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Consistent with the actions identified in "NGNP Licensing Strategy - Report to Congress," dated
August 2008, the purpose of this letter is to submit responses to the subject U.S. Nuclear Regulatory
Commission (NRC) Request for Additional Information regarding the subject Next Generation Nuclear Plant
(NGNP) Project white paper. The enclosure contains the NGNP Project's responses for those Requests for
Additional Information (RAIs) received in NRC RAI Letter Number 005 (Request for Additional
Information No's. 5903, 5904, and 5911), August 3,2011.
The NRC licensing process encourages early interactions to identify and resolve policy, regulatory, and key
technical issues related to the proposed facility. Conducting effective interactions with the NRC is a critical
part of the NGNP licensing strategy because the early resolution of issues can significantly impact the
preparation of an acceptable license application, the subsequent application review schedule, and the
ultimate deployment of the NGNP. This NGNP Project response to the NRC's RAIs represents one in a
series of submittals that address priority licensing topics related to establishing High Temperature GasCooled Reactor (HTGR) regulatory requirements using the process outlined in the Licensing Strategy.
Following NRC Staff review of these RAI responses, and pending resolution of associated follow-on
questions, the NGNP Project requests that the NRC provide feedback and documentation of its review in a
format that will facilitate resolution of key design, safety, and licensing issues on the topic of the riskinformed, performance-based licensing approach that can be used as a firm basis for the preparation of future
HTGR license application(s).
If you have any questions, please contact me at (208) 526-6063 or James Kinsey, Director, NGNP
Regulatory Affairs at (208) 569-675 1.
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MH:CN

RO. Box 1625

•

2525 NoiIli Fremont Ave.

*

Idaho Falls, Idaho 83115

Baltelle Energy Alliance, LLC

*

208-526-01 11

•

www.inl.gov

Document Control Desk
October 14, 2011
CCN 225601
Page 2

Enclosure:
1.
2.
3.

NGNP Response to NRC RAI No's. 5903 Revision 0 (LBE).
NGNP Response to NRC RAI No's. 5904 Revision 0 (DID).
NGNP Response to NRC RAI No's. 5911 Revision 0 (SSC).

References:
(a)
(b)
(c)
(d)

cc:

"Next Generation Nuclear Plant Licensing Basis Event Selection," September 16,
2010, CCN 222013
"Next Generation Nuclear Plant Structures, Systems, and Components Safety
Classification," September 21, 2010, CCN 221997
"Next Generation Nuclear Plant Defense-in-depth Approach," December 9, 2009,
CCN 219274
NRC RAI Letter Number 005 (Request for Additional Information No's. 5903,
5904, and 5911), dated August 3, 2011

DOE-HO
T. J. O'Connor
C. J. Sink
J. Zamore
DOE-ID
M. L. Adams, (w/o Enc.)
R. L. Blyth
P. K. Bowers, (w/o Enc.)
C. P. Fineman
R. V. Furstenau
G. R. McClellan
S. M. Olson, (w/o Enc.)

INL
J. Alvarez, (w/o Eno.)
J. J. Grossenbacher, (w/o Eric.)
D. J. Hill, (w/o Enc.)
D. M. Storms, (w/o Enc.)
J. M. Welch, (w/o Enc.)
NRC
S. Basu
M. E. Mayfield
T. A. Kevern
J. F. Williams

Enclosure 1
October 14, 2011
CCN 225601
Page 1 of 24
Next Generation Nuclear Plant White Paper
"Licensing Basis Events"
Responses to NRC Requests for Additional Information 5903
AC

