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I. INTRODUCTION 

In accordance with 10 C.F.R. § 110.84, Curium US LLC (“Curium”)
1
 respectfully 

petitions to intervene and requests a hearing in the above-captioned export licensing proceeding.  

In this proceeding, the U.S. Department of Energy (“DOE”), on behalf of the Belgian company 

Institute for Radioelements (“IRE”), seeks a license to export 4.772 kilograms of 93.35% high-

enriched uranium (“HEU”) to Europe for target fabrication and irradiation in four research 

reactors (in Belgium, The Netherlands, Czech Republic, and Poland) (the “Application”).
2
  The 

export proposed in the Application would support IRE’s commercial efforts to manufacture 

radiopharmaceuticals for worldwide distribution. 

In short, the proposed export runs afoul of not only U.S. national security interests and 

long-standing U.S. nonproliferation policy, but also, importantly, the Atomic Energy Act of 

1954, as amended (“AEA”) and NRC regulations. It has been U.S. government policy—

                                                 
1
 Curium’s address is 111 West Port Plaza Drive, Suite 800, St. Louis, MO 63146.  Its general office phone number 

is 314-384-8009.   
2
 Application to Export Enriched Uranium to the Institute for Radioelements for Use in the Production of Medical 

Isotopes (License No. XSNM3810) (Docket No. 110-06361) (ADAMS Accession No. ML19213A204) (posted 

Aug. 5, 2019).  The Application was amended on September 3, 2019 to amend certain dates and clarify the shipment 

schedule (ADAMS Accession No. ML19246A247) (“Amendment”).  In amending the Application, IRE did not 

revise its discussion in the original Application as to the intended use of the HEU for medical isotope production, or 

the period over which the HEU targets would be used.  Herein, we use the term Application, except where we refer 

to information specifically modified in the Amendment.   
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including Commission policy—for decades to move away from exports of HEU for medical 

isotope production when low-enriched uranium (“LEU”) targets are available instead.  This U.S. 

government policy has come to a head with a statutory HEU export licensing sunset, enacted as 

part of the American Medical Isotopes Production Act of 2012 (“AMIPA”),
3
 expected to go into 

effect January 2, 2020—a sunset IRE, through DOE and this Application, is now trying to 

circumvent.   

There is no present need to export any HEU for medical isotope production, much less to 

warrant the national security risk associated with the export.  Curium knows this first hand 

because it, along with several other world suppliers, has complied with U.S. policy and 

converted from HEU to LEU targets for medical isotope production, despite incurring significant 

commercial impacts.  IRE has delayed its transition for years, and should not continue to benefit 

from its inertia, especially when doing so contravenes NRC regulations and U.S. national 

security policy.   

As the first North American radiopharmaceutical manufacturer to transition to 

Technetium-99m (“Tc-99m”) generators containing Molybdenum-99 (“Mo-99”) entirely sourced 

from LEU targets, Curium is uniquely positioned to aid the Commission in its statutory and 

regulatory determinations in reviewing the Application, and can speak to global LEU conversion 

efforts and the stability of the medical isotope supply chain.  Curium also has a direct interest in 

the proceeding.  If the NRC permits this export, it will effectively be punishing Curium and other 

world suppliers, who at enormous cost have moved away from HEU to comply with U.S. law 

and policy, to the benefit of a foreign supplier who has purposely foregone this same effort—

                                                 
3
 Pub. L. 112-239, 126 Stat. 1632 (Jan 2, 2013).  The export licensing “sunset” can be found in AMIPA § 3174, 

which amended 42 U.S.C. § 2160d(c).   
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undermining the global “level playing field” Congress sought to create through enacting the 

AMIPA January 2, 2020 export license sunset.
4
  

II. LEGAL BACKGROUND 

A. Medical Isotopes and Non-Proliferation 

The HEU DOE seeks to export is intended to be used for medical isotope production, 

including Mo-99 and Iodine-131 (“I-131”).  Mo-99 (and its decay product, Tc-99m)
5
 is used 

widely in a variety of nuclear medicine applications by millions of patients worldwide each year. 

Roy Brown Declaration ¶ 5.  Mo-99 is used in roughly 80% of all imaging procedures in the 

United States each year.  Id.  I-131 plays an important role in diagnosing and treating a number 

of thyroid conditions, although it is less widely used than Mo-99.  Id. ¶ 6.  

Both Mo-99 and I-131 (as well as other medical isotopes, such as Xenon-133 (“Xe-

133”)) can be produced by irradiating a uranium-235 target in a nuclear reactor,
6
 which causes 

the uranium-235 atoms to split into medical isotopes and other fission products. The medical 

isotopes are then chemically separated from the other fission products, packaged into generators 

or other delivery systems, and shipped to radiopharmacies and hospitals.  Id. ¶¶ 1 n.1, 8.   

Not all medical isotopes are produced from irradiation of uranium.  A number of medical 

isotopes can be irradiated using cyclotrons, for example, and I-131 can also be produced through 

neutron capture on a Tellurium target—often at a cheaper cost than through irradiation of 

                                                 
4
 Attachment 1 to this Petition contains the Declaration of Roy W. Brown Pertaining to Petition to Intervene and 

Request for Hearing of Curium US LLC (“Roy Brown Declaration”). 
5
 Tc-99m is the medical isotope used in the medical procedures, which is a decay product of Mo-99.  But given the 

short half-life of Tc-99m (six hours), Mo-99 is what is retrieved from the irradiated uranium-bearing targets, 

processed in a medical isotope processing facility, packaged into Tc-99m generators, and then transported to 

medical facilities. The result is that Mo-99 is more commonly mentioned in any discussion about production of the 

Tc-99m medical isotope.     
6
 The material used in the target is distinct from the fuel used in the reactor.  For example, a reactor can use HEU 

fuel, but LEU targets.  See Roy Brown Declaration ¶¶ 41-42; infra Section IV.D (discussion of Contention 3). 
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uranium targets.  Id. ¶ 37.  However, such processes have generally proven technically or 

commercially ineffective for producing Mo-99 and Xe-133.  Id. ¶ 8.     

The export of HEU to support medical isotope production and nuclear research has long 

troubled the U.S. government, including this Commission, as a potential path for nuclear 

weapons proliferation.  Medical isotopes have historically been produced on HEU targets placed 

in reactors powered by HEU fuel.
7
  HEU enriched to 90% U-235 is considered weapons-grade, 

and, if obtained by terrorists or a rogue state, could be used to produce a nuclear weapon.
8
  DOE, 

on behalf of IRE, seeks in this Application to export uranium enriched to 93.35% U-235. 

The United States, as the world's primary supplier of the HEU used for Mo-99 

production, has a unique role in serving global and national security interests by carefully 

controlling the supply of HEU for Mo-99 and medical isotope production generally.  Id. ¶ 22. In 

fact, the minimization, and ultimately elimination, of HEU in civilian research reactors 

worldwide has been a goal of U.S. policy and programs since 1978.
9
 

The Commission took the first significant action to limit HEU exports in its 1982 Policy 

Statement on the Use of High-Enriched Uranium (HEU) in Research Reactors, in which the 

Commission concluded that “[t]he widespread use of HEU fuel, which involve[s] a large number 

of domestic and international fuel shipments, increases the risks of proliferation through theft or 

diversion of this material.”  47 Fed. Reg. 37,007 (1982) (“NRC HEU Policy Statement”).  Thus 

began a slow process over the next 30-40 years to reduce the use of HEU in civilian reactors.    

                                                 
7
 Senate Committee on Energy and Natural Resources, Report 112-97 (May 8, 2011) (“AMIPA Senate Report”), 

available at https://www.congress.gov/112/crpt/srpt17/CRPT-112srpt17.pdf.  
8
 Military Warheads as a Source of Nuclear Fuel, World Nuclear Assoc. (last updated Feb. 2017), available at 

https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/uranium-resources/military-warheads-as-a-

source-of-nuclear-fuel.aspx. 
9
 Reduced Enrichment for Research and Test Reactors, Argonne Nat’l Lab. (last modified Feb. 05, 2013), available 

at https://www.rertr.anl.gov/ (discussing the formation of the Reduced Enrichment for Research and Test Reactors 

(“RERTR”) program in 1978). 

https://www.congress.gov/112/crpt/srpt17/CRPT-112srpt17.pdf
https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/uranium-resources/military-warheads-as-a-source-of-nuclear-fuel.aspx
https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/uranium-resources/military-warheads-as-a-source-of-nuclear-fuel.aspx
https://www.rertr.anl.gov/
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As a result of the nuclear proliferation concern raised by the use of HEU, Congress got 

involved when it enacted the Energy Policy Act of 1992 (“EPAct 1992”).
10

  EPAct 1992 created 

Section 134 of the AEA (42 U.S.C. § 2160d), which placed significant restrictions on any 

exports of HEU.  These restrictions were incorporated into the NRC’s export licensing criteria at 

10 C.F.R. § 110.42(a)(9)(i)).  AEA § 134 requires DOE to actively work with the intended 

reactor to convert to LEU fuel and targets as soon as possible, and authorizes the issuance of a 

license for export of HEU only when an “alternative nuclear reactor fuel or target” that can be 

used in the relevant reactor is not available (and presuming DOE is actively developing a LEU 

fuel or target, as appropriate, in the interim). 

The Energy Policy of Act of 2005 (“EPAct 2005”) represented a limited respite for the 

transition to HEU, but did not fundamentally change Congressional or NRC policy.  EPAct 2005 

amended AEA § 134 to add a caveat to the general restriction on HEU exports, permitting 

exports to a limited set of destinations if certain conditions were met.  See Pub. L. 109–58 § 630, 

119 Stat. 594 (Aug. 8, 2005).  At the same time, EPAct 2005 required the federal government to 

accelerate research into the LEU transition and make multiple reports to Congress on the 

conversion to LEU.  The Commission as recently as 2016 has reaffirmed that “any shipment of 

weapons-grade nuclear material entails some risk of diversion,” consistent with its NRC HEU 

Policy Statement promulgated nearly 35 years earlier.  See U.S. Dep't of Energy (Exp. of 93.20% 

Enriched Uranium), CLI-16-15, 84 NRC 53, 63 (2016).   

