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QUESTIONS for Advanced Reactor Branch 1 (ARB1) 
 
NGNP HTM-1 

HTM-1.  In Section 3.2.1.2, it is stated that “However, given the present extensive 
database and the large material thicknesses involved, oxidation effects are not expected 
to be significant, making the need for new data unlikely.”  What information is currently 
available on the “internal oxidation”, and oxidation of grain boundaries, in addition to 
surface oxidation for these materials?  How are the important performance-related 
properties affected by potential long-term internal oxidation? 

 
 
NGNP HTM-2 

HTM-2.  Regarding the Section 3.2.1.3 discussion of experience with SA-508/533, what 
information is available on the potential carburization due to the presence of potential 
carbon/graphite dust in the HTGR? 

 
 
NGNP HTM-3 

HTM-3.  In Section 3.2.2.2, it is stated that “Material selection and qualification for the 
hot duct liner is based mainly on high temperature strength, corrosion resistance, and 
time dependent stress effects such as creep and stress rupture.”  What technical 
considerations would be required with regard to erosion and erosion/corrosion effects 
due to potential carbonaceous dust and insulation debris flowing along with the helium 
coolant?  What flow-induced vibration effects should be considered for the hot duct 
liner?  Why is not the cross “vessel” not a duct?  Will this cross “vessel” also contain hot 
duct liner? 

 
 
NGNP HTM-4 

HTM-4.  Section 3.2.2: For the use of Alloy 800H as core support component, what 
technical issues need to be addressed or known to have been resolved with respect to 
the effects of oxidation and erosion, and erosion/corrosion reducing the potential load 
bearing capacity in shear? 

 
 
NGNP HTM-5 



2 
 

HTM-5.  In Section 3.2.2.2 it is stated that “Studies sponsored by ASME Standards and 
Technology, LLC have determined that there is currently sufficient information available 
to extend Code qualification to 850°C for a maximum use temperature for 500,000 hours 
design life for lower temperatures.”  What information is available for Alloy 800H 
containing potential cracks, especially when used as hot-gas-duct liner?  Are there crack 
growth rate data available under the conditions of expected design loads and service 
environments to provide assurance that potential crack growth would be within the 
tolerance limits, if any?   

 
 
NGNP HTM-6 

HTM-6.  In Section 3.2.2.2, a discussion has been provided on the bimetallic weld 
between the Alloy 800H tubing and ferritic steel tubing.  It is mentioned that “However, 
special consideration will need to be given to corrosion questions, especially where 
alternating wet-dry conditions might exist.”  It is not clear what this special consideration 
is.  From the LWR operating experience, the staff might potentially expect data on 
potential stress corrosion cracking (SCC) as well as material loss due to corrosion, and 
the effects of wet-dry cycling on SCC. 

 
 
NGNP HTM-7 

HTM-7.  In the Section 3.2.2.2 discussion of the hot duct liner, it is stated that “the hot 
duct liner will be under minimal stress so that the high temperature strength and time 
dependent stress effects that drive the 760°C (1400°F) limit may not directly apply. 
Further, as already noted earlier, data already available would support operation at even 
higher temperatures. During a pressurized conduction cool down event, the hot duct 
liner may exceed the current code temperature and, if so, would require further 
evaluation at these high temperatures for qualification.”  The staff notes that because of 
thermal transients, the potential for thermal cracking of the hot duct liner cannot be ruled 
out, especially in regions where changes in cross section geometry occur.  What is the 
effect of the presence of pre-existing or operation-induced cracks on these available 
data?   

 
 
NGNP HTM-8 

HTM-8.  In Section 3.2.2.2, it is stated that “At temperatures below 900°C (1652°F), 
extended operation studies in impure helium gas have shown that Alloy 800H develops 
chromia scales along with significant internal oxidation of aluminum and subsurface 
depletion of Cr.  However, it must be noted that the corrosion behavior is quite sensitive 
to levels and ratios of active impurity species and this must be considered in the 
evaluation process.”   
  
