
Vermont Yankee Simulator BOP Model Upgrade 
 
 

I. History & Background Mr. Raymond Alejandro 
VY Simulator Manager  
Entergy Vermont Yankee The Vermont Yankee (VY) simulator has been 

used heavily throughout its 20+ year history.  It 
has also undergone significant changes during 
that period.  Although the reference plant itself 
had been relatively stable during this time, the 
dedicated simulator staff nevertheless remained 
busy keeping up with plant modifications, 
providing “routine” Discrepancy correction, and 
regular simulator maintenance.  The most 
significant change in the reference unit presented 
itself when it was decided to perform an up-rate 
that included significant changes to existing 
plant systems.  This major modification triggered 
the need to upgrade and replace major plant 
system models in the simulator.   
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 The simulator provides VY with the following 

Training activities: ABSTRACT 
  

1) Licensed Operator Re-qualification 
Training - 8 - 9 operating crew (6 crew 
and 2-3 staff crew) train every 6 weeks 
3-4 days in the simulator for 4-5 hours 
every day. 

The Vermont Yankee simulator has undergone 
significant changes in the 20 years since the 
original order was placed.  After the move from 
the original Unix to MS Windows environment, 
and upgrade to the latest version of SimPort, 
now called MASTER, the platform was set for 
an overhaul and replacement of major plant 
system models.  Over a period of a few months, 
the VY simulator team, in partnership with WSC 
engineers, replaced outdated legacy models of 
the main steam, condenser, condensate, 
circulating water, feedwater and feedwater 
heaters, and main turbine and auxiliaries.  The 
timing was ideal, as the plant was undergoing a 
power up-rate, so the opportunity was taken to 
replace the legacy models with industry-leading, 
true on-line object oriented graphical models.  
Due to the efficiency of design and ease of use of 
the MASTER tools, VY staff performed the 
majority of the modeling work themselves with 
great success, with only occasional assistance 
from WSC, in a relatively short time-period, 
despite having to maintain all of their “regular” 
simulator maintenance responsibilities.  

   
2) Initial Licensed Operator training once 

every two to three years - a class of new 
operators is presently training in the 
simulator to become licensed operators. 

 
3) Annual Emergency Plan Drill and 

Exercise Scenarios developed and run. 
 

4) Auxiliary operator training – The 
auxiliary or plant operators are given 
orientation and demonstrations in the 
simulator as to what a licensed operator 
responsibilities are. 

 
5) Engineering Support Training - similar 

to the orientation the auxiliary operators 
have. 

 
6) Public affairs - tours & demonstrations 

given to public, friends & families when 
time permits. 

 
This paper will provide a more detailed view of 
the VY simulator, including how it is used and 
how it has benefited from the enhancements and 
upgrades implemented during the project. 

 
A brief history of the simulator leading up to the 
recent model upgrades follows:  
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• 1984 - Purchased full-scope Simulator from 
Singer-Link 

 
• 01/1986 - Ready for Training (RFT) 
 
• 08/1994 - Contracted Ryan Nuclear, Inc. to 

convert OpenSimPlus from UNIX to 
Windows NT environment 

 
• 01/1996 – OpenSimPlus NT RFT 
 
• 12/1997 - Purchase SimPort Tools 
 
• 01/2000 - SimPort Revision 1 RFT  
 
• 10/2001 - SimPort Revision 2 RFT 
 
Over the years, WSC engineers worked closely 
with the Vermont Yankee (VY) simulator staff 
to keep the simulator updated with the latest 
version of SimPort.  In 1999, the Simulator 
switched to an object oriented development 
environment using SimPort executive, instructor 
station, and the industry’s only true on-line 
object-oriented modeling system.  Although the 
SimPort environment allows the use of legacy 
(FORTRAN) software code it was not the 
optimum solution.  VY was the first 
OPENSIMPlus (a modified version of OpenSim) 
simulator to upgrade to SimPort, and this effort 
was RFT in February 2000.  With the latest 
version of SimPort, now called 3KeyMASTER™, 
or simply MASTER, installed on the simulator, 
the stage was set for the major BOP model 
replacements that would be needed to keep up 
with the plant changes and enhance the fidelity 
and maintainability of the system models. 
 
