
February 23, 2009 
 
 
 
 
 
MEMORANDUM TO: Donnie Harrison, Acting Chief 
   Safety Issues Resolution Branch 
   Division of Safety Systems 
   Office of Nuclear Reactor Regulation 

 
FROM:   Stephen Smith, Reactor Systems Engineer    /RA/ 
   Safety Issues Resolution Branch 
   Division of Safety Systems 
   Office of Nuclear Reactor Regulation 
 
SUBJECT:  STAFF OBSERVATIONS OF TESTING FOR GENERIC 

SAFETY ISSUE 191 DURING JANUARY 27 TO 30, 2009, 
   TRIP TO THE ALION HYDRAULICS LABORATORY 
 
 
On January 27 through 30, 2009, NRC staff traveled to the Alion Science and Technology 
Hydraulics Laboratory in Warrenville, Illinois, to observe testing associated with the resolution of 
Generic Safety Issue 191 (GSI-191).  The objective of the trip was to observe chemical effects 
tests being conducted for the Indian Point strainer modification.  The participating Nuclear 
Regulatory Commission (NRC) staff members were Steve Smith of the Safety Issues Resolution 
Branch in the Division of Safety Systems, and Matthew Yoder of the Steam Generator Tube 
Integrity and Chemical Engineering Branch in the Division of Component Integrity.  The staff 
interacted with personnel from Indian Point along with vendor personnel from Alion Science and 
Technology, and Enercon.   
 
The enclosure summarizes the staff’s visit on January 27 through 30, 2009. 
 
Members of the NRC staff have previously visited the Alion Hydraulics Laboratory on  
February 24, 2006, on April 28, 2006, on August 17 to 18, 2006, and on March 8 to 9, 2007, to 
observe testing.  Summaries of staff observations from these visits are available in ADAMS 
(Accession ML060750467, ML061720514, ML063110561, ML071230203). 
 
 
Enclosure: 
Trip Report 
 
 
CONTACTS:  Steve Smith, NRR/DSS/SSIB  Matthew G. Yoder, NRR/DCI/CSGB 
  301-415-3190    301-415-4017



February 23, 2009 
 
MEMORANDUM TO: Donnie Harrison, Acting Chief 
   Safety Issues Resolution Branch 
   Division of Safety Systems 
   Office of Nuclear Reactor Regulation 

 
FROM:   Stephen Smith, Reactor Systems Engineer    /RA/ 
   Safety Issues Resolution Branch 
   Division of Safety Systems 
   Office of Nuclear Reactor Regulation 
 
SUBJECT:  STAFF OBSERVATIONS OF TESTING FOR GENERIC 

SAFETY ISSUE 191 DURING JANUARY 27 TO 30, 2009, 
   TRIP TO THE ALION HYDRAULICS LABORATORY 
 
 
On January 27 through 30, 2009, NRC staff traveled to the Alion Science and Technology 
Hydraulics Laboratory in Warrenville, Illinois, to observe testing associated with the resolution of 
Generic Safety Issue 191 (GSI-191).  The objective of the trip was to observe chemical effects 
tests being conducted for the Indian Point strainer modification.  The participating Nuclear 
Regulatory Commission (NRC) staff members were Steve Smith of the Safety Issues Resolution 
Branch in the Division of Safety Systems, and Matthew Yoder of the Steam Generator Tube 
Integrity and Chemical Engineering Branch in the Division of Component Integrity.  The staff 
interacted with personnel from Indian Point along with vendor personnel from Alion Science and 
Technology, and Enercon.   
 
The enclosure summarizes the staff’s visit on January 27 through 30, 2009. 
 
Members of the NRC staff have previously visited the Alion Hydraulics Laboratory on  
February 24, 2006, on April 28, 2006, on August 17 to 18, 2006, and on March 8 to 9, 2007, to 
observe testing.  Summaries of staff observations from these visits are available in ADAMS 
(Accession ML060750467, ML061720514, ML063110561, ML071230203). 
 
