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Abstract 

A new reactor fueling animated graphical display and a 3 dimensional view of the reactor 
core display are presented that are useful for the physics fuelling engineer, the Control 
Room Operators, the fuel handling operators and the fuel handling support engineers. 
Data is downloaded from the online fuelling computer to a data server that is network 
accessible. The fuelling display and 3Dview display can run on any network connected 
Computer. The animated graphical fuelling display offers a huge reduction in cognitive 
workload for all users. The authors recommend that animated graphical displays be 
developed and utilized wherever personnel have to visualize complex equipment 
operation. 

Introduction 

The Point Lepreau G. S. fuelling regiment calls for 14 channels per week, fuelling 
Monday, Tuesday, Thursday and Friday usually between 8am and 8pm. Weekends are 
avoided where possible. Monday, the Control Room Operator (CRO) collects Control 
Room Routine CR-03 physics data then fuels 5 channels. Tuesday the CRO fuels 4 
channels. Wednesdays are reserved for fuelling machine maintenance days. Thursday, the 
CRO again collects CR-03 physics data and fuels 5 channels. Four different work groups 
are involved in four different departments. The Fuelling Specialist's goal is to determine 
which fuel channels have exhausted fuel bundles and which of those fuel channels needs 
to be fuelled next with 8 new bundles to support core reactivity and flux shape. 

Fuelling Process 

The fuelling process revolves around 4 work groups and 4 computer programs. The 4 
work group positions responsible for fuelling are: Fuelling Specialist (FS), Control Room 
Operator (CRO), Shift Supervisor (SS) and the Fuel Handling Operator (FH). The 4 
computer programs are Reactor Fuelling Simulation Program (RFSP), Fuel Channel 
History (FCH), Channel Temperature Monitoring (CTM) and Zone Level Predictor 
(ZLP). The following briefly describes the activities of each position and the uses of the 
computer programs. 
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Fuelling Process Diagram 

Figure 1: Reactor Fuelling Process 
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Fuelling Specialist (FS) 
The FS schedules fuelling such that the Reactivity Target is met and Steady State core 
conditions are established for RFSP production runs and subsequent issue of the Regional 
Over Power Detector Calibration (ROPDC) report. To accomplish these goals, the FS 
selects channels to be fuelled such that Safety Analysis limits on bundle and channel 
power (power density) are not exceeded, Spatial control is not compromised, ROP 
margins-to-trip are acceptable, the time-averaged burn-up distribution is achieved and 
target defect probability is not exceeded and failed fuel bundles are removed in a timely 
fashion. The FS produces and signs the Recommended Fuelling List (RFL), the Fuel 
Change Order (FCO), the Fuelling Memo that includes the reactivity balance and target 
reactivity, tolerances on spatial control, and current physics data. Finally, the Physics 
Group produces the Regional Over Power Detector Calibration (ROPDC) report. 
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Control Room Operator (CRO) 
The CRO is at the hub of the fuelling process once it begins in the Main Control Room. 
The CRO confirms that the ROPDC report is valid and ensures fuelling will not affect the 
scheduled collection of RFSP Core Monitoring Data collected by Control Room routine 
CR-03. The CRO checks that the information attached to the Fuelling Memo is current 
and that the paperwork required for an update to the Recommended Fuelling List is 
complete before fuelling. Throughout the week, the CRO tries to achieve the Acceptable 
Water Level Deviations listed on the Fuelling Memo and explains why any tolerances 
were not met. Because there is no fuelling on Wednesdays, the CRO checks CR-34 on 
Thursday morning to ensure that the current fuelling schedule is adequate to meet the 
reactivity target. The CRO always checks the Channel Status Map before fuelling to 
identify channels not available for fuelling due to instrumentation or other restrictions 
and identify those with specific restrictions or notes to be observed during fuelling. When 
a channel fuelling is complete, the CRO checks that the fuelling date and time entered in 
the Fuel Channel History program by both the CRO and FH and that on the FCO all 
agree. To wrap up, the CRO confirms that the required paperwork is attached to the FCO. 
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Shift Supervisor (SS) 
The SS has an oversight and approval responsibility. S/he ensures that the fuel is 
adequately cooled at all times, ensures that the power density limits are met by enforcing 
set rules, approves the Fuel Change Order (FCO), accepts and issues the ROPDC report, 
if a technical specialist review is unavailable, and authorizes changes to the fuelling 
schedule and/or revisions to the Recommended Fuelling List (RFL). 

