
 
June 10, 2013 

 
 

 
MEMORANDUM TO:  Gloria Kulesa, Chief 
    Steam Generator Tube Integrity & Chemical Engineering Branch 
    Division of Engineering 

 
Stewart Bailey, Chief 

    Safety Issues Resolution Branch 
    Division of Safety Systems 
 
FROM:    Stephen Smith     /RA/ 
    Safety Issues Resolution Branch 
    Division of Safety Systems 
    Office of Nuclear Reactor Regulation 
 
    Paul Klein     /RA/ 
    Steam Generator Tube Integrity & Chemical Engineering Branch 
    Division of Engineering 
    Office of Nuclear Reactor Regulation 
 
 
SUBJECT: TRIP REPORT FOR MAY 2013 NRC STAFF VISIT TO THE 

WESTINGHOUSE CHURCHILL LABORATORY TO OBSERVE 
AUTOCLAVE TESTING 

 
 
On May 14-15, 2013, NRC staff visited the Westinghouse Laboratory in Churchill, PA to observe 
autoclave testing in support of the Pressurized Water Reactor Owners Group (PWROG) 
program evaluating potential “in-vessel” effects following a loss of coolant accident.  Enclosure 1 
contains the NRC staff trip report.  Enclosure 2 provides a list of participants from the visit 
including representatives from the NRC staff, the PWROG, Westinghouse, and AREVA.  
 
 
Enclosures: 
As noted 
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Enclosure 1 

 
Trip Report 

Autoclave Testing at Westinghouse  
Evaluating Potential Chemical Effects in the Reactor Vessel   

May 14-15, 2013 
 
Background 
 
As follow-on to Topical Report WCAP-16793-NP “Evaluation of Long-Term Cooling Considering 
Particulate, Fibrous and Chemical Debris in the Recirculating Fluid”, the Pressurized Water 
Reactor Owners Group (PWROG) has developed a new program with additional testing 
intended to support an increase in the currently accepted limit for fibrous debris transported to 
the reactor core following a loss-of-coolant accident (LOCA).  Initial testing for the new program 
is being performed by Westinghouse at its laboratory in Churchill, PA.  The autoclave screening 
tests are designed to evaluate potential chemical effects during the initial 24 hours following a 
LOCA.   
 
In an effort to improve the staff’s understanding of these tests, and to better support a review of 
an anticipated future PWROG submittal, technical reviewers Paul Klein (NRR/DE/ESGB) and 
Stephen Smith (NRR/DSS/SSIB) observed autoclave testing during May 14-15, 2013.  Prior to 
the visit, the Nuclear Regulatory Commission (NRC) staff had the benefit of receiving a 
proprietary Westinghouse document that provided the test plan for screening for chemical 
effects using autoclave exposures and filtration testing. The following provides a description of 
the testing and NRC staff’s observations. 
 
 
Discussion 
 
Testing is being conducted in four independent 60 liter stainless steel autoclaves.  The pressure 
vessels have sealed openings in the top to allow materials to be added and removed.  Resistive 
heater bands are mounted on the outside of the vessels to provide the heating for the elevated 
test temperatures. The autoclave set-up includes means to introduce pressurized air, vent air, 
and sample the fluid in the vessel.  The autoclave assemblies also include pressure gauges and 
pressure relief valves.  Thermocouples provide temperature measurement of the test fluid.  A 
computerized data system uses feedback from the thermocouples to automatically control the 
temperature of the autoclaves to a pre-determined temperature profile.  Figure 1 shows the 
overall appearance of the autoclave test facility.  
 
Metallic test coupons are suspended from the pressure vessel closure device using a non-
conductive material.  Fibrous and particulate debris are placed in one micron pore size polyester 
bags before being placed into the autoclaves.  The intent of using the bags is to allow the fine, 
plant-specific materials to interact with the fluid to permit chemical interactions to occur while not 
releasing the particulate and fiber into the fluid so as to not confound the analysis of vacuum 
filter samples.  If fine debris is retained in the polyester bags, materials collected during vacuum 
filtering of the test fluid could include corrosion products released from the coupons or 
precipitates that formed in the autoclave solution.  Figure 2 provides the appearance of the one-
micron polyester bags. 
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Testing is commenced after the autoclaves are filled with about 50 liters of borated water, debris 
is inserted, and the vessels are sealed.  The autoclaves are then pressurized with air to inhibit 
boiling and heated to the initial test temperature specified for the test.  Sodium carbonate is 
added to simulate carbon dioxide absorption while the containment spray system is operating.  
For plant-specific tests with pH control using sodium hydroxide, sodium carbonate and pH 
adjustment occurred prior to inserting the test materials into the autoclaves. In tests using 
sodium tetraborate (STB) or trisodium phosphate (TSP) buffers, the sodium carbonate and 
buffer are added after the coupons have been exposed to either the maximum test temperature 
or 2000F for one half hour.  This sequencing is intended to expose the test materials to a more 
representative plant pH profile from buffer dissolution.  Following the addition of buffer and 
carbonate, the autoclaves are pressurized with air and controlled to a plant-specific temperature 
profile. 
 
