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Scope, motivation, and modeling mission

1. Rapid evaluation of molten salt reactor concepts across core, loop,
and plant scales.

2. Enables consensus on safety, security, and safeguards for molten salt
reactors in general.

3. Bridges benchmark models, design screening tools, and transient
studies into one evaluation workflow.

4. Needed to better define experimental bounds and needs.

5. Supports both mechanistic physics models and faster surrogate layers
for iteration and communication.
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Key Issues

* Large variety of MSR designs (fluoride vs chloride, moderated vs fast,
power production, breeder, burner, ...)

* MSR concept, key operational challenges, and safety bounds will be
vary depending on the related MSR function

* The are many MSR vendors proposing different concepts with different
scopes and applications

* Solution: Create a tool that leverages DOE-codes (NEAMS, MELCOR,
etc.) to enable the development of evaluation models
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Key Features of the Evaluation Model
Development Tool

* The workflow moves from plant definition to traceable decisions, with
high-fidelity models and lighter-weight surrogates used where they add
the most value.

3. Loop / plant . .
RELAP5-3D- and SAM- 4. Fast surrogates 5. Review / decide

based reduced-order Property and decay- Design-lab navigation
power, operating OpenMC coupling and heat tools accelerate and Al-facing

loops and scenario :
envelope benchmarked cases studies sweeps reporting

1. Define concept 2. Core multiphysics
Plant type, salt, Griffin + Pronghorn +
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1. Defining the Concept: Scope Builder

* Select parameters related to mission, desigh, model boundaries,
metrics, safety basis, controls, and validation requirements

Scope Builder Step 1: Scope Builder

Plant Designer
Define the formal scope contract that drives autonomous plant design, OpenMC-ready neutronics, thermal-hydraulic assembly, controls, and future

MBS s deployment workflows.

Thermal Hydraulics
Design Trade Study Circulating Liquid Fuel 46 selected list items 92% complete
Simulation Lab

Program Dashboard

Al Copilot

4/23/2026

Navigation

Wizard step

@ Mission

e Design

@ Model boundary
@ Metrics

@ Safety basis

@ Evidence & outputs
@ Review & export

M Quick Help &

COMPLETION

92%

Population of the Step 1 scope
contract

Variant profile
Chloride / Thermal / Loop / 400 MWth

> ¥ Help & Guide for This Page

Design Variant and Plant Basis

SCHEMA ERRORS

0

Blocking issues for downstream
activation

Layout mode

graphite moderated loop

WARNINGS

0

Business-rule findings to review

DOWNSTREAM STATUS

Ready

Whether the current scope can
drive Step 2-4 pages

Priority transients

loss of heat sink, pump coastdown, manual trip
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2. Autonomous Plant Design

* Develops conceptual layout and BIM models, systems & controls,
PFDs, P&IDs, and data tables for the plant

* User selects the required level of complexity for the evaluation mode

Professional 3D BIM Model

S app Production-ready Building Information Model with realistic materials, lighting, and interactive camera controls

Scope Builder Step 2: Autonomous Plant Designer Scope Buldr

Plant Designer

ul BIM Data - Passing to renderer: 55 components, 12 interfaces. Open browser console (F12) for detailed logs.

Plant Designer

Generate the controlled plant configuration baseline, conceptual PFD/P&ID, interfaces, instrumentation, controls, and a parametric CAD-style layout directly

) Neutronics Kinetics
from the active Step 1 scope.

Neutronics Kinetics

Thermal Hydraulics -
Thermal Hydraulics 3D BIM View System Layers
Autonomous Synthesis P&ID Generation 3D Layout Control Loops SimuBtion|Lab
Simulation Lab Interactive Building Information Model with realistic materials,
Program Dashboard lighting, and shadows. Drag to rotate, scroll to zoom, right-click

to pan.

Program Dashboard

Al Copilot B uxitary heat removal
Al Copilot
> ¥ Help & Guide for This Page . containment structure
CRA25
# Quick Help & B cover gas supply
M Quick Help & > Load a different Step 1 scope for this page DocUmentation ez i
rain Tanks
Documentation
. B freeze plug system
Component Detail Level
I fuel addition
Select the level of engineering detail for systems and components. Higher detail levels generate more realistic MSR designs with additional subsystems and components.
B intermediate hx
Select detail level: @ . MEderatoE
) Minimal (18-22 components, 7-12 systems) - Original behavior q B rormai pover
O Standard (50-80 components, 12-18 systems) - Recommended
~ - s 3 . v Off- T
(O Detailed (100-150 components, 18-25 systems) - Engineering detail | S
O Comprehensive (200+ components, 25+ systems) - Full plant design I Power Biock
B erimary Circulation
& Debug Info - Detail Level: STANDARD | Components: 55 | Interfaces: 12 | Systems: 41 primany X
I control Rods
B reactor auitary
Autonomous plant baseline synthesis W
Camera Views
B sait sampiing
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3. Neutronics and Kinetics Studies