Fuel Handling Operator (FH) 

The FH operates the computerized fuelling machines by loading them with the correct 
specified new fuel and then inserting that fuel into the correct reactor channel. The FH 
also uses the Recommended Fuelling List (RFL) and a new Fuel Change Order (FCO). 
The Control Room Operator and the Shift Supervisor must approve the FCO before 
fuelling takes place. The FH uses the Fuel Channel History Program to check old Core 
Response History data, the Recommended Fuelling List on screen and RFSP output data. 

Fuelling Support Engineers 
The Fuelling Support Engineers are not part of the immediate fuelling loop. Their use of 
the Fuelling Monitor is being developed. They are expected to benefit greatly from the 
use of the Fuelling Monitor display. 

Reactor Fuelling Simulation Program (RFSP) 
The RFSP computer program is used for criticality control and reactivity assessment. The 
FS routinely uses RFSP to calculate the channel power distribution and to update the 
reactivity balance. Three simulations are used to assess the current core conditions. The 
production run uses a diffusion theory based computation of an updated rippled 
fundamental flux shape followed by a Powermap calculation. To include the fuelling, 
since the last production run and achieve steady state core conditions, there must be a 
non-fuelling period of typically 16 hours. The FS also computes excess reactivity with 
this program. 

The Powermap Run is used to compute channel power distribution; but not excessive 
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reactivity. Powermap can be used when a non-fuelling period of 16 hours is not 
operationally feasible and it can be done within 30 minutes if the rippled fundamental 
from the previous Production Run is judged to be acceptable. 

Predictive Simulations is a diffusion theory based option that uses anticipated core 
conditions and can be executed anytime. Predictive Simulations can be run when 
unexpected revisions to the fuelling list emerge and the impact on peak channel power of 
the next channel(s) to be fuelled is required. 

Fuel Channel History (FCH) 
The FCH program is a 3 user program that provides a series of operations screens for use 
by the CRO, fuel handling screens for use by the FH during fuelling and physics screens 
for the FS. The CRO and FH use FCH as a database of historical fuelling information to 
permit a quick assessment of the impact a current fuelling evolution may have on present 
core conditions. The CRO and FH both enter after channel fuelling data into the FCH 
program. A measure of quality control on the fuelling process and the FCH database is 
gained by only allowing fuelling information to be entered into the database only if the 
FS has included the channel on the Recommended Fuelling List (RFL). The FS uses 
FCH to provide input to RFSP including date, time channels are fuelled and type of fuel, 
by pallet number. The FS takes the output from RFSP and inputs it into FCH, including 
channel burnup and power. The FS makes up the RFL through the FCH physics screens. 
This completes the 3-way link through the computer network. 

Fuel Channel History Program Display 

Figure 2: Fuel Channel History Data Input Screen 
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ADDITIONS CT2FC24 

01: CHANNEL P06 14: DP 1 : 622 23:SDS1 9F 0.0 

02: DATE : 2003/04/14 15: DP 2 : 627 24: -- 2D 0.0 

03: TIME : 13:50 16: DDP : 5 25: 9E 0.0 

04: FCO : 11295 17: MAX CHANNEL : 017 26: 5E 0.0 

05: CRO 18: MAX CHAN PWR(1) : 6.70 27: 0.0 

06: T(0) : 19: MAX CHAN PWR(2) 6.80 28: -- 0.0 

07: T(5) : 20: DPWR : 0.01 (%) 29:SDS2 7H 0.0 

08: CHANNEL BURNUP : 155 21: DERATE : 0 30: -- 0.0 

09: CHANNEL PWR/RFSP : 6.06 22: PLIN : 0.0 31: 0.0 

10: CHANNEL PWR/FLX(1) : 0.00 32: 0.0 

11: CHANNEL PWR/FLX(2) : 0.00 33: 0.0 

12: AZL(1): 51 34: -- 0.0 

13: AZL(2): 53 35: DC : 0.0 

36: COMMENTS : 
37: 

38: 

FIELD NUMBER TO CHANGE : 
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Channel Temperature Monitoring (CTM) 
CTM is a Control Computer program that measures and displays the 380 channel 
temperatures. Each channel has a characteristic temperature response signature during the 
fuelling process. 