alternating current

ANS

American Nuclear Society

AOO

anticipated operational occurrence

ASME

American Society of Mechanical Engineers

ATWS

anticipated transient without scram

AVR

Arbeitsgemeinschaft Versuchsreaktor

BDBE

beyond design-basis events

CDF

core damage frequency

CFR

Code of Federal Regulations

COL

combined license

DBA

design basis accidents

DC

direct current

DID

defense-in-depth

EAB

exclusion area boundary

EPA

Environmental Protection Act

F-C

frequency-consequence

FQ

fuel qualification

HPB

helium pressure boundary

HRA

Human Reliability Analysis

HTGR

high-temperature gas-cooled reactor

HTS

helium transport system

INL

Idaho National Laboratory

LBE

licensing basis event

LWR

light water reactor

MST

mechanistic source terms

NGNP

Next Generation Nuclear Plant

NRC

Nuclear Regulatory Commission

NSRST non-safety related with special treatment
PAG

Protective Action Guide
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PRA

probabilistic risk assessment

QA

quality assurance

QHOs

quantitative health objectives

RAI

request for additional information

SR

safety related

SSC

structures, systems, and components

TLRC

top-level regulatory criteria
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NGNP Licensing Basis Events White Paper
RAIs and Responses
LBE-1
LBE-1. Section 2.1.3: The white paper states that "...accidents involving core damage in
HTGRs are BDBE (based on the HTGR particle fuel's resistance to melting under high
temperature conditions)..." While this statement may be an expected outcome, it has not yet
been demonstrated by a thorough evaluation of reactor response to events, including
conservatively modeled fuel performance. Such an evaluation would be an outcome of the LBE
selection effort and evaluation of a completed design.
Provide a discussion of how the LBE process will ensure that such unconfirmed assumptions do
not inappropriately influence decisions made as the process is implemented.
Response RAI LBE-1:
The statement from Section 2.1.3 is based on previous safety analyses for modular hightemperature gas-cooled reactors (HTGRs). Therefore, the RAI is correct in noting that this is an
expected outcome for future modular HTGRs. The use of the term "core damage" in Section
2.1.3 of the LBE Selection White Paper was intended to refer to core damage as the term has
been defined for light water reactors (LWRs). As discussed in the response to RAI Mechanical
Source Terms (MST)-86, because of the different characteristics and material properties of the
modular HTGR core, "core damage" as it has been defined for LWRs, and the potential for large
early release of radionuclides, are not meaningful terms for the modular HTGR. This position is
consistent with Section 3.2 of SECY-10-0034, where it is noted that core damage frequency and
large early release frequency are risk metrics that are not applicable to non-LWR small modular
reactors [1]. In view of these considerations, the paragraph that includes the statement will be
revised to read:
In its June 26, 1990, SRM on SECY-90-16, the Commission endorsed a core damage
frequency (CDF) goal of 10-4 per year for advanced reactors. Since accidents involving
core damage in LWRs are regarded as beyond design-basis events, this implies that the
boundary of the design basis region should be set at >10-4 per plant year.
Predicted fuel performance for HTGRs is based on data from historical testing/operations and
current test programs. As discussed in RAls associated with the Fuel Qualification and
Mechanistic Source Term White Papers (i.e., RAI FQ-31/MST-36), Reference [2] documents
past operational experience and testing associated with TRISO fuel. In addition, the AGR Test
Program will provide further data on TRISO fuel performance under normal and accident
conditions.
The license application will include robust deterministic and probabilistic safety analyses that will
identify the specific end states that are appropriate for the of Next Generation Nuclear Plant
(NGNP) plant safety. These end states will be identified by an evaluation of a comprehensive
set of plant conditions, initiating events, and event sequences that challenge the capability of
the integrated set of barriers to radionuclide release (fuel particle kernel, fuel particle coatings,
fuel element graphite, helium pressure boundary [HPB], and the reactor building). The NGNP
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end states will include those with degraded fuel performance and degradation of the other
barriers to radionuclide release.
The adequacy of the fuel (or other structures, systems, and components [SSCs]) to perform its
identified required safety function will be required to be demonstrated as part of the Design
.Basis Accident analysis as well as PRA analyses supporting the emergency planning Protective
Action Guides (PAGs) and the Safety Goal quantitative health objectives (QHOs). Therefore,
fuel end states and resulting plant safety performance will not be based on assumptions, but
rather will be based on a rigorous deterministic and probabilistic safety analyses.
References:
1. SECY-10-0034, "Potential Policy, Licensing, and Key Technical Issues for Small
Modular Nuclear Reactor Designs," U.S. Nuclear Regulatory Commission, March 28,
2010
2. TECDOC-978, "Fuel Performance and Fission Product Behavior in Gas Cooled
Reactors," International Atomic Energy Agency, November 1997.
LBE-2
LBE-2. Deleted
LBE-3
LBE-3. Section 3.1: The paper states that a deterministic approach is used to identify an initial
set of events for LBE selection. Provide details regarding how this approach will be performed.
Response RAI LBE-3:
The development of HTGR technology, particularly the design shift from large HTGRs (e.g.,
FSV and THTR) to the modular HTGR permitted an assessment of events and approaches for
establishing the set of design basis accidents. A number of factors led to this design
configuration change, including lessons learned from the TMI accident, the successful fuel
performance of the early prototype and demonstration reactors, the passive heat removal
design of Arbeitgemeinschaft Veruchsreaktor (AVR), and the initial PRA on the large HTGRs.
Judgment was made that the design basis accidents would include pressurized and
depressurized loss of forced cooling events (conduction cooldowns) and that these events
should be demonstrated to meet regulatory requirements without reliance on active systems or
operator actions. Subsequent deterministic and probabilistic engineering and safety analyses
from the mid-1980s to the present have confirmed that these initial deterministically selected
events are key LBEs.
The PRA will include a full range of external and internal hazards, both within and beyond the
originally assumed design basis and will include the integrated risk of the multi-module station
including sequences with releases from one or more reactor modules. For the selection of the
LBEs in the next phase of the NGNP design, the deterministic approach will incorporate lessons
learned in HTGR design and operations and on consideration of additional event challenges
that have been posited during previous HTGR licensing efforts. These will include but not be
limited to:
*

Range of leak and break locations in the HPB and release pathways including those
initiated by water ingress.
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"

External hazards from co-located and nearby process industries.

*

Seismic and other external hazard events within and beyond the design basis, including
seismic induced fires, floods, and tsunamis, as applicable to the NGNP combined
license (COL) Application.

•

Extended loss of onsite and offsite alternating current (AC) and direct current (DC)
power.

