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DOE Light Water Reactor Sustainability (LWRS) Program 
  
•  Currently over 20% of nation’s electricity is generated through 

nuclear power plants 
 

•  Original operating licenses were for 40 years 
 

– To ensure continued supply, license extensions up to 60 or 
80 years 
 

•  None of ~100 current reactors in US has a fully upgraded main 
control room yet 
 

– Obsolete analog-only technology with some digital islands 

why is a national lab working on simulators? 



different control room upgrade paths 

INL conducted a survey or 11 US utilities and 10 nuclear institutions in March 2012 



Help Utilities Complete Control Room Upgrades 
•  Work on hybrid control rooms, where digital is being added to analog 

boards 
•  Bridge utilities, researchers, regulator, and vendors 
 
Getting There 
•  Develop and operate a research simulator that serves as utility user 

facility 
•  Validate digital design concepts 

–  Prototype 
– Operator-in-the-loop testing (human factors) 

our vision 



a platform for control room research 



a reconfigurable,  
full-scale,  
full-scope  

research simulator 

Human System Simulation Laboratory 



HSSL: a reconfigurable, full-scale, full-scope research simulator 
Orchid® Touch Interface  
Classroom Simulation 
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� Full scale control room training 

environment at a fraction of the cost 

of the full scope simulator 

� Life-like training environment to 

augment the current full scope 

simulator environment 

� Offload full scope simulator by using 

a device that fits the need of young 

learners 

 

 

 

Server-client software architecture from 
different simulator vendors 

1.  L-3/MAPPS 
2.  GSE 
3.  WSC 
4.  DCS vendors (e.g., Honeywell) 

15 L-3/MAPPS glasstop panels  
 



HSSL: a reconfigurable, full-scale,  full-scope research simulator 

15 panels allow mapping to full front panels of main control rooms  
SONGS Harris 



HSSL: a reconfigurable, full-scale,  full-scope research simulator 

Plant Models (Training Simulators) 
 
•  L-3/MAPPS: SONGS, McGuire 

(planned) 
•  GSE: Shearon Harris, gPWR 
•  WSC: H.B. Robinson 
 



HSSL: a reconfigurable, full-scale,  full-scope research simulator 

develop proof of concept prototypes and validate with operator-in-the-loop testing 



the design process  



requirements for human factors 

(1) 
HSSL simulator (2) 

DCS 
prototyping 

(3) 
Usability testing 

and integrated 
system validation 

(NUREG-0711) 



board layout: where do we put DCS? 



< Original  

New > 
(DCS PiP)        

prototype: build it virtually in the HSSL 
Turbine 
Control 
System 



advanced concepts: COSS CVCS 
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Figure 13 Computer-based procedure depicting the active step with a light grey background, a step status message, and a 
"Go to step" button in the active state. 

The current CBP prototype allows both step-by-step execution and automatic execution of sequences of 
multiple steps. The run and stop buttons (denoted by  and , respectively) are used to toggle automatic 
execution and can be seen along the bottom of Figure 13. When automatic execution is possible, a text 
description of the sequence of steps message appears next to the run and stop buttons. Additionally, black 
is used to denote a selectable state for the run and stop buttons. For example, if the automatic execution is 
in effect, the stop button is highlighted in black to indicate it can be selected, and the run button is grey to 
indicate that it cannot be selected. 

 
4.3.5 Piping and Instrumentation Diagrams 

 

The P&ID provides the operator with contextual information concerning faults. The contextual 
information includes the location of the fault within particular subsystems and the components that may 
be affected by the fault. This information is important for assessing the suggested mitigation actions 
provided by the recommender. When viewing the P&ID, the operator can select a component to open a 
window containing more detailed information not displayed on the main CVCS P&ID. The pop-up menus 
containing more detailed information may potentially occlude other components, however the pop-up 
menus are small to prevent component occlusion. Additionally, the operator can close the pop-up menu to 
return to the unobstructed view of the components on the main P&ID. In addition to providing more 
detailed component information, pop-up menus also support direct interaction with controllable 
components.   
 