Channel Temperature Monitoring Program Display 

Figure 3: Channel Temperature Monitoring Analog Input Map 
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Zone Level Predictor (ZLP) 

An acceptable zone level configuration is to be achieved at the completion of both daily 
and weekly fuelling. The ZLP is a PC program running on the CRO's PC. It is used to 
predict the zone level configuration after fuelling one or more channels. The program 
uses data from previous fuelling visits input into the Fuel Channel History program by 
the CRO. The data is extracted form the FCH database and averaged. Using a procedure, 
ZLP enables the CRO to plan the daily fuelling so that zone level predictions should be 
within +- 5% after one day's fuelling. 
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The four work group positions and the four computer programs have been used at Point 
Lepreau GS almost from startup commissioning. Now, two new displays are being used 
by the Fuelling Specialists to enable them to do their job. These two displays are sure to 
be even further developed and improved and used by others. The Fuelling Monitor and 
the 3-D View are presented in the following sections. 

Fuelling Monitor Display 

The Fuelling Monitor Display has 8 major panels of information. There are 2 
annunciation panels, 2 Sequence display panels, 2 Machine Commands and Feedback 
panels, the Last Channel Referenced graphical display and a Live Fuelling Machine 
Output panel. Several patches of fuelling machine information are presented on both 
sides of the main graphical area. 

Figure 4: Fuelling Monitor Display 

Fuelling Monitor v1.0 (update frequency = 5 seconds) 
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EA 093618 SNOUT CLAMP LEAK TEST SUCCESSFUL 
EA 093618 PRESSURE DROP .19 MPa 
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100415 F730I: UPSTREAM C-RAM AT FORCE 3 ADVANCE 
FEEDBACKS OK 
 .. 
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WWWWWW 

The Fuelling Specialist is the major user of the Fuelling Monitor at the present time. 

The Fuelling Process clearly demonstrates complex, interactive, multi-user processes that 
to-date have had little support for visualization aspects of the process. This is a week long 
process of reactivity control with multi layers of response delay at every user interface. 
There is no lack of forms and hard copy output of RFSP reactor face maps and data 
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Figure 4: Fuelling Monitor Display 
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tabulations to make this process work. Without some form of visual representation of so 
many aspects of this fuelling process, the formation of a mental model to facilitate 
understanding is difficult and taxing on the users. Truly the mental model, until now, has 
been supported by paper based instruments, indicators and dials and text messaging. 
The Fuelling Monitor and 3Dview Displays now support the mental model by live 
update, colourful, 2 dimensional and 3 dimensional graphic, animations. 

The Fuelling Specialist is now in the loop. The FS can now visually follow a process that 
s/he started on a Monday morning and keep up with process events at every instant 
through the process week. Monitoring the execution of the Recommended Fuelling List 
and the Fuelling Memo is the main task. Feedback in now available for the FS to collect 
the process conditions physics data and simulate on Thursday morning, permitting a 
check of the CRO's CR-03 data on Thursday morning before fuelling begins. 

The Fuelling Specialist can assess reactor configuration, evolving situations and the CRO 
work load and judge how applicable the previous RFSP Production Run is and the need 
to perform RFSP updates and more simulations. For routine days, the FS monitors the 
daily progress to ensure acceptable zone levels for the end of each day and possible ripple 
concerns for the next day. Access to this information means that the FS does not trouble 
the Control Room Operator for update information to determine his/her next possible 
action. Operator's choice of channels to fuel can easily be monitored and any 
misinterpretation of the Recommended Fuelling List can be immediately addressed. 

Knowing the status of fuelling is important because dropped channels affect predicted 
ripples and potentially detector calibration (DC) and they can affect zone water levels at 
the end of the day. Knowing status is also important if additional channels need to be 
scheduled and fuelled, to make up for dropped channels, before the end of the week. The 
FS needs to evaluate this situation and begin communicating this need to the appropriate 
work groups as soon as possible. 

