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Discussion Agenda

• Introduction: What is OpenMC?

• Tools and Resources: Teaching a man to fish...

• Basic File Structure: Build your own nuclear reactor 

• Homework Tips 



Introduction 



What is OpenMC?

• “OpenMC is an open-source Monte Carlo particle 
transport code focused on reactor modeling and reactor 
physics methods research.”

1. Used to model neutron, photon, and electron 
transport/interactions

2. Used to determine critical sizes/configurations of reactor cores

3. Can be used to determine changes in isotopic abundance from 
fission/absorption (i.e. depletion calculations)

http://web.mit.edu/smharper/www/#:~:text=OpenMC%20is%20an%20open%20source,flexibility%20and%20usability%20in%20mind.



Monte Carlo 
Method

• “The underlying concept is to use 
randomness to solve problems that 
might be deterministic in principle. 
They are often used in physical and 
mathematical problems and are 
most useful when it is difficult or 
impossible to use other 
approaches.”

https://en.wikipedia.org/wiki/Monte_Carlo_method

Monte Carlo method applied to approximating the value of π.



Why Use OpenMC?
• Model complex reactor geometries

• Powerful post-processing tools

• Used to analyze:

Criticality

Shielding

Radiolysis

Breeding

Feedbacks

Lifetime

Etc.

https://docs.openmc.org/en/stable/usersguide/plots.html

Cross-sectional view of an OpenMC model of the Advanced Test 
Reactor (ATR)



Tools and Resources 





OpenMC’s



Teaching Yourself OpenMC

• Documentation

https://docs.openmc.org/en/stable/index.html

• Discourse and User Help 

https://openmc.discourse.group/

https://docs.openmc.org/en/stable/index.html
https://openmc.discourse.group/


Basic File Structure and 
Operation 



OpenMC 
Workflow



Materials

1. Create an openmc.Material object

2. Define composition
1. ‘ao’ – atom% or mol%, default

2. ‘wo’ – weight%

3. Set Temperature (in Kelvin)

4. Set density
1. ‘g/cm3’

2. ‘kg/m3’



Geometry
1. Create a Surface object (units=cm)

1. Set boundary (boundary_type=‘transmission’)

1. ‘transmission’ (default)

2. ‘vacuum’

3. ‘reflective’

4. ‘white’

5. ‘periodic’

2. Define Half-spaces

3. Define Regions
1. & - intersection

2. | - union

3. ~ - complement

4. Define openmc.Cell object
1. Specify volumetric Region

2. Fill with Material

5. Create openmc.Universe object
1. Fill with Cell objects

6. Create openmc.Geometry object

NOTE: Simulation universe MUST be finite.



Surfaces



Geometry – Half-spaces



Geometry – Half-spaces cont.



Periodic Boundary 
Conditions

1. Only Planes can be 
periodic

2. Periodic Surfaces must be 
parallel

3. Rotational periodicity is 
available on 90°
segments from one 
dimensional plane to 
another (i.e. XZ <-> YZ)



Settings

1. Create openmc.Source object
1. Spacial source distribution

2. Source particle

3. Energy source distribution

2. Create openmc.Settings object
1. Specify Source

2. Specify total number of batches

3. Specify number of inactive batches

4. Specify number of particles per batch



Tallies
1. Create openmc.Filter objects

1. SurfaceFilter

2. CellFilter

3. EnergyFilter

4. MaterialFilter

2. Create openmc.Tally object
1. Specify filters

2. Specify scores
1. ‘flux’, ‘absorption’, ‘elastic’, ‘fission’, ‘scatter’, 

‘total’, ‘event’, ‘(n,gamma)’, ‘heating-local’, 
‘delayed-nu-fission’, ‘prompt-nu-fission’, ‘nu-
fission’, etc.

3. Create openmc.Tallies object
NOTE: ‘tallies.xml’ is the only optional 
input file.



Tallies – Example

What does this code do?



openmc.run()



Understanding 
OpenMC Output



Practical Advice & Homework 
Tips



Copying a file to WSL for use with OpenMC



Opening Jupyter Notebook with OpenMC



Homework

• https://www.et.byu.edu/~mjm82/che612/Winter2024/Homework/homework.html

https://www.et.byu.edu/%7Emjm82/che612/Winter2024/Homework/homework.html


OpenMC Day 2



Spiritual Thought



Discussion Outline

1) Homework Questions

2) OpenMC Tools

3) Homework Help (If time allows)



OpenMC Tools

OpenMC has many tools at out disposable. For the Design of a Reactor, these tools will be 
most useful

• Generating Flux and Power Profiles 

• Depletion Calculations

• Approximating Feedbacks 



Flux and Power Profile Set Up

Flux and Fission Tallies Heating Local 

• Why Would knowing the Flux or 
Power Profile be important? 

• What is the Heating Local 
Assumption? 



Normalizing Tallies 



Processing the Data
Pull Data

Rearrange 
pt1

Rearrange 
pt2

Normalize

Output 
Means



Graphing: Flux



Graphing: Flux



Graphing: Power



Graphing: Power



Depletion/Burnup

1. Set desired materials to “depletable”

2. Define path to depletion chain ‘.xml’

3. Create openmc.deplete.Operator

4. Create integrator

1. Specify power (W)

2. Specify step size (s)

3. Specify number of steps

5. Run OpenMC

How do we find the volume for complex 
Geometries? 



Volume 
Calculations

1. Create openmc.VolumeCalculation
object
1. Specify domains (materials or cells)

2. Specify number of samples (affects 
accuracy)

3. Specify volume bounds



Feedback Coefficients

 Generally, any average value for a reactor in units of (worth change/unit change)

 How could I approximate...

 Fuel Temperature Feedback?

Moderator Temperature Feedback?

Moderator Void Feedback?

 Poison Concentration Feedback?



Feedbacks: Doppler



Feedbacks: Doppler



Feedbacks: Moderator Void



Feedbacks: Moderator Void 
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