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Fig. 2-31. Simplified dlagram of the liquid-metal fasl-breeder reactor (LMFBR).

when residential, industrial, and commercial systems
are supplied by the utilities compariies.

Industrial use of elecirical power accounts for over
40% of the 1otal kilowatt-hoyr (kWh) consumption
and the industrial use of electrical power is projected
0 increase at a rate similar o is present rate in the
near future. The shortage of natural gas should not
significantly affect electrical POWer consumption by in-
dustry. Most of the conversions of gas systems will be
1o the usage of gil s§ystems in their place.

The major increases in residential power demand
have been due to an increased uge by customers. A
smaller increase was accounted for by an Increase in
the number of Customers. Such variables as the type of
heating used, the yee Or nonuse of ajr conditioning, and
the use of m;ajnr appliances (freezers, dryers, ranges),
affect th'c resfdenﬁa! electrical power demand. At pres-
enl, residential use of electrical power dccounts for

_ + The prediction of
‘electrical power dfmnnd by these facilities i S0me-
what similar to the residential demang, Commercial yse

Electrical Load-Demand Control

As the costs of producing power continue to rise,
POWEr companies must search for ways to limit the
maximum rate of €nergy consumption. To cut down
On power usage, industries have begun to initiate pro-
grams which will cut down on the load during peak
Operating periods. The use of certain machines may be
timited while other large power-consuming machines
4re operating. In larger industrial plants and at power-
production plants, it would be impossible to manually
control the complex regional switching systems, so com-
Pulers are being used to control loads.

To prepare the computers for power-consumplion
control, the peak demand patterns of local industries
and the surrounding region supplied by a specific power
station must be determined. The load of an industrial
Plant may then be balanced dccording 1o area demands
with the power station Output. The computer may be
programmed 1o act as a switch, allowing only those
Processes to operate which are within the load calcu-
lated for the plant for a specific time period. If the
load drawn by an industry exceeds the limit, the coni-
Puter may deactivate part of the system. When demand
15 decreased in one ared, the computer can cause the
POWEr system to increage POWEr output to another part
of the system, Thus, the industrial load is constantly

monitored by the POWer company 1o insure a sufficient
Supply of power at a] times,

Modern Power Sysiems

PROBLEMS

The average load for a power plany during 3 12-bowr pericd
is S00 megawalls. The peak load faor the 2me fime period is
620 megawalls. The output capacity of the power plant
is 780 megawatls. Calculate

a. The load factor of the plant

b. Capacity factor.

Z. Calculate the load facior 2nd capacity factor of a power plant

which has the followimg output characteristice—an zverags
ioad (24 hours) of 210 megawams, a peak load of 290
mcgawalls, and a plast capacity of 300 megawatis,
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PROBLEMS

- & . ‘d
. A 20-uF capacitor and a 1000-0hm resistor :mI conmecte
# = - ; Y A = - le-
m senes with a 120-valt 60-Hz ac =wurce, Calculate

f. Tr]_‘p,c power

g Appareat power
h. Reactive power
1. Power factor

-
AT TN

Draw an ‘impedance triangle, a voltsge trinngle, and a
power tnangle for the circuit and label each valpe.

A circuit converts 12,000 watts of power. The upp.ltre;.i
voltage is 240 volts and the current is 72 amperes. Cal-
culate:

& Apparent power
b. Power factor
¢. Phase angle of the circuit

Draw & power triangle for the circuit and label each value.

bt

3. A 240-volt single-phase ac molor draws 20 amperes of
currentL. Its power factor is 0.7 at the rated load What. 15
the true power converted? What is the value of reactive
power? Draw @ power trnangle for the circuit: and labe)
each value.

9. A senies dircuit with 20 voits applied has a resistance of
100 ohms, & capacitance of 40 #F, and an inductance of
Q.15 benry. Calculate:

2 X, E B,

b Xy g E

AR h. E-

d. Z i. The phase angle #
[ |

Draw an impedance triangle and a volisge triangle for the
Circuit and lahel each value,

3. Use the same values thar were given for R, C. and L in
Froblem 4. Cognect them in & paralle] circuit that has 10
volts applied 10 it Calcylate:

a. IH C. l[.
b' IF' d.- 11

h. Admittance

¢ 2 .
I. Phase ingle

f. Conductance
g Susceplance
Draw a current triangle and an admiltance triangls o
label each value, "
Lse the series circuit of Problem 4. Calculste -

¢. Reaclor POwer

a. True power
d. Pawer factor

h ,ﬁppdmnl' pqu‘r'
Draw a power triangle and label each value.

fem arallel circuit of Problem S, {-."lll.[_l_]i;]{{-:
[."11. ”'IL': pt

€. Reactive POWer

a. True power
d. Power factor

b. Apparent power

Draw a power triangle and label each valye.