* Creates steady-state flux maps and kinetics neutronics models for the
selected configuration

* Develop flux distribution and short- and long-term transient studies
iIncluding depletion and speciation

Download Step 3 export bundle (.zip)

Flowing-fuel neutronics and kinetics

app app State point Flux maps Transient dashboard Precursor & chemistry Depletion Raw exports

i - n - . = . - . S¢ Builds
s R This page auto-activates precursor transport, feedback tracking, off-gas, precipitation, and depletion models from the active Step 1 configuration. ZOPS BLLCSY

Radial mid-plane flux map Axial flux map

Plant Designer

Plant Designer

circulating liquid fuel chloride thermal loop freeze plug and drain tank 400 MWth loss of heat sink pump coastdown . e
Neutronics Kinetics Neutronics Kinetics Flux Flux
Thermal Hydraulics Thermal Hydraulics — 1ag®
Simulation Lab Simulation Lab
Bor 0.8x10'®
Program Dashboard i i . i Program Dashboard 4
Neutronics emphasis Flowing-fuel flags Scenario cue =
Al Copilot gopic fg . g oot
shutdown margin, peak salt temperature, precursor advection activated, flowing-fuel loss of heat sink, pump coastdown, manual > %
primary pressure, beta-effective shift, chemistry activated, chloride chemistry and trip, drain-down o {o.x10
M Quick Help & precursor residence materials emphasis > B Qlickikielpi&
Documentation ocuinentaton 0.2%10
: o 0
& Step 3 Analysis Overview
0 10 20 30 0 10 20 30
This page runs neutronics with flowing-fuel effects including delayed-neutron precursor transport, temperature feedback, depletion burnup, off-gas removal, and wresh cadisimech
fission product precipitation. Engine selection: 'surrogate' uses fast reduced-order models, 'openmc_if_available' upgrades to Monte Carlo if OpenMC is installed,
openmc_required' enforces full Monte Carlo. Additional snapshots
Radial Midplane Axial Cross Section Axial Profile
Analysis Configuration !
Flux Flux
Configure neutronics solver, kinetics parameters, chemistry models, and transient scenario g
500T X 3
Runtime mode Engine Transient scenario Flux mesh resolution
. : > . o 4007 0.8x10"°
engineering v openmc_if_available v Planned load follow v medium v 7
ools
Particles / batch Inactive batches Active batches Random seed Relative error target (0 disables) e - i -
1
250000 SR 40 =G 150 = 0 12345 -+ 0.000 = g -
h—‘\\ 2007 ‘u 0.4x10
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4. Thermal-Hydraulics Analyses

* Runs reduced-order plant-scale thermal-hydraulics models for the
steady-state operation of the MSR model

Step 4 analysis completed.
app

Scope Builder Step 4: Thermal-Hydraulics & Heat Transfer i

Scope Builder

Plant Designer PEAK CORE TEMP MIN PRIMARY FLOW MAX VESSEL STRESS DRAIN INITIATED
Run reduced-order forced / natural circulation, conjugate heat transfer, phase change, drain transients, and screening mechanical response with production- Plant Designer

style dashboards. Neutronics Kinetics 676.3 c 71 35.0 kgIS 60.2 Mpa No

Neutronics Kinetics

Thermal Hydraulics

Natural Circulation Phase Change Heat Transfer Flow Analysis Thermal Hydraulics A = s - -
Simulationllab planned load follow Flow minimum across the transient Usage ratio 0.63 Includes freeze-plug / drain logic
Simulation Lab
Program Dashboard
Program Dashboard Download Step 4 export bundle (.zip)
Al Copilot §
> % Help & Guide for This Page alcecict
Thermal dashboard Regime & hydraulics Phase change Mechanical Energy balance Raw exports
M Quick Help & hedrand e "
N M Quick Help & Step 4 theri y r .
Documentation . > ) Core, structure, and drain temperatures
Thermal-hydraulic and phase-change response Cocupentztion ; i

This page synthesizes primary, intermediate, and balance-of-plant heat paths from Step 1 and Step 2, then runs transient thermal, phase-change, and

