points during its expansion and using

this steam for heating for feed water is known agderation or Bleeding of steam. The arrangement
of bleeding the steam at two stages is shown irfridpare.

H Tursine H, Condenger
i

Let,

nme = Weight of bled steam at a per kg of feed watetduk

me = Weight of bled steam at a per kg of feed watetdze

Hi= Enthalpies of steam and water in boiler

Hwi = Enthalpies of steam and water in boiler

H2, H3= Enthalpies of steam at poirgsandb

t2, ta= Temperatures of steam at poiatandb

H4, Hwa = Enthalpy of steam and water exhausted to hot well
Work done in turbine per kg of feed water betweetnagce anc
=Hi-H

Work done betweeaandb = (1 —nme)(H2— Hg)



Work done betweeh and exhaust = (1 rz—ms)(H3— Hs)

Total heat supplied per kg of feed water =Hw2

Efficiency () = Total work done/Total heat supplied

={(Hi— H2) + (1 —n2)(H2— Hg) + (1 —e—ma)(H3— Ha)}/(H 1 — Hu2)

5. BINARY VAPOUR CYCLE

In this cycle two working fluids are used. Fig. $hows Elements of Binary vapour power plant. The
mercury boiler heats the mercury into mercury vapau a dry and

saturated state. These mercury vapours expane iméncury turbine and then flow through heat
exchanger where they transfer the heat to thevieger, convert it into steam. The steam is

passed through the steam super heater where #m sEesuper-heated by the hot flue gases.

The steam then expands in the steam turbine.
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6. REHEAT-REGENERATIVE CYCLE

In steam power plants using high steam pressusatebgenerative cycle is used. The thermal
efficiency of this cycle is higher than only reheategenerative cycle. Fig. 1.8 shows the flow
diagram of reheat regenerative cycle. This cyctmimmonly used to produce high pressure steam
(90 kg/cm) to increase the cycle efficiency.




Steam Prime Mover

The prime mover converts the natural resourcesefgy into power or electricity. The prime moveus t
be used for generating electricity could be diesgjine, steam engine, steam turbines, gas turkamels,

water turbine. Since we know that, a power plamtegated a flow of mechanical or electrical energy b
means of generators. When coupling runs the gemrethen the generator is a prime mover.

In case of steam power plant, the prime moverseans engine or steam turbine, which is called,nstea
prime movers. Presently, the steam turbine hafiytatplaced steam engine. The steam is generated i
boiler and is then expanded in the turbine. Thewubf the steam turbine is utilized to run the eyartor.
The fuel used in the boiler is coal or oil.

Thermal efficiency of a closed cycle power develgpsystem using steam as working fluid and working
on Carnot cycle is given by an expression €TT2)/T1. This expression of efficiency shows that the
efficiency increases with an increase in tempeeafliand decrease in temperature The maximum
temperature Tof the steam supplied to a steam prime mover igdanby material considerations. The
temperature T(temperature at which heat is rejected) can becestito the atmospheric temperature if the
exhaust of the steam takes place below atmosphessure. If the exhaust is at atmospheric

pressure, the heat rejection is at 100°C.

Low exhaust pressure is necessary to obtain lovawestitemperature. But the steam cannot be exhausted
to the atmosphere if it is expanded in the engineutbine to a pressure lower than the atmospheric
pressure. Under this condition, the steam is exbdusto a vessel known as condenser where theyrees

is maintained below the atmosphere by continuocmhdensing the steam by means

of circulating cold water at atmospheric tempemtur

A closed vessel in which steam is condensed by abstracting the heat and where the pressureis
maintained below atmospheric pressureis known as a condenser.

The efficiency of the steam plant is considerallgréased by the use of a condenser. In large ®irbin
plants, the condensate recovery becomes very iamtoand this is also made possible by the use of
condenser.

The steam condenser is one of the essential comfwokall modern steam power plants.
Steam condenser are of two types:

1. Surface condenser. 2. Jet condensers
In surface condensers there is no direct contamtdes the steam and cooling water and the
condensate can be re-used in the boiler: In suodeswser even impure water can be used for
cooling purpose whereas the cooling water musture m jet condensers. Although the capital
cost and the space needed is more in surface caegrddout it is justified by the saving in running
cost and increase in efficiency of plant achievgdubing this condenser. Depending upon the
position of condensate extraction pump, flow ofdemsate and arrangement of tubes the surface
condensers may be classified as follows:

(i) Down flow type.Fig.1 shows a sectional view of dawn flow condenS&zam enters at the
top and flows downward. The water flowing throughk tubes in one direction lower half comes
out in the opposite direction in the upper half.Eighows a longitudinal section of a two pass
down-flow condenser.
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(i) Central flow condenser.Fig. 3 shows a central flow condenser. In this emsér the steam
passages are all around the periphery of the shilis pumped away from the centre of the
condenser. The condensate moves radially towarmlsédhtre of tube nest. Some of the exhaust
steams while moving towards the centre meets tldeneooled condensate and pre-heats it thus
reducing undercooling.

(iii) Evaporation condenser.ln this condenser (Fig. 4) steam to be condenspdssed through a
series of tubes and the cooling waterfalls ovesdhtelbes in the form of spray. A steam of air
flows over the tubes to increase evaporation oflimgowater, which further increases the
condensation of steam.
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ADVANTAGES AND DISADVANTAGES OF A SURFACE CONDENSER

The various advantages of a surface condenses dod@ws:

1. The condensate can be used as boiler feed water.

2. Cooling water of even poor quality can be usethbise the cooling water does not come in
direct contact with steam.

3. High vacuum (about 73.5 cm of Hg) can be obthinghe surface condenser. This increases
the thermal efficiency of the plant.

The various disadvantages of' the surface condansexs follows:

1. The capital cost is more.

2. The maintenance cost and running cost of thmsleoser is high.

3. It is bulky and requires more space.

REQUIREMENTS OF A MODERN SURFACE CONDENSER

The requirements of ideal surface condenser usgubfeer plants are as follows:

1. The steam entering the condenser should beyegisttibuted over the whole cooling surface
of the condenser vessel with minimum pressure loss.



2. The amount of cooling water being circulatethie condenser should be so regulated that the
temperature of cooling water leaving the condeissequivalent to saturation temperature of
steam corresponding to steam pressure in the ceaden

This will help in preventing under cooling of comdate.

3. The deposition of dirt on the outer surfaceubiels should be prevented.

Passing the cooling water through the tubes anavady the steam to flow over the tubes achieve
this.

4. There should be no air leakage into the conddressuse presence of air destroys the vacuum
in the condenser and thus reduces the work obtaieekly of steam. If there is leakage of air
into the condenser air extraction pump should leel &8 remove air as rapidly as possible.

JET CONDENSERS

In jet condensers the exhaust steam and coolingrwame in direct contact with each other.
The temperature of cooling water and the condensa@me when leaving the condensers.
Elements of the jet condenser are as follows:

1. Nozzles or distributors for the condensing water

2. Steam inlet.

3. Mixing chambers: They may ba) (parallel flow type I§) counter flow type depending on
whether the steam and water move in the same idindotfore condensation or whether the
flows are opposite.

4. Hot well.

In jet condensers the condensing water is calledtion water.

TYPES OF JET CONDENSERS

1. Low level jet condensers (Parallel flow type)n this condenser (Fig. 1.13) water is sprayed
through jets and it mixes with steam. The air moeed at the top by an air pump. In counter flopety
of condenser the cooling water flows in the dowrdhd@irection and the steam to be condensed moves
upward.

2. High level or Barometric condenserFig. 1.14 shows a high-level jet condenser. Theleoser

shell is placed at a height of 10.33 m (baromditeight) above the hot well. As compared to low
level jet condenser. This condenser does not flbeangine if the water extraction pump fails. A
separate air pump is used to remove the air.
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3. Ejector Condenser.Fig. 1.15 shows an ejector condenser. In this cmsetecold water is discharged
under a head of about 5 to 6 m through a serieson¥ergent nozzles. The steam and air enter the
condenser through a non-return valve. Mixing witatev condenses steam. Pressure energy is partly



convert into kinetic energy at the converging corasthe diverging come the kinetic energy is partl
converted into pressure energy and a pressurertigdie atmospheric pressure is achieved so as
to discharge the condensate to the hot well.
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STEAM TURBINES

Turbine is a machine wherein rotary motion is ai#diby centrifugal forces, which result from
a change in the direction of high velocity fluid fleat issues from a nozzle.

Water turbine is a prime mover, which uses watethasworking substance to generate power.A water
turbine uses the potential and kinetic energy dewand converts it into usable mechanical energg.
fluid energy is available in the natural or aridichigh level water reservoirs, which are creabsd
constructing dams at appropriate places in the flath of rivers. When water from the reservoiraisen

to the turbine, transfer of energy takes placeha lilade passages of the unit. Hydraulic turbinethe
form of water wheels have been used since agesemttg their application lies in the field of elgct
power generation. The mechanical energy made &laikst the turbine shaft is used to run an electric
generator, which is directly coupled, to the tuebshaft. The power generated by utilizing the pién
and kinetic energy of water has the advantagesgbfdfficiency, operational

flexibility, low wear tear, and ease of maintenance

Despite the heavy capital cost involved in congingcdams and reservoirs, in running pipelines end
turbine installation (when compared to an equivialbarmal power plant) different countries havedrto

tap all their waterpower resources. Appropriateesyf water turbines have been installed for most
efficient utilization. A number of hydro-electriower plants have and are being installed in Indiatb
harness the available waterpower in the presesis@f fast idling energy resources. Hydroelegioever

is a significant contributor to the world’s eneigpurces.

Water (hydraulic) turbines have been broadly clesbas,
1. Impulse 2. Reaction

IMPULSE AND REACTION TURBINES

Hydraulic turbines are required to transform flaitergy into usable mechanical energy as efficiaagly
possible. Further depending on the site, the availluid energy may vary in its quantum of potahéind
kinetic energy. Accordingly a suitable type of tndneeds to be selected to perform the requited jo
Based upon the basic operating principle, watdrities are categorized into impulse and reactidvirias
depending on whether the pressure head availahl#yior partially converted into kinetic energy the
nozzle.

Impulse Turbine wherein the available hydraulic energy is first\wened into kinetic energy by means of
an efficient nozzle. The high velocity jet issuifigm the nozzle then strikes a series of suitabhbpsd



buckets fixed around the rim of a wheel (Fig. 1.1B)e buckets change the direction of jet without
changing its pressure. The resulting change in m&ume sets buckets and wheel into rotary motion and
thus mechanical energy is made available at thanwrshaft. The fluid jet leaves the runner with a
reduced energy. An impulse turbine operates untieospheric pressure, there is no change of static
pressure across the turbine runner and the unités referred to as a free jet turbine. Imporiamulse
turbines are: Pelton wheel, Turgo-impulse whealaturbine, Banki turbine and Jonval turbine

etc., Pelton wheel is predominantly used at present
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Reaction Turbine is onewherein a part of the total available hydraulicrgyes transformed into kinetic
energy before the water is taken to the turbin@eunA substantial part remains in the form of pues
energy. Subsequently, both the velocity and presshange simultaneously as water glides along the
turbine runner. The flow from inlet to outlet ofethurbine is under pressure and, therefore, blafles
reaction turbine are closed passages sealed fraospheric conditions.

Fig. illustrates the working principle of a reactiturbine in which water from the reservoir is take the
hollow disc through a hollow shaft. The disc hasrfradial openings, through tubes, which are shased
nozzles. When the water escapes through these itakgessure energy decreases and there is iecireas
kinetic energy relative to the rotating disc. Tlsuiting reaction force sets the disc in rotatibime disc
and shaft rotate in a direction opposite to thedaion of water jet. Important reaction turbineg,ar
Fourneyron, Thomson, Francis, Kaplan and Proptlidrines Francis and Kaplan turbines are widelyluse
at present.The following table lists salient pomitslifference between the impulse and reactiobites

with regard to their operation and application.
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Impulze Turbine Reaction Turbine

1. Al the available energy of the fiuid 15 comverted 1. Ouly 2 portion of the fluid energy is ransformed
inte kinstic enerzy by an efficient nozzle that imto kinefic energy before the fluid enters the
forms a fee jer turbine mmner.

2. The jet iz unconfined and at atmosphenic pres- 2. Water enters the mmmer with an excess pressure,
sure throughout the acion of water oo the nmmer, and then both the velodny and pressure change
and curng its subsequent flow to the tail race. &5 WAteT passes through the minner

3. Bladas are only in achon when they are in front 3. Blades sre m action a1l the ome:
of the pozzle,

4. Water may be allowed w0 enter a part or whole of 4. Water1s admitted over the croumference of the
the wheal cironnferenca, whesl.

5. The wheel does not nm full snd air has free ac- 5. Water completely fills the vane passages
cess 1o the ackets. throughout the operation of the tarbine

6. Cazing has no hydraolic function to perform; it 6. Pressure af inlet to the tobine is mmch higher
only serves to prevent splashing and to guide the than the pressure at ouiles ; umit has 1o be sealed
wateT to the tall race. from smosphenc condifons and  therefore, cas-

ing is sbsolutely essential

7. Unit is installed above the tzil race 7. Unit is kept entirely snbmerzed in water below

the =il mce.

£ Flow regulation iz possible without loss, 8. Flow regulstion is always scoompamied by loss

0. When water glides over the moving blades its %, Smce there is confimious drop m pressure dur-
relatve vebocity either remams constant or reduces ing flow through the blade passages. the rela-
slightly due o fricoon uve velocity does mcrease

Steam turbine is one of the most important primeendor generating electricity. This falls

under the category of power producing turbo-madhitrethe turbine, the energy level of the working
fluid goes on decreasing along the flow streamgl8innit of steam turbine can develop power ranging
from 1 mW to 1000 mW. In general, 1 mW, 2.5 mW, &/nil0 mw, 30 mw, 120 mW, 210 mW, 250
mw,

350 mW, 500 mW, 660 mWw, 1000 mW are in common Tke.thermal efficiency of modern steam
power plant above 120 mW is as high as 38% to 40%.

The purpose of turbine technology is to extracttfaimum quantity of energy from the working

fluid, to convert it into useful work with maximuefficiency, by means of a plant having maximum
reliability, minimum cost, minimum supervision amihimum starting time. This chapter deals with the
types and working of various types of steam turbiriee construction details are given in chapter 15.

PRINCIPLE OF OPERATION OF STEAM TURBINE
The principle of operation of steam turbine is ihyi different from the steam engine. In reciprotgt
steam engine, the pressure energy of steam isoge@rcome external resistance and the

dynamic action of steam is negligibly small. But gteam turbine depends completely upon the dynamic
action of the steam. According to Newton’s Secoad lof Motion, the force is proportional to
the rate of change of momentum (mass x velocityhd rate of change of momentum is caused in the
steam by allowing a high velocity jet of steam &spover curved blade, the steam will impart aeféoc
the blade. If the blade is free, it will move aoféfate) in the direction of force. In other worthe motive
power in a steam turbine is obtained by the rathahge in moment of momentum of a high velocity je
of steam impinging on a curved blade which is feemtate. The steam from the boiler is expanded in
a passage or nozzle where due to fall in presdwseam, thermal energy of steam is converted into
kinetic energy of steam, resulting in the emisgiba high velocity jet of steam which, Principle of
working impinges on the moving vanes or bladesiddibe (Fig. 6.1).

Attached on a rotor which is mounted on a shafpetied on bearings, and here steam undergoes

a change in direction of motion due to curvaturblafies which gives rise to a change in motemand
therefore a force. This constitutes the drivingéoof the turbine. This arrangement is shown.

It should be realized that the blade obtains navadbrce from the static pressure of the stearincon
any impact of the jet, because the blade in dedigneh that the steam jet will glide on and off birede
without any tendency to strike it.

As shown in Fig. 6.2, when the blade is lockedj¢henters and leaves with equal velocity, and

thus develops maximum force if we neglect frictiorthe blades. Since the blade velocity is zero, no
mechanical work is done. As the blade is alloweseed up, the leaving velocity of jet from thedela



reduces, which reduces the force. Due to bladecitgltne work will be done and maximum work is

done when the blade speed is just half of the simead. In this case, the steam velocity from thdeb

is near about zerice. it is trail of inert steam since all the kineticeegy of steam is converted into work.
The force and work done become zero when the Ispeed is equal to the steam speed. From the above
discussion, it follows that a steam turbine shddde a row of nozzles, a row of moving blades fiteed

the rotor, and the casing (cylinder). A rownaizzles and a raw of moving blades constituteagesbf
turbine.

CLASSIFICATION OF STEAM TURBINE

Steam turbine may be classified as follows: -

(A) On the Basis of Principle of Operation :

(i) Impulse turbine

(a) Simple, b) Velocity stage,d) Pressure stagej)(combination oflf) and €).
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(i) Impulse-reaction turbine

(a) 50% (Parson’s) reactiorh)(Combination of impulse and reaction.

(i) Impulse Turbine: If the flow of steam through the nozzles and mowtares of a turbine

takes place in such a manner that the steam is\dgpaonly in nozzles and pressure at the outlessid
of the blades is equal to that at inlet side; sutlirbine is termed as impulse turbine becauseriksvon
the principle of impulse. In other words, in impitsirbine, the drop in pressure of steam takegplac
only in nozzles and not in moving blades. Thiskitamed by making the blade passage of constant
cross- section area

As a general statement it may be stated that etexggformation takes place only in nozzles and
moving blades (rotor) only cause energy transfecesthe rotor blade passages do not cause any
acceleration

of fluid, hence chances of flow separation are tgreahich results in lower stage efficiency.

(i) Impulse-Reaction Turbine: In this turbine, the drop in pressure of steamdgkace irfixed
(nozzleyas well as moving blade$he pressure drop suffered by steam while paskiogigh the
moving blades causes a further generation of kiregtergy within the moving blades, giving rise to
reaction and adds to the propelling force whicapplied through the rotor to the turbine shaftcg8in
this turbine works on the principle of impulse ardction both, so it is called impulse-reactiotbiie.
This is achieved by making the blade passage gingcross-sectional areegnverging type

In general, it may be stated that energy transfoomaccurs in both fixed and moving blades.

The rotor blades cause both energy transfer andftianation. Since there is an acceleration of flow
in moving blade passage hence chances of sepaddtilonv is less which results in higher stage
efficiency.

(B) On the basis of “Direction of Flow” :

(i) Axial flow turbine, (i) Radial flow turbine,i{i) Tangential flow turbine.

(i) Axial Flow Turbine. In axial flow turbine, the steam flows along théseof the shaft. It is the

most suitable turbine for large turbo-generatostaat is why it is used in all modem steam power
plants.

(i) Radial Flow Turbine. In this turbine, the steam flows in the radial diien. It incorporates

two shafts end to end, each driving a separatergtmeA disc is fixed to each shaft. Rings of 50%
reaction radial-flow bladings are fixed to eachkdiBhe two sets of bladings rotate counter to each
other. In this way, a relative speed of twice tinening speed is achieved and every blade row ierwad
work. The final stages may be of axial flow dedigiorder to achieve a larger area of flow. Sings th
type of turbine can be warmed and started quiddyit is very suitable for use at times of peaklloa
Though this type of turbine is very successfuhia $maller sizes but formidable design difficultiese
hindered the development of large turbines oftiype. In Sweden, however, composite radial/axial
flow turbines have been built of outputs upto 278/MSometimes, this type of turbine is also known as
Liungstrom turbine after the name of its inventoa®l F. Liungstrom of Sweden .

(iii) Tangential Flow Turbine. In this type, the steam flows in the tangentiaédiion. This

turbine is very robust but not particularly efficteanachine, sometimes used for driving power statio
auxiliaries. In this turbine, nozzle directs steamgentially into buckets milled in the periphefyao
single wheel, and on exit the steam turns througdversing chamber, reentering bucket further ratied
periphery. This process is repeated

several times, the steam flowing a helical pativefd nozzles with reversing chambers may be used



around the wheel periphery.

(C) On the Basis of Means of Heat Supply:

(i) Single pressure turbine,

(ii) Mixed or dual pressure turbine

(iii) Reheated turbine.

(a) Single p) Double

(i) Single Pressure Turbine n this type of turbine, there is single sourcataam supply.

(i) Mixed or Dual Pressure Turbine : This type of turbines, use two sources of steam, at

different pressures. The dual pressure turbineuad in nuclear power stations where it uses both
sources continuously. The mixed pressure turbifeuisd in industrial plantse(g.,rolling mill, colliery,
etc.) where there are two supplies of steam andfugee supply is more economical than the otlear; f
example, the economical steam may be the exhasshdtom engine which can be utilised in the L. P.
stages of steam turbine. Dual pressure systersasuaked in combined cycle.

(iii) Reheated Turbine :During its passage through the turbine steam magken out to be

reheated in a reheater incorporated in the boildraturned at higher tempera-ture to be expanded i
(Fig. 6.6). This is done to avoid erosion and csioo problems in the bladings and to improve the
power output and efficiency. The reheating mayibgls or double or triple.

(D) On the Basis of Means of Heat Rejection :

(i) Pass-out or extraction turbin@) Regenerative turbineiji) Condensing turbinei) Noncondensing
turbine, {) Back pressure or topping turbine.

(i) Pass-out Turbine.In this turbine, (Fig. 6.4), a considerable projorof the steam is extracted
from some suitable point in the turbine where tresgure is sufficient for use in process heating;

the remainder continuing through the turbine. ™ttt is controlled by separate valve-gear to rieet
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difference between the pass-out steam and elddtad requirements. This type of turbine is su#ab
where there is dual demand of steam-one for ponettee other for industrial heating, for example
sugar industries. Double pass-out turbines are thoee used.

(i) Regenerative Turbine.This turbine incorporates a number of extracticanbhes, through

which small proportions of the steam are continlyoestracted for the purpose of heating the boiler
feed water in a feed heater in order to increasehtrmal efficiency of the plant. Now a days sétlam
power plants are equipped with reheating and regéme arrangement.

(iii) Condensing Turbine.In this turbine, the exhaust steam is condensedcondenser and the
condensate is used as feed water in the boilethiByvay the condensing turbine allows the steam to
expand to the lowest possible pressure before lm@indensed. All steam power plants use this type of
turbine.

(iv) Non-Condensing Turbine.When the exhaust steam coming out from the turisimet

condensed but exhausted in the atmosphere is calledondensing turbine. The exhaust steam is not
recovered for feed water in the boiler.

(v) Back Pressure or Topping Turbine.This type of turbine rejects the steam after exjoan®

the lowest suitable possible pressure at whichusid for heating purpose. Thus back pressurméurb
supplies power as well as heat energy.

The back pressure turbine generally used in sugiasiries provides low pressure steam for

heating apparatus, where as a topping turbine sxhato a turbine designed for lower steam cooiofiti
(E) On the Basis of Number of Cylinder: Turbine nieyclassified as

(i) Single cylinder andii) Multi-cylinder.

() Single Cylinder. When all stages of turbine are housed in one catlieg it is called single
cylinder. Such a single cylinder turbine uses dradts

(ii) Multi-Cylinder. In large output turbine, the number of the stagesled becomes so high

that additional bearings are required to supperstiaft. Under this circumstances, multi-cylindses
used.

(F) On the Basis of Arrangement of Cylinder Baseds@neral Flow of Steam) Single flow,

(ii) Double flow, andi{i) Reversed flow

Single Flow.In a single flow turbines, the steam enters atem flows once [Fig. 6.8)] through
Single flow

(&) (b) (c)

Double flow Reversed flow
Fig. 6.5
the bladings in a direction approximately paraltethis axis, emerges at the other end. High pressu



cylinder uses single flow. This is also commonrima# turbines.

Double Flow.In this type of turbines, the steam enters at #m#re and divides, the two portions
passing axially away from other through separate @eblading on the same rotor Fig. The low
pressure cylinder normally uses double flow). T of unit is completely balanced against the end
thrust and gives large area of flow through twe sétbladings. This also helps in reducing the élad
height as mass flow rate becomes half as compargiddle flow for the same conditions.

Reversed FlowReversed flow arrangement is sometimes used ircWlipder where higher
temperature steam is used on the larger sets @& twaninimise differential expansiae. unequal
expansion of rotor and casing. The use of singlabte and reversed flow is shown in the layout

Fig. 6.5€).

(G) On the Basis of Number of Shaft

(i) Tandem compoundii} Cross compound

(i) Tandem Compound.Most multi-cylinder turbines drive a single shaiftdasingle generator

Such turbines are termed as tandem compound tgtbine

(ii) Cross Compound.In this type, two shafts are used driving sepagateerator. The may be

one of turbine house arrangement, limited genegazer, or a desire to run shafting at half spebdé. T
latter choice is sometimes preferred so that fersdime centrifugal stress, longer blades may lik use
giving a larger leaving area, a smaller velocitgd aence a small leaving loss.

(H) On the Basis of Rotational Speed

(i) constant speed turbines

(i) Variable speed turbines

(i) Constant Speed TurbinesRequirements of rotational speed are extremeld iigturbines

which are directly connected to electric generaasrthese must be a-c unit except in the smallest s
and must therefore run at speeds correspondirgetstandard number of cycles per second and gaverne
by the following equation :

N = 120 x Number of cycles per second = 120 f/p

Number of poles

The minimum number of poles, in a generator is&mwd correspondingly the maximum possible
speed for 60 cycle is 3,600 rpm; for 50 c/s of fiency, the speeds would be 3,000, 1500 and 750 rpm
for 2, 4 and 8 poles machines respectively.

(i) Variable Speed Turbines.These turbines have geared units and may haveqaiacany

speed ratio between the turbine and the driven mado that the turbine may be designed for its own
most efficient speed. Such turbines are used W@ dhips, compressors, blowers and variable fre;yuen
generators.

THE SIMPLE IMPULSE TURBINE

This type of turbine works on the principle of infgeiand is shown diagrammatically. It mainly cotssis
of a nozzle or a set of nozzles, a rotor mounted shaft, one set of moving blades attached to

the rotor and a casing. The uppermost portion@ftlihgram shows a longitudinal section through the
upper half of the turbine, the middle portion shdke development of the nozzles and bladieghe
actual shape of the nozzle and blading, and therngtortion shows the variation of absolute velocit
and absolute pressure during flow of steam thrquagisage of nozzles and blades. The example of this
type of turbine is the de-Laval Turbine.