 

II. The Next Step 
 
With plans to power up-rate VY to 120% over 
two operating cycles, several components in the 
Balance of Plant (BOP) systems in the plant 
would need to be upgraded or replaced.  In order 
for the Simulator to maintain fidelity the models 
that make up the same BOP systems would need 
to be upgraded as well. 
 
The special relationship that WSC shares with 
VY grew during 2003, with the collaborative 
effort of WSC engineers to support the VY 
simulator team in their efforts to upgrade their 
main steam, feedwater and feedwater heaters, 
condensate, and main turbine models with 
MASTER true object-oriented tools models.  

This effort was performed almost entirely by VY 
staff, with minor guidance and assistance.   
 
The original BOP models in the Simulator were 
part of the original software package delivered 
with the Simulator in 1985, and all were written 
and compiled in FORTRAN.  The old code for 
the BOP models was simplified by today’s 
standards.  For example:  Feedwater system 
heater temperatures, enthalpy, pressures and 
flows were all tuned to 100% power conditions.  
When not at 100% power, these variables would 
vary considerably from actual plant values.  
Creating the BOP system using the MASTER 
modeling tools would lead to greater fidelity. 
 
In a feasibility study which included a “test-
case” replacement of original RWCU dynamics 
and logic, VY determined that modifying the 
current turbine and feed system models to 
approximate the design data and anticipated 
dynamics at 120% would take more time than to 
replace the fluid systems in the MASTER 
environment from scratch.  For this reason, VY 
staff decided to replace the original BOP models 
with assistance on a T&M basis.  All work 
would have to be coordinated closely with VY to 
provide the support required to effect the desired 
changes in the simulator load, on a relatively 
small budget and short schedule. 
 
 

III. Challenge: Schedule & Budget 
 
The VY team developed a schedule to phase-in 
development of the BOP models.  Careful 
consideration had to be given to major factors 
which always impact the simulator, such as: 
 
 First and Foremost: Training requirements 

for operations; deadlines to be met 
 
 Simulator Staff duties and constraints 

 
 Modeling experience of simulator staff and 

most effective ways to increase proficiency 
 
 Simulator limited availability for 

development and testing 
 
 Relatively small amount of funding 

available for “as-needed” T&M support  
 
 Strong communication & teamwork links 
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Pre-project start analysis and preparation by the 
VY team were keys to success.  Based on a 
detailed review of timetables and all 
requirements, it was determined that the best 
way to successfully achieve all of the goals of 
the simulator upgrade would be through a phased 
approach.  The following discrete phases, with 
measurable criteria of success and on-time 
completion, were established: 
 
Phase 1 
Data collection – Creation of a list of the design 
data documents necessary to successfully input 
into the models to replicate the Vermont Yankee 
BOP.  After review of the data collected, a joint 
“design review” meeting was held to finalize the 
scope of the model replacements. 
 
Phase 2 
Replace Main Turbine and Steam models with 
MASTER models. 
 
Phase 3 
Replace Main Condenser and Condensate 
models with MASTER models. 
Replace Feedwater and Feedwater Heaters model 
with MASTER models. 
 
Phase 4 
Integrate New models with each other and with 
existing VY simulator models. 
Support Factory and Final Site Acceptance 
Testing of the new simulator load. 
 
Each Phase included meetings and training 
sessions with skilled WSC engineers who 
possess extensive experience on system design, 
development, and testing of simulator dynamic 
models using the established MASTER tools and 
tool libraries.  Follow-up support was provided 
remotely as-needed, via email and telecon. 
 
All software integration with the existing load 
such as model cuts, addition of modules to the 
load and addition/deletion of any variables or 
constants were performed by VY with minor 
assistance from vendor engineers. 
 