This type of monitoring avoids FS stress from receiving late day calls from operations to 
run a new simulation. 

The Fuelling Support Engineers also have access to the Fuelling Monitor and can keep 
detailed track of the performance of the Fuelling Machines in the fuelling process. This 
aspect of monitoring will probably be further developed in the future. 
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3Dview Display 

The 3Dview Display is a 3 dimensional view of the reactor core, reactivity devices and 
reactor instrumentation rrechanisms. 

Figure 5: nnlew Dbplay 
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Figure 5: 3Dview Display shows a skeleton of the core with only a few fuel channels 
visible and SDS2 Ion Chambers are on the left. The Shutoff Rods, Mechanical Control 
Absorbers and Adjusters are shown above the core. In the core, the Liquid Zone Level 
controllers and some Platinum Flux Detectors are shown as well as a few horizontal 
mechanisms such as the SDS2 platinum detector assemblies. The letters A to W and 
numbers 1 to 22 form an overlaid coordinate system on the display showing 22 channels 
wide, 22 channels high. A flag shows power PLIN at 92.22% FP. 

There are 13 navigational buttons lot around the outside of the 3D view display 
screen. Anticlockwise around the control bars of the display there is: walk, fly, study, 
plan, pan, turn, roll, goto, align, view, restore and fit. The 3Dview model can be 
manipulated on its 3 axis in a continuous smooth fashion using a mouse. 

The 3D view Control Setup Screen is discussed next and it permits user selection of a 
large number of displayed components and values. 
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3D view Setup Display 

The 3Dview Control Setup Screen provides the user a lot of flexibility in setting up the 
3Dview Model. 

Figure 6: 3Dview Control Setup Screen 
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There are 9 major control areas on the 3Dview Control Setup Screen. The nine basic 
groupings going anticlockwise around the display screen are: a Scale and Colour 
selection bar fix the ROP, VFD and RTD detectors, the Movie (range of SEDE data from 
a file played automatically or frame by frame), SEDE data view window, Auto-Update 
for real time viewing, Watch Signals (drag and drop a parameter from the SEDE 
window), the View Model button, Pre-Defined Viewpoints, Parameters to display, and 
Fuel Channel Display Data (with the display of Liquid Zone Controllers). 

If the ROP button is set, a MOH LOW range can be set. The colours are then 
proportioned to fit the range and their high value is entered into the colour block. 
Similiarly, the VFD and RTD detectors monitoring range can be set. These high low 
bands can be very narrow or full range; depending upon the user's monitoring needs at 
the time. With the reactor at steady state, a narrow range may be desirable on all detectors 
to indicate drifts to off normal conditions immediately. 

The SEDE data can be extracted live and displayed or a previously extracted file can be 
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Four (4) instrumented signals can be numerically displayed in the 4 Watch Signals 
windows. Once the Control settings are all chosen, the user clicks the View Model 
button. Your favorite 3Dview aspect can be saved as a Pre-Defined Viewpoint. A variety 
of viewing scenarios can quickly be recalled with the click of the picklist button. 

There are eleven (11) sets of parameters to display in the 3Dview model. The groupings 
of these selections can facilitate focused examination of a suspect problem or a particular 
performance observation. 

The Fuel Channel Display Data area permits the fuel channels to assume a transparency. 
Since they are the largest and most numerous coloured objects in the model, this feature 
is valuable when studying instrumentation with respect to certain fuel channels. The zone 
check boxes permit displaying or hiding the block of channels associated with zones 1 to 
14. Quick selects of fuel channels are available with the Enable all, Perimeter and Clear 
all buttons. Individual channels can be flagged for display from the pick list of the 380 
channels. Clicking once displays the channel. Any number of channels can be displayed 
using this feature. 

3Dview Model Display 

Figure 7: 3riview All Dedas 

1A. 3D Model Scre n SEDE data = 05-12-14 15:17:25 

view 

PLIN = 92 

Page 10 014 

used to trouble shoot past reactor conditions or simply use for training sessions. The first 
three control areas are really concerned with what data is used. 
 
