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Question No. 06.02.02-41 

Chemical reaction products have the potential to combine with other post-LOCA debris to cause 
sump strainer and core inlet blockage, and to form deposits on the fuel. Blockage of flow and 
loss of heat transfer may affect the ability to maintain emergency core cooling, containment heat 
removal, and long-term core cooling, as required by Title 10 of the Code of Federal Regulations 
Part 50 (10 CFR 50), Appendix A, General Design Criterion (GDC) 35, GDC 38, and 10 CFR 
50.46(b)(5). The staff is reviewing the application of the methodology the applicant used for 
calculating the design basis chemical precipitate quantity, the use of chemical precipitates in 
sump strainer and core inlet head-loss testing. The applicant has not demonstrated that its 
analysis and testing are conservative with respect to demonstrating that chemical precipitates 
will not cause unacceptable flow blockage or heat transfer. This regulatory basis applies to all 
questions in this Request for Additional Information (RAI). 

The chemical effects analysis for addressing Generic Safety Issue 191 (GSI-191) assumes the 
amount of aluminum in containment is 2,326 square feet. This is identified in several places in 
the GSI-191 Technical Report, “Design Features to Address GSI-191,” APR1400-E-N-NR-
14001-P/NP, Rev. 0 (e.g., Section 3.5.1, Table 3.8-2, and Table 3.8-3). However, FSAR Section 
6.1.1.2.1 states that the surface area of aluminum inside containment is limited by design to less 
than 3,034 square feet. Since the amount of chemical precipitate from aluminum is directly 
proportional to the surface area, the design limit in DCD Section 6.1.1.2.1 would allow 
significantly more chemical precipitate than was included in the testing performed to 
demonstrate acceptable strainer and fuel assembly debris head loss. 

The staff requests a discussion of the applicant's plan to make the design limit for both 
submerged aluminum and sprayed aluminum consistent with the amount analyzed for chemical 
effects. Alternatively, the staff requests justification for the allowance of more aluminum in 
containment than the amount evaluated, including the effects on strainer and fuel assembly 
testing. 
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Response 

The current surface area of aluminum inside containment (3,034 ft2) in DCD Subsection 
6.1.1.2.1 will be corrected to 2,326 ft2 which is consistent with the input value used for chemical 
effects analysis in Technical Report, APR1400-E-N-NR-14001-P/NP. 

 

Impact on DCD  

DCD Subsection 6.1.1.2.1 will be revised as shown in Attachment. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

There is no impact on the Technical/Topical/Environmental Report. 



APR1400 DCD TIER 2 

6.1-6 

Combustible gas control in containment through the use of passive autocatalytic 
recombiners is addressed in Section 6.2.5. 

The surface area of aluminum inside containment that can be exposed by the spray water is 
limited by design to less than 281.8 m2 (3,034 ft2). 

6.1.1.2.2 Controls for Ferritic Steel and Stainless Steel 

Subsection 6.1.1.1 describes the control of sensitized stainless steel, cleaning and 
contamination protection, cold-worked stainless steel, non-metallic insulation, welder 
qualification, and weld fabrication.  The manufacture and construction of ESF 
components and structures conform with the provisions of NRC RGs 1.31, 1.36, 1.44 
(Reference 11), 1.50, and 1.71. 

6.1.1.2.3 Composition, Compatibility and Stability of Containment and Core Coolants 

The IRWST has 2,373.5 m3 (627,000 gal) of borated water available to meet LOCA and 
long-term post-LOCA coolant needs.  The IRWST water is borated to at least 4,000 ppm 
boric acid, and pH is raised above 7 with the TSP basket per Branch Technical Position 6-1 
(Reference 12) for reducing the probability of stress-corrosion cracking of austenitic 
stainless steel components. 

All systems located inside containment such as the reactor coolant system (RCS) and 
portions of the CVCS, SIS, CSS, and shutdown cooling system (SCS) have reflective metal 
insulation (RMI).  Major equipment in the above systems includes the reactor coolant 
pumps (RCPs), steam generators, pressurizer, letdown heat exchanger, regenerative heat 
exchanger, reactor drain tank, and the reactor vessel.  No other type of insulation, 
including fibrous insulation is used inside the containment.  However, the portions of 
some of the above systems that are outside the containment have non-metallic insulation for 
plant personnel protection.  The use of non-metallic insulation is in accordance with 
NRC RG 1.36. 