It is obvious from the figure that the complete @axgion of steam from the steam chest pressure

to the exhaust pressure or condenser pressuregkaaesonly in one set of nozzles. the pressure drop
takes place only in nozzles. It is assumed thaptassure in the recess between nozzles and blades
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remains the same. The steam at condenser pressxkanst pressure enters the blade and comes out
at the same pressure. the pressure of steam in the blade passages reamnsximately constant and
equal to the condenser pressure. Generally, comgediverging nozzles are used. Due to the relbtive
large ratio of expansion of steam in the nozzles steam leaves the nozzles at a very high velocity
(supersonic), of about 1100 m/s. It is assumedtkieatelocity remains constant in the recess betwee
the nozzles and the blades. The steam at suclhaéligcity enters the blades and reduces along the
passage of blades and comes out with an appreeiatdant of velocity (Fig. 6.6).

As it has been already shown, that for the good@my or maximum work, the blade speeded

should be one half of the steam speed so bladeityels of about 500 m/s which is very en high.shi
results in a very high rotational speed, reachib@@0 r.p.m. Such high rotational speeds can oaly b



utilised to drive generators or machines with lasgghuction gearing arrangements.
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Impulse Turbine.

In this turbine, the leaving velocity of steam Iscaquite appreciable resulting in an energy loss,
called “carry over loss” or “leaving velocity lossThis leaving loss is so high that it may amoont t
about 11 percent of the initial kinetic energy. STtyipe of turbine is generally employed where neddy
small power is needed and where the rotor dianetapt fairly small.

COMPOUNDING OF IMPULSE TURBINE

Compounding is a method for reducing the rotati@paled of the impulse turbine to practical
limits. As we have seen, if the high velocity adat is allowed to flow through one row of moving
blades, it produces a rotor speed of about 30,@0@rwhich is too high for practical use. Not otfiys,
the leaving loss is also very high. It is therefessential to incorporate some improvements in the
simple impulse turbine for practical use and atsadhieve high performance. This is possible byintak
use of more than one set of nozzles, blades, roipesseries, keyed to a common shaft, so thageit
the steam pressure or the jet velocity is absoblyettie turbine in stages. The leaving loss alsbthéin
be less. This process is called compounding ofrstagbines. There are three main types

(a) Pressure-compounded impulse turbine.

(b) Velocity-compounded impulse turbine.

(c) Pressure and velocity compounded impulse turbine.

PRESSURE COMPOUNDED IMPULSE TURBINE

In this type of turbine, the compounding is donegdiessure of steam onilg. to reduce the high rotational
speed of turbine the whole expansion of steamréged in a number of steps by employing a number o
simple turbine in a series keyed on the same simfshown. Each of these simple impulse turbine
consisting of one set of nozzles and one row ofingphlades is known as a stage of the turbine ausl t
this turbine consists of several stages. The exlieara each row of moving blades enters the sudoged
set of nozzles. Thus we can say that this arrangeism@othing but splitting up the whole

pressure drop.
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g. Pressure Compounded Impulse Turbine.

from the steam chest pressure to the condensesupeaisito a series of smaller pressure drop across
several stages of impulse turbine and hence thigeiis culled, pressure-compound impulse turbine.
The pressure and velocity variation are also shoWe nozzles are fitted into a diaphragm which is
locked in the casing. This diaphragm separatesndrezl chamber from another. All rotors are mounted
on the same shaft and the blades are attache@ @attr. The rotorife. disc) may be keyed to

the shaft or it may be integral part of shaft.

The expansion of steam only takes place in theleszzhile pressure remains constant in the moving
blades because each stage is a simple impulse¢ui®o it is obvious from the pressure curve thet t
space between any two consecutive diaphragmsead filith steam at constant pressure and the peessur
on either side of the diaphragm is different. Sitimediaphragm is a stationary part, there must

be clearance between the rotating shaft and thpbdigm. The steam tends to leak through this aleara
for which devices like labyrinth packings, etc. ased.

Since the drop in pressure of steam per stageliseg, so the steam velocity leaving the nozzles

and entering the moving blades is reduced whichaeslthe blade velocity. Hence for good economy or
maximum work shaft speed is significantly reduce@s be reduced by increasing the number of stages
according to ones need. The leaving velocity ofldiséstage of the turbine is much less comparéigeto

de Laval turbine and the leaving loss amounts twmgl to 2 percent of the initial total availableeegy.
This turbine was invented by the late prof L. Rataad so it is also known as Rateau Turbine.

SIMPLE VELOCITY-COMPOUNDED IMPULSE TURBINE

In this type of turbine, the compounding is donevielocity of steam only.e. drop in velocity is

arranged in many small drops through many movingsrof blades instead of a single row of moving
blades. It consists of a nozzle or a set of nozateksrows of moving blades attached to the rotor or
wheel and rows of fixed blades attached to cassnghawn in Fig. 6.8.

The fixed blades are guide blades which guide téens to succeeding rows of moving blades,

suitably arranged between the moving blades anid seteversed manner. In this turbine, three romws
rings of moving blades are fixed on a single wingebtor and this type of wheel is termed as theegh
row wheel. There are two blades or fixed bladesqulebetween Lint first and the second and the secon
and third rows of moving blades respectively.



I-GI..I:!E I:Iat:l!:-I

Miowing biades 5| -
Niozzie i

Bteam 1 |

Casing
K

|, Exhaust

enterng ShaaT
FRofor wihies
Shat - 1
) SRR R
e i \Lt e
v 'E EI:arIg
Pl 5'1'45
1;1'
i .
o812 (Lo 2 i
EE B = -
NHIEEIE .
- dslls|deg e &
s | SOFIE E
§Br_ -‘ [E
e L |
¥ ¥ +

Fig. Velocity Compounded Impulse Turbine.

Fig. Flow of Steam on Blades.

The whole expansion of steam from the steam clresispre to the exhaust pressure takes place in the
nozzles only. There is no drop in either in the mg\blades or the fixetde. the pressure remains constant
in the blades as in the simple impulse turbine. §team velocity from the exit of the nozzle is vargh

as in the simple impulse turbine. Steam with thig tvelocity enters the first row of moving bladex on
passing through these blades, the Velocity slighglyuces.e. the steam gives up a part of its kinetic
energy and reissues from this row of blades withirdy high velocity. It then enters the first ravf guide
blades which directs the steam to the second romafing blades. Actually, there is a slight drop in
velocity in the fixed or guide blades due to facti On passing through the second row of movinddsa
some drop in velocity again occurs. steam gives up another portion of its kinetic epdythe rotor.
After this, it is redirected again by the second af guide lades to the third row of moving bladésere
again some drop in velocity occurs and finally skeam leaves the wheel with a certain velocity incse

or less axial direction. compared to the simpleulsg turbine, the leaving velocity is small angigbout

2 percent of initial total available energy of steeSo we can say that this arrangement is nothirig b
splitting up the velocity gained from the exit dfet nozzles into many drops through several rows of
moving blades and hence the name velocity compaliidkés type of turbine is also termed as Curtis
turbine. Due to its low efficiency the three row eeth is used for driving small machines The two row
wheel is more efficient than the three-row wheelogity compounding is also possible with only coe

of moving blades. The whole pressure drop takesepla the nozzles and the high velocity steam gasse
through the moving blades into a reversing chamideare the direction of the steam is changed and the
same steam is arranged to pass through the moladg lof the same rotor. So instead of using two or
three rows of moving blades, only one row is regghito pass the steam again and again; thus inpsssh
velocity decreases.

PRESSURE AND VELOCITY COMPOUNDED IMPULSE TURBINE
This type of turbine is a combination of pressuré @elocity compounding and is diagrammatically.
There are two wheels or rotors and on each, orgyrows of moving blades are attached cause
two-row wheel are more efficient than three-row elhén each wheel or rotor, velocity drojps. drop

in velocity is achieved by many rows of moving dadhence it is velocity compounded. There are two
sets of nozzles in which whole pressure drop takesi.e. whole pressure drop has been divided in
small drops, hence it is pressure-compounded.



In the first set of nozzles, there is some decrgapeessure which gives some kinetic energy to

the steam and there is no drop in pressure intbedws of moving blades of the first wheel andhia
first row of fixed blades. Only, there is a velgaitrop in moving blades though there is also asliyop
in velocity due to friction in the fixed blades.decond set of nozzles, the remaining pressuretdkas
place but the velocity here increases and the idroplocity takes place in the moving blades of the
second wheel or rotor. Compared to the pressurepmmded impulse turbine this arrangement was
more popular due to its simple construction. Ihiswever, very rarely used now due to its low éficy.

IMPULSE-REACTION TURBINE
As the name implies this type of turbine utilizee principle of im-pulse and reaction both. Such

a type of turbine is diagrammatically shown. Theme a number of rows of moving blades attached to
the rotor and an equal number of fixed blades lagid¢o the casing.
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Fig. Impulse Reaction Turbine.

In this type of turbine, the fixed blades which se¢ in a reversed manner compared to the movadeb|
corresponds to nozzles mentioned in connection tivéhimpulse turbine. Due to the row of fixed blade
the entrance, instead of the nozzles, steam istidirior the whole circumference and hence thegdlis
round or complete admission. In passing througHitserow of fixed blades, the steam undergoemalls
drop in pressure and hence its velocity somewltaéases. After this it then enters the first rownaiving

blades and just as in the impulse turbine, it safeechange in direction and therefore in momenflins

momentum gives rise to an impulse on the blades.

But in this type of turbine, the passage of the impblades is so designed (converging) that theee i
small drop in pressure of steam in the moving Idaaleich results in a increase in kinetic energgteaim.
This kinetic energy gives rise to reaction in tirection opposite to that of added velocity. Thihg, gross
propelling force or driving force is the vector sofrimpulse and reaction forces. Commonly, thisetgp
turbine is called Reaction Turbine. It is obvioumnh the Fig. that there is a gradual drop in pnessu

both moving blades and fixed blades.

As the pressure falls, the specific volume increasel hence in practice, the height of bladescieased
in stepd.e. say upto 4 stages it remains constant, then ieasas and remains constant for the next two
stages.

In this type of turbine, the steam velocities asmparatively moderate and its maximum value is aibou
equal to blade velocity. In general practice, tuee the number of stages, the steam velocityasged
greater than the blade velocity. In this case ¢heihg loss is about 1 So 2 per cent of the totaal
available energy. This type of turbine is used tgastall power plants where it is great success.

An example of this type of turbine is the Parsoestion Turbine. The power plants 30 MW and above
are all impulse-reaction type.



ADVANTAGES OF STEAM TURBINE OVER STEAM ENGINE

The various advantages of steam turbine are asv®li

(i) It requires less space.

(i) Absence of various links such as piston, pistah cross head etc. make the mechanism
simple. It is quiet and smooth in operation,

(iii ) Its over-load capacity is large.

(iv) It can be designed for much greater capacitiepagpared to steam engine. Steam turbines
can be built in sizes ranging from a few horse pawever 200,000 horse power in single units.
(V) The internal lubrication is not required in steambine. This reduces to the cost of
lubrication.

(vi) In steam turbine the steam consumption doesneotase with increase in years of service.
(vii) In steam turbine power is generated at unifor®, therefore, flywheel is not needed.

(viii) It can be designed for much higher speed andegreenge of speed.

(ix) The thermodynamic efficiency of steam turbinkigher.

STEAM TURBINE CAPACITY

The capacities of small turbines and coupled geéoesa&ary from 500 to 7500 kW whereas large
turbo alternators have capacity varying from 10@anW. Very large size units have capacities up to
500 mWw.

Generating units of 200 mW capacity are becomirigegquommon. The steam consumption by

steam turbines depends upon steam pressure, apdregare at the inlet, exhaust pressure number of
bleeding stages etc. The steam consumption of &egen turbines is about 3.5 to 5 kg per kWh.
Turbine kW = Generator kW / Generator efficiency

Generators of larger size should be used becauke @dllowing reasons:

(i) Higher efficiency.

(ii) Lower cost per unit capacity.

(iii) Lower space requirement per unit capacity. 3.4mninal rating.

It is the declared power capacity of turbine expeédb be maximum load.

CAPABILITY

The capability of steam turbine is the maximum targus out put for a clean turbine operating under
specified throttle and exhaust conditions with fMtraction at any openings if provided. The défere
between capability and rating is considered to werload capacity. A common practice is to design a
turbine for capability of 125% nominal rating amdprovide a generator that will absorb rated poatér.8
power factor. By raising power factor to unity gpenerator will absorb the full

turbine capability.

STEAM TURBINE GOVERNING

Governing of steam turbine means to regulate tpplgwf steam to the turbine in order to

maintain speed of rotation sensibly constant umegting load conditions. Some of the methods engaoy
are as follows :

(i) Bypass governingiifj Nozzle control governingiii) Throttle governing.

In this system the steam enters the turbine ckiyghfough a valve (V) controlled by governor.

In case of loads of greater than economic loadpay/ valve (Vi) opens and allows steam to pass from
the first stage nozzle box into the steam belt (S).

In this method of governing the supply of steamarfous nozzle groupsiNN2, and N is

regulated by means of valves,W2and \srespectively.

In this method of governing the double beat vadvesed to regulate tllew of steam into the

turbine. When the load on the turbine decreasespited will try to increase. This will cause filgdar

to move outward which will in return operate thedearm and thus the double beat valve will get
moved to control the supply of steam to turbinethis case the valve will get so adjusted that less
amount of steam flows to turbine.

STEAM TURBINE PERFORMANCE
Turbine performance can be expressed by the faligfactors :



(i) The steanflow process through the unit-expansion line or conalitiorve.

(ii) The steanflow rate through the unit.

(iii) Thermal efficiency.

(iv) Losses such as exhaust, mechanical, generad@tioa etc.

Mechanical losses include bearing losses, oil plosges and generator bearing losses. Generator
losses include will electrical and mechanical Igs&xhaust losses include the kinetic energy of the
steam as it leaves the last stage and the predsapdrom the exit of last stage to the condentsayes
For successful operation of a steam turbine iesrdble to supply steam at constant pressure

and temperature. Steam pressure can be easilatedidy means of safety valve fitted on the boiler.
The steam temperature may try to fluctuate becatfe following reasons :

(i) Variation in heat produced due to varying amowftsiel burnt according to changing loads.

(i) Fluctuation in quantity of excess air.

(iii) Variation in moisture content and temperaturaioentering the furnace.
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(iv) Variation in temperature of feed water.

(V) The varying condition of cleanliness of heat absw surface.

The efficiency of steam turbines can be increased:

(i) By using super heated steam.

(ii) Use of bled steam reduces the heat rejectectoahdenser and this increases the turbine
efficiency.

STEAM TURBINE TESTING

Steam turbine tests are made for the following:
(i) Power

(i) Valve setting

(iii) Speed regulation

(iv) Over speed trip setting

(v) Running balance.

Steam condition is determined by pressure gaugktremmometer where steam is super heated.
The acceptance test as ordinarily performed isealcbn &) Output, p) Steam rate or heat consumption,
(c) Speed regulationd) Over speed trip setting.

Periodic checks for thermal efficiency and loadyiag ability are made. Steam used should be
clean. Unclean steam represented by dust carryfmrmarsuper heater may cause a slow loss of load
carrying ability.

Thermal efficiency of steam turbine depends orfdhewing factors:

(i) Steam pressure and temperature at throttle \wdlugbine.

(i) Exhaust steam pressure and temperature.

(i) Number of bleedings.

Lubricating oil should be changed or cleaned aftey 6 months.

CHOICE OF STEAM TURBINE

The choice of steam turbine depends on the follgviactors :

(i) Capacity of plant

(i) Plant load factor and capacity factor

(iii) Thermal efficiency

(iv) Reliability

(v) Location of plant with reference to availabildfwater for condensate.

STEAM TURBINE GENERATORS

A generator converts the mechanical shaft enengcéive from the turbine into electrical energy.

Steam turbine driven a.c. synchronous generattiesr{ators) are of two or four pole designs.

These are three phase measuring machines offexorgmic, advantages in generation and transmission.
Generator losses appearing as heat must be cdpstanbved to avoid damaging the windings.

Large generators have cylindrical rotors with minimof heat dissipation surface and so they have

forced ventilation to remove the heat. Large geoesagenerally use an enclosed system with air or
hydrogen coolant. The gas picks up the heat fram#nerator any gives it up to the circulating wate



the heat exchanger.

STEAM TURBINE SPECIFICATIONS

Steam turbine specifications consist of the follogvi

(i) Turbine rating. It includes :

(a) Turbine kilowatts

(b) Generator kilovolt amperes

(c) Generator Voltage

(d) Phases

(e) Frequency

(f) Power factor

(g) Excitor characteristics.

(i) Steam conditions. It includes the following:

(@) Initial steam pressure, and Temperature

(b) Reheat pressure and temperature

(c) Exhaust pressure.

(iii) Steam extraction arrangement such as automatioreautomatic extraction.
(iv) Accessories such as stop and throttle valve ptaetter etc.
(v) Governing arrangement.

SOLVED EXAMPLES
PROBLEMS

Example 1.Steam at a pressure of 15 kg#€ats) and temperature of 250°C. is expanded
through a turbine to a pressure of 5 kgédiabs.). It is then reheated at constant pressure to
temperature of 200°C after which it completes Xsamsion through the turbine to an exhaust
pressure of 0.1 kg/atabs). Calculate theoretical efficiency.

(a) Taking reheating into account

(b) If the steam was expanded direct to exhaust pressithout reheating

Solution. From Mollier diagram

H.= Total heat of steam at 15 kg/amd 250°C = 698 Kcal/kg
H,= Total heat of steam at 5 kg/&m646 Kcal/kg

Now steam is reheated to 200°C at constant pressure

Hz= Heat in this stage = 682 Kcal/kg

This steam is expanded to 0.1 kg/cm

H.= Heat in this stage = 553 Kcal/kg

H..= Total Heat of water at 0.1 kg/em 45.4 Kcal/kg

(H,—H,)+(H,-H,) _(698-646)+(682-533

Theoretical efficiency = =
{H,+(H,—H,)-H,} {698+ (642-646) - 454}

=0.293 or 29.3% Ans.

Example 2.Determine the thermal efficiency of the basic cptla steam power plant (Rankine
Cycle), the specific and hourly steam consumptio 50 mW steam turbine operating at inlet
conditions:

Pressure 90 bar and temperature 860 The condenser pressure is 0.40 bar
Solution. From Mollier diagram

H1= Total heat of steam at point 1 = 3386.24 kJ/kg
H2= Total heat of steam at point 2 = 2006.2 kJ/kg



Hwe = Total Heat of water at point 2 = 121.42 kJ/kg

I:.}IL_Hz}
(H, -H,,)

_ (3386.24-2006.2)
= (338624 _121.42)

(B} Specific steam consumption 15 the amount of steam 1 kg per KW-hr.
MNow 1 kW-hr = 3800 kT

{a} Thermal efficiency =

=4227%

3600 3600
jﬁ 1 — —
Specific steam consumption (H, _H,) (3386.24_20062)

=261 kgkW-hr

() Howrly steam consumphon = 2.6] = Eilowatts
=261 = 30,000 = 1305 Tonneshr Ans.

Example 3. A steam power plant, operating with ome regeerative. feed water heating is nun at
the initial steam conditions of 350 bar and 44FC with edhaus pressare of R0 bar Steam i bied
from the tarhine for feed water fivating af a pressure of 1.226 bar. Determine

(1} Specific heat consumption

(£ Thermal efficiency of the cycle

(¥ Eonomy percentage compared with the oycle of a simple condmsing power plan.

Solution. From Molher diagrams and steam tabla,

Hy=3314 klkz
H,= 2560 klkz
Hz=2100kl'kzs
H,.=43543 klke
H,=12142kIke
From the heat balance for the feed water heater
iy~ Hy) = (1 = m)(H, - Hyy)
2560 —439.43) = (1 — m)(439.43 - 121.42)



On sobningz, we gt m=01304 kg
Total work dene = 1 = (Hy —Ha) + {1 — m){(Ha — Hz)
= {3314 — 24600 + (I — 0. 13042560 — 21009

=114 klkg
00 i
(1) Specific steam consumphon = 58— 312K kKW-hr, Ans,
1154
(2} Tharmal efficiency = ————— = 40.15%. Ans,

{3314 -43343)

(3} With out regeneration feed water heating the work done will be
H;-H,=3314-2100=1214 klke

; 3600
Steam consumphon = 1714 = 24 kpkW-hr
Without regeneration heating, the thermal efficiency
_ @ -H,)
V=M, - H,,)
How from the steam tables
H=12142kTke

3314-121
n= ﬁ =38
(3314121 47)

Increasze m thermal efficiency due to regeneration feed water heating 15

_ (04015-0.38)

ETNE = 5.8 % Ans,



Mow, Vy=14mb: V=14 =31 m's 048
V22 « 107 = Ientropic heat drop » Nozzle efficiency

. Io?
{1} Isentropac beat drop = 210 < 092) =43 9klkg
(2) Energy lost m nozrdes = Isentropic heat drop < (1 —-mM =480 « (1 - 097
=301 klkg
) . . "."ﬁ—\-'rf
Energy lost in moving blades due to fichon = ————=— kIkg

(2x10%) -
Mow V=087 = Vi

To drew veloctty tiapgles. AB=V, =144 m's =15 V; =300 m's With this tmangle ABD can
be completed.
Meazure ‘i.-',.i. and 8, V; = 168 m's, 6 =129°
"l.-'r{I =097 » 168 = 163 m's. and 6 =20
Velociiy tnangle ABC can be completed

168" —163°

Energy lost im moving blades due to fiichon = W

=083 kg2 = 10°

(3} Energy lost due to firute velocity of steam leavmg the stage {7'—?1.'3]}
h

From velocity mangle. V, = B0 m/s
80°

(2= 107y

4 V,=nDn'al

3000
&l

Energy lost=

IH=xxD=

D=051Tm



10
Arvea of flow, A=nDh =314*0917* 100 =0288 m*
MNow from steam table, for steam dry and saturated at 9.8 bar,
V,= 098 m’ke
V1= 7763 m's from velocity tiangles

A 0288
5 = — -|r o R = L, 5
Mass flow rate =V ; = v 1.65 T 11295 kg

(3yPower=m» Vi & (Vg -V KW
from velocity mangle V, — V=288 m's

2188

=112895 = 144 = 4082 EW
e " Tooo

F S,
06) Diisriiin ePhcuncy=2 % Vj & w 9216
1
stage efficiency = diagram efficiency = 1,=09216 = 032
Example 2. An impulsive stage of a steam mrbine is supplied with dry and saturated sicam ar
14.7 bar. The siage has a single row ol moving Blades nnning at 3500 revimin. The mean diameter of
the blade dise is 0.5 m. The naeale angle is 157 and the axial component of the absolwe velocity leaving
the nomle is 93 42 md's. The height ol the nozzles at dheir exitis 100 mm. The noezle efficiency is 09 and
the blade velocity co-efficiency i 0.966 The exit angle of the moving blades is 27 greater than at the
fndet. Determmine:
{1} The biade inler and ouder angles.
{2} The isentropic heat drop in the siage,
(3 The stage efficiency
{4} The power developed by the stage

_ DN 3600
Solution. Mean blade velocity, V= e 3 =09 x i 169,65 m's

=15V, ;=942 m"

V.
How Vi=Vismo; V= _“u = 36095 m's
oI

With thes, mlet veloctty tiangle can be completed
From thera: 4=29.53"V ; =202.5 m/s
e=105+2=315; V;=0866=V,=195m's
With thas, the outlet velocity mangle can be completed
8=285% p=3135"
Mow for dry and saturated steam at 14.7 bar; V, = 0.1392 m’ kg



Vi — Vi)

— ol Y R et LS =il I
Power=um = ¥, 1000 kW
=434 = §7 = III;:I =6447EW
at 1.373 bar, dry zatwated
V. =129 m'Ke {(from steam table)
v
Mowr m=mDxDx == x 10
Vs
From velocty tnangle,
Va=50m's
D= 454x1259 x —0_ =03
px50
D=0547TTm
h=347T em
) 7447
Heat drop 1e = ——=8058 klkg

0.8



MODULE-III
NUCLEAR POWER PLANT

10.1 INTRODUCTION

There is strategic as well as economic necesditydolear power in the United States and

indeed most of the world. The strategic importaiesprimarily in the fact that one large nucleamer
plant saves more than 50,000 barrels of oil per 4a$30 to $40 per barrel (1982), such a powentpla
would pay for its capital cost in a few short yedisr those countries that now rely on but do rasteh
oil, or must reduce the importation of foreign thlese strategic and economic advantages are @oviou
For those countries that are oil exporters, nugearer represents an insurance against the day aihen
is depleted. A modest start now will assure thay tivould not be left behind when the time comes to
have to use nuclear technology.

The unit costs per kilowatt-hour for nuclear enegigyy now comparable to or lower than the unit
costs for coal in most parts of the world. Otheraadages are the lack of environmental problents tha
are associated with coal or oil-fired power plaartd the near absence of issues of mine safety, labo
problems, and transportation bottle-necks. Nawaalis a good, relatively clean-burning fuel, biigis
some availability problems in many countries anoudth, in any case, be conserved for small-scale
industrial and domestic uses. Thus nuclear poweaousd to become the social choice relative torothe
societal risks and overall health and safety risks.

Other sources include hydroelectric generationctvis nearly fully developed with only a few

sites left around the world with significant hydiesric potential. Solar power, although usefubirter
space and domestic space and water heating in gartseof the world, is not and will not become an
economic primary source of electric power.

Yet the nuclear industry is facing many difficustjeoarticularly in the United States, primarily as

a result of the negative impact of the issues ofear safety waste disposal, weapons proliferatod,
economics on the public and government The impa¢he public is complicated by delays in licensing
proceedings, court and ballot box challenges. Thesed severe obstacles to electric utilities pramnn
nuclear power plants, the result being schedulioglpms, escalating and unpredictably costs, and
economic risks even before a construction pernisisised. Utilities had a delay or cancel nucleajguts
so that in the early 1980s there was a de fan wruat on new nuclear plant commitments in the
United States.

It is, however, the opinion of many, including thisthor, that despite these difficulties the future

of large electric-energy generation includes nucteeergy as a primary, if not the main, source. The
signs are already evident in many European anchAiantries such as France, the United Kingdom,
Japan, and the U.S.S.R.
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In a power plant technology course, it is therefogeessary to study nuclear energy: systems.