The COSS recommender system highlights portions of the main CVCS P&ID based on the diagnosed 
fault and the possible mitigation actions. The COSS system highlights functional units representing 
isolable and interrelated sections of the P&ID. Representing the P&ID in this fashion aids the operator to 
examine possible components contributing to the fault and components that would be affected by a 
particular mitigation action. For example, the CVCS P&ID segments highlighted in the COSS prototype 
are the demineralizer loop suffering from a leak and the volume control tank (VCT) that is affected by the 
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background changes to red when the trend reaches an alarm state (see  “VCT  Level”  and  “Boric  Acid  
Lev”  in Figure 15). The trend alarms also contain warning and alarm bars that provide the operator with 
contextual information depicting the warning and alarm ranges for a particular trend alarm. At all times, 
the current component value is displayed at the bottom of the trend alarms. 
 
The  trend  lines  represent  a  component’s  state  based  on  values  from  multiple  sensors  physically  located  on  
the component. The trend alarm panels support the operator in sensor failure detection. The COSS 
monitors the sensors and displays confidence intervals around the trend line to provide the operator with 
real time estimates concerning the accuracy of the trend line. The confidence interval is displayed as a 
blue area around the trend line. As the sensor value drifts away from other sensors on a component, the 
confidence interval expands (see  “Boric  Acid  Lev”  in Figure 15). The blue highlighting serves as a salient 
indicator when faulty sensor values are detected by the COSS. When the sensors are in alignment with 
each other, the blue confidence interval is not visible. 
 
 

 
Figure 15 COSS display featuring trend alarms that have reached warning, alarm, and sensor drift and failure states. 
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leak (see Figure 14). In this particular scenario the demineralizer loop can be bypassed by the mitigation 
action of diverting letdown flow through ICS-50 from the demineralizer loop to the VCT. The operator 
can then perform diagnostics or inform the necessary personnel to investigate and repair the cause of the 
fault in this part of the system. 

 
 

 
Figure 14 COSS display featuring suggested mitigation actions and components related to the fault and the mitigation of 
the fault. 

 
4.3.6 Trend Alarm Panel 

 

The trend alarm section of the COSS serves as an information rich display containing 16 trend alarms in a 
panel (see Figure 15). The trend alarms are constantly visible within the COSS to ensure the operator has 
immediate access to trend and current indicator values for components. Additionally, all warnings and 
alarms are immediately visible while the operator is completing the computer-based procedures or 
interacting with the P&ID. The 16 trend alarms selected for the COSS interface provide information for 
CVCS relevant components and subsystems, such as the volume control tank, charging pumps, letdown 
flow, and the boration and dilution system. The trend alarms serve as salient warning and alarm indicators 
in  situations  in  which  a  component’s  sensor  reaches  a  predetermined  set  point. 
 
Each trend alarm contains a trend line, warning and alarm anchor bars, and the current component value. 
During normal plant states the trend lines are fairly stable and flat. Deviations away from a straight line 
across the alarm contrasts the rest of the trend line alarms within the panel to alert the operator of a fault. 
Due to normal plant adjustments, predicted trend deviations do not necessarily indicate an abnormal state. 
The trend alarms use background color to denote any trend that crossed into a warning or alarm state. The 
trend alarms are grey while the current value of the trend is within normal operating parameters. When a 
trend reaches a particular set point, the trend alarm panel background turns yellow to alert the operator 
that the trend has reached a warning state (see  “LD Pressure”  indicator  in Figure 15). The trend alarm 

computer 
based  

procedures 

prognostic 
recommender 

system 

advanced 
alarm trend 

displays 

Develop First-of-a-Kind Computerized Operator Support System 



what’s next? 



what we’re doing in 2014 
Move into a new, purpose built lab facility 
 
 
 
 
 
 
 
 
 
 
Help develop fleetwide turbine control system upgrades for Duke Energy 
 
•  Robinson, Harris, Brunswick, and McGuire 
 
Develop (and publish) guidance for operator performance metrics 
 
•  What’s the best set of metrics to evaluate operator performance for upgrades? 



questions ?


