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Abstract – The high level of safety of modular high temperature gas-cooled reactor 
(HTGR) designs is achieved by passively maintaining core temperatures below 
fission product release thresholds under all envisioned accident scenarios. This level 
of fuel performance and fission product retention reduces the radioactive source 
term by many orders of magnitude relative to other reactor types but is predicated 
on exceptionally high coated-particle fuel fabrication quality and excellent fuel 
performance under normal operation and accident conditions. The Advanced Gas 
Reactor Fuel Development and Qualification (AGR) Program decided to qualify 
uranium oxide/uranium carbide (UCO) TRISO-coated particle fuel in an operating 
envelope that would bound both pebble bed and prismatic modular HTGR options. 
By using a mixture of uranium oxide and uranium carbide, the kernel composition is 
engineered to minimize CO formation and fuel kernel migration, which is key to 
maintain to fuel integrity at the higher burnups, temperatures, and temperature 
gradients anticipated in prismatic HTGRs. Fuel fabrication conducted at both 
laboratory and engineering scale has demonstrated the ability to fabricate high 
quality UCO TRISO fuel with very low defects. The first irradiation (AGR-1) 
exposed about 300,000 TRISO fuel particles to a peak burnup of 19.6% FIMA, a 
peak fast-neutron fluence of about 4.3 × 1025 n/m2, and a maximum time-averaged 
fuel temperature of about 1200°C without a single particle failure. The very low 
release of key metallic fission products (except silver) measured in post-irradiation 
examination (PIE) confirms the excellent performance measured under irradiation. 
Very low releases have been measured in accident simulation heatup testing (“safety 
testing”) after hundreds of hours at 1600 and 1700°C and no particle failures (no 
measured noble gas release) have been observed. Even after hundreds of hours at 
1800°C, the releases are still very low indicative of only a small fraction of fuel 
failure. The implications of these results relative to safety design and analysis and 
licensing will be discussed to demonstrate the margins associated with UCO TRISO 
fuel. 

 
I. INTRODUCTION 

 
Modular high temperature gas-cooled reactor 

(HTGR) designs were developed to provide natural 
safety, which prevents core damage under all 
licensing basis events. The principle that guides 
their design concepts is to passively maintain core 
temperatures below fission product release 
thresholds under all accident scenarios. The 
required level of fuel performance and fission 
product retention reduces the radioactive source 
term by many orders of magnitude relative to 
source terms for other reactor types and allows a 

graded approach to emergency planning and the 
potential elimination of the need for evacuation and 
sheltering beyond a small exclusion area. 
Achieving this level, however, is predicated on 
exceptionally high coated-particle fuel fabrication 
quality and excellent performance under normal 
operation and accident conditions. The design goal 
of modular HTGRs is to meet the Environmental 
Protection Agency (EPA) Protective Action Guides 
(PAGs) for offsite dose at the Exclusion Area 
Boundary (EAB).  To achieve this, the reactor 
design concepts require a level of fuel integrity that 
is far better than that achieved for all prior U.S.-
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manufactured tristructural isotropic (TRISO) coated 
particle fuel.  

At the start of the Advanced Gas Reactor Fuel 
Development and Qualification (AGR) Program 
[1,2], without a reactor design concept selected 
from among modular HTGR alternatives, the 
program decided to qualify fuel to an operating 
envelope that would bound both pebble bed and 
prismatic options. This resulted in needing a fuel 
form that could survive at peak fuel temperatures of 
1250°C on a time-averaged basis and high burnups 
in the range of 150 - 200 GWd/MTHM (metric tons 
of heavy metal) or 16.4 - 21.8% fissions per initial 
metal atom (FIMA).  