" Range of airplane impacts.
" Events impacting used fuel storage.
The systematic elements of the PRA will then be used to develop the risk-significant event
sequences. Peer review per the American Nuclear Society (ANS)/American Society of
Mechanical Engineers (ASME) standard(s) will then be employed to confirm the adequacy of
the process and to explore potential omissions.
LBE-4
LBE-4. Section 3.1: The paper briefly describes how PRA will be used as part of the LBE
selection process, but does not address what guidelines for PRA quality will be applied. For
example, "ASME-RA-XXX, Draft for Internal Review "Standard for Probabilistic Risk
Assessment for Advanced Non-LWR Nuclear Power Plant Applications" is not cited in the white
paper.
Compare the NGNP plant PRA development process with the process described in ASME-RAXXX. The response should include a discussion of how uncertainties arising out of
assumptions, incomplete models, and incomplete data are addressed by the event selection
methodology.
Response RAI LBE-4:
The NGNP approach to performing PRA and to ensuring its technical adequacy is the topic of a
separate PRA white paper that will be submitted to NRC for review in the near future. That
paper describes the current draft of the PRA standard, "Technology Neutral Probabilistic Risk
Assessment Standard for Advanced Non-LWR Nuclear Power Plants," as well as the supporting
LWR PRA standards, draft standards and regulatory guides that were used to develop the
standard.
In order to meet the PRA requirements for technical adequacy and to support the selection of
LBEs, SSC safety classification, and evaluation of defense-in-depth, the PRA will include an
identification of sources of uncertainty such as assumptions, incomplete models, and
incomplete data, quantification of epistemic (due to a lack of knowledge about the behavior of
the system that is conceptually resolvable) and aleatory (a natural, unpredictable variation in the
performance of the system) uncertainties in the event sequence frequencies, and sensitivity
analyses to address certain modeling assumptions that are not amenable to uncertainty
quantification. In the context of the results of this uncertainty and sensitivity analysis and the
results of the subsequent peer reviews, it is expected that the question of additional sources of
uncertainties that may exist can be discussed in a meaningful way. Then, when event selection
decisions are made based on the results of the PRA and associated risk insights, engineering
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judgment will be applied consistent with the NGNP approach to defense-in-depth (DID) as
described in the white paper on that topic.
Additional information relevant to this question is provided in the response to RAI DID-18.
LBE-5
LBE-5. Section 3.3.3.2: The paper describes DBEs as events not expected during the lifetime of
a single plant, but may occur during the lifetime of a fleet of similar facilities. The paper goes on
to state that a frequency of 1 E-4/plant year is defined as the lower bound for the DBE region.
Describe the number of facilities that is assumed to form the population used to determine the
DBE frequency.
Response RAI LBE-5:
The lifetime design requirement for the NGNP modular HTGR plant is 60-years. The upper
frequency boundary of the DBE region is 1E-2/plant-year, once in a hundred plant-years; events
(viz., event sequences beginning with an initiating events) at or below this frequency are not
expected in the 60 year lifetime for a single modular plant. A fleet of plants is assumed to
encompass one hundred plants (e.g., similar to the current U.S. fleet of LWRs), such that at or
below the DBE lower frequency boundary of 1E-4/plant-year, events would not be expected in
any plant of the fleet. However, within the DBE region between 1 E-2/plant year and 1E-4/plant
year, events may occur in one or more of the plants within the fleet of one hundred plants.
Event frequencies are expressed on a per plant-year basis. A plant may consist of more than
one standard reactor module. An event is defined as an off-normal condition challenging safety
requirements in one or more of the reactor modules.
LBE-6
LBE-6. Section 3.3.4.1: What is the practical effect of designating some events as AQOs and
others as DBE? It appears that both sets of events are evaluated in a similar manner, and that
their acceptance criteria are based upon the same F-C curve. From the SSC paper, it appears
that the only distinction may be in treatment proposed for SSCs mitigating events within the
categories.
Response RAI LBE-6:
The frequency-consequence (F-C) curve incorporates different regions for AOOs and DBEs,
reflecting two distinct Top Level Regulatory Criteria: 10 Code of Federal Regulations (CFR) Part
20 in the AOO region and 10 CFR §50.34/52.79 in the DBE region. The dose acceptance
criterion for the public in 10 CFR Part 20 is an annual cumulative limit for radionuclide releases
at the site boundary for normal operation and for anticipated operational occurrences. The dose
acceptance criterion for the public in 10 CFR §50.34/52.79 is a limit per event for radionuclide
releases at the site boundary for accidents that are not anticipated in the plant lifetime.
For both of the AOO and DBE region, events are mechanistically analyzed with the entire plant
responding and uncertainties evaluated. However, in the AOO region, the comparison to the 10
CFR Part 20 limit is on an expected (mean) basis, and AOO doses are added to the normal
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operation doses. In the DBE region, where the events are rarer and not as likely to occur, the
conservative (upper bound) dose is compared to the 10 CFR §50.34/52.79 limit.
LBE-7
LBE-7. Section 3.3.4.1: How are frequency-consequence uncertainty distributions established?