216.09 m2 (2,326 ft2)



 
06.02.02-42- 1 / 2 KEPCO/KHNP 

 

 
 

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  520-8693  

SRP Section:  06.02.02 - Containment Heat Removal Systems 

Application Section:   

Date of RAI Issue:  09/13/2016 

 

Question No. 06.02.02-42 

In RAI 391-8462, Question 06.02.02-37, the staff asked about the basis for the statement in 
Section 3.8.2 of the APR1400 GSI-191 technical report (APR1400-E-NNR-14001-NP, Rev. 0, 
“Design Features to Address GSI-191”) that using the maximum in-containment refueling water 
storage tank volume rather than the effective water volume is conservative for determining the 
amount of chemical precipitate. The response, dated July 1, 2016 (ML16183A314), explains 
that the larger water volume would result in more precipitation because it would allow more 
corrosion and dissolution before solubility limits for the debris-forming elements are reached. 
The staff understands the principle but does not understand how it was applied in the 
applicant’s analysis. 

The WCAP-16530-NP-A basic calculation uses pH- and temperature-dependent release rates to 
calculate the amount of aluminum, silicon, and calcium released into solution, without 
considering the concentration or solubility of those elements. As the response indicates, the 
WCAP-16530 methodology assumes that all of the dissolved elements form precipitates. For 
the WCAP-16530 methodology, parameters such as the material quantities, temperature profile, 
and pH profile can be used to ensure a conservative analysis, as discussed in the APR1400 
GSI-191 technical report. The design does not appear to propose a refinement to this 
methodology by applying a concentration or solubility limit. 

The staff requests that the applicant clarify if and how the water volume was used to maximize 
material dissolution and quantity of precipitates in its methodology. 

Response 

According to the WCAP-16530-NP-A, the sensitivity for the IRWST water volume was 
performed using both the minimum water volume of 262,388 gal (36,925 ft3) and the maximum 
water volume of 671,162 gal (89,728 ft3 ), in order to determine the more limiting case for each 
precipitate generated. The sensitivity results show that the final precipitate masses for the 
minimum and maximum water volume are equivalent due to the limited amount of fiberglass 
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debris. Therefore, the assumption of the maximum IRWST water volume does not impact the 
chemical effect analysis. 

Technical Report, APR1400-E-N-NR-14001-P/NP, Subsection 3.8.2 will be revised to clarify the 
assumption of the maximum IRWST water volume with justification. 

 

Impact on DCD  

There is no impact on the DCD. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

Technical Report APR1400-E-N-NR-14001-P/NP, Subsection 3.8.2 will be revised as shown in 
the Attachment to this response. 
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Non-Proprietary 

3.8 Chemical Effects 

In order to assess potential chemical effects in the APR1400 sump, the materials that are in the 
containment building that may react with coolant in the post-accident containment environment have been 
identified.  Reactive plant materials in the containment building are categorized as metallic and non-
metallic items and generally include insulation and concrete, as well as other potential sources of 
aluminum.  The materials inventory includes the overall mass, location in containment and potential for 
being sprayed with or immersed in coolant following a LOCA. 
 
The WCAP-16530-NP methodology (Reference [3-11]) referenced in NRC RG 1.82 (Reference [1-1]) 
provides a conservative model to predict the corrosion and dissolution of containment materials in a post-
LOCA environment and the formation of chemical precipitates for participating PWRs.  The primary 
corrosion products contributing to these chemical precipitates are calcium, silicon, aluminum, and the 
precipitates that can form aluminum oxy-hydroxide, calcium phosphate, and sodium aluminum silicate.  
Surrogate suspensions of chemical precipitates representing this chemical debris can be included as an 
additional debris source to the strainer testing program to qualify the strainer for “chemical effects.”  The 
quantities of chemical precipitates are based on reactive material surface areas and quantities, 
temperature, water level, pH, and other parameters related to the plant specific environment and post-
accident evolution. 
 

3.8.1 Containment Spray pH Control 

The pH of IRWST water is evaluated to provide reasonable assurance that the calculated minimum and 
maximum pH values under any possible water chemistry conditions caused by a LOCA are between 7.0 
and 8.5.  The calculated minimum and maximum IRWST pH during operation of the CSS is 7 and 10, 
respectively.  The minimum time to reach a minimum pH of 7.0 is 157 minutes, as shown in Figure 3.8-1.  
The IRWST pH ranges are included in Table 3.8-1. 
 

3.8.2 Assumptions 

1) The maximum IRWST water volume is used for the chemical effects analysis.  Using the 
maximum water volume ensures that the maximum material dissolution and quantity of 
precipitates are analyzed. 

