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Abstract 

The paper deals with some aspects of 

implementation o£ modifications into the 

Czechoslovak nuclear plant VI control system 

as called for on the basis of experience 

gained during the first period of the plant 

operation. Brief description of the plant 

power control system and its main functions 

is given. Some deficiencies in the system 

performance during abnormal conditions are 

outlined and measures taken to overcome them 

are presented. 

1. INTRODUCTION 

In the field of nuclear energy Czechoslovakia has embarked 

on construction of plants equipp-ed with Soviet pressurized 

water reactors of the W E R type. Design and construction of 

these plants is carried out in close co-operation with the 

Soviet Union. Czechoslovak industry delivers majority of both 

primary and secondary circuit components while the Soviet 

contractor delivers fuel, main circulating pumps for the primary 

coolant and a number of special equipment and devices. 

Furthermore, the Soviet contractor is in charge of nuclear 

safety of the plants. 

At present, two W E R 440 MW units are successfully 

operated at the plant VI at Jaslovské Bohunice. As far as the 

power control system of these units is concerned Soviet - made 

instrumentation and control systems are employed mainly in the 

primary loop while Czechoslovak instrumentation and control 

systems prevail in the secondary loop. Operational experience 

acquired at the plant VI gives evidence that the main tasks of 

the power control systems of these units are accomplished 

satisfactory. Certain deficiency has been observed within the 

water level control system in steam generators in the case 

of a main coolant pump outage. Operator's manual intervention 

is needed under these conditions in order to maintain the 

water level at the demanded value. 

More serious economic consequences originated from 

insufficient co-operation between the reactor power controller 

and the turbine power controllers in the case of a turbine 

trip. Such an event resulted in substantial drop o£ both the 

primary and secondary circuit pressure and, as a rule, led to 

reactor trip. In order to overcome this shortcoming some 

modifications for the Czechoslovak turbine controller have 

been suggested. They have been thoroughly tested by extensive 

simulation studies carried out with the plant dynamics model. 

On-site verification has been performed during start-up of 

the plant second unit. After implementation in both un^cs 

of the VI plant they proved to be a significant contribution 

to the plant operational performance. 

2. DESCRIPTION OF TUE POWER CONTROL SYSTEM 

The power control system of the plant VI unit is a 

complex multidimensional regulating system which controls 

generation of power in the reactor, its transferring to the 

turbines and its feeding to the grid. If the system is to 

be described in a block manner it consists of the following 

controllers. In the secondary circuit we have the turbine 



power controller, pressure controller in the main steam 

header, the controller of the by-pass station to the turbin, 

condenser, the controller of the steam relief station to the 

atmosphere, and the water level controller in the steam 

generator. In the primary circuit we have the reactor integral 

power controller, the coolant pressure controller, and the 

water level controller in the pressurizer. Since there are 

six primary coolant circulating pumps, six steam generators, 

two turbines and two steam relief stations to the atmosphere 

at a WER 440 unit, a number of the above mentioned 

controllers is, in effect, present at multiples. 

From the functional point of view the individual 

controllers of the unit's power control system can be 

characterized as follows. 

The reactor power controller is a Soviet - made multi

purpose device with type marking ARM 4. The main tasks 

of this controller are summarized below: 

- automatic adjustement of the reactor integral power in 

correspondence with the power of both turbogenerators. 

Steam pressure in the main steam header is taken as a 

variable which characterizes the balance of the reactor 

and turbogenerators power. This variable is to be maintained 

at the demanded value of 4.414 MPa with - 0.05 MPa dead-zone; 

- automatic stabilization of the reactor integral power at 

a demanded value with a dead-zone of - 2 %¡ 

- automatic reduction of the reactor integral power in the 

case of an outage of one or two primary coolant circulating 

pumps /by 25 or 50per cent of the actual value at the 

instant of outage/. 

These tasks are carried out by the ARM 4 device in one 

of the following nudes of operation which can be switched 

on/off either manually or automatically: 

- operational mode R, in which pressure in the main steam 

header is controlled by changing the reactor power? 

- operational mode SRs, in which the reactor power is 

regulated at a demanded constant value; 

- operational mode SRn, in which the output of the reactor 

power controller is disconnected from the control rod's 

drives untill steam pressure deviation does not exceed 

the demanded value by 0.245 MPa. If it does the ARM 4 is 

automatically switched to the R mode in which it sustains 

till a manual intervention of the operator. 

