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Document Control Desk
One White Flint North
11555 Rockville Pike
Rockvillc, MD 20852

Ms. J. Mazza
Office of'New Reactors
SUBJECT: Response to NRC Staff Questions on the U.S. Department of Energy Report, "Guidance
.for Developing PrincipalDesign Criteriafor Advanced Non-Light Water Reactors"
NRC Docket No. PRO0J0814
Dear Ms. Mazza:
By letter dated December 8. 2014, (Agency-wvide Documents Access and Management System
(ADAMS) Accession No. ML 14353A245), the U.S. Department of Energy submitted the report
titled, "'Guidance for Developing Principal Design Criteria for Advanced (Non-Light Water)
Reactors," (ML 14353A246 and ML14353A248). The U.S. Nuclear Regulatory Commission (NRC)
staff then reviewed the report and developed a series of questions pertaining to its content, which
were transmitted by NRC to DOE in a letter on June 5, 2015, (MLI151 54B575). By letter dated July
15, 2015 (MLI15204A579), DOE provided responses to the NRC's questions. Subsequent to DOE's
response to the NRC staff's questions, a second set of questions related to the report were received on
August 17, 2015. (ML15223B33 1). The purpose of this letter is to provide responses to the second set
of staff questions (see Enclosure).
Please contact me at craig.welling@nuclear.cnergy.gov or (301) 903-011l0 if you have questions or
require additional information associated with the enclosed responses.
Sincerely,

Deputy Director
Advanced Reactor Technologies
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Responses to NRC Staff Questions
NRC Staff Questions on the DOE Report:
Guidance for Developing Principal Design Criteria for Advanced (Non-Light Water) Reactors
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Idaho National Laboratory
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For Questions 1 - 40 see ADAMS ML15154B575
41. ARDC 17 and ARDC 18
As currently written, Title 10 Code of Federal Regulations (CFR) Part 50, Appendix A,
General Design Criterion (GDC) 17, establishes electrical system requirements for a designindependent support system that can be applied to any reactor design. Among other things,
GDC 17 requires that each plant have access to an offsite power electric system and an
onsite electric power system. To inform its position with respect to non-light water reactors,
the NRC staff would benefit from DOE's answers, comments and insights on the following
questions:
a. Current GDC 17 establishes a set of power sources that a nuclear plant would utilize to
meet its needs. If offsite power is considered fundamental to defense-in-depth, offsite
power is a necessary element of electrical power systems requirements. Given that
proposed Advanced Reactor Design Criterion (ARDC) 17 deletes offsite power from
GDC 17, please explain why the DOE does not believe offsite power is a necessity for
defense-in-depth for non-light water reactor designs.
b. If a new nuclear power plant design has connections to the offsite power system (grid),
the design could be vulnerable to any disturbances or transients within the grid. For
example, the onsite power system could be vulnerable to degraded grid voltage and
loss-of-phase events. GDC 17 clarifies the NRC's requirements for specific protective
measures to address these and other vulnerabilities and gives the NRC staff a firm
regulatory basis to be able to enforce such requirements. GDC 18 outlines the
inspection and testing requirements of electric power systems. How would the proposed
ARDC 17 and 18 as currently worded provide the same level of protection and basis for
enforcement of electrical systems?
DOE Response:
The wording of ARDC 17 was selected in recognition of the means many non-LWR designs
utilize to accomplish their safety functions while maintaining defense-in-depth (DID). Many of
the non-LWR designs include, as part of DID, passive means to accomplish their safety
functions, including (as required by GDC 17) ensuring that SAFDLs and RCPB design
conditions are not exceeded for AQOs and that the core is cooled and other vital functions
maintained in the event of postulated accidents. This is a different concept than employed

on currently operating NPPs. In effect, for currently operating NPPs, DID is accomplished by
requiring two sources of electric power (off-site and on-site) whereas, for non-LWRs, the
ARDC allows DID to be accomplished with on-site power only, recognizing that the passive
safety features of the design also contribute to DID without requiring electric power. If a nonLWR design does not have passive safety features, then DID would likely require off-site
power, as well as on-site power, consistent with the current GDC 17 requirements. In fact,
removing the requirement to rely on off-site power can be a safety enhancement, given the
susceptibility of off-site power to events external to the NPP site. It should also be noted that
ARDC 17 maintains the requirement that the on-site power supplies accomplish their safety
function assuming a single failure (same as GDC 17).
Regarding ARDC 18, the inspection, testing and basis for enforcement for the safety related
power systems would be the same as the current GDC 18. Only the scope of the electric
power systems considered safety related would be different based on their safety function.
Overall, it is not the intent of ARDC 18 to change NRC's regulatory function for any electric
power systems considered safety related.