We shall begin in this chapter by covering the gnareneration processes in nuclear reactors birejar
with the structure of the atom and its nucleus r@adtions that give rise to such energy generation.
These include fission, fusion, aw different typés@utron-nucleus interactions and radioactivity.
10.2 GENERAL HISTORY AND TRENDS

10.2.1 MAJOR EVENTS

1945 :*Nuclear energy emerged from scientific obscuritg anilitary secrecy.”



1945-55 *An enthusiastic vision developed of a future inie¥hnuclear power would provide a
virtually unlimited solution for the world’s energyeeds.”

1955-73 :The pros and cons of nuclear energy were debategk\rer, the optimists prevailed

and nuclear energy grew to become an importantsaafrelectricity.

Pros : Abundant, clean, and cheap energy. (We now knoweauenergy is not cheap.)

Cons :Large amounts of radioactivity are produced inrtbelear reactor, mishaps cannot be

totally ruled out, and nuclear energy cannot bemied from nuclear weapons. (Also, the long-term
storage of nuclear wastes is now a very imporgsue.)

1955-65 :Many reactors designed, built, and put into operati

1965-73 :Most of the US reactors were ordered during thisope

1973-85 :Many US reactors canceled during this period.

1970-90 :Most US reactors licensed to operate during thieogde

1990-present :The number of nuclear reactors operating in theabi&in the world leveled off,
reaching a plateau. Few new reactors ordered aitid bu

Nuclear reactors started producing electricity 8igmificant way beginning about 1970 — just

before the first international oil crisis in 1973 us, many countries saw nuclear energy as a nteans
reduce dependency on foreign oil. The US governs@ntnuclear energy as an important key to
“energy independence.”

However, the 1973 oil crisis lead to “side effectghich adversely affected nuclear energy:

Attention was focused worldwide on reducing energysumption, including the consumption

of electricity. (During the 1973-86 period, enegggwth was erratic. Overall in the US, energy grew
about as fast as the population, whereas elegtgoiw about as fast as the GNP, which means\t gre
faster than overall energy consumption, thoughasdast as it had grown prior to 1973.

The oil crises reduced economic growth, thus, dsing the demand for energy and electricity.
These effects reduced the demand for new nuclaat9IBy 1973, the cost of nuclear energy

was no longer regarded as “cheap,” as had beesdtduthe early days of nuclear energy development,
and safety concerns were starting to have an ingrattie public view of nuclear energy. Also, nuclea
energy was regarded as “establishments,” and there many protests against the establishment and it
programs.

US nuclear energy capacity has been steady siedattn1980s. Currently, about 22% of US
electricity is generated from nuclear energy (QLiads). In 1994, there were 109 operating nuclear
reactors in the US, with a total capacity of 99GWaerrently, nuclear energy represents about 8%eof t
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primary energy consumption in the US. However, t®dking,” generating about 55% of US electricity.
Hydro generates about 10% of US electricity.

The US generates more electricity from nuclearggntiran any other nation. However, France
generates the greatest percentage of electrioity fruclear energy — about 75-80%. France is foltbwe
by Sweden. In 1994, Sweden generated about 508 eleictricity from nuclear energy, but now

says it is getting out of nuclear energy eleclyigigneration. The Swedish government claims thigemo
will not increase its greenhouse gas emissionsctaim not believed in all circles.

Worldwide, for 1994, nuclear energy accounted fér & the primary energy consumption and

18% of the electricity generation. These numbeggwst below the values for the US. 424 nuclear
reactors operate worldwide, with a total capacit$38GWe, spread over 30 countries.

In all but a few countries, nuclear energy growtswrought to a stop or at least to a crawl in the
late 1980s and the 1990s. A summary of the redsons

» Reduction in oil and gas prices, especially siheelate 1980s.

* Reduced growth in energy, compared to the pr&1#@riod.

* Rising cost of nuclear energy.

* Increasing fears about nuclear energy.

» Campaigns against nuclear energy.

Public interest in nuclear energy began about 1§eely strongly until about 1974, reached its

peak then, and by 1994 dropped to a low level.

Is the age of nuclear energy over? Outside of acfamtries, will more reactors be built? Has the
verdict been given on nuclear energy?

10.2.2 WHAT MIGHT CHANGE THE CURRENT SITUATION?

Cost. Currently, nuclear energy is regarded as costly,saome costs are surely being passed on

to future generations. The euphoric claims of &0k and 1950s regarding low cost nuclear energy



have been discounted for at least two decadessf@bement of the 1950s that nuclear energy would be
“too cheap to meter” has haunted the industry. Hawneghe text states that nuclear energy was cheape
than fossil energy for a period in the 1970s, akhy is cheaper than fossil energy in some cowntrie
In the US, the long construction times, of abouyé&érs, have significantly driven up the cost.

During construction period, capital is investederast payments occur, but no income from thedale
electricity occurs.

The development of factory-built, packaged, nucteactors, which could be purchased much

as combined cycle combustion turbines are done/fadauld probably significantly reduce the cost.
“From order to operation” within 2 or 3 years woule quite a change.

Standardization of nuclear reactor designs woldkl\lisignificantly reduce the cost, and would

likely increase safety.

Two things should be noted about US reactors. Measygns were developed and built. And

most of the US reactors were ordered over a vewst gleriod of time, 1965 to 1973. Thus, during the
1970s and 1980s the opportunity to “get out thesfuand for the better systems to evolve and win ou
didn’t fully occur. With the benefit now of expeniee, with standardization, and with reduced order-
tostart-

up times, the cost of nuclear energy should comendo
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Public Attitude. The public requires assurance that the industty bras the issues of safety,

fuel security, and waste disposal well under canBerhaps the French experience will be convincing
in this regard.

Greenhouse Effectlf the public comes to fear greenhouse warmindpenathan simply having

a concern about it, as currently the case, nueleargy may be viewed more favorably. Coal is the
“real” problem with respect to greenhouse gasesehtectricity is produced by the burning of coal
than by any other method. If the world continuepriaduce much of its electricity from coal, the
evidence is fairly strong: C{aoncentrations in the atmosphere will significatlgrease, and greenhouse
warming will occur (though the level of temperatimerease is uncertain). Burning of all of the
earth's fossil fuel resources would probably inseethe atmospheric GOoncentration from the current
level of 360 ppmv to about 1300 ppmv. 90% of thizéase would be due to coal, since the oil and
gas resources are small compared to the coal mEsurhe calculation assumes 4000 Gte (giga tonnes)
of carbon in the earth's fossil fuel resourcesnarease of 1ppmv C£n the atmosphere for every

2.13 Gte of carbon burned, and a retention of 50%eemitted C@in the atmosphere. Since the start
of the industrial age in the late 1700s, thee€C@ntention of the atmosphere has increased about

80 ppmv, and the mean temperature of the eartimesgthere near the surface has increased about 1
degree F. If the temperature rise is assumed thubeo the C®increase (which is debatable), a linear
extrapolation implies a temperature increase aéddgees F for the 360 to 1300 ppmvQi@rease.
Demand for Eelectricity. Electricity is a desirable and convenient form néigy. Several factors

could influence the demand for its generation,udulg its generation from nuclear power stations:
 Greater use of electricity, relative to heat,fanufacturing processes — a trend likely to

continue and to drive up demand for electricity.

* Greater use of heat pumps for space heatingifiem growth here is problematic, since

gas is cheap, and for many, heating with gas-fuetaces is cheaper than converting to

electric driven heat pumps.

» Electrification of transportation systems : Etectehicles (EVs) and some types of hybrid

electric vehicles (HEVs) depend on an external@®of electricity. However, other types of

HEVs and fuel cell powered vehicles generate atgistion board. It is too early to judge

which system will evolve, or whether the internahrbustion engine will retain predominance

in a new form. Thus, a significant increase in tieity for the transportation sector is

difficult to judge at present. See the front pafjthe Wall Street Journal for Monday, January

5, 1998 for an article on new power plants for engbiles.

» Combined cycle combustion turbines, fired on gas,rapidly gaining popularity for generating
electricity. Capital cost is relatively low, firlstw efficiency is high and will go higher

(at least 60%), and order-to-start-up time is shidrese systems may diminish the interest in

new nuclear energy technology over the next ori@oadecades. Long term availability and

price stability of the natural gas is the conceiiinespect to these systems. Also, they emit
greenhouse gases, though the amount afed@itted per unit of electrical energy produced is

less than one half that of a coal-fired electrizvpogenerating station.



* Renewable energy technology : What will be theagh of solar, wind, biomass, and other
renewable energy technologies ? Will their costpetitiveness improve ? Are they as environmentally
benign as thought ? Will they fill more than nigharkets? Will technological

breakthroughs occur ? Could they increase from 84Soprimary energy consumption (the
current situation) to say the 20 to 30% level withD to 20 years ? If “yes,” renewable energy
may diminish the rejuvenation of the nuclear enéngystry.
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10.2.3 TECHNICAL HISTORY AND DEVELOPMENTS

Developments Prior to and During WW-2

» 1896: discovery of radioactivity.

» 1911.: discovery of the nuclear atom.

» 1911: Rutherford noted the enormous amount ofggna@ssociated with nuclear reactions
compared to chemical reactions.

 1932: discovery of neutron.

» 1938: discovery of nuclear fission.

» 1939: researchers recognized that enough neutreresreleased during fission reactions to
sustain a chain reaction (in a pile of uranium graphite). A chain reaction requires the
release of two neutrons (or more) for every neutreed to cause the reaction.

» 1942 (Dec. 2): demonstration of the first opergnuclear reactor (200 Watts).

» 1943 (Nov.): 1 mW reactor put into operation ak@®idge, Tennessee.

» 1944 (Sept.): 200 mW reactor put into operatipHanford, Washington—for the production
of plutonium. This reactor was built in only 15 ntio1

» 1944 (Sept.): nuclear reactor for electricity gition proposed, using water for both cooling
and neutron moderation. Essentially, this is tm#hlf nuclear energy for civilian use.

10.2.4 DEVELOPMENTS AFTER WW-2

» 1946: AEC (Atomic Energy Commission) establiskeedversee both military and civilian
nuclear energy.

» 1953: Putman report/book, a thoughtful analysihe case for nuclear energy for electricity
production.

» 1953: US Navy began tests of the PWR (pressurizgdr reactor).

» 1957: 60 mW reactor at Shippingport, PA begagetoerate electricity for commercial use.
The plant was built by the AEC, though Navy leablgrplayed a predominant role.

» 1953-60: exploratory period: 14 reactors builtpmany different designs, all but 3 under 100
mW size.

* 1960-65: only 5 reactors built.

* 1965-73: main period of ordering of nuclear reazin the US. Size was much larger than
before, many reactors of 600 to 1200 mW size.

» 1974: “honeymoon” over-nuclear energy no longghly valued by the public.

» 1973-78: fall off in orders, with no US order$eaf1978.

» 1974-85: cancellation of orders, over half ofewere canceled, or construction never
brought to completion. Most reactors ordered poot970 were built and brought on line.
Many reactors ordered after 1970 never came ortliexzgwere canceled.

» 1970-90: most of US’s reactors brought on linecimammercial operation, indicating that
most US reactors are 7 to 27 years old, or have B3 years of operation left, assuming a 40
year operating life.

* 1979: Three Mile Island accident. Reactor shutrdo
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» 1986: Chernobyl accident.

 Early 1990s: 7 nuclear reactors shut down, inolg@ of early design and 4 of marginal
performance. These shutdowns do not necessarily thea a steady stream of reactors will
be shut down before their nominal life of 40 yeaneached.

* 1990s: Shoreham (Long Island) reactor shut dawigdod by public protest.

Capacity. Capacity factor (or capacity) = actual energy otuipiegrated over a set period of
time divided by the energy that would have occuoeer the period of time if the reactor had been
operated at rated power.

Routine maintenance and variations in demand hmaximum capacity to about 90%.
Long-term capacity over 80% is considered very good



10.3 THE ATOMIC STRUCTURE

In 1803 John Dalton, attempting to explain the lafvshemical combination, propose his simple

but incomplete atomic hypothesis. He postulatetiati@lements consists of indivisible minute pees
of matter, atoms, that were different for differetéments and preserved their identity in chemical
reactions. In 1811 Amadeo Avo-gadro introducedntiodecular theory based on the molecule, a particle
of matter composed of a finite number of atomis ftow known that the atoms are themselves composed
of sub particles, common among atoms of all element

An atom consists of a relatively heavy, positivelyarged nucleus and a number of much lighter
negatively charged electrons that exist in varimtts around the nucleus. The nucleus, in turnsists
of sub particles, called nucleons. Nucleons at griljof two kinds: the neutrons, which are
electrically neutral, and the proton: which areifpasly charged. The electric charge on the praton
equal in magnitude but opposite in sign to thatr@nelectron. The atom as a whole is electrically
neutral the number of protons equals the numbeleatrons in orbit. One atom may be transformed
into another by losing or acquiring some of thevasub particles. Such reactions result in a change
mass Am and therefore release (or absorb) largetitjga of energDE, according to Einstein’s law
OE=

1

Oc

Ome...(10.1)

wherec is the speed of light in vacuum and g,. is the flaméngineering conversion factor. Equation
(10.1) applies tall processes, physical, chemical, or nuclear, in whitdrgy is released or absorbed.
Energy is, however, classified msclearif it is associated with changes in the atomic ausl

Figure 10.1 shows three atoms. Hydrogen has aumiclamposed of one proton, no neutrons,

and one orbital electron. It is the only atom thas$ no neutrons. Deuterium has one proton and one
neutron in its nucleus and one orbital electroriudecontains two protons, two neutrons, and two
electrons. The electrons exist in orbits, and éaduantitized as a lumped unit charge as showrst Mo
of the mass of the atom is in the nucleus. The esaskthe three primary atomic sub particles are
Neutron massnh= 1.008665 amu

Proton masswr = 1.007277 amu

Electron masse= 0.0005486 amu. The abbreviation amu,dmmic mass unifs a unit of

mass approximately equal to 1.66 x2kBg, or 3.66 x 1&Ib. These three particles are the primary
building blocks of all atoms. Atoms differ in theirass because they contain varying numbers of them.
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Atoms with nuclei that have the same number ofgretave similar chemical and physical
characteristics and differ mainly in their mas3éwy are calledsotopes For example, deuterium,
frequently callecheavy hydrogeris an isotope of hydrogen. It exists as one ipaabout 6660 in
naturally occurring hydrogen. When combined witlygen, ordinary hydrogen and deuterium form
ordinary water(or simply water) antheavy waterrespectively.

The number of protons in the nucleus is calledatioenic number ZThe total number of nucleons

in the nucleus is called the massmber A

(@) (b) (¢)

= neutron = proton = electron

Fig. 10.1

As the mass of a neutron or a proton is nearly @, &is the integer nearest the mass of the

nucleus which in turn is approximately equal to d@f@mic mass of the atom. Isotopes of the same
element thus have the same atomic number but diffexass number. Nucleus symbols are written
conventionally as

ZXA

where X is the usual chemical symbol. Thus the diyeln nucleus isH1, deuterium igH2 (and sometimes
D), and ordinary helium isHe1. For particles containing no protons, the subsanigicates the
magnitude and sign of the electric charge. Theeatren is —-€° (sometime® or ®) and a neutron ig1.
Symbols are also often written in the form He-4iume-4, etc. Another system of notation, written7as
will not be used in this text.

Fig. 10.2 shows, schematically, the structure gftis and some heavier atoms and the distribution
of their electrons in various orbits. Two othertjudes of importance are the positron and the
neutrino. Thepositronis a positively charged electron having the symbads e+ or ®-+. The neutrino
(little neutron) is a tiny electrically neutral piate that is difficult to observe experimentallgitial
evidence of its existence was based on theoreficaiderations, nuclear reactions whafparticle of



either kind is emitted or captured, the resultegigy (corresponding to the lost mass) was not all
accounted for by the energy the emitted 13 paréinké the recoiling nucleus. It was first suggested
Wolfgai Pauli in 1934 that the neutrino was simuétausly ejected in these reactions and the iteghrri
the balance of the energy, often larger than thated by the® particle itself. The importance of
neutrinos

is that they carry some 5 percent of the totalg@nproduced in fission. This energy is completely
react lost because neutrinos do not rea and argoqgied by any practical structural material. The
neutrino is given the symbal

There are many other atomic sub particles. An el@mpghemesonsunstable positive, negative,

or neutral particles that have masses intermebgttg@een an electron and a proton. They are
exchanged between nucleons and are thought to micioouhe forces between them. A discussion of
these and other sub particles is, however beyanddbpe of this book.

Electrons that orbit in the outermost shell of torraare calledalence electronThe outermost

shell is called th@alence shellThus, hydrogen has one valence electron and stseld is the valence
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shell, etc. Chemical properties of an element anetfon of the number of valence electrons. The
electrons play little or not part nuclear interans.
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10.4 SUMMARY OF NUCLEAR ENERGY CONCEPTS AND TERMS

10.4.1 SUMMARY OF FEATURES

1. Heat energy source is fission of radioactiveemal; (U-235)

2. Two typical plant designs:

Pressurized water reactor (PWR) (U.S.)

Boiling water reactor (BWR) (Russian)

3. Fuel pellets are in a large number of tubed ¢hads)

4. Water circulates through core

5. Water converted to steam drives turbine

6. Turbine turns generatorelectricity

10.4.2 FISSION

Unstable (radioactive) elements spontaneously @gliioactive decay), emitting high energy
particles. Collision of particles with other atommiaclei can trigger further nuclear decompositigys.
small amount of mass is converted into a large anoiuenergy, when atomic nuclei are split.
Einstein equation: E = mc

Conversion of mass to energy. E = enemgy;, mass converted,= speed of light
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10.4.3 CRITICAL MASS

There is a threshold mass of a radioactive isctdpehich the flux density of radioactive particles

will sustain a chain reaction. If this reactionuiscontrolled the result is an atomic bomb explosion

If the radiation fluxes are controlled and limiteek call it a nuclear reactor, which can be thasbaisan
electric power plant.

Types of Radiation Atomic Weight Charge

Alpha radiation (Helium nucleus) 4 +2

Beta radiation (Electron) ~0 — 1

Neutron 1 0

Gammaray ~0 0

10.4.4 ALPHA RADIATION

Alpha is quickly absorbed by matter because théghes have a large probability of collision

with nuclei. Sources external to the human bodgeaadiation absorption within the thickness of the
skin. Radiation from airborne particles in the larg absorbed by surface membranes lining the lung.
Alpha emitters ingested with food cause radiatiosoaption by the lining of the gut. The risk of gén
damage to adult organisms is very small becaussgtizn takes place in surface cells.

10.4.5 BETA PARTICLES

Beta particles penetrate to the deepest parteediddy and can cause genetic damage and disrupt
the function of cells anywhere in the body. Builglinalls and earthwork provide substantial shielding
10.4.6 GAMMA PARTICLES

Gamma has the greatest penetration due to thell amss-section. Gamma particles can pass
through ordinary materials. Effective shieldinguigs blankets of lead. Gamma radiation is a danger
to all cells in the body.

10.4.7 URANIUM FISSION

92U235+ on1 1 92U2360] Fission Products

92U238+ on1 [ 92U239+ Gammall Fission Products

92U23901 93Np239[] 94PLp39

Neptunium Plutonium

After many steps, (and a long time) the ultimatedpict is non-radioactive Lead atoms. The
neutrons, whose absorbtion is indicated above, doonesplitting of later fission products in reaxts
not shown here. Note that U-235 fission in the @nes of U-238 causes the conversion of part obthe
238 into Plutonium-239 which can be concentratetid®e an H-Bomb. Intermediate isotopes of health
significance include Cesium-137, lodine-131, Sttont90 and many others.
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10.4.8 HALF LIFE, T

Time for half the atomic nuclei to spontaneousljtsphe amount decays exponentially

N = Noexp (-t/T)

N = Amount of radioactive material,

No = Initial amount,

t = Elapsed time

10.5 ETHICAL PROBLEMS IN NUCLEAR POWER REGULATION

The Atomic Energy Commission (AEC), was formedrgate a civilian nuclear energy industry,

and had conflicting responsibilities:

s Promoting Nuclear Power

—funded research in plant design

—subsidized production of nuclear fuel

» Regulating Plant Safety

—defined safety procedures, poor enforcement

—inspecting, certifying plants

—certifying operators, poor training

As a result of these conflicting interests

* No Long Term Waste Dispotal Plan was Completed

—wastes are still accumulating in temporary storage

—radioactive waste? NIMBY

* Future Termination/Cleanup Costs are not Factorednto Current Electric Rates

» Power Companies are Largely Self-Regulated

—avoid reporting radiation release or do not mamnisteases.



—avoid safety regulations to save money.

Internal conflicts of the AEC were supposed todmotved by splitting the promotional and
regulatory duties between the new agencies:

Nuclear Regulatory Commission (NRC) — safety aaddrds

Dept. of Energy (DOE) — research, promotion, wastiposal, and fuel rod production.

10.6 CHEMICAL AND NUCLEAR EQUATIONS

Chemical reactions involve the combination or safian of whole atoms.

C+C=C

This reaction is accompanied by the release oftabelectron volts (eV). Aerlectron voltis a

unit of energy in common use in nuclear engineerlngl/ = 1.6021 x 1Q9joules (J) = 1.519 x 16p
Btu = 4.44 x 1@ekWh. 1 million electron volts (1 MeV) = 106 eV.

In chemical reactions, each atom participateswalsade and retains its identity. The molecules
change. The only effect is a sharing or exchanginglence electrons. The nuclei are unaffected. In
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chemical equations there are as many atoms ofpathipating element in the products (the rightidha
side) as in the reactants (the left-hand side).tharoexample is one in which uranium dioxide @Y
converted into uranium tetra fluoride (Y Fcalled green salt, by heating it in an atmospludhighly
corrosive anhydrous (without water) hydrogen flder(HF), with water vapor (#0) appearing in the
products

UO2+ 4HF = 2HO + UR

Water vapor is driven off and UF, is used to premmseous uranium hexafloride @JFRwvhich is

used in the separation of thesgland Wssisotopes of uranium by the gaseous diffusion metffldorine
has only one isotopegJand thus combi-nations of molecules of uraniuih ffuorine have molecular
masses depending only on the uranium isotope.)

Both chemical and nuclear reactions are eigxethermicor endothermicthat is, they either

release or absorb energy. Because energy and meassraertible, Eq. (10.1), chemical reactions
involving

energy do undergo a mass decrease in exothernciboregaand a mass increase in endothermic
ones. However, the quantities of energy associaida chemical reaction are very small compared
with those of a nuclear reaction, and the massishast or gained is minutely small. This is whg w
assume a preservation of mass in chemical reactio®ubtedly an incorrect assumption but one that
is sufficiently accurate for usual engineering aktons.

In nuclear reactions, the reactant nuclei do notwsihp in the products, instead we may find

either isotopes of the reactants or other nuaidbalancing nuclear equations it is necessaryddrss
the same, or equivalent, nucleons show up in tbéyats as entered the reaction. For example, lif, K,
M, and N were chemical symbols, the correspondirgear equation might look like

z1KAL + z2La2|  z3MA3 + z4aNa4

To balance the following relationship must be $etis

21+ 22= 73+ 74

A1+ A2= A3+ As

Sometimes the symbols y or v are added to the ptsda indicate the emission of electromagnetic
radiation or a neutrino, respectively. They haveefiect on equation balance because both have
zero Z and A, but they often carry large portiohthe resulting energy.

Although the mass numbers are preserved in a nueaetion, the masses of the isotopes on

both sides of the equation do not balance. Exoticasmendothermic energy is obtained when there is
a reduction or an increase in mass from reactargsoducts, respectively.

10.7 NUCLEAR FUSION AND FISSION

Nuclear reactions of importance in energy productice fusion, fission, and radioactivity. Infusion,
two or more light nuclei fuse to form a heavier leus. In fission, a heavy nucleus is split into two
or more lighter nuclei. In both, there is a decegasmnass resulting in exothermic energy.

The same as in force =

1

g

, X mass x acceleration.
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Table 10.1. Mass-energy Conversion factors

Energy



Mass MeV J Bru kWh mW day

amu 931.478 1.4924 x 101.4145 x 10134.1456 x 10179.9494 x 1013

kg 5.6094 x 1f$8.9873 x 1068.5184 x 1032.4965 x 1005.9916 x 1fu

Ibm?2.5444 x 1694.0766 x 1063.8639 x 18:31.1324 x 1002.7177 x 14

10.7.1 FUSION

Energy is produced in the sun and stars by contisfiasion reactions in which four nuclei of
hydrogen fuse in a series of reactions involvirtgeoparticles that continually appear and disapjear
the course of the reactions, such as He, nitraggeyon, and other nuclei, but culminating in one
nucleus of helium and two positrons resulting otearease in mass of about 0.0276 amu, corresponding
to 25.7 MeV.

41H1=2Hes + 2+1€0

The heat produced in these reactions maintainsaeatyes of the order of several million degrees

in their cores and serves to trigger and sustainemding reactions. On earth, although fission
preceded fusion in both weapons and power genardtie basic fusion reaction was discovered first,
in the 1920s, during research on particle accelesafrtificially produced fusion may be accompéish
when two light atom fuse into a larger one as tieeemuch greater probability of two particleslidiig
than of four. The 4-hydrogen reaction requiresanraverage, billions of years for completion,
whereas the deuterium-deuterium reaction requifemcéion of a second. To cause fusion, it is neass
to accelerate the positively charged nuclei to Ikigletic energies, in order to overcome electrical
repulsive forces, by raising their temperatureundreds of millions of degrees resulting in a plasm
The plasma must be prevented from contacting this withe container, and must be confined for a
period of time (of the order of a second) at a minin density. Fusion reactions are catleermonuclear
because very high temperatures are required wetrignd sustain them. Table 10.2 lists the possible
fusion reactions and the energies produced by them.

Table 10.2

Fusion reaction

Energy per

Number Reactants Products reaction, MeV

1D+DT+p4

2D+DHea+n3.2

3T+DHe+nl7.6

4Hs+ D He+p18.3

n, p, D, and T are the symbols for the neutron, prot@uterium and tritium respectively.
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Many problems have to be solved before an artificraade fusion reactor becomes a reality .

The most important of these are the difficulty @ngrating and maintaining high temperatures and the
instabilities in the medium (plasma), the conversibfusion energy to electricity, and many other
problems of an operational nature. Fusion powartpleill not be covered in this text.