From hardware point of view the ARM 4 controller 

consists of two parts: a part for processing analogue 

signals /implementation of control laws, etc./ and a part 

for processing discrete information /switching of operational 

modes, signalization, interface to the reactor protection 

system, etc./. As a whole it is a two-channel redundant 

device which employes the "2-out-of-2" logic /in the case 

of a primary coolant pump failure it is switched to 

"l-out-of-2"/. As far as dynamic behaviour is concerned 

ARM 4 is a complex nonlinear controller with varying 

structure. Derivation of its transfer functions at different 

operational modes is presented in detail in [l]. 

ïUEfeïDë_£2S£E2iiêE 

Each of the two 220 MW steam turbines is equipped 

with the electrohydraulic regulating system TVER-Ol delivered 

by the turbines manufacturer, i.e., SKODA Works. The main 

functions of TVER are as follows: 

- control of the turbine which means either controlling the 

turbine power or controlling steam pressure in the main 

steam header. Both controls are exercised by the turbine 

control valves. It is augmented by a protection system 

against excessive pressure increase/drop before the 

turbine; 



- control of th-~ by-pass station to the turbine condenser 

which means controlling of steam pressure in the main 

steam header by control valves of the by-pass station. 

This control is active in the case of a significant 

increase of steam pressure, e.g., during a turbine trip. 

System TVER consists of a hydraulic part /conventional 

components for controlling turbine revolutions and by-pass 

station valve openirg/ and an electronic part /electronic 

components for measuring and evaluation purposes, electronic 

units for implementation of individual control laws/. 

Interconnection between the electronic and hydraulic parts 

is provided by a turbine operating device and electro-

hydraulic converters. The individual controllers of the 

TVER system can be, in general, characterized as PI 

controllers with constraints imposed upon the output signal. 

When the TVER system is operated in the turbine power 

control mode corrective signals derived from grid frequency, 

pressure in the condenser and pressure in the main steam 

header are fed into the block for formating the turbine 

power demanded value. Furthermore, the demanded power and 

its rate of change are limited to a pre-set values. Turbine 

controller can be switched from turbine power regulating 

mode to the steam pressure regulating mode only under the 

conditions that the ARM 4 controller is not set to the R 

mode and the pressure sensing devices are functioning 

correctly. 

The by-pass station control system is activated when 

pressure in the main steam header exceeds the value of 
pd + u ^ l + AP2' w h e r e P¿ * s t* i e demanded value, Ap. is an 

auxiliary signal employed to shift regulation range of the 

by-pass station above the regulation range of the pressure 

control by means of reactor power adjustement and ûp, 

represents a dead-zone. In the case of a turbine trip 

a derivative signal, transformed by a first-order lag 

system, is added to the controller output signal to reduce 

the pressure overshoot under these abnormal condition.'!. 

Each of the six steam generators is equipped with an 

separate water level controller. The input to such a 

controller consists of three signals, namely deviation 

from the demanded value, flow rate of the generated steam 

and flow rate of the feedwater. The manipulated variable 

is the opening of the control valve in the feedline to the 

steam generator. The control loop is implemented with 

modules of the Soviet-made impulse control system KASKAD. 

Its dynamics can approximately be considered as a PI control 

law. 
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There are two steam relief stations to the atmosphere 

at each unit of the VI plant. They are located at both ends 

of the main steam headers and they are rated for a steam flow 

of 200 tons per hour. Each station is furnished with its own 

controller which is made up of KASKAD modules. The controller 

starts to operate when pressure in the header exceeds the 

value of 4.91 MPa and controls it by a P control law to the 

demanded value of 4.61 MPa. The station is closing at the 

pressure level of 4.51 MPa. 

ElimâEÏ_£22iâD£_EEêS§yE2_£2D£E2i 

The nominal value of the primary coolant pressure is 

12.26 MPa. The variables which are employed to affect the 

coolant pressure are as follows s electric heating of coolant 

in the pressurizer, spraying by water taken from the cold 

leg of the primary circuit and opening of the pressurizer 

relief valve. The individual control loops are made active/ 

inactive at pre-set values of che primary coolant pressure. 



Water_level_çontrol_in_the_gressurizet 

This control system is to maintain the primary coolant 

volume at a constant value. The input variable is deviation 

of the actual water level in the pressurizer from its 

demanded value, the manipulated variables are control 

valves" opening in the makeup and letdown lines. 