42. HTGR-DC 33
In modular HTGR-DC 33, the following statement is made in the rationale, "...specified core
radionuclide release design limits (SARRDLs) are not assured by the system addressed by
this ARDC; adequate core cooling is maintained even with a depressurized primary circuit."
Does this mean the SARRDLs are met with a depressurized circuit and hence no inventory
control is necessary? Note in the first paragraph of the modular HTGR-DC 33 rationale
discusses postulated accidents and not SARRDLs so it is unclear if inventory maintenance
is needed for meeting the SARRDLs.
DOE Response:
SARRDLs are not to be exceeded during normal operations and anticipated operational
occurrences (AOOs). The reactor helium pressure boundary can be depressurized during
both normal operations (e.g., during refueling) and during some AOOs (e.g., a small reactor
helium pressure boundary leak).
The SARRDLs are met with a depressurized circuit for both normal operations and AOOs
without reliance on helium inventory control. In contrast to the need to ensure coolant
inventory control to protect the fuel in LWRs and most other reactor types, no helium
inventory control is needed to protect the fuel and to ensure that the modular HTGR
SARRDLs are met. Therefore, GDC 33 and ARDC 33 are not applicable to the modular
HTGR.
A good example of how SARRDLs are met for an AQO with a depressurized circuit without
taking credit for helium inventory control is provided in Section 11.6.5 of the Preliminary
Safety Information Document for the Standard MHTGR, HTGR-86-024, which was reviewed
by the NRC Staff in the late 1980s. Section 11.6.5 describes the response of the plant to a
small (up to 1 sq. in.) leak of the reactor helium pressure boundary. An identifiable leak in
this range would be a typical instrumentation line penetration of 0.3 sq. in. For a 1 sq. in.
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leak, the helium pressure is reduced to atmospheric pressure in about one to two hours.
Reactor core temperatures do not increase and are reduced to below normal operating
values. Therefore, no incremental release of radionuclides from the reactor core occurs
during the AOO, and the SARRDLs are not exceeded.
No helium makeup is assumed to occur during this AOO. Section 11.6.5 notes that helium
pump down through the helium purification system is available to the operator during the
depressurization. This would reduce radionuclide release at the leak location by lowering the
pressure differential between helium inside the reactor helium pressure boundary and the
atmosphere in the reactor building. However, the analysis did not take credit for this dose
mitigating capability.
With regard to the modular HTGR-DC 33 rationale, the rationale would be clearer if the first
sentence of the first paragraph was replaced with the following revision:
Although modular HTGRs have helium makeup and cleanup systems, they are not relied
upon to ensure that specified acceptable core radionuclide release limits are not
exceeded during normal operations and anticipated operation occurrences, including
small leaks of the reactor helium pressure boundary.
With this revision of the first paragraph, the first sentence of the second paragraph of the
rationale could be deleted.
43. HTGR-DC 34
In modular HTGR-DC 34, the third paragraph of the rationale does not seem to correspond
to any specific changes in the DC language. Please indicate which changes to the DC are
made based on the third paragraph and provide additional discussion as to why the "design
conditions of the reactor coolant pressure boundary" was deleted from the first paragraph of
the DC.
DOE Response:
Paragraph 3 of the rationale was intended to address the deletion referred to in the
question.
Upon further review, the DOE Team recommends that the crossed out words referring to the
design conditions of the pressure boundary be restored to modular HTGR-DC 34 to ensure
comprehensive application of the criterion to various modular HTGR designs.
In addition, the DOE Team believes that there could be improved clarity in all three of the
residual heat removal criteria (i.e., ARDC 34, SFR-DC 34, and modular HTGR-DC 34)
regarding their application during normal operations and anticipated operational occurrences
vs. their application during postulated accidents.
To address these points, the DOE Team recommends the following changes to ARDC 34,
SFR-DC 34, and modular HTGR-DC 34. The suggested changes are presented in the same
format as those provided in the previously submitted DOE report.
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ARDC 34
The DOE team recommends that the first paragraph of ARDC 34 be broken up and revised
as follows, using the format of Section 9.1 of the DOE report:
A system to remove residual heat shall be provided. For normal operations and
anticipated operational occurrences, the Th system safety function shall be to transfer
fission product decay heat and other residual heat from the reactor core to an ultimate
heat sink at a rate such that specified acceptable fuel design limits and the design
conditions of the reactor [coolant pressure] boundary are not exceeded.
During postulated accidents, the system safety function shall be to provide continuous
effective core cooling.
With regard to the rationale for ARDC 34, the DOE Team recommends that the following be
inserted as a new fifth paragraph of the rationale:
The text of the first paragraph of the criterion was broken into two paragraphs to clarify
the system safety function during normal operations and anticipated operational
occurrences vs. its safety function during postulated accidents.