The formation of corrosion-induced scale (oxidation product of the corrosion reaction) 
could be a potential regulatory concern.  The adhesion characteristics of the heavy metal 
oxide scale could potentially dictate the potential for peeling of such scales over time 
due to a variety of reasons including the effect of the flowing coolant.  Such peeling 
could result in the coolant gas acting as the carrier of the activated heavy metal 
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radionuclide in the stream.  What information is currently known or planned to be 
investigated in this regard? 

 
 
NGNP HTM-9 

HTM-9.  In Section 3.2.2.2, a statement is made that “Measurements of emissivity will be 
required after oxidation in air and helium to determine the most appropriate values.”  
Similar statements could be found throughout the white paper for other properties and 
situations.  As currently written, the white paper does not provide a roadmap to access 
these needed information. 
  
Provide to the staff the status of addressing these information needs, including 
description of the programs and organizations that are addressing these needs.  Also, 
discuss how the results are expected to inform the design, or confirm the existing design 
concepts.   

 
 
NGNP HTM-10 

HTM-10.  The discussion in Section 3.2.2.3 describes operating experience with Alloy 
800H during operation of various HTGRs around the world.  However, it is not clear to 
the staff that the history described is at full designed power output of the facilities.  
Provide additional information regarding the operational histories and how that 
experience is expected to be applicable to NGNP.  What limitations are involved in 
extrapolating this operating experience to NGNP? 

 
 
NGNP HTM-11 

HTM-11.  Section 3.2.2.3 states that “Extensive studies evaluating the effects of 
operating temperature on the performance of Alloy 800H have been performed.”  
However, it is not clear if these studies were performed at the NGNP expected loads and 
atmosphere.  Describe how these data will be extrapolated for the HTGR conditions, 
especially over long periods of reactor operation. 

 
 
NGNP HTM-12 

HTM-12.  Section 3.2.2.4 states that, for Alloy 800 H “..,the [ASME] code does not 
address other key requirements of the design of these components, such as the 
emissivity, corrosion resistance, thermal aging, and irradiation effects.”  What efforts are 
currently underway in the ASME Code development for this apparent deficiency?   How 
does the NGNP project plan to address this deficiency? 

 
 
NGNP HTM-13 

HTM-13. In Section 3.2.3.2, it is stated that “An alternative under consideration is using a 
high temperature composite for the control rods.” However, no information was provided 
in the white paper on this topic. Provide additional discussion of the materials being 
considered so that the staff can compare and evaluate the options.  
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NGNP HTM-14 

HTM-14.  In Section 3.2.3.1, it is stated that “However, all of the components being 
considered are composed of relatively thick sections, so that the overall effects of 
corrosion are likely to be minimal.”  Given the absence of data on internal oxidation and 
its effect on significant properties, the selection of “relatively thick sections” may or may 
not be effective in mitigating progressive degradation due to potential (stress 
corrosion/fatigue) cracking.  Provide additional justification for the claimed expected 
effect of corrosion. 

 
 
NGNP HTM-15 

HTM-15.  In Section 3.2.3.3 states that “Testing of rupture time variation with applied 
stress showed that Alloy X would not rupture at 7 MPa (1000 psi) and 871°C (1600°F) 
during the 60-year life of the plant. Test data also indicated that the creep rate at 871°C 
(1600°F) would be insignificant. These studies may later form part of the foundation for 
ASME allowing use of Alloy X at up to 871°C (1600°F) during normal operation.”  
Considering the possibility of micro and macro cracks after some duration of reactor 
operation, what creep and rupture data exist to confirm the applicability of such data in 
the presence of cracks? 

