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PROBLEM W-21
SENSIBLE AND LATENT HEAT
Determine the percentages of sensible heat and latent heat transferred to the secondary
circuit in the steam generator given the following parameters:
Steam flow rate
Steam pressure
Feedwater temperature

1 000 kg/s
4 MPa
175°C
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PROBLEM W-23
BOILER CONDITIONS
Suppose that the boiler has an integral preheater and that during normal full power
operation the temperature of the feedwater entering the preheater is 170EC.
(a)

Calculate the difference between the temperature in the boiler and the feedwater
inlet temperature (boiler ΔT) during normal full power operation if the boiler pressure
is 5 MPa.

(b)

Calculate the boiler ΔT during poison prevent operation if the deaerator pressure is
360 kPa and the boiler pressure is 5 MPa.

(c)

Calculate the value of boiler pressure which would result in the same boiler ΔT
during poison prevent operation as during normal full power operation.
[ 5 marks ]

PROBLEM W-24
FEEDWATER FLOW
UNENE EXAM

MAY 2005

Suppose that all feedwater flow to the boilers of a CANDU unit is suddenly lost when
operating at full power. Explain why this would result in an increase in heat transport
system temperature and pressure before the boiler levels would have dropped significantly.
[ 5 marks ]
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PROBLEM W-25
BOILER LEVEL RAMP
Explain, with respect to boiler design and operating margins, why boiler level setpoint is
ramped with a change in load.
[ 5 marks ]

PROBLEM W-26
RAMPED BOILER LEVEL (1998)
UNENE EXAM

MAY 2007

In large CANDU plants the steam generator level setpoint is usually programmed so that
the water level is lower at low power levels than at high power levels. Explain why the
water level setpoint is different for different power conditions. Clarify how the water
inventory in the steam generator changes as the level set point is ramped up and down.
[ 6 marks ]
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PROBLEM W-27
STEAM GENERATOR TUBES (1993)
Suppose that a steam generator suffers a loss of feedwater supply and that the level drops
to expose the top half of the tube bundle. Under these conditions dryout is experienced.
(a)

State what adverse effect this has on the tubes giving reasons.

(1)

(b)

State what adverse effect this has on the heat transfer giving reasons.

(2)

[ 3 marks ]
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PROBLEM W-28
THREE ELEMENT CONTROLLER
SECOND TEST
FINAL EXAM
SECOND TEST

MARCH 2003
APRIL 2001
MARCH 2007

(a)

Sketch a typical three element control system as used on a steam generator to
control water level. Show what measurements are taken and how the signals are
processed by the control system. The diagram must be sufficiently detailed and fully
labelled so as to be self explanatory.
(5) or (7)

(b)

Explain why a three element controller is used instead of a single element (level
only) controller. Support the explanation with an example demonstrating when and
why a single element controller may give an incorrect response.
(8)
[ 15 marks ]

SECOND TEST
SECOND TEST
2005
UNENE EXAM
UNENE EXAM
UNENE EXAM
(c)

MARCH 1999
MARCH
MAY 2005
MAY 2007
MAY 2011

Sketch a typical three element control system for a steam generator. Show what
measurements are taken and how the signals are processed by the control system.
The diagram must be sufficiently detailed and fully labelled so as to be self
explanatory. Explain why a three element controller is used instead of a single
element (level only) controller. Support the explanation with an example
demonstrating when and why a single element controller may give an incorrect
response.
[ 5 marks ]
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PROBLEM W-29
STEAM GENERATOR PRESSURE AND LEVEL CONTROL
UNENE EXAM

MAY 2011

PLANT CONTROL
Illustrate the two modes of operation of a typical CANDU unit as follows:
(a)

Sketch a typical pressure control system for a steam generator when operating in
the reactor leading mode.

(b)

Sketch a typical pressure control system for a steam generator when operating in
the turbine leading mode.

