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1. Introduction to Structural Reliability in Nuclear Engineering

1.1. Risk based reliability engineering

1.2. Mitigation Strategies

1.3. Basics on Nuclear Power 

1.4. Pressurized components of NPP

1.5. BWR-Fukushima Accident

1.6. RBMK Reactor – Chernobyl accident

1.7. Specifics of nuclear power engineering 

1.8. Production of medical isotopes
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NPP Video (AREVA)
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4 Loop PWR (EPR)
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4 Loop Pressurized Water Reactor (VVER 1000)

VVER-1000-Stereometric.svg

http://upload.wikimedia.org/wikipedia/commons/9/9d/VVER-1000-Stereometric.svg
http://upload.wikimedia.org/wikipedia/commons/9/9d/VVER-1000-Stereometric.svg
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Babcock & Wilcox Primary Circuit 

1 Pressurizer
2 Once Through SG
4 Reactor Coolant Pumps
177 Fuel Asemblies

850 MW electrical power
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Phase Diagram of Water
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Typical 4 Loop Parameters
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Reactor Vessel 
and Internals
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Flow Path within Reactor Vessel
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Central Ring with Outlet and Inlet Nozzles
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Closure Head with Control Rod and Instrumentation Nozzles
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Core Plate
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PWR Control Rod

Reactivity Control

Dissolved Boron (boric acid, H3BO3)

Compensates for loss of reactivity due 
to fuel burn-up.

High concentration at BOC (beginning 
of cycle), 

decreased to zero at EAC
(end of cycle)

Pros: 
uniform absorption throughout core

concentration is easily controlled
Cons:

coolant slightly acidic
requires addition of other chemicals

can deposit as crud
requires stainless steel Made of B4C  for scram or 

Ag-In-Cd for fine tuning 
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U-Tube 
Steam Generator
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PWR Power Cycle (Secondary System)
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USED MATERIALS

USNRC Technical Training Center: Pressurized Water Reactor (PWR) Systems, Reactor 
Concepts Manual 

Jacopo Buongiorno: PWR Description, MIT open course ware: 22.06: Engineering of 
Nuclear Systems, CANES (Center for Advanced Nuclear Energy Systems), MIT

John Lamarsh, Anthony Baratta: Introduction to Nuclear Engineering. Prentice Hall, 
2001, ISBN 0-201-82498-1
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Pressurized Components of Nuclear Power Plants
Aqueous homogeneous reactors (AHR) are a type of nuclear reactor in which soluble nuclear salts (usually 
uranium sulfate or uranium nitrate) are dissolved in water. The fuel is mixed with the coolant and the 
moderator, thus the name "homogeneous" ('of the same physical state') The water can be either heavy 
water or ordinary (light) water, both of which need to be very pure. A heavy water aqueous homogeneous 
reactor can achieve criticality (turn on) with natural uranium dissolved as uranium sulfate.[citation needed] Thus, 
no enriched uranium is needed for this reactor. The heavy water versions have the lowest specific fuel 
requirements (least amount of nuclear fuel is required to start them). Even in light water versions less than 1 
pound (454 grams) of plutonium-239 or uranium-233 is needed for operation. Neutron economy in the 
heavy water versions is the highest of all reactor designs.[citation needed]

Their self-controlling features and ability to handle very large increases in reactivity make them unique 
among reactors, and possibly safest. At Santa Susana, California, Atomics International performed a series of 
tests titled The Kinetic Energy Experiments. In the late 1940s, control rods were loaded on springs and then 
flung out of the reactor in milliseconds. Reactor power shot up from ~100 watts to over ~1,000,000 watts 
with no problems observed.
Aqueous homogeneous reactors were sometimes called "water boilers" (not to be confused with boiling 
water reactors), as the water inside seems to boil, but in fact this bubbling is due to the production of 
hydrogen and oxygen as radiation and fission particles dissociate the water into its constituent gases. AHRs 
were widely used as research reactors as they are self-controlling, have very high neutron fluxes, and were 
easy to manage. As of April 2006, only five AHRs were operating according to the IAEA Research Reactor 
database.
Corrosion problems associated with sulfate base solutions limited their application as breeders of uranium-
233 fuels from thorium. Current designs use nitric acid base solutions (e.g. uranyl nitrate) eliminating most 
of these problems in stainless steels.

http://en.wikipedia.org/wiki/Nuclear_reactor
http://en.wikipedia.org/wiki/Nuclear_fuel
http://en.wikipedia.org/wiki/Uranium_sulfate
http://en.wikipedia.org/wiki/Uranium_nitrate
http://en.wikipedia.org/wiki/Neutron_moderator
http://en.wikipedia.org/wiki/Heavy_water
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Critical_mass
http://en.wikipedia.org/wiki/Natural_uranium
http://en.wikipedia.org/wiki/Wikipedia:Citation_needed
http://en.wikipedia.org/wiki/Enriched_uranium
http://en.wikipedia.org/wiki/Plutonium-239
http://en.wikipedia.org/wiki/Uranium-233
http://en.wikipedia.org/wiki/Neutron_economy
http://en.wikipedia.org/wiki/Wikipedia:Citation_needed
http://en.wikipedia.org/wiki/Santa_Susana_Field_Laboratory
http://en.wikipedia.org/wiki/California
http://en.wikipedia.org/wiki/Atomics_International
http://en.wikipedia.org/w/index.php?title=The_Kinetic_Energy_Experiments&action=edit&redlink=1
http://en.wikipedia.org/wiki/Control_rod
http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Boiling_water_reactor
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Research_reactor
http://en.wikipedia.org/wiki/Neutron_flux
http://www.iaea.org/worldatom/rrdb/
http://en.wikipedia.org/wiki/Uranium-233
http://en.wikipedia.org/wiki/Thorium
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