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Data Compilation for AGR-1 Pre-Production Test: NUCO350-75T-Z 
 

J. D. Hunn, R. A. Lowden, and P. J. Pappano  
Oak Ridge National Laboratory 

 
 
 
 
This document is a compilation of characterization data for compact lot NUCO350-75T-Z. This 
compact lot was fabricated using particle composite NUCO350-75T, which was a composite of 
three batches of TRISO-coated 350 µm natural uranium oxide/uranium carbide kernels (NUCO). 
The compacts and coated particles were produced as part of a development effort at ORNL for 
the Advanced Gas Reactor Fuel Development and Qualification (AGR) program. The kernels 
were obtained from BWXT and were identified as composite G73B-NU-69300. The BWXT 
kernel lot G73B-NU-69300 was riffled into sublots for characterization and coating. The ORNL 
identification for these kernel sublots was NUCO350-## (where ## was a series of integers 
beginning with 01).  
 
NUCO350-75T-Z was produced as part of the ORNL AGR development effort and is not fully 
representative of a final product. This compact lot was the first run through of the entire ORNL 
AGR-1 irradiation test fuel production process involving coating, characterization, and 
compacting. It was performed using 350 µm NUCO kernels as surrogates for the 350 µm low 
enrichment (19.7%) uranium oxide/uranium carbide kernels that will be used for AGR-1 
irradiation tests. The results of this exercise were used to fine tune the irradiation test fuel 
production process and as a basis for the decision to proceed with the production of the baseline 
fuel for the AGR-1 irradiation test. Although it was not required that the materials during this 
development phase meet a product specification, the properties were compared to the then 
current revision of the AGR-1 Fuel Product Specification and Characterization Guidance, INL 
EDF-4380, Rev. 4 for purposes of feedback and decision making.  
 
Note that the average kernel weight was remeasured late in the pre-production test to improve 
the accuracy of the reported value. It changed from (2.39±0.03)·10-4 grams per kernel to 
(2.308±0.009)·10-4 grams per kernel. This resulted in significant correction to the calculated 
average kernel volume and buffer densities and some minor corrections to other reported values 
previously distributed in progress reports to the AGR program. The data in this summary has 
been updated to show the new average kernel weight, average kernel volume, and buffer 
densities. A record of the original measured values is included in section 11.  Values that were 
not significantly changed by the change in average kernel weight were left as originally 
recorded. 
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1 Product ID’s Associated with NUCO350-75T 
 
 
 
Kernels 
 
NUCO350-## (from BWXT G73B-NU-69300) 
 
Buffer coating process qualification 
 
NUCO350-64B 
NUCO350-61B 
NUCO350-72B 
NUCO350-73B (composite of 64B+61B+72B) 
 
IPyC coating process qualification 
 
NUCO350-63I 
NUCO350-56I 
NUCO350-69I 
NUCO350-74I (composite of 63I+56I+69I) 
 
TRISO coated particles 
 
NUCO350-43T 
NUCO350-48T 
NUCO350-40T 
NUCO350-75T (composite of 43T+48T+40T) 
 
Compacts 
 
NUCO350-75T-Z (01-36) 
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2 Coating process conditions 
 
The following pages contain coating process conditions for all coated particle batches associated 
with the NUCO350-75T coated particle composite.  
 
Note: The product specifications shown in the summary coating run sheets are from INL EDF-
4380, Rev. 4 of the AGR-1 Fuel Product Specification and Characterization Guidance issued on 
11/8/05. The coating runs listed in this section were performed over a period encompassing Rev. 
3 (draft 7/18/05, issued 8/31/05) through a draft version of Rev. 4. Over this period, the coating 
specification evolved as information became available through the coating development process. 
During this period, the buffer coating temperature product specification was changed to 
1450±25°C in Rev. 4 from ~1275°C (with no specified tolerance) in Rev. 3. The as-processed 
buffer coating temperature of 1350°C satisfied the Rev. 3 specification in use at the time the 
coated particles were fabricated. 
 
 
Buffer qualification 
 
NUCO350-64B 
NUCO350-61B 
NUCO350-72B 
 
 
IPyC Qualification 
 
NUCO350-63I 
NUCO350-56I 
NUCO350-69I 
 
 
TRISO Batches 
 
NUCO350-43T 
NUCO350-48T 
NUCO350-40T 

ORNL/TM-2006/008, Rev. 0 3/3/2006

6



ORNL/TM-2006/008, Rev. 0 3/3/2006

7



ORNL/TM-2006/008, Rev. 0 3/3/2006

8



ORNL/TM-2006/008, Rev. 0 3/3/2006

9



ORNL/TM-2006/008, Rev. 0 3/3/2006

10



ORNL/TM-2006/008, Rev. 0 3/3/2006

11



ORNL/TM-2006/008, Rev. 0 3/3/2006

12



ORNL/TM-2006/008, Rev. 0 3/3/2006

13



ORNL/TM-2006/008, Rev. 0 3/3/2006

14



ORNL/TM-2006/008, Rev. 0 3/3/2006

15



ORNL/TM-2006/008, Rev. 0 3/3/2006

16



ORNL/TM-2006/008, Rev. 0 3/3/2006

17



ORNL/TM-2006/008, Rev. 0 3/3/2006

18



3 Blend of coated particle composites 
 
Three batches of TRISO-coated particles were blended into composite NUCO350-75T.  The 
mass of each batch added to the composite is shown in the following table. 
 