Four (4) instrumented signals can be numerically displayed in the 4 Watch Signals 
windows. Once the Control settings are all chosen, the user clicks the View Model 
button. Your favorite 3Dview aspect can be saved as a Pre-Defined Viewpoint. A variety 
of viewing scenarios can quickly be recalled with the click of the picklist button. 
 
There are eleven (11) sets of parameters to display in the 3Dview model. The groupings 
of these selections can facilitate focused examination of a suspect problem or a particular 
performance observation. 
 
The Fuel Channel Display Data area permits the fuel channels to assume a transparency. 
Since they are the largest and most numerous coloured objects in the model, this feature 
is valuable when studying instrumentation with respect to certain fuel channels. The zone 
check boxes permit displaying or hiding the block of channels associated with zones 1 to 
14. Quick selects of fuel channels are available with the Enable all, Perimeter and Clear 
all buttons. Individual channels can be flagged for display from the pick list of the 380 
channels. Clicking once displays the channel. Any number of channels can be displayed 
using this feature.  
 

3Dview Model Display 
 

Figure 7: 3Dview All Devices 

 
 

 

27th Annual CNS Conference &
30th CNS/CNA Student Conference
June 11-14, 2006
Toronto, ON, Canada

VISUALIZED FUELLING PROCESS AND 3 DIMENSIONAL
REACTIVITY DEVICE AND CORE MONITOR

B. Patterson, R. Cusson, et al.

Page 10 of 14



27th Annual CNS Conference & 
30th CNS/CNA Student Conference 
June 11-14, 2006 
Toronto, ON, Canada 

VISUALIZED FUELLING PROCESS AND 3 DIMENSIONAL 
REACTIVITY DEVICE AND CORE MONITOR 

B. Patterson, R. Cusson, et al. 

Figure 7: 3Dview All Devices displays all fuel channels, all reactivity mechanisms and 
all instrumentation. The silver coloured liquid injection nozzles can be seen on the left 
side of the image. Overall channel effects such as channel temperatures can be observed 
using the colour coded ranges. One can fly through the reactor to view zones and zonal 
instrumentation. 

One of the most used periods of reactor operation for the 3Dview display is during 
Startup. Various prestart tests such as Shut Off Rod drop tests can be witnessed. A user 
can view withdrawal of the adjusters, the draining and filling of the liquid zone 
controllers, the increase in powers throughout the reactor and the channel temperatures. 
Unresponsive or failed flux detectors can be noted by their colour. 

Programming Languages 

There are 3 programming languages used in the creation of 3D View. 

The main program is written in Visual Basic, a powerful yet flexible language that 
provides all the controlling logic for the code, as well as a graphical user interface for the 
user to control the code from. Through this language all computations are performed, the 
arrays are controlled, and code input/output is controlled. 

The data gathered from the plant is done through a SEDE system (System's Engineer's 
Data Extraction). This system is DOS based and uses ASCII request files properly 
formatted to request ASCII data from hundreds of plant parameters, including device 
position, power levels, detector flux readings, etc. The Visual Basic code writes these 
request files based on what data the user wishes to display, and as the DOS program is 
run asynchronously, monitor's the data retrieval status and processes the results. 

The main display of this code is the interactive 3D core itself. This is written in VRML 
(Virtual Reality Modeling Language). To do so, the running systems first must install a 
Cortona VRML display reader package (freeware) which installs libraries and registry 
entries to teach the PC how to handle the modeling commands. One of these libraries is 
an ActiveX control display window, which is embedded into the Visual Basic form for 
alteration by the code. This is the users main display; the Visual basic code will generate 
the commands to the activex control to set the display to what is required by both the 
input data from SEDE and the users requirements, set by the main GUI. All 3 languages 
operate in tandem to produce one single program for the user to use. 

Future Considerations 

The 3D visualizations have not yet been fully applied to fuelling procedures. These 
displays have been developed on the side of other day to day work as a tool for the 
physicists and thus time is a factor in any growing development. Recognizing data that 
can be visualized, and in what manner, is new to most of us; mainly because the 
technology and programming cunning has not been available to make these displays 
possible. An examination of the fuelling procedures does yield lots of opportunities for 
data visualization. 
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The following is a list of possible 3Dview display features that could be implemented: 
• The channel status map can easily be displayed as an ON/OFF feature or mostly 

ON feature. Channel specific data to show on the map are: RTD failure, Shield 
Plug Stuck, Closure Plug Stuck, High Leak Rate, Latch Problems, Low Flow, 
Suspect Defect, and Confirmed Defects. 