In addition, the EPAct 2005 tasked the National Academy of Sciences (“NAS”) to 

determine if it is feasible to obtain medical isotopes from sources using LEU targets.  NAS 

published its report, Medical Isotope Production Without Highly Enriched Uranium, in January 

                                                 
10

  Pub. L. 102-486, 106 Stat. 2776 (Oct. 24, 1992). 
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2009 (“2009 NAS Report”).
11

 The Academy found that while at that time sufficient quantities of 

medical isotopes to meet our domestic needs cannot be produced without HEU, there was no 

technical reason that adequate quantities could not be produced using LEU targets.  Id. at 2.  It 

also found, back in 2009, that use of highly enriched uranium targets could be phased out and 

replaced by low enriched uranium targets in 7 to 10 years (i.e., before 2020).  Id. at 139.  By this 

point certain companies in the industry had already started to transition to LEU targets for 

medical isotope production, including Curium and NTP Radioisotopes SOC Ltd.  Roy Brown 

Declaration ¶ 10. 

Nonetheless, although the federal government has consistently viewed exports of HEU as 

raising significant proliferation concerns, progress for the first couple decades in converting to 

LEU for research reactors and medical isotope production proved difficult.
12

  Indeed, in an HEU 

export licensing proceeding from 20 years ago, the Commission already acknowledged a lack of 

concerted effort on the part of certain applicants and prior DOE administrations on seriously 

exploring the conversion process.  See, e.g., Transnuclear, Inc. (Exp. of 93.3% Enriched 

Uranium), CLI-99-20, 49 NRC 469, 474 (1999) (“The Commission was particularly concerned 

that there appeared to be limited progress made on the LEU target development program since” 

past HEU export approvals.).  For three decades following the Commission’s 1982 NRC HEU 

Policy Statement, only limited action was taken to convert to use of LEU for medical isotope 

production.  NAS, when it again looked at the HEU conversion process in 2016, restated that 

                                                 
11

 Available at https://www.nap.edu/catalog/12569/medical-isotope-production-without-highly-enriched-uranium. 
12

 AMIPA Senate Report at 6; see also DOE Needs to Take Action to Further Reduce the Use of Weapons-Usable 

Uranium in Civilian Research Reactors, GAO-04-807 (Jul. 30, 2004), available at 

https://www.gao.gov/products/GAO-04-807.   

https://www.nap.edu/catalog/12569/medical-isotope-production-without-highly-enriched-uranium
https://www.gao.gov/products/GAO-04-807
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“[t]he continued presence of highly enriched uranium (HEU) in civilian installations such as 

research reactors poses a threat to national and international security.”
13

 

B. AMIPA and the HEU Export License Sunset 

Decisive Congressional action as to HEU exports came from AMIPA.  Pub. L. 112-239, 

126 Stat. 1632 (Jan 2, 2013).  AMIPA takes a hard and fast stance on exports of HEU, amending 

AEA § 134 to set a January 2, 2020 sunset on the granting of any “license for the export of 

highly enriched uranium from the United States for the purposes of medical isotope production.”  

AMIPA § 3174 (amending 42 U.S.C. § 2160d(c)).  This sunset date can only be extended if the 

U.S. Secretary of Energy makes certain certifications to Congress, after public notice, as to a 

shortfall in Mo-99 medical isotope production, and that the shortfall would be best rectified by 

exports of HEU.  42 U.S.C. § 2160d(d).  No such action has been taken to date.
14

   

This sunset is based on unequivocal legislative intent that exports of HEU constitute a 

proliferation risk to the common defense and security, and that a ban on HEU exports is a key 

step to addressing this concern.  Congress also wanted to ensure that medical isotope suppliers 

who converted to LEU were not punished for doing so by permitting other suppliers who did not 

convert the benefit of HEU access from the U.S. government.   

In the AMIPA Senate Report, the most comprehensive discussion of the legislative intent 

behind AMIPA, the Senate Committee on Energy and Natural Resources made clear on the first 

page that the purpose of the bill was to “condition and phase out the export of highly enriched 

                                                 
13

 See Reducing the Use of Highly Enriched Uranium in Civilian Research Reactors, Nat’l Acad. of Sci., at 1 

(2016), available at https://www.nap.edu/catalog/21818/reducing-the-use-of-highly-enriched-uranium-in-civilian-

research-reactors.  
14

 For the sunset to go into effect, the U.S. Secretary of Energy and the U.S. Secretary of Health and Human 

Services must jointly certify that there is sufficient Mo-99 production without the use of HEU.  42 U.S.C. § 

2160d(f).  This certification is required to occur by January 2, 2020, unless the U.S. Secretary of Energy instead 

requests the extension available in subsection (d).  Therefore, unless the U.S. Secretary of Energy affirmatively 

states otherwise, the presumption must be that the subsection (f) certification will be made by the statutorily required 

date, and the HEU export license sunset will go into effect on January 2, 2020. 

https://www.nap.edu/catalog/21818/reducing-the-use-of-highly-enriched-uranium-in-civilian-research-reactors
https://www.nap.edu/catalog/21818/reducing-the-use-of-highly-enriched-uranium-in-civilian-research-reactors
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uranium for the production of medical isotopes.”  It decried the slow progress of conversion, 

noting that most production of medical isotopes still used HEU. AMIPA Senate Report at 6.  The 

bill also reemphasized the HEU exports have “long posed nuclear proliferation concerns”—

noting, for example, that “[h]ighly enriched uranium, if obtained by terrorists or a rogue state, 

could be used to produce a nuclear weapon.”  Id. at 6; see also id. at 13-15 (DOE’s National 

Nuclear Security Administration providing testimony supporting the non-proliferation concerns 

related to HEU exports).
15

  Critically, this report also explained that the studies conducted in 

response to EPAct 2005 concluded that there is no technical barrier to converting to LEU targets, 

that some groups had already done so, and that a phase-out could be accomplished in 7-10 years.  

Id.    

The problem was instead a classic “tragedy of the commons” scenario—no one wanted to 

move first to convert, since production of medical isotopes with LEU is less efficient than with 

HEU.  Roy Brown Declaration ¶ 25.  This is further explained in testimony proffered by the 

DOE’s National Nuclear Safety Administration about the bill and the need for an HEU export 

sunset to equalize competition: 

Despite the good progress, challenges remain that could obstruct the successful 

and accelerated establishment of a domestic supply of Mo-99. First, the major 

global producers have been and continue to be heavily subsidized by their 

governments. Such subsidies put at risk the economic viability of U.S. companies 

starting up high-tech, capital intensive businesses to produce non-HEU based Mo-

99. A 2010 independent economic study by the Organization for Economic 

Cooperation and Development’s Nuclear Energy Agency entitled ‘‘An Economic 

Study of the Molybdenum99 Supply Chain’’, underscores this issue by citing that 

long-term subsidies have damaged industry’s attempts to enter the global Mo-99 

market. To provide a level playing field for U.S. companies, meet 

nonproliferation goals, and build a non-HEU based industry for Mo99, there must 

                                                 
15

 The legislative action coincided with simultaneous global commitments that “the use of HEU will be completely 

eliminated for production of medical isotopes.” United States Nuclear Regulatory Commission Report to Congress 

on the Current Disposition of Highly Enriched Uranium Exports Used as Fuel or Targets in Nuclear Research or 

Test Reactors, NRC, at 7 (2012) (ADAMS Accession No. ML13319A135) (“NRC HEU Report”) (discussing the 

2012 Seoul Nuclear Security Summit).  
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be a concerted global commitment that all new or expanded long-term Mo-99 

production be undertaken without HEU. Very importantly, we must achieve full 

cost recovery across the entire global commercial industry. Any foreign 

government subsidy of HEU-based production puts the objectives of this 

legislation at risk. 

 

AMIPA Senate Report at 15 (emphasis added).  This testimony builds off of the 2009 NAS 

Report influential in the development of AMIPA, and which recommends “a specific date to 

phase out the use of U.S.-origin HEU for Mo-99 production” as a key part of a broader strategy  

to create a “level playing field” to promote LEU conversion.  2009 NAS Report at 135, 138-39, 

160; Roy Brown Declaration ¶ 16. 

Hence the 7-year sunset that is at the core of AMIPA
16

 is directly driven by a 

Congressional finding, supported by multiple NAS reports, that: (i) banning exports of HEU is 

critical to ensuring the common defense and security against nuclear proliferation; (ii) a 

conversion to LEU targets is technically feasible over a 7 year period (in line with the 2009 NAS 

Report); and (iii) successfully promoting conversion requires leveling the playing field for U.S. 

companies that do convert—which an export license sunset does by restricting HEU exports to 

non-converting producers.  

As discussed below in this petition, and supported by the expert declaration of Mr. 

Brown, today there is sufficient medical isotope supply through the use of LEU targets, and thus 

no need to resort to HEU exports.   This is largely due to the hard work many companies, such as 

Curium, have taken to complete their conversion from HEU to LEU targets as a result of AMIPA 

and its HEU export licensing sunset.   

It is important to clarify the current discussion concerning shortages of medical isotopes.  

That current popular discussion concerns a potential future lack of irradiation sources (i.e., 

                                                 
16

 AMIPA § 3174 provides for a 7-year sunset from “enactment.”  Given that the statute was enacted on January 2, 

2013, this sunset is incorporated into 42 U.S.C. § 2160d(c) as a sunset dated January 2, 2020. 
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reactors), and operational issues at some Mo-99 producers, that is entirely separate and distinct 

from the LEU conversion issue.  Roy Brown Declaration ¶ 38.  In the U.S. for example, currently 

there is no reactor, other neutron source, or processing facility capable of producing Mo-99 at 

scale, regardless of the type of target used.  Id.  Also, older reactors in Europe that produce 

medical isotopes may shut down over the coming decade.  Id. To make clear, however, this 

challenge does not relate to any current need for HEU targets versus LEU targets.  The long-term 

need for an irradiation source is distinct and different from any issue related to use of HEU 

versus LEU targets over the next couple years.  Id. 

III. FACTUAL BACKGROUND 

A. Curium 

The petitioner, Curium, is a St. Louis, Missouri company and one of the largest U.S. 

byproduct material licensees. It has a large radiopharmaceutical processing and manufacturing 

facility in Maryland Heights, Missouri and holds NRC radioactive materials licenses related to 

its nuclear medicine operations.  Id. ¶ 11.  Curium and its affiliate companies constitute the 

world’s largest supplier of Tc-99m generators and the largest producer and user of Mo-99.  Id. ¶ 

12.  Curium supplies more than half of the Tc-99m generators used in North America.  Id.   

Curium is itself part of a family of companies under the global Curium Group.  The 

Curium Group is the world leader in radiopharmaceuticals, producing a range of Single-photon 

Emission Computed Tomography, Positron Emission Topography, and therapeutic 

radiopharmaceuticals.  Id. ¶ 13.  The Curium Group produces more than 40% of worldwide Mo-

99 need, utilizing a LEU-based supply chain spanning across Europe and the United States.  Id.   