 
Enclosure: 
Trip Report 
 
 
CONTACTS:  Steve Smith, NRR/DSS/SSIB  Matthew G. Yoder, NRR/DCI/CSGB 
  301-415-3190    301-415-4017 
 
DISTRIBUTION: 
DCI/rf  SSIB/rf  RArchitzel DHarrison JLehning SSmith   
PKlein  JGolla  MYoder  EGeiger MEvans JBurke 
AHiser   WRuland  SBhadur  
ADAMS Accession No.:  ML090500230         NRR-106 
OFFICE DSS/SSIB DCI/CSGB DSS/SSIB 
NAME SSmith:  SLS AHiser:  MGY for DHarrison:  DGH 
DATE 02/20/09 02/23/09 02/23/09 
                                        OFFICIAL RECORD COPY



 

ENCLOSURE 

Observations of Testing at Alion Science and Technology Hydraulics Laboratory 
January 27 through 30, 2009 

 
 
Overview of Facility and Testing 
 
On January 27th through 30th, the staff observed a chemical effects head loss test for Indian 
Point at Alion Labs.  The Alion Hydraulics Laboratory has the capability to perform tests in 
several facilities including (1) a large tank test loop for performing integral head loss testing of 
modular strainer arrays or strainer prototypes, (2) a small-scale vertical head loss test loop, (3) 
a small-scale multi-function test loop with temperature control capability, and (4) a small-scale 
transport flume.  The staff observed a chemical effects head loss tests for Indian Point (IP) that 
was performed in the large test loop.  The large test loop is comprised of a large clear-sided 
tank, a pump, a mechanical mixer, piping, and a diffuser.  The test loop contains valves 
necessary to isolate or throttle flow.  The pump is driven by a variable-speed motor to assist in 
controlling flow rate.  Also installed are instrumentation for reading flow, pressure differential, 
temperature, and turbidity.  Some of the instrumentation is connected to a desktop computer for 
trending and data collection.  The large test loop also has a bypass loop for filtering particulate.  
The filter loop was not used for this test.  The test tank has a relatively large capacity and 
contained about 2200 gallons of water at the start of the test.  In addition, the test loop has 
separate heating and cooling loops.  The Hydraulics Laboratory also has the chemicals and 
equipment needed for generating precipitates using the methodology outlined in WCAP-16530-
NP, “Evaluation of Post-Accident Chemical Effects in Containment Sump Fluids to Support GSI-
191.”   
 
Some plants that have not yet shown that their plant’s strainer will provide adequate NPSH 
margin are performing testing at current plant conditions and conditions that represent reduced 
debris loads.  The tests at reduced debris loads represent conditions that may require 
modifications to the plant or its operating procedures to ensure that the conditions are met.  
Indian Point is conducting this type of test program which is called “test for success.”   
 
Indian Point will use the information from the test program to determine the best actions to take 
to ensure that strainer head loss will remain acceptable.  These actions may include removal of 
precipitate-forming materials or other debris from the containment.  The results of this test may 
also lead to further testing or changes to the test plans for Indian Point.  However, the intent of 
the test program, and the expectations of the NRC staff, is that testing will identify plant 
conditions that will provide acceptable head loss for the strainer so that no additional testing will 
be required. 
 
Test Setup and Filter Details 
 
The test tank contained a three by three array of Enercon top hats connected to an outlet 
plenum.  The outlet plenum was connected to the suction header for the test loop pump.  The 
strainer array was contained in a plywood enclosure that fully surrounded three sides of the 
array.  The fourth side of the enclosure was constructed of Plexiglas to allow the top hats to be 
observed through the side of the test tank.  The test arrangement was intended to model the 
installation of the strainers in the Indian Point containment sumps to some extent.  Figure 1 
shows an overall view of the tank including the ladder where debris was added to the front side 
of the tank.  Figure 9 shows the test array after the first chemical debris addition.  Because of
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the configuration of the tank and the cloudiness of the water, it was difficult to capture the array 
details in a photograph.   
 
The top hats were of the double type and were about 21 inches in length.  Each top hat consists 
of two concentric hollow cylinders that allow flow through both the inner and outer surface of 
each cylinder.  The test strainers were similar to the strainers installed at Indian Point.  
However, the strainers installed in the plant vary in some dimensions, most notably length, 
based on information gathered during the GSI-191 audit of Indian Point.  Dimensions for the 
plant strainers were not documented in the test procedure.  The test array was scaled to 
account for expected debris loading including latent tag blockage.  Scaling also accounted for 
inactive screen area.    
 
The strainers contained a fiber bypass prevention material which consisted of layers of metallic 
mesh.  This is a feature currently employed on Enercon strainers to reduce the amount of fiber 
bypassing the strainer and is termed a “bypass eliminator.”  The bypass eliminator was 
previously reported as being somewhat effective in removing debris that had bypassed the 
perforated plate in an NRC Alion Laboratory trip report dated June 27, 2006.   
 