The meters on an industrial motor control pane| show
the following readings:
Voltage = 120 volts
Current = |2 amperes
Power — | kW
Frequency = 60 Hz
Calculate:

a. Apparent power

b. Power factor

c. The amount of capacitance which could be connected o
the power lines to cause 4 power factor of 1.0,

d. Circuit current after the capacitors are added.

A wye-connected three-phase ac gcnerator has a phass
voltage of 277 volts. line currents of 22 amperes per phase
and a power factor of 0.85. Calculate:

a. Line voltage ¢. Total power

b. Power per phase

- A della-connected three-phase ac BENCrator has a line volt.

age of 240 volts, line currents of 12 amperes per phase,
and a power factor of 1.0. Calculate:

2. Phase current ¢. Total power

b. Power per phase

CHAPTER 2

Modern Power Systems

There are well over 80,000.000 customers of elec-
irical utilities companies in the United States today.
I'o meet this demand for electrical power. power com-
panies combine to produce about two million-million
(2,000,000 % 10%) Kilowatt-hours of clectrical power
This vast quantity of electrical POWer is supplied by
about 4000 power plants. Individual Eenerating units
which supply over 1200 megawatts of electrieal power
dre now in operation at some power plants.

w Electrical power can be produced in many ways,
such as from chemical reactions, heat, light, or mechan-
ical energy. The great majority of our electrical power
iIs. produced by power plants located throughout our

“ountry which convert the energy produced by burning
coal, oil, or natural gas, the falling of water. or from
nuclear reactions into electrical energy. Electrical gen-
cralors at these power plants are driven by steam or
Eas turbines or by hydraulic lurbings, in the case of
hydroelectric plantsy This chapter will investigate the
YPes of power systems that produce the greatest ma-
jonity of the electrical POWer used today,

Various other methods, some of which are in the
eXperimental stages, may be used as future POWEr pro-
duction methods. These include solar cells, geothermal
ystems, wind-powered systems, magnetohydrodynamic
(MHD) systems, nuclear-fusion systems, and Fuel cells.
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Fhese aliernative POWEr systems

. will be discussed in
greater detail in Chapter 3.

ELECTRICAL POWER PLANTS

Most electrical power in the
duced at power pPlants that
plants, nuclear-Assion

plants. A 390-megawaut

United States is pPro-
are either fossil-fuel steam
sleam  plants, or

I sle
located at the Baltimore G
shown in Fig, 2-]

hydroelectric
am turbine generator unt
v and Electric Company is
/ Fossil-fuel and nuclear-fission ;ﬂ,-ml\
ines to deliver the mechanical energy
needed to rotate the large three -

phase alternators w hich
produce massjve quantities of electrical poweg Hydro-

clectric plants ordinarily use vertically mounted hy-
draulic turbines, such as the one
These units convert the force
mechanical energy to rot

utilize steam turh

shown in rig. 2-2.
of flowing water into
ate three-phase alternators.

The power plants may be located near
SOUrCes, near cities, or near the large industries where
great amounts of electrical power are consumed. The
generating capacity of power plants in the United States
Is gredter than the combined capacity of the next four

leading countries of the world. Thus, we can see how

dependent we are upon the efficient production of elec-
trical power,

the energy

Supply and Demand

The supply and demand situation lor electrical en-
ergy 18 much different from other products which are
produced by an organization and. then later, sold to
consumers. Electrical energy must be supplied at the
same time that it is demanded by consumers. There
s no simple storage system which may be used to supply
additional electrical energy at peak demand times, This
Situation is quite unique and necessitates the production
of sufficient quantities of electrical energy to meet the
demand of the consumers at any time. Accurate fore-
casting of load requirements at various given times
must be maintained by utilities companies in order that
they may recommend the necessary power plant output
for a particular time of the year, week, or day, »

Plant Load and Capacity Factors

There is a significant variation in the load require-
ment that must be met at different times. Thus, the
power plant generating capacity is subject to a con-
tinual change. For the above reasons, mucI} of the
generating capacity of a power plant may be idle dur-
ing low demand times, This menns th::ll not all the
generators at the plant will be in operation,

There are two mathematical ratios with which power
plants are concerned, These ratios are called load factor
and capacity foctor. They are expressed as;

Load factor = 2¥erage load for  time period
Peak load for a lime period
Capacity factor = - :-}'l_ul:_r_a_gg i“u-{.J—[ﬂru—-—& ﬁm_E________pEl"IUfj
Qutput capacity of a power plant

It would be ideal, in terms

of energy conservation, to
Keep these ratios as

close to unity as possible.