The objective of the AGR program is to qualify 
UCO TRISO-coated particle fuel for use in the 
modular HTGR. TRISO-coated particles must be 
fabricated at industrial scale, as opposed to small 
batches in a laboratory, for use in qualification 
testing. The testing consists of a variety of 
experiments and examinations that enable an 
understanding of the behavior of TRISO-coated 
fuel under the radiation and temperature 
environments expected in an HTGR during normal 
operation and accident conditions. The program 
includes experiments to provide an understanding 
of how the fission products are retained by or 
transported through the fuel particle kernel, particle 
coatings and the carbonaceous matrix that comprise 
the reactor core to support the reactor source term 
calculations. Another important part of the program 
is the development of fuel performance and source 
term modeling and simulation tools and the 
associated physical testing required to validate 
those tools for use in the HTGR design, safety 
analyses, and licensing. 

 
II. FUNCTIONAL CONTAINMENT AND 

TRISO FUEL REQUIREMENTS 
 

HTGRs have multiple barriers to radionuclide 
release that comprise a “functional containment.”  
The functional containment is the collection of 
design selections that, taken together, ensure that 
(a) radionuclides are retained within multiple 
barriers, with emphasis on retention at their source 
in the fuel, and (b) regulatory requirements and 
plant design goals for release of radionuclides are 
met at the EAB. In the U.S. the first three 
functional containment barriers consist of the fuel 
kernel, the fuel particle coatings and the fuel 
matrix/graphite, respectively. The fourth barrier is 
the helium pressure boundary. The reactor building 
is the fifth barrier.  The degree that each barrier is 
relied upon in a specific accident sequence is at the 
discretion of the designer. Tradeoffs can exist 
between the required effectiveness of the different 

barriers. [3] However, taken collectively, the 
barriers reduce releases of fission products to very 
low levels during normal operation and postulated 
accident conditions. [4] Thus, there is a strong 
linkage between the behavior of TRISO fuel in a 
modular HTGR and the licensing strategy that is 
being employed in the US.  

Successfully executing this strategy requires that 
(a) high-quality, low defect TRISO fuel can be 
fabricated and characterized in a repeatable and 
consistent manner, (b) fuel performance with very 
low in-service failures is achievable within 
anticipated modular HTGR fuel design envelope 
and (c) a mechanistic source term can be calculated 
to the requisite level of accuracy for both normal 
and off-normal conditions. Modular HTGR 
designers have established fuel performance 
requirements that guide the fuel qualification and 
ensure that offsite dose design objectives will be 
met. Table 1 lists the level of allowable fuel defects 
and the allowable levels of in-service failures under 
normal operation and postulated core heatup 
accidents at 95% confidence based on the MHTGR 
prismatic design and HTR MODUL pebble bed. 
They are very similar despite differences in design 
service conditions of the fuel (e.g., burnup, fast 
fluence and temperature). 

 
 MHTGR 

Prismatic 
HTR MODUL 

Pebble 
Manufacturing Defect Level 

Heavy Metal 
Contamination 

2E-05  
6E-05 

SiC Defects 1E-04 
In-service Performance Requirements 

Incremental 
Failures 
Normal 
Operation 

2E-04 1.6E-04 

Incremental 
Failures Core 
Heatup 
Accidents 

6E-04 6.6E-04 

Table 1. Allowable fuel defect levels and in-service 
failures. 
 

