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Sent: Monday, December 14, 2015 1:53 PM
To: apr1400rai@khnp.co.kr; KHNPDCDRAIsPEm Resource; Harry (Hyun Seung) Chang; 

Andy Jiyong Oh; James Ross
Cc: Widrevitz, Dan; Mitchell, Matthew; Ward, William; Lee, Samuel
Subject: APR1400 Design Certification Application RAI 335-8351 (05.02.03 - Reactor Coolant 

Pressure Boundary Materials)
Attachments: APR1400 DC RAI 335 MCB 8351.pdf

KHNP, 
 
The attachment contains the subject request for additional information (RAI).  This RAI was sent to you in draft 
form.  Your licensing review schedule assumes technically correct and complete responses within 30 days of 
receipt of RAIs.   
 
Please submit your RAI response to the NRC Document Control Desk. 
 
Thank you, 
 
 
 
Jeff Ciocco 
New Nuclear Reactor Licensing 
301.415.6391 
jeff.ciocco@nrc.gov 
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Issue Date: 12/14/2015 
Application Title: APR1400 Design Certification Review – 52-046 

Operating Company: Korea Hydro & Nuclear Power Co. Ltd. 
Docket No. 52-046 

Review Section: 05.02.03 - Reactor Coolant Pressure Boundary Materials 
Application Section:  

   
  

QUESTIONS 
 
 
05.02.03-1 

APR-1400 FSAR Section 5.2.3.1, "Material Specification," states that Table 5.2-2, "Reactor Coolant 
System Materials and Weld Materials," contains,  

  
A list of specifications for the principal ferritic materials, austenitic stainless steels, bolting 
and weld materials, which are part of the RCPB, is given in Table 5.2-2.  The COL 
applicant is to address the list of material specifications, which are not shown in Table 
5.2-2 as necessary (COL 5.2(4)). 

  
Several critical components, such as piping other than 30 in. or 42 in. inner diameter in size; and safety 
relief, isolation, and check valves in the ASME Code Class 1 portion of the piping are not included in 
FSAR Table 5.2-2.  The staff cannot make a clear safety finding without a comprehensive list of RCPB 
components and the material specifications thereof.  The staff recognizes that some material 
specifications may be modified later by applicants but does not consider this an adequate reason to omit 
RCPB components from Table 5.2-2. 
  
The staff requests that the applicant provide information pertaining to all RCPB components and the 
associated material specifications in the APR-1400 design and update the application accordingly. 
 
 
 
05.02.03-2 

APR-1400 FSAR Table 5.2-2, under Piping Nozzles and Safe Ends/Valves, lists “NiCrFe Alloy 690 (SB-
166) F316LN” as a material specification.  This appears to be an error, as F316LN is an austenitic 
stainless steel, not a Ni-based alloy.   

  
The staff requests that the applicant clarify the intention of this listing and revise the application 
accordingly.   
 
 
 
05.02.03-3 

APR-1400 FSAR Table 5.2-2 lists MIL-E-18193 B-4.  However, the MIL-E-18193B electrode specification 
was cancelled in 1989 and superseded by a different military specification, MIL-E-23765.  

  
The staff requests that the applicant provide a valid specification and update the application accordingly.   
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05.02.03-4 

APR-1400 FSAR Section 5.2.3.2.2, "Materials of Construction Compatibility with Reactor Coolant," states, 
“Cobalt-based alloys are avoided except when no proven alternative exists.”  The staff is unable to make 
a clear safety finding without information regarding where cobalt-based alloys will be used. 

  
The staff requests that the applicant provide information regarding where cobalt based alloys will be used 
and why they were selected for use in those specific applications and update the application accordingly. 
 
 
 
05.02.03-5 

APR-1400 FSAR Section 5.2.3.2.2 states, 

  
Generally, the spiral wound gasket is made of flexible graphite and Inconel X-750.  Field 
experience shows that the gaskets have compatibility with reactor coolant. 

  
The staff notes that components made of Inconel X-750 have been known to fail due to material 
degradation from contact with reactor coolant.  To make a clear safety finding the staff requires that you 
provide your assessment of field experience justifying that the specified gaskets will be compatible with 
the reactor coolant.   
  
The staff requests that the applicant provide documentation of the relevant field experience justifying the 
use of X-750 in the above application. 
 
 
 
05.02.03-6 

Per RG 1.28, “Quality Assurance Program Criteria (Design and Construction),” the implementation of a 
quality assurance (QA) program during design and construction of a nuclear power plant provides 
adequate basis for complying with 10 CFR Part 50, Appendix B as long as the program also meets the 
additional terms and conditions stated in RG 1.28.  

APR-1400 FSAR Section 5.2.3.4.2, "Cleaning and Contamination Protection," describes provisions 
concerning the types of cleaning and contamination protection for austenitic stainless steel nuclear steam 
supply system (NSSS)  components as part of a QA program.  Specifically it is noted that, 
  

Contamination of austenitic stainless steels of Type 300 series by compounds that can 
alter the physical or metallurgical structure and/or properties of the material is avoided 
during all stages of fabrication. Type 300 series stainless steels are not painted. Grinding 
is accomplished with resin or rubber-bounded aluminum oxide or silicon carbide wheels 
that were not previously used on materials other than austenitic alloys that could 
contribute to intergranular corrosion or SCC [stress corrosion cracking]. 
  
