Advanced Reactors Infrastructure and Research at the
PULSTAR Reactor

Ayman I. Hawari
Distinguished Professor & Director

Nuclear Reactor Program
Department of Nuclear Engineering
North Carolina State University
Raleigh, North Carolina, USA

TRTR 2021, October 17 - 21, 2021, Zoom meeting
Raleigh, North Carolina, USA



NC STATE
UNIVERSITY

Motivation

O Support the national mission of

] ] Advanced Reactor Types
Implementing advanced reactors ,
he Department of Energy Office of Nuclear range of new advanced reactor technologies to
T Energy (NE) and its national laboratories help meet the nation’s energy, environmental,
support research and development on a wide and national security needs.

Advanced Reactor Features

m Fuel testing experiments — monitor various species Walk-Away Safety
production and release under neutron irradiation and ot g
as a function of temperature '

Versatility ~————-—— r—————— Financeability
Can provide heat enei : - Can employ factory manufacturing and
pro be made with less capital cost
o Molten Salt Irradiation Experiment (MSIE) —
monitor various species production and release under
neutron irradiation and as a function of temperature Advanced Reactor Sizes
Microreactors Small Modular Reactors Full-Size Reactors Range:
. Range: 1 MW to 20 MW Range: 20 MW to 300 MW 300 MW to 1,000+MW
- Develop, ~ implement and test advanced Cimdenma Crpiesonst 1| | S e te
instrumentation concepts — e.g., digital and ML ‘
technolo =1 3
gy ‘ : S %t‘fé
O Develop, implement and test pre and post
irradiation capabilities - e.g.,, using samples

irradiated in a corresponding environment
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PULSTAR Reactor

O 1-MW power
0 Open pool/tank

[0 Light water moderated and
cooled

O 5 x 5 array of fuel assemblies
O 5 x 5 array of pins

O Sintered UO, pellets

O 4% and 6% enriched
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PULSTAR Capabilities
Advanced Reactor Research

The New Molten Salf PREVIED ,
Experiment Facility ,
Standpipe

Designated
Area for
Measureme
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O Major Capabilities

Neutron powder
diffractometer

Neutron imaging
Intense positron beam

Ultracold neutron source
(under testing)

Fission gas release and
measurement loop

Neutron activation analysis

In-pool irradiation testing
facilities

OO0 Molten Salt Irradiation
Experiment (MSIE)
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Multiphysics Design Infrastructure

[0 Neutronics
B MCNP, Serpent

[0 Heat transfer
MCNP COMSOL Design B COMSOL, OpenFoam
Ej Tl B solid, liquid, and gas
— e environment
— |g£dﬂ B Proof of furnace concept

cumulative yield
N,

Detector
Diffusion Helium
Booth and time Model Flow
dependent model
lReIease rate Earre
Optimization
Transport
of Fission

Product )
Transport efficiency due to
| flow, decay, and geometry

[0 Two-Phase Fluid Flow

0 Transport of Fission Products
B Diffusion in two-phase system

B Particle tracing in gas -
aerosol

O Highly Coupled System

B Non-isothermal, non-
equilibrium flow with
production & decay

MATLAB
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Advanced Neutronics

LAMMPS MD
Equilibrate th g 5 il Pair potential
quilibrate the enerate particle
— trajectories Classical system
:

A : Evaluate classical
el i (O G-/, 1) and F(k, 1)
function (VACF) :
ry : |
Densty of sates I

1

Molten salt FLiBe
Molecular Dynamics
Models

Input to MC simulations
For source term
estimation

Velocity auto-

Quantum
mechanical
model

No specific
assumption
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Heat Transfer in COMSOL Multiphysics

CdFurnace Model

B Alumina layer in a standpipe
B Molybdenum heating rods

B Double encapsulated sample
holder

B Purging and sweeping gas

O Proof of furnace concept
B Fixed input power

B Coupled with gas flow

B Heating rate and uniformity

Time dependent study - temperature of the furnace model B Thermal insulation check
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MSIE Conceptual Schematic

