Pressurized
water

Reactor



The core of a typical pressurized water reactor (PWR)
contains about 100 tons of nuclear fuel.

The fuel consists of uranium dioxide pellets loaded in
metal fuel rods placed in a square array called a fuel
assembly. PWRs like Salem, South Texas Project, and
Vogtle have 193 fuel assemblies in their cores.

PWRs operate for 18 to 24 months between refueling
outages. During refueling, roughly one-third of the fuel
assemblies are removed from the core to the spent fuel
pool and replaced with fresh fuel assemblies.
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The core is housed within the reactor pressure vessel
(RPV). The RPV is forged of steel that is approximately
seven inches thick. Steel plates are welded together to
form a hollow cylinder. A domed lower head is welded
to the bottom side of the cylinder. A domed upper head
Is bolted to a flange on the top side of the cylinder.

During refueling, the upper head is unbolted and
removed to provide access to the core and RPV
internals.
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Control rods govern the power level of the core. Control
rods contain material like boron that absorb the
neutrons emitted by splitting atoms. Control rods slip
between fuel rods within a fuel assembly when inserted
in the core.

Control rods are connected by long, thin metal poles to
drive mechanisms above the RPV’s upper head. The
control rod drive mechanisms are used to withdraw
control rods from the core into the space within the RPV
above the core.
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JRE Boron is also dissolved
i into the water filling the
inserted into the core o~ RPV. The concentration
within a handful of of boron in the water is
seconds to interrupt the adjusted to provide fine
nuclear chain reaction tuning of the core’s

and shut down the core. power level.

During a reactor trip,
control rods are fully




Two to four loops connect to the RPV. Each loop consists
of a steam generator, reactor coolant pump, and piping.
The piping between the RPV and the steam generator is
called the ““hot leg.” The piping from the steam
generator to the reactor coolant pump and back to the
RPV is called the “cold leg.”

Water flowing up through the core is heated by the
energy produced by splitting atoms. Because of high
pressure, the water does not boil even though it is
heated to 550 to 600°F.
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The hot water gives
up some of this heat
In the steam
generator. The
water temperature
in the “cold leg” is
only about 10°F
lower than the “hot
leg” temperature.



Only one of the loops is equipped with a pressurizer.
The pressurizer is a metal cylinder partially filled with
water connected to the “hot leg.” The lower region of the
pressurizer contains electric rings that are turned on to
Increase the temperature and pressure of the water
flowing through the loops.

A piping run from
the “cold leg” can
be used to spray
cooler Wate_r into R
the pressurizer to el
decrease the
temperature and
pressure of the
water flowing
through the loops.

In addition, the
pressurizer
accommodates
expansion and
shrinkage of water
as It heats up and
cools down during

plant operation.
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The pressurizer is protected against bursting caused by
over-pressurization. If the pressure rises too high, a
relief valve automatically opens to vent fluid from the
pressurizer to the pressurizer relief tank. Once the
pressure drops sufficiently, the relief valve
automatically closes.
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To prevent air
bubbles from
collecting beneath
the domed RPV upper
head during
operation, piping
runs from the head to
the “cold leg.” RELIEF TANK

PRESSURIZER

RELIEF VALVE
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The RPV, attached
loops, and
pressurizer are
called the primary
system.

The primary system
Is totally enclosed
within the reactor
containment
building. The
containment
building is made of
reinforced concrete
walls five to six feet
thick at the base and
114~ to 3 feet thick at
the top.

REACTOR CONTAINMENT BUILDING
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PRESSURIZER
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Considerable energy
would be released if a
primary system pipe
were to break. The
thickness of the
containment walls are
dictated by the need to
remain intact given the
force exerted on the
walls by the energy
released during an
accident.



The condensate and
main feedwater
system is connected REACTOR CONTAINMENT BUILDING
to the primary
system loops at the
steam generators.
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NS M AIN FEEDWATER SYSTEM

RELIEF VALVE

The main feedwater
pumps transfer
water from the
condenser hotwell to
the steam
generators.

STEAM
GENERATOR

PRESSURIZER

RELIEF TANK /

PRESSURIZER CONDENSER

The main feedwater
pumps boost or
back off their flow
rates to maintain
constant water
levels in the steam REACTOR COOLANT PUMP
generators.
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The main steam
system transports
steam from the
steam generators to
the turbine.

REACTOR CONTAINMENT BUILDING — MAIN STEAM SYSTEM
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SN M AIN FEEDWATER SYSTEM

The amount of
steam produced is
proportional to the
core’s power level.
As core power level
Increases, more
steam is produced.
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PRESSURIZER

The steam spins the
turbine. The turbine
spins at a constant
rate of 1,800 or 3,600
revolutions per AEACTOR COOLANT PUMP
minute.



REACTOR CONTAINMENT BUILDING S— MAIN STEAM SYSTEM
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The main steam
system piping is
protected from over-
pressurizaion. If the
pressure rises too

high, relief valves IR -
automatically open

to vent the steam to
the atmosphere.
When the pressure
drops low enough,
the relief valves
automatically re-
close.
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REACTOR CONTAINMENT BUILDING s— MAIN STEAM SYSTEM
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NN M AIN FEEDWATER SYSTEM

The turbine is
connected to an
electrical generator,
the whole reason for

the nuclear power j‘j o
p I a.nt . . ELECTRICAL POWER TO

TRANSMISSION SYSTEM

RELIEF VALVE

sl
The electricity from
the main generator
Is routed through
transformers to
Increase its voltage
to that of the
transmission grid.
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The main feedwater

- REACTOR CONTAINMENT BUILDIN — MAIN STEAM SYSTEM
and main steam 4

—— REACTOR COOLING SYSTEM (PRIMARY COOLING SYSTEM)

systems are called S— AN FEEDVATER SYSTEM

the secondary

system.