FOSSIL FUEL SYSTEMS

Millions of years ago,
enals were formed
Ihese deposits, which

large deposits of OFganic ma-
under the surface of the carth.
furnish our coal, vil. and natural
Bas, are known as fossil foels Of these, the most abun-
dant fossil fuel is coal and coal-fired electrical power
vystems produce about one-half of the electrical power
used in the United States. Natural-gas-fired systems are
used for about one-fourth of our electrical power,
while oil-fired systems produce around 10% of the
power at the present time. These relative contnbutions
of each system to the tofal electrical power produced in
the United States are subject to change due 1o the addi-
tion of new power generation facilities and fuel avail-
ability. At the present time. aver BO% of our electrical
encrgy is produced by fossil-fuel systems,

A basic fossil-fuel power system is shown in Fig, 2-3,
In this type of system. a fossil fuel (coal, oil, or gas)
is bumed to produce heat energy. The heat from the
combustion process is concentrated within a bailer
where circulating water is converted to steam. The
high-pressure steam is used to rotate a turbine. The
turbine shaft is connected directly to the electrical
generator and provides the necessary mechanical Enery
to rotate the generator. The generator then converts
the mechanical energy into electrical energy. A com-
mercial steam turbine-generator system is shown in
Fig. 2-4. A gas turbine, which is used much less than
the steam turbine, is shown in Fig, 2-5.

Fossil Fuels

Fossil fuels are used to supply heat by means of
their chemical reactions for many different purposes.
Such fuels contain carbon materials that are bumed a:
a result of their reaction with air or oxygen. These
fossil fuels are used as a direct source of heat when
burned in a fumace and are used as a heat source tfl:u
steam production when used in a power-plant boile:
system. The steam that is genamuli. mtl'mql for rotating
the steam turbines in the power plants. :

Fossil fuels vary according to their nl_tu_l:ll' stule
(solid, Tiquid, ar gas), according to their ability to pro
duce heat, and in the type of flame or hﬁﬂlﬂm lhng
produce. Coal und coke are solid fossil tugl&.ﬂitkmi
used extensively for producing heat to support elee
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Fig. 2-5, Cutaway illusiration of a @as turbine.

trical power production. Oil, gasoline, and diesel fue]
which are liquid fossil fuels de '
cessing, are used mostly in
combustion engines. However, oil is used as a heat
source for many power plants. Natural gas is the pri-
mary gaseous fuel used for electrieal POWer production.

=1

Coal-Fired Systems

The use of coal as a fuel o su
€NErgy at a power plant require
stokers or grating units. These units reduce the size
of the lump coal, Most of these units are mechanical
systems which agitate the coal to reduce it into smaller
lumps. The coal used at a Power plant usually is sent
through a stoker or grating unit by conveyor belts. A
large gravity-feed hopper is often used 10 route very
small lumps of coal into a pulverizing unit.

The pulverizer looks very similar
large ball-bearing unit. The coal 5
verizer unit w
coal until it

pply the necessary heat
s the use of specialized

In construction to a
routed into the pul-
here large rotating steel balls crush the
i$ In particles about the same size and con-
sistency as face powder. These fine particles are routed
into the furnace by air pressure caused by forced-draft
fans. The coal is held in Suspension until it is ignited.
It, then, releases a large amount of heat energy. The
suspended powder-fine coal particles allow sustained
combustion to take place in the furnace. The pulverized
coal speeds up the combustion process.

Coal-Fired Plant Operation

Since the majority of electrical power produced today
Is from coal-fired systems, we will discuss the basic op-
eration of this type of system. In a steam plant which
produces electrical power, most of the operations are
used for rotating the steam turbine. Remember, that
in any steam plant, heat must be produced. This heat
Produces steam, which moves the steam turbine, which
produces a rotary motion, and which, finally, produces
electric power. The maximum efficiency of the coal-
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fired plant of today is approximately 40% when using
4 powdered-coa] Spraying process.

Coal requires extensive handling
coal itself must be handled and, theén, the ash and dust
particles must be remaved. The coal is moved at the
Power plant to overhead hoppers by means of conveyor
Delts. These hoppers can be as large as eight stories
high. The coal usually is fed into pulvenizing mills by
gravity. It is ground to a consistency similar to fage
powder using the method discussed previously. The
powdered coal is then dried using plant exhaust gases
and is then blown into a furnace. The coal is ordinarily
blown through a tangential or “T™ bumer into the
furnace. These burmers are placed in the four corners
of a square furnace to create the needed turbulence
for complete combustion.

Another method of firing the fumace is the fuidized
bed. An advantage of the fluidized bed is that it pro-
duces less pollution and can burn a lower quality coal.
In 2 fluidized bed, coal is crushed to form “-inch to
“i-inch diameter particles. When air is blown through a
tayer of this coal, the particles will float on a cushion
of air. The pressure has to be adjusted very accurately
50 that the particles are fluidized without being blown
away from the bed. The fuidized bed is the basis of
a direct-combustion process. If the bed is hot enough,
the flow of air through the bed leads to almost toral
combustion, and can provide a greater efficiency with
less ash and dust. |

Power plant boilers, such as the one shown in Fig.
2-6, incorporate several special units to improve their
thermal efficiency and economy of operation. An econ-
omizer is placed at the exhaust exit to preheat the water
coming into the boiler. The economizer also preheats
the air blowing into the furnace. A superheater is a
bank of tubes located at the hottest spot of the furnace.
These tubes take the sicam after it leaves thehbﬂﬂ
and before it enters the rurbine. The purpose of the
superheater is to raise the temperature of the steam.

