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Background  
 
DCD Section 5.2.3.2.1 states that a soluble zinc (Zn) compound depleted of Zn-64 may 
be added to the reactor coolant as a means to reduce radiation fields within the primary 
system. DCD Section 5.2.3.2.1 further states that when used, the target system zinc 
concentration is normally maintained to a concentration no greater than 10 ppb. The 
staff reviewed several reports documenting industry experience with zinc addition in 
PWR’s, which indicate that there is no concern with crud deposition for plants with low-
duty or medium-duty cores (Reference 1, 2), and, in fact, zinc addition typically leads to 
thinner, more evenly distributed crud on fuel.  However, there is currently insufficient 
operating experience with zinc addition in plants with high-duty cores to be able to 
conclude that zinc injection would not cause a problem with crud deposition in such 
plants.  Core duty is a measure of the amount of subcooled nucleate boiling (SNB) 
occurring in the core.  Plants with high-duty cores are those with high fluid temperatures 
and high surface heat flux at the fuel clad causing a portion of the total heat transfer to 
the coolant to occur by sub-cooled nucleate boiling (SNB).  Although favorable for 
thermal efficiency, the combination of high temperature and SNB leads to more severe 
duty on the fuel, and surface boiling is known to enhance the formation of corrosion 
product deposits (crud) at the cladding surface.  The tendency for SNB can be quantified 
by means of the High Duty Core Index (HDCI), calculated in accordance with Appendix 
F of Reference 3.  Cores with an HDCI of ≥ 150 are considered to be high duty plants, 
medium duty plants have HDCI of 120-149, and a plant with HDCI ≤ 119 is considered a 
low-duty plant.  Staff calculations based on thermal-hydraulic data from DCD Chapter 4 
indicate the US-APWR core may be considered high-duty.  There may be alternate 
methods to determine the amount of SNB other the HDCI, such as detailed thermal 
hydraulic computer models. 
 
Potential problems with crud deposition could include excessively thick fuel crud, or 
uneven crud thickness that could lead to crud induced power shift (CIPS), also known as 
axial offset anomaly (AOA).   Reference 2 recommends a fuel surveillance program for 
high-duty plants implementing zinc addition.   
 
DCD Section 4.2.1.7 describes the fuel surveillance program for the US-APWR, which 
will specify the inspection items, inspection criteria, methodology, schedule, for a 
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number of different aspects, including crud deposition.  However, the inspection method 
and acceptance criteria for crud on the fuel are not described. 
 
 
Requested Information 
 

1. Is the US-APWR core design as described in DCD Revision 2 considered a high-
duty core when the HDCI is calculated in accordance with Appendix F of 
Reference 3, or an alternate method of evaluation?   

2. If the US-APWR core is considered high-duty, how will the risk of CIPS be 
evaluated?  Will zinc addition be considered in this evaluation? 

3. Describe the test methods and acceptance criteria that will be included in the fuel 
surveillance program for crud on fuel surfaces.  Will a COL information item be 
included to ensure the COL establishes the fuel surveillance program? 
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