 
2) Temperature data is only available from zero to 1,000,000 seconds post-LOCA.  Since the 

mission time is 30 days (2,592,000 seconds), the containment air temperature and IRWST 
temperatures are extrapolated using a logarithmic fit of the last 9 days of available temperature 
data to predict the containment air and IRWST temperatures from 1,000,000 seconds to 2,592,000 
seconds.  This time period is chosen due to the consistently logarithmic temperature decrease for 
the entire time period. 
 

3) The maximum IRWST and spray pH profile is used to conservatively maximize dissolution and 
precipitate generation. 
 

4) The minimum ECCS flow case is used because it results in the highest sump temperatures, and 
therefore the highest corrosion rate of reactive materials in the sump.  Both the minimum and 
maximum ECCS flow cases result in the comparable containment air temperature profiles. 

 The maximum IRWST water volume is used instead of effective water volume (recirculating 
water volume) to maximize the material dissolution and quantity of precipitates for the 
chemical effects. The WCAP-16530-NP-A methodology is used.

The maximum IRWST water volume is used for the chemical effects analysis in terms of
the concentration or solubility of the elements even though the sensitivities for the
minimum and maximum IRWST water volumes have no impact on the final precipitates
results due to the limited amount of fiberglass debris.

AI 6-19_6.8_# 6

RAI 520-8693 Question 06.02.02-42
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Question No. 06.02.02-43 

In RAI 391-8462, Question 06.02.02-35, the staff requested information about the source of the 
temperature profiles used in the chemical effects analysis, including the treatment of submerged 
vs. unsubmerged aluminum and the LOCADM calculation for deposition of chemical precipitates 
on the fuel. The response, dated August 10, 2016 (ML16223A976), described the source of the 
temperature profiles as DCD Figure 6.2.1-4 extended to 30 days. The response did not identify 
how the profiles in Figure 6.2.1-4 were extended. Since those profiles end at 106 seconds 
(approximately 11.6 days), the extended profile has a significant effect on the amount of 
chemical precipitate calculated for 30 days. Although the response includes a temperature 
column in the proposed revision to Table 3.8-5 of the APR1400 GSI-191 technical report 
(APR1400-E-N-NR-14001-NP, Rev. 0, “Design Features to Address GSI-191”), it does not 
provide the 30-day pool and containment temperature profiles used in the chemical precipitate 
calculations. The staff requests the following information: 

a) description of how the sump and containment temperature profiles in FSAR Figure 
6.2.1-4 were extended from 106 seconds to 30 days, 

b) a description of how the extension of the temperature profiles was documented, and  

c) the 30-day sump and containment temperature profiles used in the chemical precipitate 
calculations. 

Response 

a) During the decay heat phase of a LOCA, which is referred to as the long-term period 
from the End-of-the Post-Reflood (EOPR) to the end of the transient, the containment 
pressure and temperature are gradually decreased with a  reduction of steaming of the 
core coolant caused by a decrease in decay heat. In this phase, the IRWST water is 
continually cooled by heat removal of the containment spray heat exchanger (CSHX) as 
well. This phase continues for more than 6 months.  For this phase, the containment 
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and sump temperature are calculated using the containment analysis model which was 
developed using the GOTHIC computer code.  

The sump and containment temperature profiles in Figure 6.2.1-4 of the DCD Tier 2, that 
are represented up to 11.6 days (106 seconds), are produced from the calculation 
results of this GOTHIC containment model. The following figure shows that the sump 
and containment temperature profiles that are extended up to 30 days using the 
calculation results. 
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A description of the GOTHIC containment model and how the containment and sump 
temperatures are calculated during the decay heat phase is provided in detail in the 
Appendix A of the Technical Report "LOCA Mass and Energy Release Methodology, 
APR1400-Z-A-NR-14007-P, Rev. 0". 

b and c)  

The containment and sump temperature profiles for the chemical effects analysis will be 
revised and incorporated in Technical Report, APR1400-E-N-NR-14001-P/NP since the 
GOTHIC containment model is supposed to be revised to resolve several issues raised 
from the response to RAI 296-8342 Question 06.02.01.01.A-2, which was discussed in 
public teleconferences dated at July 7, 2016, August 9, 2016, and September 2, 2016. 

Based on the revised 30 day containment and sump temperature profiles, the chemical 
effect analysis will be re-performed and incorporated in Technical Report, APR1400-E-
N-NR-14001-P/NP.  
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Any revised chemical effects analysis results do not affect the strainer design and 
associated testing results, based on the existing test results, as described in the 
response to RAI 391-8462 Question 06.02.02-35. 

