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Abstract 

The availability of Information, Control and Power (ICP) is not treated as a Critical Safety Function 

(CSF). After the Forsmark (2006) and Fukushima (2011) incidents there is reason to add ICP as a separate 

CSF. Adding ICP as a separate CSF would possibly lead to procedural adaptations, or even design 

changes, for Nuclear Power Plants. 

As an example, this paper focusses on the transitions immediately after a SCRAM. At a SCRAM in 

many nuclear power plants the turbine is tripped immediately to prevent the extraction of too much heat 

from the reactor. However this requires a large and fast transition for the entire secondary system. The 

rescheduled priorities could lead to the wish NOT to trip the turbine before load has been reduced and 

alternative power has been secured.  

This paper discusses a “soft landing” for the turbine by keeping it running after the SCRAM.  Turbine 

control can follow reactor power by controlling the pressure of the available residual steam from the steam 

generator. With a proper control design this enables a flexible and precise control of primary temperatures 

without any fast switching in the secondary system during the first ½ to 3 minutes. In this period reactor 

load and turbine power are smoothly lowered to minimum levels during of which automatic preparatory 

measures can be triggered. The normal transitions can be initiated in a staged form to provide a soft 

landing for the entire secondary and electrical system. 

Introduction 

In the Westinghouse concept for nuclear installations there is a direct coupling between a SCRAM of 

the reactor and the immediate trip of the steam turbine. The turbine load controller tries to keep constant 

power output to the grid. At a SCRAM the drop in available power from the core results in further opening 

of the turbine inlet valves. This will amplify the pressure drop and extract more heat from the primary 

water. At a SCRAM this must be prevented in order to prevent re-criticality. This is the background for the 

immediate trip of the turbine at a SCRAM. However this turbine trip is a major transient for the entire 

secondary system: 
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1. the turbine 

2. the turbine bypass system 

3. the condensate and feedwater loop 

4. the steamgenerators 

5. the grid 

6. the supply electrical power to the in-house load 

 

This paper discusses this transient and the consequences for safe handling of the period immediately 

after the SCRAM. An alternative control strategy is proposed in which the turbine tip is separated from the 

SCRAM. This leads to a “soft landing” for the turbine avoiding most of the transients in the electrical- and 

condensate system. More over the ½ - 3 minutes that are gained will allow for starting of the Emergency 

Diesel Generators (EDG) as a running backup before power is switched. Even a staged transfer of internal 

load to either grid connection or EDG-power is possible while the turbine is still running at reduced power. 

 

 

Background 

In the wake of the 1979 Three Mile Island incident Westinghouse developed a procedural approach to 

improve nuclear safety with the goal to Prevent Radiation Release. This Emergency Operating Procedures 

(EOP, 1979) and Emergency Response Guidline’s (ERG’s) aimed at protecting the three barriers by 

fulfilling the requirements for the Critical Safety Functions (CSF).  

Figure 1.  Critical Safety Factors as basis for Emergency Response Guidelines. 

 

This well-developed approach is used for many nuclear installations in the world. A seventh CSF 

considered is the availability of utilities. At the Three Miles Island incident the problems were not directly 

related to the availability of Information, Control and Power (ICP), but much to the interpretation of the 

information. This explains the development of the six CSF’s in the 80’s. The provision of power is a high 
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priority in the Emergency Response Guidlines, but not as a CSF with its own priority. As Forsmark 2006 

and Fukushima 2011 have shown ICP should probably be treated as a separate CSF. This would lead to a 

more systematic evaluation of: 

 Information: information is the crucial resource for all processes that do not rely on passive or inherent 

mechanisms. Even for passive and inherent mechanisms information can be vital for evaluation of the 

situation. Much of the information is provided by process-instrumentation. Power requirements are 

generally relatively low (e.g. 1-100 W/instrument) which makes batteries a secure source of power for 

many hours. Use of large batteries for many combined information points and data handling creates a 

weakness in itself. In all cases an immediate loss of all information should be avoided. Batteries 

should be scheduled for a graceful degradation instead. 

 Control: to make information useful options to execute actions are needed. For control-actions (e.g. by 

operating valves) the power requirements are somewhat higher (e.g. 0,1-10 kW/actuator), but the use 

is mostly intermittent with a low duty cycle (e.g. 1 min per hr), so that this can still be provided by 

batteries. In the classification of components options do (manual) actions over a (very) long time after 

a blackout should be considered. 

 Power: is needed for active systems like pumps, fans, cranes etc.. The consumption is often too high for 

batteries and in practice Emergency Diesel Generators (EDG) are needed for providing emergency 

backup power. Grid and turbine are only sources capable of providing enough power to provide all 

functions of the first and second line of defence. 

 

Figure 2. Levels of Defence in Depth for Power supply (NEA 2009, Didelsys p.68) 

 

 

Adding ICP as a separate CSF would possibly lead to procedural adaptations, or even design changes, 

for Nuclear Power Plants. As an example in this paper we focus on the transitions immediately after a 
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SCRAM. The rescheduled priorities could lead to the wish NOT to trip the turbine before alternative power 

is secured.  