10.7.2 Fission

Unlike fusion, which involves nuclei of similar eleic charge and therefore requires high kinetic
energies, fission can be caused by the neutrorchwheing electrically neutral, can strike and

fission the positively charged nucleus at high, eratk, or low speeds without being repulsed. Fissio
can be caused by other particles, but neutrontharenly practical ones that result in a sustained
reaction because two or three neutrons are uswdiised for each one absorbed in fission. These ke
the reaction going. There are only a few fissioeakbtopes bbs, Pwezsand Lbszare fissionable by
neutrons of all energies.

The immediate (prompt) products of a fission reagtsuch as Xe® andygabove, are called

fission fragments. They, and their decay produatg called fission products. Fig. 10.4 showsdissi
product data for bbsby thermal and fast neutrons and fastand Puasoby thermal neutrons 1841. The

products are represented by their mass numbers.
Neutron

Uranium

nucleus

Xenon nucleus Neutron lost by escape
or consumed in

nonfissoin reaction

Strontium nucleus

Fig. 10.3
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10.8 ENERGY FROM FISSION AND FUEL BURN UP

There are many fission reactions that releaserdifteenergy values. Another

92U235+ on1|  seBaua7+ 36Kro7+ 2on1...(1)

has the mass balance

235.0439 + 1.00867 136.9061 + 96.9212 + 2 x 1.00867

236.0526 235.8446

Om= 235.8446 — 236.0526 = — 0.2080 amu ...(2)

Thus[OE =931 x — 0.2080 = — 193.6 MeV = — 3.1 xtJ ...(3)

On the average the fission of askhucleus yields about 193 MeV. The same figure rugh
applies to U2zand Puas39. This amount of energy is prompg., released at the time of fission. More
energy, however, is produced because of (1), tve decay of the fission fragments into fission proig
and (2) the nonfission capture of excess neutmnsdctions that produce energy, though much
less than that of fission.

Thetotal energyproduceder fission reaction, therefore, is greater than tlwermt energy and

is about 200 MeV, a useful number to remember.

The complete fission of 1 g ofZhuclei thus produces
235

Avogadro’s number

U isotope mass

=200 MeV =

0.60225 164

235.0439

O

x 200

=0.513 x 14 MeV = 2.276 x 14kWh

=8.190 x 1f0J = 0.948 MW-day.

Another convenient figure to remember is that &@t@aburning 1 g of fissionable material
generates nearly 1 MW-day of energy. This relaidsel burnup. Maximum theoretical burnup would
therefore be about a million MW-day/ton (metric)foél. This figure applies if the fuel were entyrel
composed of fissionable nuclei and all of themidissReactor fuel, however, contains other
nonfissionable

isotopes of uranium, plutonium, or thorium. Fuali&ined as all uranium, plutonium, and

thorium isotopes. It does not include alloying tites chemical compounds or mixtures. The term fuel
material is used to refer to fuel plus such othaterials.

Even the fissionable isotopes cannot be all fissidmecause of the accumulation of fission
products that absorb neutrons and eventually s®ghain reaction. Because of this-and owing to
metallurgical reasons such as the inability offthed material to operate at high temperatures oetain
gaseous fission products [such as Xe and Kr, istitscture except for limited periods of time-bysnu
values are much lower than this figure. They aosydver, increased somewhat by the fissioning of



some fissionable nuclei, such asdyuwhich are newly converted from fertile nucleicblas Wss
(Sec. 10.4.7). Depending upon fuel type andchmen{masspercent of fissionable fuel in all fuel),
burnups may vary from about 1000 to 100,000 MW-ayAnd higher.

10.9 RADIOACTIVITY

Radioactivity is an important source of energydorall power devices and a source of radiation
for use in research, industry, medicine, and a watéeety of applications, as well as an environraknt
concern.
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Most of the naturally occurring isotopes are stablese that are not stabig,, radioactive are
some isotopes of the heavy elements thallium (Z):18ad (Z = 82), and bismuth (Z = 83) and all the
isotopes of the heavier elements beginning witlhpain (Z = 84). A few lower-mass naturally occugrin
isotopes are radioactive, such as,lRle7and Inis. In addition, several thousand artificially proddc
isotopes of all masses are radioactive. Naturalkaatificial radioactive isotopes, also called
radioisotopeshave similar disintegration rate mechanisms. Fig5 shows a Z-N chart of the known
isotopes.

Radioactivitymeans that a radioactive isotope

continuously undergoes spontanedtes, (without outside

help) disintegration, usually with the emission of

one or more smaller particles from th&entnucleus,

changing it into another, or daughter, nucleus. garent

nucleus is said to decay into tti@ughtemucleus.

Thedaughtemay or may not be stable, and several successive

decays may occur until a stable isotope is formed.

An example of radioactivity is

49In115= 50SM15+ -1€0

Radioactivity isalwaysaccompanied by decrease

in mass and is thus always exothermic. The energy

liberated shows up as kinetic energy of the emitted

particles and agradiation. The light particle is ejected

at high speed, whereas the heavy one recoils ach m

slower pace in an opposite direction.

Naturally occurring radio isotopes eni3, or y particles or radiations. The artificisbiopes,

in addition to the above, emit or undergo the felf particles or reactions: positrons; orbitalcéien
absorption, called K capture; and neutrons. Intaadineutrino emission accompan@smission (of
either sign).

Alpha decay.Alpha particles are helium nuclei, each consistihtyvo protons and two neutrons.
They are commonly emitted by the heavier radioaativclei. An example is the decay obfu

into fissionable s

94Pp39= 92U235+ 2Hexs

Beta decay An example of® decay is

82Pkp14= 83Bi214+ —1€0 + 3

wheres, the symbol for the neutrino, is often droppedrfiiie equation. The penetrating poweof
particles is small compared with thatyafays but is larger than that of a particles. G} arparticle
decay are usually accompanied by the emissigrradiation.

Gamma radiation. This is electromagnetic radiation of extremely shavelength and very

high frequency and therefore high energyrays and X-rays are physically similar but difietheir
origin and energy®-rays from the nucleus, and X-rays from the atocabee of orbital electrons
changing

orbits or energy levels. Gamma wave-lengths ar@roaverage, about one-tenth those of X-rays,
although the energy ranges overlap somewhat. Gatecwy does not alter either the atomic or mass
numbers.

10.10 NUCLEAR REACTOR

10.10.1 PARTS OF A NUCLEAR REACTOR

A nuclear reactor is an apparatus in which heptdgduced due to nuclear fission chain reaction.
Fig. 10.6 shows the various parts of reactor, whighas follows :

1. Nuclear Fuel

2. Moderator



3. Control Rods

4. Reflector

5. Reactors Vessel

6. Biological Shielding

7. Coolant.

Fig. 10.6 shows a schematic diagram of nucleatoeac

r.

10.10.2 NUCLEAR FUEL

Fuel of a nuclear reactor should be fissionableer@twhich can be defined as an element or
isotope whose nuclei can be caused to undergoardidsion by nuclear bombardment and to produce
a fission chain reaction. It can be one or alhef following

U233, Uz2ssand Puso.

Natural uranium found in earth crust contains tlisetopes namely td4, U23sand W3sand their
average percentage is as follows :

U23s8— 99.3%

U235— 0.7%

U234— Trace

Out of these bbsis most unstable and is capable of sustaining ateaiction and has been given
the name as primary fuel2kiarid Pw3sare artificially produced from Bh2and Wssrespectively and
are called secondary fuel.
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Pw3sand W33so produced can be fissioned by thermal neutrousledr fuel should not be
expensive to fabricate. It should be able to opgeaithigh temperatures and should be resistant to
radiation damage.

Uranium deposits are found in various countriehsagcCongo, Canada, U.S.A., U.S.S.R.,
Australia.

The fuel should be protected from corrosion andieroof the coolant and for this it is encased

in metal cladding generally stainless steel or ahum. Adequate arrangements should be made for fuel
supply, charging or discharging and storing offtred.

For economical operation of a nuclear power plpetil attention should be paid to reprocess
the spent: up (burnt) fuel elements and the uncoeduuel. The spent up fuel elements are intensivel
radioactive and emits some neutron and gamma rad/steould be handled carefully.

In order to prevent the contamination of the coblgnfission products, a protective coating or
cladding must separate the fuel from the coolartigt. Fuel element cladding should possess the
following properties :

1. It should be able to withstand high temperatvitbin the reactor.

2. It should have high corrosion resistance.

3. It should have high thermal conductivity.

4. It should not have a tendency to absorb neutrons

5. It should have sufficient strength to withstainel effect of radiations to which it is subjected.
Uranium oxide (UQ) is another important fuel element. Uranium oxides the following advantages
over natural uranium:

1. It is more stable than natural uranium.

2. There is no problem or phase change in caseaafum oxide and therefore it can be used for
higher temperatures.

3. It does not corrode as easily as natural uranium

4. It is more compatible with most of the coolaatsl is not attacked by2tHNz.

5. There is greater dimensional stability during.us

Uranium oxide possesses following disadvantages :

1. It has low thermal conductivity.

2. Itis more brittle than natural uranium and #fere it can break due to thermal stresses.

3. Its enrichment is essential.

Uranium oxide is a brittle ceramic produced aswadsr and then sintered to form fuel pellets.
Another fuel used in the nuclear reactor is urantanide (UC). It is a black ceramic used in thenfo
of pellets.

Table indicates some of the physical propertiesuatear fuels.

Fuel Thermal con- Specific heat Density kg/mMelting point



ductivity K- kcal/kg °C (°C)

cal/m. hr°eC

Natural uranium 26.3 0.037 19000 1130

Uranium oxide 1.8 0.078 11000 2750

Uranium carbide 20.6 — 13600 2350
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MODERATOR

In the chain reaction the neutrons produced atariaging neutrons. These fast moving neutrons
are far less effective in causing the fission edddnd try to escape from the reactor. To improve the
utilization of these neutrons their speed is reduttds done by colliding them with the nucleiather
material which is lighter, does not capture thetrmas but scatters them. Each such collision caosss
of

energy, and the speed of the fast moving neutsrediuced. Such material is called Moderator. The s
neutrons (Thermal Neutrons) so produced are eeajitured by the nuclear fuel and the chain reaction
proceeds smoothly. Graphite, heavy water and lxenylare generally used as moderator.

Reactors using enriched uranium do not require nadde But enriched uranium is costly due to
processing needed.

A moderator should process the following properties

1. It should have high thermal conductivity.

2. It should be available in large quantities imepform.

3. It should have high melting point in case ofdsatoderators and low melting point in case of
liquid moderators. Solid moderators should alssess good strength and machinability.

4. It should provide good resistance to corrosion.

5. It should be stable under heat and radiation.

6. It should be able to slow down neutrons.

MODERATING RATIO

To characterize a moderator it is best to use bedcanoderating ratio which is the ratio of
moderating power to the macroscopic neuron cagieéficient. A high value of moderating ratio
indicates

that the given substance is more suitable for sigwlown the neutrons in a reactor. Table 10.3
indicates the moderating ratio for some of the neltased as moderator.

Material Moderating ratio

Beryllium 160

Carbon 170

Heavy Water 12,000

Ordinary Water 72

This shows that heavy water, carbon and, berylbwenthe best moderators

Table 10.4

Moderator Density (gm/cns)

H20 1

D20 11

C1.65

Be 1.85

Table 10.5 shows some of the physical constartteafy water and ordinary water
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Table 10.5

Physical constant RO H20

Density at 293 K 1.1 gm/c39.9982 gm/cra

Freezing temperature 276.82 273

Boiling temperature 374.5 373 K

Dissociation Constant 0.3 x-1@1 x 1014

Dielectric Constant at 293°K 80.5 82

Specific heat at 293°K 1.018 1

Control Rods. The Control and operation of a nuclear reactouitedlifferent frorn a fossil and
fuelled (coal or oil fired) furnace. The furnacdes continuously and the heat energy in the fugnac
controlled by regulating the fuel feed, and the bastion air whereas a nuclear reactor contains as
much fuel as is sufficient to operate a large popl@nt for some months. The consumption of thi$ fue



and the power level of the reactor depends upareiisron flux in the reactor core. The energy poedu
in the reactor due to fission of nuclear fuel dgrimain reaction is so much that if it is not

controlled properly the entire core and surrounditngcture may melt and radioactive fission progluct
may come out of the reactor thus making it unintadabé. This implies that we should have some means
to control the power of reactor. This is done byangeof control rods.

Control rods in the cylindrical or sheet form arade of boron or cadmium. These rods can be
moved in and out of the holes in the reactor cesembly. Their insertion absorbs more neutrons and
damps down the reaction and their withdrawal alsstass neutrons. Thus power of reaction is coeiloll
by shifting control rods which may be done manuatyutomatically.

Control rods should possess the following propgrtie

1. They should have adequate heat transfer preperti

2. They should be stable under heat and radiation.

3. They should be corrosion resistant.

4. They should be sufficient strong and shouldlie & shut down the reactor almost instantly

under all conditions.

5. They should have sufficient cross-sectional éoe¢he absorption.

10.10.5 REFLECTOR

The neutrons produced during the fission proce$eipartly absorbed by the fuel rods,

moderator, coolant or structural material etc. Kensg left unabsorbed will try to leave the reacimre
never to return to it and will be lost. Such lossiesuld be minimized. It is done by surrounding the
reactor core by a material called reflector whidh send the neutrons back into the core. The retdr
neutrons can then cause more fission and impravedhtrons economy of' the reactor. Generally the
reflector is made up of graphite and beryllium.

10.10.6 REACTOR VESSEL

It is a. strong walled container housing the cdréhe power reactor. It contains moderator,

reflector, thermal shielding and control rods.
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10.10.7 BIOLOGICAL SHIELDING

Shielding the radioactive zones in the reactor massible radiation hazard is essential to protect,
the operating men from the harmful effects. Dufisgion of nuclear fuel, alpha particles, beta
particles, deadly gamma rays and neutrons are pead®ut oil these nc-1utroxrs and gamma rays are
of main significance. A protection must be provideghinst them. Thick layers of lead or concrete are
provided round the reactor for stopping the gamaya.rThick layers of metals or plastics are sdfiti
to stop the alpha and beta particles.

10.10.8 COOLANT

Coolant. flows through and around the reactor dbis.used to transfer the large amount of heat
produced in the reactor due to fission of the rarcleel during chain reaction. The coolant either
transfers its heat to another medium or if the @oblised is water it takes up the heat and getsedea
into steam in the reactor which is directly serthi® turbine.

Coolant used should be stable under thermal conditi should have a low melting point and

high boiling point. It should not corrode the makwith which it comes in contact. The coolant sl
have high heat transfer coefficient. The radiodgtimduced in coolant by the neutrons bombardment
should be nil. The various fluids used as coolamtwater (light water or heavy water), gas (Air,2CO
Hydrogen, Helium) and liquid metals such as sodmmmixture of sodium and potassium and inorganic
and organic fluids.

Power required to pump the coolant should be minim& coolant of greater density and higher
specific heat demands less pumping power and watisfies this condition to a great extent. Wegex i
good coolant as it is available in large qualitas be easily handled, provides some lubricatiso al
and offers no unusual corrosion problems. But dutstlow boiling point (212 F at atmospheric press
it is to be kept under high pressure to keep théliquid state to achieve a high that transfer
efficiency. Water when used as coolant should &e firom impurities otherwise the impurities may
become radioactive and handling of water will Kiialilt.

10.10.9 COOLANT CYCLES

The coolant while circulating through the reactasgages take up heat produced due to chain
reaction and transfer this heat to the feed watéiree ways as follows :

(a) Direct Cycle.In this system coolant which is water leaves tlaet@ in the form of steam.

Boiling water reactor uses this system.



(b) Single Circuit Systentn this system the coolant transfers the heateéddkd water in the

steam generator. This system is used in pressugzador.

(c) Double Circuit Systenin this system two coolant are used. Primary cdaéer circulating
through the reactor flows through the intermediegat exchanger (IHX) and passes on its

hest to the secondary coolant which transferseigs im the feed water in the steam generator.

This system is used in sodium graphite reactorfastcbreeder reactor.

10.10.10 REACTOR CORE

Reactor core consists of fuel rods, moderator aadesthrough which the coolant flows.
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10.11 CONSERVATION RATIO

It is defined as the ratio of number of secondag} toms to the number of consumed primary
fuel atoms. A reactor with a conversion ratio abow#y is known as a breeder reactor. Breeder oeact
produces more fissionable material than it consuihéise fissionable material produced is equadito
less than the consumed, the reactor is called ctamweactor.

10.12 NEUTRON FLUX

It is a measure of the intensity of neutron radiatind it is the number of neutrons passing
through 1 crmof a given target in one second. It is expressedsashereu is number of neutrons per
cubic centimeter andis velocity of neutrons in cm/sec.

10.13 CLASSIFICATION OF REACTORS

The nuclear reactors can be classified as follows :

1. Neutron Energy. Depending upon the energy ohtherons at the time they are captured by

the fuel to induce fissions, the reactors can Imeatbas follows :

(a) Fast Reactorsin such reactors fission is brought about by fast(moderated) neutrons.

(b) Thermal Reactors or Slow Reactdrsthese reactors the fast moving neutrons areeslow

down by passing them through the moderator. THeseraoving neutrons are then captured by the fuel
material to bring about the fission of fundamen¢slearch.

10.14 COST OF NUCLEAR POWER PLANT

Nuclear power plant is economical if used as baaé power plant and run at higher load factors.
The cost of nuclear power plant is more at low ltzaxdors. The overall running cost of a nuclear
power plant of large capacity may be about 5 paésekWh but it may be as high 15 paisa per kWhef t
plant is of smaller capacity. The capital cost ofualear power plant of larger capacity (say 250)NV
nearly Rs. 2500 per kW installed. A typical subision of cost is as follows :
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Item Approximate Cost %

(a) Capital cost of land, building and 62%

equipment etc.

(b) Fuel cost 22%

(c) Maintenance cost 6%

(d) Interest on capital cost 10%

The capital investment items include the following

(i) Reactor Plant :a) Reactor vesselb) Fuel and fuel handling systens) Shielding. {{) Coolant
system. ifi) Steam turbines, generators and the associataégheept. {v) Cost of land and construction
costs.

The initial investment and capital cost of a nuclgawer plant is higher as compared to a thermal
power plant. But the cost of transport and handtihgoal for a thermal power plant is much higher
than the cost of nuclear fuel. Keeping into view tlepletion of fuel (coal, oil, gas) reserves and
transportation

of such fuels over long distances, nuclear powentglcan take an important place in the
development of power potentials.

NUCLEAR POWER STATION IN INDIA

The various nuclear power stations in India arfobews :

(i) Tarapur Nuclear Power Station.It is India’s first nuclear power plant. It has hdmuilt at

Tarapur 60 miles north of Bombay with American abbration. It has two boiling water reactors each
of 200 mW capacity and uses enriched uranium dsetslt supplies power to Gujarat and Maharashtra
Tarapur power plant is moving towards the stagesofg mixed oxide fuels as an alternative to
uranium. This process involves recycling of the@hium contained in the spent fuel. In the lastdeu



of years it has become necessary to limit the dutpreactors to save the fuel cycle in view of the
uncertainty of enriched uranium supplies from thetét States.

(i) Rana Pratap Sagar (Rajasthan) Nuclear Stationlt has been built at 42 miles south west

of Kota in Rajasthan with Canadian collaboratidinds two reactors each of 200 mW capacity and uses
natural uranium in the form of oxide as fuel andvyewater as moderator.

(iii) Kalpakkam Nuclear Power Station.It is the third nuclear power station in India asd

being built at about 40 miles from Madras Citywlll be wholly designed and constructed by Indian
scientists and engineers. It has two fast reaetach of 235 mW capacity and will use natural unaniu
as its fuel.

The first unit of 235 mW capacity has started gatieg power from 1983 and the second 235

MW unit is commissioned in 1985. The pressurizeavigavater reactors will use natural uranium
available in plenty in India. The two turbines aeam generators at the Kalpakkam atomic power
project are the largest capacity generating setallad in our country. In this power station ab88%o
local machinery and equipment have been used.

(iv) Narora Nuclear Power Station.It is India’s fourth nuclear power station and &y built

at Narora in Bullandshahar District of Uttar PradeEhis plant will initially have two units of 238W
each and provision has been made to expand itsicapd500 mW. It is expected to be completed by
1991.

This plant will have two reactors of the CANDUPHWanhadian Deutrium-Uranium-Pressurised
Heavy Water) system and will use natural uraniuntsafsiel. This plant will be wholly designed

and constructed by the Indian scientists and eegsndhe two units are expected to be completed by
1989 and 1990 respectively. This plant will usevyamater as moderator and coolant. This plant will
provide electricity at 90 paise per unit. Compaiethe previous designs of Rajasthan and Madras
nuclear power plants the design of this plant ipocaites several improvements. This is said to be a
major effort towards evolving a standardized desifj235 mW reactors and a stepping stone towards
the design of 500 mW reactors. When fully commisstplant’s both units will provide 50 mW to
Delhi, 30 mW to Haryana, 15 mW to Himachal Prad&shinW to Jammu and Kashmir, 55 mW to
Punjab, 45 mW to Rajasthan, 165 mW to Uttar Pradeshb mW to Chandigarh. The distribution of
remaining power will depend on the consumer’s datsaim this plant one exclusion zone of 1.6 km
radius has been provided where no public habitasigermitted. Moderate seismicity alluvial soil
conditions in the region of Narora have been ftdken into account in the design of the structure
systems and equipment in Narora power plant.

Narora stands as an example of a well coordinate® with important contributions from Bhabha
Atomic Research Centre, Heavy Water Board, Nudfe@t Complex, Electronics Corporation of India
Limited (ECIL) and other units of Department of Atiw Energy and several private and public sector
industries Instrumentation and control systemsapplied by ECIL. Bharat Heavy Electrical Limited
(BHEL) is actively associated with Nuclear Powerr@wation of India. It has supplied steam genesator
reactor headers and heat exchangers for Narorai@®ower Plant (NAPP) 1 and 2 (2 x 235

MW).

NAPP is the forerunner of a whole new generationumilear power plants that will come into
operation in the next decade. The design of tlsistoe incorporates several new safety featuresrimghe
in the state of the art in reactor technology. @asign also incorporates two fast acting and indeget
reactor shut down systems conceptually differesfthose of RAPP and MAPP.

Some of the new systems introduced are as follows :

1. Emergency Core Cooling System (ECCS).

2. Double Containment System.

3. Primary Shut off rod System (PSS).

4. Secondary Shut off rod System (SSS).

5. Automatic Liquid Poison Addition System (ALPAS).

6. Post accident clean up system.

According to Department of Atomic Energy (DAE) tNarora Atomic Power Plant (NAPP) has

the following features.

1. It does not pose safety and environmental pnebl®r the people living in its vicinity. The

safety measures are constantly reviewed to enlsatat all times radiation exposure is well

within limits not only to the plant personnel blgato the public at large.

2. NAI'P design rneets all the requirement laid dawthe revised safety standards. The design

of power plant incorporates two independent fashgshut down systems high pressure,



intermediate pressure and low pressure emergemeycoaling systems to meet short and

long term requirements and double containmenteféactor building.
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Narora Atomic Power Plant (NAPP) is pressurized/hieeater reactor (PHWR) that has been
provided with double containment. The inner comnta@nt is of pre-stressed concrete designed to \&itdst
the full pressure of 1.25 kg/athat is likely to be experienced in the event ohaoident. The

outer containment is of reinforced cement conaraf@ble of withstanding the pressure of 0.07 kg/cm
The angular space between the two containmentsisaily maintained at a pressure below atmosphere
to ensure that any activity that might leak pashpry containment is vented out through the stock
and not allowed to come out to the environmenh@iimmediate vicinity of the reactor building. The
primary and the secondary containments are providgdhighly efficient filtration systems which
filter out the active fission products before ampting is done.

The moment containment gets pressurized it gedfiytatealed from the environment. Subsequently
the pressure in the primary containment is brodghin with the help of the following provisions.

1. Pressure suppression pool at the basement oédbtor building.

2. Special cooling fan units which are operateelectrical power obtainable from emergency

diesel generators. The containment provisions iref pested to establish that they are capable

of withstanding the pressures that are expectéukicase of an accident. Fig. 5.82 (

shows primary and secondary containment arrangement

3. The cooling water to all the heavy water heahaxgers is maintained in a closed loop so

that failure in these do not lead to escape obeatdivity very little water from River (Ganga

would be drawn for cooling purposes and most oewabuld be recycled.

4. The power plant has a waste management planvasig burial facility within the plant area.

5. NAPP is the first pressurized heavy water reg@blWR) in the world to have been provided

with double containment.

6. No radioactive effluent, treated or otherwis# g discharged into Ganga River. Therefore

there will be no danger of pollution of the Gangatev.

7. An exclusion zone of 1.6 km radius around ttaphas been provided where no habitation

is permitted.

8. A comprehensive fire fighting system on par veitty modern power station has been provided

at NAPP.

9. NAPP has safe foundations. It is located orb#reks of river Ganges an alluvial soil. The
foundations of the plant reach upto a depth whigye telative densities and bearing capacities

are met. The foundations design can cater to gllirements envisaged during life of

plant.) It is safe against earthquakes.

10. In the event of danger over heated care of the

reactor would be diffused with in a few seconds

by two features namely shut down through

control rods followed by injection of boron rich

water which will absorb the neutrons and stop

their reaction in the core. This is in addition to

other feature like double containment system

provided in the reactor.

Above features assure total radiation safety opthat personnel, general public and the envirorimen
during the operation of power plant. With the coetipin of NAPP it would make a useful
contribution to the North-grid thereby accelerating pace of development in this region.

Narora Atomic Power Plant is the fourth atomic poplant to be commissioned in India. This

power plant is meant to generate electricity armgpsuthe same to the distribution system (gridJitar
Pradesh and other states in the northern regitiasitwo units each with a capacity of 235 mW of
which about seven per cent will be used to rurirth®use equipment and the rest will be fed into th
grid. The net output from the power plant will b@at 435 mW. At this power plant all due precawgion
have been taken in the design, construction, cosionigig and operation of the unit with safety as th
over-riding consideration. Therefore there app&al® no danger to the public from the operation of
this power plant.

(v) Kakarpar Nuclear Power Plant. This fifth nuclear power plant of India is to be#ed at
Kakarpar near Surat in Gujarat. This power statidhhave four reactors each of 235 mW capacity.
The reactors proposed to be constructed at Kakarpald be of the Candu type natural uranium



fuelled and heavy water moderated reactors-incatpay the standardised basic design features of the
Narora reactors suitably adapted to local conditidine fuel for the power plant will be fabricated

the Nuclear Fuel complex, Hyderabad. The powertjpéaexpected to be completed by 1991.