In order to promote mixing of the contents of the autoclave air/steam is released from the top of 
the vessel in 3 second bursts every 30 minutes.  The release of air allows air to be introduced 
from a pressure controlled source which discharges near the bottom of the vessel so that 
bubbles will travel up and mix the contents.  Prior to the fluid reaching the initial desired 
temperature, the air bursts are performed every 5 minutes.   
 
Samples are taken at 2, 4, 6, 8, and 24 hours.  Samples are placed in an oven at a 
predetermined temperature lower than that of the autoclave.  The oven temperature is 
dependent upon the temperature of the fluid in the autoclave at the time of the sample.  After a 
minimum hold time of one hour, the samples are analyzed by performing vacuum filtration 
(filtration time) and turbidity measurements.  The filters are also visually examined.  Samples 
and filters also have chemical analysis performed to determine the amount of aluminum, 
silicon, iron, magnesium, zinc and calcium.  Zeta potential and particle size analyses are also 
performed.  During discussions concerning test results to date, the responsible engineers stated 
that filtration is more sensitive to the formation of precipitates than turbidity measurements.  Due 
to some initial shakedown issues, the water sample analysis results were not yet available.     
 
Autoclave testing is terminated after 24 hours.  At this time the metal coupons and debris bags 
are removed from the autoclaves.  The materials are visually examined and photographed.   
 
At the time of our visit, the Westinghouse representatives indicated that the test program is at 
about a mid-point on a total test basis..  During the visit, the staff observed four tests with TSP 
buffer and test pH values that ranged from 8 to 9.  Two of the four tests included calcium silicate 
insulation along with other plant-specific debris.  The other two tests included some aluminum 
with other debris but had no calcium silicate powder.  The staff observed water sampling from 
the autoclaves, end-of-test steps that included the removal of test materials, hot filtration testing, 
and post-test inspection of the debris bags.  
 
The post-test appearance of zinc and aluminum coupons after a test with TSP buffer is shown in 
Figure 3.  The responsible engineers indicated that for most tests performed to date, there is 
little to no evidence of precipitate during the 24 hour test duration.  Figure 4 shows the post-test 
appearance of fluid from a test with no precipitate and fluid from a test with high aluminum, high 
pH test that did form precipitate.  
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Staff Observations 
 
The following items highlight key observations provided by the staff to the representatives from 
the nuclear industry during our visit. 
 

• The staff expressed appreciation for the opportunity to visit and observe chemical effects 
related testing.  The NRC staff thinks on-site observation of testing significantly improves 
our ability to understand the PWROG program.  
 

• The staff’s impression of the autoclave testing with associated hot filtration is that it will 
provide useful information concerning possible chemical effects within the first 24 hours 
following a loss-of-coolant accident (LOCA).  The NRC staff thought that the overall 
PWROG program provides a balanced approach to evaluating chemical effects in that 
autoclave testing simulating the initial 24 hours following a LOCA provides the 
opportunity to demonstrate reduced chemical impact with multiple short-term tests, 
while retaining conservatism to address increasing uncertainties over the longer 
emergency core cooling system (ECCS) mission time by simulating chemical effects 
with WCAP-16530-NP-A precipitates.    
 

• Discussion concerning how the filtration characteristics of a precipitate that formed from 
a high pH, high aluminum content test changed over time was valuable and reinforced 
the complex, dynamic nature of the simulated post-LOCA chemical system.   
 

• The staff noted that the personnel involved with the operation of the tests seemed 
focused on the task at hand and exhibited good communications concerning upcoming 
steps in the autoclave testing and post-test filtering.  
 