The technical approach employed by Alion to evaluate Indian Point chemical effects consisted 
of several test steps.  The plant-specific amount of chemical precipitate was determined with the 
chemical model spreadsheet contained in WCAP-16530-NP.  The amounts of chemical 
precipitates expected for various scenarios were calculated.  The intent of the testing was to 
add the chemicals in batches representing potential debris amounts for various potential 
scenarios in which sources of chemical precipitates could be removed from the plant.  The total 
of all chemical additions would represent the chemical load calculated for the current, 
unmodified plant configuration.  The precipitates were prepared in the Alion Hydraulics 
Laboratory using the directions provided in WCAP-16530-NP, with the exception that reverse 
osmosis water was used to generate the precipitates instead of potable water.  At the 
appropriate point in the test procedure, the chemical precipitates were transferred to the test 
loop, which was filled with potable water.  Approximately 310 liters of precipitate solution was 
generated for use during the test.  Based on the output of the WCAP16530-NP model for Indian 
Point only sodium aluminum silicate precipitate was added to the test.   
 
The debris loading for the case tested included Nukon insulation, qualified epoxy coatings, 
unqualified coatings, Temp-Mat insulation, calcium silicate insulation, latent particulate, and 
latent fiber.  The test case observed was for a moderately high fibrous debris load with a 
theoretical bed thickness of about 1 inch.   
 
The Nukon and Temp-Mat insulation was boiled and shredded to attain the proper size 
distribution.  Silicon carbide was used as the coating debris surrogate.  The average size of the 
silicon carbide representing failed coatings was 10 microns.  The latent particulate surrogate 
was a dirt/dust mixture with sizing representative of the guidance in the NRC Safety Evaluation 
Report on NEI 04-07.  The staff did not perform a detailed review to ensure the licensee’s 
surrogate properties were similar to actual plant debris as part of this observation.  However, an 
audit of Indian Point did perform such an evaluation.   
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All plant-specific debris loadings were scaled from the net plant screen area (3156 ft2 for the IR 
Sump) to the net test loop screen area (114 ft2).  Testing for the VC sump, which has a smaller  
 
area, is also being conducted, but was not observed by the staff during this trip.  Net screen 
areas include allowances for screen areas obstructed by stiffener rings, welds, etc.  The actual 
gross area of the plant IR Sump strainer is 3759 ft2.  The gross test array area is 135.9 ft2.  The 
strainer areas are 1352 ft2 for the Unit 2 VC Sump, and 1207 ft2 for the Unit 3 VC Sump.  The 
theoretical bed thickness for this test was about 1 inch and was based on the amount of debris 
that is expected to transport to the sump strainer under one of the predicted break scenarios.   
 
Test Performance 
 
Prior to the introduction of debris and chemical precipitates to the test loop, the test fluid 
temperature was increased to about 85 oF and the clean strainer head loss was determined.  
Alion had prepared the required chemical precipitates using the WCAP procedures as guidance 
before the staff arrived at the lab.  After precipitates were mixed as specified in the WCAP, 
samples of the solutions were diluted to specific concentrations.  Settling rates were then 
measured in standard centrifuge tubes and verified to be consistent with the settling rates 
defined in the WCAP.  With the test loop temperature at about 85 oF, the scaled amount of non-
chemical debris (i.e. fiber and particulate) from a postulated loss of coolant accident (LOCA) 
was introduced into the test tank.  The particulate surrogates, Temp-Mat, and Nukon were 
placed into 5-gallon buckets with water.  There was sufficient water added to the debris to 
provide adequate dilution to prevent agglomeration.  Each bucket of debris was then stirred with 
a drill driven paint mixer to mix the debris with the water.  The debris water mixtures resulted in 
dilute heterogeneous slurries.  The buckets were then poured into the test tank at two separate 
locations.  The slurries were added to the test tank in an order such that a relatively 
homogeneous mixture resulted within the tank.  Both locations were over the return sparger, 
one in the front of the tank and one in the back.  See Figure 2 which is a photo of the return 
header and sparger within the tank.  The debris sequence alternated with particulate and fibrous 
debris being added at basically the same time.  Most of the particulate was added before the 
majority of the fiber because there were many more buckets of fibrous debris to be added.  Due 
to the large quantity of debris being added to the test there were 4 large debris additions made 
at distinct times, hours apart.  Each addition represented about ¼ of the total non-chemical 
debris load and consisted of about 40 buckets of debris.  After the head loss for all non-
chemical debris stabilized, the chemical debris additions were initiated.   
 