 Curium is deeply committed to nuclear non-proliferation. In 2017 Curium, working 

closely with NNSA, became the first North American medical isotope supplier to transition to 
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Tc-99m generators containing Mo-99 entirely sourced from LEU targets.
17

   Curium produces 

Mo-99 and Xe-133 by irradiating uranium targets in European research reactors, including three 

of the four reactors that are listed in the DOE/IRE Application—the High Flux Reactor in Petten, 

The Netherlands, the BR-2 reactor in Belgium, and the MARIA reactor in Poland.   Id. ¶ 14.  

While IRE is proposing to use HEU targets in these reactors, however, Curium already uses LEU 

targets in these reactors. 

 Curium’s transition to LEU targets, at the direction of AMIPA and U.S. policy, has not 

been cost-free.  At great expense, time and effort, Curium along with other market participants 

have converted to LEU targets or have established non-uranium-based methodologies for 

obtaining medical isotopes in order to meet the United States’ nonproliferation directives and 

establish a dependable U.S.-domestic supply of medical isotopes. Id. ¶¶ 16, 26.  Curium has 

experienced an approximate 20 percent loss of efficiency in isotope production when using LEU 

instead of HEU, with a corresponding increase in operating costs.  Id. ¶ 26.  Production of 

medical isotopes using LEU versus HEU also produces significantly highler volumes of 

radioactive waste, which is costly to dispose.  Id.  Curium has been forced to accept the increased 

costs in this transition, and has done so in reliance that AMIPA would help maintain a level 

playing field.  Id. ¶¶ 16, 26-28.  That is, Curium has accepted a commercial loss in the interest of 

national security with the understanding that, pursuant to AMIPA, other suppliers working with 

the U.S. government would do the same.  Id.  The sale of medical isotopes made from LEU 

targets, in the face of competition from providers of the same isotopes who use HEU targets, 

costs Curium millions of dollars per year.  Id. ¶ 26.  Overall, this bargain has been met though—

                                                 
17

 Roy Brown Declaration ¶¶ 15, 24; see also Press Release, Curium Is the First North American Manufacturer 

Offering Exclusively 100% LEU Generators, Curium (Jan. 16, 2018), available at 

https://www.curiumpharma.com/2018/01/16/curium-is-the-first-north-american-manufacturer-offering-exclusively-

100-leu-generators/.   

https://www.curiumpharma.com/2018/01/16/curium-is-the-first-north-american-manufacturer-offering-exclusively-100-leu-generators/
https://www.curiumpharma.com/2018/01/16/curium-is-the-first-north-american-manufacturer-offering-exclusively-100-leu-generators/
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of the four companies that constitute 98% of the Mo-99 market, all but IRE have converted or 

have always used LEU targets for Mo-99 production.  Id. ¶ 10. 

 Curium values the patient and patient safety first, and the transition to LEU targets was 

carefully balanced against ensuring that patient supply of radiopharmaceuticals would not be 

affected.  Id. ¶ 28.  Curium made the transition to LEU targets confident that doing so would not 

harm the supply of critical life-saving radiopharmaceuticals.  Id.   However, Curium, like the 

broader nuclear medicine industry, recognizes that ensuring the supply chain is as safe as 

possible, and does not contribute to nuclear proliferation, is critical to maintaining a reliable 

supply of radiopharmaceuticals to the medical community.  Id.  Therefore, Curium has always 

been a leader in non-proliferation efforts and has actively encouraged the move away from HEU 

targets for non-proliferation purposes.  Id.   

B. IRE and the Proposed Export 

IRE is a Belgian company that produces and distributes medical isotopes worldwide.  Its 

overall approach to medical isotope production is similar to that of Curium’s.  It procures 

uranium material from the U.S. government, much like Curium.  Id. ¶ 19.  Like Curium, it then 

contracts out to create targets from the procured uranium (both Curium and IRE turn to 

Framatome for this service).  Application at 2; Roy Brown Declaration ¶ 19.  IRE then contracts 

for target irradiation at reactors across Europe, similar to Curium including the four listed in the 

Application.  Post-irradiation IRE then processes the medical isotopes at its facilities in Europe.  

Id. 

However, a key difference between IRE and Curium is that IRE uses HEU targets.  IRE 

will also be the last market participant to substantially convert operations to LEU or non-uranium 

based processes.  Id. ¶¶ 10, 24.  From our understanding, IRE relies solely on the U.S. 

government for HEU supplies.  Id. ¶¶ 19, 22.   
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IRE currently has an active HEU export license with DOE valid through October 31, 

2019.
18

  Despite the near-term expiration of its current license, it waited until August 2019 to file 

for a new license with the NRC, and is now seeking an expedited review.  Application at 4.   

In its Application, IRE states that it needs HEU to tide over its Mo-99 and I-131 

operations from the fourth quarter of 2020 until the middle of 2022, supporting operations 

entirely past the AMIPA sunset date of January 2, 2020.  Id.  The request represents a significant 

departure from its recent disclosures to international stakeholders.  During its presentation at the 

July 9, 2019 Organization for Economic Cooperation and Development (“OECD”) High-Level 

Group on the Security of Supply of Medical Radioisotopes meeting in Paris, IRE stated that it 

would convert its Mo-99 production to LEU target use by mid to late 2020, although it may still 

require HEU for its I-131 production through 2021 and 2022.  Roy Brown Declaration ¶ 29, 

Appendix 2.  IRE has evidenced its progress in converting to LEU-produced Mo-99 by providing 

samples to several customers for qualification work, as part of its customers’ efforts to attain 

U.S. Food and Drug Administration (“FDA”) approval for use of LEU-sourced Tc-99m 

generators.  Id. ¶ 30.  The first qualification samples were sent out by IRE to some of its 

customers in the May and June 2019 time period.  Id.  IRE’s customers could reasonably expect 

to achieve FDA approval for use of IRE’s LEU-sourced Mo-99 by the end of this year.  Id.   

The Application oddly then requests exports of HEU to IRE to support medical isotope 

production, including Mo-99 production, “from the 4th Quarter of 2020” onwards, after the point 

IRE would have already converted its Mo-99 production from HEU to LEU targets.  Application 

at 4; Roy Brown Declaration ¶¶ 29, 33.  As is discussed more below and in the Roy Brown 

Declaration, given that I-131 production requires far less HEU than Mo-99 production (less than 

half a kilogram would meet all of IRE’s needs over the approximately two year production 
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period referenced in the Application), the Application strongly appears designed to give IRE 

margin to continue use of HEU for indeterminate purposes, far beyond what is needed given its 

own stated conversion timeline.   

IV. THE PLANNED EXPORT CONTRAVENES THE AEA & AMIPA 

A. NRC Export Licensing Criteria 

In the general context of HEU export licensing, the Commission may only issue an 

export license upon making the required statutory findings: 

 The proposed export satisfies the non-proliferation criteria set forth in AEA §§ 127 

and 128 (42 U.S.C. §§ 2156, 2157).  

 

 The proposed export is not “inimical to the common defense and security” and for the 

export of facilities, the export does not present “an unreasonable risk to the health and 

safety of the public.”  See AEA § 57(c)(2) (42 U.S.C. § 2077(c)(2)). 

 

 The proposed export satisfies the additional specific criteria for HEU exports set forth 

in AEA § 134 (42 U.S.C. § 2160d, a.k.a. “Schumer Amendment”). 

 

See U.S. Dep't of Energy, CLI-16-15, 84 NRC at 60.  These requirements are primarily 

implemented through the NRC’s export licensing criteria set forth in 10 C.F.R. § 110.42.   

Of these three statutory requirements, this petition concerns the latter two, specifically the 

inimicality finding and the specific requirements for HEU exports set forth in the Schumer 

Amendment.   These requirements are implemented into the NRC’s export licensing criteria in 

10 C.F.R. § 110.42(a)(8) and (a)(9).   

In the AMIPA context, however, there is an additional statutory requirement to 

consider—the January 2, 2020 HEU export licensing sunset set forth in 42 U.S.C. § 2160d(c). 

Any export license must also not serve as an end-run around the AMIPA sunset, which was 

crafted to avoid continued export of HEU at the point LEU alternatives are available.   
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B. Contention 1: The Export is Inimical to the Common Defense and Security 

Curium’s first contention
19

 is that the export proposed under the Application is inimical 

to the common defense and security.  

Pursuant to AEA § 57(c) and 10 C.F.R. § 110.42(a)(8), the Commission must conclude 

that the “proposed export is not inimical to the common defense and security.” The Executive 

Branch recommendation, pursuant to 10 C.F.R. § 110.45, is necessary but not in itself 

sufficient—under the Atomic Energy Act, the Commission must still make this finding, and 

cannot delegate it to the Executive Branch.   See, e.g., U.S. Dep't of Energy, CLI-16-15, 84 NRC 

at 55, 62-64 (the Commission treating the Executive Branch non-inimicality finding as a 

recommendation, and conducting its own separate analysis as to the requirements of 10 C.F.R. § 

110.42(a)(8) and AEA § 57(c)(2)).
20

   

“Inimicality” is a broad concept.  There is no substantial guidance provided by legislative 

history of the AEA, leaving the Commission to look to a variety of national security interests in 

reaching its determination.  Westinghouse Elec. Corp. (Exps. to the Philippines), 11 NRC 631, 

638-39 (1980).  Indeed, the Commission has described its licensing and inimicality review of 

HEU exports as a “case-by-case” process that explores a variety of factors.  NRC HEU Report at 

5.  Although in a typical export proceeding the Commission may sometimes look to satisfaction 

of the AEA’s non-proliferation standards to determine that an export is not inimical to the 

common defense, this general rule does not apply to “unusual circumstances.” Edlow Int'l Co. 

(Exp. of 93.20% Enriched Uranium), CLI-17-03, 85 NRC 44, 55-56 (2017).  Unusual 

                                                 
19

 The Part 110 hearing process does not require filing of “contentions,” as opposed to the Part 2 hearing process.  