For example, do they represent 95% population boundaries?
Response RAI LBE-7:
Each LBE frequency will be expressed in terms of a probability distribution that expresses the
underlying epistemic (due to a lack of knowledge about the behavior of the system that is
conceptually resolvable) and aleatory (a natural, unpredictable variation in the performance of
the system) sources of uncertainty from which the mean, 5th percentile, and 95th percentile can
be extracted.
An example of the uncertainty development for the consequences of one LBE involving a HPB
leak followed by the immediate and indefinite loss of both the independent forced cooling
systems is provided in the response to RAI MST-88. The overall uncertainty distribution for the
offsite dose consequences shows the entire distribution, from which any value can be seen
including the mean, 5th percentile and 95th percentile. As the full distribution is calculated, any
other distribution parameter may be identified and quantified..
LBE-8
LBE-8 Deleted.
LBE-9
LBE-9. Section 3.3.4.4: The paper states that DBAs corresponding to DBEs will be evaluated in
Chapter 15 of the Safety Analysis Report. However, AQOs are also evaluated in LWR safety
analyses, and may yield greater risk, as defined by the product of frequency and consequence.
Discuss the basis for excluding AOOs from the Safety Analysis Report.
Response RAI LBE-9:
AQOs will be among the LBEs evaluated in the safety analyses. The intent of Section 3.3.4.4
was not to exclude AQOs, but to focus on the traditional design basis accidents (DBAs) that are
analyzed in Chapter 15 of the Safety Analysis Report. The white paper will also be revised to
note the inclusion of analysis of AOOs versus their 10 CFR dose limit. This will confirm that
their risk is acceptable.
LBE White Paper Text Mark-Up
Section 3.3.4.4
DBAs correspond to the traditional LWR DBAs that are analyzed including anticipated
operational occurrences (AOOs) in Chapter 15 of the Safety Analysis Report. The
approach in this paper allows the transition to be made from the traditional deterministic
response with only safety-related SSCs responding to DBAs, to all SSCs responding to
LBEs, so that both the conservative and expected plant behavior are understood.
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LBE-1O
LBE-10. Section 3.3.4.4: How will safety-related SSC performance be modeled in the Safety
Analysis Report? For example, will they be modeled deterministically applying a single failure or
some other scheme? Similarly, how will non-safety related, with special treatment (NSRST)
SSC performance be modeled in safety analyses of AOOs?
Response RAI LBE-10:
The risk-informed event selection process leads to event sequences in the LBE regions that
include a spectrum of possibilities: (1) no failures in a particular SSC in any of the plant's reactor
modules; (2) partial failure of SSCs that have redundancy in one or more of the reactor
modules; and (3) complete failure of redundant SSCs in one or more of the reactor modules.
Similar event sequences are grouped into event families based on their initiating event, event
progression, and release category. All event families in the LBE region are mechanistically
modeled with the entire plant responding per the failures and successes of the particular
sequence, and their consequences are evaluated with an uncertainty distribution.
All DBEs are reviewed collectively to determine the safety functions required to meet the DBE
dose criteria , which SSCs are available and sufficient to perform the required safety functions,
and which SSCs will be classified as safety-related (SR), that is, relied on to perform the
required safety functions to meet the top level regulatory criteria (TLRC). The DBEs are
reevaluated with the event sequences deterministically altered with only the safety-related SSCs
available to become the DBAs. If at this point in the design process, not all DBAs meet the DBE
dose criteria, then the capability of the selected set of SR SSCs to mitigate the event must be
increased and/or additional SSCs must be classified as SR. When all DBAs with the selected
SR SSCs meet the dose criteria, the results are reported in the safety analysis report.
The process is similar if there are high consequence BDBEs that have led to safety-related
SSCs. If at some point in the design process, the SSCs classified as SR are found to have
insufficient reliability to prevent high consequence BDBEs, then the reliability of the selected set
of SR SSCs to prevent the event must be increased and/or additional SSCs must be classified
as SR.
Adding redufidancy to an SSC is one method for increasing its reliability so that it can take a
single failure. Diversity is another means that is often employed to a redundant SSC to further
increase its reliability, particularly for common cause challenges. The design will employ these
as needed to meet the requisite reliability for the range of events. There may or may not be SR
SSCs that require redundancy and therefore meet the single failure criterion. The safety
analysis report will provide a clear indication of the SSC design measures employed to meet the
requirements.
Special treatment is applied to or confirmed for the safety-related SSCs for the specifics of each
DBE and high consequence BDBE to meet the capability to mitigate or the reliability to prevent
the events.
A similar process leads to the classification of SSCs as non-safety related with special treatment
for mitigation of AQOs and prevention of high consequence DBEs. The performance for each
involved SSC will be modeled considering its uncertainty. If the margins to the requirement as
measured on an expected (mean) basis are insufficient, special treatment (for example, in