Purge Gas Supply
Sweep Gas
Inlet .
Sparge Gas .
Inlet

HPGe
Detection

in-situ LIBS

Heated & - .
Insulated )
ExhaustLine T |
(200°C) m{ t\ |
Irradiation i W *1
Port in-situ LIBS - o
(standpipe) _
Lead
d Lkl Tritium Analysis Station
Borated Poly ‘ - S e
Sweep ' Tritium Ionization
Gas Inlet Purge exhaust i Chamber
S y Inlet Gas i
parge re- ; !
Gas Inlet hIZater Exhaust Filter |
Train & Decay :
Exhaust Holdup !
N Gas Y i
Outlet |
Irradiation ' First Stage Catalyzer Second
2 | Bubbler Furnace Stage
%é Capsule ™~ . Exhaust Stack | (soluable) poage
n_ i;i | — salt : (in-soluable)
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Design of the Dry Well (Standpipe)

OLocated Between BT#1 & BT#6

006061 Al with Viton O-rings

[0 Movable on a bottom track to
engage and disengage

[Design of the interface

FeedthruType |Size INo. luse

1/4" 1,2 Outer chamber

174" 3 Inner chamber, in

172" 4 Inner chamber, out

172" 5,6 Standpipe flushing/pumping
gy e DTN center TC1,2 Inner chamber temp

center TC3,4 Outer chamber temp

172" TC5-12 Heated line temp gradience

center P1-P4 Furnace - multipin
center P5-P8 Heated line heating tape

1/2" Ol-4  LIBS
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Implementation of MSIE

Thermal neutron flux as a function of the vertical
position relative to the center of the core

Thermal Neutron Flux Distribution
4" Standpipe at NE Core Corner
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Fission Gas Release Measurement Facility
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Advanced Instrumentation — Online Assay

Front Panel of Adaptive Digital Pulse Processi

ng System (HOST VI) NC STATE UNIVERSITY
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Integrated System
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Holistic digital gamma-ray spectroscopy methods and instrumentation for high-throughput
high-resolution applications

Patent number: 11020410

Abstract: Method of real-time adaptive digital pulse signal processing for high count rate
gamma-ray spectroscopy applications includes receiving a preamplifier signal at a pulse
deconvolver, the preamplifier signal including resolution deterioration resulting from pulse
pile-up. The method further includes generating a deconvoluted signal, by the pulse
deconvolver, from the preamplifier signal, the deconvoluted signal having less resolution
deterioration as compared to the received preamplifier signal. The method furthermore
includes shaping of the deconvoluted signal by a trapezoid filter, the shaping comprising
adjusting a shaping parameter of the trapezoid filter for an incoming signal based on a time
separation from a subsequent incoming signal.
Type: Grant

Filed: February 19, 2020

Date of Patent: June 8, 2021 Patent 2 02 1
Assignee: North Carolina State University

Inventors: Ayman I. Hawari, Shefali Saxena
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Pre and Post Irradiation Examination

O Major Capabilities
B Neutron powder diffractometer
B Neutron imaging
B Intense positron beam
B Ultracold neutron source (under testing)

B Fission gas release and measurement
loop

B Neutron activation analysis

B In-pool irradiation testing facilities
0 Molten Salt Irradiation Experiment
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PAS Measurements

f O Upgrade of the Positron
s oy o
Feedthrough \\\ Beam Facﬂlt-y-

For thermocou

: & heatin er L .
HV.breag‘ \ L NeW loa.d. ].OCk deSIQIl fOI'
. Beam

" remoderato faster sample changing
QI B New sample stage for multi-

Solenoids & coils

Ney Load lock sample heating/cooling
measurement

B Coincidence capability
[dPossible measurement

M Corrosion on surfaces

B Deposition/contamination of
fission products on surfaces
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Summary

[0The PULSTAR reactor is hub with modern infrastructure in
support of Advanced Reactors implementation research

Fuel testing experiments — monitor various species production and release under neutron
irradiation and as a function of temperature

Molten Salt Irradiation Experiment (MSIE) — monitor various species production and release
under neutron irradiation and as a function of temperature

Develop, implement and test pre advanced instrumentation concepts — e.g., digital and ML
technology

Develop, implement and test pre and post irradiation capabilities — e.g., using samples
irradiated in a corresponding environment
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Thank You