The Kakarpur unit has two fast shut down systerhs. @rimary one works by cadmium shut off

rods at 14 locations which drop down in case of badd up and render the reactor sub-criticalno t
seconds. There are 12 liquid shut off rods as k& bpcfurther backed by slow acting automatic lehui
poison addition system which absorbs neutrons cetelyland stop the fissile reaction.

In case of sudden loss of coolant, heavy watedéie reactor, there is an emergency core

cooling system which also stops the fissile reacti@stly, the pressure suppression system in which
cool water under the reactor rises automaticallgthuce pressure in case it increases and a double
containment wall ensures that no radioactivity widu released at ground level even in case of an
unlikely accident.

The Department of Atomic Energy (DAE) has also eedlemergency preparedness plans for
meeting any accident even after all these safepsures. It ensures a high level of preparedndss¢o
an accident including protecting the plant persband sur-rounding population. There is no human
settlement for five km belt around a nuclear poinstallation as a mandatory provision.

(vi) Kaiga Atomic Power Plant. The sixth atomic power plant will be located atdain

Karnataka. Kaiga is located away from human habitaand is a well suited site for an atomic power
plant. It will have two units of 235 mW each. ltegpected to be commissioned by 1995. This nuclear
power plant will have CANDU type reactors. Thesacters have modern systerns to prevent accidents.
The plant would have two solid containment wallsenand outer to guard against any leakage. The
inner containment wall could withstand a presstire D kg/cnzand could prevent the plant from
bursting. The outer containment walls of the reioéal cement concrete has been design to withstand
pressure of 0.07 kg/anThe annular space between the two containmerdg walild be maintained at

a lower pressure below that of the atmospheregarerthat no radioactivity leaked past the primary
containments.

10.16 LIGHT WATER REACTORS (LWR) AND HEAVY WATER

REACTORS (HWR)

Light water reactors use ordinary water (technyclatiown as light water) as coolant and moderator.
They are simpler and cheaper. But they requireekad uranium as their fuel. Natural uranium
contains 0.6% of fissionable isotopestand 99.3% of fertile lpand to use natural uranium in such
332POWER PLANT ENGINEERING

reactors it is to be enriched to about 3%ssldnd for this uranium enrichment plant is needediwhi
requires huge investment and high operational ekpee. Heavy water reactors use heavy water as
their coolant and moderator. They have the advantdgsing natural uranium as their fuel. Such
reactors have some operation problem too. Heavgnpagparation plants require sufficient investment
and leakage of heavy water must be avoided as tveaiey is very costly. Heavy water required in
primary circuits must be 99% pure and this requiadfication plants heavy water should not absorb
moisture as by absorbing moisture it gets degrddeatder to have sufficient quantity of heavy wate
required for nuclear power plants, the work is fasigressing in our country on four heavy watenpla
These plants are situated at Kotah (100 tonneggag), Baroda (67.2 tonnes), Tuticorin (71.3 tohines
and Talcher (67.2 tonnes per year). These platitgiwé our country an installed heavy water pratuc
capacity of about 300 tonnes per year.

10.16.1 Importance of Heavy Water

The nuclear power plants of Kota in Rajasthan, Kliakam in Tamil Nadu and Narora in U.P. use
heavy water as coolant and moderator. All thesgpt®have CANDU reactors using natural uranium
as fuel and heavy water as moderator. After thicked uranium natural water reactor at Tarapwr, th
CANDU reactors are the second generation of readtdndia’s nuclear power programme. The CANDU
reactor will produce plutonium which will be thereduel for fast breeder reactor. In fact in breede
reactor heavy water is used as moderator.

A CANDU reactor of 200 mW capacity requires abo2® 2onnes of heavy water in the initial

stages and about 18 to 24 tonnes each year sulbslggliberefore, about one thousand tonnes of heavy
water will be required to start the different nal@ower stations using heavy water. The total agpa

of different heavy water plants will be about 36@ries per year if all the heavy water plant under
construction start production. It is expected thedvy water from domestic production will be avaliga
from Madras and Narora atomic power plants. Theagament of the heavy water system is a highly
complicated affair and requires utmost caution.\ltegater is present in ordinary water in the ratio



6000. One of the methods of obtaining heavy watetdctrolysis of ordinary water.

ADVANTAGES OF NUCLEAR POWER PLANT

The various advantages of a nuclear power plarasfellows:

1. Space requirement of a nuclear power plansis s compared to other conventional power
plants are of equal size.

2. A nuclear power plant consumes very small qtiaofifuel. Thus fuel transportation cost is
less and large fuel storage facilities are not eddtlirther the nuclear power plants will
conserve the fossil fuels (coal, oil, gas etc.)ditrer energy need.

3. There is increased reliability of operation.

4. Nuclear power plants are not effected by adweesgher conditions.

5. Nuclear power plants are well suited to meegdgrower demands. They give better performance
at higher load factors (80 to 90%).

6. Materials expenditure on metal structures, gipgtorage mechanisms are much lower for a
nuclear power plant than a coal burning power plant

For example for a 100 mW nuclear power plant thigghteof machines and mechanisms,
weight of metal structures, weight of pipes anhiifs and weight of masonry and bricking

up required are nearly 700 tonnes, 900 tonnesidites and 500 tonnes respectively whereas
for a 100 mW coal burning power plant the corresiirmg value are 2700 tonnes, 1250 tonnes,
300 tonnes and 1500 tonnes respectively. Furtlear @rconstruction site required aired for
100 mW nuclear power plant is 5 hectares whereadavaa 100 mW coal burning power

plant the area of construction site is nearly 1&dres.

7. It does not require large quantity of water.

DISADVANTAGES

1. Initial cost of nuclear power plant is highercasnpared to hydro or steam power plant.

2. Nuclear power plants are not well suited foryiray load conditions.

3. Radioactive wastes if not disposed carefully imaye bad effect on the health of workers and
other population.

In a nuclear power plant the major problem facetiésdisposal of highly radioactive waste

in form of liquid, solid and gas without any injuiy the atmosphere. The preservation of
waste for a long time creates lot of difficultiesdaequires huge capital.

4. Maintenance cost of the plant is high.

5. It requires trained personnel to handle nugieaver plants.

SITE SELECTION

The various factors to be considered while selgdtie site for nuclear plant are as follows :

1. Availability of water. At the power plant site an ample quantity of watesuld be available

for condenser cooling and made up water requiredtéam generation. Therefore the site

should be nearer to a river, reservoir or sea.

2. Distance from load centerThe plant should be located near the load centgs. Will minimise

the power losses in transmission lines.

3. Distance from populated areaThe power plant should be located far away fromutetipd

area to avoid the radioactive hazard.

4. Accessibility to site The power plant should have rail and road tranagiort facilities.

5. Waste disposalThe wastes of a nuclear power plant are radioaeatinkthere should be

sufficient space near the plant site for the diaboswastes.

Safeguard against earthquakesThe site is classified into its respective seisnuioe 1, 2, 3, 4,

or 6. The zone 5 being the most seismic and urdeitar nuclear power plants. About 300 km of radiu
area around the proposed site is studied for gstpatory of tremors, and earthquakes to assess th
severest earthquake that could occur for whicHdhedation building and equipment supports are
designed accordingly. This ensures that the plahtetain integrity of structure, piping and egmpnts
should an earthquake occur. The site selecteddladad take into account the external natural event
such as floods, including those by up-stream dalorés and tropical cyclones.

The most important consideration in selecting @ fgit a nuclear power plant is to ensure that the
site-plant combination does not pose radio logicany hazards to either the public, plant persbome
the environment during normal operation of planinahe unlikely event of an accident.

The Atomic Energy Regulatory Board (AERB) has dafed a code of practice on safety in



Nuclear Power Plant site and several safety gingés for implementation.
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10.18 COMPARISON OF NUCLEAR POWER PLANT AND STEAM

POWER PLANT

The cost of electricity generation is nearly eqodioth these power plants. The other advantages
and disadvantages are as follows :

(i) The number of workman required for the operatibnuclear power plant is much less than a
steam power plant. This reduces the cost of operati

(ii) The capital cost of nuclear power plant fallsrphaif the size of plant is increased. The

capital cost as structural materials, piping, gfermechanism etc. much less in nuclear power thant
similar expenditure of steam power plant. Howetleg,expenditure of nuclear reactor and building
complex is much higher.

(iii) The cost of power generation by nuclear powentdi@comes competitive with cost of

steam power plant above the unit size of aboutr600

10.19 MULTIPLICATION FACTOR

Multiplication factor is used to determine whetlbige chain reaction will continue at a steady

rate, increase or decrease. It is given by théioala

K=

()

P

A+E

whereK = Effective multiplication factor.

P = Rate of production of neutrons.

A = Combined rate of absorption of neutrons.

E = Rate of leakage of neutrons.

K = 1 indicates that the chain reaction will contirmiisteady rate (critical§ > 1 indicates that

the chain reaction will be building up

(super critical) whereas < 1 shows that reaction will be dying down (sulcait).

10.20 URANIUM ENRICHMENT

In some cases the reaction does not take placenaitital uranium containing only 0.71% of

U23s.

In such cases it becomes essential to use urarataining higher content ofdzk. This is

called W3sconcentration of uranium enrichment. The variouthods of uranium enrichment are as
1. The gaseous diffusion method'his method is based on the principle that theudifi

or penetration molecular of a gas with a given e weight through a porous batrrier is

quicker than the molecules of a heavier gas. Naura@d uranium hexa-flouride (E)Hs used

for gaseous diffusion. The diffusing molecules hawell difference in mass. The molecular weight
of U2ssFs= 235 + 6 x 19 = 349 and thatddFs = 352. The initial mixture is fed into the gagivkeen
the porous barrier. That part of the material wigelses through the barrier is enriched produdtherd
in U23sFs molecules and the remainder is depleted product.
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2. Thermal diffusion method.In this method (Fig. 10.9) a column consistingved toncentric

pipes is used. Liquid Us filled in the space between the two pipes. Taeaipee of one of the pipes is
kept high and that of other is kept low. Due tdaté#nce in temperature the circulation of the kifjui
starts, the liquid rising along the hot wall antlirig along the cold wall. Thermal diffusion takglace
in the column. The light k35Fs molecules are concentrated at the hot wall ggiddoncentration of
U23sFs is obtained in the upper part of the column.

3. Electromagnetic Method.This method is based on the fact that when ionsimgoat equal
velocities along a straight line in the same dicecare passed through a magnetic field, they etedla
upon by forces perpendicular to the direction ofi@ovement and the field.

Let P = force acting on ioe = charge on ion

v = velocity of ion

H = magnetic field strength m = lon mass

R = radius of ion patt® = euH

As this force is centripetal

4P =



=evH

4R=

mv

eH

This shows that ions moving at equal velocitiesdiffierent masses move along ng circumferences

of different radii (Fig. 10.10). Fig. 10.11 showsealectromagnetic separation unit for uranium
isotopes. A gaseous uranium compound is fed irgaaih source, where neutral atoms are ionised with
the help of ion bombardment. The ions produced coumtén the form of narrow beam after passing
through a number of silos. This beam enters thelation chamber. These ions then enter a separati
chamber where a magnetic field is applied. Dudi®rhagnetic field the ions of different masses enov
along different circumference.

4. Centrifugation Method, This method is based on the fact that when a n@xbéitwo gases

with different molecular weight is made to movedtigh speed in a centrifuge, the heavier gas is
obtained near the periphery. &dapour may be filled in the centrifuge and rotatedeparate uranium
isotopes.

REACTOR POWER CONTROL

The power released in a nuclear reactor is prapwtito the number of mole fissioned per unit

time this number being in turn proportional to dgnef the neutron flux in the reactor. The powégao
nuclear reactor can be controlled by shifting canmods which may be either actuated manually or
automatically.

Power control of a nuclear reactor is simpler ttret of conventional thermal power plant

because power of a nuclear reactor is a functianbyf one variable whereas power of a thermal power
plant depends on number of factors such as amddinélo its moisture content, air supply etc. This
shows that power control of thermal plant requiressuring and regulating several quantities wtdch i
of course considerably more complicated.

NUCLEAR POWER PLANT ECONOMICS

Major factors governing the role of nuclear power igs economic development and availability

of sufficient amount of nuclear fuel.

It is important to extract as much energy fromaegiamount of fuel as possible. The electrical
energy extracted per unit of amount of fuel or exgdee moderator might be called the “material
efficiency”.

In a chain reactor the high material efficiencywedl as high thermal efficiency leads to low

over all energy cost.

Since the most attractive aspect of nuclear enisrthe possibility of achieving fuel costs consatgy
below that for coal, all nuclear power system beaiogsidered for large scale power production
involve breeding or regenerative systems. This raiogncludes the development of the technology
of low neutron absorbing structural materials sagtzirconium, the use of special moderating
materials such a D20 and the consideration of appmblems associated with fast reactors. In saga
economic factors are concerned it is necessargrisider neutron economy in a general way such as
that measured by the conversion ratio of the systdm conversion ratio is defined as the atomseof n
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fuel produced in fertile material per atom of fbeknt. The conversion ratio varies with the reactor
design. Its values for different reactors are iat#d in table.

Type of reactor Conversion ratio

BWR, PWR and SGR 1

Aqueous thorium breeder 1.2

SAFETY MEASURES FOR NUCLEAR POWER PLANTS
Nuclear power plants should be located far awayfitoe populated area to avoid the radioactive
hazard. A nuclear reactor produ¢emd (® particles, neutrons ar@-quanta which can disturb the



normal functioning of living organisms. Nuclear pavplants involve radiation leaks, health hazard to
workers and community, and negative effect on sumdong forests.

At nuclear power plants there are three main ssur€eadioactive contamination of air.

(i) Fission of nuclei of nuclear fuels.

(i) The second source is due to the effect of neudluxes on the heat carrier in the primary

cooling system and on the ambient air.

(iii ) Third source of air contamination is damage @lshof fuel elements.

This calls for special safety measures for a nugleaver plant. Some of the safety measures are

as follows.

(i) Nuclear power plant should be located away fraiman habitation.

(i) Quality of construction should be of requirechsiards.

(iii) Waste water from nuclear power plant should brfipd. The water purification plants must
have a high efficiency of water purification andisfg rigid requirements as regards the

volume of radioactive wastes disposed to burial.

(iv) An atomic power plant should have an extensivilaion system. The main purpose of this
ventilation system is to maintain the concentratiball radioactive impurities in the air

below the permissible concentrations.

(V) An exclusion zone of 1.6 km radius around theipshould be provided where no public
habitation is permitted.

(vi) The safety system of the plant should be sudb esable safe shut down of the reactor
whenever required. Engineered safety featuresualtario the station so that during normal
operation as well as during a severe design basident the radiation dose at the exclusion

zone boundary will be within permissible limits@er internationally accepted values. Adoption

of a integral reactor vessel and end shield assespiilvo independent shut down systems,

a high pressure emergency core cooling injectictesy and total double containment

with suppression pool are some of the significasigh improvements made in Narora Atomic
Power Project (NAPP) design. With double containinié®PP will be able to withstand

seismic shocks.
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In our country right from the beginning of nuclgawer programme envisaged by our great
pioneer Homi Bhabha in peaceful uses of nuclearggrieave adopted safety measures of using double
containment and moderation by heavy water onee$#fiest moderators of the nuclear reactors.
(vii) Periodical checks be carried out to check thatetlis no increase in radioactivity than permigsibl
in the environment.

(viil) Wastes from nuclear power plant should be cdyefigposed off. There should be no danger
of pollution of water of river or sea where the tessare disposed.

In nuclear power plant design, construction, corsiniing and operation are carried out as

power international and national codes of protectiith an overriding place given to regulatory meses
and safety of plant operating personnel, publicemdronment.

SITE SELECTION AND COMMISSIONING PROCEDURE

In order to study prospective sites for a nucleavegr plant the Department of Atomic Energy

(DAE) of our country appoints a site selection cdttea with experts from the following:

1. Central Electricity Authority (CEA).

2. Atomic Minerals Division (AMD).

3. Health and safety group and the Reactor Safetyel group of the Bhabha Atomic Research
Center (BARC).

4. Nuclear Power Corporation (NPC).

The committee carries out the study of sites prego$he sites are then visited, assessed and
ranked. The recommendations of the committee & fibrwarded to DAE and the Atomic Energy
Commission (AEC) for final selection.

The trend is to locate a number of units in a eluat a selected site. The highest rated units in
India are presently of 500 mW. The radiation ddseng site should not exceed 100 milligram per
member of the public at 1.6 km boundary.

The commissioning process involves testing and nga&perational individually as well as in an
integrated manner the various systems such asietéctervice water, heavy water, reactor regutatin
and protection, steam turbine and generator. Td thegyerformance criteria including safe radiation



levels in the plant area and radioactive efflueiisng operation the stage-wise clearance from Adom
Energy Regulatory Board (AERB) is mandatory befiliag heavy water, loading fuel making the
reactor critical, raising steam, synchronizing egathing levels of 25%, 50%, 75% and 100% of full
power. The commissioning period lasts for about y@ars.

10.25 MAJOR NUCLEAR POWER DISASTERS

Chernobyl — is near Kiev, Ukraine, in the former Soviet Uni@estroyed by steam and hydrogen
explosions followed by fire, it caused many deathsite, increased cancer rates in the thousands
of square miles it contaminated.

Three Mile Island — Located 10 miles southeast of Harrisburg PA orSithequehanna River.

The accident, and radiation release, caused nodiateedeaths. The cleanup cost more than $1.5
Billion.
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The Three Mile Island accident occurred in 1979 2886, Chernobyl occurred essentially killing

the expension of nuclear energy. No other nuclearep plants have been ordered in the US since
the late 1970’s.

T.M.I. Aaccount Chronology in Brief

1970’s AEC LOFT (Loss of Fluid Test) research céedt@s economy measure.

September 12, 1978 T.M.I. Unit #2 dedicated.

January 1979 TMI #2 began commercial operation.

March 26, 1979 Emergency core cooling pumps testil diverter valves switched to disconnect
ECCS from reactor. Valves not switched back.

March 28, 1979, 4 a.m. Three Mile Island Incidesqdn.

—Filter in inner loop switched offline to clean

—Pressure transient triggers shutdown sequence.

—Core overheats, pressure relief valve sticks opemanual override

—Water in core begins leaking out open relief valve

—Emergency cooling pumps don’t work !

—After more errors, 1/3 of core exposed, partialtdwevn of fuel rods results.

—2nd day someone closes relief valve (unrecordsiti}ation stabilizes

—hydrogen gas bubble forms.

—Governor/NRC, order partial evacuation

Cleanup/termination cost $1.5+ BILLION.

Cleanup after the Three Mile Island Accident.After the Accident it was necessary to dispose

of the radioactive gases, water, and contaminatbdsifrom radioactive plumbing etc. The water had
to be filtered to separate and concentrate radi@acontaminants for disposal. After these wereaesd
it was possible to begin dismantling the pressessegl and extract the fuel rods. It was not until
then that the inside of the core could be inspe&sdhe damaged reactor was brought under coiitrol,
was known from radiation monitoring that there \easgnificant amount of radioactive material in the
bottom of the pressure vessel. In spite of this gbwer company still maintained that the damagdbeo
core had been minimal. When a robot with a videnera was lowered into the pressure vessel, four
years after the accident, this is what it saw:

10.26 CHERNOBYL NUCLEAR POWER PLANT

Chernobyl is a town of 30,000 people, 70 milesmoftKiev, in the Ukraine. The V. I. Lenin

nuclear power plant is located 10 miles from then@f Chernobyl. Adjacent to the plant is the tosin
Pripyat, which houses and services plant workdms.dlant is on the Pripyat River, near its mouth in
the Kiev reservoir.

The plant had 4 nuclear reactors, each with assacgeam turbines and electric generators.

Two additional units were under construction atttitee of the accident, April 26, 1986. Each of thes
units was of the same Soviet design, designated REBODO.

Chernobyl was the location of the world's worstleac power plant disaster. Massive amounts

of radioactivity were released, a thousand squdleearea will be uninhabitable for many decades.
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10.26.1 REACTOR DESIGN : RBMK-1000

Boiling Water Reactor

Electric generating capacity 1000 Megawatt.

Thermal output of core about 2000 Megawatt.

1661 zirconium fuel rods, holding mix of U-238 dde?35; Plutonium-239 is a byproduct,



which can be extracted by reprocessing the fuehratkrial. Each fuel rod is enclosed in a heatstiean
water channel.

211 Boron control rods with 8 fuel rods/control rod

Graphite core 1700 tons, made up of graphite bricks

10.26.2 CONTROL OF THE REACTOR

1. Graphite Core, moderates neutron flux from fodk

2. Boron control rods to reduce neutron flux fontstown

3. Thermal transfer control — closed circuit wagtsdm loop, multiple water pumps Nitrogen/
Helium gas within containment — low thermal condlitt and oxygen exclusion — pressure and gas
mixture are controlled. emergency core cooling wsystem (ECCS)

10.26.3 CHERNOBYL REACTOR OPERATIONS

Computer for fine control, operator controls seinpof feedback controllers Central power
authority dictated operating levels in managing eoarid Unnecessary shutdown meant 600,000 ruble
revenue loss, firing of person responsible.

Plant engineers found the plant unstable at lowegpdewels,

Local practice was to manually pull control rodddfwnward fluctuation threatened spontaneous
shutdown. Response time to scram: 18 seconds étieadly it was claimed to be 3 seconds).
Regulations against manual control routinely exegpt

10.26.4 ACCIDENT\SAFETY PLANS

Published odds million to 1 against an accidenthAditarian control staff & engineers do not
guestion safety. Accident planning was around aaie of 1 or 2 fuel rod/water channels bursting. N
plan included a graphite fire. Administration bislg had emergency bunker under it. Reactor building
was a water tight containment building.

10.26.5 EVACUATION

Plant director had authority in principle to orésacuation of Pripyat. However a standing order
made any nuclear accident a state secret.

10.27 SAFETY PROBLEMS IN CHERNOBYL REACTOR DESIGN

10.27.1 SYSTEM DYNAMICS

A problem with RMBK-1000 reactor design is that time constants for changes in thermal

output are short. Control depends on computer adggiifeedback control systems. The human operator
could not react fast enough to manually contraliihout the automatic controls.
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Neutron absorption and heat transfer coefficierasvary different for water and steam, so neutron
flux and thermal output changes rapidly as watéhéntubes through the core makes a transition
from hot water to steam.

10.27.2 ANOTHER SAFETY PROBLEM WITH THE DESIGN

The normal operating temperature of core tubessatgr than the ignition temperature of the
graphite blocks of the core (carbon) in are®nosphere. Its normal environment is an atmosphighe
no oxygen.

Heat exchange system :

One closed loop through reactor core and steanmeshb

Secondary loop to condense steam to water afteintir

Construction problems :

Turbine building roof; specification said it shoudd fireproof. Materials for 1 km x 50 m fireproof
roof was not available. Control cable conduits sigegl to be fireproof. Material not available.
Exception granted. Cement and tiles, etc. Quatitytrol problems. Director had to prioritize uses,
discard defective materials. Fittings often reqiiremanufacture to meet specifications.

Hazard Potential of Water on Hot Graphite

Water Gas Reaction:

C+H200CO +H2

Often used as 2 generator in freshman chemistry labs, it has aairhazard if not carefully
controlled:

2CO+Qxd2COe

2 H2+ 0200 2 H20

OTHER, EARLIER, SOVIET NUCLEAR ACCIDENTS
September 1982 — Chernobyl Unit 1, after 5 yeangs®, was shut down for maintenance.



Restarted with some valves closed. Result: no viaterin a few channels. Explosion in core, a few
fuel rods melted. Some radioactivity escaped pldatradiation survey was done outside plant. Street
of Pripyat were hosed down. No announcement to latipn. Emergency core cooling system saved
plant. Chief Engineer, his deputy, and chief opearat the shift were all demoted and transferred.
1980 Kursh power station. RBMK-1000 plant had a @oeutage.

Reactor damaged because control rods and cirauldtieen by electric motors/pumps failed.

Time delay to start diesel generators was 40 secbudng which, power surge damaged some fuel
rods. Solution : design a special generator tdugpne power as it spun down during shutdown, to
power emergency equipment.

Oct. 1982. Armyansk nuclear power station. Explosubsequent fire destroyed turbine

building.

Fall 1983 Chernobyl Unit 4 startup. Certificati@am saw anomalous power surge when

control rod insertion starts. Considered minor, baen seen in another reactor. No explanation,
not documented.

June 1985 Balakovsky PWR power station, Valve huettase of 300 degree C. steam, cooked

14 workmen. Safety regulations viewed as guidelink®f engineer regularly made exceptions.



MODULE-III

Power Plant Economics and Variable Load
Problem

The main terms and factors are as follows:

1. Load Factor

It is defined as the ratio of the average loadheopeak load during a certain prescribed periddrd. The
load factor of a power plant should be high so that total capacity of the plant is utilized foreth
maximum period that will result in lower cost ofetlelectricity being generated. It is always lesmnth
unity. High load factor is a desirable quality. Hiég load factor means greater average load, negutti
greater number of power units generated for a gimarimum demand. Thus, the fixed cost, which is
proportional to the maximum demand, can be disteithover a greater number of units (kwh) supplied.
This will lower the overall cost of the supply déetric energy.

2. Utility Factor

It is the ratio of the units of electricity genexdiper year to the capacity of the plant instalhetthe
station. It can also be defined as the ratio ofimar demand of a plant to the rated capacity oplaat.
Supposing the rated capacity of a plant is 200 Mk¢. maximum load on the plant is 100 mW at
load factor of 80 per cent, then the utility wié b

= (100 x 0.8)/(200) = 40%

3. Plant Operating Factor
It is the ratio of the duration during which theupl is in actual service, to the total duratiorhef
period of time considered.

4. Plant Capacity Factor

It is the ratio of the average loads on a machiregaipment to the rating of the machine or
equipment, for a certain period of time considered.

Since the load and diversity factors are not inedlwith ‘reserve capacity’ of the power plant, a
factor is needed which will measure the reserkewlise the degree of utilization of the installed
equipment.

For this, the factor “Plant factor, Capacity faaborPlant Capacity factor” is defined as,

Plant Capacity Factor = (Actual kWh Produced)/(Ntaxin Possible Energy that might have
produced during the same period)

Thus, the annual plant capacity factor will be,
= (Annual kWh produced)/[Plant capacity (kW) x heof the year]
The difference between load and capacity factoas isdication of reserve capacity.