Much of the N

secondary system is >4 -

housed within the o o
turbine building. mesiaze

The turbine building
IS not as robust as
the containment
building. Itis
designed to
withstand acts of
nature.
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Steam exits the
turbine into the REACTOR CONTAINMENT BUILDING S A0 s o

condenser, a large s s —
metal box. Water e i

from the nearby

lake, river, or ocean
flows through

TURBINE BUILDING

RELIEF VALVE

thousands of metal (]| g el
tubes inside the Y

x ELEg!RICAL POWER TO
con d enser. T h e PRESSURIZER TRANSMISSION SYSTEM

RELIEF TANK /

PRESSURIZER

steam is cooled
down and converted
back into water
dropping into the
hotwell.
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Water about 30°F
warmer is returned
to the lake, river, or AEACTOR SOOLANT RUMP
ocean.



The accumulators
form part of the
emergency core
cooling systems
(ECCS). The
accumulators are
metal cylinders
partially filled with
water and
pressurized with
nitrogen.

If the primary
system pressure
drops to less than
half its normal
operating pressure,
indicative of a loss
of water inventory,
water from the
accumulators
automatically flows
into the “cold leg.”
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EE——— LOW PRESSURE SAFETY INJECTION SYSTEM
(EMERG, CORE COOLING)

The Charg | ng REACTOR CONTAINMENT BUILDING — MAIN STEAM SYSTEM
pumps Can transfer IEEE—— REACTOR COOLING SYSTEM (PRIMARY COOLING SYSTEM)

water from the G— 13 PSS P
refueling water
storage tank to the _I TURBINE BUILDING

“COId Iegs’, to RELIEF VALVE W
compensate for /

minor losses of j‘j e
water from the ' gk
primary system. mesinz
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During normal

operation, primary
System Wate r fl OWS r—— mggﬁzsougg é:('\)gz"&g! ECTION SYSTEM
continuously REACTOR CONTAINMENT BUILDING —MAIN STEAM SYSTEM

th rough the CONDENSERCOOLH;GWS:E; IMARY COOLING SYSTEM)
demineralizers and

the volume control
T
tank and then back J URBINE BUILDING

to the “COId Ieg_" RELIEF/VMF. . W

This controls the . g ELEGTRICAL POWER TO
water chemistry of LGP
the primary system.
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The safety injection I ——

{EMERG. CORE COOLING)

Syste m i S an Oth er s LOW PRESSURE SAFETY INJECTION SYSTEM

(EMERG, CORE COOLING)

one of the ECCS. REACTOR CONTAINMENT BUILDING s e

———— REACTOR COOLING SYSTEM (PRIMARY COOLING SYSTEM)

CONDENSER COOLING SYSTEM
NN M AIN FEEDWATER SYSTEM

It can transfer water
from the refueling
water storage tank
to the ““cold legs™ to e w
compensate for ' e $ o
losses of water from 4 P
the primary system. RERA
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INJECTION PUMP

= 70 LAKE OR RIVER

==—— FEED PUMP

VOLUME CONTROL TANK
SAFETY INJECTION PUMP

REACTOR COOLANT PUMP



Sessssssmessms HIGH PRESSURE SAFETY INJECTION SYSTEM
(EMERG. CORE COOLING)

EEESE———— LOW PRESSURE SAFETY INJECTION SYSTEM
(EMERG, CORE COOLING)

The auxiliary REACTOR CONTAINMENT BUILDING —AIN STEAM SYSTEN

building houses e— cr:"oo:ﬂ il
much of the ECCS

and chemical

control equipment.
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ssmssmmessss HIGH PRESSURE SAFETY INJECTION SYSTEM

Because of equipment

containing radioactive SR S R Mase APy RGN Si3EN

I Iq u_l (-jS and g_as_es L the REACTOR CONTAINMENT BUILDING w—MAIN STEAM SYSTEM

auxi I |ary bu | Id | ng e :z:c;;oncoounc sws;ss:ﬁ:mmn COOLING SYSTEM)
ventilation is filtered

and monitored.
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During an accident,
the containment spray D R s mwacron! ssane

EEES———— LOW PRESSURE SAFETY INJECTION SYSTEM
(EMERG, CORE COOLING)

pump can deliver am—— COMTAYAMERT BT SYSTEN
REACTOR CONTAINMENT BUILDING s— MAIN STEAM SYSTEM

Water from the IEE——— REACTOR COOLING SYSTEM (PRIMARY COOLING SYSTEM)
refueling water —
storage tank to cool

the containment.
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During an accident,

water from a broken S e CoRE ooy TN
primary system pipe p—— L

and from the e L I R o i i
containment spray — e

nozzles collects in the

containment sump.
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NTAINMENT SUMP

Containment sump water can be recycled to the primary system or

containment spray nozzles.
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