III. FABRICATION 
 

The TRISO-coated particle is a spherical-
layered composite, about 1 mm in diameter. It 
consists of a kernel of UO2 or UCO surrounded by 
a porous carbon buffer layer that absorbs radiation 
damage and allows space for fission gases to 
accumulate. Surrounding the buffer layer is a layer 
of dense pyrolytic carbon called the inner pyrolytic 
carbon layer (IPyC), a silicon carbide (SiC) layer, 
and a dense outer pyrolytic carbon layer (OPyC).  
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The uranium-containing kernels are made by a 
sol-gel process, followed by washing, drying, 
calcining, and sintering to produce UCO kernels. 
UCO is a mixture of UO2, UC, and UC2 and is 
formed by dispersing carbon in the sol-gel bead and 
performing a carbothermic reduction after 
calcination. The coatings are applied in a fluidized-
bed coater in a sequential, continuous process. The 
coating process for the buffer is based on chemical 
vapor deposition from a mixture of acetylene and 
argon diluent. The inner and outer pyrolytic layers 
are deposited from a mixture of acetylene, 
propylene, and argon diluent. The SiC layer is 
deposited from methyltrichlorosilane (MTS) diluted 
with hydrogen and argon. Graphite powders and 
phenolic binder are used to produce a powder 
matrix that is applied to the TRISO particles as an 
overcoat. The overcoated particles are then pressed 
to form the pebble or cylindrical compact. Both fuel 
forms undergo carbonization and heat treatment at 
high temperature to produce the final fuel form. 
Rigorous control is applied at every step of the 
fabrication process to produce high-quality, 
very-low-defect fuel. Specifications are placed on 
the diameters, thicknesses, and densities of the 
kernel and coating layers; the sphericity of the 
kernel and coated particle; the stoichiometry of the 
kernel; the maximum anisotropy of the pyrocarbon 
layers; the microstructure of the SiC; and the 
acceptable defect levels for each layer. Statistical 
sampling techniques are used to demonstrate 
compliance with the specifications, usually at the 
95% confidence level. 

Many improvements in the fabrication processes 
have been made in the AGR program. Human 
interactions in the process were removed by (a) 
replacing tabling with 3D sieving of coated 
particles, (b) replacing multi-step matrix production 
(resin solvation, matrix mixing, kneading, drying 
and crushing) with dry mixing and jet milling of 
matrix, (c) replacing rotary overcoating using 
flammable solvents with an automated fluidized 
bed overcoater that produces highly spherical, 
uniformly overcoated particles using only water as 
the wetting agent and (d) using automated die 
filling and programmed punch travel to form 
compacts.  In the fabrication of kernels, internal 
gelation was used to improve sphericity, compared 
to external gelation, and the method of carbon 
addition was modified to improve distribution of 
oxide and carbide phases.  Improvements were 
made in the chemical vapor deposition processes, 
including (a) argon dilution during SiC coating, (b) 
coater retort design to improve yields (>95%), (c) 
use of mass flow controllers to control gas flows 
during coating deposition of each coating layer, and 
(d) implementation of an improved MTS vaporizer 
(leveraging computer chip industry) to evaporate 

MTS and deposit the SiC layer. And finally, in the 
area of measurement science, computer 
measurements of thicknesses, greatly improved 
anisotropy measurements via ellipsometry, and 
improved density measurements using better 
density column materials have improved precision 
in characterization of TRISO fuel. 

The overall result has been controllable and 
reproducible fabrication and improved 
characterization of the fuel forms, all of which 
contribute to better quality TRISO fuel. [5,6,7] 
Figure 1 compares the standard deviation in coating 
layer thicknesses from historical German, Japanese 
and US fuel with recent results from the AGR 
program. In all cases, the standard deviation of the 
coating layers is as good as or slightly better than 
the historical data. 

 

 
Fig. 1. Comparison of standard deviation of coating 
layer thicknesses from AGR program with historic 
German, Japanese, and US TRISO fuel. 

Recent work in which five coating runs were 
performed at the same conditions indicate a high 
degree of repeatability. [8] Despite the stochastic 
nature of the chemical vapor deposition process, 
physical fuel attributes such as layer thicknesses, 
layer densities, and layer anisotropy show very little 
variation from batch to batch. 