5. Demand Factor

The actual maximum demand of a consumer is alwesgthan his connected load since all the
appliances in his residence will not be in operatibthe same time or to their fullest extent. Thito

of' the maximum demand of a system to its conndoizd is termed as demand factor. It is always less
than unity.

6. Diversity Factor

Supposing there is a group of consumers. It is knfsam experience that the maximum demands

of the individual consumers will not occur at omad. The ratio of the sum of the individual

maximum demands to the maximum demand of the gotalp is known as diversity factor. It is always
greater than unity.

High diversity factor (which is always greater thamty) is also a desirable quality. With a given



number of consumers, higher the value of divefsityor, lower will be the maximum demand on the
plant, since,
Diversity factor = Sum of the individual maximum mands/Maximum demand of the total

group
So, the capacity of the plant will be smaller, igsg in fixed charges.

7. Load Curve

It is a curve showing the variation of power withe. It shows the value of a specific load for
each unit of the period covered. The unit of tirmasidered may be hour, days, weeks, months or.years
8. Load Duration Curve

It is the curve for a plant showing the total timiéhin a specified period, during which the load
equaled or exceeded the values shown.

9. Dump Power

This term is used in hydro plants and it showspibver in excess of the load requirements and
it is made available by surplus water.

10. Firm Power

It is the power, which should always be availablereunder emergency conditions.

11. Prime Power

It is power, may be mechanical, hydraulic or thdrinat is always available for conversion into
electric power.

12. Cold Reserve

It is that reserve generating capacity which isinaperation but can be made available for
service.
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13. Hot Reserve

It is that reserve generating capacity which isperation but not in service.

14. Spinning Reserve

It is that reserve generating capacity which isn@aed to the bus and is ready to take the load.
15. Plant Use Factor

This is a modification of Plant Capacity factottiat only the actual number of hours that the
plant was in operation is used. Thus Annual Plas# factor is,

= (Annual kWh produced) / [Plant capacity (kW) >xnmoer of hours of plant operation]

3.2 FACTOR EFFECTING POWER PLANT DESIGN

Following are the factor effecting while designamgower plant.

(1) Location of power plant

(2) Availability of water in power plant

(3) Availability of labour nearer to power plant

(4) Land cost of power plant

(5) Low operating cost

(6) Low maintenance cost

(7) Low cost of energy generation

(8) Low capital cost

3.3 EFFECT OF POWER PLANT TYPE ON COSTS

The cost of a power plant depends upon, when googwer plant is to set up or an existing plant
is to be replaced or plant to be extended. Theawalysis includes

1. Fixed Cost

It includes Initial cost of the plant, Rate of irést, Depreciation cost, Taxes, and Insurance.

2. Operational Cost

It includes Fuel cost, Operating labour cost, Mamaince cost, Supplies, Supervision, Operating
taxes.

3.3.1 INITIAL COST

The initial cost of a power station includes thikofeing:

1. Land cost

2. Building cost

3. Equipment cost

4. Installation cost



5. Overhead charges, which will include the tramtgtion cost, stores and storekeeping charges,
interest during construction etc.
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To reduce the cost of building, it is desirableliminate the superstructure over the boiler house

and as far as possible on turbine house also.

Adopting unit system where one boiler is used fog turbogenerator can reduce the cost on
equipment. Also by simplifying the piping systendaiimination of duplicate system such as steam
headers and boiler feed headers. Eliminating daiglior stand-by auxiliaries can further reduce the
cost.

When the power plant is not situated in the protirto the load served, the cost of a primary
distribution system will be a part of the initiaviestment.

RATE OF INTEREST

All enterprises need investment of money and tliaey may be obtained as loan, through

bonds and shares or from owners of personal funtigest is the difference between money borrowed
and money returned. It may be charged at a sinapdeaxpressed as % per annum or may be compounded,
in which case the interest is reinvested and aaltiset principal, thereby earning more interest

in subsequent years. Even if the owner investswis capital the charge of interest is necessacpver
the income that he would have derived from it tigloan alternative investment or fixed deposit with
bank. Amortization in the periodic repayment of ghiscipal as a uniform annual expense.
DEPRECIATION

Depreciation accounts for the deterioration oféfaipment and decrease in its value due to
corrosion, weathering and wear and tear with usdsé covers the decrease in value of equipmesnt du
to obsolescence. With rapid improvements in deaighconstruction of plants, obsolescence factor is
of enormous importance. Availability of better mtsdeith lesser overall cost of generation makes it
imperative to replace the old equipment earlientitmuseful life is spent. The actual life sparitef
plant has, therefore, to be taken as shorter theat would be normally expected out of it.

The following methods are used to calculate theatgation cost:

(1) Straight line method

(2) Percentage method

(3) Sinking fund method

(4) Unit method.

Straight Line Method. It is the simplest and commonly used method. Tieeoli the equipment

or the enterprise is first assessed as also tiue®r salvage value of the same after the ettidniife
span. This salvage value is deducted from thealrgipital cost and the balance is divided by ifieeals
assessed in years. Thus, the annual value of decireaost of equipment is found and is set asde a
depreciation annually from the income. Thus, the od depreciation is uniform throughout the life o
the equipment. By the time the equipment has ladts useful life, an amount equivalent to its ne
cost is accumulated which can be utilized for repiaent of the plant.

Percentage Methodln this method the deterioration in value of equiminfrom year to year is

taken into account and the amount of depreciat@cutated upon actual residual value for each year.
thus, reduces for successive years.

Sinking Fund Method. This method is based on the conception that theamumiform deduction
from income for depreciation will accumulate to ttapital value of the plant at the end of life lod t
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plant or equipment. In this method, the amoungasete per year consists of annual installmentdtaend
interest earned on all the installments.

Let,

A = Amount set aside at the end of each yeanfgears.

n = Life of plant in years.

S = Salvage value at the end of plant life.

i = Annual rate of compound interest on the investgultal.

P = Initial investment to install the plant.

Then, amount set aside at the end of first year = A

Amount at the end of second year

= A +intereston A=A+ A=A(1 +i)

Amount at the end of third year



=A(1 +i) + intereston A(1 +)

= A(1 +i) +A(L +1)i

= A +i)2

Amount at the end of nth year = A(liyh— 1

Total amount accumulated imyears (say)

= sum of the amounts accumulatechipears

e, x=A+AL+i)+ AL +i)2+ ...... + A +)n-1
=A[L+ (D +i)+ (D +i)2+...... + (1 H)n-1 ...(2)
Multiplying the above equation by (1i}; we get
XA +)=A[@Q+i)+ (L +i)2+ (L +i)3+ ...... + (1 4)n] ...(2)
Subtracting equation (1) from (2), we get
Xi=[(1+i)n-1] A

x=[{(1 + i)n— 1}i]A, wherex= (P - S)
P-S=[{@ + ip— 1Hi]A
A=P-S){@+im-1}A

Unit Method. In this method some factor is taken as a standa&cad, depreciation is measured

by that standard. In place of years equipmentlash, the number of hours that equipment will last
is calculated. This total number of hours is thiiideéd by the capital value of the equipment. This
constant is then multiplied by the number of actuwatking hours each year to get the value of
depreciation

for that year. In place of number of hours, the benof units of production is taken as the measgurin
standard.

OPERATIONAL COSTS

The elements that make up the operating expendifugoower plant include the following

(1) Cost of fuels.

(2) Labour cost.

(3) Cost of maintenance and repairs.
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(4) Cost of stores (other than fuel).

(5) Supervision.

(6) Taxes.

COST OF FUELS

In a thermal station fuel is the heaviest itempérating cost. The selection of the fuel and the
maximum economy in its use are, therefore, veryoirtgmt considerations in thermal plant desigrs It i
desirable to achieve the highest thermal efficieiocyhe plant so that fuel charges are reduced. Th
cost of fuel includes not only its price at thesif purchase but its transportation and handlosgsc
also. In the hydro plants the absence of fuel faotoost is responsible for lowering the operatogt.
Plant heat rate can be improved by the use ofrgttaity of fuel or by employing better thermodynia
conditions in the plant design.

The cost of fuel varies with the following:

(1) Unit price of the fuel.

(2) Amount of energy produced.

(3) Efficiency of the plant.

LABOUR COST

For plant operation labour cost is another iteroprating cost. Maximum labour is needed in a
thermal power plant using. Coal as a fuel. A hyticquower plant or a diesel power plant of equal
capacity requires a lesser number of persons.d@ chautomatic power station the cost of labour is
reduced to a great extent. However labour costatame completely eliminated even with fully autoioat
station, as they will still require some manpowargeriodic inspection etc.

COST OF MAINTENANCE AND REPAIRS

In order to avoid plant breakdowns maintenancedessary. Maintenance includes periodic
cleaning, greasing, adjustments and overhauliregiofpment. The material used for maintenance is
also charged under this head. Sometimes an agbfieaicentage is assumed as maintenance cost. A
good plan of maintenance would keep the sets ierliable condition and avoid the necessity of too
many stand-by plants.

Repairs are necessitated when the plant breaks dostops due to faults developing in the



mechanism. The repairs may be minor, major or garioverhauls and are charged to the depreciation
fund of the equipment. This item of cost is higfwrthermal plants than for hydro-plants due to ptam
nature of principal equipment and auxiliaries ia tormer.
COST OF STORES
The items of consumable stores other than fuelideckuch articles as lubricating oil and greases,
cotton waste, small tools, chemicals, paints amth sther things. The incidence of this cost is also
higher in thermal stations than in hydro-electaever stations.
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SUPERVISION
In this head the salary of supervising staff iduded. A good supervision is reflected in lesser
breakdowns and extended plant life. The supervisiaff includes the station superintendent, chief
engineer, chemist, engineers, supervisors, stocbsiiges, purchase officer and other establishment.
Again, thermal stations, particularly coal fed, @avgreater incidence of this cost than the hytiotgc
power stations.
TAXES
The taxes under operating head includes the fatigwi
(i) Income tax
(i) Sales tax

(i) Social security and employee’s security etc.

POLLUTION & I'TS CONTROL

The atmosphere consists of a mixture of gasestmpletely surround the earth. It extends to amnaki

of 800 to 1000 kms above the earth’s surface,déeper at the equator and shallow at the polasutA
99.9% of the mass occurs below 50 km and 0.099#%ele® 50 and 100 km altitude. Major polluting
gases/particles are confined to the lowermost laffatmosphere known as Troposphere.

That extends between 8 and 16 kms above the eaftts.

The main sources of atmospheric pollution may ersarized as follows:

(a) The combustion of fuels to produce energy foitingeand power generation both in the
domestic sector as well as in the industrial sector

(b) The exhaust emissions from the transport vehtitlasuse petrol, or diesel oil etc.

(c) Waste gases, dust and heat from many indusitéal imcluding chemical manufacturers,
electrical power generating stations etc.

ENVIRONMENT POLLLUTION DUE TO ENERGY USE
A considerable amount of air pollution results frbarning of fossil fuels. Fuels are primarily

derived from fossilized plant material and consisinly of carbon and/or its compounds. The hougkhol
sector is the largest consumer of energy in Iratiapunting for 40-50% of the total energy consuampti
As per a report of Planning Commission the shatéehousehold sector in the final use of

energy declined although retaining its dominantelaé 58.9% in 1987. The most abundantly used
fossil fuel for cooking is the wood, which is almhé4% of the total fuel demand for cooking. Burning
of traditional fuels introduces large quantitiesafz when the combustion is complete, but if there is
incomplete combustion and oxidation then Carbonowrmie (CO) is produced, in addition to
hydrocarbons.

Incomplete combustion of coal produces smoke ctingisf particles of soot or carbon, tarry

droplets of unburnt hydrocarbons and CO. Fossisfakso contain 0.5-4.0% of sulphur which is oxédtiz
to S@during combustion.

The environmental effects of various fuels namelglicoil, nuclear, etc. are of growing concern

owing to increasing consumption levels. The conibngif these fuels in industries and vehicles has
been a major source of pollution. Coal productlmoiugh opencast mining; its supply to and consuwmpti
in power stations; and industrial boilers leadpddticulate and gaseous pollution, which can cause
pneumoconiosis, bronchitis, and respiratory diseaseother major impact of coal mining is land



degradation, especially of forest areas.

The consumption of petroleum products in vehidledistries and domestic cooking activities

results in the emission of pollutants in large diti@s. Radioactive emissions from nuclear power

plants are of grave concern as they can causaisenigpact both in terms of spatial and inter-geti@mal
concerns. In addition, two key problems are lorgateraste disposal and the eventual decommissioning
of plants. Due to limited reserves of petroleumimeamphasis needs to be given to non-conventional
energy sources such as wind energy, solar enetgg@an energy.

ENVIRONMENT POLLUTION DUE TO INDUSTRIAL EMISSIONS
Air borne emissions emitted from various industaes a cause of major concern. These emissions
are of two forms, viz. solid particles (SPM) andeaus emissions (S(NOx, CO, etc.). Liquid
effluents, generated from certain industries, dairtg organic and toxic pollutants are also a caise
concern. Heavily polluting industries were idewmtifiwhich are included under the 17 categories of
highly polluting industries for the purpose of moning and regulating pollution from them. The
Ministry of Environment and Forests has, over #s two decades, developed standards for regulating
emissions from various industries and emissiondstais for all the polluting industries includingetmal
power stations, iron and steel plants, cement ld@itilizer plants, oil refineries, pulp and pape
petrochemicals, sugar, distilleries and tanneréag been prescribed. The industrial units in lrdé&
largely located in the States of Gujarat, Mahagasiitar Pradesh, Bihar, West Bengal and Madhya
Pradesh. The highest concentration of sulpher déand oxides of nitrogen is therefore often foumd
cities located in these states. Some other indlisisiates in Delhi, Punjab, Rajasthan and Andhra
Pradesh are also becoming critical.

ENVIRONMENT POLLLUTION DUE TO ROAD TRANSPORT

Road vehicles are the second major source of pmiluthey emit CO, HCs, NQSC, and

other toxic substances such as TSP and lead. @eg#les are much less polluting than petrol ersgine
Both types of engines are not very efficient cotemsrof fuel energy. However, diesel types, with a
conversion efficiency of around 30%, must be mdfieient and use less fuel than petrol types wih 1
20% conversion efficiency. Both types of enginegehiacomplete combustion of fuel so the major
pollutant is CO, amounting to 91% by weight ofwahicle emissions.

The primary pollutants produced in vehicle emissiandergo a series of complex interrelated
chemical reactions in the troposphere and lowatagphere to form secondary products.

Four factors make pollution from the vehicles megeous in developing countries.

(1) Poor quality of vehicles creating more par@tes and burning fuels inefficiently.

(2) Lower quality of fuel being used leads to fegager quantities of pollutants.

(3) Concentration of motor vehicles in a few laciees

(4) Exposure of a larger percentage of populatiet, lives and moves in the open.

HARMFUL EFFECTS OF EMISSIONS

The high concentration of particulates in the ajphese over large urban and industrial areas

can produce a number of general effects. Smokduames can increase the atmospheric turbidity and
reduce the amount of solar radiation reaching thargl. The overall effect of air pollution upon the
biosphere and the built environment can be broeaihgsidered under 3 headings: The effect upon:
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(1) Buildings and materials

(2) Soil, vegetation, crops and animal life

(3) Human beings

BUILDING AND MATERIALS

The fabric of buildings, that are surrounded bwiiggolluted air for years undergo chemical
changes. Gradual erosion takes place and thidyda@mevident when grimy upper surface is removed.
A good example is that of the famous historical oroant ‘Taj Mahal’ at Agra, which, on account of
reaction of Sulphur-di-oxide, emitted from neighbing industries, with the limestone has slowlyts@d
turning yellow. As a result, on Court’s directivespnumber of measures have been taken to protect ou
national heritage monumeatg closure of neighbouring heavy polluting industyieperation of only
non-polluting vehicles like battery busses, torgthe vicinity of Taj Mahal etc.



SOIL, VEGETABLE AND ANIMAL LIFE

The presence of gaseous pollutants in the air epddition of particulates on to the soil can

affect plants. It can effect the cattle and aninadsas they have been found to develop breathing
difficulties and suffer from low yield of milk, laemess and joint stiffness in a polluted environment

HUMAN BEINGS

Smoke and S¢xause the general and most widespread effects pbluition on people. Atmospheric
smoke contains potentially carcinogenic organic poamds similar to those that occur in cigarette
tobacco smoke. The CO affects the cardiovascutdesy NQs affect the respiratory system,
Ozone causes increased sensitivity to infectiamgy Hiseases, irritation in eyes, nose and thitoat e

STEPS TAKEN SO FAR AND THEIR IMPACT

With the alarming increase in the s, especiallhanbig cities, Government has taken some
important initiatives in the recent years. To steth the emphasis and implementation has beengpityn
in the big cities but gradually to spread througdttbe country. These relate to the progressive
tightening of the auto-emission norms (1991,199831& 2000) and fuel quality specifications (1996)
as recommended by the Central Pollution Controlr8¢aPCB).

Till early 1994 ambient air quality standards iditnwere based on 8 hourly average times only.

In April 1994, these standards were revised anda2dly standards were also prescribed. National
ambient air quality standards are prescribed fiaetidistinct areas viz.

(a) Industrial,

(b) Residential, rural and other areas and

(c) Sensitive areas.

Following steps have been taken so far:

(1) Unleaded Petrol With the gradual reduction of lead content in pletrad finally supply of
unleaded petrol for all vehicles from Sept. 199&im capital city of Delhi, a lethal pollutant from
vehicular exhaust has been removed. The lead dantdre atmosphere near traffic intersections of
Delhi has reduced by more than 60% with this measur
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(2) Sulphur in diesel.The sulphur content in the diesel supplied has beguced from 0.5% in

1996 to 0.25% in 1997 so as to meet the EURO-Iinsor

(3) Tightening of the Vehicular Emission NormsFrom 1995 new passenger cars were allowed

to register only if they were fitted with catalytionverters. Emission norms for such cars wereeigd
by 50% as compared to 1996 norms. With the redesttébns of the Hon'ble Supreme Court, passenger
cars (both petrol and diesel) are required to rageast EURO-I norms in June 1999 and from Apr.
2000 only such vehicles meeting EURO-III norms Wwél permitted to register in the NCR of Delhi.
CNG operated vehicles are also permitted by theeog Court directions.

(4) 2-T QOil for Two Stroke Engines.From 1.04.99, on the recommendations of CPCB,a¥we |
smoke 2T oil became effective. To prevent the dT il in excess of the required quantity prendixe
2T oil dispensers have been installed in all theopélling stations. Sale of loose 2T oil has@lseen
banned from Dec. 1998.

(5) Phasing out of Grossly Polluting VehiclesOn CPCB’s recommendations initially 20 yr. old
vehicles were prohibited from plying from Dec.1988lowed by phasing out of 17 yr. old vehicles
from Nov. 1998 and 15 yr. old from Dec. 1998.

NOISE POLLLUTION AND ITS CONTROL

Of late, noise has been recognized as a pollutaithvuntil recently was considered only as a
nuisance. The Central Pollution Control Board (CpP&&s notified the ambient noise standards in 1987
under section 20 of the Air (Prevention and ContifdPollution) Act, 1981. The noise standards dpeci
limits as 55dBA and 45dBA as limits for day andhiigime respectively for residential areas, 75 dBA
and 70dBA in the day and night time for industaegas, and 50 dBA and 40 dBA in the day and night
for silence zones. Special campaign for reductioasie of fire crackers in Delhi have resulted ohueed
pollution levels during Diwali in 1999.

The creation of noise creates the pollution byaasing the sound level of the atmosphere. It is
estimated that the environmental sound level idtiiog in loudness after every 10 years. The inereas
in sound level of the atmosphere is not the majoblem presently but desirable sound level is a&den



in power plants and every step should be takeadoae the sound level of the power plants to a
tolerable level.

Heavy noise environment has extremely unpleaséettsfon people exposed to them. Continuous
exposure to noise level above 100 dBA has advéiset en hearing ability within a short time.
Therefore, in world energy conference of 1971 udysDf noise suppression in thermal power plants
occupied a major percentage of the, seminars coeduc

Presently enough attention has been given in mawgldped
countries to reduce the noise level in the powantgslto the
tolerable level.

The curves derived from hearing tests made on wertgow that within 10 years, over 10% of employees
subject to 8 hours a day of 95 dBA noise level wiilffer from hearing impairment and that of 40 gear
20°/v will be affected to the same extent by thisetevel of 92 dBA.

GREEN HOUSE GASES AND THEIR EFFECTS

The greenhouse effect plays a crucial role in r@&ing the heat balance of the earth. It allows the
incoming short-wave solar radiation to pass throtiighatmosphere relatively unimpeded; but the
longwave

terrestrial radiation emitted by the earth’s susfecpartially absorbed and then re-emitted by a
number of trace gases in the atmosphere. These gasan as GHGs (greenhouse gases) are: water
vapor, carbon dioxide, methane, nitrous oxide awhe in the troposphere and in the stratosphere.
This natural greenhouse effect warms the lower sjpimere.

If the atmosphere were transparent to the outdoimg wave radiation emanating from the earth’s
surface, the equilibrium mean temperature of thithisasurface would be considerably lower and pobgba
below the freezing point of water. Mere incident&é1G’s in the atmosphere, by itself, is no
concern. What is more important is that their coiagion should stay within reasonable limits sat th
global ecosystem is not unduly affected. Howevgiinbreasing the concentrations of natural GHG'’s
and by adding new GHG's like chloroflouro carboms global average and the annual mean surface-air
temperature (referred to as the global temperatamepe raised, although the rate at which it @dttur

is uncertain. This is the enhanced greenhousetgffbich is over and above that occurring due to
natural greenhouse concentration. Such a risesiattinospheric concentration of GHG’s has led to an
upward trend in global temperature.

While it is required to follow the general commitmte under the Framework Convention on

Climate Change, India is not required to adopt@HrG reduction targets. Irrespective of internationa
commitments, it seems prudent to ready with

1. Inventory of sinks and sources of GHG emission.

2. Predict the cumulative impact of national artérimational GHG emissions to plan for temperature
and sea level rise.

3. Devise landuse plans for the coastal areaylthdbe affected.

4. Devise water and land management strategiesiapegricultural sector.

FOSSIL FUEL POLLUTION
The exhaust gases and particulate matter emited dombustion systems affect the environment
in several ways. The major classifications are:

URBAN AIR POLLUTION

It includes:

1. Photochemical smog

The reactants are nitric oxide (NO), unburned hgdrbons (UHCs), and sunlightg(, photons).

The products (after a few hours of time) are oxisdanich as ozone §Pand peroxyacetyl nitrate

(PAN = CHsCOsNO2),aldehydes (RCHO, where R = a hydrocarbon radicgl,the methyl radical, C#),
and aerosol haze.

An intermediate product is nitrogen dioxide (NQwhich gives a brownish color to the atmospherd a
reaches a peak concentration about half way thrtheyheaction process, at the time at which the
original NO is significantly converted to NOThe smog products are eye irritants and theyrdai



lung capability. The different hydrocarbon gasegetsignificantly different smog forming potential.
Methane, for example, is very unreactive, wheréagene (QH4) and propylene (§He) are quite
reactive. Thus, the smog impact of the hydrocasruiited is determined not only by its concentration
but also by its photochemical reactivity.

2. Carbon monoxide (CO)

3. Sulfur dioxide (SQ)

4. Nitrogen dioxide (NQ)

5. Toxic gases, vapors, and heavy metals

6. Particulate matter

ACID RAIN

The precursors of which are nitric oxide (NO) antws dioxide (SQ). Over hours and days the

NO and SQoxidize to NQand S@, respectively, which subsequently form acids trfogien and
sulfur. Because of the relatively long time for teemical transformations to occur, the impacthef t
acid is generally felt several hundred kilometeyadwind of the sources. The sulfur also forms selfa
aerosol. Sulfate aerosol reflects sunlight antlasight to be keeping some industrialized partbef t
world cooler than they would otherwise be. Thathiese industrialized parts of the world are not
receiving proper warming by the greenhouse effect.

GLOBAL CLIMATE CHANGE

It also knows as the Greenhouse Effect. The magmrdhouse gases are £0Hq, nitrous oxide
(N20), and chloro-fluoro-carbon speciég{ CFCs), though ozone and soot also play a role. Th
Greenhouse

Effect is already discussed.

STRATOSPHERIC OZONE DEPLETION

Due to gases such as CFC’s and NO. Fossil fuel astitm is a very significant cause of Urban

Air Pollution and Acid Rain, and is strongly im@ied in Global Climate Change. However, landbased
combustion systems, with the exception of FluidiBed Coal Combustors, are not strongly

implicated in Stratospheric Ozone Depletion. Thibécause pollutants from land-based sources @pabl
of destroying ozone (such as NO) do not reachttgosphere — they are destroyed in the troposphere
Fluidized Bed Coal Combustion, on the other hamalgh attractive because of its low emissions

of S and NO, has a high exhaust emission e®dNof several hundred parts per million). Although
N20 is not toxic — it is laughing gas — it is a greense gas and it has few enemies in the
troposphere. Thus, it reaches the stratosphereavitiereaks down into NO, which is an ozone deptgti
gas. Conversion of the N20 to NO can occur asvi@lm the stratosphere:

N20 + O] NO + NO

The NO depletes the ozone, without depleting itsalffollows:

O3+ NO| NOz2+ Op

NOz+ Ol NO+

Overall, an Qis lost, and an O-atom, which could have formedh@ugh the reaction below, is

lost.

O+l Os

ACID FOG

A recently noted major acid pollutant is acid ftig.origin is the same as acid rain or snow,

sulfuric and nitric oxides from power plants araatlesser extent, motor vehicles. It forms by the
mixing of these pollutants with water vapor near ¢inound. The acid vapors then begin to condense
around very tiny particles of fog or smog, pickrapre water vapor from the humid air, and turn into
acid fog. When the water in the fog burns off (emajpes) due to the sun or other causes, dropsaolyne
pure sulfuric acid are left behind. It is thesepdrthat make acid fog so acidic. In Los Angeles and
Bakersfield in southern California, the mists hayeH of 3.0 compared with 4 or 4.5 for acid raigicA
fog 100 times as acidic as acid rain has been @eteCases have been reported where people had
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trouble breathing when it was foggy. The probleri®g are now believed by some to be more serious
than those of smog in these areas.