Nonetheless, to facilitate Commission review, Curium presents three contentions as part of this petition, which can 

alternatively be framed as three topics for discussion for a future hearing. 
20

 See also NRC HEU Report at 5 (explaining that the NRC can disagree with the Executive Branch determination); 

Edlow Int'l Co. (Agent for the Gov't of India on Application to Exp. Special Nuclear Materials), CLI-78-8, 7 NRC 

436 (1978) (Despite an Executive Branch non-inimicality finding and recommendation to issue an export license to 

India, the Commission could not reach agreement to issue the license.). 
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circumstances exist here, with an application to export HEU that (i) is unnecessary, (ii) is in 

contravention of Commission policy, and (iii) circumvents a statutory sunset.  As demonstrated 

below, while every export license in the past has been premised on a public or medical need for 

HEU, this is the first export license application for HEU that will not be supported by any such 

need.  It also appears to be the first application that supports HEU exports that would not 

commence until after the AMIPA export license sunset.  Moreover, the Commission’s 

adjudication of this Application presents multiple issues of first impression for the agency as to 

non-proliferation policy and Congressional intent, as well as how the NRC will uphold decades 

of agency and broader U.S. government policy interests concerning HEU exports. 

Turning to the inimicality analysis, as a matter of Commission policy, any export of HEU 

raises non-proliferation concerns due to the risk of diversion and theft.  See, e.g., U.S. Dep't of 

Energy, CLI-16-15, 84 NRC at 63 (the Commission noting that “any shipment of weapons-grade 

nuclear material entails some risk of diversion”); NRC HEU Policy Statement, 47 Fed. Reg. at 

37,007 (“The widespread use of HEU fuel, which involve[s] a large number of domestic and 

international fuel shipments, increases the risks of proliferation through theft or diversion of this 

material.”).  As the Commission recognized in 2004, this risk of theft inherently implicates 

inimicality concerns.  U.S. Dep't of Energy, CLI-04-17, 59 NRC 357, 375 (2004) (“The NRC 

views actions as being inimical to the common defense and security where there is an 

unacceptable likelihood of grave or exceptionally grave damage to the United States. Thus, the 

NRC's principal concern once fissile nuclear materials have left the United States is the 

possibility of theft.”).  These non-proliferation issues are not merely academic—the NRC views 

its export licensing authority as a key tool to effective U.S. nonproliferation objectives: “The 
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NRC has lead responsibility for implementing U.S. nonproliferation objectives” related to the 

“export and import of nuclear equipment and material from, or into, the United States.”
21

   

Therefore, the export of HEU creates an unequivocal national security risk, which must 

be offset at least by a significant need for the export, one that outweighs the risk associated with 

exporting weapons-grade uranium to many destinations across Europe.  See NRC HEU Policy 

Statement, 47 Fed. Reg. at 37,008 (“With respect to future export license applications for HEU, 

bearing in mind the Commission's responsibility to make an overall finding that each export 

would not be inimical to the common defense and security of the U.S., the Commission intends 

to continue its current practice of careful scrutiny to verify that additional interim HEU exports 

are justified.” (emphasis added)).  Yet, as provided in the expert declaration of Roy Brown, there 

is no need for this export.  Currently, medical isotope supplies can be fully met by current LEU 

target sources (as well as through production means not requiring uranium, e.g., as regards I-

131), thanks to the hard work of the international community to convert following AMIPA.   

The OECD estimates the global Mo-99 usage to be 9,400 6-Day Ci per week.  Roy 

Brown Declaration ¶ 35.  Currently, worldwide Mo-99 production exceeds these requirements, 

even accounting for a highly conservative 35% outage reserve capacity.  Id. ¶ 36.  Internal 

Curium calculations demonstrate that irradiation capacity outstrips global demand by 

approximately 70%.  Id.  Therefore, even if prohibiting this export somehow impacts IRE’s Mo-

99 production capabilities, even entirely (a scenario not supported by the factual circumstances), 

there would still be sufficient supply sources for Mo-99.  Id.  

Likewise, based on Curium’s internal market forecasting, I-131 production capacity 

currently exceeds expected demand by four times, and IRE not receiving this export would not 

                                                 
21

 See, e.g., NRC's Support to U.S. Nonproliferation Objectives, NRC, https://www.nrc.gov/materials/fuel-cycle-

fac/support-us-nonproliferation-objectives.html (last updated Feb. 8, 2017). 

https://www.nrc.gov/materials/fuel-cycle-fac/support-us-nonproliferation-objectives.html
https://www.nrc.gov/materials/fuel-cycle-fac/support-us-nonproliferation-objectives.html


   

18 

result in any shortage of supply.  Id. ¶ 37.  Moreover, of the four primarily producers of I-131, 

two (University of Missouri Research Reactor and Poland’s Polatom) use non-uranium-target 

based methodologies to produce I-131 (neutron capture on a Tellurium target)—which is often 

cheaper to produce than uranium-sourced I-131.  Id. ¶¶ 10, 37.   As an example of Curium’s 

commitment to this position, Curium buys its I-131 from IRE and still acknowledges that IRE 

and the broader industry does not need HEU for I-131 production.  Id. ¶ 37. 

There are also no special circumstances that make IRE-sourced medical isotopes more 

critical than any other producer’s medical isotopes.  The nuclear medicine industry routinely 

contracts with multiple suppliers to maintain a reliable supply chain, so as to not be dependent on 

any single entity, reactor, or manufacturing facility.  Id. ¶ 36 n.10.  Moreover, as addressed 

above, although there is a general long-term concern around medical isotope supply connected to 

the shutdown of research reactors across the world, this is unrelated to the medical isotope 

supply and demand outlook anticipated during the narrow two-year term of IRE’s proposed 

production period under the export license.  Id. ¶ 38; Application at 4.   

Simply put, given where the industry now stands in producing medical isotopes from 

LEU targets or non-uranium-based methods, there is simply no compelling market need to justify 

the current export of HEU which is contrary to U.S. non-proliferation policy and the related 

findings the Commission must make under AEA § 57(c)(2). 

C. Contention 2: The Export Stockpiles HEU in Circumvention of AMIPA 

Curium’s second contention is that the proposed export far exceeds IRE’s true need, and 

instead impermissibly serves to stockpile HEU for an undefined future use, inapposite to the 

intent of the AMIPA sunset.    

The Commission does not permit exports of HEU that run past what is actually needed.  

See, e.g., Transnuclear, Inc. (Exp. of 93.3% Enriched Uranium), CLI-98-10, 47 NRC 333, 340 
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(1998) (conditioning an HEU export license “to ensure that this material is exported only if 

needed”) (emphasis added).  In its Application, IRE asks for just under five kilograms of HEU to 

supply medical isotopes through the second half of 2022.  The scope of this requested export 

does not align with IRE’s recent statements and production capabilities.   

As discussed above, on the basis of IRE’s statements and accompanying presentation 

during the July 9, 2019 OECD meeting, IRE’s Mo-99 production capabilities are to be fully 

converted to LEU target usage by mid to late 2020.  Roy Brown Declaration ¶ 29.  Yet the 

planned export only supports medical isotope production starting fourth quarter of 2020, after the 

point that IRE was to convert to LEU target use for Mo-99 production—based on what IRE told 

the international community just a month beforehand at the OECD conference.  Compare 

Application at 4 (The Application is intended to cover medical isotope production for IRE “from 

the 4th Quarter of 2020.”) with Roy Brown Declaration ¶ 29, Appendix 2 (discussing IRE’s Mo-

99 LEU target conversion plans).  The Commission should carefully note that although the 

Application seeks approval for HEU exports both for Mo-99 and I-131 production, ostensibly to 

hold IRE over until it completes its LEU conversion, the Application (at Page 4) and 

Amendment (at Page 3) never state exactly what medical isotopes are left to convert.  

Therefore, if the bulk of the export is for I-131 production, which the Application’s 

production timeline necessarily infers, the scope of the export far exceeds IRE capacity.  IRE’s 

current weekly production of I-131 is about 400 Ci.  Roy Brown Declaration ¶ 31.  Over a 

conservative 104-week
22

 estimate of how long IRE would use the exported HEU, IRE would 

only require 450 grams of HEU to support its regular weekly production.  Id.  This would leave 

                                                 
22

 Per page 4 of its Application, the HEU exported to IRE is actually only supposed to support production of medical 

isotopes for one year and nine months—from the fourth quarter of 2020 through second quarter 2022. 



   

20 

IRE with more than four kilograms of excess HEU.  And in any event, I-131 serves a much 

smaller market than Mo-99, and can be produced by other sources.  Id. ¶¶ 6, 9, 31, 37. 

This strongly indicates that the planned export is not to meet a current need, such as for I-

131 production until IRE converts to LEU targets for that purpose, but instead to stockpile HEU 

given the pending AMIPA sunset, for future IRE market benefits.  Id. ¶¶ 33-34.  Indeed, IRE’s 

September 3, 2019 Amendment to the Application makes this explicit.  It modified the 

Application to state that exports of HEU will be made “based off of market conditions in support 

of IRE inventory and operational requirements during the transition to LEU targets.”  See 

Amendment at page 3.  This allows IRE to import HEU from DOE “based off of [IRE’s] market 

conditions”—a commercial concern—to support IRE’s own supply of medical isotopes.  Id. 

There is no language in the Application or Amendment limiting exports to IRE to reflect any true 

public need for HEU-sourced radiopharmaceuticals.  

IRE may counter that it needs HEU to mitigate long-discussed concerns around the 

supply of medical isotopes, such as Mo-99.  It warrants repeating that such a concern relates to 

the long-term loss of irradiation sources around the world, not the more near-term transition to 

LEU targets from HEU targets.  Id. ¶ 38.  Moreover, to the extent a shortage were ever to arise 

that somehow the introduction of HEU targets could alleviate (a proposal neither advanced by 

IRE nor supported by the facts), the appropriate approach is not to permit IRE to proactively 

stockpile HEU for a future “what if” scenario, but instead to seek a waiver of the export sunset 

per the clearly defined statutory proposals set forth in 42 U.S.C. § 2160d(g).  Preemptive 

stockpiling of HEU on the grounds of a future, vaguely defined need directly contravenes 

Congressional intent to use a process for HEU exports explicitly set forth by statute, and NRC 

policy to ensure that all exports of HEU are “justified.”  47 Fed. Reg. at 37,008. 
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In sum, the issuance of this export license will only continue to incentivize IRE to 

continue delaying its Mo-99 LEU target conversion through second quarter of 2022 (despite 

already being the last to convert), several years after the hard line set forth in AMIPA—to the 

detriment of other marketplace participants that have duly converted.  The Commission must ask 

itself how approving an export which would only start supporting IRE’s medical isotope 

production in Q4 2020, nearly a year after the AMIPA sunset, comports with the intent of 

AMIPA to stop new licenses for HEU exports by the end of this year.  The AMIPA statutory 

time limit is a critical tool against nonproliferation, and should not serve as an invitation for last-

minute bargain hunting.
23

   

D. Contention 3: The Export Fails to Meet NRC Export Licensing Criteria  

Curium’s third contention is that the Application does not comply with the export 

licensing criteria set forth in NRC statutes and regulations. 