Outside storage of partially fabricated components is avoided and in most cases 
prohibited. Exceptions are made for certain components provided they are dry, 
completely covered with a waterproof material, and kept above ground. 
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Internal surfaces of completed components are cleaned to produce an item that is clean 
to the extent that grit, scale, corrosion products, grease oil, wax, gum, adhered or 
embedded dust, or extraneous materials are not visible to the unaided eye. 

  
In the preceding paragraphs the applicant committed to meeting the requirements of ASME NQA-1 
“Quality Assurance Program Requirements for Nuclear Power Plants,” consistent with the 
recommendation of RG 1.28.  As such, conforming to NQA-1 is part of the licensing basis presented in 
the FSAR.   
  
Within NQA-1, Subpart 2.1 “Quality Assurance Requirements for Cleaning of Fluid Systems and 
Associated Components for Nuclear Power Plants” describes provisions to fulfill the corresponding 
requirements of 10 CFR Part 50, Appendix B criterion XIII “Handling, Storage, and Shipping” (there are 
no conditions in RG 1.28 associated with this criterion).  NQA-1 describes a cleanness classification of 
SSCs [structures, systems and components] that is graded based upon the safety function and 
operational environment of the SSCs. Guidance on classification is discussed in NQA-1, Part III, Subpart 
3.2, Appendix 2.1.  The FSAR Section 5.2.3.4.2 is not consistent with this guidance. 
   
The staff requests that the applicant provide information pertaining to how cleanness classifications will 
be made and update the application accordingly. 
 
 
 
05.02.03-7 

The term “NSSS” is used several times in APR-1400 FSAR Section 5.2.3, where it appears to distinguish 
between RCPB and NSSS material.  This presents a difficulty for the staff in making a clear safety finding 
as it is not clear if the text is making a deliberate distinction between RCPB and NSSS and what that 
distinction may be.  The staff interprets the usage of NSSS as supporting other sections of the application 
which reference Section 5.2.3. 

The staff requests that the applicant provide a clear definition regarding the term “NSSS.”  Provide a 
definitive explanation of what are NSSS components and what are RCPB components such that the 
distinction between the two is clear.  Further clarify for each instance of the term NSSS used in Section 
5.2.3 whether the intent was for the text to refer only to NSSS components, RCPB components, or 
both.  Revise FSAR Section 5.2.3 as necessary to be consistent with the provided information. 
 
 
 
05.02.03-8 

APR-1400 FSAR Section 5.2.3.4.1.c, "Unstabilized austenitic stainless steel," contains a discussion of 
CF8M and CF8 cast stainless steels.  FSAR Section 5.2.3.4.5, "Toughness of Cast Austenitic Stainless 
Steels or Welds," also contains a discussion of static cast stainless steel CF8.  FSAR Table 5.2-2 only 
lists SA-351 CF8M for valves.  To make a clear safety finding the staff requires a clear description of how 
and where these materials are to be used.  The staff notes that cast stainless steel components such as 
these are susceptible to thermal and irradiation embrittlement.  

  
The staff requests that the applicant provide a list of all components to be fabricated of CF8M or CF8 cast 
stainless steel or confirm that only the components listed above (valves) are made of CF8M.  Clarify how 
the following was addressed: (a) the consideration of thermal (and/or irradiation if applicable) 
embrittlement in the design and material selection for RCPB components, (b) the need for inspections to 
detect these aging effects, and (c) whether the -ferrite content is to be calculated using Hull’s equivalent 
factors or a method producing an equivalent level of accuracy.   
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Revise FSAR Sections 5.2.3.4.1.c, 5.2.3.4.5, and Table 5.2-2 to be consistent both with the information 
provided and with each other. 
 
 
 
05.02.03-9 

APR-1400 FSAR Section 5.2.3.4.1.d, "Avoidance of sensitization," states, “This is accomplished by 
welding a NiCrFe overlay on the end of the nozzle.”  The staff interprets this statement to indicate that a 
NiCrFe buttering will be applied, not an overlay.  The term overlay is recognized by the staff as the 
addition of a layer of material to the surface of the component, the purpose of which is to improve 
desirable final surface properties.  As weld buttering is a structural component of the system, a material 
specification must be cited for the staff to make a safety finding.   

The staff requests that if the NiCrFe is to be used as a weld butter, revise FSAR Section 5.2.3.4.1.d to 
state that a buttering will be applied, not an overlay, and revise the FSAR to cite an ASME Code, Section 
II material specification for this buttering. 
 
 
 
05.02.03-10 

APR-1400 FSAR Section 5.2.3.4.1, "Avoidance of Stress Corrosion Cracking of Nuclear Steam Supply 
System Components," states: 

  
Fabrication of RCPB components is consistent with the recommendations of NRC RG 
1.44, as described below, except for the criterion used to demonstrate freedom from 
sensitization. ASTM A262 (Reference 29) Practice A or E is used to demonstrate 
freedom from sensitization in fabricated, unstabilized stainless steel. 