In terms of defects, Figure 2 compares the 
coating results for AGR-2 and other developmental 
coating runs to German data all at 95% confidence. 
Heavy metal contamination in most cases is below 
5E-05 with a few of the more recent coating runs 
closer to the specification value of 2E-05. SiC 
defects are generally well below the 1E-04 
specification. In terms of total leachable uranium, 
the results in most cases are comparable to German 
results, with most data meeting the pebble bed 
specification of 6E-05. Thus, it is concluded that 
AGR fuel meets physical specifications and is 
meeting almost all defect specifications at 95% 
confidence. With larger sample sizes and a mature 
process, the fuel should be able meet the defect 
specifications in production mode. 
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In summary, systematic fabrication studies, 
combined with improved characterization 
capabilities, have also enhanced the understanding 
of how to fabricate high-quality TRISO fuel. The 
program is now fabricating high quality TRISO-
coated fuel particles in an engineering-scale coater 
that exhibit a rate of less than 5 defects in every 
100,000 particles due to flawed coatings (SiC or 
IPyC) or exposed uranium. Placing a U.S. fuel 
vendor in position to fabricate high-quality TRISO 
fuel with an improved fundamental understanding 
of the relationships among the fuel fabrication 
process, fuel properties, and fuel performance 
enhances credibility in establishing the safety case 
and the licensing basis with the U.S. Nuclear 
Regulatory Commission (NRC). Today, the US fuel 
vendor (Babcock and Wilcox Nuclear Operations 
Group-Lynchburg) has all of the technologies 
necessary to fabricate TRISO-coated UO2 or UCO 
fuel in compact form. A pilot line has been 
established and fuel fabrication for final fuel 
qualification testing has begun. 

 
Fig. 2 Comparison of heavy metal contamination, 
SiC defect fraction and total leachable heavy metal 
for AGR-2 and development coating runs compared 
to historic German fuel. 

 
IV. IRRADIATION PERFORMANCE 

 
The objective of AGR fuel irradiation activities 

is to provide data on TRISO-coated fuel 
performance under normal operation. The first 
irradiation test, AGR-1, ended in 2009 after 
approximately three years of irradiation. The UCO 
fuel in AGR-1 was irradiated to a peak burnup of 
19.6% FIMA, a peak fast-neutron fluence of about 
4.3 × 1025 n/m2, and a maximum time-averaged fuel 
temperature of about 1200°C. About 300,000 
TRISO fuel particles were irradiated without a 

single particle failure, as indicated by the fission-
gas measurements on the purge gas from each of 
the capsules. [9] Fission gas release measured from 
both the AGR-1 and AGR-2 experiments is 
compared to historic German and US irradiations in 
Figure 3.  

This is the best irradiation performance of a 
large quantity of TRISO fuel ever achieved in the 
US, and the experiments substantially exceeded the 
German levels of burnup. These results have 
confirmed the expected superior irradiation 
performance of UCO at high burnup in that no 
kernel migration, no evidence of CO attack of SiC, 
and no indication of SiC attack by lanthanides has 
been observed.  Zero fuel failures in AGR-1 
translates into a 95% confidence failure fraction of 
<1E-5, a factor of 20 better than the prismatic 
reactor design in-service failure fraction 
requirement of 2E-4.   
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Fast fluence (1025 n/m2  )                  2.0 - 10.2           0.1 - 8.5 

 
Fig. 3. End of life Kr-85m fission gas release for 
AGR-1 and AGR-2 compared to historic 
performance in U.S. and German TRISO fuel 
irradiations  

As indicated in Figure 4, the AGR-1 irradiation 
resulted in UCO TRISO fuel being exposed to very 
high temperatures for long times, well in excess of 
those expected in an actual modular HTGR. By 
comparison, peak time average temperatures in 
prismatic modular HTGRs are usually less than 
1250°C. Based on the figure, about 15% of the 
particle population saw temperatures in excess of 
1250°C for 200 days, 10% of particle population 
saw temperatures in excess of 1300°C for 100 days, 
5% of particle population saw temperatures in 
excess of 1350°C for 50 days, and 2% of particle 
population saw temperature in excess of 1400°C for 
25 days. The more severe AGR-1 irradiation 
conditions, compared to the vast majority of 
historic modular HTGR designs, suggest substantial 
fuel performance margin. 
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Fig.4. Distribution of time at temperature 
experienced by TRISO fuel particles in AGR-1.  