When the debris was added to the large test tank it was apparent that it was well dispersed in 
the water and had not agglomerated in the bucket or when added to the tank.  The additions 
resulted in clouds of debris disbursing slowly throughout the tank which was evidence of the 
fineness of the debris.  In particular the fine Nukon behaved as would be expected for fine fiber.  
It is estimated that 90% of the fine fiber met the definition of Class 1 to 3 fibers with 10% slightly 
larger.  The fine Temp-Mat fiber was also broken down into relatively small pieces, but 
appeared to be coarser due to the physical properties of the fiber.  The Temp-Mat fibers were 
longer, coarser, and straighter than the Nukon, but were well separated.  Alion reported that the 
fiber is boiled to remove the binder as part of the preparation process.  The silicon carbide and 
calcium-silicate were powdered and the dirt-dust mixture appeared to be reasonable.  The 
debris preparation and addition appeared to meet the criteria established in the staff review 
guidance.   
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In addition to the turbulence from the return header, agitation was provided by a mechanical 
stirrer (trolling motor).  The agitation prevented significant settling of debris in large test loop.  A 
very small amount of settling occurred, but the amount of debris observed on the test tank floor 
was judged by the staff to be inconsequential to the test results.  The flow in the test tank 
appeared to meet the desired outcome of ensuring transport of debris that would be expected to 
reach the strainer without forcing excessively large debris to the strainer.  However, the 
transport of large debris in the test tank was difficult to assess because very little larger debris 
was added to the test.  Because only prototypical debris transported to the strainer, this aspect 
of the test was acceptable.   
 
For test setups that do not have the strainers contained in a pit typed enclosure the issue of 
prototypical debris transport may be more difficult to control.  The enclosure surrounding the 
strainers required water to flow over the top of the enclosure walls prior to approaching the 
strainer modules.  This flow path required debris to be sized such that the tank flow could carry 
it over the walls of the enclosure.  Tests where the strainer modules are not enclosed may have 
a greater tendency to collect debris that may not transport in the plant.  If tests use this type of 
configuration they should account for this potential transport issue.   
 
The flow rate during the test was controlled at about 400 gpm.  This resulted in an approach 
velocity of about 0.0079 ft/sec which is the same as that expected under maximum flow 
conditions in the plant.  The clean strainer head loss for the test array was measured at about 
0.04 ft.   
 
The submergence of the strainers was at least 12 inches during the test.  Submergence was 
greater than that expected in the plant.  In addition, there was a vortex suppressor installed 
above the test array that is not installed in the plant.  Figure 3 shows the installation of the 
vortex suppressor grating installed in the test tank.  Indian Point personnel stated that the vortex 
suppressor was installed because a vortex had occurred during a previous test that could have 
disturbed the debris bed.  The purpose of this test was not to evaluate the strainer for vortex 
formation, but to test for head loss.  The evaluation of the strainer’s resistance to vortex 
formation is being evaluated by the Alion and Indian Point personnel.  The final methodology for 
vortex evaluation has not been determined at this time.   
 
After the first debris addition of 25% of the non-chemical debris head loss increased relatively 
quickly to 0.19 ft, and then became relatively stable.  Between large debris additions the tank 
water slowly cleared allowing the strainer array to be observed.  After the first debris addition, it 
was apparent that there was significant open screen area on the strainer array.  According to 
Alion, it takes about ½ inch (theoretical) of fiber, during thin bed tests, to result in full strainer 
coverage.  Each large debris addition for the test witnessed by the staff consisted of about ¼ 
inch of theoretical fiber thickness.  However, for thin bed testing all particulate debris is added 
prior to any fibrous debris.  This sequencing may result in a more uniform debris bed formation.   
 
