Niowave’s Domestic Production of Mo-99 and other Fission
Products without a Nuclear Reactor

NRC Pre-Application Meeting #2
Overview
April 27,2022
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Outline

* Niowave Background

* M0-99 Commercial Facility
* M0-99 Commercial License
* Next Meetings
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Isotope Program Overview

Mo-99 Program Reactor Program Ac-225 Program
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Therapeuticaandp

Emitters

Niowave manufactures radioisotopes from radium and uranium
using a superconducting electron linear accelerator
without the need for a nuclear reactor
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Sr-90/Y-90 Program

* Niowave’s first commercial isotope

» Ongoing shipments to treat cancer patients
» Commercially viable, Ci-scale

» Hot Cells & processing equipment for beta emitters
* Quality system (1SO 13485 certified)
» Custom DOT Type A packages
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Ac-225Program 1]

* From mg to g scale of Ra-226

« Also isolating radon gas and purifying progeny for use in
radiopharmaceutical development (o,[3, and y emitters)

« Handling & controlling Rn-222 from a Ra-226 target is testing
systems for handling Xe & Kr
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Ac-225 Program | 2]

 Linac used to produce 1 mCi Ac-225 from Ra-226 target material
» Ac-225 product shipped to customers in 2021
o 1-2 mCi/ week Ac-225 production in 2022

Niowave's Purified Ac-225 Product
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Quality System (OS)

* Implemented 21 CFR 820/ 1SO 13485:2016 quality system
* 190+ Documents released and trained
e |SO 13485:2016 certified

« Passed multiple customer & certification body audits with zero
findings within the last year

« FDA qualified supplier of Y-90 for clinical use

« Currently closing the gap between a medical device &
pharmaceutical quality system

CERTIFICATE

This is to certify that the management system of:

Niowave, Inc.

has been registered by Intertek as conforming to the requirements of:
I1SO 13485:2016
The management system is applicable to:
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ntertek

otal Quabty. Assured.
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Mo-99 Program

Scaling up to Commercial Scale




Accelerator systems in Operation

 All key systems In operation at
lower powers and energies

 Recirculating beamline
« Beam diagnostics
 Electron Source =
* Licensed by Michigan to 40 MeV, 100 kW
* Machine interlocks meet state s
requirements

« Demonstrate shielding plan
at each step up in power
and energy
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Uranium Target Assembly

« Low power UTA operational at R&D facility

LEU + NU Core

Licensed up to 2.3 W fission power
Commissioned & operating

ks = 0.43

Coupled to external liquid metal neutron
source

Benchmarked fission power with gold foil &
fission product activity measurements

Health Physics and
Isotopes & Radiation | 23 4
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Closed Loop Uranium Cycle
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Dissolution, Xenon & lodine Extraction
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Mo-99 Chemistry

Mo-99 Separation Chemistry:

o Mo0-99 extracted using a novel liquid-liquid
extraction technique.
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M. Alex Brown, et.al., “Recovery of High Specific Activity Molybdenum-99 from
Accelerator-Induced Fission on Low-Enriched Uranium for Technetium-99m Generators.”
Scientific Reports
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National Lab & University Partners

Argonne — UREX, M0-99 Chemistry Qﬁ,ﬁﬂgﬁg Argonneo
LANL - LBE Target
ORNL — Neutronics and Shielding Calculations v%z SRNL
PNNL — Dissolution & Gas Extraction Mw e
SRNL - UREX
Y-12 — Uranium Recovery and LEU

- Los Alamos

Pacific Northwest
NATIONAL LABORATORY NATIONAL LABORATORY

UNLV — UREX, M0-99 Chemistry, Other Isotopes
MSU — Other Isotopes, Radiopharmaceuticals

UNLV

16




Cancer

2
S
O
2

Accelerating the Fight Against

Mo-99 Commercial Facility



.%% Accelerating the Fight Against Cancer

Mo-99 Commercial Facility
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Mo-99 Commercial Facility
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Commercial Mo-99 Facility
Part o0, Part 7O

e Not Part 50

e Utilization Facility (Reactor)
e Production Facility (Processing LEU)

e Therefore, Part 70 applies.
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Next Meetings

e Emergency Plan

e Design

e Security

e Administrative Topics
o Crit Safety

o |SA

o%g Accelerating the Fight Against Cancer

Anticipate submission of license a couple of
months after last pre-application meeting.
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Thank you - Questions?