Problem definition 

In the Westinghouse concept for nuclear installations a SCRAM of the reactor is immediately tripping 

the steam turbine. A turbine trip, however, is a drastic action with profound impact for the entire 

installation (NEA, 2009-nov-9). It involves an immediate disconnection of the generator from the grid. The 

local grid can be influenced very much by the disconnection of the generator switch. 

Depending on the configuration (machine-transformer, generator switch and startup-transformer) fast-

transfer switching may be needed to provide in-house load. The voltage, frequency and phase variations 

caused by the switching are a risk of losing the grid connection or of triggering subsequent failures. In this 

case the second line of defence is lost as a direct consequence of giving up the first line of defence. Then 

there is a direct reliance on the EDG’s. The limited power available from the EDG’s has direct impact on 

the options to support the CSF’s. Also the water-steam cycle is disrupted by tripping the turbine. This 

could disturb feed-water supply to the steam generators. 

The reason for the immediate trip of the turbine at a SCRAM is a consequence of the chosen control 

structure in which the turbine is leading the power demand. The core is following the power demand by 

keeping temperatures of the primary coolant stable. However at a SCRAM the drop in available power 

from the core, and thus of the live steam pressure, will result in further opening of the turbine inlet valves. 

This way the turbine load controller amplifies the pressure drop and, via the steam generators, lowers the 

temperature of the primary coolant. At a SCRAM this must be prevented in order to prevent a renewed 

criticality. Therefore, normally, an immediate turbine trip is triggered at a SCRAM. As an alternative a 

concept for a smooth transition after a SCRAM is worked out below. 

Consequences of a turbine trip 

In the defence in depth concept the running turbine is effectively the major component of the first line 

of defence: 

 It closes the water-steam cycle: because of it continuous operation it is an always tested and 

reliable heat sink. 

 The turbine-generator: Generates power in parallel to the grid both stabilising and contributing 

to the reliability of power availability. 

The problem with the turbine trip at a scram is that both functions are given up instantaneously and 

many components need to respond at the same time: 

 Closure of turbine inlet valves and at the same time opening of turbine bypass valves and 

opening of the valves for water injection for steam cooling. 

 Drastic load increase and temperature transient for main condenser. 

 Disconnection of generator switch at full generator load (or of main switch and fast transfer to 

start transformer). 

Due to the large power available at the moment of the trip the transients are maximal both on the 

steam-side and on the electrical side of the turbine-generator system. 
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Figure 3. Function loss at failed transfer of electrical supply after turbine trip. 

 

The trip of the generator generates large transients on the power lines it is a critical transition for the 

grid because full load is switched off unscheduled an must be compensated in seconds. The grid voltage, 

frequency and phase are disturbed and this can hamper local grid availability. Consequently reconnecting 

the alternative feed (start-up transformer) is having a significant chance of failure, inducing (partial) loss of 

electrical supply for the in-house-load. The internal configuration of the supply of the in-house-load (e.g. 

generator switch or start-up transformers) can cause different behaviour. See the evaluation report of the 

Forsmark incident by the DIDELSYS taskgroup (NEA, 2009-nov-9, p. 61)
1
 for background on switching 

the power. As an example the scheme of Figure 1 indicates a failed transfer of the in-house-load from 

turbine-generator to grid supply. Then there is immediate reliance on the EDG’s. Due to the limited power 

of these EDG’s all main pumps are non-available with EDG-power. This way a turbine trip generates 

directly major additional consequences in the primary system. 

The main components in the first line of the defence in the defence in depth are the running turbine 

and closed water-steam-cycle. The turbine-generator also is the first line of defence for the power supply. 

The problem with the turbine trip at a scram is that both functions are given up instantaneously with high 

transients due to the large power available at that moment. The many components that have to act under 

full load in a time critical transition are a risk of failure. Such failure could immediately hamper the second 

line of defence. Therefore it is proposed to operate as long as possible with the turbine-generator in its 

normal configuration. 

Concept 

Instead of tripping it, the turbine of a NPP could be used for handling the transition to a low power 

stage after a SCRAM. It requires that the turbine is kept online in a way that controls the requirements for 

the primary loop. The turbine inlet valves can be used for a smooth transition. Therefore the control of the 

turbine inlet valves should be switched from normal control of the generator power output to the control of 

the live steam pressure.  

                                                      
1
. NEA. (2009-nov-9). Defence in Depth of Electrical Systems and Grid Interaction, Final DIDELSYS Task 

Group Report. Nuclear Energy Agency, Committee On The Safety Of Nuclear Installations. OECD. 
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Live steam pressure is maintained following the same the time dependent pressure-setpoint as with 

the controller of the bypass valves. The amplification of the live steam pressure drop will be avoided. A 

feedforward steering will use the maximum available closing speed of the turbine inlet valves till the 

appropriate pressure and live steam quantity are reached. For the steam generators pressure variations 

could even be smaller because of the avoidance of timing problems normally caused by the transition from 

turbine inlet valves to turbine bypass valves. As a consequence the bypass valves will not be needed in the 

first time after the SCRAM and transients from the switch-over will be avoided.  