equipment. The
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| t of water per
Increased superheat decreases the. percen sy
unit volume in the steam, which increases turbine life
the system. The

A desuperheater is the next part of
desuperheater brings the steam down 10 2 _tcmperatwu;ﬂ
<o it can be condensed. The feedwater in & PO

plant is used over and over with water added only to
account for losses, The feedwater must be very purc
to ensure long life of the boiler tubes. _

After steam has been produced, a rotary motion must
be developed. This rotary motion is produced by 3
steam turbine. A steam turbine, shown in Fig. 2-4, 1S
made up of as many as 1500 blades. The rotor 1S Us~
ually divided into two parts—the high-pressure rotor
and the low-pressure rotor. The low-pressure rotor Is
larger in diameter than the high-pressure rotor. Steam
is channeled to the high-pressure rotor and it is then
routed to the low-pressure rotor.

Steam turbines ordinarily achieve a maximum effic-
iency of between 20% to 28%, but only when run at
verv high speeds. Some turbines can produce as much
as 160,000 horsepower. A speed of 3600 rpm is needed
to develop & 60-Hz electrical power output. Large
three-phase ac generators are connected to dc exciters.
Generators are often cooled with hydrogen because
hydrogen has less than % the density of water. There-
fore, much less energy is required to recirculate the
hydrogen for cooling purposes.

The process just described summarizes the operation
of a steam power plant. There are several variations to
the basic process; however, most plants use similar

Powe; p

gy

Iy

methods. The individual parts of a steqy,.
Ollgy
b

system will be discussed in more detai] in e’}
sections.

STEAM TURBINES

42 Steam turbine systems are used to prodyce
of the electrical power used in the Uniteq Stat 80g,
force of steam produces a rotary motion ( me;" Th
energy) in a steam turbine. This mechanicg| Enuﬂmtﬂ
converted to electrical energy by using ”‘rﬂf‘Phasz i
erators connected by a common shaft. Bogp ff’ssilgeﬁ'
systems and nuclear-ﬁs;imn systems utilize Hf:am-fmi

bines as prime nmovers (rotary motion Producery) t

A reaction turbine, such as the one shoyp in. E

2-4. channels high-velocity steam through , sl £
blades mounted on a rotary shaft. The reactiop Iurhjﬂl
usually has more than one set of blades, with each S
having a different diameter. As the steam pas.:
through the first section of blades, its pressure jg
duced and its volume is increased. Due to the incre;ﬁu;
volume, the additional sections of blades myst be of
larger diameters and with longer sets of blades These
combined sections of blades direct the hjgh'\'ﬂlﬂdly
steam in such a way that a maximum rotationg! foree
is produced by the turbine.

The design of a steam turbine is very critical for the
efficient production of electrical power. Several char.
actenistics of steam turbines cause design problems
Steam turbines must be operated at high rotationl
speeds, so the blades must be designed to withstand a
tremendous amount of centrifugal force. The rotor and
blade assemblies for steam turbines are usually ms-
chined from a forged piece of chromium and steel alloy.
This assembly must be very precisely balanced before
the machine is put into operation. The leakage of steam
from the enclosed rotor and blade assembly must be
prevented. Solid seals cannot be used along the rotor
sh.ai.:t §0 so-called “steam-seals” are used to provide 3
minimum clearance between the seals and the shaft
Thﬂ bearings of a steam turbine must be carefully de
signed to withstand both axial and end pressures of
high magnitudes.

Steam turbines used in electrical power production
must be rotated at a constant speed. If turbine speed
ﬂ_‘&ﬂgﬂs. the frequency of the generator output voltag
will be changed from the standard 60-Hz value

OVer

ur.

Therefore, a system of governors is used in a stedl

turbine to regulate its speed. The governor system ad:

Justs the turbine speed by compensating for changes It

generator power demand. As more load is placed O
the generator (increased consumption of electr
power), the generator offers an increased resistance (0

rotation. Thus, power input to the turbine must be i

)
f
I.
1
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creased accordingly. The
bine automatically adjusts
bine biades to compensate
in the load demand
it drives.

governor system of the fur-
the steam input 1o the tur-
for increases and decreases
placed upon the generator which

BOILERS

Boilers (as shown in Figs. 2-7 and 2-8) are an im-
portant part of sieam power production systems. The
l'un;lmp of a boiler is to provide an enclosure in which
pressurized water can be heated to a high temperature
to pruduce_stcam. The heat from burning fossil or nu-
ci-.::_ur fuels is transferred to an area through which pres-
surized water flows and the water is converted to steam
through this procedure.