Notwithstanding the above policy issues, the proposed export cannot meet basic 

regulatory requirements. NRC regulations at 10 C.F.R. § 110.42(a)(9)(i) set forth the general rule 

for HEU exports.  In short, an export is not permitted unless:  

a) There is no “alternative nuclear reactor fuel or target”
24

 that “can be used”
25

 in that 

reactor; 

 

b) The proposed recipient assures that when alternative fuel or targets are available, they 

will be used; and  
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 In any event, if the Commission after a hearing was to determine that a small export of HEU could be 

substantiated based on a true need for HEU for I-131 production (although to be clear, no such support exists), the 

Commission should condition any export license granted on use just for the production of I-131.  An irradiated HEU 

target can yield multiple medical isotopes.  Roy Brown Declaration ¶ 8.  IRE should not be allowed to alter the 

playing field in its favor as to Mo-99 production, based on a supposed need for HEU for I-131 production.  
24

 “Alternative nuclear reactor fuel or target” means an LEU fuel or target.  See 42 U.S.C. § 2160d(h)(1). 
25

 The phrase “can be used” is defined in 10 C.F.R. § 110.42(a)(9)(iii) to limit alternative fuel to such fuel that (a) 

“has been qualified by the Reduced Enrichment Research and Test Reactor Program of the Department of Energy,” 

and (b) can be inserted so as to still “permit the large majority of ongoing and planned experiments and isotope 

production” in that reactor “without a large percentage increase in the total cost of operating the reactor.”   
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c) The United States Government is actively developing an alternative nuclear reactor 

fuel or target that can be used in that reactor. 

 

NRC regulations at 10 C.F.R. § 110.42(a)(9)(ii), created as a result of EPAct 2005, 

provide for a less stringent export licensing regime related to medical isotope production—but it 

is limited to irradiation in “reactor[s] in the Recipient Countr[ies].”  10 C.F.R. § 

110.42(a)(9)(ii)(B). The list of “Recipient Countries” only extends to Canada, Belgium, France, 

Germany, and The Netherlands.  42 U.S.C. § 2160d(b)(1)(D); 10 C.F.R. § 110.2.  IRE’s 

Application entails shipments of HEU for irradiation in reactors located in Belgium and The 

Netherlands, but also the Czech Republic and Poland.  Therefore, for two of these four reactors, 

the more stringent export licensing criteria applies. 

Immediately, then, the Application runs into problems.  The MARIA reactor in Poland 

can and does use “alternative” LEU targets.  Curium knows this because it itself uses LEU 

targets in that reactor.  Roy Brown Declaration ¶ 39.  Curium’s LEU targets meet the “can be 

used” requirement of 10 C.F.R. § 110.42(a)(9)(iii): the targets do not affect MARIA’s operation 

or economics, and the DOE RERTR qualification requirement does not apply since RERTR does 

not qualify targets (it only qualifies fuels).  Roy Brown Declaration ¶¶ 40-42 (also noting the 

detailed regulatory review that had to occur with European regulators to ensure safe use of the 

LEU targets).
26

  Since reactor operators simply insert a target into the research reactor, the lower 

efficiencies associated with the use of the LEU target are borne by the target user (i.e., the 

medical isotope production company)—the reactor’s broader operations are largely unaffected.  

                                                 
26

 As can be seen on the RERTR website (https://www.rertr.anl.gov/), there is only a listing of currently qualified 

fuels.  Certain responsibilities of the RERTR program appear to have moved to the DOE Office of Material 

Management and Minimization. See Mo-99 Technology Development, https://mo99.ne.anl.gov/.  However, this 

office also states on its website that it qualifies fuels, not targets.  Material Management and Minimization, 

Nonproliferation, DOE, https://www.energy.gov/nnsa/missions/nonproliferation (last visited Sept. 12, 2019).   

https://www.rertr.anl.gov/
https://mo99.ne.anl.gov/
https://www.energy.gov/nnsa/missions/nonproliferation
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Id. ¶¶ 41-42.  Therefore, IRE’s proposed export to the MARIA reactor fails to meet the 

requirements of 10 C.F.R. § 110.42(a)(9)(i)(A). 

Moreover, DOE has not demonstrated that for both Poland and the Czech Republic, there 

is any U.S. government program “readily apparent” that is actively developing an alternative 

LEU target for use by IRE in those reactors.  See Roy Brown Declaration ¶ 43; Transnuclear, 

Inc., CLI-99-20, 49 NRC at 474.  Critically, as explained in Transnuclear, the DOE program 

must truly be “active” and geared to developing LEU targets for those specific reactors.  See 

Transnuclear, Inc., CLI-99-20, 49 NRC at 474-76 (discussing DOE’s efforts to develop LEU 

targets specifically “for the MAPLE reactors”).  As acknowledged in the NRC HEU Policy 

Statement, the DOE would be at the forefront of any such initiative.  47 Fed. Reg. at 37,007-08.  

DOE’s Office of Material Management and Minimization, and its Office of Conversion, have 

taken over much of these efforts, but such efforts appear focused on converting reactor fuel to 

LEU, with very little attention spent on targets.
27

  Without more from DOE, the NRC has no 

basis to conclude that the exports for irradiation to both the Czech LVR-15 reactor and the Polish 

MARIA reactor meet the requirements of 10 C.F.R. § 110.42(a)(9)(i)(C).   

An Application that fails to comply with basic regulatory requirements should simply be 

denied.  At the least, a hearing should be held to understand the true intent of IRE’s HEU target 

irradiation program, and fully develop the record to enable the Commission to make its statutory 

and regulatory findings necessary to adjudicate the export. 

                                                 
27

 See, e.g., Updates from the U.S. DOE Office of Conversion, DOE Office of Conversion (Mar. 2019), available at 

https://www.euronuclear.org/newsletter/RRFM2019/Presentations/MONDAY%2025-

3/Mo%209.00%20%E2%80%93%2011.00%20Opening%20Plenary%20Session/RRFM%202019_HQ%20Presentat

ion_M3%20cleared_22%20March.pdf (The presentation emphasizes the Office of Conversion’s focus on conversion 

of fuels.  It only mentions support for LEU target conversion on page 7, in passing, noting that IRE is the only Mo-

99 producer that has delayed conversion to LEU targets.  DOE states that it is supporting IRE “as necessary”—but 

this is a far cry from a program to “actively develop” targets for the LVR-15 and MARIA reactors.). 

https://www.euronuclear.org/newsletter/RRFM2019/Presentations/MONDAY%2025-3/Mo%209.00%20%E2%80%93%2011.00%20Opening%20Plenary%20Session/RRFM%202019_HQ%20Presentation_M3%20cleared_22%20March.pdf
https://www.euronuclear.org/newsletter/RRFM2019/Presentations/MONDAY%2025-3/Mo%209.00%20%E2%80%93%2011.00%20Opening%20Plenary%20Session/RRFM%202019_HQ%20Presentation_M3%20cleared_22%20March.pdf
https://www.euronuclear.org/newsletter/RRFM2019/Presentations/MONDAY%2025-3/Mo%209.00%20%E2%80%93%2011.00%20Opening%20Plenary%20Session/RRFM%202019_HQ%20Presentation_M3%20cleared_22%20March.pdf
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V. CURIUM HAS STANDING TO REQUEST A HEARING 

A. NRC Hearing Requirements for Export Licenses 

The AEA, as amended, affords interested parties two pathways to attaining a hearing on 

an export license: one based on the party’s ability to contribute to the Commission’s evaluation, 

and one based on traditional AEA “interested party” principles.  See Transnuclear, Inc. (Exp. of 

93.15% Enriched Uranium), CLI–94–1, 39 NRC 1, 4-8 (1994). 

First, Section 304(b) the Nuclear Non-Proliferation Act of 1978 (42 U.S.C. § 2155a), as 

implemented in 10 C.F.R. § 110.84(a), provides that the Commission grant a hearing if it (i) 

“would be in the public interest” and (ii) “assist the Commission in making the statutory 

determinations required by the Atomic Energy Act.”   

Second, Section 189(a) of the AEA (42 U.S.C. 2239(a)), as implemented in 10 C.F.R. § 

110.84(b), separately affords “any person whose interest may be affected” a right to a hearing on 

NRC license applications, including export license applications.  Specifically, the Commission 

will consider:  (1) the nature of the alleged interest; (2) how that interest relates to issuance or 

denial of the export license; and (3) the possible effect of any order on that interest.  Standing 

under Section AEA § 189(a) incorporates contemporaneous judicial concepts of standing.  

Private Fuel Storage, LLC (Independent Spent Fuel Storage Installation), CLL-98-13, 48 NRC 

26, 31 (1998).   

B. Curium Can Uniquely Contribute to the Commission’s Determinations 

As well-elucidated above, the Application itself concerns nearly four decades of U.S. 

nonproliferation and national security policy, and comes in right at the point the U.S. 

government is preparing to ban the licensing of all future HEU exports for medical isotope 

production.  The Application also concerns the operations of a substantial portion of the medical 

isotope industry, and the supply of medical isotopes for patients.  The stakes could not be higher.  
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It is absolutely in the public interest for the Commission to make its decision with accurate 

information.  Martin v. Valley Nat. Bank of Arizona, 140 F.R.D. 291, 303 (S.D.N.Y. 1991) 

(stating the societal need for “accurate judicial fact finding”); Mobil Oil Corp. v. Dep't of 

Energy, 520 F. Supp. 414, 419 (N.D.N.Y. 1981) (The “judiciary's need for accurate information” 

is in the public interest). 

Reaching the right decision needs not just high-level policy knowledge, but specific 

technical and business information about: 

 the need for the export in light of actual global demand for Mo-99 and I-131—which 

impacts the NRC’s inimicality determination; 

 

 whether five kilograms of HEU is the right amount for the export, given actual 

industry capabilities, industry plans, and global demand—which impacts if the 

planned export is actually an end-run around AMIPA; and  

 

 whether alternative targets are available and in use at European reactors in which IRE 

plans to irradiate the shipped targets—which impacts compliance with NRC 

regulatory requirements. 