 
 
NGNP HTM-16 

HTM-16.  Section 3.2.3.4 states that “The ASME Code does not currently address key 
requirements of the design of Alloy X/XR components such as corrosion resistance, 
thermal aging effects, irradiation effects, high temperature strength, and time dependent 
stress effects such as creep and stress rupture, so the qualification of these materials 
will require further evaluation.”  Does NGNP research address these evaluations?  If so, 
what is the status of these evaluations? 

 
 
NGNP HTM-17 

HTM-17.  Section 3.2.4.2 does not list fatigue as one of the important considerations for 
modified 9Cr-1Mo alloy as a material for core support structure.  However, limited 
information is provided in Section 3.2.4.3 on this issue.  Provide additional information 
regarding the potential limitations involved in extrapolation of these limited data to 60-
year behavior.   

 
 
NGNP HTM-18 

HTM-18.  In section 3.2.5, and other places throughout the white paper, a 60-year 
design has been proposed for several components.  Reference is also made for data 
availability for definite time periods, such as, for example, 300,000 hr.  How many hours 
do you anticipate that the 60 year life represents? 
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NGNP HTM-19 

HTM-19.  There are apparently contradictory statements in Section 3.2.4.2.  While 
comparing 300,000 hour data availability, a statement is made that “Whether this 
[behavior] remains true for the HTGR 60-year design life will be evaluated during 
qualification.”  However, while considering thermal aging, data are available for only 
75,000 hours, while a statement is made “Yield strength, ultimate tensile strength, and 
ductility are not significantly affected.  Therefore, thermal aging of this material is not 
expected to be an issue.”  The staff needs some clarification on this apparent 
discrepancy in concepts. 

 
 
NGNP HTM-20 

HTM-20.  Section 3.2.4.2 states that “No particular corrosion concerns are expected for 
Modified 9Cr-1Mo at the service temperatures of the HTGR.”  Provide justification for 
this statement, including possible effects of internal oxidation, and describing any 
research to evaluate this aspect for 9Cr-1Mo alloy.  

 
 
NGNP HTM-21 

HTM-21.  As mentioned in Section 3.2.4.3, the use of 9Cr-1Mo alloy in the fossil fuel 
industry has had qualified success due to the lack and/or implementation of quality 
assurance in the production of the components made from this material.  It is stated that 
“Special care must be taken during processing, fabrication, and installation to create and 
maintain the proper microstructure to obtain the desired material properties. It is not 
currently possible to insure that the steel is properly heat treated through-thickness by 
means of nondestructive examination. The necessity for pre-weld and post-weld heat 
treatment makes onsite fabrication of components from this steel problematic.”  Provide 
a discussion of how these issues will be addressed in the intended nuclear application.   

 
 
NGNP HTM-22 

HTM-22.  At the end of Section 3.2.4.3 it is stated that “Fracture toughness is good and 
relatively constant with a KJQ value of ~275 MPa[m]1/2 from room temperature through 
200 °C (392 °F); irradiation to 3 dpa reduces KJQ to ~100 MPa[m]1/2, but this is still a 
substantial value.”  This statement is potentially arguable since the expected operating 
temperatures are potentially much higher.  In addition, “substantial” is a relative and 
subjective term, so the staff is unable to ascertain what the minimum value should be 
required for a given level of confidence in component performance.  Therefore, provide 
additional discussion addressing these issues. 

 
 
NGNP HTM-23 

HTM-23.  In section 3.2.5.2, fatigue is not listed as one of the important considerations 
for 2.25Cr-1Mo alloy as a material for cold-end steam generator tubing.  Provide 
justification for not including fatigue in these considerations.  
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NGNP HTM-24 

HTM-24.  In the Section 3.2.5.2 discussion of the use of 2.25Cr-1Mo alloy for cold-end 
steam generator tubing, it is stated that “Thermal conductivity is integral to assessing the 
ability of tubing to transfer heat efficiently from the primary helium gas to the secondary 
side water. Measurements will be required after oxidation in air and helium to determine 
whether degradation of heat transfer properties will need to be taken into account.”  
However, it was also stated in Section 3.2.5.1 that such tubing “will be exposed to 
helium and water during normal operation”.  Provide a rationale as to why such tests are 
not required after oxidation in water environment. 

