













































































































































































































































































Since we have already covered that a steam turbine is a heat device and
not a pressure device we must be careful to limit the rate and the
amount of temperature change within the turbine during operation.
Since the rotating portion of the steam turbine is not connected to the
stationary portion, rapid changes in steam temperature can cause the
rotating portion to expand or contract quicker than the stationary
portion. This can cause severe problems in a steam turbine if this
growth is not controlled. We call this expansion and contraction
differential expansion.

The differential expansion meter on the Chernobyl turbine is indicated
on the turbine controls section next to the vibration meter. If you
change steam temperature too fast the turbine rotor tends to thermally
expand or contract quicker than the heavier shell section of turbine.
This is noticed during the roll-up or large changes in the turbine power
output. As the steam flow through the turbine is increased or decreased,
the temperature within the turbine changes. This temperature change
almost always affects the turbine rotor first. As a general rule, try and
limit how fast you increase the turbine speed during roll-up. Too fast,
or too much of a change all at once will cause high differential
expansion in the turbine. This differential expansion, if severe, will trip
the turbine and if too severe, cause extensive damage to the rotating
and stationary portions of the turbine.

31. With all this said, you can now place the turbine into AUTO by
selecting TURBINE CONTROL and pressing the AUTO button.
It should illuminate and the MANUAL indicator should go out.
When you press the AUTO button, the turbine startup valve
should start ramping open. The SPEED SETPOINT should be
pre-selected to 900 rpm and the roll rate should be SLOW if the
turbine has been off-line for more than 48 hours. The roll rate
should be MEDIUM if the turbine has been off-line less than 48
hours, but more than 24 hours. The roll rate should be FAST if
the turbine has been off line less than 24 hours.

32. When the turbine reaches the first AUTO stopping point (900
rpm) you should view the vibration and the differential
expansion. If they are very low, press the next speed stopping
point button (1800 rpm). Continuously monitor the reactor and
other parts of the plant to ensure everything is working properly.
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33.

34.

35.

36.

37.

When the turbine reaches the second AUTO stopping point (1800
rpm) you should view the vibration and the differential
expansion. If they are very low, press the next speed stopping
point button (2700 rpm). Continuously monitor the reactor and
other parts of the plant to ensure everything is working properly.

When the turbine reaches the third AUTO stopping point (2700
rpm) you should view the vibration and the differential
expansion. If they are very low, press the final speed stopping
point button (3600 rpm). Continuously monitor the reactor and
other parts of the plant to ensure everything is working properly.

When the turbine reaches 3600 rpm you should check and see
how far open the MAIN STEAM DUMP CONTROL valve to the
condenser is. It should be nearing closed. It will be necessary to
increase the setpoint to above 1600 psig. This will close the
bypass valve and allow the turbine to control the reactor steam
pressure by adjusting the turbine inlet valves. To increase the
setpoint on the main steam dump control valve you must select
the MAIN STEAM DUMP CONTROL You should then apply a
1650 (approximately) psig setpoint by pressing the UP and
DOWN arrow keys under the SETPOINT title block.

At 3600 rpm on the turbine you should select the generator
synchroscope to the ON position. This is done by pressing the
SCOPE ON/OFF button. Once pressed, the scope should be
begin rotating. If the turbine is left in AUTO, the scope will
eventually steady out at about 6 rpm in the fast (clockwise)
direction. When the scope reaches just a few degrees before top
dead center (TDC), press the CLOSE button on the generator
circuit breaker. If the scope is slow enough and the angle of
closure was correct, the generator circuit breaker will close.

You should notice that when the generator circuit breaker closed
the turbine throttle pressure at the time of closure became the
pressure setpoint. From this point, changes in power on the
reactor will cause the pressure in the system to change. These
pressure changes will cause the turbine valves to change as
necessary to maintain the pressure setpoint. The generator
power (megawatts, located in the lower left hand corner of the
turbine control panel) will increase and decrease proportionally.
Remember, energy in = energy out.
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38. You can now increase the reactor power level to 15%. This is

40.

41.

42,

43.

922

done by selecting REACTOR POWER REGULATION control.
Using the UP ARROWS on the POWER SETPOINT block,
increase the power level setpoint to 15%.