The transfer of heat within a boiler utilizes the three
methods of heat transfer—radiation, convection, and
conduction. The radiation method involves the move-
ment of heat energy from a warm area to a cool area,
and is dependent upon temperature difference and the
ability of materials to absorb heat. The conduction
method requires contact between the heat source and
the heated area and relies upon the heat conductivity of
the heated material. Convection is the movement of
heat from a hot area to a cooler area by means of an
intermediate substance, such as a gas. Each of these
three methods of heat transfer occur in an operating
boiler. However, they occur in varying amounts de-
pendent upon boiler design.

A boiler which functions properly is a very critical
part of the power production system as the boiler op-
eration determines the guantity of steam available to
produce the rotary motion of the turbine. When more
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Fig. 2-8. Once-through universal boiler used at Dayton Power
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power input for the generating process is required due
to an increased load on the system, the boiler must
deliver more steam to the turbine. Boilers must be able
to provide etfective water circulation, efficient fuel com-
bustion, and maximum heat transfer to the circulating
water. The boilers used in most sieam power plants
today are called water-tube boilers. Their design con-
sists of banks of tubes, separated by heat insulation,
through which water is circulated under high tempera-
ture and high pressure. Boiler design is very imporiant
for an efficient steam power-plant opeération.

Boller Auxiliary Systems

There are several auxiliary systems used in a steam
power plant to increase the operation and efficiency of
the boilers. Some of these systems were mentioned
briefly in previous sections. One auxiliary system is
called an economizer. Economizers utilize the hot ex-
haust gases from the fuel reactions within a boiler to
preheat the cold feedwater which is pumped into the
boiler. Thus, the economizer uses the waste gases,
which would otherwise be emitted through the exhaust
stack. for an important purpose. This improves the ef-
ficiency of the power plant. = W

In ?;ddjtinn to the economizer, fendwatﬂhaﬂtﬂ;
and preheaters are used to increase the water tempera-
{ure before its entry into the boiler. 'Ih‘@e mh&ﬁ
the pumped feedwater by means of steam Which is &ir-
culated through the unit. In some plants, systems CAHEE
superheaters are used. These units mﬁiﬂﬁl WIS
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Condensers and Puriliers
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he relied W as the jlli:Tlt: elecirical POWEr source i
the future, Power production systems must be designed
which will produce electrical energy in the most eco-
nomical and environmentally attractive way,

Coal-Fired System Simulator

A coaldired electricnl power system simulator is
shown in Fig. 29, Note how the various subsystems
of the eonl-hred power plant are interconnected within
the overall system, There are basically five subsystems
tor this type of power plant, These subsystems are the
leedwnter system, the Tuel and air system, the conl-pul-
verizing system, the boller-water system, and the steam
and turbine system. BEuch of these five subsystems is
shown in the diagrams of Figs. 2-10 through 2-14,

Oll-Fired Systam Simulalor

An oil-fired electrical power aystem simulator s
shown in Fig. 215, This system is very similar o the
conl-fired system, The subsystems are identical to those

used in the coal-fired system except, of coume, there
15 no coal-pulverizing system.

HYDROELECTRIC SYSTEMS

The use of water power goes back to ancient umes,
It hins been developed o a very high degree, but is now
taking a secondary role due to the emphasia on other
power sources that are being developed in our eountry
today. Electrical power production systems using water
powet were develuped for use in the early 20th Century.

The energy of lowing waler may be used 1o generale
electrical power. This method of power production is
used in hydroelectric power systems as shown by the
imple system illustrated in the dlagram of Fig. 2-16.
Water, which is confined in a lirge reservoir, is chan-
neled through # control gate which adjusts the flow
cate. The flowing water passes through the blades and
control vanes of a hydraulic turbine which produces
rotation. This mechanical energy is used to rolate &




Fig Z-11. The fusl and air subsystem,

g=merator hat & comneried directly to the torbine shaft
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YEVO control systems

Hydraulic Turbines
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FUTURE OF HYDROELECTRIC SYSTEMS

About 10% of the power produced in the United
Sates o produced by hydroelectric power systems.
Alfter the initial cost of & hydroglectric generating fa-
cility, the elecirical power prodiction cost is relatively
inexpensive. Hydroslectric systems are easier to start
up and stop than are other power production syslems
In use today. Other advantages of hydroglectric sys-
tems. are those not associated with the production of
electneal power, These benefits, derived from the con-
struchion of multipurpose dams, include navigational
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now feasible. Future development ol hydroelectnc

power systems may be inevitable .
To motivate our using water to produce electrical

power is the fact that if we used this natoral rc.-qnuqu.'r:
{0 its full potential, it would give us other benehis
These wore discussed earlier. Although the cost 1o
produce electrical power with hydroelectric systems
depends on a number of factors, it is generally consid-
gred 10 be o very eheap source of énergy. The costs are
primarily dependent upon the location of the power
plant. The desicability of the site is dependent upon ats
natura) characteristies, which affect the cost of devel-
opment and its regional charpoteristics, which, in turn,
affect the market for the power.