• The staff questioned if the one micron polyester bags used to contain particulate and 
fibrous debris would inhibit free exchange between the bag contents and the autoclave 
fluid, particularly for tests with greater amounts of debris in the bag.  The NRC staff 
recognizes that constraining the fine particulate and fibers simplifies the tests by 
preventing debris from complicating the filtering results.  In the tests the NRC staff 
observed, the bags appeared to be resting on the bottom of the autoclave.  Although one 
of the engineers responsible for the tests demonstrated that post-test fluid from the 
autoclave readily drained through a clean bag, the NRC staff is not sure if the periodic, 
three-second air burst introduced into the autoclave would induce any flow through a 
bag containing debris.  The staff thought it would be prudent to verify that the bag 
contents leach species at a rate similar to submerged debris in a post-LOCA pool.  For 
example, one way to confirm similar behavior would be to run parallel tests with identical 
amount of debris either contained in bags or not contained in bags, and then measure 
the post-test dissolved species concentrations after filtering to determine if they are 
reasonably similar.  
 

• The NRC staff views post-test analysis of the bags and bagged materials to be a very 
important step in the evaluation for chemical precipitates.  Based on some preliminary 
data shared with the NRC staff, it appears the hot filtering technique is sensitive to 
precipitate detection.  Precipitates that form on debris instead of in the bulk fluid, 
however, would only be detected by post-test analysis.  



- 4 - 
 

The staff thinks several items   should be considered to determine if they improve the 
post-test visual analysis including: (1) use of low power magnification and enhanced 
lighting (such as with a stereoscope); (2) testing with fibrous and particulate debris in 
separate bags so that post-test fiber analysis is not complicated by mixing with 
particulate; and (3) including a time sensitive procedure step for a post-test visual exam 
such that visual detection of any hydrated precipitate is not compromised by drying.   
 

• Upcoming tests with low pH and galvanized steel should help inform the evaluation of 
plants with large quantities of galvanized steel that experience low pH for only brief 
periods following a LOCA.  
 

• The staff noted that sodium carbonate is being added to the autoclave tests to simulate 
absorption of carbon dioxide from the containment building atmosphere during 
interaction with containment spray following a LOCA.  For plants using trisodium 
phosphate buffer, the staff questioned if a less detrimental calcium carbonate precipitate 
could form in lieu of a calcium phosphate precipitate, and if so, whether that would be 
representative of what would occur in a plant-specific environment.  
 

• The staff stated that the acceptance criterion for debris addition should be reconsidered 
for very small debris quantities.  The current criterion is based on a percentage of the 
target value or a fixed quantity, whichever is greater.  The staff thinks the fixed quantity 
value can be adjusted to provide for a more stringent value while still permitting flexibility 
to deal with experimental difficulties associated with very small debris additions. The 
staff also recognizes a good faith effort is being made to meet or exceed the targeted 
debris addition. 
 

• A Westinghouse representative provided an introductory presentation to the NRC staff 
concerning a Phenomenon Identification and Ranking Table (PIRT) that is being 
performed by the PWROG in the chemical effects area in conjunction with the ongoing 
test program.  The current schedule for a draft PIRT report is the end of June.  The NRC 
staff expressed interest in receiving more details about the PIRT as they become 
available. 
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Figure 1.  Test set-up showing the control system and autoclaves.
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Figure 2:  One-micron bag used to contain particulate and fiber during testing 
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Figure 3:  The post-test appearance of galvanized steel (left) and aluminum (right) 
coupons in a TSP buffered environment
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Figure 4.  Post-test fluid appearance from a high pH, high aluminum test (left) that formed 

precipitate and from a more typical test (right) with no precipitate. 



 

 

Enclosure 2 
 
 

NRC visit to Westinghouse STC testing facility 
May 14/15, 2013 
 
Name Affiliation Phone E-mail 
Tim Andreychek Westinghouse 412-374-6246 andreyts@westinghouse.com 
Jay Boardman* PWROG 412-374-5611 boardmj@westinghouse.com 
Jeff Brown ** PWROG 623-393-6891 jeffrey.brown@aps.com 
Art Byers Westinghouse 412-256-1678 byerswa@westinghouse.com 
Tim Croyle Westinghouse 412-374-2564 croyletd@westinghouse.com 
Ken Greenwood AREVA 704-805-2794 ken.greenwood@areva.com 
Paul Klein NRC 301-415-4030 paul.klein@nrc.gov 
Dave Kovacic Westinghouse 412-374-4254 kovacidc@westinghouse.com 
John Maruschak Westinghouse 412-374-3512 maruscjt@westinghouse.com 
Josh McKinley Westinghouse 412-374-3692 mckinljk@westinghouse.com 
Kevin McNamee* Westinghouse 412-374-4380 mcnamekf@westinghouse.com 
Steve Smith NRC 301-415-3190 stephen.smith@nrc.gov 
Matt Swartz Westinghouse 412-374-5448 swartzmm@westinghouse.com 

 
* - Part-time attendance 
** - Attendance via phone 
 
 