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service monitoring or inspection) will be applied. The offsite dose consequences of all AOOs
and normal operation are summed and compared to the 10 CFR Part 20 dose criteria and
reported in the safety analysis report.
LBE-11
LBE-1 1. Section 3.3.5: The paper states that mechanistic source terms will be realistically
calculated for each LBE and DBA. However, outcome objective 7 states that consequences will
be conservatively calculated. How will the conservatism of these analyses be assured?
Response RAI LBE-11:
All LBEs are mechanistically assessed with an uncertainty distribution. Doses for AOOs are
compared on an expected (mean) basis in a cumulative manner that includes normal operation
versus the dose criterion from 10 CFR Part 20. The upper bound dose consequences from the
uncertainty distribution of the DBEs and DBAs are compared on a per event basis versus the
dose criterion from 10 CFR §50.34/52.79. The consequences of DBEs and BDBEs are
compared on an expected (mean) per event basis versus the Environmental Protection Agency
(EPA) Protective Action Guides. The risk from all LBEs is compared on a cumulative basis
versus the NRC Safety Goal QHOs for average individual acute and latent fatality risk within
specified distances from the plant.
The DBAs are the accidents evaluated for the safety analysis reports that are derived from the
DBEs by deterministically assuming that only the SSCs classified as SR are available to
perform the required safety functions to mitigate the event consequences. The upper 95%
confidence values of the consequences are to confirm the performance adequacy of the SR
SSCs and the overall safety margins to the 10 CFR §50.34/52.79 offsite dose limits.
LBE-1 2
LBE-12. Section 3.3.5: Figure 9 on page 27 shows an event tree where several DBEs are
consolidated into a deterministic DBA. The AOO associated with this event is apparently not
intended for evaluation. However, AQOs have more restrictive dose acceptance criteria, and so
could possibly represent limiting events in terms of risk, as calculated by the product of
probability and consequences. How does NGNP intend to evaluate AOO dose consequences?
Response RAI LBE-12:
Figure 9 is presented to show how the DBEs lead to the deterministic DBA. The AOO was
shown to illustrate how the same process leads to AQOs. This was also shown in Figure 4 that
had more than DBEs. As described in the text below Figure 9, each category of LBE has a
specific TLRC and varying accident rule sets. It is intended that the AOO on the figure will be
one of the AOOs evaluated in the safety analysis report. Its consequences will be summed on
an expected (mean) basis with the other AQOs and with the contribution from normal operation
against the 10 CFR Part 20 dose criteria.
LBE-13
LBE-13. Section 3.3.6: Provide a basis for assuming the vicinity of a nuclear power plant is
considered to be a distance of one mile from the site boundary.
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Response RAI LBE-13:
The 'vicinity" distance cited in Section 3.3.6 is based on the discussion in NUREG-0880 further
described in "Safety Goals for the Operations of Nuclear Power Plants: Policy Statement;"
Republication (51 FR 28044, August 4, 1986; republished 51 FR 30028, August 21, 1986).
LBE-14
LBE-14. It appears that the paper does not address the role of plant personnel, including control
room operators. Provide a discussion of the effect that plant personnel have on frequency and
consequence of events, both favorable and unfavorable, and how those factors will be
addressed in LBE selection.
Response RAI LBE-14:
Plant personnel play an essential role in the safe operation of the plant. The PRA models that
will be developed to support the identification of LBEs, SSC safety classification, and riskinformed evaluation of DID will include the various types of operator actions and inactions as
well as pre-initiator human errors that may contribute to system unavailability at the time of an
initiating event and human errors that may cause an initiating event, consistent with standard
PRA practice. Human errors of commission are addressed as part of the Human Reliability
Analysis (HRA), which seeks to evaluate the potential for, and mechanisms of, human error that
may affect plant safety.
A safety design approach objective of the NGNP is to not rely on any operator actions during
DBAs. For the full spectrum of LBEs, there are intentionally few operator actions that must be
fulfilled to achieve a safe end-state. In addition, the time windows available to implement
operator actions are very long. The primary consequence of failure to perform the action is
longer recovery time, delaying a return to normal operation.
However, the role of the operator will be included in each LBE event sequence as appropriate.
Examples of such actions might include:
" As a backup to trip of the reactor if the control rods are not inserted in response to one of
the two independent protection systems.
" To isolate leaks and depressurize the primary helium to the Helium Services System if a
helium leak from the HPB is detected.
" To trip the main loop and isolate the secondary side of the steam generator if a water
leak occurs from the steam generator into the HPB.
" To resume forced reactor cooling with the helium transport system (HTS) or to startup
the SCS forced cooling. Also, to restore forced reactor cooling following restoration of
electric power during a station blackout sequence.
As the design detail progresses, the control and protection systems will be designed to prevent
inadvertent operator errors of commission. However, failure of these systems' preventative
features and subsequent operator acts of commission that initiate or worsen an accident will
also be considered. Examples might include:
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*

