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Definition

“Test for Success”
• Experimentally demonstrate that there is sufficient 

NPSH margin for a successful post-LOCA 
operation of the ECCS

• Head Loss testing to conform to March 08 
guidance

• Chemical testing to use WCAP based precipitates

• Conservative application of chemical precipitate 
refinements based on applicable experimental 
evidence.  
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Background

• WCAP methodology has 
conservatively predicted head loss on 
a fibrous debris bed. 

• This is due in part to the form of the 
precipitate (gelatinous) and the method 
of addition (highly concentrated).

• This is also due to the conservative 
nature of the method using single 
effects corrosion which can 
overestimate the quantity of 
precipitates.

• Most all integrated testing, including 
ICET, IRSN, VUEZ and benchtop 
experiments suggested that the WCAP 
precipitate quantities can be overly 
conservative in certain specific 
applications.
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Sodium Aluminum Silicate Solutions
(room temperature)
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Test Program Objective

• Obtain non-chemical and chemical debris head 
loss data
• Using prototype strainer module and tank testing

• Range of non-chemical debris loads

• Use WCAP chemical debris recipe either batched or 
in-situ

• Range of chemical precipitate quantities, from:
• Zero (non-chemical debris only) to

• WCAP-16530 predicted



0

0.2

0.4

0.6

0.8

1

1.2

1.4

H
ea
d 
Lo
ss
 

Debris Quantity

Head Loss Vs. Debris with WCAP Effects

Debris (0% WCAP)

25% WCAP

50% WCAP

75% WCAP

100% WCAP

NPSH Margin

Prototype Test Setup and Output

Slide 6



Test Objective – Refinements

• Establish, through separate high temperature 
vertical loop testing, the temperature and 
concentration of corrosion products (solubility) 
associated with the onset of chemical effects head 
loss. 

• Compare the chemical debris head loss from the 
tank test to the NPSH margin at respective 
temperatures.
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Head Loss Tank Testing

• Prototype strainer head loss tests in tank
• Turbulent tank environment to ensure debris transport to 

the test screen based on flow field (no “Near Field”
effects)

• Incorporate NRC March 08 Guidance regarding
• Debris Preparation
• Debris Size Distribution
• Debris Addition
• Range of Debris Loading including TBE

• Use WCAP prepared precipitates either batched or in-
situ as approved in the March 08 Guidance
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Chemical Refinements

1. Time based addition of chemical precipitates based on 
WCAP-16530 corrosion/production curve

2. Delayed chemical addition due to solubility refinements 
based on WCAP-16530 precipitate loading and confirmed 
by head loss testing at temperature.

3. Delayed chemical addition along with reduction similar to 
those already presented in WCAP-16785 and confirmed by 
head loss testing at temperature.

4. Reductions in corrosion/dissolved species due to 
integrated environments as presented in ICET, VUEZ and 
benchtop experiments (phosphate inhibition, silicon 
inhibition, oxidation, etc.).



Time Based Chemical Addition
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• Using chemical precipitate 
generation curves, batch in 
quantities of WCAP 
precipitates

• Allows for consideration of a 
time dependent NPSH 
evaluation

• Aluminum release rate may 
need to be modified as 
identified by NRC in SER on 
WCAP-16530 when using 
this type of analysis.

• Precipitation batches range 
from zero to maximum 
predicted



Delayed Chemical Addition of Precipitates

• Establish temperature and/or 
concentration for the onset of 
chemical effects:

1. Determine equilibrium concentration 
(solubility) of precipitate based on 
temperature and pH.

2. Select either single effects corrosion 
release or integrated corrosion 
release to determine the maximum 
solution concentration.

3. Is Release less than equilibrium 
concentration at all temperatures? 
No precipitation.

4. Is Release greater than equilibrium 
concentration?  Precipitation.
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Precipitate

No Precipitate



Basis for Solubility Refinements

• Both ANL and WCAP-16785 support 
Al solubilities in pH 8.0 at 200ºF and 
140ºF of 98 ppm and 40 ppm, 
respectively.

• 50 ppm Al in pH 8.3 with NaTB with 
a NUKON/Cal-Sil debris bed at 
140ºF & 70ºF result in no change in 
head loss
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“Slightly cloudy” pH 7.5 2500 ppm B 



High Temperature Head Loss and Precipitation

• VUEZ data will be used to determine the temperature for the onset of 
chemical effects.

• If needed, supplemental data associated with the equilibrium 
concentration versus temperature and pH will be obtained using a new 
test loop.

• The test loop will be a vertical flat plate loop similar to Argonne capable 
of range of temperatures up to 200ºF at chemistry.

• Equilibrium concentration/solubility limit is defined as “impact on head 
loss” or chemical effect.

• The new test loop uses the debris bed as an instrument to validate 
impact on head loss only and not to be applied to the prototype module 
or head loss calculations.

• The debris bed solidity should be similar to that of the plant specific 
debris mixture.  A conservative bed solidity will be selected.
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Schedule

• Tank test protocol to be issued to NRC on 
November 17, 2008.

• Receive NRC comments on tank test protocol by 
December 15, 2008.

• Test for Success to begin in January 2009 and be 
complete by April 2009.

• Chemical refinement protocol to be issued to NRC 
on December 8, 2008.

• Receive NRC comments on January 9, 2009.
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