The second irradiation, AGR-2, is complete. It 
contains separate capsules to test UCO and UO2 
TRISO fuel produced at industrial scale from U.S. 
and international collaborators (France/AREVA 
and South Africa/PBMR). The UCO has been 
irradiated under prototypical prismatic core 
conditions while the UO2 TRISO temperature 
experienced conditions typical of a pebble-bed 
HTGR. The in-pile results to date are very good as 
shown in Figure 3 [10]. Detailed analysis of the 
three UCO test capsules [11] suggest that either 
zero particles or one particle may have failed in one 
UCO capsule based on fission gas release. Because 
of gas flow problems in the irradiation capsule, it is 
difficult to determine precisely. The exact cause of 
the particle failure will have to be determined 
during postirradiation examination (PIE), 
anticipated to begin in late 2014. However, 
assuming one particle failure out of 114,000 UCO 
TRISO particles, to be conservative, a 95% 
confidence failure fraction of 4.2E-05 is obtained, 
which is a factor of about five below the designer 
specification of 2E-04.  PIE and safety testing of 
this fuel are scheduled for 2014-2016. 

 
V. POSTIRRADIATION EXAMINATION 

AND SAFETY TESTING 
 

The objective of the PIE and safety testing is to 
characterize and measure the performance of 
TRISO fuel after irradiation and during accident 
conditions. These activities also support the fuel 
development effort by providing feedback on the 
performance of kernels, coatings, and compacts. 
Data from PIE and accident testing in combination 
with the in-reactor measurements will provide the 
data necessary to demonstrate compliance with fuel 
performance requirements and to support the 
development and validation of computer codes. 

PIE of UCO TRISO fuel irradiated in AGR-1 is 
nearing completion. The examinations have 

included quantification of fission products in the 
various components of all six irradiation capsules 
(representing the inventory released from the fuel 
compacts during irradiation) and within the matrix 
of eight compacts (representing the inventory 
released from particles but retained in the compact 
outside of the SiC layer during irradiation). The 
results are presented graphically in Figure 5, 
showing the range of inventory fractions (based on 
either single compacts or all twelve compacts in a 
single capsule, as appropriate) found in the 
compacts and the irradiation capsules. Very low 
release of key metallic fission products (except 
silver) confirms the excellent performance 
measured under irradiation and demonstrates the 
robustness of the SiC layer as a barrier to fission 
product release. [12,13]  

As indicated in Figure 5, the cesium release 
from the fuel was very low. In compacts with no 
particles exhibiting a failed SiC layer, the Cs-134 
fractional inventory in the matrix was <2E-05, and 
in capsules containing zero particles with failed 
SiC, the Cs-134 fractional release from the 
compacts was <3E-06. Releases of Sr and Eu into 
the compact matrix were generally small (~1E-06 to 
1E-02), indicating some diffusion through the 
coatings. Ce-144 releases to the compact matrix 
were a factor of ten smaller (~1E-06 to 1E-03). 
However, the amount of these materials in the 
capsule components (graphite holder, end caps and 
steel shell) tends to be much less compared to what 
is present in the compact matrix (compare the 
“matrix” and “capsule” data in Fig. 5), 
demonstrating good retention in the matrix. 

The level of Pd found outside the SiC was 
approximately 1% in the five compacts analyzed. 
Despite this large amount of Pd in the fuel matrix, 
no widespread Pd corrosion or attack of SiC has 
been observed during metallographic examination 
of a number of as-irradiated TRISO particles.  This 
was unexpected since Pd attack of SiC at high 
burnup in TRISO fuel has been postulated as a 
potential failure mode. [14] 

Silver release was high and varied significantly 
from compact to compact as a result of the 
differences in the temperatures experienced by each 
compact under irradiation. Computer models 
overpredict releases of Cs and Sr from fuel under 
normal operation but are in reasonable agreement 
for silver. [15] 

