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ABSTRACT 
 

The US fuel development team has performed numerous irradiation tests on small to 
medium sized specimens containing low enriched uranium fuel designs. The team is now 
focused on qualification and demonstration of the uranium-molybdenum Base Monolithic 
Design and has entered the next generation of testing with the design and irradiation of 
prototypic elements which contain this fuel. The designs of fuel elements containing 
monolithic fuel, such as AFIP-7 (which is currently under irradiation) and RERTR-FE 
(which is currently under fabrication), are appropriate progressions relative to the 
technology life cycle. The culmination of this testing program will occur with the design, 
fabrication, and irradiation of demonstration products to include the base fuel 
demonstration and design demonstration experiments. Future plans show that design, 
fabrication, and testing activities will apply the rigor needed for a demonstration 
campaign. 
 

 
1. Introduction 
 
The National Nuclear Security Agency Global Threat Reduction Initiative employs three “pillars” within 
the convert program including Fuel Development (FD), Fuel Fabrication Capability (FFC), and Reactor 
Conversions (RC) to enable conversion of High Power Research Reactors (HPRR) to Low-Enriched 
Uranium (LEU) fuels. The FD pillar is primarily responsible for maturing the LEU fuel technology [1] 
where FFC and RC are responsible for fabrication deployment and reactor conversion efforts, 
respectively. With the ultimate reactor conversion schedule becoming more near-term, integration of 
these three pillars is increasing. One area of integration is the FD series of irradiation tests; culminating 
with the irradiation of prototypic fuel elements. 
 
The FD pillar has overseen design, fabrication, irradiation, and examination of numerous tests on small 
to medium sized specimens containing LEU fuels. To enable the three nearest term HPRR conversions, 
including the Massachusetts Institutes of Technology Reactor (MITR), University of Missouri Research 
Reactor (MURR), and National Bureau of Standard Reactor (NBSR), the FD pillar is currently focused 
on qualification of the “Base Monolithic Design”. The Base Monolithic Design consists of uranium-10 
wt% molybdenum alloy (U-10Mo) in the form of a monolithic foil, with thin zirconium interlayers, clad 
in aluminum by hot isostatic press [2]. 



2. Irradiation Testing Evolution 
 
The FD irradiation testing program follows the methodology set forth in the technology life cycle [3]. 
This general methodology is paraphrased from reference [4] below: 
 
� Basic Research is conducted first to acquire and disseminate new knowledge. 
� Applied Research follows Basic Research and is intended to solve a specific problem, select the 

best approach, and prove out principles with explicit objectives. 
� Development Work follows Applied Research with end use application in a design environment. 

 
While Basic Research irradiation testing efforts still remain for complex and dispersion LEU fuel 
designs, these efforts have been completed for the Base Monolithic Design. Basic Research irradiation 
tests employed small scale samples of various designs. Increasingly rigorous test conditions were 
employed to bring out the best designs. The most promising designs were selected for use in Applied 
Research campaigns. Currently, Applied Research efforts are nearing completion for the Base 
Monolithic Design. These efforts are characterized by testing of larger samples and/or intense irradiation 
conditions which are similar to that of HPPR fuel plates. The FD pillar is now becoming increasingly 
more focused on Development Work campaigns. These will demonstrate the Base Monolithic Design in 
end-use configurations by irradiating prototypic fuel elements under conditions which mirror the reactor 
environments for which they are intended. This is further represented in Figure 1.  
 

 
Figure 1: Progression of Irradiation Tests (current as of October 2011) 

 
Note that Figure 1 also displays several irradiation tests supporting complex and dispersion LEU fuel 
designs. The discussions contained in this paper are focused only on those tests supporting the Base 
Monolithic Design. A cross section of the Base Monolithic Design can be seen in Figure 2. 
 



 
Figure 2: Base Monolithic Design 

 
3. Summary of Past Experiment Designs 
 
Initial irradiation tests for advanced LEU fuel designs were performed by the FD pillar and were 
purposed to be low power screening tests. These tests include the RERTR-1 and -2 campaigns, which 
were irradiated in the Advanced Test Reactor (ATR) small “I” position, and the RERTR-3 campaign, 
which was irradiated in the ATR small “B” position. The irradiation vehicles consisted of small 
capsules, open to ATR primary coolant flow, which accommodated several small fuel plate specimens. 
The RERTR-1 and -2 “microplate” specimens were 76.2mm X 22.2mm and the RERTR-3 “nanoplate” 
specimens were 41.1mm X 10.0mm in size as seen in Figure 3. 
 

