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Introduction
• The replacement of the PSU analog/digital hybrid console was funded 

with a $1.1 M DOE NEUP grant in 2017 (DE-NE-0008658)
• The replacement of the digital console was completed in 2021.

– Not credited in safety analysis or TS
– Replaced under 50.59

• PSU RSEC has been reluctant to share details of 50.59 review while NRC 
review was still pending.

• Previous TRTR presentations have covered the reactor console design and 
installation planning.

• This presentation will discuss:
– 50.59 evaluation
– Software V&V and documentation
– Testing
– Plans to replace reactor safety system



Foxboro	vs.	AECL	Console
• The AECL digital control console (DCC) was installed ca. 1992
• Console functions were executed in seven “loops.”

• RRS – Reactor Regulating System
• SSS – Safety Support Slow
• SSF – Safety Support Fast
• FAC – Facility Control
• OPR – Operator Control
• DSP – Operator Display
• PULS – Pulse Control / Data

• Each time the console executed a loop, a signal would be sent to the watchdog relay to reset 
a timer.  If the relay was not reset within 2 seconds à SCRAM.

• The newer Foxboro system was designed to replicate the AECL software design to the 
maximum extent possible.  However, the digital console is now a distributed control system 
(DCS), with inputs processed by field bus modules (FBMs) controlled by a field control 
processor.  The operator’s screen is a GUI run by software.

• To a large extent, the operator interacts with the DCS in the same way as the DCC, with some 
minor differences.





50.59	Evaluation
• The 50.59 evaluation is captured in PSU RSEC procedure AP-

12, which also includes ALARA, PSP, and EP reviews for 
changes at the facility.

• License-basis safety functions, including all required SCRAMs 
and interlocks, are performed by the analog RSS.  (The RSS 
watchdog relay is reset by the DCC / DCS).

• The digital console has no effect on most of SAR Ch. 13:
– MHA: fuel element cladding rupture during handling;
– Evaluation of maximum fuel temperature (limited by RSS 

SCRAM);
– Pulse from full reactor power (prevented by RSS interlock).



Water	Loss	Accident	Scenario
• The only scenario in the SAR which includes operator action is a rapid water loss 

through the two reactor pool drain pipes.  This can be affected by a malfunction 
/ freezing of the DCS operator interface (GUI).

• The reactor operator is assumed to immediately receive a low water message 
on the console and SCRAM.

• Maximum fuel temperature = 860 C, set by time for water to drain to fuel level.
• The new console display is software-based.  What if the software freezes and 

the operator does not notice?
– Watchdog scram from frozen interface may take much more than 2 sec.
– A one-minute delay in response would increase maximum temperature to 

870 C.  (Limit is 950 C).
– The operator would need to ignore or misinterpret an audible alarm in the 

control room and not notice the change in pool level.
• In order to mitigate this potential problem, a heartbeat (blinking light) was 

added to the screen, and the “Primary water low” message is now accompanied 
by a SCRAM.



50.59	Screening
Change to an SSC that adversely affects design function as 
described in SAR? 
Watchdog scram reset method is changed, GUI may freeze for > 
2 sec without watchdog scram
Change to a procedure that adversely affects how an SSC design 
function is performed, controlled, or tested?

Revise / replace SAR evaluation methodology?

Test or experiment not described in SAR where SSC is used / 
controlled outside the reference bounds in SAR or inconsistent 
with analyses or descriptions in SAR?

X



50.59	Review
• More than minimal increase in: 
– Frequency of SAR accident?
– Consequences of a SAR accident?
– Likelihood of SSC malfunction as evaluated in SAR?
– Consequences of SSC malfunction as evaluate in SAR?

• Create a possibility of:
– Accident different from those in SAR?
– Malfunction of SSC with result previously evaluated in 

SAR?
• Change in design basis limit or assumption in SAR accident 

analysis?
• Change in method of analysis?



50.59	Review
• Closest “hit” was on sudden loss of pool water scenario.
– Does the increase in time before scram significantly affect 

maximum temperature?  
• Even with same evaluation methodology, increase in 

maximum fuel temperature only increased minimally (10 C).
• Most 50.59 review questions were obviated by robustness of  

TRIGA fuel and the lack of SSCs in the digital console



Software	V	&	V
• Front End

– Visual elements such as 
buttons, textbox, graphics, 
and text messages that 
enables users to interact with 
the application.

– Programmed and run on 
client workstations.

• Back End
– Data and infrastructure that accept inputs from user and field devices 

and make the application work.
– Programmed on server but run on Field Control Processor (FCP).
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Frontend	V&V
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Software	Documentation
• DCS Design Manual – Overview of all strategies and user interfaces.   
• DCS Control Logic Diagram – Graphical representation of every strategy.
• Control Block Manual – Functional description of control blocks.
• Control Block DVT – Design Verification Report (including test method and 

test data) for the control blocks.
• Control Block Code – RPN and graphical representation of control blocks. 
• Electronic Tuning Log – Parameters for the control blocks deployed in DCS.
• Physical IO Connection List – Mapping of DCS IO connection and field 

devices.
• Control Rod Drive Motor & Controller Upgrade – Supplement design 

manual for the upgraded control rod drive controller and motor.
• Pulse Tracing Computer – Supplement design manual for the pulse tracing 

computer.



Control	Block	Manual	(Example)



DCS	Control	Logic	Diagram	&	DCS	
Design	Manual	1	(Example)

DCS Design Manual



DCS	Design	Manual	2	(Example)



Function	Block	Code	(Example)
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Bench	Testing

• Isolated test system for bench testing of all V & V. 
• Accept real and simulated inputs – testing system 

behavior and operational boundaries  
• Also used for troubleshooting, improvement & 

development of new console features. 



Control	Block	DVT	(Example)



Challenges
Engineering & Design:
• Recreate most control blocks solely based on their functional 

description.
• Recreate OPR and DSP compounds (backend for User Interface) 

based on operator experience.   
• Control Rod Motor Controller & Pulse Tracing Computer.
Documentation:
• Amount of documentation required.
• Upkeep of documentation following changes / improvements.



Next	Steps
• TRICONEX digital reactor safety 

system is planned for use in place 
of analog RSS

• RSEC engineers will program the 
TRICONEX system

• The analog RSS performs all of the 
safety functions (scrams, 
interlocks, etc.) credited in the 
license  and Tech Specs 



Next	Steps
• RSEC has had the hardware to perform the TRICONEX upgrade 

since 2017.
• Other priorities, such as the beam hall expansion and the 

installation of the non-safety related digital control console 
equipment, have diverted staff resources.

• A pre-submittal (aka phase zero) meeting is planned for 
November 2024 to begin moving forward with the license 
amendment for the digital RSS.



Conclusion
• AECL digital console was replaced with a new Foxboro DCS 

programmed by RSEC staff after 31 years of service.
• The new console was approved via 50.59; this was reviewed 

by NRC as part of the 2023 reactor safety inspection.
• This effort required significant staff resources to perform 

adequate testing, documentation, and V&V.
• In November 2024, PSU RSEC will begin to engage NRC and 

work towards licensing the digital reactor safety system.
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