Each sketch should show the nuclear reactor, steam genearator and turbine generator as
well as the primary sensors and control elements. For each describe how the system would
respond to a transient load condition (increase or decrease in load).
( 5 marks )
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PROBLEM W-32
BOILER WATER SWELLING
If the pressure in the boiler drops from 4 MPa to 3.9 MPa determine what percentage by
mass of the water in the boiler will be immediately converted to steam. If this steam
remains in suspension in the water in the form of bubbles by what percentage will the water
swell (transient swelling)?
[ 5 marks ]

PROBLEM W-36
BOILING AND DRYOUT
Briefly describe each of the following regimes as they apply to the transfer of heat from the
fuel to the heat transport coolant, and how one regime progresses to the next. Also, give
the effectiveness of each regime in providing cooling and, where appropriate, any adverse
consequences.
(a)

Nucleate boiling.

(b)

Dryout.
[ 5 marks ]
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PROBLEM W-37
FUEL ROD AND FUEL CHANNEL CONDITIONS
UNENE EXAM

MAY 2009

(a)

Sketch the temperature profile and variation in heat flux across a cylindrical fuel
rod for a light water cooled reactor having uranium dioxide as fuel and zirconium
as cladding. Clarify the relationship between the temperature profile slope and
shape of the heat flux curve.

(b)

Some CANDU units are designed for some boiling in the fuel channels.
Compared with the non-boiling situation state whether boiling is desirable or
undesirable. Explain why boiling is desirable or undesirable. Explain why a
greater degree of boiling is not permitted.

(c)

State the difference between film boiling and dryout. Explain the phenomenon of
film boiling (as opposed to nucleate boiling) and clarify why it invariably results in
severe damage to or catastrophic failue of the heating surface. Explain how
dryout can occur in a flow channel and why, in proper circumstances, dryout is
the normal operational mode (as in a once through boiler) without damage to the
tuble wall. Clarify the key difference between the two situations.
[ 15 marks ]
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PROBLEM W-44
TEMPERATURES AND PRESSURES
SECOND TEST

MARCH 2003

Assuming a hypothetical steam generator operates under the following conditions:
Steam temperature
Feedwater temperature
Steam flow
Primary inlet temperature
Primary outlet temperature

250°C
250°C
500 kg/s
280°C
260°C

Calculate the primary coolant mass flow rate.
Assuming that the primary coolant mass flow rate is constant and that the heat transfer
coefficients remain constant determine the following:
(a)

Primary system temperatures when the steam flow rate is increased to 1000 kg/s
assuming the steam pressure is kept constant.

(c)

Clarify the phenomena responsible for a change

(b)

Secondary steam pressure when the steam flow rate is increased to 1000 kg/s if a
temperature of 300°C in the primary system is not to be exceeded.

For both (a) and (b) above sketch the temperature variation along the length of the tube
bundle and show terminal temperatures.
[ 5 marks ]
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PROBLEM W-46
BOILER LEVEL AND INVENTORY
UNENE EXAM

MAY 2009

(a)

Clarify the phenomena responsible for a change in boiler level with a change in load.
Explain why boiler level is ramped with a change in load. Explain the difference
between steady state and transient swelling.

(b)

Show in a sketch how boiler level varies with load in a typical CANDU steam
generator. Show also in a separate sketch how boiler inventory varies with load.
Discuss the relative merits of maintaining constant level or constant inventory in the
steam generator and clarify to what extent these are met with the current
arrangemant.

(c)

State the consequences of boiler level deviating too far from the prescibed level.
Explain how the system is protected from such consequences.
[ 15 marks ]
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PROBLEM W-45
BOILER LEVEL CHANGES (1993)
SECOND TEST
UNENE EXAM

MARCH 2001
MAY 2011

(a)

Explain the phenomena responsible for a change in boiler level with a change in
load.
(2)

(b)

Explain why boiler level is ramped with a change in load.

(c)

Explain the difference between steady state swelling and transient swelling.