 
Figure 3: RERTR-1, -2, and -3 Fuel Specimens and Capsule Assemblies 

 
The next phase of irradiation tests were performed in the ATR large “B” position using a similar 
irradiation vehicle capsule design which accommodated several larger “miniplate” specimens measuring 
101.5mm X 25.4mm. This irradiation vehicle design has been used from RERTR-4 through -10 and will 
also be used for completion of the RERTR-11 through -14 campaigns [1]. The general evolution of the 
large B tests has seen increasingly rigorous irradiation conditions and more focused testing of promising 
designs. For example, the RERTR-12 campaign is specifically intended to test the Base Monolithic 
Design with a comprehensive range of irradiation conditions with fuel plate surface heat fluxes ranging 
from 100 to 500 W/cm2 [5]. The RERTR large B fuel specimen and capsule assembly can be seen in 
Figure 4. 
 



 
Figure 4: RERTR-4 to Current Fuel Specimens and Capsule Assembly 

 
In approximately the same timeframe as the RERTR-10 campaign, the ATR Full-size In center flux trap 
Position (AFIP) series of irradiations were commenced to test larger size specimens. These tests were 
performed in the ATR Center Flux Trap (CFT). The AFIP-2 and -3 experiments irradiated a total of four 
monolithic specimens measuring 571.5mm X 56.1mm while the AFIP-4 experiment irradiation 
contained a total of 12 monolithic specimens measuring 190.5mm X 56.8mm. The AFIP-2, -3, and -4 
experiment tested monolithic specimens at approximately 350 W/cm2 peak surface heat flux [7][8][9]. The 
AFIP irradiation vehicle is open to ATR primary coolant flow and enables the fuel plate specimens to be 
removed and examined ultrasonically after irradiation cycles. These ultrasonic examinations are 
purposed to gather high resolution swelling data and demonstrate the stability of the clad-to-monolith 
bonding interface. The AFIP irradiation vehicle is seen in Figure 5. 
 

 
Figure 5: AFIP-1 through -6 Irradiation Vehicle 

 
4. Current Campaigns 
 
The AFIP-6 experiment was not completed as planned but the AFIP-6 MKII experiment will be 
performed shortly in order to accomplish irradiation of two large-scale monolithic specimens at high 
power. Each AFIP-6 MKII fuel plate will measure 1143mm X 56.8mm with fuel meat dimensions of 
571.5mm X 34.9mm. These are designed to achieve approximately 500 W/cm2 peak surface heat 
flux[10]. 
 
The AFIP-7 experiment consists of four fuel plates containing the Base Monolithic Design. These plates 
are 1016mm X 62.8mm and are formed to a radius of 90.3mm. The plates are swaged into aluminum 
sideplates and end fittings are attached to both ends. These design features were patterned heavily after 
existing HPRR fuel element designs such as those of the ATR and NBSR. AFIP-7 is the first U-Mo 
monolithic fuel element and is currently under irradiation in the ATR center flux trap using a slightly 
modified AFIP irradiation vehicle design. Like previous AFIP experiments, the AFIP-7 test specimen 
can be removed from the vehicle for examination after irradiation cycles. The examinations of greatest 
interest for AFIP-7 include coolant channel characterizations by way of channel gap probe. A rendering 



of the AFIP-7 element can be seen in Figure 6. The AFIP-7 experiment was designed to achieve a peak 
surface heat flux of 215W/cm2. Successful completion of the AFIP-7 campaign will represent a hallmark 
achievement for the FD pillar as it will serve as a forerunner to those irradiation campaigns classified as 
Development Work [11]. 
 

 
Figure 6: AFIP-7 Experimental Fuel Element 

 
The first Development Work irradiation test will be performed as part of the RERTR-Full Element (FE) 
campaign. The FE campaign plans to employ two ATR driver fuel elements containing the Base 
Monolithic Design. These elements will undergo irradiation in an ATR driver fuel positions with no 
more than one such element in the ATR at a time. The design of these elements will be identical to 
existing ATR driver fuel elements; except that the fuel meat of the interior plates (those which contain 
no burnable poison) will be replaced with the Base Monolithic Design. Each element will include 11 
monolithic fuel plates 1257mm in length, with widths and radii ranging between 62.8mm - 88.3mm and 
91.0mm – 123.5mm, respectively. The exterior plates will contain the same High Enriched Uranium 
(HEU) UAlx dispersion fuel with B4C burnable poison as currently used in ATR driver fuel elements [12] 
as seen in Figure 7. 
 