3. SÏSTEM PERFORMANCE DURING ABNORMAL CONDITIONS AND THE 

SUGGESTED CORRECTIVE MODIFICATIONS 

Czechoslovak W E R 440 MW units differ from units of the 

Same type operated in other countries in that the turbine 

regulator is of Czechoslovak origin. Both units of the VI 

plant work at basic load mode employing constant secondary 

pressure control strategy. Under normal operating conditions 

the turbine controller TVER is run at the power control mode 

while the reactor controller ARM 4 is set to the SRn mode 

in which the output of the controller is disconnected from 

the control rod's drives. A change in the unit's power is 

accomplished by manually setting a new demanded value for 

the TVER. The ARM controller is manually switched to the R 

mode in which it controls the pressure in the main steam 

header by adjusting the reactor power. After the transient 

is over the ARM is manually switched back to the SRn mode. 

In the first period of operation of the VI plant's unit 

No 1 a kind of incorrectness in co-operation between the 

reactor and turbine controllers was occurring during a 

transient caused by outage of one of the two turbines - see £2]. 

The reactor controller ARM 4 tended to decrease the reactor 

power not only in the mode R on the basis of an increase in 

the steam pressure in the main steam header but also in the 

mode SRs on the basis of a trip of two main primary coolant 

pumps /two primary coolant pumps get power supply for a 

limited time from the home consumption generator associated 

with the tripped turbine? therefore, a trip signal Is created 

whenever their power goes lower than a pre-set value/. High 

overshoots in steam pressure were also caused by relatively 

slow opening of the by-pass stations to condenser. All this 

resulted in the reactor power diminishing on completion of 

the transient to a level of about 25 to 30 per cent of its 

nominal value. Delayed closing of the control valves of the 

by-pass stations to condenser led to fast steam pressure 

decrease and undershoot in the course of the transient. Low 

values of steam pressure combined with substantial lowering 

of the reactor power caused considerable decrease of the 

primary coolant mean temperature and unacceptable drop in 

the primary coolant pressure. This led to reactor trip by 

the so-called protection signal of the 2-nd order. Since the 

decreasing steam pressure in the main steam header was 

approaching the trip setting for the second turbine this 

would also result in the reactor shut down. 

If the unit's power control system is to minimize 

the deviations in reactor coolant pressure and temperature 

it is necessary that the reactor power be lowered to a level 

corresponding to the power of the running turbine and the 

steam pressure deviations be made as small as possible. This 

can be accomplished by proper tuning of the reactor 

controller, the turbine controller and the by-pass station 

controller while observing all safety requirements relevant 

to such an anticipated operational occurrence. 

Extensive simulation studies, carried out with an overall 

plant dynamics mathematical model - see C3D> le<* t o a 

conclusion that reactor power reduction which is out of 

proportion to the turbines' power reduction can be prevented 

by excluding or, at least, limiting operation of the reactor 

power controller at mode R. This can be arranged for by 

ensuring that the maximum deviation of the steam pressure 

will not exceed the value of 0.245 MPa at which the ARM 4 

controller is automatically switched to the R mode. On the 



basis of results acquired from simulation it has been 
suggested that the time of opening of the by-pass stations" shut 
valves be made shorter /approximately 11 s/, a derivative signal 
of the form of decreasing exponential function with the time 
constant of about 11 s be added to the input to the actuating 
device of the by-pass stations' control valves and the gain 
of the proportional channel of the PI pressure controller 
by means of the by-pass stations be substantially increased. 
The derivative signal, which is generated at the instant of 
a turbine trip, has been shaped in such a way that short-term 
but full opening of the control valves of the by-pass station 
of the tripped turbine be accomplished. The gain of the 
proportional channel of the controller has been tuned to a 
value which causes instantaneous full opening of the control 
valves providing the steam pressure deviation from the 
demanded value is 0.245 MPa. The value of the controller's 
integral channel gain has been diminished to prevent under
shoot in the steam pressure. The new value makes the time of 
full opening of the control valves under the command of 
only the integral channel of the controller of about 110 s 
in the case of steam pressure deviation also of 0.245 MPa. 
All these modifications could be implemented by minor 
changes in the turbine controller. 