Many researchers consider the effects of acid pitation, especially the changing of soil chemistry



to be irreversible and fear its long-range effelgtsnitoring programs of air, soil, and water are
being instituted to ascertain these long-rangectffédow-ever, the uncertainty about the real exaén
the problem adds to the prevailing disquiet regaydti.

POLUTION DUE TO COMBUSTION OF FUEL
Gas Fuel
When a gaseous fuel, such as natural gas, bumndeétrgoes a series of processes. These are as
follows:
Either in a premixer or in the combustion chambes,fuel must mix with air.
The fuel (and the air) must mix with hot, burningdéburnt gases present in the chamber. The
burning and burnt gases provide heat and activeiesp€O, H, and OH), which upon mixing
with the fresh fuel and air cause the fresh fuégtite and react with the air.
The fuel then undergoes a series of chemical @&t

METHANE

If the fuel is methane (the primary constituenhaftural gas), the following reaction steps occur.
Due to the heat and attack by the active spetiesnethane reacts to a methyl radical §CH

which reacts to formaldehyde (HCHO). The formaldihyeacts to a formal radical (HCO), which then
forms carbon monoxide (CO). Through these stepsatfive species are used up anémt HO are
formed in addition to the CO. Overall, the prociesss follows:

CHa+ Q2| CO + H+ HO

Thus, the original fuel is converted into two nawls (CO and BD) and into one product

(H20). The process occurs very quickly, within a fiaetof a millisecond to a few milliseconds,
depending

on the flame temperature, pressure, and fuel-ad. rg\ctually, methane is one of the slower
burning hydrocarbon gases.) The process is c@liedative Pyrolysis.

Following oxidative pyrolysis, the +oxidizes, forming HO, replenishing the active species,

and releasing heat. This occurs very quickly, dgualless than a millisecond.

H2+ (1/2) @] H20

Finally, the CO oxidizes, forming C@nd releasing more heat. This process is geneslallyer

than the other chemical steps, and typically regué few to several milliseconds to occur.
Co+(12)al co

The combustor may be thought of as haflame zonesin which the free radical activity is

high, the fuel undergoes oxidative pyrolysis, tigdrbgen oxidizes, and the CO begins to oxidize, and
apost-flame zone in which the CO continues to oxidize and reaétsefinal exhaust concentration.
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ALKANES

When Alkanes (&H2n+2) of n = 2 and above are burned, the reaction cteyris different from

that of the methane. First, the Alkanes undergweion to one or more alkenesikZn), especially to
ethylene (GH4) and pyropylene (§He). The alkenes then undergo oxidative pyrolysistiea to CO,
H2, and HO, but though a different chemical mechanism thaeargabove for methane. The overall
reactions are:

CnH2n+2| CnHon+ H2

CnHzn+ Q2|  CO + H+ H20 (not balanced)

H2+ (1/2) @| H20 (+ Active Species + Heat)

CO + (1/2) @] CO2(+ Heat)

POLUTION DUE TO GAS COMBUSTION

UNBURNED HYDROCARBONS (UHCS)

Any fuel entering a flame will be reacted. Thusewhlunburned fuel is emitted from a combustor,

the emission is caused by fuel ‘avoiding’ the flarn@es. For example, in piston engines, fuel-air
mixture ‘hides’ from the flame in the crevices pided by the piston ring grooves. Further, somearegi

of the combustion chamber may have a very weakefJdhat is, they have either very fuel-lean or

very fuel-rich conditions and consequently theyehavow combustion temperature. These regions will
cause intermediate species such as formaldehydalleenks to be emitted. Sometimes the term ‘preduct



of incomplete combustion,’ or PICs is used to déscsuch species. The term UHC represents the
sum of all hydrocarbon species emitted.

CARBON MONOXIDE (CO)

Carbon monoxide is emitted because the temperattoe low to effect complete oxidation of

the CO to CQ, because the timé€., the residence time) available in the combustltamber is too
short, or because there is insufficient oxygengmedJsually, it is more difficult to design andevate

a combustor for very low CO than for very low uniedl hydrocarbons. Exhaust emissions of CO are
controlled by providing the combustor with suffisiair to assure oxidation of the CO. However, too
much air is ‘bad,’ since then the post-flame zoiiebe too cool to oxidize the CO. Catalysts in the
exhaust stream are also used to control CO. Thes&p about a 90% conversion of the CO to2CO
and typically use platinum (or a mixture of platimgroup metals) as the active sites (on a ceramic o
metal substrate) to oxidize the CO. Almost all aubiles sold today in the US and in many other
countries are equipped with three-way catalyststuBiying the engine at stoichiometric fuel-airoati
there is enough ©eft in the exhaust to effect oxidation of the C@laJHCs in the catalyst, and there
is a sufficient quantity of reducing species in éixdaust to effect chemical reduction of thex{ON>.
Thus, the three ‘ways’ are CO, UHCs, andxNO

NITRIC OXIDE (NOx)

Nitric oxide forms by attack of O-atoms orz.N'he predominant mechanism is the extended
Zeldovich mechanism:
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N2+ O| NO+N

N+ NO+O

N+OH| NO+H

When this process occurs in the post flame zorerasulting NO is called thermal NO, because

the amount of NO formed is strongly temperaturesiise. In order to limit the amount of NO formed,
it is necessary to reduce the combustion temperéivitich is generally very effective because of the
strong temperature dependency of the NO formatrealyce the residence time (though this will in
general increase the CO emission), or limit thelab#ity of oxygen.

NO also forms in the flame zone. In this case Qk&tom and OH concentrations affecting the
formation of NO have much higher concentrations timathe post-flame zone. Other mechanisms also
contribute, such as the prompt mechanism:

N2+ CH| HCN +N

The hydrogen cyanide (HCN) and N-atom oxidize to. B@cause of the high free radical concentrations
in the flame zone, the rate of production of N@agter in the flame zone than in the post

flame zone. However, the time available in the Barone is generally short compared to the time
available in the post-flame zone.

Some of the NO may oxidize to M@ the combustor. Thus, the emission is expressediCa=

NO + NQu.

Many methods are used to control the emission of, [d@d a great deal of research has been

done on this. A great deal of money is spent on &@trol throughout the world. As indicated above,
automotive NQis controlled though the use of the three-way gataAnother name for this is
nonselective

catalytic reduction (NSCR). Some industrial andityttombustors use a different type of

exhaust catalyst. This is a selective catalytizetidn or SCR. In this case, ammonia @k injected
into the exhaust stream ahead of the catalyst.s&dite catalyst, the N@nd NHsreact to form M. The
conversion efficiency is about 80 to 90%.

NOx+ NHs| N2+ H20 + Q2 (not balanced)

Another method with ammonia injection is selectiom-catalytic reduction (SNCR). If ammonia

is injected into the exhaust at higher temperat(ires at about 1200K) than used in the SCR
process, the ammonia reduces thexiWithout the need for the catalyst. However, if theperature is
too high, the ammonia oxidizes into NO.

Combustion modification is also widely practicecctmtrol NGcand a whole class of low-NO

engines and combustors has grown up. These haverNi€sions anywhere from about 10% to 70% of
the ‘dirty’ pre-NG-control combustors. The concepts used to effechNi@k control are no mystery.
Reduction of combustion temperature is very efiéectihus, injection of water, or a diluents such as



steam or recycled exhaust (or flue) gas, is wigehcticed. Another diluents is air, and thus, lean
premixed combustion is very effect in controllin@i Another method widely used is staged combustion.
That is, the first stage of combustion is conduétedi rich. This creates a lot of CO and UHCs, but

it doesn’t create much N@®@ecause of the lack of20Some heat is transferred from the rich gases (for
example, to the working fluid of a steam-electrover-plant burner), and then the remaining air is

added into the flame to burn off the CO and UHG®wWNNCk formation is limited, because of the

reduced combustion temperature.

SOOT

Soot is composed of particles of a few hundred taolgs in size. Generally, soot is a fluffy

carbon material, though it is generally not pumdoa. Soot forms under hot, fuel-rich conditionsda
once formed, oxidizes relatively slowly. (Soot rzgs on order of 100 milliseconds to oxidize atidgb
combustion temperatures.) Soot is controlled byragdir to the flame zone, thus eliminating the, hot
rich pockets of gas, which produce it, or by pravida secondary combustion zone of sufficient O
temperature, and time to oxidize the soot.

A low emission combustor would have CO andxéghaust concentrations of less than about

100 ppm (parts per million by volume) each, andU&C emission of under about 10 ppm. A very low
emission system would have CO and NO of about 10 @gch, and UHC less than a few ppm's. High
emission burners have CO and Ngnissions in the several hundred to a few thouggmna+anges.

New combustors and emission control methods arglagveloped ‘every day,” and for some
situations the goal of ‘zero emissions’ is beingrapched. Of course, the term ‘zero emissions’ does
not mean absolute zero emission. It depends son@mtthe ‘reference point.” Generally, it means CO
and NQremissions in the few ppm range. For example, Hoadently announced a special new exhaust
catalyst system, which gives very low emissions.

POLUTION DUE TO LIQUID FUEL
When a liquid fuel, such as oil, is burned, theeeadditional aspects of the combustion process
and the pollutant formation. Specifically:

ATOMIZATION

It is common practice to inject the fuel into trmrdbustor (or premixer) through a nozzle, which
atomizes the fuel. That is, the continuous strefifued is broken up into a mist of tiny dropletdiére

are many types of nozzles, some of which rely oy tiggh feed pressures to atomize the fuel, andesom
of which rely on assistance from steam and aiffecegood atomization. Generally, the finer theasp
produced by the nozzle the better the combustiongss.

VAPORIZATION
The fuel droplets vaporize as they receive heahixyng with the hot gases in the combustion
chamber. Heat can also be received by radiatian &oy hot refractory wall of the combustion chamber

MODES OF COMBUSTION

If the vaporization process is fast compared tad#aetion chemistry, the combustion of the

liquid fuel occurs mainly as clouds of vapor. Thile sequence of processes is atomization, vagioriza
mixing, and chemical reaction, and the 4-step chahmechanism given above under Alkanes is
valid. On the other hand, if the vaporization pscis slow, droplet burning can occur. That isivicldial
flames may encircle individual droplets, thereligeting oxidation of the oil.

Generally, though not necessarily, the UHC, CO,M@demissions increase with oil burning
compared to gaseous fuel burning. There are sensasbns for this, including:

The additional time required for vaporization,

The more complex hydrocarbons involved in the fuel,

Poorer mixing of the fuel vapor with the air,

Higher localized temperatures (leading to highesNO

And the formation of deposits in the combustor \rgen adversely affect combustion ‘goodness’
by affecting flame shape and burner aerodynamics.

Also, some liquid fuels contain sulfur, organiaadgen, and mineral elements, which lead to



additional pollution. Generally, distillate fuel @ind diesel fuel are low in these compounds, asblne
and aviation fuel are even lower yet in these camps. Other (heavier) fuel oils are relatively high

in these compounds. Sulfur in the fuel reacts asdlgrcompletely to sulfur dioxide (Sfpupon
combustion.
Also, a small fraction of the sulfur oxidizes tdfautrioxide (SG), which is a problem because

it will readily form sulfur acid mists if the exhsitemperature is too low. Thus, in order to préven
corrosion of the energy system equipment, the esthtamperature may be maintained higher than it
would be without the sulfur. Thus, thermodynamiicefncy is degraded, and the ratio of £0 unit of
electrical energy produced increases. Sulfatequaatie emission can also result from the sulfuritifity
the 3-way catalyst of an automotive engine, thellssmaount of SQpresent can be reduced to hydrogen
sulfide (FS). Ever smell this?) Organic nitrogen in the fadto called fuel-bound nitrogen, will end up
partly as NQupon combustion and partly ag.Ntaged combustion generally promotes therid

point over the N®@end point. Mineral matter in the oil can cause ssvy@oblems, including deposits
and flyash emissions. The deposits can promotdioeacwhich affect the other pollutants, such as
SO
About 65% of the oil used in the US is used bytthasportation sector that about 25% is used by
industry, and that most of the balance is useddsidential and commercial heating. Very littleised

in the US for electrical generation. Most of theatission in the paragraph immediately above peartain
to industrial, utility, and R/C burning of oil. Hawver, the biggest sector involved in the control of
emissions from oil burning is the transportatiootsg because the fuels burned by this sect@r (
gasoline and diesel fuel) are mainly derived framTius, advancements in engine combustion
technology

and catalytic exhaust treatment are very impottittie control of emissions from oil burning. A
major challenge is the development of automotiveaest treatments which work well for fuel-lean
engine combustion. This is important because esgine thermodynamically more efficient when
operated
with excess air. However, the present 3-way cdtalgs a poor N&reduction efficiency when

the engine is operated lean. Another major chaflésgontrol of N@and soot particulate from diesel
engines. The oil problem is being addressed wittamcked combustion technology and exhaust particle
traps.

POLUTION DUE TO SOLID FUEL

The solid fuel of primary interest is coal. In pavpdant generally

coal is burned for electrical generation.

Coal is burned in several ways, depending on cawigte size. Lumps of coal, including coal

particles larger than about 0.25 inch in diametex,spread on a grate and burned. Conceptualyisthi
not unlike the burning of wood logs in a fireplatte&yugh industrial and utility coal grate burnems a
substantially more sophisticated than a fireplatere is a limit to the size of a grate, (aroureldider
10 meters square is maximum). Grate coal burnersalled Stokers. Stokers come in several forms,
and are used for small and medium size coal conaousystems.
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Coal particles of about 1/8th inch diameter arenbdrin fluidized bed coal combustors (FBC).

In this system, the coal particles are injected @bed of limestone or dolomite particles strongly
churned or agitated by blowing air through the fsiech below. The bed has the appearance of "boiling.
The fluidizing medium is limestone (or dolomitedthier than ordinary sand (which could be used), so
that the sulfur from the coal is taken up by tineelstone and converted into calcium sulfate pasticle
(CasQ), which are periodically or continuously removeainfi the bed. Also, thermal NO formation is
very low because of the relatively low combustiemperature of the bed (about 800 to 900°C). In
addition, flyash emission is controlled to someeextby retaining the ash in the bed. However, the
nitrogen contained in the coak., the fuel-bound organic nitrogen, converts toonis oxide (NO). If

the bed temperature were higher than 800-900°Gu#idound nitrogen would convert to M@ luidized
bed coal combustion is a relatively new commereiethnology, which appears to be favored more

in Europe than the US.
Although the Stoker and Fluidized Bed technologiesimportant, the majority of the coal burned

in steam-electric power plants is burned in PukeztiCoal Combustion Furnaces. Pulverized coal is
coal, which has been grourice(, pulverized) into a fine dust, of about 70 miceders {.e., microns)
mean diameter. Pulverized coal combustors are sagpeburners - that is, the coal dust is carrigd b
the furnace air and gases and burned in suspension.



In all solid fuel burners, the fuel undergoes heptind devolatilization as the first stage of the
burning process. Devolatilization is analogoushttaporization process for the liquid fuel.
Devolatilization means that part of the solid fdetomposes and forms gases and tars upon heating.
The fraction of the fuel, which forms volatiles,dathe composition of the volatiles depend on thenea
of the fuel and the particle heating process. Talpica combustion coal is about 50% volatile nmalbie
weight. The volatiles released from the coal ardenap of the following components: COg, Hght
hydrocarbon gases (such as methane, ethane, ethglah propane), oxygenated hydrocarbons, medium
molecular weight hydrocarbons, high molecular welgldrocarbons called tars (which are vapor

at furnace temperatures), and inert gases (suCi®aand HO). The volatiles burn via a mechanism
similar to that described above for the Alkanegidally, devolatilization occurs within 100 millisends,
and the volatiles burning occur within a few méic®nds. The particles remaining after
devolatilization are composed of chae(, mainly carbon) and ashé., mineral matter).

Following the release of volatiles from the soliglfparticle, it is possible for oxygen to diffuse

to the surface and oxidize the char particle. Qaaticle oxidation requires about 100 to severaidned
milliseconds of time. The furnace volume has tdigeenough to accommodate this. The following
reactions happen at the char particle surfaceu@if) surfaces created by fissures in the particle)

As the char particle burns away, the mineral mattedded in the coal as small inclusions gets
very hot, becomes molten, and fuses together to fiouid ash particles, which ultimately solidify.
Typically, 3 to 5 ‘big’ ashi(e., flyash) particles form per original pulverizedatparticle. Additionally,
the volatile mineral matter vaporizes during theddatilization and char burning stages, and forimg, t
sub-micron particles upon nucleation and condemsalihe sub-micron particles can be more of a
problem than the ‘big’ (1 to 10 micron) particlegcause the sub-micron particles tend to carry
disproportionate

amounts of the toxic heavy metals found in coaloXic heavy metal emitted as a gas is

mercury.

It should be noted that coal contains about evienyent found in nature. Although C, H, and O

are the major elements found in coal, there camlassignificant amounts of S and N. Some coale hav
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as much as 10% S by weight. The sulfur is containdxth the organic and inorganic fractions of the
coal. It is possible to remove some of the suluntaining ‘rocks’ found with the coal using gravity
separation methods. Processes have been studieshfoving additional amounts of S from coal,
however,

these processes are not widely used commercially.

Coal contains about 0.5 to 1.5% by weight N bountd the organic structure of the coal. When

the coal is heated, much of the N is released duha devolatilization stage as hydrogen cyanide
(HCN), other cyano species, and as ammoniasfNFhese species are rapidly converted into NOxpr N
and thus are not emitted directly from the comhusto

Some coalsd.g, British coals) contain chlorine, which upon carstion can be emitted as

hydrogen chloride (HCI).

Typically, coal has about 10% by weight mineraltexatThis mineral matter is high in Si, Al, Fe,

and Ca and these are the primary elements foutie itoig’ flyash particles. However, many other
inorganic elements are associated with the mimeadter of coal, including Mg, Na, and K. Toxic
metals are found in trace amounts in coal, inclgdin Pb, Cd, Cr, As, Se, and Hg. Generally, thécto
metals are found associated with the sub-micraastly though Hg will be emitted as a gas. Radioactiv
isotopes are also emitted from coal combustofsadtbeen estimated that more radioactivity is enhitt
from a coal combustion power plant than from a @aicpower plant. Emission control is practiced as
follows for Pulverized Coal Furnaces:

A significant fraction of thénstalled cost of a coal-fired electrical generating stai®devoted

to environmental control — about 30 to 40%. Alssjgnificant fraction of theperating and
maintenance

cost is devoted to environmental control. Sulfie. (SQ emission) is controlled by burning a

low sulfur coal, by pre-combustion coal cleaninggd &y flue gas desulfurization.

NOxis controlled by the use of low-N®urners, by SNCR, and by SCR. Note thai¢O

formed from both the air nitrogen and the fuel-beurtrogen.

Flyash is controlled by stack gas particulate reshaging electrostatic precipitators (ESPs) or
baghouses.g., the stack gas is filtered).



Coal is also burned by gasifying it and burningdhses in a gas turbine engine, which is part of

a combined cycle. There are about five integratesifigation combined cycle (IGCC) power plants
operating in the US. The combustible compoundsgnmitda the gasi.g., the synthetic gas) are mainly
Hz2and CO, though in some cases4«@Halso present in significant amounts. Other gpsesent are
COz, H20, and N. If the gasifier is ‘air blown’ there is a lot dbl2 present (about 30 to 50% by volume),
and thus the gas has a low heating value (of ab@uto 200 Btu/scf). If an oxygen-blow gasifier is
used, the heating value is in the medium Btu rgageut 1/4 to 1/2 that of natural gas), though the
power-plant now must also include an air separgilant for making @— actually, oxygen enriched
air is produced. The gas is cleaned to remove rs(@&iHS) and particulate matter before entering the
gas turbine. Some gasifier product streams camgragthousand ppms of NKformed from the
coalbound

nitrogen), which needs be controlled either by sbing or by special combustion methods, so

that it does not react to M@ the combustor. However, other gasifiers emiy@idout 200 ppm ammonia,
and when this gas is burned in a gas turbine,uhed the fuel-NQand thermal N®leaving the

burner is only about 30 to 40 ppm. For referendeemnatural gas is used as the fuel in a gas tirbin
engine equipped with state-of-the-art, commerciallgilable, lean premixed combustors, thexNO
emission

is about 9 to 25 ppm (depending on the make ancehwddhe engine.) The coal IGCC system has

an overall efficiency in the low 40% range, whertfgsnatural gas fired combined cycle is aboutob0 t
58% efficient (as discussed earlier). The IGCCesyshas higher C&per kW-hr than the natural gas
fired system.

AIR POLLUTION BY THERMAL POWER PLANTS

The environmental pollution by thermal power plamtgg fossil fuels poses a serious health

hazard to modern civilization. Air pollution by timeal plants is a contributing factor in the cauke o
various respiratory diseases and lung cancer amksaignificant damage to the property in addiion
causing annoyance to the public.

The thermal power plants burning conventional fgetsl, oil or gas) contribute to air pollution

in a large measure. The combustible elements dids are converted to gaseous products, and
noncombustible

elements as ash. The common gaseous productedshare sulphur dioxide, nitrogen

oxide, carbon dioxide and carbon monoxide, ancelaugantities of particulate materials as fly ash,
carbon patrticles, silica, alumina and iron oxide.

The energy industries are one of the largest sewfenvironmental pollution. A 350 mW

coalfired station emits about 75 tons of2506 tons of nitrogen oxide, and 500 tons of asidag if no
safeguards is adopted. All steam-generating platsdischarge nearly 60% of heat produced back to
the atmosphere irrespective of the fuel used.

Due to large emissions from the thermal power glaait pollution has become an international
problem. This problem is mainly faced by 11 cow#iin the world, which share 80% of the world's
fossil-fired generating capacity. Emissions fromithpower plants have grown to point where we and
all of them now must think for controlling the padilon contributing to a common atmosphere.

Many countries have unique air pollution probleffisese are due to fuel characteristics,
unfavorable topographical conditions, concentratibpower plants in limited area and high populatio
densities. The production capacities of 11 cousitriéhich share 80% world-electric generation. The
major pollutants given off by fossil fuel combustiare particulates, $@nd other gases and it will be
sufficient to discuss about these pollutants.

WATER POLLUTION BY THERMAL POWER PLANTS

Another serious problem is the water pollution ealigy thermal power plants. The water pollution
is caused by discharging hot condenser water aiel @scharged into the river carrying the ash of
the plant. The discharge of polluted water cauydsafogical and biological effects on the surroungdi
ecology. The biological study should determinetifpees of aquatic organisms in the area and their
adaptability to the environmental variations.

Thermal pollution of water is very important foetfish cultivation, as their growth is very
susceptible to the temperature changes.

Another important constituent in the dischargeailing water is residual chlorine as chlorine

or sodium hypochlorite is used to prevent foulifighe condensers.



Another serious problem associated with the diggdhwater is the ash carried by the water. The

ash gets spread over the large cultivated areg afenpath of the river and affects the agricultura
growth very much. This is because; the ash hasdiigiine characteristics, which are injurious thoe
growth of many agricultural products. The ash agstihe fertility of the land forever. Such phenoie
was badly experienced when the ash from Koradinaépower station in Maharashtra was discharged
in the river. The wastewater from water demineedion plant contains large quantities of

chlorides of Ca, Mg, Na and K. This wastewatehiarmeled out to some river or to an ash pond along
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the fly ash. On the way to river or ash pond, thegds percolate in the nearby soil and make tbhargt
water salty. In the ash pond, the situation is e@s there is continuous accumulation of these aatl
the pond reaches a saturation level of these Jdlesprocess of salt saturation in the pond ishéurrt
accelerated by solar evaporation of the water.Wélks on the area covering a few kilometers from th
ponds become salty and polluted water from thedls Wwecomes harmful for human consumption as
well as for irrigation purposes. Discharging theaks with the wastewater aggravates the pollution
problem but also loses them, even though; theovwery is simple and economical

The wastewater can be treated first with lime,recipitate magnesium hydroxide and then with

soda ash to get precipitated calcium carbonatetentesulting sodium chloride solution can be rduse
far regeneration of softeners. The above-mentioeadtions are listed below.

MgClz2+ Ca(OH}»= Mg(OH)2 + CaCk
CaCbk+ NaeCOs=CaCQ + 2 NaCl.

ENVIRONMENT CONCERNS AND DIESEL POWER PLANTS
With the emergence of liquid fuel based power stettiin India, the question of environment

pollution has become a matter of raging debate.cblaébased thermal power stations, in its earlier
stages of inception, were far more polluting? Iswacause of the combination of sulphur-based
pollutants,

nitrogen based gaseous matter and also particukter with very high ash content being released

in the atmosphere.

Globally, environmental regulatory authorities emereasingly concerned with N@nd SQ

emissions and are liable to consider introducinggtnt regulatory standards in the future. WHile t
levels of S@emissions is the function of sulphur content inderethe fuel being used for combustion?
NOxis created by the chemical activity between atmesploxygen and nitrogen during combustion.
The level of NQdepends on the combustion conditions.

Optimal combustion in a diesel engine depends dpeachievement of the right balance of

equation between compression/combustion pressomgression ratio, air-to-fuel ratio and mean
effective

pressure. The toughest of the emission standardsntly being considered by various national

and international agencies, calls for limitatior\gDx emissions to 600 ppm(15%e)Jor generator sets
operating on ocean bound vessels. The shore-basest ptations shall demand for further lower limits
due to proximity to the human inhabitation.

Burning heavy fuel in diesel engine is convenieatrty due to economics of residual fuel

combustion for power generation. Diesel enginegiess’ world over will increasingly come under
pressure to introduce superior combustion feafioregsroducing lower levels of S@nd NG.

The exhaust gas composition of emissions or paoitatgiven above is for using furnace oil of

different grades and varying sulphur contents. @tteaust gas of medium speed engines comprises of
a host of constituents. In the case of combusteayy fuel like furnace oil, these emanate eithemfr
combustion air and fuel used, or they are reagiroducts, which get formed during the combustion
process. Only some of these are considered tolheégras for the atmosphere:

Typical Exhaust Gas Emission Values For Modern 4-sbke
Diesel Power Plants Using Heavy Fuel
Fuel FO-kV(2.1% sulphur) FO (4.5% sulphur)

Load(%) 100.0 100.0

Mech, output (kW/cyl.) 990.0 990.0
Speed (rpm) 500.0 500.0

Oz (volume %,dry) 12.7 12.9



NOx (ppm,dry, 15% @) 1045.0 1600.0
CO (ppm,dry, 15% €) 60.0 95.0

HC (ppm,dry, 15% €) 155.0 155.0
SO (ppm,dry, 15% @) 405.0 1200.0
TSP(mg/m,15% 02) 65.0 90.0

Carbon dioxide (CQOr): COz actually is not noxious as a product of combustiball fossil

fuels. It is now considered to be one of the maimses of the greenhouse effect. A reduction of CO
emission can only be achieved by improving the mmegificiency or by using fuels containing lower
concentration of carbon such as natural gas.