• The Instrumented channels can be shown ON/OFF. 
• The FAF/FARE boundary can be displayed ON/OFF. 
• The CPPF boundary can be displayed ON/OFF. 
• The Channels with Highest ROP Responses can be designated ON/OFF. 
• Channels with Deshading and Zone Level Requirements can be displayed 

ON/OFF noting their particulars like high zone level response, zone boundary and 
Ion Chamber deshading. 

• The Safety Analysis Channel Power Limits and the Administrative Channel 
Power Limits can be displayed ON/OFF. 

• The Recommended Fuelling List (RFL) can be mapped onto the display when the 
Operator so desires to choose the next channel to fuel. 

• Around each of the RFL channels, CRO Check List items such as: 
o Do not fuel next to 6.9MW or 1.09 ripple channels 
o Do not fuel more than 8 channels in 24 hours 
o Do not violate the lattice pitch rule — if a channel is chosen, the rule is 

checked 
o Keep zone levels between 15% and 75% 
o Avoid greater than 6 consecutive FAFs in the same direction 
o Avoid 7MW channel and 900kW bundle FLX powers 

• The FCH program has 8 different messages that can be visually displayed on the 
3D Core view. 

• Visualizations of the following abnormal reactor configurations could be 
considered for development: stuck fuelling machine, fuelling out of Shim, Iodine 
Spiking, Bundles caught in cross-flow, spent fuel stuck in air, flow blockages, 
fuelling defects and shutdown fuelling. 

• Visualizations of fluxes distributions from RFSP mapped onto 3Dview are 
possible such as those shown in Figure 8 Visualization of Mode 1 Fundamental. 

• Visualizations such as Channel Power Distribution mapped onto 3Dview in 12 
bundle planes are possible such as that shown in Figure 9 Channel Power 
Distribution. 

If this all sounds complicated for one display system, users can easily run 1, 2 or 3 
instances of the same 3Dview and have each instance dedicated for certain display 
features. 
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Figure 8: 3D Visualization of Mode 1 Fundamental 
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Figure 8: 3D Visualization of Mode 1 Fundamental 

 

 

0.3

0.4

0.4

0.5

0.5

0.6

0.6

0.7

0.7

0.8

0.8

0.9

0.9

1.0

1.0

Figure 1 Mode 1 - Fundamental

0.95-1
0.9-0.95
0.85-0.9
0.8-0.85
0.75-0.8
0.7-0.75
0.65-0.7
0.6-0.65
0.55-0.6
0.5-0.55
0.45-0.5
0.4-0.45
0.35-0.4
0.3-0.35

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

27th Annual CNS Conference &
30th CNS/CNA Student Conference
June 11-14, 2006
Toronto, ON, Canada

VISUALIZED FUELLING PROCESS AND 3 DIMENSIONAL
REACTIVITY DEVICE AND CORE MONITOR

B. Patterson, R. Cusson, et al.

Page 13 of 14



27th Annual CNS Conference & 
30th CNS/CNA Student Conference 
June 11-14, 2006 
Toronto, ON, Canada 

VISUALIZED FUELLING PROCESS AND 3 DIMENSIONAL 
REACTIVITY DEVICE AND CORE MONITOR 

B_ Patterson, R_ Cusson, et al_ 

Figure 9: Channel Power Distribution 
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The time has come to take the huge amount of data available from reactor operations and 
make this data meaningfully visible to all the users. Technology is available to make data 
visibility a reality. Visible data displays provide real time visibility to operations both 
inside and outside the Main Control Room. Visible data displays facilitate inter group 
connectivity and responsiveness of group members. Intuitive data visualizations are the 
goal in producing data displays. Visualizations can be personalized by the user and 
enable him/her to see the data most important to them. The 3D visualizations can be 
zoomed, dragged, rotated and tilted. Hovering over a device produces additional data and 
information on that device. Once tabular data can now become intuitively actionable. 
Real time business intelligence has been and will be further enhanced as the user 
community develops more working displays. 
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