(1)
(2)
[ 5 marks ]
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PROBLEM W-47
SWELLING AND SHRINKING

SECOND TEST
SECOND TEST
UNENE EXAM
SECOND TEST
UNENE EXAM

MARCH 2003
MARCH 2005
MAY 2005
MARCH 2007
MAY 2007

Explain the terms swelling and shrinking when applied to a boiler or steam generator.
Clarify the difference between steady state and transient conditions and explain what
causes each to occur. As clarification review the sequence of events following a load
change on the system. Explain briefly what effect this has on a level control system.
[ 5 marks ]
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PROBLEM W-48
FUEL CHANNEL BOILING
SECOND TEST
2003

MARCH

Some CANDU units are designed for some boiling in the fuel channels. Compared with the
non-boiling situation:
(a)

State whether boiling is desirable or undesirable;

(b)

Explain why boiling is desirable or undesirable;

(c)

Explain why a greater degree of boiling is not permitted.
[ 5 marks ]
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PROBLEM W-49
STEAM GENERATOR LEVEL AND INVENTORY
UNENE EXAM

MAY 2013

Refer to the Examination Paper Attachments Boiler Level Set Point and Boiler
Inventory.
(a)

Clarify the phenomena responsible for a change in boiler level with a change in
load. Explain why boiler level is ramped with a change in load. Explain the
difference between steady state and transient swelling.

(b)

Show on the axes alongside the steam generator how the boiler level set point
varies with load in a typical CANDU steam generator. Show also how typical
alarm and trip settings change with load. The graphs must match the drawing of
the steam generator with respect to levels

(c)

Show on the axes given how boiler water inventory varies with load for two
different constant levels (high and low). Show also on this same diagram how
the control set point (with respect to inventory) varies with load.

(d)

Discuss the relative merits of maintaining constant level or constant inventory in
the steam generator and clarify to what extent these are met with the current
arrangemant.

(e)

State the consequences of boiler level deviating too far from the prescibed level.
Explain how the system is protected from such consequences.
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PROBLEM W-49 BOILER LEVEL SET POINT

NAME .............................................

Show how the boiler level set point varies with load.
Show also how alarm and trip settings change with load.

Reactor Power or Load
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PROBLEM W-49 BOILER INVENTORY

NAME .....................................

Boiler Water Inventory (1000 kg)

Show boiler inventory change with load for a constant high level and a constant low level.
Show also how the control setpoint varies with load.

Reactor Power or Load (%)
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PROBLEM W-52
MASS AND VOLUME FRACTIONS
FIRST TEST

FEBRUARY 1999

Determine the mass fraction and volume fraction of steam produced in a boiling channel
given the following parameters:
Mass flow rate
Inlet temperature
Outlet temperature
Channel thermal power
Channel average pressure

24 kg/s
267°C
312°C
6.5 MW
10 MPa

PROBLEM W-53
FUEL CHANNEL CONDITIONS
FIRST TEST
FIRST TEST
FINAL EXAM
FINAL EXAM
UNENE EXAM

FEBRUARY 1999
FEBRUARY 2001
APRIL 2005
APRIL 2007
MAY 2007

Consider a typical boiling channel in which a significant amount of steam is produced, that
is, a highly rated channel in the central region of the core. Sketch the variation of the
following parameters along the full length of the channel.
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Neutron flux.
Coolant pressure.
Saturation temperature.
Coolant temperature
Fuel sheath temperature.
Coolant velocity
Steam quality

All parameters should be plotted on the same sketch for easy comparison. No numbers
are specifically required but typical values may be provided to clarify the trend of the
parameters. Reference may be made to the Appendix of Reference Data Single Unit
Station Data.
[7 marks]
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PROBLEM W-54
BOILING AND STEAM GENERATORS
SECOND TEST

MARCH 1999

(a)

Sketch the Pool Boiling Curve showing the different boiling regimes. Label the axes
and indicate on the curve the different regimes. Explain what is meant by Adeparture
from nucleate boiling@ and explain the difference between nucleate and film boiling.
[ 5 marks ]

(b)

In large CANDU plants the steam generator level setpoint is usually programmed so
that the water level is lower at low power levels than at high power levels. Explain
why the water level setpoint is different for different power conditions and what
advantage this is in both design and operation of the steam generator.
[ 5 marks ]

(c)

Sketch a typical three element control system for a typical steam generator. Show
what measurements are taken and how the signals are processed by the control
system. The diagram must be sufficiently detailed and fully labelled so as to be self
explanatory. Explain why a three element controller is used instead of a single
element (level only) controller. Support the explanation with an example
demonstrating when and why a single element controller may give an incorrect
response.
[ 5 marks ]