Withdrawal of the control rods.

*

Pressurization of the primary helium following a leak from the HPB.

The following will be added to the LBE White Paper in the third paragraph of Section 3.3.1.
LBE White Paper Text Mark-Up
Section 3.3.1, p.18
The PRA's quantification of both frequencies and consequences will address
uncertainties, especially those associated with the potential occurrence of rare events.
This will include the various types of operator actions and inactions as well as preinitiator human errors that may contribute to system unavailability at the time of an
initiating event and human errors that may cause an initiating event, consistent with
standard PRA practice. Human errors of commission will be addressed.
The quantification of frequencies and consequences of event sequences, and the
associated quantification of uncertainties, provides an objective means of comparing the
likelihood and consequence of different scenarios against the TLRC. The scope of the
PRA will be as comprehensive and sufficiently complete as a full-scope, all modes, Level
3 PRA covering a full set of LWR internal and external events. A white paper describing
the proposed PRA development process will be provided in the future.
LBE-1 5
LBE-1 5. Section 1.4: Explain how SSC performance criteria for AOOs are conservatively
established.
Response RAI LBE-15:
The performance requirements for SSCs responding to events in the AOO region will be based
on functions modeled in the PRA. As discussed in the white paper on PRA, INL-EXT-1 1-21270,
the PRA conservatively defines event sequences and evaluates their frequencies and
consequences, including uncertainties, to establish the necessary and sufficient conditions of
SSC capability and reliability in order to stay within the limits defined by the frequencyconsequence curve.
LBE-1 6
LBE-16. Section 1.4: Discuss how the frequency of breaks in the reactor coolant system
pressure boundary will be determined.
Response RAI LBE-16:
The HPB is comprised of pipes and pressure vessels that use materials and design codes that
are essentially the same as those used in current generation of LWRs. The components along
this pressure boundary operate at temperatures that are at or below comparable components in
an LWR reactor coolant pressure boundary. The technical approach to establishing the
frequency of leaks and breaks in the reactor coolant pressure boundary is similar to that which
has been used to establish loss of coolant accident frequencies for LWRs, including the
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approaches used in NUREG/CR-5750 and NUREG-1829. The approach includes the analysis
of applicable service data from LWR service experience, the use of models such as probabilistic
fracture mechanics, and expert elicitation. The scope of the evaluation will include a
comprehensive evaluation of all the components that comprise the pressure boundary including
pressure vessels (reactor vessel, cross vessel, and steam generator vessel), piping (e.g.,
helium service system, HPB relief valve standpipes, instrument lines), heat exchangers (e.g.,
steam generator, shutdown cooling system heat exchanger, circulator motor cooler), welds, and
welded and bolted attachments to the vessels (e.g., control rod drive standpipes). For the
pressure boundary components, a frequency vs. break size curve with uncertainties will be
developed. The evaluation of leaks and breaks in the HPB will be performed in an approach
similar to that outlined in Division 2 of ASME Section Xl, which is currently being balloted by the
ASME.
LBE-17
LBE-117. Section 1.4: The design basis events for some SSCs are not necessarily based on an
event in a specific frequency range. For example, the design basis for reactor coolant pressure
boundary components are based on events associated with the application of the ASME BPV
Code, including Section III. Discuss how design basis events needed for the application of
codes and standards for the design of nuclear-grade (safety-related) components will be
selected.
Response RAI LBE-17:
The selection and application of codes and standards and the associated design rules therein
will not be solely based on event frequencies as defined for design basis events in Section 1.4.
Code design loadings will be determined based on consideration of normal operation and
appropriate licensing basis events (LBE). Parameters such as pressure, temperature, duration,
and frequency will be identified in design documentation such as the design duty cycle. In the
case of the reactor coolant pressure boundary, for example, which has typically been evaluated
using ASME BPV Section Ill, Division 1, Class 1 construction rules, it is still anticipated that an
evaluation for safe use would indicate that the associated SSCs provide a safety-related
function and that the ASME BPV Section III construction rules would be applied. It is now
anticipated that High Temperature Reactor safety-related components will be evaluated by the
application of the new Class A construction rules in ASME BPV Code, Section III, Division 5,
"High Temperature Reactors - Rules for Construction of Nuclear Facility Components." Section
III, Division 5 shall also be applied to "non-safety related with special treatment" SSCs (Division
5, Class B; similar to Division 1, Class 2) following the probabilistic risk assessment and safety
analyses. Other codes and standards would also be applied, such as those for power piping or
fire protection, where their applicability governs.
LBE-18
LBE-18. Section 1.4: Describe how SSC performance characteristics will be determined by
requirements for mitigation of accidents in the BDBE region.
Response RAI LBE-18:
If events beyond the design basis, BDBEs, are found that do not meet the TLRC, then a design
iteration would be necessary to modify the plant by some combination of increased SSC
capability and reliability. Emphasis would be placed on identifying modifications that increase