 

As demonstrated in this petition and in the expert declaration of Roy Brown, this is information 

Curium can provide in significant detail.  As a provider of nearly 40% of the Mo-99 market, it 

knows global demand inside and out.  Roy Brown Declaration ¶ 13.  As the first North American 

company to transition fully to LEU targets from HEU targets for medical isotope production, it 

understands the industry’s production capabilities, use of uranium targets, and long-term plans.   

See, e.g., id. ¶¶ 21-28.  And as a user of most of the same reactors in which IRE plans to irradiate 

the HEU targets, Curium understands where those reactors stand with regards to use of 

alternative fuels and the transition to such fuels.   See, e.g., id. ¶¶ 39-43.   

The information provided in the Roy Brown Declaration simply reflects a sampling of the 

body of knowledge that Curium has available about the medical isotope industry it is able to 

share publicly.  Curium is willing to build on all of these statements with further factual support, 
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including proprietary information as appropriate, in future hearings with the Commission.  See, 

e.g., Transnuclear, Inc., CLI-99-20, 49 NRC at 474 (the Commission holding closed-door 

meetings with the medical isotope community and interested stakeholders to discuss Mo-99 

production).
28

 

C. Curium is an Interested Party under Section 189 of the AEA 

Curium’s interest in this application proceeding arises from the impact the proposed 

export would have on its position as a seller of medical isotopes.  Curium has worked with 

NNSA to eliminate the use of HEU in its manufacture of medical isotopes in order to comply 

with the Congressional mandate established in AMIPA.  It has incurred significant expenses in 

doing so, and in switching from HEU to LEU has experienced an approximate 20 percent loss in 

Mo-99 and Xe-133 medical isotope production efficiency, and a corresponding cost increase.  If 

the license is granted, IRE will have HEU on hand that will support an additional 2.5 years of 

production, which will provide it with a significant competitive advantage in the medical isotope 

marketplace over Curium and other producers that have duly converted to LEU production and 

that are fully complying with US law and policy.  As a result, Curium will experience an injury 

in fact to its ability to compete with IRE.  The injury to Curium that would result can readily be 

redressed by denying the application.   

Curium’s interest falls squarely with the “zone of interests” established by the AEA, as 

amended and supplemented by AMIPA.  Unlike other portions of the AEA, which are focused 

on safety and radiological considerations, AMIPA is focused on incentivizing the production of 

medical isotopes, including leveling the competitive landscape so that producers who make the 

                                                 
28

 The Commission has sometimes stated that those petitioners who do not have an affected interest in a proceeding 

are less likely to be able to contribute to the agency’s statutory determinations.  U.S. Dept. of Energy, CLI-04-17, 59 

NRC at 367.  Although Curium has an affected interest, this guidance is also anyway inapplicable here.  Curium is a 

unique petitioner with the ability to bring a wealth of first-hand knowledge about the medical isotope industry, 

marketplace, and technology to bear to assist the Commission with its statutory determinations. 
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switch from HEU to LEU are not economically punished by doing so.  See AMIPA Senate 

Report at 15 (DOE explaining that AMIPA helps provide a “level playing field” for those that do 

not produce medical isotopes from HEU); 2009 NAS Report at 135, 138-139 (The NAS report, 

which played a critical role in the development of AMIPA, recommending tightening of the 

Schumer Amendment in the direction of a 7-10 year HEU phaseout as part of a strategy to create 

a “level playing field” for LEU conversion). 

The U.S. Supreme Court has long held that in determining the “zone of interests” of a 

statute, the adjudicator need only discern that the interest is “arguably” protected by the statutory 

provision at issue.  Nat’l Credit Union Admin. vs. First Nat’l Bank & Trust Co., 522 U.S. 479, 

492 (1998) (quoting Assoc. of Data Processing Service Orgs., Inc. v. Camp, 397 U.S. 150, 152-

53 (1970)).  AMIPA far exceeds this low bar—the sunset is clearly designed to create a “level 

playing field” for LEU conversion.  The NRC represents the only forum in which Curium can 

seek enforcement of this statutorily protected interest, so that its hard work to become the first 

North American company to convert from HEU to LEU for medical isotope production does not 

end up serving as a warning to others that converting only results in lost profit.  The Commission 

cannot send a message at this critical juncture that the industry has an insufficient “interest” in 

seeking to enforce what has been the NRC’s own non-proliferation policy for 40 years.
29

     

                                                 
29

 The zone of interests analysis for this proceeding is easily discernable from the NRC’s decision in Quivira Mining 

Co. (Ambrosia Lake Facility, Grants, New Mexico), CLI-98-11, 48 NRC 1, 12 (1998), aff’d sub nom., Envirocare of 

Utah, Inc. v. Nuclear Regulatory Comm'n, 194 F.3d 72, 77 (D.C. Cir. 1999).  That proceeding concerned the zone of 

interests of the AEA, as enacted in 1954.  See Envirocare, 194 F.3d at 76.  Here, the relevant zone of interests 

concern AMIPA, which amended the AEA’s HEU export licensing regime in 2012.  The zone of interests analysis 

must therefore concern the AEA, as amended by AMIPA, and incorporate concepts of judicial standing in place as 

of the time of the passage of AMIPA in 2012. 
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VI. CONCLUSION 

For the reasons stated above, Curium respectfully requests that the NRC grant the petition 

and schedule a hearing on the DOE Application. 

      Respectfully Submitted, 

      /S/ Signed (electronically) by Amy C. Roma 
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DECLARATION OF ROY W. BROWN  

PERTAINING TO PETITION TO INTERVENE AND  

REQUEST FOR HEARING OF CURIUM US LLC 

 

I, Roy W. Brown, do hereby state as follows: 

I. INTRODUCTION 

1. I am Vice President, Government Affairs and Strategic Alliances for North America at 

Curium US LLC (“Curium”).  In this role, I have responsibility for planning Curium’s long-term 

supply chain related to Curium’s and our affiliates’ North American operations, including the 

procurement of Molybdenum-99 (“Mo-99”)
1
 and other medical isotopes.  My responsibilities 

also extend to the transition to the use of low-enriched uranium (“LEU”) targets for medical 

isotope production.  I also engage with the federal government on behalf of Curium, including in 

procurement of special nuclear material for purposes of medical isotope production.    

2. I have over 30 years of experience in the nuclear medicine industry, including over 9 

years in health physics.  I have a Bachelor’s of Science degree in Radiation Biophysics from the 

University of Kansas, and a Master’s in Business Administration degree from Webster 

University.   

                                                 
1
 For reference, Technetium-99m (“Tc-99m”) is the medical isotope used in the medical procedures, which is a 

decay product of Mo-99.  But given the short half-life of Tc-99m (six hours), Mo-99 is what is retrieved from the 

irradiated uranium-bearing targets, processed in a medical isotope processing facility, packaged into Tc-99m 

generators, and then transported to medical facilities. The result is that Mo-99 is more commonly mentioned in any 

discussion about production of the Tc-99m medical isotope.   
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3. I currently serve as the Co-Chair of the Council on Radionuclide and 

Radiopharmaceuticals, Inc. (“CORAR”) Isotope Supply Committee, and on the Board of 

CORAR; on the Society of Nuclear Medicine’s task force on Mo-99; as Curium’s representative 

to the Organization for Economic Cooperation and Development (“OECD”) Nuclear Energy 

Agency High-level Group on the Security of Supply of Medical Radioisotopes; on the White 

House Office of Science & Technology Policy Committee—DOE Stakeholders Group on the 

Supply of Medical Radionuclides; on the European Commission Observatory on the Supply of 

Medical Isotopes; on several International Atomic Energy Agency committees dealing with Mo-

99 and Xenon-133 (“Xe-133”) production; on the European-based Nuclear Medicine-Europe 

(“NMEU”) (formerly Association of Imaging Producers and Imaging Suppliers) Security of 

Supply Working Group; and on the NMEU General Assembly. 

4. More about my background, including publications, can be found in my Statement of 

Professional Qualification, provided as Appendix 1 to this Declaration.  I am knowledgeable 

about the subject matters pertaining to Curium’s September 13, 2019 Petition to Intervene and 

Request for a Hearing (“Petition”) before the U.S. Nuclear Regulatory Commission (“NRC”). 

II. MEDICAL ISOTOPE PRODUCTION & INDUSTRY 

5. Mo-99 is the world’s most widely used medical isotope.  Its decay product, Tc-99m, is 

used in over 100 different nuclear medicine applications, by millions of patients in 30 to 40 

million medical procedures worldwide a year.  Tc-99m can be used, for example, in diagnosing 

heart disease and brain disorders, and staging cancer.  Tc-99m is used in 80 percent of nuclear 

imaging procedures in the United States. 

6. Iodine-131 (“I-131”) plays an important role in treating a number of thyroid conditions.  

Iodine selectively concentrates in the thyroid, making I-131 useful for targeted applications for 
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thyroid ailments, such as hyperthyroidism or thyroid cancer.  It is less widely used than Mo-99, 

in part given its more specific application. 

7. Xe-133 is a medical isotope used in pulmonary function studies and imaging of the lungs, 

as well as for imaging of blood flow.  It is also generated through irradiation of uranium targets.  

Although both Curium and Institute for Radioelements (“IRE”) produce Xe-133, Xe-133 

production is not listed as an end use in IRE’s Application.
 2

  I understand that IRE has already 

completed its transition to LEU target use for Xe-133 production. 

8. Mo-99, I-131, and Xe-133 can be created through the irradiation of uranium targets in 

non-power research reactors, with the irradiated uranium fissioning into Mo-99, I-131, Xe-133, 

other medical isotopes, and other daughter products.  Irradiation of uranium targets is the 

primary means for producing Mo-99 and Xe-133—other non-uranium based approaches have 

not yet proven commercially effective (I-131, on the other hand, can be generated either from 

irradiation of uranium targets or through non-uranium-based means).
3
  The irradiated targets are 

later processed in hot cells to isolate the medical isotopes (many medical isotopes can be 

extracted from one irradiated target). The end product of processing the medical isotope is a 

“radiopharmaceutical” to be delivered to a medical center.
4
   

9. Given the much larger market for Mo-99 compared to other medical isotopes, in general 

the most common and most valuable medical isotope extracted from irradiated uranium targets is 

                                                 
2
 Application to Export Enriched Uranium to the Institute for Radioelements for Use in the Production of Medical 

Isotopes (License No. XSNM3810) (Docket No. 110-06361) (ADAMS Accession No. ML19213A204) (Posted 

Aug. 5, 2019).  The Application was amended on September 3, 2019 (ADAMS Accession No. ML19246A247). 
3
 A number of medical isotopes are also created by non-uranium based means, such as through cyclotrons.   