While these irradiations will take place in ATR driver fuel positions, the RERTR-FE campaign is not 
expressly intended to support ATR conversion. Rather, it is purposed to follow precedent of previous 
fuel qualification programs (e.g. U3Si2 [13]) by demonstrating the Base Monolithic Design in a true 
design environment. The name of the element design used for the RERTR-FE campaign is the “U-Mo 
Demonstration Element”. This title is intended to invoke demonstration of the monolithic U-Mo fuel 
system only. This title does not necessarily invoke demonstration of the Base Monolithic Design 
fabrication process. These elements are currently under fabrication at the same facilities which produce 
HEU driver fuel for HPRR’s. However, from a quality assurance standpoint, those portions of the 
fabrication process which are specific to the Base Monolithic Design have not yet been qualified. It is 
currently planned that future Development Work irradiation campaigns will include fuel plates which 
are fabricated as “Demonstration Products” by the FFC pillar [14]. 
 



 
Figure 7: U-Mo Demonstration Element Cross Section 

 
A visual comparison of the above discussed experiments campaigns can be seen in Figure 8. This figure 
displays a depiction of the overall FD irradiation testing evolution from small specimens to full-size 
prototypic elements. 
 

 
Figure 8: Sample Fuel Specimen Geometries 

 
5. Future Plans 
 
Further demonstration of the Base Monolithic Design will be accomplished in manner similar to that of 
RERTR-FE. This campaign is referred to as the Base Fuel Demonstration (BFD) and will also be 
accomplished by irradiation of ATR driver fuel elements which contain the Base Monolithic Design. 
The BFD effort is considered a more mature Development Work activity where the key distinction 
between the RERTR-FE and BFD campaigns is that BFD elements will be produced and irradiated in 
greater quantities. It is currently planned that 10 BFD elements will be irradiated in ATR driver fuel 



positions [1]. Additionally, these elements are planned to be fabricated as demonstration products by the 
FFC pillar [14]. 
 
The culminating FD irradiation campaign for the Base Monolithic Design is a three part endeavor 
referred to as the Design Demonstration Experiments (DDE’s). These experiments will be patterned 
after the LEU fuel element designs proposed for conversion of the three HPRR’s regulated by the US 
Nuclear Regulatory Commission (NRC). These include MITR, MURR, and NBSR. Cross section views 
of each of these elements can be seen in Figure 9. 
 

 
Figure 9: Cross Sections Views of NRC Regulated HPRR Fuel Elements 

 
Due to regulatory issues, the DDE irradiations are not planned to be irradiated within their respective 
reactors as lead test assemblies. In lieu of the lead test assembly methodology, the DDE irradiations will 
be performed elsewhere using prototypic fuel plate geometries under prototypic conditions. The ATR is 
being investigated as a potential site for irradiation of these experiments. Additionally, reactors such as 
BR2-Belgium and MIR-Russia are being investigated. Absolute prototypic conditions may not be 
achievable in any reactor except the one for which the LEU element is designed. However, the DDE 
irradiations are intended to perform the following functions: 
 

� Confirm Performance under bounding parameters (e.g. heat flux, fission density, fuel and clad 
temperatures) 

� Demonstrate Resistance to worrisome failure modes (e.g. fission gradients, thin-clad structural 
stability) 

� Give Confidence in the LEU fuel designs prior to conversion 
 
While the FD pillar will oversee design and irradiation of the DDE’s, the LEU fuel element designs, 
target irradiation conditions, and other critical inputs will be provided by the RC pillar. Like the BFD 
elements, the DDE elements are also planned to be fabricated as demonstration products by the FFC 
pillar [14]. In this regard, the DDE irradiation campaign represents a momentous level of convergence 
between the three GTRI-convert pillars. More importantly, the DDE campaign represents a 
Development Work activity with significant maturity in terms of the technology life cycle.  
 
6. Conclusions 
 
The FD pillar has successfully performed Basic Research irradiation tests on small specimens sufficient 
to select viable LEU fuel designs and fundamental fabrication processes. With the aid of Applied 
Research irradiation tests on more prototypic designs the FD pillar has selected the Base Monolithic 
Design for near term fuel qualification efforts in direct support of NRC regulated HPRR conversion. The 
FD pillar has commenced with Development Work irradiation tests campaigns and is planning to ensure 
that future campaigns will integrate with the entire GTRI convert program to ensure that all of the 
necessary outputs are suitable to support reactor conversion.  
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