Enclosure 1
October 14, 2011
CCN 225601
Page 13 of 24
the margins to the requirements in the design-basis regions such that the capability in the BDBE
region is acceptable. The design iteration would include a re-assessment to ensure the
modifications are sufficient and that no new unacceptable event sequences have been
introduced in any of the regions.
LBE-19
LBE-19. Section 1.4: Explain how natural phenomena such as seismic events will be selected in
the AOO, DBE and BDBE regions in the risk-informed approach to the NGNP plant design.
Response RAI LBE-19:
As discussed in the PRA White Paper, external events (including natural phenomena such as
seismic events) will be selected as causes of initiating events in the PRA model consistent with
both the existing LWR as well as the draft, "Technology Neutral Probabilistic Risk Assessment
Standard for Advanced Non-LWR Nuclear Power Plants," standard that is being developed.
The event sequences resulting from these external hazards will be selected as DBEs, BDBEs,
and the deterministically selected DBAs. Seismic events will be analyzed in the context of a
seismic PRA. The justification for screening out any external hazards will be made in
accordance with the requirements contained within the PRA standards.
LBE-20
LBE-20. Section 2.1.1: Will ATWS and station blackout specifically be included as LBEs in the
BDBE category?
Response RAI LBE-20:
The systems associated with reactivity control, including the plant control and protection
systems that operate the control rods and the reserve shutdown system, as well as the systems
that provide AC and DC electric power to the plant systems, will be explicitly modeled in the
PRA. The event sequence diagrams and event trees will include all relevant combinations of
system responses, including those with failure to control reactivity and loss of electric power.
The population of event sequences of various types in the different LBE regions will be based
on the results of the PRA and not on any a priori assumptions.
Anticipated transient without scram (ATWS) and Station Blackout events are expected to be
included in the PRA (based on experience). The frequency category for these event sequences
will be based on the PRA and performance expectations of the SSCs. Transients without scram
and loss of electric power do not challenge the control of heat generation and core heat-removal
functions in the modular HTGR to the same extent as existing LWRs. Prior HTGRs, initially at
AVR and more recently at HTR-1 0, have demonstrated the capability of the reactors to shut
themselves down upon loss of forced circulation without the need for insertion of control
material.
With regard to station blackout events, modular HTGR control rods drop by gravity and the plant
utilizes passive heat removal that does not rely on offsite or onsite AC power, so station
blackout is not expected to be a risk-significant. The PRA will assess whether this expectation
is met.