Because of the large volume of water required to dilute the debris, test personnel used test tank 
water to dilute the debris in the buckets so that the test tank would not overflow and debris 
would not be lost from the test.   
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The second 25% of debris was added to the test tank and head loss increased to about 0.34 ft 
within about 30 minutes and then stabilized.  The turbidity was observed to decrease from a 
value approximately 800 NTU to less than 40 NTU as the particulate was filtered out by the 
debris bed.  Some larger pieces of fiber were observed to be suspended in the test tank.  As the 
water cleared, it was apparent that there was still clean screen area on the strainer array.  This 
observation was made about 2 hours after the second debris addition.  By about 2.5 hours after 
the second debris addition a very thin layer of debris was observed over most of the strainer 
surfaces.  The outlines of the perforations were still visible on the outside of the top hats 
indicating the thinness of the bed.  The interior surfaces were not easily viewed.  However, 
some clean area was still apparent.   
 
About 3 hours after the second debris addition, the third 25% debris addition was made.  Within 
50 minutes, the head loss had increased to about 0.62 ft and stabilized.  The water also began 
to clear.  However, the clarity did not improve sufficiently to observe the bed prior to the fourth 
debris addition.   
 
The fourth and final non-chemical debris addition was started about 1 hour and 50 minutes after 
the third.  Within about 30 minutes head loss appeared to be stabilizing at about 1.1 ft.  The 
baseline head loss for the fiber and particulate loading was established at about 1.13 feet of 
water.  Attachment 1 shows a plot of head loss vs. time for the test.   
 
After the baseline head loss for non-chemical debris was established and documented, and the 
test stabilization criteria was reached, batches of chemical precipitate were introduced to the 
test loop, and the head loss associated with these precipitate additions was measured.  The 
total of all chemical batches represented the limiting current plant condition (IP3 VC Sump 6 
inch LOCA) with a 15% margin.  The “test for success” program attempts to qualify the existing 
plant configuration, but tests conditions with reduced debris loads.  The reduced loads would 
represent conditions that could require modification of the plant or refinements to debris 
generation analysis.  Another potential success path for Indian Point is to qualify the strainer to 
a higher differential pressure loading than is currently evaluated.  After all testing is completed; 
Indian Point will evaluate the results to determine what actions are necessary to ensure that the 
strainer head loss will not result in a loss of NPSH margin for the pumps.  The debris loads and 
the conditions represented are included as Attachment 1 of this trip report.   
 
The precipitate amounts were calculated consistent with the WCAP-16530-NP chemical model 
predictions of precipitate formation following a LOCA.  The predictions are site-specific based 
on the materials present, or changes to the materials as discussed above, in the post-LOCA 
environment at Indian Point.  Prior to addition, the settling rate of the precipitate was verified to 
be within the range prescribed by the WCAP.   
 
The first chemical debris was added to the test test tank during the night shift, so the staff did 
not observe this addition.  When the staff arrived at the lab in the morning, the head loss had 
increased to about 3.32 ft.  The chemical debris was reported to have been added at 10:13 the 
prior night.  Close inspection of the bed showed that the top row of top hats was covered with a 
thin layer of fiber and particulate.  The perforation contours were still visible through the debris 
at the distant ends of the top hats.  The top hats appeared to have more debris on their surfaces 
near the plenum.  The interior surfaces of the top hats and the lower top hats were not easily 
seen due to reduced clarity of the water.  However, one small area on the internal surface of a 
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top hat appeared to be clean screen.  Based on the head loss value, it was estimated that most 
surfaces were covered with debris.   
 
The stabilization criteria were met and the second chemical debris load was added at about 
2:45 on the afternoon of 1/29/09.  Prior to the debris addition, head loss was about 3.57 ft.  The 
debris addition was relatively small and resulted in a small head loss increase to about 3.70 ft 
within about one hour.   
 
Due to travel constraints, the NRC staff had to leave the test facility before the final 3 chemical 
additions were completed.   
 
Test Results 
 
The results and other information regarding the testing observed by the staff are presented in 
this section.  After all non-chemical debris had been added to the test tank, the test vendor 
stated that several hours were allowed for the head loss to attain a stable value.  The reported 
stable value for all non-chemical debris was 1.13 ft.  When NRC staff personnel left the test site 
the first day the head loss was 1.08 ft.  All non-chemical debris had been added at this time.  
When NRC personnel arrived at the lab on the second day, the first chemical debris load had 
been added to the test.  The final stable head loss for the first chemical debris addition was 3.57 
ft.  The second (small) chemical debris addition resulted in a small increase in head loss.  The 
head loss was 3.70 ft when the staff had to leave the lab to travel back to headquarters.  The 
strainer vendor and licensee provided the final test results to the staff following the test.  The 
final head loss was about 7.5 ft after all debris was added to the test and stabilization was 
attained.  Attachment 1 provides a plot of the test results over time as well as a listing of the 
debris addition amounts.   
 