Particles that experienced SiC failure during the 
AGR-1 irradiation were identified by first analyzing 
the graphite fuel holders for elevated cesium levels 
[12], and then deconsolidating the suspect fuel 
compacts and inspecting all of the particles with 
gamma spectrometry to find those with low cesium 
inventory [16]. Based on these methods, a total of 
four particles in the entire AGR-1 test train 
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experienced a SiC failure under irradiation. This 
corresponds to an in-service SiC failure fraction of 
3.1E-05 at 95% confidence. There is no 
specification for in-service SiC failures. However, 
this value is a factor of 7 below the incremental in-
service full TRISO failure fraction of 2E-04. 
Furthermore, gamma counting of two of the 
particles with failed SiC using the Advanced 
Irradiated Microsphere Gamma Analyzer (IMGA) 
indicated significant cesium retention after 
irradiation (~ 30 to 60%), which is much higher 
than predicted using German cesium diffusivities in 
kernel and PyC layers. [16]  

Figure 5. Range of fractional fission product 
inventories found in the matrix of examined 
compacts (red columns) and on the irradiation 
capsule components (blue columns). Instances 
where compacts and capsules contained SiC 
failures are indicated separately on the plot. Hashed 
areas indicate that the measured values on some 
capsule components were above the detection limit 
of the techniques therefore the sum of contributions 
from all components represents a conservative 
upper bound for the total inventory in several of the 
capsules. 

Postirradiation accident simulation heatup 
testing (“safety testing”) of UCO TRISO coated 
particle fuel from AGR-1 is nearing completion and 
is demonstrating excellent robustness of the UCO 
TRISO fuel. An example of fission product release 
from 1600°C safety testing is shown in Figure 6. 
[17] Very low releases have been measured in 
safety testing after hundreds of hours at 1600 and 
1700°C. [18] Summary results for Cs-134 for 
thirteen AGR-1 compacts are shown in Figure 7, 
which includes results from tests conducted at 
1600, 1700 and 1800°C.  

No full TRISO particle failures (no measured 
noble gas release) have been observed in testing at 

1600 or 1700°C. [18] This corresponds to a 95% 
failure fraction of ~ 7.3E-05, a factor of 8 below the 
HTGR prismatic reactor specification. 

Based on the results to date, fission product 
release from UCO TRISO fuel is very low at 1600, 
1700 and 1800°C unless a SiC layer fails due to 
either a manufacturing defect or an irradiation 
failure mechanism for defect-free SiC. Cs releases 
after 300 hours at 1600°C tend to be < 1E-05 from 
compacts containing only intact particles. For cases 
where a SiC failure occurs, releases tend to be 
around 1 to 2E-04 (100% release from one particle 
corresponds to a release fraction of 2.4E-04) and 
are dependent on the total number of SiC failures 
that occurred. Post-test IMGA analysis of one 
particle that exhibited SiC failure during safety 
testing has indicated cesium retention of 30-60% 
[16]. Thus, even if the SiC fails under high 
temperature heating not all of the cesium is 
released.  

 

 

Fig. 6. Fission product release from heating of 
AGR-1 compact 6-4-3 at 1600°C 

 

 

Fig. 7. Cs-134 release from AGR-1 compacts 
heated at 1600, 1700, and 1800°C.  

Post-test analysis of heated and deconsolidated 
particles has indicated failed SiC layers as being 
responsible for the increased cesium release. 
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Determining the exact number of SiC failures is 
difficult because the deconsolidation process can 
sometimes induce SiC failures. The best estimate of 
SiC failures observed during heating at 1600°C is 3 
out of about 33,000 particles, which corresponds to 
< 2.4E-04 at 95% confidence. Although there is no 
specification for in-service SiC failures under 
accident conditions, this value (somewhat limited 
by the testing statistics - only 8 compacts) is still a 
factor of two below the incremental in-service full-
TRISO failure fraction of 6E-04. Furthermore, as 
noted earlier, particles with failed SiC indicated 
significant cesium retention after heating (~ 30-
60%).  

