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Modes of Plant Operation
One of the most important things to gather from this course is a clear understanding of the different modes of operation of a power plant, i.e., of overall unit control.

This is described in detail in Chapter 1, Module D, of the Lecture Notes in the course material. 
In the next pages I review the two types of operation, the Normal Mode and the Alternate Mode.  Please be sure that you study thoroughly the review below and the course notes, so as to attain an excellent comprehension of  how control flows in each mode of plant operation.

NORMAL MODE
This is also known as the turbine-leading-reactor mode (or reactor-lagging mode).  As its name implies, it is normally the preferred mode of operation, as it is designed to serve the needs of the power grid.   

If this mode is selected, the unit’s operator specifies generator electrical output as the setpoint: the operator sets the target electric power output [say, in MW, or in % of Full Power (FP)], and the target rate of change of power [e.g., in % FP/s].

The control program (running in the station computer) is called the Unit Power Regulator (UPR).   
· The UPR continuously compares the actual generator power to the setpoint.
· If these are different, i.e., if a “generator-power error” has developed, a signal is sent to the governor valves to open (or close) (incrementally), depending on the change required to eliminate the generator-power error at the specified rate.
· The change in governor-valve opening causes the steam flow into the turbine to increase (or decrease).
· This causes the steam-generator pressure to (decrease) (if the steam flow has increased) or to increase (if the steam flow has decreased).
· Since the system is designed to keep steam-generator pressure at a constant setpoint, the change in steam-generator pressure will cause a “steam-generator-pressure error” to develop.

· The Steam-Generator Pressure Control (SGPC) [also known as the Boiler Pressure Control (BPC)] program will want to restore the pressure to the setpoint, i.e., it will want to eliminate this error.

· SGPC will send a signal to the Reactor Regulating System (RRS) to increase (or decrease) power in order to generate more (or less) steam. 

· The RRS will comply by moving reactivity devices to insert positive (or negative) reactivity in order to increase (or decrease) reactor power in response.

· The above loop is repeated until the generator-power error is eliminated and all parameters have stabilized.

ALTERNATE MODE

This is also known as the reactor-leading-turbine mode (or turbine-lagging mode).  This is not normally the preferred mode of operation, but is used under certain circumstances, especially if the reactor power has to be strictly controlled.   

If this mode is selected, the unit’s operator specifies reactor power as the setpoint: the operator sets the target reactor power output [say, in % of reactor Full Power (FP)], and the target rate of change of reactor power [e.g., in % FP/s].

· The RRS continuously compares the actual reactor power to the setpoint.  

· If there is a difference, there is a “reactor-power error”.

· To eliminate the reactor-power error at the specified rate, the RRS moves reactivity devices to insert positive (or negative) reactivity, which tends to increase (or decrease) reactor power.
· The change in reactor power causes a greater (or lesser) transfer of heat to the secondary-side water in the steam generators.
· The increased (or decreased) steam production causes the steam-generator pressure to increase (or decrease).
· Since the system is designed to keep steam-generator pressure at a constant setpoint, Steam-Generator Pressure Control (SGPC, or BPC) will want to restore the pressure to the setpoint. 

· SGPC will send a signal to the governor valves to open (or close) (incrementally), to reduce/eliminate the steam-generator-pressure error which has developed.
· This causes the steam flow to the turbine to increase (or decrease).
· This causes the electric power generated to increase (or decrease).

In this mode of operation, then, when a change in setpoint is specified, the initiating control action affects the reactor first, with the turbine lagging.

As a summary, I attach the illustration from p. 87 of the Course Notes:
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