4
 Although often interchanged, in the nuclear medicine industry the terms “medical isotopes” and 

“radiopharmaceuticals” have slightly different meanings.  “Medical isotopes” constitute the raw materials produced 

by extraction of key radionuclides after irradiation of uranium-bearing targets in reactors.  “Radiopharmaceuticals” 

constitute the end product manufactured from medical isotopes and supplied to the medical community.  For 

example, Mo-99 is called a medical isotope, but Tc-99m generators supplied to hospitals are called 

radiopharmaceuticals. 



   

4 

Mo-99.  As a result, much of the discussion related to medical isotopes focuses on Tc-99m/Mo-

99 and Mo-99 production. 

10. Four companies produce approximately 98% of the world’s supply of Mo-99.  These four 

companies are Curium, NTP Radioisotopes SOC Ltd. (“NTP”), the Australian Nuclear Science 

and Technology Organisation (“ANSTO”), and IRE.  As discussed further below, at this time all 

except IRE have substantially converted to the use of LEU targets for Mo-99 production,
5
 and 

Curium has converted to LEU target use for Xe-133 production.
6
   

III. BACKGROUND TO CURIUM 

11. Curium’s address is 111 West Port Plaza Drive, Suite 800, St. Louis, MO 63146.  Its 

general office phone number is 314-384-8009.  Curium has a radiopharmaceutical processing 

and manufacturing facility in Maryland Heights, Missouri and holds NRC radioactive materials 

licenses related to its nuclear medicine operations.   

12. Curium and its affiliate companies constitute the world’s largest supplier of Tc-99m 

generators and the largest producer and user of Mo-99.  Curium supplies more than half of the 

Tc-99m generators used in North America.   

13. Curium is part of the Curium Group.  The Curium Group is the world leader in 

radiopharmaceuticals, producing a range of Single-photon Emission Computed Tomography, 

Positron Emission Topography, and therapeutic radiopharmaceuticals.  The Curium Group 

produces more than 40% of the Mo-99 used worldwide.   

14. Curium (as part of the Curium Group) utilizes a supply chain spanning across Europe and 

the United States for the production and supply of medical isotopes used in the manufacture of 

radiopharmaceuticals.  For those medical isotopes produced by irradiation of uranium targets 

                                                 
5
 The Curium Group does not produce I-131, but does produce I-131 based radiopharmaceuticals.   

6
 ANSTO’s Open-Pool Australian Lightwater Reactor (“OPAL”) has always used LEU targets since its operation.  
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(such as Mo-99), Curium’s supply chain is as follows:  First, Curium, through its licensed 

contractor, procures LEU metal from the U.S. government.  Second, it works with Framatome to 

fabricate the metal into targets in France.  Third, it ships the LEU targets to research reactors in 

Europe for irradiation (Curium procures irradiation time at the reactors).  Curium currently 

works with the High Flux Reactor in Petten, The Netherlands; the BR-2 reactor in Mol, Belgium; 

and the MARIA reactor in Otwock-Świerk, Poland to irradiate the targets.  The irradiated targets 

are then sent to Petten, The Netherlands, for processing.  Some of the finished Mo-99 remains at 

Petten while Mo-99 is also sent to Curium’s Maryland Heights, Missouri and Saclay, France 

facilities.  Curium also sells some additional Mo-99 to other Tc-99m generator manufacturers.   

15. Curium is the first North American radiopharmaceutical manufacturer to transition to Tc-

99m generators containing Mo-99 entirely sourced from LEU targets.  A press release describing 

this achievement can be found at https://www.curiumpharma.com/2018/01/16/curium-is-the-

first-north-american-manufacturer-offering-exclusively-100-leu-generators/.    

16. An important impetus for this transition was the January 2, 2020 high-enriched uranium 

(“HEU”) export licensing sunset established by the American Medical Isotopes Production Act 

of 2012 (“AMIPA”).  This sunset provision built upon prior National Academy of Sciences 

studies that acknowledged that a transition away from HEU to LEU targets for medical isotope 

production generally could be established in 7-10 years, as long as the playing field was levelled 

so that first-movers would not be penalized for making the transition.  Curium is proof of this.  

As the largest supplier of Tc-99m generators in the world, its ability to make the transition to the 

use of LEU targets within 7 years from the enactment of AMIPA is evidence that others in the 

industry can do so as well (and in fact, everyone has except for IRE).   



   

6 

IV. BACKGROUND TO INSTITUTE FOR RADIOELEMENTS 

17. My decades of experience in the industry have given me an understanding of our peer 

firms’ operations and capacities.  My discussion of IRE is based on public disclosures made in 

the trade press, at industry conferences, in OECD and other trade group meetings, and from other 

public forums.   

18. IRE is a Belgian company that produces and distributes radiopharmaceuticals worldwide.  

IRE produces approximately 30-35% of the Mo-99 used worldwide in the production of 

radiopharmaceuticals (equating to approximately 3,500 6-Day Ci per week).  IRE’s capacity for 

Mo-99 production reported to OECD is 3,500 6-Day Ci per week.  See The Supply of Medical 

Radioisotopes, 2018 Medical Isotope Demand and Capacity Projection for the 2018-2023 

Period, OECD, at Table 2 (2018) (“2018 OECD Projections”).
7
   

19. IRE’s overall approach to producing medical isotopes is similar in many regards to 

Curium’s.  Like Curium, IRE procures uranium from the U.S. government—IRE indeed procures 

all of its HEU from the U.S. government.  Like Curium, IRE works with Framatome to 

manufacture targets.  Like Curium, IRE works with a number of research reactors in Europe to 

irradiate the uranium targets.  IRE and Curium share a number of reactors in this regard, 

including the High Flux Reactor and BR-2 reactor.  IRE then uses its manufacturing facilities, 

which are in Fleurus, Belgium, to process the medical isotopes from the irradiated targets and 

delivers those to radiopharmaceutical manufacturers.   

20. A critical difference is that IRE has not fully converted to LEU targets.  IRE has begun 

sending LEU-produced Mo-99 samples to its customers for them to complete necessary U.S. 

Food and Drug Administration (“FDA”) and other regulatory body qualification work.  I 

understand that IRE has also completed the conversion to LEU for the production of Xe-133. 

                                                 
7
 Available at https://www.oecd-nea.org/cen/docs/2018/sen-hlgmr2018-3.pdf.  

https://www.oecd-nea.org/cen/docs/2018/sen-hlgmr2018-3.pdf
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However they have not yet successfully completed their conversion to LEU for the production of 

I-131.   

V. THE TRANSITION TO LEU TARGETS FOR  

MEDICAL ISOTOPE PRODUCTION 

21. Based on my understanding of industry practices and public disclosures, three countries 

are capable of providing HEU for research reactors and medical isotope production—the United 

States, Russia, and China.   

22. Four companies comprise 98% of the Mo-99 supply market: Curium, NTP, ANSTO, and 

IRE.  I understand that all four companies source their HEU and/or LEU from the U.S. 

government, making the U.S. government a critical stakeholder as to the continued use of HEU 

for production of medical isotopes, especially Mo-99. 

23. The market for I-131 production generally comprises four companies: the Polatom 

Radioisotope Centre (“Polatom”), IRE, NTP and The University of Missouri Research Reactor 

(“MURR”).  Polatom and MURR use non-uranium-target based production mechanisms for I-

131 production (neutron capture by a Tellurium target), while IRE and NTP irradiate uranium 

targets. 

24. HEU has traditionally been the primary target material used in the production of Mo-99, 

Xe-133, and certain other medical isotopes.  However, as discussed in paragraph 10 above, all 

except IRE have substantially converted to the use of LEU targets or non-uranium based 

technologies.  Moreover, in late 2017 Curium became the first North American nuclear medicine 

supplier to manufacture Tc-99m generators sourced from Mo-99 produced entirely using LEU 

targets. 
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25. As discussed in the 2009 National Academies of Science report, Medical Isotope 

Production Without Highly Enriched Uranium (“2009 NAS Report”)
8
—a seminal publication on 

the transition to LEU for medical isotope production—one of the most significant barriers to the 

transition to LEU targets has been reluctance by industry participants to be a first-mover (2009 

NAS Report at 135, 138-39, 160).  The company that moves first to implement LEU targets or a 

non-uranium-based production technology for medical isotopes, in particular Mo-99, will incur 

both significant one-time and ongoing economic costs compared to those producers that keep 

using HEU.  This can also be described as a “tragedy of the commons” scenario, because until 

there is a price or a barrier on the use of HEU that is shared across the industry, companies will 

generally keep using HEU to the detriment of global non-proliferation policy. 

26. To put this into perspective, the move to LEU targets for Mo-99 production has cost 

Curium tens of millions of dollars, and additional time and effort that is difficult to quantify.  

Every year thereafter, Curium faced and faces an approximately 20% loss in Mo-99 and Xe-133 

medical isotope production efficiency, and a corresponding cost increase, using LEU versus 

HEU targets.  This equates to millions of dollars a year in costs to Curium by using a less 

efficient target, in addition to additional time and effort that is difficult to quantify.  Production 

of medical isotopes using LEU versus HEU also produces significantly higher volumes of 

radioactive waste, which is costly to dispose. In what is essentially a commodity market, even 

one as advanced as the supply of radiopharmaceuticals, these costs would be very difficult to 

bear in a competitive marketplace without some assurance that others would also timely convert. 

27. AMIPA, and its January 2, 2020 HEU export license sunset, was critical in getting the 

industry as a whole to convert to LEU targets.  It provided a clear incentive to move away from 

HEU, because after 2020 there most likely would be no further supply.  As noted above in 

                                                 
8
 Available at https://www.nap.edu/catalog/12569/medical-isotope-production-without-highly-enriched-uranium.  

https://www.nap.edu/catalog/12569/medical-isotope-production-without-highly-enriched-uranium
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paragraph 22, the U.S. government is the critical supplier of HEU for medical isotope production 

generally.  A U.S. government ban on HEU exports essentially curtails the use of HEU for Mo-

99 production. 

28. Curium values the patient and patient safety first, and the transition to LEU targets was 

carefully balanced against ensuring that patient supply of radiopharmaceuticals would not be 

affected.  Curium made the transition to LEU targets confident that doing so would not harm the 

supply of critical life-saving radiopharmaceuticals to those that needed it.  However, Curium, 

like the broader nuclear medicine industry, recognizes that ensuring the supply chain is as safe as 

possible, and does not contribute to nuclear proliferation, is critical to maintaining a reliable 

supply of radiopharmaceuticals to the medical community.  Therefore, Curium has always been a 

leader in non-proliferation efforts and has actively encouraged the move away from HEU targets 

for non-proliferation purposes.  AMIPA and its export license sunset nonetheless was a critical 

factor in enabling the move industry-wide, by ensuring that the transition would not incur 

unaffordable economic costs on those willing to make the conversion. 