This modification only involves adaptation of the turbine control system. The control behaviour of the 

turbine inlet valves can be designed the same way as the turbine bypass valves. It results in significant 

strengthening of the first line of defence by keeping the turbine running on the nuclear decay-heat for about 

½ to 3 minutes after the SCRAM. This could improve the robustness of the plant for other failures 

immediately after the SCRAM. 

 

 

Figure 4. Switching of turbine control at SCRAM 

 

 

With the proposed change the information flow will be reversed after the SCRAM: The nuclear decay 

heat decreases with a curve in time. The turbine inlet valves will follow the decreasing steam production 

by controlled throttling to keep the steam pressure stable. The turbine output power will be following the 

nuclear decay heat. It will be reduced to 4% of nominal power in about halve a minute and will then 

decrease to 3,5% after a minute and to 3% after about 3 minutes
2
. This can continue till the turbine 

Reverse-Power-Protection triggers and the turbine is switched off. At this time, the transient on the 

secondary water-steam-cycle and the electrical system is one or two orders of magnitude smaller.  

Power supply is uninterrupted during this first minute. This means that all large pumps (Primary 

Coolant Pumps, cooling water pumps, condensate pumps and feedwater pumps) remain operative for the 

removal of large quantities of residual heat from the plant. The grid is stabilised by the running generator 

                                                      

2
. Garland, 1998, Decay heat estimates 
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and time is available to do necessary switching of components in a staged way. And because the secondary 

water-steam-cycle remains intact during this first minute the inventory of water in the steam generator and 

deaerator tank is preserved. In the time gained actions can be triggered to prepare a soft landing of the 

process. By continued use of the entire normal secondary loop during the first minute transition the 

chances of a Failure-on-Demand (FOD) will be decreased. 

In the first half a minute action can be triggered to prepare a “soft landing” of the process. First of all 

operators get alerted before the mass of alarms from all secondary processes get triggered. The Emergency 

Diesel Generators (EDG’s) can be started in order to have them as running-standby. Even synchronisation 

of an EDG could be possible.  

Consequences of delaying the turbine trip 

Running the turbine deliberately after a SCRAM is a deviation from the Westinghouse approach used 

up to now. But it can be realised with relative little effort. It mainly involves switching the controller of the 

turbine inlet valves from normal control on generator power to control on the live steam pressure. The 

dynamics of the turbine inlet valves should be validated and compared to those of the turbine bypass 

valves. These parameters should be used for a control design that will guarantee optimum performance 

with regard to the influences on the primary loop. A PID-controller would probably be a simple and 

sufficient base for the design of the controller. A feed-forward signal could send the turbine inlet valves to 

a predefined position in anticipation of the required steam flow and pressure after the SCRAM.  

The turbine will have to run for ½ to 3 minutes with a steam flow of  5-3%, which is below the 

normal minimum for the turbine. But as the steam flow is small and the time is short the erosion effect of 

wet steam on the turbine blades will be negligible. Generally turbine suppliers allow this low load 

operation for a limited number of hours per year. It is a load comparable to the load for island operation of 

the plant. 

Possibly a number of other controllers of components in the secondary loop need to be validated for 

this transient. Performance can be improved by adding a feed-forward signal that triggers on the SCRAM 

command. In principle all these actions are less drastic with a delayed turbine trip than with an immediate 

turbine trip. 

In a situation without a generator switch (NEA, 2009-nov-9, p. 61)
3
 the transfer of inhouse-load from 

turbine to grid connection can be done while the turbine is still connected to the grid. Then the turbine-grid 

connection is much more stable than when doing the transfer just at the moment of disconnecting the 

generator. This greatly improves the chance on a correct fast-transfer. This is a major contribution to the 

safety by keeping the first line of defence for power supply intact. Then it is possible to transfer in-house 

load in separately (per redundancy) to the grid. If one of these fails the EDG is already running and supply 

is restored with much less interruption. The soft running down power of the turbine-generator, instead of 

the instant trip at full load, is also favourable for the grid operator. 

Conclusion 

A relative simple addition to the turbine control can keep the turbine online for ½ to 3 minutes after a 

SCRAM. The turbine load controller can be switched to control of the life steam pressure with the turbine 

                                                      
3
. NEA. (2009-nov-9). Defence in Depth of Electrical Systems and Grid Interaction, Final DIDELSYS Task Group 

Report. Nuclear Energy Agency, Committee On The Safety Of Nuclear Installations. OECD. 
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inlet valves. The turbine will then follow the decreasing production of decay-heat. This enables control of 

the life steam pressure without a transition to the turbine bypass valves.  

The running generator stabilises the grid and power is gradually decreasing till the power reaches a 

minimum of only a few percent of nominal load. Only then the turbine is tripped. Transients in as well the 

secondary water-steam-cycle as the grid are one or two orders of magnitude smaller. This can be handled 

by the first line of defence and reduces risk of also losing the second line of defence. 

During the time of pressure control preparations for a soft landing can be initiated. EDG’s can be 

started and in-house-load can be fast-transferred to grid connection while the generator is still coupled to 

the grid. Staged switching of all components reduces chances on failure. For plant operators as well as the 

grid operator a smoother transfer is favourable.  
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