 
 
NGNP HTM-25 

HTM-25.  In Section 3.2.5.2, regarding the formation of protective layer for continued 
corrosion possibility, it is stated that “In the HTGR cold-end steam generator tubing, the 
water temperature will be about 400°C (752°F), which should cause the formation of a 
protective layer of Fe3O4.”  Provide information on the adhesion capacity and lift-off 
characteristics of this protective (apparently in-situ formed) coating for the NGNP 
operating environment. 

 
 
NGNP HTM-26 

HTM-26.  In Section 3.2.5.3, and in other places in the white paper, it is stated that “The 
Japanese HTTR has operated for over 10 years.”  However, this statement is vague, 
and does not adequately characterize the HTTR operating experience for evaluation of 
material performance.  Provide additional information regarding the HTTR operating 
history, including actual years of full design power reactor operation, the cumulative 
fluence (dose), and the process parameters (i.e., temperatures, pressures, chemical 
environment) experienced by the various materials and components referenced in the 
white paper to provide some meaningful comparison. 

 
 
NGNP HTM-27 

HTM-27.  In Section 3.2.6.2, fatigue is not listed as one of the important considerations 
for 316H stainless steel as a material for core barrel assembly.  Provide justification for 
not including fatigue in these considerations.  

 
 
NGNP HTM-28 

HTM-28.  A potential issue for materials used for hot duct liner is the possible chemical 
reaction with the material it is adjacent to it.  For example, if the hot duct design involves 
tube-in-tube configuration with the inner tube consisting of the so-called “hot duct liner” 
and the outer tube of material not experiencing very high temperature with ceramic 
insulation in-between, then potentially two issues could be envisioned.  First, in areas 
where the ceramic insulation is not in contact with the inner liner, those areas would not 
dissipate heat via conduction as readily as those areas where contact with the ceramic 
insulation exists, which could lead to the formation of hot spots in the inner liner.  Over 
time, creep could occur due to material softening.  Second, in areas where contact with 
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ceramic insulation occurs, the constituents of the ceramic insulation could 
thermodynamically react with the liner material resulting in corrosion, pitting, cracking, 
and eventually stress corrosion cracking.  If a crack breaks through the liner, the ceramic 
insulation could be loosened due to high coolant flow and ceramic insulation could be 
carried as debris with the coolant, which could also lead to erosion, erosion corrosion of 
the liner and other contacting components.  Provide information on how these potential 
issues are addressed in NGNP research and design.   

 
 
NGNP HTM-29 

HTM-29.  In Section 3.2.2.4 and other locations, reference is made to German Standard 
KTA 3221.  For example, Section 3.2.24 states that “German Standard KTA 3221 allows 
use of Alloy 800H up to 1000°C (1832°F).”  However, the rationale for this allowance 
does not appear to have been provided in the text in the white paper.  Section 3.2.2.4 
states that “An ASME and DOE joint effort is currently underway to obtain the basis of 
the KTA 3221 draft standard, including information on the quality assurance program 
under which the data were collected.”  Provide additional information which to describe 
the basis for the KTA 3221 standard and justify its applicability to NGNP.   

 
 
NGNP HTM-30 

HTM-30.  Section 4.1.4 states that “In order for a metallic material and, more generally, 
any structural material to be considered for use in the HTGR, it must be qualified for the 
appropriate service conditions and environment.  In this usage, qualification implies that 
the material has been evaluated, based on a set of experimental data sufficient to 
reliably describe its behavior, and found to be able to meet the requirements placed 
upon it by the design for conditions of operation.”  Please state how the Code Cases 
mentioned in Section 4.1.3, (Code Case N-201-5 and Section III, Subsection NH) will 
assist in qualifying these metallic structural materials (as indicated in Section 5.1). 
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