 

IV. The Results 
 
WSC engineers traveled to VY to participate in 
the project kickoff meeting with the VY 
simulator team of Ray Alejandro, Mark Krider, 
John Hudachek and Allen Thomas, this trip was 

very successful in getting the project started and 
the following tasks were accomplished: 
 
• Introduction, project overview and general 

plan, including project schedule were 
discussed and agreed upon by all parties 

 
• Modeling tools were discussed and it was 

decided with VY which tools would be used 
for which applications; the latest flow 
system tool was covered extensively 

 
• Latest version of tools and MASTER 

environment were installed and a 
development load was created 

 
• Design data was discussed and reviewed and 

assembled for design of the replacement 
plant systems 

 
• The joint project team designated which 

team members were primary and backup on 
each plant system and modeling tool 

 
• WSC engineers provided training and  

assisted VY in creating a new Cleanup 
model with flowbase, and spent the 
remainder of the week assisting VY 
modelers with the use of flowbase as it is 
being applied to the new BOP systems 

 
• Detailed Documentation for all aspects of 

MASTER was updated and sent to VY 
 
• The latest version of the VY development 

and training loads was installed on a 
dedicated remote computer in Frederick for 
purposes of supporting VY 

 
Following the kickoff meeting, VY commenced 
work creating the new models.  Within 3 months 
by the end of 2003, VY had essentially 
completed initial design and modeling of the 
new systems, and were well into stand-alone 
testing.  WSC engineers provided minor off-site 
support as needed and requested by VY.  
Engineers traveled to the site on just a few rare 
occasions when major milestones such as 
completion of integration needed to be met, or 
when VY staff was in need of additional training 
or assistance. 
 
After successful and timely integration of the 
new models, the VY team largely completed the 
commissioning of the upgrades and replacements 
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on their own, conducting their own acceptance 
test program and moving of the new system into 
training. 
 
The project was successful, but not without 
problems.  A common problem in the industry 
seems to be schedule allotted for testing of major 
modifications.  The schedule was too aggressive 
for the amount of testing that was required.  To 
keep to schedule, Scenario validation was 
combined with site acceptance testing, in an 
attempt to keep to the training schedule.  More 
time should have been allotted for testing and 
acceptance, prior to releasing for training. 
 
To complement the project, a complete set of 
documentation was provided.  Furthermore, all 
WSC software was provided in source format.  A 
full description of every modeling tool, with 
detailed practical examples was provided and all 
source code developed was included.  
 
WSC was also able to benefit from the project by 
providing enhancements to the MASTER 
modeling tools as needed and requested during 
the project by VY.  These tools are now truly 
ready to handle any simulation requirement. 
 
The VY staff is now in a position where they do 
not have any “hard reliance” on a particular 
vendor, and can accomplish any future BOP 
model upgrades or enhancements without 
assistance.  3KEYs to the success of this project 
and simulator upgrade are: 
 
1. VY staff able to perform all upgrades 
 
2. Reliance on external support unnecessary 
 
3. Modern Platform for future development 
 
 

V. The Future 
 
VY and the joint project team were able to create 
a powerful updated and accurate training 
platform during the project.  The ultimate goal is 
to maintain the highest hardware and software 
model fidelity to provide the most meaningful 
and realistic training possible. 
 
As for the software, the VY team now has an 
excellent base and modeling tools to eventually 
enhance and/or replace remaining legacy models 
as time, budget, and staffing constraints allow.  
After a long period of having some inadequate 

models, they now have high-fidelity dynamically 
accurate ones, and graphical modeling tools with 
which to move forward. 
 
WSC will be there to help.  The WSC MASTER 
simulation environment is not a “simple” tool 
that can be used by anyone.  It is, however, an 
all-inclusive simulation environment.  It supplies 
a real-time executive, model building tools for 
pressure-flow, gas, electrical, and logic and 
control systems.  It packs the power and 
flexibility of the Microsoft NT/2000/XP/2003 
platform and associated products like MS Visual 
Studio .NET and all associated modern 
applications, allowing the simulation to evolve.  
All the needed components are in place for VY 
to implement future model replacements and 
upgrades, including service water, ECCS 
systems, more electrical and control systems, and 
future DCS controls as they are implemented in 
future plant modifications. 
 
Considering the age of VY and many existing 
plants, their simulators can now have some of 
the most modern, powerful simulation 
technology anywhere.  Despite the relatively old 
age of some of the plants, simulators like VY 
using the WSC MASTER simulation technology 
are on the cutting edge. 
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