 

Impact on DCD  

There is no impact on the DCD. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

Technical Report, APR1400-E-N-NR-14001-P/NP will be revised to incorporate the temperature 
profiles and chemical effect analysis results after the revision of the containment pressure and 
temperature (P/T) calculation, which is based on a revised GOTHIC containment model. 
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Question No. 06.02.02-44 

In RAI 391-8462, Question 06.02.02-40, the staff requested information about the preparation 
and testing of the surrogate chemical used in strainer head-loss testing. The response, dated 
July 1, 2016 (ML16183A314), made the following main points: 

 The surrogate chemical precipitate was prepared at a concentration of 11 grams per 
liter (g/L) in the mixing tank. 

 The intent was to keep the surrogates suspended during head-loss testing. 

 The surrogate solution was mixed continuously in the mixing tank prior to addition to the 
testing tank. 

 When testing the settling properties of the surrogate solution, dilution of the samples to 
2.2 g/L was not required based on Section 4.4 of the NRC Safety Evaluation Report for 
WCAP-16530-NP-A. 

Staff determined that the response did not provide all of the information requested, and that the 
response may reflect a misunderstanding about the 2.2 g/L dilution requirement. Specifically, 
staff notes the following: 

 Section 4.4 in the SER on WCAP-16530-NP-A refers to diluting the surrogate to 2.2 g/L 
for certain types of strainer testing. Question 06.02.02-40 refers to Section 7.3.2 of 
WCAP-16530-NP-A, which states that the surrogate should be diluted to 2.1 to 2.3 
grams per liter for the settling test. 

 Continuously mixing the surrogate solution in the mixing tank before addition to the test 
is good practice, but it does not ensure that the surrogate has adequate settling 
properties for strainer testing to be performed in accordance with staff guidance. 
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Based on the applicant’s July 1, 2016 response and the information in the GSI-191 technical 
report, it is the staff’s understanding that the aluminum oxyhydroxide chemical surrogate was 
prepared in the mixing tank at a concentration of 11 g/L, and that the settling tests were 
performed without dilution. If the surrogate was prepared immediately before the strainer 
testing, and it passed the settling test at the higher concentration (11 g/L vs. 2.2 g/L), then 
adequate settling properties were demonstrated for the strainer testing. 

The staff is requesting applicant confirmation or clarification to the staff's understanding that the 
surrogate solution passed the settling test at a concentration of 11 g/L according to the 
acceptance criteria in WCAP-16530-NP-A. 

Response 

According to test vendor logs, the settling test sample size was 100 mL, and the solution was 
not diluted to 2.2 g/L, rather the settling test was conducted at the precipitate surrogate 
production concentration of ~11 g/L.  The 1-hr settled volumes were 90 mL (Test APR1400-HL-
0813-1), 88 mL and 98 mL (Test APR1400-HL-0913-2) for the 3 settling tests.  Settling volumes 
of this magnitude and concentration are comparable to the criteria in the WCAP.  Even though 
the samples were not diluted prior to the settling test, the same formation procedure (i.e., same 
precipitants, same water, same mixing durations) has been used by the same test vendor to 
produce acceptable aluminum oxyhydroxide (AlOOH) precipitate which meets the 60% settled 
volume after dilution to 2.2 g/L.  This AlOOH showed prototypical head loss effects during 
testing as well.  The suspension was continuously mixed by the turbulent flow in the test tank- 
this kept the precipitate in suspension during use.  The test water remained cloudy in the test 
tank during testing as well.  These comparisons support the assertion that the precipitate was 
prepared and functioned as required in the WCAP.  

Since the surrogate was prepared within 24 hours of production, the re-test criterion that the 
settled sample is within 1.5 mL of the freshly prepared surrogate does not apply.  For test 
APR1400-HL-0813-1, precipitate was prepared and tested at 12:22 on 8/28 and used at 3:05 on 
8/29; for test APR1400-HL-0913-2, the precipitate was prepared and tested at 4:30 on 9/13 and 
used at 7:20 on 9/13.  

Since the precipitate surrogates settled at around 90% at 11 g/L, performed as required during 
testing (i.e. all of the manufactured AlOOH suspension was transported to the strainer without 
settling), and were used within 24 hours of production, the acceptance criteria of WCAP-16530-
NP were met. 

 

Impact on DCD  

There is no impact on the DCD. 

Impact on PRA 

There is no impact on the PRA. 
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Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports  

There is no impact on the Technical/Topical/Environmental Report. 
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