In addition, Ag, Sr and Eu were measured during 
the accident heating tests [18]. Silver releases vary 
between ~ 0.4 and 34% of the total inventory in the 
fuel compact, and the results indicate that this is 
predominantly due to fission products that resided 
in the matrix at the end of irradiation. Strontium 
and europium releases are in the range of 8E-6 to 
1E-3 and 3E-4 to 3E-3 respectively, after 300 hours 
at either 1600 or 1700°C and 1% after 300 hours at 
1800°C. At these temperatures, it is difficult to 
discern if there are any releases from the particles 
during high temperature heating since it appears 
that there is a significant contribution from fission 
products that diffused into the matrix during the 
irradiation. It is important to note that the 300 hours 
of high temperature testing is well in excess of that 
expected in a modular HTGR where temperatures 
in the range of 1600°C are experienced for only 
about 25 to 40 hours. Furthermore, only about 2 to 
3% of the particles in the modular HTGR core 
experience these high temperatures during the 
postulated depressurized loss of forced circulation 
heatup event. Thus, because the expected number 
of particles that will experience relatively short 
times at high temperatures is small, core-wide 
releases of these fission products during a modular 
HTGR core heatup event will be very low. 

The behavior at 1800°C for the UCO TRISO is 
worthy of mention. While SiC failures are evident 
in Figure 7, they represent only a small fraction of 
the inventory in the fuel compact. By comparison, 
an 1800°C heating test of German UO2 TRISO fuel 
produced tens of percent release of cesium by 300 
hours. [19] The reason for this outstanding behavior 
of UCO at 1800°C is under active study but may be 
due to the lack of CO produced in the fuel kernel as 
compared to UO2, which can attack SiC at high 
temperature. [20] 

Comparisons of fuel performance models with 
the accident heating results suggest that the 
historical database of diffusion coefficients 
significantly overpredicts measured releases. [21] 

 
 

VI. LICENSING IMPACT 
 
The results of the AGR program have been very 

successful to date and they support current safety 
design and analysis assumptions about fuel 
performance and radionuclide retention required 
under the U.S. modular HTGR licensing strategy.  

Fabrication of high-quality low-defect fuel is 
achievable at industrial scale. There is an improved 
understanding of the TRISO fuel fabrication 
process and improved fabrication and 
characterization of TRISO fuel produced by the 
fuel vendor. Defect fractions on the order of 10-5 
are achievable. The process produces narrow 
distributions of fuel attributes (e.g., standard 
deviation of coating thicknesses and densities are 
small). The process is stable and repeatable at 
industrial scale (batch to batch variation is very 
small).  

The AGR program has demonstrated excellent 
irradiation performance of a large statistical 
population of UCO TRISO fuel particles under high 
burnup, high temperature modular HTGR 
conditions. This outstanding performance results in 
low release of fission products to the helium 
coolant.  

Postirradiation examination of AGR-1 indicates 
large Ag releases from the TRISO fuel, low 
releases of Cs (< 2E-5), and low releases of Sr and 
Eu (~1E-6 to 1E-2) from intact particles under 
irradiation. Significant retention was observed in 
the fuel matrix and graphite. No widespread Pd 
attack or corrosion of SiC was observed despite 
finding large amounts of Pd outside of the SiC 
layer. 

Safety testing at 1600 and 1700°C is 
demonstrating robustness of UCO TRISO under 
depressurized conduction cooldown conditions. No 
full TRISO particle failures have been observed at 
1600 or 1700°C. Release of cesium from intact 
particles at 1600°C is <1E-5. When a SiC layer in a 
particle failed, some of the Cs from that particle 
was released. Releases of Ag, Sr and Eu at 1600 
and 1700°C are attributed to diffusion of these 
fission products into the fuel matrix during 
irradiation and subsequent release from the matrix 
upon high temperature heating. Overall, the results 
indicate low incremental release of fission products 
under accident conditions. 

Collectively, these irradiation and accident safety 
testing results provide a high level of confidence 
that the AGR fuel program will successfully 
demonstrate the superior performance capability of 
TRISO fuel required by the modular HTGR safety 
design.  
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