. At approximately 80 or more megawatts there are several items

that should be done. These items are:

* Select the FEEDWATER PUMPS AND SYSTEM control and
change to three (3) element control, and place the MAIN
VALVE in service. This is done by pressing the MAIN VALVE
button. The STARTUP VALVE light should go out, and the
MAIN VALVE LIGHT should illuminate. You should also press
the 3 ELEMENT CONTROL BUTTON. It should illuminate.

* Select the TURBINE CONTROL and place the MAIN VALVE
in service by pressing the MAIN VALVE button. The red light
on MAIN VALVE should illuminate, and the red light on
STARTUP should go out.

* Select the TURBINE SUPPORT SYSTEMS control and close
the turbine drains. This is done by pressing the CLOSE button
on the STEAM DRAINS. '

You can now increase the reactor power level to 20%. This is
done by selecting REACTOR POWER REGULATION control.

Using the UP ARROWS on the POWER SETPOINT block,
increase the power level setpoint to 20%.

At this time you can place a second condensate pump in service.
This is done by selecting CONDENSATE SYSTEM and pressing
the ON button for the second CONDENSATE PUMP.

At this time you can place a second reactor feed pump in service.
This is done by selecting FEEDWATER PUMPS AND SYSTEM
and then selecting OPEN on the desired pump’s INLET VALVE,
and CLOSE on the desired pump’s DISCHARGE VALVE. After
the valves have finished sequencing you can select the ON button
for the desired pump. When it has come up to operating speed, se-
lect OPEN on the discharge valve. This will place the pump on-line.

At this time, providing the vibration and differential expansion
are normal on the turbine, you can increase the reactor power
level to 25%. This is done by selecting REACTOR POWER
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44.

45.

46.

47.

48.

REGULATION control. Using the UPARROWS on the POWER
SETPOINT block, increase the power level setpoint to 25%. You
can also place the THERMAL POWER CORRECTION system
in service by pressing the ON button. This provides
compensation for the reactor control system.

From this point on the reactor power can be increased slowly to
100 % . During this time you will have to monitor and perform the
following functions:

Begin increasing the pressure setpoint on the turbine valves to
1500 psig. This is done by selecting TURBINE CONTROL and
clicking on the PRESSURE SETPOINT block and then typing in
the desired setpoint. The setpoint should be increased slowly,
changing no more than 50 psig each change cycle.

At approximately 250 megawatts you should place a second
reactor circulation pump in service. This is done by selecting
LOOP - 1 (2) RECIRC PUMPS control. The procedure for both
loops is the same. You must ensure that you follow this procedure
for each loop. You should never place a reactor recirculation
pump in service without first checking the reactor level. Check
your trends, or open and check the level by selecting
FEEDWATER PUMPS AND SYSTEM control. Once the reactor
level is verified as normal, you can start a reactor recirculation
pump by selecting OPEN on the desired pump’s INLET VALVE,
and CLOSE on the desired pump’s OUTLET VALVE. After the
valves have finished sequencing you can select the ON button for
the desired pump. When it has come up to operating speed, select
OPEN on the OUTLET valve. This will place the pump on-line.
Remember, you MUST start at least one recirc pump on each of
the two loops.

At approximately 500 megawatts you should place the second
circulating water pump in service. This is done by selecting
CONDENSER CIRCULATING WATER PUMPS. All of the
valves are automatic on these huge pumps that cool the plant
condenser. To start one you must press the ON button for the

desired pump. You should verify that the flow increases to more
than 1,000,000 GPM.

This concludes the startup procedure. Congratulations, you are
now making money.
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User Tlps, Secrets, and
Other Useful Information

The Chernobyl software program has some advanced functions that
can enhance a power user’s experience. Exploring the program will
reveal many of these items. If exploring is not your way, then read this
section for some quick tips. These tips are listed in the order of
importance to many of our beta testers.

MALFUNCTION CONTROL - Many of the beta testers felt that a
chance to operate the plant without malfunctions would make the
simulation more enjoyable and allow them time to learn the operation
without constantly fighting breakdowns and failures. For this reason
we have placed a malfunction toggle that allows you to turn
malfunctions off and on. This toggle is located at the bottom menu bar
on the DAY and TIME menu function. Click on the DAY and TIME
menu function located on the bottom of the page. This will open a box
labeled OPTIONS. This box contains information about the simulation
that include:

* The model update time in seconds.
* The free memory.
* The free system resources.