In the late 19305, water supplied about 40% of the
electrical power in the United States; Now, however,
water power supplies only abont 10% of the nation’s
electrical power. This is due to the massive develop-
ment of ather power production methods, It is esti-
mated that, in the future, water power will secount
for an even lower percentuge of electrical power gen-
cration. Despite this projected decrease, hydroelectric
s}‘-sl.mm are not now bein dr:ul'm:]muL‘Hytlmmﬂm
it ot Wﬂl‘-iﬂmtasing : f’“{)ﬂ rapidly; however,
bhurluges of our other mﬂu ol I‘f”hll‘lm e~ (s

ral resources, wite

. I systems
muy Ul have a useful potential. ) !,

Pumped-Storage Hydroelectric Systems
Over 10,000 Mmegawntly of '
10, elegtric
veloped in the Uniied Sta 5
electiie systoms, This
2:22, operales by pim

power s de-
&8 by pamped-storage hydro-
type of system, shown in Fig.
plug water to g higher elevation

Powg, fr

andl storing it in o u:wr\-ui.; until it ig e
(© 0 lower elevation to drive _llm hydraylic g0
a hydroglectric pOWe=RENEratng plany
The varable nare of the electriey) loag
mokes pumped-StOrage Sysiems desirab)e ty d“'ﬂaﬂ;
During low-load periods, the hydraalie n;h"&

Ve b5 [ulhillh
be used as pumps 1o pump water to g WOrage r s,
il 0 wile Wiy
of a higher elovation rom o Waler source gy ¥

clevalion. The waler in the upper 1';:,“.'.‘_”" C*I‘Lb
A

h‘-'ﬂ r’.
“1"(] :
d 1 pdlq
108w
the po
plant rated i,

any | lhe i‘lllhp.h;
hine and ,“nl,‘-;r-lh;nuiul‘m' Units are ‘C“”"*“lhclc(j &% ”L

they will operate in two ways: (1) os g Pump g
motor, and (2) as a turbine and generator, | tilflt.
case. the two machines are connected by g oMM
<haft and 11[1L‘I'ulc IH!.'EL'”.EL'I'. However. the m"“iﬂ]{‘ "
of these machines, although cconomically very u
iractive method, limits the amount of time 'H“tt
pumped-storage sysiem can generate electrical AL

wored for long periods of time, if NECessary, w
olectrical load demand on ”":. POWer System In
(he water in the upper reservoir can be allowe
(by gravity feed) through the hydraulic trhyis
will then rotate the three-phase generators |y

Thus, electrical power can be gene
apprecinble consumption of fuel,

Future of Pumped-Storage Systems

The future of pumped-storage systems depends i
marily on economic factors. If fuel and capital gy
struction costs continue to rise, pumpml-amrngc SYSLem
might be developed. The conversion of conventiony
hydroelectric systems 1o pumped-storage systems hy
been considered, Also, underground  pumped-storag
systems have been studied, The underground systen
would have an upper reservolr at ground level and the
lower reservoir underground, The operating principh
is the same as in a conventional pumped-storap
system,

NUCLEAR-FISSION SYSTEMS

i Nuclear power plants in’ operation today it
reactory which function due to the nuclear-fission pi
cess, Nuclear fission fs 4 complex reaction which resolfs
in the division of the nuclens of an atom into fwo nuck
Lhis splitting of the atom is brought about by the Lo
bardment of the nueleus with neutrons, gamma Ay
or other charged particles and is referred to as induced
fission. When an atom is split, it releases o great amoun

oF heat { A nuelear-fission power plant simulator #

shown in Fig. 2-23,
{1 recent years, several nuclear-fission power s
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“burn” nuclear material whose atoms are split causing
the release of heat. This reaction is referred 10 as nu-
clear fission. The heat from the fission process is used

to change circulating water into steam. The high-pre
sure steam rotates a turbine which is connected 10 =
electrical gfnr:ramr.fThis Is shown in the diagram
Fig. 2-25. |
\ The nuclear-fission system is very similar to fossl
fuel systems in that heat is used to produce high-pree
sure steam which rotates a turbine. The source of he
in the nuclear-fission system i1s a nuclear reaction while
in the fossil-fuel system, heat is developed by a bumic
fueL]At the present time, less than 10% of the els
trical power produced in the United States comes fron
nuclear-fission sources. However, this percentage &
also subject to rapid change as new power facilities
put into operationd An operational nuclear pPOWEr Sy
tem is shown in Fig. 2-26. A typical power plant si
layout 1s given in Fig. 2-27,