Simulation studies, which have been carried out to test 
the above mentioned modifications indicated that satis
factory transients initiated by a turbine trip can be 
arrived at in the unit's whole power range. During a transient 
at nominal power the primary coolant pressure builds up to 
the maximum value of 12.45 MPa. In the further course of the 
transient it falls down to the lowest value of 11.51 MPa 
while triggering of the reactor protection of the so-called 
2-nd order takes place at the value of 11.27 MPa. Primary 
coolant temperature at the input to the reactor reaches 
maximum value of 272.2°C while that at the output from the 
reactor does not exceed the value of 302.8°C. The minimum 

values have been as follows: 264.1°C and 285°C. Let us 
mention at this point that nominal values of these temperatures 
are 270 C and 300 C, respectively. The reactor power has been 
reduced to 4 7 per cent of its nominal value. During transients 
initiated by a turbine trip at lower levels of the unit's 
power the maximum deviations in the primary coolant pressure 
and temperature as well as in the steam pressure in the main 
steam header are smaller. Implementation of the derivative 
signal affects favourably the transients also in the case of 
switching-off the unit's breaker when the turbines' power is 
reduced to the home consumption level. Since the derivative 
signal causes full opening of the by-pass stations' control 
valves independently of the turbine power value preceding 
the trip its application would result in temporary steam 
pressure decrease in the case of a turbine trip at lower 
loads of the unit. This disadvantageous effect is compensated 
for by a higher gain adjustement in the proportional channel 
of the controller of the by-pass station to turbine condenser. 

The described modifications do not cause excessive 
cooling down of the primary coolant in the case of reactor 
trip by the so-called protection of the 1-st order, either. 
After shut down of the reactor the corrective signals derived 
from steam pressure in the main steam header are decreasing 
the demanded value of the turbine power which, in its turn, 
causes a reduction of the turbine power proportional the 
steam pressure drop. At steam pressure of 4.02 MPa the first 
turbine is tripped by its quick-acting isolating valve, at 
3.82 MPa the second turbine's trip follows. Therefore, 
derivative signal which speeds up opening of the control 
valves of the by-pass stations, is generated. As a result 
of these actions the steam pressure does not fall down below 
3.8 MPa. 

Another problem which had to be resolved concerned 
improving the turbine controller performance in abnormal 
conditions leading to negative deviations in the steam 



78 pressure at the >nain steam header - see C O . When the turbine 

controller dead-zone of - 0.06 MPa is surpassed the corrective 

signals from the steam pressure affect the turbine power 

demanded value which has been set by the operator. While this 

corrector network is in active mode the turbine controller 

operates as a proportional regulator of steam pressure. For 

this reason steady-state negative deviation of steam pressure 

from its nominal value occurs under abnormal conditions such 

as primary coolant pumps outage, turbine trip, etc. It is the 

operator's task to bring back the steam pressure to its 

- demanded value by manual setting of the turbine power 

demanded value to a level which corresponds to the actual 

reactor power value and, afterwards, switch on the turbine 

controller to automatic mode. Since these operations are 

time consuming they put additional load upon the operators 

which is incovenient especially under abnormal conditions. 

Relatively simple modification of the turbine controller has 

been suggested on the basis of simulation studies which 

provides for automatic varying of the turbine power demanded 

value in such a way that the negative pressure deviations 

be compensated. 

4. CONCLUSIONS 

The results of simulation studies carried out for the 

purpose of improving the performance of the plant VI power 

control system levealed that structure and setting of the 

reactor power control loop, the turbine control system and 

the control system of the by-pass stations to turbine 

condenser have substantial influence upon the capability 

of these systems to keep the plant variables within the 

limits set by the safety analysis. In the case that some 

control systems are delivered as nearly an integral part of 

individual plant's components developed and manufactured 

by different manufacturers deficiencies in co-operation 

between these controllers are likely to occur. The experience 

gained from the efforts to correct these deficiencies after 

the plant VI went operational is that in order to cope with 

such a task in the presence of "boundary condition" set by 

the plant's routine operational procedures and a limited 

number of the control systems* adjustable parameters simulation 

studies, carried out with an detailed and validated 

mathematical model of both the plant's and its control 

systems' dynamics, seem to be inevitable. These studies 

provide for better insight into the correlations between the 

parameters" settings and the quality of plant control under 

the conditions of complying with all safety requirements. 

Furthermore, the number of on-site tests for verification of 

the proposed modifications can be minimized. 
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