* The status of random failures (malfunctions).

On machines low on memory or whose system resources are less than
70% it may necessary to slow the update time down. To do this you
must click on the OPTIONS heading. This will open a box that is
labeled:

* Units
* Time Step

* Malfunctions

94 CHERNOBYL - THE LEGACY CONTINUES

T

Il

]

1

RIIITEAAAAATy



If you click on the UNITS menu item, a choice box will appear that
allows you to change between metric and American units. This allows

user’s to choose which measurement system the simulator operates
with.

If you click on TIME STEP a choice box will appear that allows you to
change the update time steps. The choices are 100 ms (default) and 200
ms. If your machine is a slower Pentium or 80486 or if you are
operating with less than 16 Mb of RAM, the program may function
better if you choose the 200 ms setting. This halves the number of
calculation cycles and allows slower processors to “keep up” with the
program. If you are unsure if you need to slow the update cycles, try
the 200 ms setting. If the program appears to operate better or if
random processor “locking” (the processor quits responding requiring
a re-boot) stops, then leave the 200 ms setting on.

If you click on MALFUNCTIONS a choice box opens that has two
choices. They are ON and OFF. If you choose the OFF setting, all
random failures will be averted. This setting allows you to operate the
Chernobyl simulator without malfunctions.

DIAGNOSTIC MODE - For advanced user’s there is a diagnostic
mode. This mode is initiated by placing a command line prompt of /D
in the startup file. To place the program in diagnostic mode click once
on the Chernobyl icon that starts the program. Do not start the program,
you should only highlight the icon. When it is highlighted click on the
right mouse key once. This opens a dialogue box that allows you to do
many functions. On the bottom of this dialogue box there is a setting
for PROPERTIES. Clicking on this item opens a second box that has
two choices. The first is General and the second is Shortcut. 1f you
click on SHORTCUT there is a data field that is labeled TARGET. On
this line is the path and executable call that starts Chernobyl. Directly
after the CHERNOBYL.EXE you must place a space and a /d. After
adding this to the command line, you must APPLY it on the bottom of

the screen. The next time you bring the simulator up it will be in the
diagnostic mode.
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Diagnostic mode places another prompt under the pull down menu
called DISPLAYS. This prompt is, appropriately enough, called
DIAGNOSTICS. When you click on the diagnostics prompt a menu
item box opens that looks like figure - 33.

This display box
allows you to
select a fuel
channel leak and
repair using the
rows and col-
umns in the
upper left hand
corner.

This box also
allows you to
play movies and
select specific
malfunctions by
the number. Ex-
periment with
the diagnostic
screen, there are
some powerful
tools available.
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Figure - 33: Diagnostic Controls
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In April of 1986 the number - 4 power reactor at the Chernobyl Nuclear
Power Station exploded into a nuclear holocaust. This explosion dumped over 200 times
the radioactive debris into the atmosphere as the atomic bomb drop on Hirsoshima, Japan in 1945, Chernobyl was the
worst nuclear accident in the history of the world to date. Due to the dismal financial situation of the former
Soviet Union, the remaining power units at Chernobyl were kept in operation using the same flawed
reactor design as the vaporized unit number - 4,

Your job is to safely operate the complex control panels of the remaining
plant while enduring equipment failures, breakdowns, and crippling budget
shortfalls. In this challenging and chilling simulation you become an employee of the International Nuclear Power
Operations Group (INPOG). They have been contracted by the Ukranian government to safely operate the remaining
reactors at the Chernobyl Plant. Your moment by moment operating decisions as well as your skill in quickly and
precisely manipulating the controls will dictate whether you continue operating, shutdown, or repeat the accident that
destroyed the infamous unit number - 4. It is up ta you to continuously monitor and maintain the shoestring
budget of this dangerous nuclear behemoth.

This technically stunning simulation of a Soviet RBMK-1000 graphite
moderated nuclear reactor and associated steam turbine/generator will
shock you with its realism and authentic interactions. Not sure if you know how to
operate a complex nudlear plant? An integral multimedia training
manager will guide you through tight spots. A comprehensive
multimedia help system covers all major aspects of nudlear plant
operation, fission, and theory. The included illustrated user’s
manual, like the multimedia help system, contains a wealth of
information on nuclear power and basic science.

Warning: Please be very careful with this product...
You might learn something.
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