  
It is stated in RG 1.44, “Control of the Processing and Use of Stainless Steel,” that, “Nonsensitization of 
material should be verified using ASTM A262, Practices A or E.”  Therefore the exception being noted in 
the FSAR statement above is unclear.   
  
The staff requests that the applicant revise FSAR Section 5.2.3.4.1 to take no exception to RG 1.44 or 
revise FSAR Section 5.2.3.4.1 to clearly define what exception to RG 1.44 is being taken and provide a 
detailed justification for taking the exception. 
 
 
 
05.02.03-11 

APR-1400 FSAR Table 5.2-2 lists NiCrFe filler metal for P-1 to P-8, P-3 to P-8, P-8 to P-43, and P-43 to 
P-43 welds.  In order for the staff to make a clear safety finding regarding the acceptability of the filler 
material, a material specification must be provided.  The material specification designated must meet the 
requirements of ASME Code, Section III, NB-2000. 

  
The staff requests that the applicant revise FSAR Table 5.2-2 to provide a specification for the NiCrFe 
filler metal used in applications noted above. 
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05.02.03-12 

APR-1400 FSAR Section 5.2.3.4.1.c states: 

Duplex, austenitic stainless steels containing a certain quantity of delta ferrite (weld metal, cast 
metal, weld deposit overlay) are not considered unstabilized because these alloys do not 
sensitize, meaning they do not form a continuous network of chromium-iron carbides. Alloys in 
this category are: 

  
CF8M, CF8                               Cast stainless steel: delta ferrite 8 percent to 30 

percent, 8 percent to 20 percent for normal 
operating temperature above 260 °C (500 °F), 
14 percent maximum for static cast stainless 
steel of CF8M 

  
Type 308, 309, 312, 316         Singly and combined stainless steel weld filler 

metals: delta ferrite controlled to 8FN-15FN 
(8FN-16FN for Type 309 (L)) with no reading 
below 5FN as deposited 

  
In duplex, austenitic/ferritic alloys, chromium-iron carbides are precipitated 
preferentially at the ferrite/austenitic interfaces during exposure to temperatures 
ranging from 427 to 816 °C (800 to 1,500 °F). This precipitate morphology 
precludes intergranular penetrations associated with sensitized Type 300 series 
stainless steels exposed to oxygenated or fluoride environments. 
  

The staff believes that these statements are incorrect for the following reasons: 
  

a)    The cast materials that have been mentioned (CF3, CF3M, CF8, and CF8M) have 
chemical composition tolerances that do not meet the criteria for duplex stainless steels 
(i.e. an 8% ferrite casting should not be assumed to be immune from intragranular 
corrosion).  

b)    The statement “are not considered un-stabilized” is not correct. Stabilization of stainless 
steel is provided by alloying elements (such as niobium) which will preferentially react 
with carbon which will prevent the formation of chromium carbide. The cited materials do 
not contain sufficient stabilizing elements to preclude chromium carbide precipitation.  

c)    The welding materials described are not duplex. Additionally, the chemical composition of 
the weldment should not be assumed to be equal to filler material due to the dissolution 
of chemistry in the weld pool and metallurgical changes during solidification.  

  
As such, the assertion that the cast material and the weld metal are immune from SCC caused by 
sensitization is not supported.   
  
The staff requests that the applicant revise FSAR Section 5.2.3.4.1.c to address the comments 
above. 
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05.02.03-13 

APR-1400 FSAR Section 5.2.3.4.1.d states that: 

  
            Weld-heat-affected-zone sensitized austenitic stainless steels are avoided by 

carefully controlling: 
  

1)    Weld heat input to less than 23.6 kJ/cm (60 kJ/in) 
  

2)    Interpass temperature to 176.7 °C (350 °F) maximum 
  

3)   Carbon content to 0.065 percent maximum 
  
It is not clear to the staff what specifying a maximum carbon content of 0.065 percent does with regards 
to sensitization.  RG 1.44, “Control of the Processing and Use of Stainless Steel,” states that low carbon 
grade stainless steel (i.e. 304L and 316L) should be used where the material comes in contact with the 
reactor coolant.  Specifying 0.065 percent carbon maximum does not appear consistent with this.   
  
The staff requests that the applicant revise FSAR Section 5.2.3.4.1.d to delete item (3) from the list and to 
remove all non-L grade 304 and 316 grades from Table 5.2-2 or alternatively revise FSAR Section 
5.2.3.4.1.d to justify why requiring a maximum carbon content of 0.065 helps prevent sensitization and 
justify the use of non-L grade 304 and 316. 
 
 
 
05.02.03-14 

APR-1400 FSAR Table 5.2-2 lists SA-336 austenitic steel forgings such as Grades 304, 304LN, and 
347.  These Grades were moved to a SA-965 in the 2007 Edition of the ASME Code. 

  
The staff requests that the applicant revise FSAR Table 5.2-2 to note the new specification number. 
 




