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T E X A S  E N G I N E E R I N G

▪ Data sources: fission chambers, thermocouples, control rod 

drives

▪ Shared platform: synchronized reactor data, historical 

records, and analysis

▪ Applications: rod calibration, digital logbooks, camera 

analytics, and experiment management

Digital Twin 

Implementation at NETL



AUTOMATIC ROD 
CALIBRATION
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To be calibrated

▪ Operators recalibrate the control rods after every 

core change.

▪ The process uses preset rod withdrawals and 

timed power benchmarks.

▪ Manual timing and calculation introduce avoidable 

sources of error.

Background
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To be calibrated

Operators use the three rods not under calibration 

to establish criticality at 2 W.

Calibration Process 
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Operators withdraw the rod under calibration by a 

preset increment, causing reactor power to rise.

Calibration Process 



T E X A S  E N G I N E E R I N G

Rod pull

ρ = 𝛼 sin2
𝑥–𝛽𝜋

𝐿

P
o

w
e

r

Time

2 W

100 W

300 W

900 W

Operators with stopwatches measure the time it 

takes for the power to reach 4 benchmarks: 60 

watts, 90 watts, 600 watts, and 900 watts

Background
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After power exceeds 900 W, operators reduce 

power without moving the rod under calibration, 

then prepare for the next pull.

Calibration Process 
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The measured reactor period determines the reactivity worth of each rod pull.

Calibration Process 
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The cumulative measurements are fit to a sin² curve to estimate the full rod-

worth profile.

Calibration Process 

R
e

a
c
ti
v
it
y

Rod Position



T E X A S  E N G I N E E R I N G

▪ Traditional rod calibration requires substantial operator time.

▪ A full calibration takes one to two days and may involve several people.

▪ Inaccuracy:

▪ Stopwatch timing introduces human error.

▪ High-power timing intervals include temperature-feedback bias.

▪ Using the midpoint of each pull does not accurately represent the 

nonlinear rod-worth curve.

Why Automate Rod Calibration
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▪ Automated timing removes the stopwatch from the 

measurement process and eliminates the need for 

multiple timers.

▪ Errors of fractions of a second can accumulate 

and shift total rod worth by as much as 10 cents.

Automated Timing
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▪ The current Mathcad workflow calculates reactor period from 

the 90 to 900 W interval.

▪ Temperature feedback begins near 500 W and biases a 

period calculated across the full interval.

▪ Continuous digital data lets us use a lower-power interval 

and improve accuracy.

TEMPERATURE FEEDBACK

900 W

500 W
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▪ The current method assigns each pull’s measured worth to 

the midpoint of that rod interval.

▪ That linear approximation does not match the nonlinear sin² 

worth curve.

▪ Integrating an estimated curve over each pull better 

represents the measured reactivity.

Integral Method



DIGITAL LOGBOOK
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▪ Operators use handwritten logs to document startup checks, 

experiments, and reactor operations.

▪ Paper records can be difficult to read, easy to misfile, and 

cumbersome to search, archive, or summarize.

Physical Logbook 

Limitations
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The digital logbook creates legible, searchable records and 

provides a foundation for automated reports without adding 

physical storage in the NETL facility.

Digital Logbook
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▪ Interactive calendar with status-based color coding

▪ PDF export for required paper records

▪ Shortcuts for common operating entries

DIGITAL LOGBOOK
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The digital logbook converts routine 

entries into searchable data and 

dashboards for operational 

analysis.

Dashboard
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▪ The digital logbook can automate much of the quarterly reporting 

workflow.

▪ Commercial alternatives considered cost up to $10,000, plus 

thousands in annual fees.

▪ The in-house system integrates directly with the digital twin and 

avoids additional licensing fees.

QUARTERLY REPORTS



CAMERA SYSTEM
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▪ The server and digital-twin framework can support a live 

video feed from inside the reactor pool.

▪ A GoPro provides this proof of concept. Following ROC 

approval, a dive camera will provide a permanent 

submerged feed.

Video Feed
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▪ Noise in the existing power estimate constrains operation 

near the target peak power.

▪ Neutron detectors are also sensitive to flux tilt.

Power Estimation
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▪ Cherenkov light intensity provides an independent estimate 

of reactor power.

▪ After isolating the blue-light signal, we correlate image 

intensity with measured power.

Cherenkov Power 

Estimation
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▪ Cherenkov imaging provides a viable complement to the 

existing power monitor.

▪ Initial testing reduced measurement noise by approximately 

10 to 30 percent.

Cherenkov Power 

Estimation
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▪ Samples inserted into core facilities alter the neutron-flux distribution.

▪ Reliable digital-twin models require accurate records of what was inserted, 

where, and when.

▪ Computer vision could identify insertions and assign them to the correct 

facility.

▪ This capability can connect directly with the experiment manager.

Facility Insertion



EXPERIMENT 
MANAGER
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▪ NETL currently uses an Outlook calendar to request and approve 

reactor time.

▪ The calendar handles scheduling but provides limited operational 

context for operators and experimenters.

Managing Experiments and 

Irradiations
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The experiment manager combines 

scheduling, experiment records, and live 

reactor data in one operational view.

Experiment Manager
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The digital twin enables us to create a more 

informative, interactive environment for 

experiments and other uses of the reactor

Experiment Manager
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▪ The experiment manager connects scheduling, 

planning, and reactor-use records in one workflow.

▪ Operators and experimenters can monitor the active 

sample’s progress in real time.

Live Irradiation 

Overview
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Reactor data, camera tags, and digital-

twin flux calculations could provide a 

more reliable estimate of each sample’s 

irradiation progress.

That visibility is especially valuable for 

time-sensitive medical-isotope 

production.

Experiment 

Manager
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Current Status and 

Measured Outcomes

Application Purpose Status Next Milestone

Automatic Calibration
Optimize control rod calibration for speed 

and accuracy
Implemented

Produce uncertainty 

quantification

Digital Logbook
Digitize operation logbook for easier 

access, storage, usability
In progress

Add requested features from 

reactor operators

Camera System
Provide live feed of reactor pool for power 

estimation, facility data, etc.
In progress

Approve permanent 

installation

Experiment Manager
Standalone app for all experimental 

facility usage
Beta testing

Parallel running test with 

current system
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▪ Automated rod calibration reduces manual effort and avoids 

known sources of measurement error.

▪ Digital logbooks make operating records searchable and 

simplify reporting.

▪ In-pool imaging adds an independent data source for power 

estimation and facility tracking.

▪ The experiment manager connects planning with live reactor 

and sample information.

Conclusion



QUESTIONS
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