Developing a Graphical User
Interface for Simulating NBSR
Reactivity Controls

Oren Egnal, Richard Montgomery High School, Rockville MD
Mentor: Abdullah Weiss



Intro

Nuclear Basics

* Releases alotofthermalenergy _
* Also releases fission products
*  Fuel with fissile and fissionable

material

We can treat/diagnose
illnesses with (isotopes like)
1 this!

We can
sell this!

We can boil water with this!
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NCNR Integrated Projects

May 25 Jun 25 lJul '25 Aug 25 Sep ‘25 Oct "25 Nov "25 Dec 25 Jan ‘26 !Feb ‘26 Mar ‘26
Refueling Plug Maintenance and Reassembly Reassembly Operator Training and Reactor Testing
Mon 2/24/25 - Th 8/21/25 _ | ThuR1/25 - Wed | Tha 11/6/25 - Tue 3/10/26

Vied 4/2/25 - Mo Tue 5/6/25 - Wed 8/13/25 . .
| |
Reactor Readiness Scientific
Thu 11/6/25 Operations
Tue 3/10/26

Vessel Cleaning and Mitigation OPS Training and Testing

6/27/2025 Baseline
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Objective

* Build a GUI to simulate power relevant areas
of the control room

* Expedite the reactor training process by
allowing the operators to get a feel for how
moving control rods affects power and
period



Project Goal
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Control Room
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[4 MATLAB App

Reactor Power over &, 5 (=] @ Q }

GUI Layout

. . = o7.00f e _,
Scrolling time scale o600

Period:

-141.1949

20 40 60 80 100 120 140 160
Percent Power

Please enter the correct rod pos. and power

Te l.l.S t h e O p e ratO r Jeactivity ($): When done press begin:

power and reactivity Tells the operator
the position of the
shim arms and reg
rod

Safety Control Rod

Axe Man

Buttons to move the
shim arms. The

operator has to hold .
Switch to move the

reg rod (no need to
hold)




_ The Backend {N;‘m
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Point Kinetics Model dn @ S
*  Power over time dt
* Delayed neutrons dC ﬁ
l

— — A;C;
dt A

n = neutron population

p = reactivity

f = sum of delayed neutron fractions
A = prompt generation time

A = precursor decay constant

C = number of precursors




The Backend
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Simulink Model

point kinetics
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Big thanks to the NCNR team!
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Converting Inputs

SHIM  ROD.

GANG

Dp = Bess($1 — $2)




The Backend
13

$

 Besr

Ap = .Beff($1 — %)




The Backend
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Simulink Model

point kinetics




Graph Display

* Linear conversion
n to power

* Magnitude
changes as
expected

*  SCRAM locks
power to zero

Displays
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[ MATLAB App
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Please enter the correct rod pos. and power

When done press begin:




Displays
15

[4 MATLAB App

Reactor Power over &, 5 (=] @ Q }
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* Time it takes for o
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* Easyway of
expressing
instantaneous
rate of change

*  Measure of
stability

Shim #1 % | shim
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Improvements

* Continue to update data
*  Currently using 2019

* Automatedregrod to keep
reactivity hovering around zero

* Testing against the real reactor for
true calibration



Demo

Video 1: 4x Speed
Video 2: Real time
Video 3: 4x Speed

End
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[e MATLAB App

Reactor Power over Time
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