Because the water was cloudy it was difficult for the staff to determine how the debris was 
distributed over the strainers and exactly how much remained on the test tank floor.  However, 
from the portions of the strainers that were visible, it did appear that the entire strainer area was 
covered with some thickness of fiber.  It appeared that there were greater amounts of fiber 
buildup at the plenum end of the top hats.  It appeared that very little debris settled in the test 
tank.  Figures 10, 11 and 12 are post-drain down photographs of the debris bed on the strainer 
array.  Observation of the photos shows that the majority of the debris collected at the ends of 
the top hats closest to the plenum.  Some debris had fallen off of the strainer surface during 
drain down.   
 
No indications of vortexing were observed during the testing.  However, as noted above, the 
strainer submergence was greater than expected in the plant and a non-prototypical vortex 
suppressor was installed above the test strainer array.  The test observed by the staff was not 
designed to evaluate the ability of the strainer to prevent vortex formation.   
 
The total chemical precipitate loading in the test tank was 7.52 lb of sodium aluminum silicate.  
No calcium phosphate is predicted to occur at Indian Point.  Attachment 1 includes the debris 
addition schedule for the chemical precipitates.  Note that the debris amounts shown are 
cumulative.   
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Observations of Vertical Test Loop 
 
The staff had the opportunity to observe the operation of Alion’s low temperature (135 oF 
maximum temperature) vertical head loss loop.  The staff observed the loop in service with a 
borated, buffered solution (using sodium tetraborate).  The loop temperature was about 135 oF 
and the flow rate was about 10 gpm.  The staff observed the addition of Nukon and silicon 
carbide to form a debris bed on a horizontal plate.  The target flow rate for the loop is 2.5 gpm, 
but 10 gpm is required to form the debris bed because at lower flow rates the particulate debris 
may settle out in the test loop.   
 
The purpose of the loop is to perform solubility experiments to determine the temperature at 
which chemical precipitates may form given plant specific quantities of dissolved material 
(primarily dissolved aluminum).  The primary variable parameter of interest in this case is 
temperature although pH may also be included as a variable.  The loop consists of pumps, 
valves, piping, instrumentation, heating and cooling equipment, and a vertical Plexiglas tube.  
(See Figure 6.)  A flat, horizontal mesh is installed about half way down the tube and is used to 
collect debris that forms the debris bed.  Cooling is provided by inserting a coil of copper tubing 
into the loop and running cold water through the tubing.  The loop is instrumented with flow, 
temperature, and differential pressure (across the debris bed) instrumentation.  The loop has 
heat tracing to maintain the desired temperature.  There are two pumps installed to provide the 
desired flow rates.  The large pump is used to form the bed, and the smaller pump is used 
during head loss testing at reduced flows.   
 
Alion has plans to develop an additional test loop that can perform at temperatures up to 200 oF.  
The high temperature loop can be used to determine the behavior of chemical solutions at 
higher temperatures.  The high temperature loop was not available for observation at the time of 
the staff visit.  According to Alion the loop would not be received for about 4 weeks.   
 
The staff observed the addition of fibrous and particulate debris to the low temperature loop.  
The fibrous debris collected on the mesh.  Some of the silicon carbide passed through and 
recirculated through the loop several times until the water cleared, apparently indicating that the 
particulate had filtered out on the fiber bed.  Figures 4 and 5 show the debris bed formed in the 
vertical test loop.  After the bed was formed, flow was decreased and the small pump was 
placed into service.  During the flow reduction, some particulate debris was released from the 
bed.  It appeared to be a relatively small amount of the total particulate load.  At least some of 
the particulate circulated through the loop and back to the debris bed based on cloudiness in the 
vertical portion of the loop.  The debris bed was about ½ inch thick and no noticeable change in 
bed thickness occurred during the flow reduction.  Head loss decreased from about 10 inches to 
about 2.5 inches when the flow was reduced.  The head loss was linear with flow although it 
was noted that there was at least some change in the debris bed due to the loss and 
redistribution of some particulate.  The change in debris bed characteristics was likely not large, 
but could not be quantified.   
 