Nuclear Power Fundamentals

In order to better understand the process involved it
producing electrical power by nuclear-fission planis
we should review some basic fundamentals.;An atom &
the smallest particle into which an element can &
broken. The central part of an atom is called its n&
cleus (this is how the term “nuclear power” was 6¢
rived). The nucleus of an atom is composed of proion
which are positively charged particles and neuto®

negatively charged particles, orbit around the nucles

natural state since the number of protons in the nucled*

'S tqual to the number of electrons which orbit around
the nucleus,

The number of protons (+) and electrons (=) &%

g

which have no electrical charge. Electrons, which a% &

An atom of any element is electrically neutral i 1® 5
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Fig. 2-22. A pumped-storage hydroelectric power plant. (Shown Is a diagrammatic section of the Taum Sauk project)

tained by an atom varies from one atom to another.
(For further information concerning atomic number.
mass, eic,, refer to the table of Elements given in Ap-
pendix B.) The number of neutrons (0) in an atom is
not always the same as the number of protons and
electrons. Atoms which' have additional neutrons are
called isotopes. For instance, a hydrogen atom nor-
mally has one electron, one proton, and no neutrons.
If one neutron is added to this atomic structure, heavy
hydrogen or deuterium is formed. Deuterium is an iso-
tope of hydrogen.

a The element uranium has many different isotopes,
each of which contains 92 protons. If the isotope has
143 neutrons in the nucleus, uranium-235 s formed.

Uranium-235 has proved to be a valuable nuclear fuel,

but less than 19 of the uranium metal ore mined is
of the uranium-235 type.

The fission or splitting reaction of uranium-235 or
other nuclear fuels is an interesting process. It requires
separate controlled neutrons, traveling at high veloci-
ties, to penetrate the orbiting electrons around the
nucleus of the U-235 isotope. Once a high-velocity
neutron has struck the nucleus, the nuclens will split
into two smaller nuclei. This reaction causes a large
quantity of heat 1o be released. When a nucleus splits,
other neutrons from within it are released. These neu-
trons can cause additional fission reactions in other
U-235 isotopes. Thus, the fission reaction occurs as a
chain reaction which causes massive amounts of heat
energy to be given off.
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Fig. 2-23. Nuclear power piant simulator.
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Nuclear Fuels

A suslained nuclear-fisg
upon the use of g proper
sirable fuels for nuclear-
233, uranium-235, ang
nuclear materials are the
ble of pmdut:ing_ sustained rea
fuels, the ortly
235. Th

ion reaction js dependent
type of fuel. The most de-
fission reactions are uranium-
plutonium-239, These three

Pes are produced by artificial

nuclear reactors which use uranium-
called converter reaciors

slle layout of a nuclear power plant

development of nuclear power production may be ¢
pendent upon whether or not breeder reactors can b

m}:laf;le available soon, Since the types of nuclear reaou
which are presently being used consume uranium-2it

"_i5 thought that in the future the supply of this i
will Pfﬁ?mﬂ low, forcing its price to rise substantiall
A price increase in this naturally available nuclear fd
Would make nuclear power production less econome
ally competitive with other systems,

Urani . .
ramum fuel for nuclear-fission reactors is produge
from ore and

Si :
red state through a series of processes, Most nud
fuel elements

S are made into a series of plates or
ED are protected by g cladding of stainless st
Zrconium, or

g aluminum, The cladding must be f&PH‘.
of wuhhﬂlding the nucle )

release of radioactive m
: Used fuel is released
it no longer produces

e |

aterials, W

from the fission reactors “’WL
heat effectively during thc-ﬂ.'ﬁ

is then purified and converted to the &

ar fuel so as not to allow® #
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clear reaction. It is noy depleted at this time

further processing can bring about the recoven

¥ of more
fuel from the used fuel, The used fuel, whicl is rﬂ“_,:“p:;

_ 5 usuially stored underwater
for a Pur;ml of lime to permi cooling and radioactive
shielding. This type of storage reduces th
of the fuel. After the hh':ruE_c pernod has elapsed, the
fuel may be reprocessed more safely and easily | Ihe
reprocessing of nuclear fuel is very expensive. A
factor contributing 1o this cost is the expense of con-
structing a reprocessing facility. These facilities must
be extensively shielded for radiation protection, both
internally and externally. The production and use of
nuclear fuels in the United States is ngdly controlled.
An agency of the federal government Keeps a contin-

uous account of all nuclear fuels produced
reprocessed.

therefore.

from a nuclear reacior,

€ radivactivily

o lar ge

used, or

Nuclear Reactlors

There are a variety of types of nuclear reactors. The

major type used in the United States has been the water-
moderated reactor.

The fundamental difference between a nuclear POWEr
plant and a conventional power plant is the fuel that
is employed. Most conventional power plants burn coal.
oil, or gas to create heat while the present nuclear
plants “burn™ uranium. Buming uranium has proved
to be a very effective source of power production; how-
ever, there iIs much controversy over this source of
power,

It is estimated that burning one ounce of uranium
has roughly the same energy output as the burning of
100 tons of coal. The “burning” which takes place in
a nuclear reactor is referred to as nuclear fission, Nu-
clear fission is the method used in nuclear power gen-
eration and 1t is quite different from ordinary com-
bustion. The burning of coal results from the carbon
combining with oxygen (o form carbon dioxide, along
with the release of heat. The fissioning or splitting of
the uranium atom results in the uranium combining
with a neutron and, subsequently, splitting into lighter
elements. This process produces a massive quantity of
heat.

