
 

October 8, 2010 
 
 
 
 
 
MEMORANDUM TO:  Stewart N. Bailey, Chief 
    Safety Issues Resolution Branch 
    Division of Safety Systems 
 
FROM:    Ervin L. Geiger    /RA/ 
    Safety Issues Resolution Branch 
    Division of Safety Systems 
    Office of Nuclear Reactor Regulation 
 
 
SUBJECT: TRIP REPORT ON STAFF OBSERVATIONS OF GENERIC 

SAFETY ISSUE 191 RELATED FUEL BLOCKAGE TESTING OF 
AREVA FUEL AT WESTINGHOUSE SCIENCE AND 
TECHNOLOGY CENTER 

 
 

On September 9, 2010, the Nuclear Regulatory Commission staff members Ervin Geiger 

of the Office of Nuclear Reactor Regulation and Shanlai Lu of the Office of New Reactors 

observed a Generic Safety Issue 191-related downstream effects fuel assembly test performed 

to examine whether the differences between the Westinghouse and Continuum Dynamics Inc. 

test apparatuses used to develop the debris acceptance limits for the Westinghouse and 

AREVA fuel, respectively, were a factor in the disparity in the debris acceptance limits derived 

for the Westinghouse and AREVA fuel designs.  The test was conducted at the Westinghouse 

Science and Technology Center in Churchill, Pennsylvania.  The staff’s observations of the test 

are described in the enclosed trip report. 

 
Enclosure: 
As noted 
 
 
CONTACT:  Ervin L. Geiger, NRR/DSS/SSIB 
                     301-415-5680 
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ENCLOSURE 

Trip Report 
Confirmatory GSI-191 Flow Blockage Testing of an AREVA 17 x 17 Fuel Assembly  

In the Westinghouse Test Loop to Demonstrate Repeatability of Results  
September 9, 2010 

 
Background 
 
To address issues identified in Generic Safety Issue-191, “Assessment of Debris Accumulation 
on Pressurized Water Reactor Sump Performance” the Pressurized Water Reactor Owners 
Group (PWROG) performed testing to develop acceptance limits for the quantity of debris that 
may be transported by the emergency core cooling system to the cores of pressurized water 
reactors after a loss-of-coolant accident.  These tests were performed by Westinghouse and 
AREVA on their respective fuel designs at separate test facilities.  The testing of the 
Westinghouse fuel was performed by Westinghouse at the Westinghouse Science and 
Technology Center and the testing of the AREVA fuel was performed by Continuum Dynamics 
Inc.  The debris acceptance limits established through these tests varied significantly between 
the fuel designs of the two fuel vendors.   
 
Because the same test protocol was followed at the two test facilities and the debris used was 
essentially identical, the difference in test results could be attributed to the differences in the fuel 
design, the differences in the test facilities, or some other unknown reason.  To address the 
possibility that the test facility contributed to the difference in results, the PWROG performed a 
test of the AREVA Fuel Guard fuel assembly in the Westinghouse test loop (verification test) 
with the intent of replicating the CDI results.  CDI test number 5-FG-FPC (test using 150 grams 
of fiber, 150 grams particulate, and chemical precipitate) was selected as the baseline for 
comparison.  At CDI, this test produced a single debris bed at the 1st spacer grid and a steadily 
increasing dP across the fuel assembly with each 10 grams of fiber addition.  (A similar test of 
Westinghouse fuel in the Westinghouse test loop produced debris beds at multiple spacer grids, 
thus allowing more debris to enter the core before unacceptable blockage of flow could occur).  
The test loops would be considered sufficiently identical if the loop verification test at 
Westinghouse exhibited the same pattern of debris collection as in the CDI test and achieved a 
dP across the fuel assembly within +/- 25% of the CDI test. 
 
Observations 
 
The test fixture, with the AREVA fuel installed, is shown in Figure 1.  The test protocol used at 
CDI for test 5-FG-FPC was followed.  Initially, 150 grams of particulate were added to the 
mixing tank and the flow in the test loop was allowed to stabilize.  Ten grams of fiber were 
added.  Shortly thereafter, fiber was observed to collect at the 1st spacer grid and the measured 
differential pressure (dP) exceeded the dP obtained in the CDI test by more than 25%.  With 
each 10 grams of fiber addition, up to 90 grams, the dP exceeded the dP obtained in the CDI 
test by significantly more than 25%.  Further, the debris appeared to be evenly distributed 
among the 1st three spacer grids.  The 4th (top) spacer grid collected only minor quantities of 
debris.  Above 90 grams of fiber addition, the increase in dP leveled off until it fell within the 25% 
acceptance criteria at 110 grams.  Above 110 grams, the particulate appeared to have been 
filtered out by the fiber beds and fiber also began to build a thick bed at the Fuel Guard lower-
end fitting.  With the last few fiber additions, the dP reached the capacity of the circulation pump 
and the flow rate diminished, contributing to the leveling off of the dP after 120 grams of fiber 
addition.  After 150 grams of fiber were added, the test proceeded with the addition of chemical 
precipitate at which point nearly complete blockage occurred and the pump was stopped due to 
high dP. 
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All of the observations described above are contrary to the observations in the CDI test and to 
the theory that distributed multiple debris beds would reduce the total pressure drop.  The 
significant observations are: 
 

1. Multiple debris beds were formed at the spacer grids in this test using AREVA fuel, 
whereas, only a single debris bed formed, at the 1st spacer grid, in the CDI test. 

2. A debris bed formed on the underside of the lower-end fitting in this test, whereas, no 
debris bed formed on the underside of the lower-end fitting in the CDI test.  

3. The pressure drop across the test assembly was significantly higher than in the CDI test. 
4. The pressure drop increased instead of decreasing as should have been the case with 

the distribution of a given quantity of fiber over multiple spacer grids. 
 

Based on the differences in the results between the test conducted at Westinghouse and CDI 
on the AREVA fuel assembly, the agreed upon test acceptance criteria (similar debris bed 
formation and pressure drop readings within +/- 25%) were not met.    
 
Test Anomalies: 
 
The gap between the test chamber and the test bundle was not uniform around the test 
chamber.  One side of the test bundle had a 34 mill gap and another side 24 mills.  The nominal 
gap was specified as 20 mills.  However, the larger gap did not appear to have a significant 
effect because the pressure drop was not lower as would be expected with a larger gap.  
Further, previous tests had shown that much larger gaps could be bridged by the fiber.  At the 
end of the test, an asymmetric water jet was observed at the top of the test bundle, indicating 
non-uniform water flow within the bundle.  
 
Conclusions: 
 
The results of the CDI test could not be replicated, within the established acceptance criteria, 
using the Westinghouse test apparatus.  The distribution of debris across multiple spacer grids 
and the formation of multiple debris beds did not necessarily result in lower total assembly 
pressure drop.  For this case, higher dP was observed.  Therefore, this test introduces 
uncertainties into the test program completed by Westinghouse and AREVA for establishing 
debris limits.  
 
Comments: 
 
The staff learned that Westinghouse had performed two “repeat” tests of their fuel assembly in 
the modified Westinghouse test loop at particulate to fiber ratios of 1:1 and 5:1.  The recorded 
pressure drops across the test assembly were significantly higher than in the original tests, 
further raising doubts about the repeatability of the tests.  
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Figure 1.  Test Fixture (Westinghouse Test Loop With AREVA Fuel Assembly) 
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