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Microreactor Applications

“Applied Innovation- The process of learning 
innovation through the direct application of 
innovation tools, techniques and methods to 
solve real world problems in controlled, semi‐

controlled or uncontrolled environments”

Applied Innovation Platform for the Microreactor 
Community? 
• Many common problems/solutions across multiple concepts
• Risk reduction through external contributions/collaborations
• Early end customers while the industry develops their tech

“Applied Innovation” branch 
of the DOE Microreactor 

Program

What technologies need to be demonstrated with a nuclear 
microreactor system? 



Advanced Microreactor 
for Research & Education  

Applied Research 

Original Investigation undertaken in 
order to acquire new knowledge 

directed towards a practical 
implementation of MRs

Test 
Microreactor

Automated 
Control 

Systems

Factory 
Fabrication 
Technology 

Transportability

Net-Zero Nanogrid

Remote Monitoring

Applications Validation Testing

Combined Heat & Power

Operations & Maintenance

Hands-off operations testing

Digital Twin, Machine Learning

Advanced Logic & Automation

Dynamic Manufacturing

Automobile, Aerospace robotics

Stochastic Inspection

Advanced reactor 
Dynamics



Agenda: Microreactor Applications 



TREAT 

Project Status

• Final Design Review- Sept 2022
• 4-week review
• 2-day presentation 
• 400+ comments

• Reconciliation Engineering 
• Per DOE-STD-1189,

• Summer 2023 target
• PCAT is ready to ship to PA in 

~3 weeks
• Fuel Contracts

• HALEU shipment
• TNBGC-1 relicensing
• Fuel fabrication 

• Long Lead Procurements 
• Purchased materials
• DOE authorization will 

trigger the fabrication

DOE Idaho 
Operations 
Office

MARVEL Goal: Establish a small-scale, test microreactor ASAP



MARVEL - Test Microreactor

Factory 
Fabricated 

transportable

Self-regulating

Key Design Features
100 kW (85kW nominal)Thermal Power 
~20 kWe (QB80 Stirling Engines)Electrical Power
Sodium-Potassium eutectic, (33 psig)Primary Coolant
LeadIntermediate Coolant
Natural Convection, single phaseCoolant Driver
HALE(UZrH), 304SS clad, end capsFuel 
HydrogenModerator
Graphite, Beryllium (S200), Beryllium oxide Core Reflector
Radial Control Drums, Central AbsorberReactivity Control 
SS316HPrimary Coolant 

Boundary Metal
~7.5 metric tonWeight

Reactor Type: Liquid Metal Thermal Reactor 





Naturally Driven 
Coolants

• Primary Coolant is driven by natural 
circulation 
− Reynold’s Number < 6000
− P/D <1.1

• Four intermediate lead loops- also 
natural circulation 

• Vibrating Stirling engine in lead

SS VALUESPARAMETERS - PRIMARY & SECONDARY SIDE

465NaK inlet core temperature, ºC
532NaK outlet core temperature, ºC
67NaK core temperature rise, ºC

1.55Total mass flow, kg/s
386IHX Pb minimum temperature, ºC
411IHX Pb maximum temperature, ºC
25Pb temperature rise, ºC
5.2IHX Pb mass flow, kg/s

Natural circulation reduces failure modes, but limited in how much power can be produced



Highest Prompt Negative Temperature 
Coefficient for a High-Temperature Reactor

UZrH fuel gives the reactor a "prompt negative temperature 
coefficient of reactivity" versus a delayed coefficient

Averaged 
over temperature range 1-sigma Reactivity Coefficient

[pcm/K] 
 

293-1200 K 0.15 -5.22 UZrH Fuel  ( 1e-3 s)
293-1200 K 0.09 1.26 Beryllium oxide*  (minutes)
293-1200 K 0.06 0.30 Metallic beryllium*  (minutes)
293-1000 K 0.08 0.16 NaK Density  (minutes)

293-1200 K 0.04 -0.34 Pin Pitch Thermal Expansion 
(minutes)  

293K-1200K 0.42 -3.84 Net

UZrH is an NRC Licensed Fuel for university 
research reactors, NUREG-1282 

MARVEL Fuel Performance Report (INL/RPT-22-68555, Rev. 2, Nov. 2022: Jordan Evans, R. 
Sweet, & D. Kaiser)



CIA Rod Design Overview

“Black”
B4C 

absorber 
section

Steel 
structural 
section

Movable 
“Black”

B4C 
absorber 
section

Double 
Walled 

Stainless 
Housing

Stationary 
“Gray” 

absorber tube

• “Black” absorber for shutdown and reactivity hold 
down that can be moved. Reactor only operated with 
CIA rod fully withdrawn from core. Not used for 
reactor control

• ”Gray” absorber tube provides tunable beginning of 
life reactivity hold down and is fixed in place after 
selection for the life of the reactor

• Double walled stainless steel housing



High Safety Pedigree
• No safety concerns: no breach of FP barriers
• Even in the worst case, extremely unlikely cases
• ECAR-6332 “RELAP5-3D THERMAL-HYDRAULIC 
ANALYSIS OF MARVEL MICROREACTOR - FINAL 
DESIGN”



Multiple Separate Effects Tests for 
Rapid Learning
1. Stirling Engine Operation and Control 
2. Fuel Pin Fabrication and Assembly
3. Control Drum Actuator functionality- V1
4. Intermediate Heat Exchanger Test using PbBi
5. Reactivity Control Cabinet Prototype-
6. Control Drum Actuator functionality- V2
7. Reactivity Control system Qualification Test Rig
8. Central Insurance Absorber actuator 
9. Neutron Detector circuit test at TREAT 
10. MARVEL HMI and Simulator 
11. Mixed Reality Control Room MVP
12. Alkali Metal Flow Meter Calibration
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114kg of media

• I-Loss Test
• Connect to QEC
• Connect to LGHX

• Load engine
• Charge with 

working gas



• Researchers refined the MARVEL Control Drum system design and developed and 
validated methods which will be leveraged in listed system qualification procedures 
needed prior to MARVEL startup:

− Phase I: Assembly and Checkout
− Phase II: Functional Testing
− Phase III: Acceptance Testing

MARVEL Control Drum 
Prototype in ASI Double 

Delta Platform

MARVEL Control Drum Qualification Test Validated 
Performance Calculations

• The employed Advanced Sensor and Instrumentation (ASI) 
program’s double delta deflection/force/torque application 
platform applied deflections commensurate of those 
expected by MARVEL's operating environment to a Control 
Drum prototype of commensurate geometry, inertias, 
boundary conditions, and resistances.

• Investigation results revealed that spherical bearings better 
accommodated the expected deflections.

• Time response data validated component sizing calculations 
and demonstrated the system's control and passive insertion 
capabilities as achieved via torsional spring under the 
following conditions:

• Clutch disengaged
• Back drive motor (clutch engaged)
• Laterally deflect at the top of drum up to ½”

Full-In to Full-Out to Release Steps and 
Response Profile



Integral Effects Test 



THERMAL HYDRUALIC VALIDATION GOALS
• Strategic goal: Increase confidence in the quantitative predictive capability of the 

computational model Initial MARVEL Startup
• Tactical goal: Characterization and minimization of uncertainties and errors in both, the 

computational model and the experimental data

SETs    IET

( ṁ, T, P )

Additional Tests using during Startup 

Error reduction

Apply Computational 
Model to Startup 

Prediction 



90% FD Completion 

CD Qualification Test

Scram Circuit Test

PCAT Testing

Non-fueled Reactor 
Construction

Readiness

90% FD Review