TRISO batch ID Amount added to NUCO350-75T composite (g) 
NUCO350-43T 163.4297 
NUCO350-48T 177.7137 
NUCO350-40T 167.8707 

Total 509.0141 
 
 
Three batches of Buffer/IPyC-coated particles were blended into composite NUCO350-74I.  The 
mass of each batch added to the composite is shown in the following table. 
 

TRISO batch ID Amount added to NUCO350-74I composite (g) 
NUCO350-63I 100.5042 
NUCO350-56I 102.7235 
NUCO350-69I 101.9190 

Total 305.1467 
 
 
Three batches of Buffer-coated particles were blended into composite NUCO350-73B.  The 
mass of each batch added to the composite is shown in the following table. 
 

TRISO batch ID Amount added to NUCO350-73B composite (g) 
NUCO350-64B 58.4071 
NUCO350-61B 57.7439 
NUCO350-72B 58.0779 

Total 174.2289 
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4 Compacting process conditions 
 
 

Introduction 
 

NUCO350-75T TRISO particles were overcoated and compacted as part of a qualification test 
for the compacting process.  The NUCO350-75T particles were characterized prior to being 
given to the compacting group.  The batch of particles was riffled into aliquots of ~20 g and 
subsequently labeled NUCO350-75T-Y## (## = 01 to 10).  Ten aliquots were overcoated to 
make 36 NUCO350-75T-Z compacts for characterization.  This section provides the AGR-1 
process conditions specified in INL EDF-4380, Rev. 3, AGR-1 Fuel Product Specification and 
Characterization Guidance, and a summary table of the process conditions used in making the 
compacts. 
 

AGR-1 Process Conditions 
 

The AGR-1 process limits from EDF-4380, Rev. 3 are listed below.  
 
AGR-1 Process Limits: Molding Pressure <20 MPa. 
 
        Carbonization parameters: <350ºC/hr. in He 

     Hold at 950±50ºC for 1.0±0.4 hrs. 
     Furnace cool. 
 

Heat treatment parameters: ~20ºC/min. in vacuum 
Hold at 1650-1850ºC for 60±10 min. 
Furnace cool at ~20ºC/min. to below 700ºC. 

 
Table 1 shows the process conditions used in molding the compacts, carbonizing the compacts, 
and heat treating the compacts.  In the carbonization regime, the furnace was allowed to cool 
under no power, i.e., after holding at 950°C for 1 hour, power was turned off.  In the heat 
treatment run, the furnace was cooled under power until the furnace temperature reached 700°C.  
The rate of cooling was 19°C/min.   
 

Conclusion 
 

The NUCO350-75T-Z compact lot was made in accordance with the AGR-1 process limits listed 
in EDF-4380, Rev. 3. 

ORNL/TM-2006/008, Rev. 0 3/3/2006

20



ORNL/TM-2006/008, Rev. 0 3/3/2006

21



5 Characterization of kernel composite 
 
This section contains data on the kernel composite used for NUCO350-75T. It was obtained 
according to product inspection plan AGR-CHAR-PIP-01R1. Some of the kernel data in this 
section was used as input for subsequent measurements of coating properties (e.g., buffer density 
and burn-leach defects). This is only a partial analysis of the kernel composite and was not used 
for product acceptance. Characterization of the kernel composite for acceptance according to the 
fuel specification, INL EDF-4380, is documented in the BWXT data package for G73B-NU-
69300. The BWXT kernel lot G73B-NU-69300 was riffled into sublots for characterization and 
coating. The ORNL identification for these kernels was NUCO350-## (where ## were a series of 
integers beginning with 01). Initial characterization was performed on samples from NUCO350-
26 and later additional characterization was performed on samples from NUCO350-42. Both of 
these riffled sublots were representative of the entire kernel lot G73B-NU-69300. 
 
Note that the average kernel weight was remeasured to improve the accuracy of the reported 
value. It changed from (2.39±0.03)·10-4 grams per kernel to (2.308±0.009)·10-4 grams per kernel. 
This resulted in significant correction to the calculated average kernel volume. The data in this 
section has been updated to show the new average kernel weight and average kernel volume. A 
record of the original measured values is included in section 11. 
 
The following page shows the inspection report form (IRF-01). Following IRF-01 are the 
individual data report forms for the measurements that were performed. 
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6 Characterization of buffer on interrupted batches  
 
This section contains data on the buffer coating density and other properties for particles 
removed from the coater after deposition of only the buffer layer. It was obtained according to 
product inspection plan AGR-CHAR-PIP-02R2. The buffer on these particles was deposited 
under similar conditions as the buffer on the particles in composite NUCO350-75T and was 
representative of the buffer on the particles in that composite. Density measurements were made 
on these interrupted batches because it was not feasible to measure the buffer density after all 
coating layers were applied. 
 