The process for using the loop starts with a debris bed formed as described above.  Chemicals 
are then added to the loop to create predetermined levels of dissolved aluminum.  The loop is 
allowed to mix well and stabilize.  The stabilization criterion for head loss is less than 1% in a 
one hour period.  After stabilization, the temperature of the loop is to be reduced in 15 oF steps  
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as head loss is monitored.  An increase in head loss, above that expected from the increase of 
viscosity of cooler water, would indicate that precipitation is occurring and the precipitate is 
depositing on the debris bed.  A quantification of head loss is not the object of this testing.  The 
object is to determine the temperature at which chemical precipitation will occur.   
 
According to Alion, the low temperature loop provides relatively consistent head loss values for 
similar debris loads so that comparisons of head losses between tests should be possible.   
 
The staff also observed some debris beds that had been removed from the loop.  See Figures 7 
and 8 which are photographs of these debris beds.   
 
 
Other Areas Discussed with Licensee and Alion 
 
Previous testing, with relatively low fibrous debris loads, for Indian Point has resulted in unstable 
beds.  That is, the bed develops a head loss, and then shifts resulting in a reduced head loss.  
This issue was discussed with Alion and the licensee.  Alion stated that a bed consisting of 
fibrous and particulate debris that fully covered the strainer was formed using the thin bed 
procedure.  The non-chemical debris bed had stable head loss.  When chemical precipitates 
were added to the loop and head loss increased, the bed shifted and head loss decreased.  The 
bed then reformed, head loss increased, and the bed collapsed again.  The water cleared 
enough to observe that some clean screen area was present.  After deciding that the test results 
would not be valid, Alion added additional fiber to shore up the bed.  A similar head loss pattern 
occurred.  A second test using the thin bed debris introduction sequence (particulate debris first) 
was run with a larger fibrous debris load in an attempt to provide adequate structure to keep the 
bed stable under higher head loss conditions.  A similar head loss profile resulted with 6 bed 
shifts observed.  Alion also stated that they have observed bed shifts when heavy debris beds 
were formed, even prior to chemical addition.   
 
Alion and Indian Point personnel requested NRC staff guidance on what a test matrix that 
insured that the thin bed case was covered would consist of.  The staff noted that previous 
testing had built stable beds on Enercon strainers.  The staff also noted that by observation of 
the bed following debris addition, that it could be determined if a thin bed existed, or if the bed 
appeared to be greater than a thin bed.  However, for this determination, all particulate debris 
should be added first.   
 
The staff stated that the intent was not to require licensees to perform a large number of tests, 
but that an adequate number of tests should be performed such that the behavior of the strainer 
is understood.  This information would be used to determine what debris conditions result in the 
limiting head loss for the plant strainer.  For example, the testing may show that the limiting type 
of debris load for the top hat strainer is a maximum debris load.  The staff also noted that 
alternate configurations like vertically installed top hats, strainer arrays spread along the 
containment floor, or significantly varying debris bed makeup would have to have similar testing 
conducted to ensure that they behaved as expected.   
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Follow-Up Information from Licensee and Alion 
 
The licensee provided the test results and some photographs of the test tank, and of the 
strainers following drain down of the test solution.  Some of these photos are included in this trip 
report.  The conditions shown in the photos are as drained.  The filters and debris bed were not 
disturbed prior to the photos being taken.  The staff appreciates the timely response to the 
request for this information.   
 
After 100% of the precipitates were added the head loss was measured at about 7.5 ft.  See 
Attachment 1.  It can be noted that the head loss increases significantly when large amounts of 
chemical precipitate are added.  The staff noted that this behavior is consistent with some 
previous chemical tests observed by the staff.   
 
 
Observations 
 
During the test, the licensee and test vendor discussed the efforts being performed at Indian 
Point in response to GSI-191, which include the test for success program and potential plant 
modifications.  Because the staff had performed an audit at Indian Point they were relatively 
familiar with the Indian Point systems, containment, debris loads, and other aspects pertaining 
to emergency core cooling system (ECCS) strainer head loss including potential chemical 
debris loading.   
 
The primary purpose of the trip was to observe the test practices employed by Alion to provide 
the staff assurance that testing is being conducted in accordance with staff guidance.  This was 
important because other plants will be testing at the Alion test facility using similar test 
protocols.   
 
