MARVEL Technology Review:
Reactivity Control System (RCS)

Control Drum and Shutdown Rod (Central Insurance
Absorber)

March 2026

Presenter: Anthony L. Crawford

Assembly: Casey White, Rowdie Shepherd, Peter Ritchie

Engineering: Peter Ritchie, Carl Baily, Tom Pfieffer, Ben Coryell, Bob Spears

Project Management: Justin Johnson, Stephan Wilkins, Stacie Strain

Fabrication: Derek Sommer, John Burchtorf, Brandon Ferguson, Cameron Criddle,
Lance Seward

Procurement: Carl Longacre, Avery Hartvigson

Quiality: Jen Davlin, Raymond Clark, Tasha Stacey

Software: Andrew Heim, Ben Baker

— \/
NNL SEIMRP sz @ Los Alamos e

Idaho National Laboratory




MARVEL Overview

TREAT Facility
Micro-Reactor

Experiment Cell

Reactivity Control

System (blue)
MARVEL Reactor

System (orange)

Fuel & Core
" System (green)

lity Power
— ‘,ertlla‘.\CW S
I _— —_— _—
—Exhaust _IF'v'1or.5t:’in; &
S Control
Heat
tion

I Monitoring &
Control

Heat
I Fuel and Core
System (FCS)

Radiation

Radiation

Power
Generation
System (PGS)

Monitoring &

Control

Instrumentation
& Control
System (ICS)

Drum and

Monitoring &

Control

Reactivity
Control System
(RCS)

Ambient
Environment

Generated

Electricity

Connected User

Load

https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_67608.pdf

(MR

Microreactor

Program
Slide 2


https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_67608.pdf

MARVEL Overview
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MARVEL Overview

Central Insurance Absorber
(CIA) Actuator (x1)

Control Drum (CD)
Actuators (x4)

Shielding Level

CIA Housing in the
center of the core with
translating rod and utilize
gravity return

Control Drums distributed about
the core peripheral which

rotate and utilize torsional
spring return
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Graphical Requirements
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MARVEL RCS Overview
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CD Actuator System Dispersed into Subsystems
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CD System’s Requirements
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CD System’s SCRAM

Requirements
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CD Actuator System Dispersed into Subsystems

Rod Position
(DPMS)

Rod Forcing
(DFS)

> Brake

T . ’—>| Resolver |

ﬁ Motor

Rod Cage
(DSS)

Upper Platform

»Out Limit Switch|

# In Limit Switch

i

‘mjﬂm Switch

cator
| 2nd Position
Indicator Rod

> Rails

i

Rod Shaft
(DSS)

»  Ball Screw:

»| Ball Screw Nuts

2nd Position

N

# Drive Platform

ec

[

»  Gravity (SR)

il

> Damper

[ SCRAM
Platform

» Lower Platform

o]

‘: Upper Shaft

Slide 12



CIA System’s Driving Mathematics

Driving 2 Order Differential Equation
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CIA Testing Results and
Model Validation

CIA Scram
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Iterative Assembly
and Qualification

* Analyses
- Sizing

* Characterization
— 60+ Tests

« Assembly
— 2586 Parts

— 37+ Completed SWis
« Qualification

Clutch Capacity
(CGD-1229)

Damper
Characterization

Spring Stiffness
Characterization

Telescoping Universal
Joint (CGD-1308)
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Component Characterization

For a system that is nary implemented, there are expectedly few commercial options, so
we had to assess the critical characteristics of all parts and characterize them for proof of

operation.
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RCS Assembly
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RCS Assembly

- Time Lapse Videos
— CD Actuator
- Seal
— CIA Actuator
- Test Stand
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CD System Qualification

Thorough initial qualification

Reduces to simple move full out and then SCRAM

Verify General System Setup: (Support Structure, Actuator, Shaft Chain, Drum, Cabinet)

Verity Clearances:

IN Limit Switch (Manual Check)

OUT Limit Switch (Manual Check)

Potentiometer (Manual Check)

Resolver (Base AKD drive Software Check)

Motor Status (Base AKD drive Software Check)

Brake Status (Base AKD drive Software Check)

Motor Motion Out Check with De-energized Clutch/Electromagnet

*  Motor Toggle, Relative, Absolute (slow)

*  Motor Toggle, Relative, Absolute (fast)

*  Motor Max Speed Identification

Energize Clutch/Electromagnet

Lock Strength Check

Hard Stop (IN) Strength Check

System SCRAM Just Barely Off IN Limit Switch

System Motion OUT Check with Energized Clutch (Resolver, Potentiometer, Limit Switch,
and Calibrated Direct Rod System Position Monitoring)

. System Toggle, Relative, Absolute (slow)

. System Toggle, Relative, Absolute (fast)

. System Max Speed Identification

System Motion IN Check with Energized Clutch (Resolver, Potentiometer, Limit Switch, and
Calibrated Direct Rod System Position Monitoring)

. System Toggle, Relative, Absolute (slow)

. System Toggle, Relative, Absolute (fast)

. System Max Speed Identification

Hard Stop (IN) Strength Test

SCRAM lteratively (25%, 50%, 75%, 100%)

SCRAM repeatedly at 100% until target statistics achieved with max environment loads
applied (e.g., thermally induced deflections)
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Iterative Qualification

* lla: RCS Qualification
* llb+: Assembly Validation
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