(d)

Discuss the important factors which may affect the amount of moisture carryover in
steam from the steam generators. Explain the important operational practices that
are necessary to minimize the occurrence of moisture carryover. Explain ways by
which moisture carryover can be harmful to turbine systems.
[ 5 marks ]
[ 20 marks ]
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PROBLEM W-55
BOILING PHENOMENA
FINAL EXAM
FINAL EXAM

APRIL 1999
APRIL 2005

(a)

For pool boiling describe the various regimes of boiling. Show these on a fully
labelled sketch of the pool boiling curve with the regimes and axes identified.

(b)

For flow boiling describe what happens when water is fully evaporated in a long
channel. Distinguish between conditions of high heat flux and low heat flux and
explain how this affects the wall temperature. Show both conditions on a fully
labelled sketch showing wall temperature and steam quality.
[ 15 marks ]
BOILING PHENOMENA

UNENE EXAM

MAY 2007

Refer to the Examination Paper Attachments Boiling Characteristics Pool Boiling.
(a)

On the axes given draw a fully labelled sketch of the pool boiling curve with the
various regimes identified.

(b)

For pool boiling describe the various regimes of boiling.

Refer to the Examination Paper Attachments Boiling Characteristics Flow Boiling.
(c)

Show in a fully labelled sketch on the axes given, what happens to fluid and wall
temperature, when water is fully evaporated in a long channel. Distinguish between
conditions of high heat flux and low heat flux and show how this affects the wall
temperature.

(d)

Explain why the difference between the wall temperature and fluid temperature
changes as shown.

(e)

Explain the difference between film boiling and dryout noting the conditions under
which one or other may occur.
[ 15 marks ]
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PROBLEM W-55 BOILING CHARACTERISTICS

Log (Heat Flux)

Pool Boiling

Log (TSURFACE - TBULK)

Temperature

Flow Boiling

Saturation Temperature

Length along Heated Channel
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PROBLEM W-57
TWO-PHASE TRANSIENTS
FINAL EXAM

APRIL 1999

(a)

Explain the phenomenon of steam hammer which may occur in the drain line of a
large steam pipe conveying saturated steam. Review the sequence of events
following the opening of a valve at the end of the drain line.

(b)

Explain the phenomenon of swelling and shrinking in a steam generator when the
demand for steam is changed. Explain what effect this has on the level control
system for the steam generator. Distinguish between steady state and transient
swelling and shrinking.
[ 15 marks ]
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PROBLEM W-58
STEAM GENERATOR SWELLING
SECOND TEST
2001

MARCH

Refer to the attached Point Lepreau Boiler Inventory and Point Lepreau Boiler
Level Setpoints.
Steam Generator are subject to swelling and shrinking under transient conditions.
Consider a steam generator operating at 4.8 MPa.
(a)

Using the attached graph of boiler inventory versus reactor power determine the
water inventory of the steam generator at 0%, 40% and 80% full power for a
water level of 1.08 m. Hence determine the percentage by volume of steam
bubbles in the water at these loads.

(b)

Assume that the steam generator is operating at 40% full power and at its level
setpoint as given on the attached level set point versus reactor power diagram
with the percentage of immersed steam bubbles as calculated in (a) above. If a
sudden increase in load on the turbine is reflected as a drop in steam pressure in
the steam generator from 4.8 MPa to 4.6 MPa estimate the transient rise in
steam generator level due to swelling of the immersed steam bubbles and
generation of new steam by flashing of water. Note that the area of the water
surface will have to be estimated by scaling the drum diameter.

(c)

Assume that the steam generator is operating at 40% load and that the load is
increased to 80%. From the attached diagrams determine the boiler inventory for
the two conditions and hence the change (increase or decreases) in inventory.

(d)

For (c) above determine the change in inventory had the level not been ramped
up.

(e)

For (c) above determine the rise in level due to steady state swelling had the
inventory not been changed.
[ 15 marks ]
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PROBLEM W-58 POINT LEPREAU BOILER LEVEL SET POINTS