Note that the average kernel weight was remeasured to improve the accuracy of the reported 
value. It changed from (2.39±0.03)·10-4 grams per kernel to (2.308±0.009)·10-4 grams per kernel. 
This resulted in significant correction to the calculated average kernel volume and buffer 
densities. The data in this summary has been updated to show the new average kernel weight, 
average kernel volume, and buffer densities. A record of the original measured values is included 
in section 11. The new values for buffer density were about 10% higher than the originally 
reported values, putting the mean densities at the upper limit of the range specified in INL EDF-
4380, Rev. 4. In two cases, the new buffer density failed to meet the acceptance criteria. Section 
11 shows the originally reported values which were used in the decision to proceed with the 
coating of the NUCO350-75T TRISO particles using the buffer deposition conditions in section 
2.  
 
The following page shows the inspection report form (IRF-02A). Following IRF-02A are the 
individual data report forms for the measurements that were performed. Additional data at the 
end of this section is provided for information only. 
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7 Characterization of IPyC on interrupted batches  
 
This section contains data on the inner pyrocarbon (IPyC) coating density and other properties 
for particles removed from the coater after deposition of only the buffer and IPyC layers. It was 
obtained according to product inspection plan AGR-CHAR-PIP-02R2. The IPyC on these 
particles was deposited under similar conditions as the IPyC on the particles in composite 
NUCO350-75T and was representative of the IPyC on the particles in that composite. Density 
measurements were made on these interrupted batches because it was not feasible to measure the 
IPyC density after all coating layers were applied. 
 
The following page shows the inspection report form (IRF-02B). Following IRF-02B are the 
individual data report forms for the measurements that were performed. Additional data at the 
end of this section is provided for information only. 
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8 Characterization of TRISO-coated particle batches  
 
This section contains data on the TRISO-coated batches used for NUCO350-75T. It was 
obtained according to product inspection plan AGR-CHAR-PIP-03R1 with some exceptions 
involving what samples were taken from each batch and what measurements were performed.  
Missing OPyC fraction was not determined and all samples were not riffled according to the PIP-
03R1 procedure based on a program decision to accelerate schedule by proceeding immediately 
to compositing the coated particles for compacting.  
  
The following pages show the inspection report form (IRF-03) for each batch used in the 
NUCO350-75T composite. Following each IRF-03 are the individual data report forms for the 
measurements that were performed.  
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9 Characterization of TRISO-coated particle composite  
 
This section contains data on the TRISO-coated particle composite, NUCO350-75T. It was 
obtained according to product inspection plan AGR-CHAR-PIP-04R2.  
  
The following pages shows the inspection report forms (IRF-04A and IRF-04B) for the 
NUCO350-75T composite. Following IRF-04 are the individual data report forms for the 
measurements that were performed. Additional data at the end of this section is provided for 
information only. 
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10 Characterization of compacts  
 
This section contains data on the compacts, NUCO350-75T-Z. It was obtained according to 
product inspection plan AGR-CHAR-PIP-05R0 with the exception that the defective OPyC 
analysis was performed on six compacts used for the uranium contamination measurement 
because the one compact specified in PIP-05R0 was not available.  
  
The following pages shows the inspection report forms (IRF-05A, IRF-05B, IRF-05C, IRF-05D) 
for the NUCO350-75T-Z compacts. Following IRF-05 are the individual data report forms for 
the measurements that were performed.  
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11 Superceded data  
 
This section contains data related to the NUCO350-75T-Z compact lot that has been superceded 
by more recent analysis. 
 
It was determined that the average kernel weight as measured using procedure AGR-CHAR-
DAM-22 Rev. 0 was of insufficient accuracy. The average kernel weight was remeasured 
according to AGR-CHAR-DAM-22 Rev. 1. The average kernel weight was remeasured to 
improve the accuracy of the reported value. It changed from (2.39±0.03)·10-4 grams per kernel to 
(2.308±0.009)·10-4 grams per kernel. This resulted in significant correction to the calculated 
average kernel volume and buffer densities and some minor corrections to other reported values. 
The data in this summary has been updated to show the new average kernel weight and average 
kernel volume in section 5, and the new buffer densities in section 6. A record of the original 
measured values is included in this section.  Values that were not significantly changed by the 
change in average kernel weight were left as originally recorded. 
 
The recalculated buffer densities for two of the three buffer-only batches that were coated and 
analyzed to qualify the buffer coating conditions for full TRISO-coating are reported in section 5 
to fail the acceptance criteria. However, the buffer coating conditions in section 2 were 
previously qualified and used for full TRISO-coating based on the buffer densities calculated 
using the original value for the average kernel weight. These original buffer densities are shown 
in the version of IRF-02A included in this section. 
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