VI. IRE’S PLANNED USAGE OF HEU 

29. At a July 9, 2019 presentation to the OECD Nuclear Energy Agency High-Level Group 

on the Security of Supply of Medical Radioisotopes meeting in Paris, IRE updated government 

and industry stakeholders on its transition to LEU targets.  Its presentation is provided as 

Appendix 2 to this Declaration.  Page 4 of the presentation provides that IRE anticipated that 

HEU use for Mo-99 production would be phased out by 2020, and for I-131 production by 2022.  

IRE made clear as well orally in the OECD meeting that use of HEU targets for Mo-99 

production was to be phased out by IRE by the end of 2020.   

30. IRE has evidenced its progress in converting to LEU-produced Mo-99 by providing 

samples to several customers for qualification work, as part of its customers’ efforts to attain 
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FDA approval for use of LEU-sourced Tc-99m generators.  Based on my understanding, the first 

qualification samples were sent out by IRE to some of its customers in the May and June 2019 

time period.  Looking to Curium’s analogous effort to attain FDA approval for LEU-sourced Tc-

99m generators, FDA approval for Curium took approximately three months following 

submission of the appropriate data, Drug Master File and Supplemental New Drug Application 

to the FDA.  Applied to IRE, IRE’s customers could reasonably expect to achieve FDA approval 

for use of IRE’s LEU-sourced Mo-99 by the end of this year. 

31. IRE’s I-131 production is much smaller than its Mo-99 production, and does not require a 

large quantity of HEU.  Based on industry experience, fissioning 1 gram of HEU will produce 

roughly 93 Ci of I-131.  IRE produces only about 400 Ci of I-131 per week (compared to 3,500 

6-Day Ci of Mo-99 per week).  This means it would take approximately 4.3 grams per week to 

produce all the I-131 IRE currently produces.  Over 2 years (104 weeks), a highly conservative 

estimate of the time IRE would be using the exported HEU for medical isotope production based 

on its Application,
9
 IRE would only require approximately 450 grams of HEU.  This is far less 

than what is sought under the Application.   

32.    In comparison, Mo-99 production is far more uranium-intensive, both considering the 

efficiency of production and greater demand for the product.  Based on industry experience, 

fissioning 1 gram of HEU would produce roughly 26 6-Day Ci of Mo-99 per week.  Therefore, 

producing IRE’s entire 3,500 6-Day Ci per week capacity for Mo-99 production from HEU 

would take approximately 135 grams of HEU per week.  The amount of HEU requested under 

the Application, 4.7 kg, would thus provide approximately 34-35 weeks (i.e., approximately 7-8 

months) of IRE’s capacity requirements for Mo-99. 

                                                 
9
 Per page 4 of its Application, the HEU export is to support production of medical isotopes for one year and nine 

months—from the fourth quarter of 2020 through second quarter 2022. 
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33. Given the small size of IRE’s I-131 production, the Application’s request for 4.7 kg of 

HEU is difficult to explain without concluding that the vast majority of the HEU being requested 

is for future Mo-99 production.  This conflicts with what IRE told international governments and 

industry a month before—the Application states that exported HEU would be used for Mo-99 

production starting in fourth quarter 2020, after the period IRE told others by which it would 

transition to LEU targets for that product, and well after anticipated regulatory approval for use 

of its LEU-sourced Tc-99m generators.   

34. It therefore appears that IRE is seeking HEU through this Application to hold it in reserve 

for future, indeterminate applications, or to further delay the transition to LEU targets for Mo-99 

and I-131 production while maintaining a market edge over the competition.   

VII. LACK OF NEED FOR HEU FOR MEDICAL ISOTOPE PRODUCTION 

35. The OECD estimates global Mo-99 usage to be 9,400 6-Day Ci per week.  See 2018 

OECD Projections, at 8-9, 29.   

36. Worldwide Mo-99 production currently exceeds these requirements, even accounting for 

a highly conservative 35% outage reserve capacity.  Based on the 2018 OECD Projections, the 

Mo-99 weekly maximum and average production exceed the minimum in all scenarios, including 

by as much as double in certain scenarios.  See, e.g., 2018 OECD Projections, Figure 6.1 

(irradiation capacity over doubling demand by the start of 2022).  Internal Curium calculations 

demonstrate that irradiation capacity outstrips global demand by approximately 70%.  Therefore, 

even if prohibiting this export somehow impacts IRE’s Mo-99 production capabilities, even 

entirely (a scenario not supported by the factual circumstances), there would still be sufficient 
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supply sources for Mo-99.
10

  Regardless, according to its own recent statements IRE should be 

able to convert to LEU targets for Mo-99 production in the near term.  

37. Likewise, based on Curium’s internal market forecasting, I-131 production capacity 

currently exceeds expected demand by four times.  Polatom’s I-131 production capacity in itself 

exceeds market demand by two to three times.  Removing any single supplier from the market 

would not result in a loss of ability to maintain I-131 supply.  As an example of Curium’s 

commitment to this position, Curium buys its I-131 from IRE and still acknowledges that IRE 

and the broader industry does not need HEU for I-131 production.  It is worth recognizing that in 

addition to I-131 production using uranium targets, there are non-uranium based methodologies 

to produce I-131.  This includes neutron capture on Tellurium targets.  This approach is 

employed by U.S. and international producers.  Neutron capture on Tellurium targets to produce 

I-131 is actually often cheaper than production of I-131 from irradiation of uranium targets.  

Polatom, which has the capacity to produce more I-131 than global demand by many times over, 

in fact uses Tellurium targets.   

38. Curium recognizes that there are challenges associated with Mo-99 supply, particularly in 

the long-term.  However, this is a challenge arising from a lack of irradiation sources (i.e., 

reactors), and operational issues at some Mo-99 producers, that is entirely separate and distinct 

from the LEU conversion issue.  In the U.S. for example, currently there is no reactor, other 

neutron source, or processing facility capable of producing Mo-99 at scale, regardless of the type 

of target used.  Also, older reactors in Europe may shut down over the coming decade.  To make 

clear, however, this challenge does not relate to any current need for HEU targets versus LEU 

                                                 
10

 It is a necessity in the nuclear medicine industry that suppliers of radiopharmaceuticals have multiple sources for 

all essential materials.  It is well-understood that at any time a reactor producing medical isotopes can go down, or a 

radiopharmaceutical manufacturing facility could shut down.  As a result, the supply chain is already capable of 

handling a disruption by a single or multiple medical isotope producers without creating a material shortage in 

radiopharmaceutical supply.   



   

13 

targets.  The long-term need for an irradiation source is distinct and different from any issue 

related to use of HEU versus LEU targets over the next couple years.   

VIII. CURIUM’S USE OF LEU TARGETS IN EUROPEAN REACTORS 

39. Curium currently uses LEU targets in three reactors for the production of Mo-99—the 

High Flux Reactor, BR-2, and MARIA reactors.  These three reactors are also mentioned as IRE 

irradiation sources in the DOE/IRE Application (at page 4).  Curium has been using LEU targets 

in these reactors since 2017. 

40. Curium’s LEU targets are not per-se qualified under the DOE Reduced Enrichment for 

Research and Test Reactors (“RERTR”) program.  This is because, to my understanding, the 

DOE RERTR program only qualifies fuels, not targets.
11

  Nonetheless, Curium’s targets are 

stringently evaluated by the reactor operators and relevant national regulators in the appropriate 

European jurisdiction.  This includes irradiation testing and post-irradiation examination of the 

targets.  No material safety or security issues have been identified with Curium’s LEU targets.  

41. Curium’s use of LEU targets results in no material negative impact on any of the reactors 

it works with, including the MARIA reactor.  Reactor operators simply insert targets into the 

research reactor.  The lower efficiencies associated with the use of the LEU target are borne by 

the target user who produces the Mo-99 (i.e., the medical isotope production companies).   

42. The transition to LEU targets is separate from the fuel the reactor uses, which has the 

biggest impact on reactor performance.  The High Flux Reactor and MARIA reactors have all 

converted to use LEU fuel.  The BR-2 and LVR-15 reactors continue to operate on HEU fuel.  

The BR-2 reactor was recently refueled with Russian-origin HEU. 

                                                 
11

 As can be seen on the RERTR website (https://www.rertr.anl.gov/), for example, there is only a listing of 

currently qualified fuels.  

https://www.rertr.anl.gov/
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43. I am not aware of any U.S. government program actively developing an LEU target 

specifically for use by IRE in either the LVR-15 or MARIA reactors. 

* * * 

44. The following statements reflect what Curium is able to share publicly about its business 

and understanding of the medical isotope and radiopharmaceuticals marketplace.  In an 

appropriate hearing forum, Curium would be willing to assist the Commission by providing 

further detail as to any of the issues discussed herein or in the Petition. 

45. I declare under penalty of perjury that my statements set forth above and in my Statement 

of Professional Qualifications attached hereto are true and correct to the best of my knowledge, 

information, and belief. 

 

 

 

_______________________________________ 

Roy W. Brown 

 

Executed in Accordance with 10 CFR § 2.304(d) 

Roy W. Brown 

111 West Port Plaza Drive, Suite 800 

St. Louis, MO 63146  

Vice President,  

Government Affairs and Strategic Alliances 

North America  

Curium US LLC 

 

Executed on the 13th Day of September, 2019 
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OECD-NEA AD-HOC Lite  09-07-2019

IRE LEU conversion update
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Specific LEU conversion challenges

 Safety improvements required

 Chemical process modifications

 Production equipment modifications

 Production environment updates : hot cells and ancillaries

 3 processes to convert

 Mo-99 

 I-131

 Xe-133

 Product validation not under direct IRE control
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Status

 QUALITY : Mo-99 pharmaceutical validation at IRE

 Validation runs successfully completed

 Samples shipped for customer validations

 Customer validations ongoing

 Drug Master File

 submission end of August

 Final safety demonstration

 In worst case conditions - ongoing

 Approval required by federal agency for nuclear control (FANC)
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Planning

2019 2020 2021

Mo-99 ; Xe-133 timeline

I-131 timeline

Validation & 

approvals
HEU Phase out

Development
Validation & 

approvals
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