The reactors used at nuclear power plants must be
capable of controlling fission reactions. When nuclear
fuels are bombarded by neutrons, they split and release
energy, radiation, and other neutrons. This process 15
a sustained chain reaction, producing a great amount

of heat energy, which is used for the production of
steam, which is used to rotate a steam turbine-gengralor
system. The nuclear-fission power-generating system is
about the same as a conventional fossil-fuel steam plant,
except a nuclear reactor is used to produce the heat
energy rather than a burning fuel confined in a furnace.

41

Within the nuclear reactor, there

15 3 mixture of fusl
and a moderator material. Th

| £re are three known no-
Jear.fReci Biiste . -
clear-fission ruels—uranium-235, uranium-233, and

plutomium-239. Moderatars are used to slow the speed
of fission neutrons. Since (he neutrons mvolved in the
f:hh:HT-_ reaction have high energy levels, they are called
tast neutrons. They are slowed by collisions with mod-
cralor matenals such as water, deuterium onide, bervl-
lium, and other lightweight materials, Newtrons which
have been slowed down possess an energy equilibrium
and are referred 1o as thermal peutrons. These thermal
neutrons aid additional fission reactions. Thus, moder-

alors play a significant role in sustaining nuclear-fission
reactions.

Nuclear reactors differ in several ways. Differences

include the type of fuel and moderator, the thermal
Oulput capacity, and the type of coolant. Several classi-
fications of nuclear reactors. according 10 types of
Coolant, are discussed in the following sections.

Moderating Nuclear Reactors

A uranium atom undergoes fission when it absorhs
4 neutron and, at the same time, produces two lighter
elements and emits two or three neutrons. These neu-
trons, in turn, react with other uranium atoms, which
will undergo fission and produce more neutrons. Heat
is increased in the reactor as the number of newtrons
ts mcreased. If a reactor is left uncontrolled, it may
destroy itself. Moderating a reactor, therefore, means
controlling the multiplication of neutrons in the reactor
core. There are several methods used for moderating
nuclear reactors.

Boiling-Water Reactor (BWR)—Water is a popular
coolant for reactors. In this type of reactor, shown in
Fig. 2-28, water is pumped into the reactor enclosure.
The water is then converted into steam which is de-
livered to a steam turbine, The water also serves as
the moderator material of the reactor.

Pressurized-Water Reactor (PWR)—The pressur-
ized-water reactor, shown in Fig. 2-29, is similar 1o a
boiling-water reactor except that the coolant water is
pumped through the reactor under high pressure. Steam
is produced in an adjacent area from a separate stream
of water which is pumped through the steam-production
system. Just as in the BWR, the water within the reactor
serves as the moderator, _

High-Temperature Gas-Covled Reactor (HTGR)—
The high-temperature gas-cooled reactor, shown in Fig.
2-30, uses pressurized helium gas to transfer heat from
the reactor to a steam-production system. The advan-
tage of helium gas over water is that the helium can
operate at much higher temperatures. oy

Other Types—Other types of reactars, such as ﬂlﬂ-
liquid-metal fast-breeder reactor (LMFBR) and the




have some potential in elec-

ten-salt cooled reactor, i
:r[:::lﬂ?pwer production systems, The LMFBR type i1s

shown in Fig. 2-31.

OPERATIONAL ASPECTS OF MODERN
POWER SYSTEMS

There are several operational aspects of modem elec-
trical power production svstems which must b? con-
sidered. These considerations include the location of
power plants, electrical Joad requirements, .and elv.:c-
trical load demand control. Each of these will be dis-

cussed in the fallowing sections,

Location of Electrical Power Plants

A critical issue which now faces those involved in
the production of electrical power is the location of
power plants. New federal regulations associated with
the National Environmental Policy Act (NEPA) have
made the location of power plants more difficult. At
present, there is a vast number of individual power
plants throughout the country. However, the addition
of new generating plants involves such current issues
as air pollution, water pollution, materials handling
(particularly with nuclear plants), fuel availability and
federal, state, and municipal regulations.

These issues have brought about some recent thought
about the construction of “energy centers.” Such 5Ys-
tems would be larger and more standardized than the
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Flg. 2-29, Simplified diagram of a pressurized-waler reaclor (PWR).

mand will increase at a lesser rate in future years. The
forecasting of the present demand by the electrical util-
1ies companies must be based on an analysis by regions.
The demand varies according to the type of consumer
that is supplied by the power stations (which compnse
the system). A different type of load is encountered

“leveling-off" period in the near future. This effect
may be due to a saturation of the possible uses of elec-
trical power for home appliances, industrial processes,
and commercial use. These factors, combined with
greater conservation efforts, and social and economic
factors, support the idea that the electrical power de-
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