Sulphur oxides (SQ): Sulphur oxides are formed due to the combustisgutghur contained in

the fuel. They are one of the primary causes af eaih. The sulphur oxide emission is primarily
influenced by the amount of sulphur contained aftrel used. Much less influence can be taken &y th
fuel consumption of engine. The major part (> 9%¥#8ulphur oxides contained in the exhaust gas of
the diesel engines is SO

Nitrogen oxides NQ& (NO, NOz2, N20): Nitrogen oxides which are generally referred tdN&sin

the case of internal combustion engines comprisegen monoxide-NO (colourless, water insoluble
gas), nitrogen dioxide-N£freddish brown gas, highly toxic) and dinitrogennoride-NO (laughing
gas, colourless gas previously used as a narchiicpgen oxides, together with the sulphur oxidesthe
main causes of acid rain. They also contributergsgly to ozone formation in the air and groundde
The high temperatures and pressures produced gothbustion space of an IC engine stimulate

the nitrogen content in the air and also in thelgsaused (such as heavy fuel oil) to react wittgeryin
the combustion air. In this reaction mechanismfdoneation of nitrogen oxides proportionally incsea
with the temperature rise. This behavior unfortalyatombats the efforts of improving on

engine efficiency because conversion of energlyeahighest possible temperature level is to be Gime
for to reach the optimal efficiencies of combustncesses.

The NGformation during combustion in the diesel enginprisdominantly NO and which is
converted to a minor extent to By oxidation either in the combustion space ohméxhaust gas
systems downstream (exhaust gas piping, exhaustidescharger etc.). In general, exhaust gasrigavi
the engine is 95% NO and approximately 5%2NT» simulate the process of NO oxidation, to form
NOzin the atmosphere, practically, all the legislatitipulate that in the calculation of NOx mass flow
emitted, the entire Nnust be taken as NOThe NO concentration in the exhaust gas of medium
speed diesel engines, burning heavy fuel is limitea few ppm. Therefore, it can be neglected ftioen
viewpoint of environmental protection.
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Carbon Monoxide (CO): It is a colourless, highly noxious gas which fomvtsere the combustion

of fuels containing carbon proceeds under(poss$ilagl) air starvation. In modern DG sets,
optimisation of air/fuel mixture formation and usfeconstant pressure type turbo charging, sucdgssfu
reduces the CO content of exhaust gases evenheithdorest qualities of fuel grades. This type of
engine design meets even the stringent standartly sech environmental agencies like TA-Luft of
Germany.

Non combusted Hydro carbons(HC):Hydro carbons contained in the exhaust gas consists

of a multitude of various organic compounds. Howetlee HC contents of exhaust gases for modern
4-stroke diesel engines burning heavy fuel are l@mwand are not a matter of environmental debate.
Soot, Dust:Solids contain in exhaust gases of diesel engingsrg heavy fuel not only consist

of soot (carbon) resulting due to incomplete cortibnof the fuel but also due to dust and ash gladi
from the fuel and the lube oil, the quality of t@mbustion air and from the abrasion products. Even
though, these constitutes the major source ofleislark coloration, of exhaust gases, soot pasticle
only account for a relatively low percentage o&tatust concentration. Based on the ash contethieof
fuel and the lube, the soot quantity also varieshasvn in the table below.

Fuel Gas Oil Heavy Fuel Oil

Ash content — Fuel% 0.01 0.10

Ash content — Lube% 1.50 4.00

Soot (Carbon) mg/e15.00 15.00

Fuel ash mg/3¥.00 40.00

Lube oil ash mg/m3.00 8.00

Overall analysis of environmental laws will takein® two pronged environmental considerations.

I. Long term consideration on implementation of actiyastem emission limits. This should take



into account existing technology, cost competite&s) consideration to burn only low grade, tertiary

fuels, demand technology life-cycle, nature of ecband plant gestation and country objectives.

II. Short term aspects mainly centred on maintainirgiyelé ambient air qualities. This will

bring us to the debate emission levels. The grdewel dispersion of emission components are easily
met far below existing standards by the moderrr@kstdiesel engines while burning heavy fuel.

In view of the above, adequate chimney/stack heifgittguiding the exhaust gases away from

the ground level can easily ensure low dispersairggound level after emission at relevant designed
chimney heights based on sulphur contents in tek fu

NUCLEAR POWER PLANT AND THE ENVIRONMENT

In the United States, and doubtless in almostalhtries constructing nuclear power plants,

federal licensing proceedings for each plant reqgthie inclusion of detailed environmental statement
to be issued as public documents. In the UniteteStthese should be in accordance with the Ndtiona
Environmental Policy Act of 1969 (NEPA). Such stasmts must assess not only the impact upon the
environment that is associated with the constradiiod the operation of the power plant, but algo th
effect of the transportation of radioactive materta and from that plant.

Besides thermal pollution, which it shares with @dtnall types of power plants, nuclear power’s
effects on the environment stem mainly from

(1) the nuclear fuel cycle,

(2) low-level dose radiations from nuclear-poweanleffluents, and (3) low and high-level dose
radiations from wastes.

THE FUEL CYCLE

Most nuclear power plants in operation or understroiction in the world today are using, and

will continue to use for the near future, ordinéight) water cooled and moderated reactors: the
Pressurized

Water Reactor (PWR) and the Boiling Water ReadWR). A small number use the heavy

water cooled and moderated reactor (PHWR). Theatapens are that the fast-breeder reactor power
plant and perhaps an improved version of the gakedaeactor power plant will come on line in
increasing numbers in the twenty-first century. Asnall-current water reactors use slightly enrithe
uranium dioxide, U@ fuel. The fuel has to go through a cycle thaluides prereactor preparation,
called the front end, in-reactor use, and posttoeananagement, called the back end.

Fig. 13.4.A typical nuclear fuel cycleaj with reprocessing andb) without reprocessing.

The different process are briefly explained below:

1. Mining of the uranium ore.

2. Milling and refining of the ore to produce urami concentrates, dDs.

3. Processing to produce of uranium hexafluorides, ffom the uranium concen-trates. This
provides feed for isotopic @3) enrichment.

4. |sotopic enrichment of uranium hexafluorided¢ach reactor enrichment require-ments. This
is done invariably now by the gaseous diffusiorcpss.

5. Fabrication of the reactor fuel elements. Thidudes conversion of uranium hexafluoride to
uranium dioxide U@, pelletizing, encapsulating in rods, and asserglilie fuel rods into
subassemblies.

6. Power generation in the reactor, resultingradiated or spent fuel.

7. Short-term storage of the spent fuel.

8. Reprocessing of the irradiated fuel and conearef the residual uranium to uranium
hexafluoride, UE(for recycling through the gaseous diffusion plamtreenrichment) and/or
extraction of Peeo(converted from kks) for recycling to the fuel-fabrication plant.

Reprocessing can reuse up to 96 percent of thaakigaterial in the irradiated fuel with 4
percent actually becoming waste.

9. Waste management, which includes long-term géood high-level wastes.

Step 8, reprocessing, may be bypassed, which saaudisposal of both reusable fuel and wastes.
This is the current (1982) U.S. Department of Epgngpcess for dealing with irradiated fuel. Thelfue
assemblies are stored for at least 10 years andtivéed. This is the so-called throw-away fuelleyc



WASTES

The wastes associated with nuclear power can benatized as:

1. Gaseous effluentdJnder normal operation, these are released slawiy the power plants

into the biosphere and become diluted and dispdraadlessly.

2. Uranium mine and mill tailings. Tailings are residues from uranium mining and mmjli
operations. They contain low concentrations of rradlyioccurring radio-active materials. They are
generated in large volumes and are stored at the amimill sites.

3. Low-level wastes (LLW).These are classified as wastes that contain lasslit nCi
(nanocuries) per gram of transuranium contaminamdisthat have low but potentially hazardous
concentrations

of radioactive materials. They are generated iroatrall activities (power generation, medical,
industrial, etc.) that involve radioactive matesjakquire little or no shielding, and are usually
disposed of in liquid form by shallow land buri&id. 13.5).

4. High-level wastes (HLW).These are generated in the reprocessing of spenffiuey contain
essentially all the fission products and most efttansuranium elements not separated during
reprocessing. Such wastes are to be disposedeaitittar

5. Spent fuel.This is unreprocessed spent fuel that is remowad the reactor core after reaching
its end-of-life core service. It is usually removathct in its fuel element structural form andrthe
stored for 3 to 4 months under water on the pléats give time for the most intense radioactive
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isotopes (which are the ones with shortest hadfsjto decay before shipment for reprocessing or
disposal. Lack of a reprocessing capacity or aodigppolicy has resulted in longer on-site storage,
however. If the spent fuel is to be disposed & throwaway system (without reprocessing), iteated
as high-level waste.

RADIATIONS FROM NUCLEAR-POWER PLANT EFFLUENTS

Radiations from nuclear-power plant effluents ake-tlose-level types of radiations. The effluents
are mainly gases and liquids. Mainly the effectthefe radiations on the populations living near

the plants prompt environmental concerns abouteangower plants. Sources of effluents vary with
the type of reactor.

In both pressurized-water reactors (PWR) and lgpiliiater reactors (BWR), two important

sources of effluents are

(1) The condenser steam-jet air ejectors and

(2) The turbine gland-seal system.

The ejector uses high-pressure steam in a serigszafes to create a vacuum, higher than that in
the condenser, and thus draws air and other notdecsable gases from it. The mixture of steam and
gases is collected, the steam portion condensdshargases are vented to the atmosphere. Indhd gl
seal, high-pressure steam is used to seal theantubgiarings by passing through a labyrinth from the
outside in so that no turbine steam leaks out iantthe case of low-pressure turbines, no air leak§he
escaping gland-seal steam is also collected andvenn In the BWR, the effluents come directly from
the primary system. In the PWR, they come fromsieondary system, so there is less likelihood of
radio-active material being exhausted from a PW&R th BWR from these sources.

The primary-coolant radioactivity comes about mainbm fuel fission products that find their

way into the coolant through the few small cradiet inevitably develop in the very thin cladding of
some fuel elements. Such activity is readily detielet However, to avoid frequent costly shutdowns
and repairs, the system is designed to operatesngsals the number of affected fuel elements does no
exceed a tolerable limit, usually 0.25 to 1 peradrhe total. Also, some particulate matter fiftdsvay
into the coolant as a result of corrosion and vegosion) of the materials of the primary system
components.

These become radioactive in the rich neutron emwirent of the reactor core. Corrosion

occurs because the radiolytic decomposition ofsthger passing through the core results in frear@
free H and OH radicals as well as son#®t These lower the pH of the coolant and promoteoston.
Finally, radioactivity in the primary coolant mag baused by so-callédamp uranium This is uranium
or uranium dioxide dust that clings to the outsifléhe fuel elements and is insufficiently cleaméd
during fabrication. It will, of course, undergodisn, and its fission products readily enter thel@ot.
Improved processing and quality control are miningzhe problem of tramp uranium.



13.19 IMPACT ON POLLUTION LOAD AND AIR QUALITY IN DELHI

The major impacts have been observed through thleimentation of emission norms and fuel

quality specifications effective from 1996, as ghbasing out of 15-year-old commercial vehicles and
leaded petrol in the year 1998 and phasing outyaa8-old commercial vehicles and 15-year-old two
wheelers from 2000 onwards. The ambient air quabtynonitored by CPCB during 1999 shows reduction
in levels of various pollutants in ambient air aspared to previous year. The reducing trend was
observed with respect to Carbon Monoxide, nitrogieride, and lead in residential areas.

ENVIRONMENTAL CONCERNS

In Delhi today, pollution is one of the most critiproblems facing the public and concerned
authorities. According to the World Health Orgati@a (WHO), Delhi is the fourth most polluted city
in the world in terms of suspended particulate end®PM). The growing pollution is responsible for
increasing health problems. The deteriorating emvirent is the result of population pressure and
haphazard

growth. Industrial development has been haphazatdiaplanned. Only about 20% of the

industrial units are in approved industrial ardéls;remainders are spread over the city in resalemd
commercial areas. Road transport is the sole mbgeldic transport; there has been a phenomenal
increase in the vehicle population, which has iaseel from 2 lakhs in 1971 to 32 lakh in 1999.

POLLUTION LEVELS

1. Ambient Air Quality. Data from continuous monitoring of air quality relethat while suspended
particulate matter levels still far exceed stipedhstandards, there is a significant downward

trend.

Noise levels in Delhi exceed permissible levelallrareas except industrial areas, according to

a study by the Delhi Pollution Control Committe@c® noise is measured on a logarithmic scale, an
increase of every 3-5 dBA has twice the effect omans. Diesel generating sets and vehicles, pkntigu
auto-rickshaws, have been identified as major &suot noise pollution in Delhi.

2. Air Pollution. The 1991 report by the National Environmental Eegiing Research Institute
(NEERI), Nagpur documents the amount of pollutioat is contributed by different sectors in Delhi.

In relative terms, the quantum of industrial aiflgtion has decreased over the years. However,
vehicular pollution has increased rapidly. The drophare of domestic air pollution is due to the
increased number of LPG connections in Delhi, whiate replaced other forms of fuel.

3. Water pollution. The 48-km stretch of the Yamuna River in Delhiéatily polluted by

domestic and industrial wastewater. The river wapstream of Wazirabad is fit for drinking aftehés
been treated, but after the confluence of the igajafdrain and 18 other major drains, the watelityua
becomes heavily degraded and is unfit even for antmnsumption and irrigation.

4. Domestic Wastewater PollutionThe increase in population has resulted in a cporeging

increase in the volume of domestic wastewaterithgénerated. Sewage treatment capacity is abdut 34
MGD at present against about 470 MGD wastewaterigtgenerated each day in Delhi. The sewage
treatment capacity is not fully utilized due to foaktioning of the trunk sewer system.

5. Industrial Wastewater. The industrial wastewater generated in Delhi isud@® MGD. Although
some industrial units have provided facilitiesrat wastewater, most small-scale industries do

not have such facilities.
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6. Vehicular Pollution. The steep increase in vehicle population has esbirta corresponding
increase in pollutants emitted by vehicles. Patopisumption has increased from 133 thousand tons in
1980-81 to 449 thousand tons in 1996-97 and HSBwoption from 377 thousand tons to 1,234
thousand tons. Two-wheelers, which constitute 66%evehicles registered in Delhi, are the major
source of air pollution.

7. Solid Waste NEERI estimates indicate that about 8000 M. Tormies®lid waste is being

generated each day in Delhi at present. In additimtustrial hazardous and non-hazardous wasth, suc
as fly ash from power plants, is also generatedDNa@d NDMC could mange to clear about 5000-5500
M. Tonnes of garbage each day resulting in accuinunlaf garbage in the city area.

8. Hospital Waste Pollution.With the increase in the number of hospitals anding homes in

Delhi, hospital waste has become another areamafetn. Private nursing homes and small hospitals do
not have arrangements to treat hospital wasteallimgt incinerators to burn hospital waste is not a
ideal solution since these incinerators add t@aliution.



MEASURES TO COMBAT POLLUTION

1. Vehicular Pollution. Delhi has more vehicles than the three metropotittes of Mumbai,

Calcutta and Chennai combined. It is the only npatlican city where commuters are primarily dependen
on a single transport system, i.e., road. Thiddt$o an enormous increase in the number of

vehicles with the associated problems of traffiogestion and increase in air and noise pollutidrere

is an urgent need to strengthen and encouragef psbiic transport including development of MRTS
and better utilization of the existing ring railway

The Delhi Government has started an incentive setterreplace old commercial vehicles. The

supply of lead-free petrol in Delhi since April 2Bas brought down the lead content in the air. The
promotion of CNG as a fuel for buses, cars, tamis auto-rickshaws is being considered as a method o
reducing the level of vehicular pollution. Repla@nof old commercial vehicles, no registration of
army and government disposed old vehicles, etcsuanea also contributed to some extent.

2. Pollution from Thermal Power Plants.Thermal power plants contribute to 13% of air ptidia.

The main pollutants are stack emissions; fly astegion and fugitive emission in coal handling.

All three thermal power plants need better uséeif ttmission control devices and the fly ash they
generate. There is an immediate need to use beretitvashed coal, which has a maximum ash content
of 30%, which will reduce fly ash generation by ab®5%. It has also been recommended to the
Thermal Power Stations to examine the possibilitynstalling Bag House Filters in order to control
emission of particles between the size of PPM@PBRM-10.

3. Industrial Air Pollution. The air pollution generated from industrial actnit Delhi is about

12% of total air pollution. Although several stdms/e been taken, industrial pollution needs to be
reduced further. More than 1,300 industrial urifiat were not allowed to operate under the MPD-2001
norms, have been closed. A scheme has been praparddcate industrial units that currently operat

in residential areas. About 1,300 acres of lancehBeen acquired and new industrial estates arg bein
developed at Bawana, Holumbi Kalan and Holumbi Khiuiand available within existing industrial
estates is also being used to accommodate sucstii@dwinits. Anand Parbat, Shahdara and Samaipur
Badli area are being developed as industrial afdagdustries in Delhi using Coal Fired Boilerave
been asked to change over to Oil or Gas Fired Baiteorder to reduce air pollution generated from
industrial activities. This will also reduce the/Ash generated by the approximate 4000-5000 coal
fired boilers in the City. All industries are alseing advised to control pollution from diesel gatieg
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sets. They have been asked to increase the stigi teea level of 2-3 meters above their building
height and also take acoustic measures to redeagoibe level from diesel generating sets.

4. Industrial Wastewater Pollution. There are 28 industrial areas in Delhi. Most ofghell

and tiny industries do not have individual facd#ito treat liquid waste. The Hon'ble Supreme Coast
ordered that 15 Common Effluent Treatment PlanEsT{€s) be constructed. All water-polluting industrie
in Delhi have been directed to comply with orderthe Hon'ble Supreme Court and ensure that

they do not discharge untreated effluent. Actios een taken against 2,300 industrial units in Dedh
far (January, 2000) and is continuing to covesatih water polluting units. Each unit has beendske
install an Effluent Treatment Plant to ensure rediziation of acidity, removal of oil and grease and
removal of total suspended solids to the levelsifipd for each industry by the Central Pollution
Control Board or up to sewage standards whereamifgpstandards have not been laid down.

The breakdown of funding for the CETPs is giverobel

(a) 25% by the Delhi Government

(b) 25% by the Government of India

(c) 20% by concerned industries through the CETPespcand

(d) 30% loan financed by IDBI.

The cost of constructing 15 CETPs which was eséthat Rs. 90 crore in 1996-97 is now

estimated at about Rs. 190 crore. Progress hassh®emlue to reluctance on the part of industriatau

to contribute their share.

5. Domestic Wastewater PollutionThe present water supply capacity in Delhi is agipnately

591 MGD and the sewage treatment capacity is 34DMB new sewage treatment plants are

at various stages of commissioning and construc@drhe 16 plants, 5 were completed by March
1999, 8 will be completed in 1999-2000 and oneG@@01. However, since unauthorized colonies and
JJ clusters may not be provided with sewerage mgst@astewater from these areas will continue to be
discharged through drains. Accordingly, a paralkeinnel from Wazirabad to Okhla has been proposed.



Water and Power Consultancies Services (WAPCOS)a@ng the feasibility study for the proposed
channel.

6. Industrial Non-hazardous Waste ManagemenfThe main industrial non-hazardous waste

is fly ash from power plants that emit about 6,8@€tric tons of fly ash per day. Until recently, the
ash was disposed off for earth filling apart frobpoat 100 metric tons per day that was used to
manufacture

pozzolana cement. A small quantity of fly ash ri#8PS is also used to manufacture bricks. Land

is now being allotted to three brick manufacturnimgts near Rajghat and Indraprastha thermal power
stations so that additional fly ash from these tslaan be utilized. At the same time, the use of
beneficiated/

washed coal may reduce the amount of fly ash gestely thermal power plants.

7. Hazardous Waste ManagemeniThe National Productivity Council, New Delhi hasxdocted

an Environment Impact Assessment study to selsité dor the disposal of hazardous waste. A

150 acre site on the Bawana-Narela Road was selbuatdt has not been made available due to oppnsit
from local residents.

8. Solid Waste ManagementThe management of solid waste in Delhi is beingrowed through
measures adopted by concerned agencies. The meastiugle the following:

(1) Construction of dalaos/dustbins;

(2) Purchase of additional front-end loaders, reftdlectors, mechanical sweepers, tipper trucks,
dumper placers, etc.;
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(3) Use of garbage to make compost with the pagttn of the private sector;

(4) Development of new sanitary land-fill sites;

(5) Disposal of garbage at the local area levaubh vermin composting.

(6) Involvement of NGOs and Resident Welfare Assiian in segregation and collection of

garbage from houses.

9. Hospital Waste DisposalThe Delhi Government has constituted a committémfbement

the Bio-Medical Waste (management and handlingg&ul998. Almost all government hospitals have
installed incinerators for the disposal of hospitakte. Sanjay Gandhi Memorial (SGM) Hospital has
also installed an autoclave that is used for 97%safiaste disposal. The Centre for Occupationdl an
Environmental Health (COEH) is helping the comnaitteonitor the progress of the programme and
ensure that the Bio-Medical Waste Rules 1998 apgeimented by all hospitals in Delhi.

10. Other MeasuresSeveral other measures are being taken to corgliokipn and improve

the environment. These include:

(1) Planting of 21 lakh trees/shrubs in 1999-2000;

(2) Public awareness campaigns;

(3) Setting up eco-clubs in schools;

(4) Development and protection of the Ridge area;

(5) Development of a wildlife sanctuary at Bhatiedes

(6) Development of old lakes;

(7) 10 City Forest Sites have been identified leyFbrest Department. These will be developed

by the Forest Department as ‘Green Lungs’ for exiareas.

The Delhi Plastic (Manufacture, Sale and Usage)NmiiBiodegradable Garbage (Control)

Bill, 1999 has been moved in the Legislative Assigridr banning the use of plastic bags for food
items. This has been referred to a Select Comnufté®e House in the December 1999 Session of the
Legislative Assembly.

METHOD FOR POLLUTION CONTROL

The following methods for developing the power gatiag capacity without pollution to the
atmosphere.

1. F.P. Rogers has suggested that it would be wagat the nuclear power plants underground.
This definitely preserves the environment. Theraldidoe lot of difficulties in excavation,
concreting, roof lining, structural supporting, kefng the reactor equipments and many others.
But even then it is suggested that locating thegugyant underground would be profitable

in the long run.

2. The tidal power must be developed in the coiyegrs that is free from pollution.

3. The thermal discharges to the environment amengan from fossil and nuclear-fueled power



stations. Significant quantities of particulates gases from fossil-fueled system, small quantities
of radioactive gases from nuclear, have an impastwan environment. Offshore sitting

of power plants mitigates these problems of pautiOffshore sitting of power stations

also isolates the plants from earthquakes and gesuthe thermal enhancement of the water
to increase recreational and commercial valuesddbt, offshore location requires new
design consideration and floating platforms ingka increasing the capital cost of the plant.
4. It was proposed that the thermal pollution e&f #tmosphere and the generation cost of the
plant could be reduced by using the low-grade gnexgausted by the steam. The ideal use
for enormous quantity of residual energy from steawer plants requires large demand

with unity power factor.

Particularly in U.S.A., many uses of energy arelakie in winter, but not in summer therefore
finding large-scale valuable uses of thermal ené&rdlye key for developing beneficial uses.

It is estimated that the total energy used in U.$0Aair-conditioning is equivalent to the

total energy used for heating the offices and ssids. The low-grade energy exhaust by the
thermal plants is not readily usable for air-coiogiing purposes. It is possible to use this
energy by stopping the expansion of steam at adetyre of 95°C to 100°C and use of this
energy can be made to drive an absorption refriigeraystem such as lithium bromide water
system. This will be a definite positive answerdduce the thermal pollution of environment
otherwise caused by burning extra fuel to run theoegption refrigeration system in summer
or to run the heating systems in winter.

As for open field irrigation, soil heating with warwater and better cultivation of the fishes

in slightly warm water. In short, a combinationuses could consume all heat from a large
thermal power station, making conventional coolingecessary and reduce the generating
cost with minimum thermal pollution of the atmosphe

5. Use the sun energy for the production of poWat iis absolutely free from air-pollution.

CONTROL OF MARINE POLLUTION

Demographic pressure and rapid industrialisatianléa to increased generation of wastes, and,
these wastes reach the sea either directly oreicitlrthrough rivers. This has caused pollutiothie
marine environment particularly in the coastal wat8esides these sources, release of agricultural
wastes containing pesticide residues and operatieleases of ships and tankers containing oit als
cause pollution in the marine environment.

In order to monitor the levels of marine pollutaints systematic manner as well as to quantify

their transport rates from land-based sourcesaaéa, a well-knit multi institutional programme on
Environmental Monitoring and Modelling has beemiehed by establishing an Apex Centre at Regional
Centre, National Institute of Oceanography, Boméiag ten units at expert institutions such as

NIO, Goa and its regional centres at Cochin and&alCentral Salt and Marine Chemicals Research
Institute (Bhavnagar), Centre for Earth Sciencali®gi(Trivandrum), units of Central Electrochemical
Research Institute at Tuticorin and Madras, RediBeaearch Laboratory (Bhubaneswar), Zonal Office,
Central Pollution Control Board (Calcutta) and B@D Centre in the Andaman and Nicobar

Islands. As a supportive measure for the developtimiesuitable methodology on monitoring and
modelling, DOD supported cells at Centre for Mathgoal Modelling and Computer Simulation
(Bangalore), Regional Research Laboratory (Trivamgrand National Environmental Engineering
Research

Institute (Nagpur), have also been established.prbgramme, after considerable amount of
generation of data, is expected to provide knowdanly behaviour of pollutants in the sea and tremds
fluctuation of pollutants in the sea, which will bseful in the pollution abatement measures.
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