=
i i v
screening mechanics models. 3
]
3
circulating liquid fuel chloride thermal loop freeze plug and drain tank 400 MWth loss of heat sink pump coastdown %
3]
k3
Loop temperatures

Thermal focus Hazard emphasis Operator focus
shutdown margin, peak salt temperature, thermal excursion, premature drain initiation, startup permissives, trip recovery, heat sink S
primary pressure, beta-effective shift, solidification in drain lines, graphite thermal availability, cover gas pressure control g
precursor residence shock §
£
g

& Step 4 Thermal-Hydraulic Analysis
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Scope Builder Step 5: Simulation Lab

Plant Designer
Run reduced-order transient scenarios with the generated control loops, trip logic, drain behavior, and heat-removal dynamics derived from the active Step 1

Neutronics Kinetics scope.
Thermal Hydraulics
Transient Analysis Control Dynamics Protection Logic Scenario Library
. Simulation Lab

Program Dashboard

Al Copilot
> ¥ Help & Guide for This Page

M Quick Help &
Documentation

Scenario simulation lab

Quick-turn supervisory and protection simulations generated from the current plant baseline.

* Runs reduced-order models for

circulating liquid fuel chloride thermal loop freeze plug and drain tank 400 MWth loss of heat sink pump coastdown
l t t . t . t I I
e e Recommended transient focus Operator focus Hazard emphasis
I I l C O r p O ra t e t r I p S ’ C O I I t r O S , a I I loss of heat sink, pump coastdown, manual startup permissives, trip recovery, heat sink thermal excursion, inventory relocation,
trip, drain-down availability, cover gas pressure control radionuclide management, delayed-neutron

precursor washout

auxiliary systems

© Simulation Configuration

Select a transient scenario that alians with vour safetv obiectives. Duration controls total simulation time. Time step affects resolution vs. combutation soeed.

Power ~—— Primary Flow Secondary Fow
Heat Sink —— Off-gas Health

Headspace Pressure
Drain Open

—— Fuel Temperature Secondary Temperature

—— Trip Latched Drain Fraction

Reduced-Order Plant_-Rggdagse Dashboard

* Allows the user to study the |
plant dynamics and better -

Neutronics Kinetics

Thermal Response

Thermal Hydraulics

understand its behavior in —
characteristic operational
transients

Al Copilot

Temperature (°C) / Pressure (bar)

Flow and Power

@ Quick Help &
Documentation

Normalized Fraction

Protection and Support Systems

0.007302409284494386 |
0.0070262210580763025
0.006191410696186025
0.005031141105198894
0.003953958865527574 |
0.002998224794101798
0.00216738781705813 |
0.0014652354980250715
0.0008959406281318307
0.000464061716824284
0.00017414995610769778 |
0.000027547542334491483 |
false f

State [ Index

0 200 400 600 800 1000 1200 1400 1600 1800
Time (seconds)
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6. Al Co-Pilot

* Enables model auditing, report writing, results explanations, etc. via the
Integration of the platform with leading Large Language Models

Scope Builder Step 7: AI COpilOt

Plant Designer
Optional provider-backed engineering review for the generated plant baseline. The autonomous synthesis, diagrams, and simulations work without any

Neutronics Kinetics external model key.

Thermal Hydraulics

Optional Al i i ing Analysi LLM Integration
Simulation Lab
Program Dashboard
Al Copilot
® Quick Help & Engineering copilot review

Documentation
Use deterministic checks first, then optionally add OpenAl or Anthropic review for critique, gap-finding, and polish.

circulating liquid fuel chloride thermal loop freeze plug and drain tank 400 MWth loss of heat sink pump coastdown
Review focus Likely operator focus Plant package basis
thermal excursion, inventory relocation, startup permissives, trip recovery, heat sink 11 systems | 17 components | 10 interfaces
radionuclide management, delayed-neutron availability, cover gas pressure control

precursor washout

Review focus

overall v

Natarminictic lacal review
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Next Steps

* New additions will include:
* Increased transient and accident scenario evaluation sets
* Integrated balance of plant modeling
* Improved fidelity for corrosion and platting estimates
* Extended model validation against MSRE and experiments

* Upcoming improvements will integrate:
* Improved traceability to the sources of the models
* Improved QA and configuration control

e Continue collaboration with French CEA
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Thank you for you
attention!

Questions?

Molten Salt Reactor
P R O G R A WM

Mauricio.lTanoRetamales@inl.gov
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