The last paragraph of the rationale should then begin with the words:
"The third paragraph ...
Given the changes to ARDC 34 and following the format of the DOE report, SFR-DC 34 and
modular HTGR-DC 34 would be affected as follows:
SFR-DC 34
Based on the changes to ARDC 34 described above, SFR-DC 34 would be written as
follows, using the format of Section 9.2 of the DOE report:
A system to remove residual heat shall be provided. For normal operations and
anticipated operational occurrences, the system safety function shall be to transfer
fission product decay heat and other residual heat from the reactor core to an ultimate
heat sink at a rate such that specified acceptable fuel design limits and the design
conditions of the reactor [primary coolant prssr] boundary are not exceeded.
During postulated accidents, the system safety function shall be to provide continuous
effective core cooling.
Suitable redundancy in components and features, and suitable interconnections, leak
detection, and isolation capabilities shall be provided to assure that the system safety
function can be accomplished, assuming a single failure.
Given the changes to ARDC 34, no change to the rationale for SFR-DC 34 is needed to
accommodate this revision.
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HTGR-DC 34
Based on the changes to ARDC 34 described above, and addressing the restoration of the
text referring to the design conditions of the pressure boundary, modular HTGR-DC 34
would be written as follows, using the format of Section 9.3 of the DOE report:
A passive system to remove residual heat shall be provided. For normal operations and
anticipated operational occurrences, the system safety function shall be to transfer
fission product decay heat and other residual heat from the reactor core to an ultimate
heat sink at a rate such that specified acceptable fuiel core radionuclide release design
limits and the design conditions of the reactor [GoecaInt helium pressure] boundary are
not exceeded.
During postulated accidents, the system safety function shall be to provide continuous
effective 6ee-e cooling.
Suitable redundancy in components and features, and suitable interconnections, leak
detection, and isolation capabilities shall be provided to assure that the system safety
function can be accomplished, as...uming' " sigle f.iur.
With regard to the rationale for modular HTGR-DC 34, the DOE Team recommends that the
third paragraph of the rationale be replaced with the following:
The modular HTGR RCCS protects the integrity of the reactor vessel when needed
under postulated accident conditions, thereby helping to ensure that the geometry
required for passive heat removal is maintained. Therefore, "core cooling" was replaced
with "cooling" to reflect the broader range of necessary cooling provided by the system
during postulated accidents.
Given the changes to ARDC 34, no other changes to the rationale for modular HTGR-DC 34
are needed.

Supplemental Information Regarding SFR-DC 34
Separate from the specific response provided above, the DOE team proposes additional
updates to SFR-DC 34 that go beyond the above response. Based on the changes to ARDC 34
described above, combined with the changes recommended in the July responses
(ML15204A579) to Questions 7a and 7b, the DOE team believes that SFR-DC 34 would be
written in its entirety as follows, using the format of Section 9.2 of the DOE report:
A system to remove residual heat shall be provided. For normal operations and anticipated
operational occurrences, the system safety function shall be to transfer fission product
decay heat and other residual heat from the reactor core to an ultimate heat sink at a rate
such that specified acceptable fuel design limits and the design conditions of the reactor
[primary coolant preeeure] boundary are not exceeded.
During postulated accidents, the system safety function shall be to •eAd prevent fuel and
clad damage that could interfere with continuous effective core cooling.
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Suitable redundancy in components and features, and suitable interconnections, leak
detection, and isolation capabilities shall be provided to assure that the system safety
function can be accomplished, assuming a single failure.
Any fluid in the residual heat removal system that is separated from the reactor [primary
coolant] by a single passive barrier shall not be chemically reactive with the reactor coolant.
The working fluid of the residual heat removal system shall be kept at a higher pressure
than the reactor [primary coolant] system, if there is a single passive barrier, so that
leakage would be into the reactor [primary coolant] system.
No modifications to the rationale for SFR-DC 34 are needed to accommodate the suggested
revisions in the first two paragraphs, since they are addressed in the rationale for ARDC 34. The
additional suggested revision in the second paragraph is intended to implement the DOE team
response to NRC question 7a; no change in the rationale is needed. The new fourth paragraph
is intended to implement the DOE team response to NRC question 7b. For this new fourth
paragraph, the DOE team recommends adding the following sentence to the SFR-DC rationale:
The discussion of GDC 34 in NUREG-1 368 (page 3-41) noted the addition of requirements
that the working fluid of the residual heat removal system coolant shall not be chemically
reactive with the primary coolant and that the working fluid shall be kept at a higher pressure
than the reactor coolant system.
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