The staff considered the observations of this test to be of significant interest.  The large tank test 
practices were considered to be good and in accordance with staff guidance.  The staff 
discussed with Indian Point personnel options for ensuring that ECCS strainer head loss is 
maintained within acceptable margins.  The test results will be used to determine if any actions 
are required and what actions will be taken.  It is most likely that if any actions are required that 
they will involve reducing the amount of materials in containment that can contribute to chemical 
debris that affects strainer head loss.  Other debris sources may also be removed.   
 
The staff also observed the operation of the low temperature vertical test loop that will be used 
to help determine the conditions under which chemical precipitates may form in the post-LOCA 
environment.  The basic operation of the test loop was generally acceptable.  However, 
questions regarding the application of results from the loop remain.  Alion has proposed three 
potential methods for refining the test results based on how chemicals debris may precipitate in 
the sump following a LOCA.  The staff discussed the proposed chemical refinement 
methodologies with Alion and Indian Point personnel.  The staff accepts the general principle 
that temperature dependent precipitate formation may be credited for aluminum based chemical 
precipitates.  However, for the other proposed refinements, the staff has reservations regarding 
the conservatism that would remain in the overall head loss evaluation following their 
application.  The current WCAP base model methodology contains conservatism which 
accounts for other potential sources of chemical debris.   
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The staff noted that one area that should be carefully investigated is the rate at which the loop 
temperature is changed in an attempt to precipitate chemical debris.  There are significant 
unknowns regarding the precipitation process and how various conditions can affect 
precipitation kinetics.   
 
Also, specifically for Indian Point, licensee personnel stated that testing was being conducted to 
show that aluminum based precipitates would not occur down to 75 oF.  Indian Point is 
attempting to justify that aluminum based precipitates will not form in their plant specific 
environment for the initial 6 hours following the onset of recirculation.  The staff stated that 75 oF 
was significantly lower than the projected sump pool temperature 6 hours after the onset of 
recirculation.  The staff also suggested that it would be easier for the licensee to technically 
justify an assumption that aluminum based precipitates would not form at the higher 
temperature more representative of 6 hours after the onset of recirculation instead of 75 oF .   
 
The staff indicated that they would consider experimental data on chemical precipitation 
generated in these tests within the overall context of data that has been generated to date by 
testing sponsored by the NRC and the nuclear industry.   
 
As noted above, the staff discussed the determination of the minimum stable debris bed for the 
Enercon top hat strainers with Alion personnel.  It was interesting to the staff that the top hat 
strainer seemed to have a limited maximum head loss under low fiber conditions (and the other 
test specific conditions).  It is noted that a stable bed (up to 7.5 ft of head loss) resulted with the 
larger amount of fibrous debris added in the test observed.   
 
Summary 
In summary, the staff observed chemical effects testing conducted for Indian Point at the Alion 
Hydraulics Laboratory.  Simulated plant debris in the test observed by the staff were 
representative of a break location that produced a fiber bed and particulate loading expected 
following a postulated LOCA.  Introduction of chemical precipitates predicted by the WCAP-
16530-NP chemical model produced a significant increase in pressure drop across the strainer 
and debris bed.  The test confirmed that chemical precipitates can produce a high pressure drop 
across a pre-existing debris bed.  The staff observed limited vertical loop baseline testing that 
did not involve the precipitation of chemicals.  These observations indicated that the loop could 
be used to help in the determination of conditions that result in chemical debris precipitation in a 
post-LOCA environment.  The staff expects these tests will provide a better understanding of 
plant specific chemical effects.  Due to staff concerns with some of the chemical refinements 
being considered in the Alion test protocol, it is anticipated that further staff interactions 
regarding the application of chemical refinements to test results will be required.  The staff 
appreciates the opportunity to observe the testing and the openness of Indian Point and Alion 
personnel during the staff visit.   
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Attachment 1 – Debris Loads and Test Results 
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Figure 1 – Overall Test Tank Setup                                Figure 2 – End View of Test Tank with 
                                                                                        Return Header 

 
Figure 3 – Vortex Breaker          Figure 4 – Debris Bed in Vertical Loop 

 
Figure 5 – Debris Bed in Vertical Loop       Figure 6 – Vertical Loop Setup 
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Figure 7 – Old Debris Bed from Vertical Loop      Figure 8 – Old Debris Bed from Vertical        

Loop 

 
Figure 9 – Test Array after First Chemical Addition      Figure 10 – Test Array after Drain Down 

 

 
 

Figure – 11 Interior of Top Hat after Drain Down           Figure 12 – Array after Drain Down 
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