Enclosure 1
October 14, 2011
CCN 225601
Page 14 of 24
LBE-21
LBE-21. Section 2.1.2.1: In light of the expectation documented in the advanced reactor policy
statement, and the recent work by the staff to risk inform 10 CFR 50.46 large break LOCA break
size corresponding to 1 E-5 per plant year, discuss the rationale for the proposed 1E-4/yr lower
frequency bound for DBA s for the NGNP plant design.
Response RAI LBE-21:
The modular HTGR will meet the expectations set out in the advanced reactor policy statement.
The two frequencies mentioned in this RAI are measures of two different criteria for dissimilar
uses as discussed below.
A key difference between 10 CFR §50.46 and the NGNP risk-informed approach is that the
former was applied onto a pre-existing deterministically-selected large break LOCA design
basis, whereas no such basis exists for the modular HTGR. The original large break LOCA
design basis was deterministically selected with no quantitative assessment of its frequency.
The frequency criteria used in 10 CFR §50.46 are based in part on the concept of an acceptable
change in risk using the principles of RG 1.174 to make incremental decisions on relaxing
requirements for a certain category of LOCAs in the context of a deterministically selected set of
DBAs. This does not include the requirement to demonstrate that all non-LOCA events above a
certain frequency level be included as design basis events, as the criterion is only being used to
specify different requirements for different break sizes within the DBA LOCA range.
For NGNP, 1 E-4/plant year is the lower frequency range for classifying events in the DBE region
(see RAI-1 response for additional discussion related to selection of this frequency cutoff). This
frequency is used to select the DBEs. The combination of the selected frequency limits and
dose limits for the DBE region ensures that the NRC Safety Goal QHO for individual risk of
latent cancer fatality is met by several orders of magnitude for all event sequences within the
DBE region. This frequency is expressed in units of per plant year to cover events that occur in
one reactor module and events that occur in more than one reactor module within the multiple
module plant. For example, with a four-reactor module plant, an independent event that occurs
in one of the reactor modules with a frequency of 2.5E-5/reactor year would fall into this range.
DBAs are selected based on review of LBEs as discussed in response to RAI LBE-10.
For the NGNP, the 1E-4 per plant year frequency is used to classify events as DBEs (and apply
the requirements associated with that frequency range), whereas in the LWR case, the 1E-5
criterion is only used in relation to selecting the appropriate requirements for different size
LOCAs. These are fundamentally different types of criteria, and hence the values do not
compare directly.
LBE-22
LBE-22. Section 2.1.3: To address uncertainties and unknowns in the risk informing of the 10
CFR 50.46 large break LOCA break size, the NRC applied deterministic judgment that a
somewhat larger pipe (i.e., the largest pipe connected to the main reactor coolant system
piping) should be used as the basis for the DBA LOCA break size for light water reactors. For
the NGNP plant, how will deterministic judgment (versus the sequence frequency from the plant
PRA) enter into the decision process for the selection of LBEs (e.g., pipe break sizes) to be
included as DBAs?
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Response RAI LBE-22:
As discussed in response to RAI LBE-16, the PRA model that will provide input to the selection
of LBE, which include the probabilistically derived AQOs, DBEs, and BDBEs, as well as the
deterministically derived DBAs, will include a comprehensive analysis of leak and break sizes
and locations. Breaks in different locations and different size ranges will be assigned to
different event sequence families, which are governed by different radionuclide transport
phenomena. Based on previous modular HTGR evaluations, the breaks with the largest sizes
do not necessarily create the highest potential for release. As discussed more fully in the
response to RAI MST-82, small breaks on the order of 2-4mm in effective leak size produce
larger releases and doses than very large breaks due to the importance of HTS
depressurization as a transport mechanism. While larger breaks provide more flow area for
HTS and reactor building gas exchange, the thermal expansion of the HTS gases during core
heatup inhibits the ingress of reactor building helium-air mixtures until core temperatures
decrease, allowing the HTS gases to contract and draw in building gases. More information on
key radionuclide transport phenomena to consider is provided in the white paper on Mechanistic
Source Terms. Hence, when selecting the LBEs, it will be necessary to consider a number of
parameters that describe break sizes and locations, as well as how the plant SSCs respond to
these events.
It is not expected that there will be a single break size to consider in selecting the associated
DBAs for this class of events, but rather several representative sizes that have distinct
conditions for the mechanistic source term. The PRA will include a full treatment of aleatory and
epistemic uncertainties in the evaluation of break frequencies, as well as the associated
mechanistic source terms. From this information, deterministic judgments may apply additional
conservatism not reflected in the probabilistically derived LBEs. This is fundamentally the same
approach as was applied to LWRs with the understanding that risk-informed treatment of
LOCAs for LWRs was implemented after the original deterministically derived design basis was
set and that the selection of LBEs for the NGNP must address a different set of radionuclide
transport phenomena.
LBE-23
LBE-23. Section 2.1.2.1: Explain how candidate LBEs will be deterministically identified and
then assessed using risk insights for comparison to the TLRC.
Response RAI LBE-23:
As discussed in Section 3.1 of the LBE white paper and in the responses to RAIs LBE-3 and
LBE-26, engineering judgments are made to create an initial list of candidate LBEs based on
historical experience gained from other HTGR licensing efforts (e.g., selected insights from the
MHTGR PRA and Bounding Event Sequences postulated by the NRC during the MHTGR
preapplication review).
The initial list of candidate LBEs will be re-evaluated as the design, safety analysis, and PRA
matures. This begins to risk inform the LBE event sequences with insights gained from the
design phase PRA. Once the design matures, a final set of design basis accidents are
analyzed conservatively in Chapter 15 of the COL application with results compared to the
QHOs. In addition, each event sequence family included in the PRA is compared to the design
goal of meeting the PAGs at the exclusion area boundary (EAB), which will demonstrate margin
relative to the TLRC for the respective event category (i.e., AOO, DBE, or BDBE).
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LBE-24
LBE-24. Deleted.
LBE-25
LBE-25. Section 3.3.1: The paper states that PRA provides a rational approach for identifying,
understanding, and addressing known uncertainties. However, this technique does not
provide a rational approach for identifying and addressing unknown uncertainties, such as
unknown or missing phenomena, or unrecognized initiating events.
Discuss how deterministic judgment is applied for the conservative selection of the NGNP
initiating events and/or the selection of the NGNP event sequences and/or normal operating
conditions as a defense-in-depth approach to address such unknown uncertainties.
Response RAI LBE-25:
The distinction between "known" and "unknown" uncertainties has conceptual validity, but PRA,
along with any other form of technical analysis, is confined to addressing the known factors and
uncertainties. As a general observation, unless there is some technical context in which to
frame a discussion of uncertainty, i.e., unless the source of uncertainty is to some extent
characterized, then identifying means of protecting against that uncertainty is unlikely to have
value to the design process and may even pose its own risks. For instance, unless the source
of uncertainty is understood, there is no assurance that measures identified to ostensibly bound
uncertainty will not increase risk.
The PRA process is expected to identify the sources of uncertainty in the identification of event
sequences and uncertainty in the quantification of their frequencies and consequences. This
information will provide a context for an informed dialogue on sources of uncertainty that may
have been overlooked. Each of the decisions that will be made using risk insights from the PRA
will need to be identified and reviewed to assess if deterministic judgments need to be applied
to fully implement the principles of defense-in-depth. When viewed at a high level, this risk
informed decision-making process is fundamentally no different than that described in
Regulatory Guide 1.174, with the exception that risk insights are being applied during the design
and initial licensing of the plant.
LBE-26
LBE-26. Section 3.3.7: Discuss how the NGNP event selection and categorization process
conforms to the NGNP licensing strategy. Explain what is meant by the statement: "the initial
set of LBEs will be risk-informed."
Response RAI LBE-26:
As discussed in Section 3.1 of the LBE White Paper, during conceptual design, an initial set of
events is established to provide a starting point for the design development. Early in conceptual
design, a design-specific PRA is not available to create this initial set of events. Therefore,
engineering judgments are made to create this initial event list based on historical experience
gained from other modular HTGR design and licensing efforts related to designs such as the
MHTGR and the PBMR (see response to RAI LBE-3).
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However, this initial list is re-evaluated as the design, safety analysis, and PRA matures. This
begins to risk inform the LBEs with insights gained from the design phase PRA. The risk
insights may identify missing events that need to be included in the safety analysis or may
reveal design weaknesses that could be improved. These insights may also provide a basis for
justifying some reduction in the conservatism of an existing initial event included at the
beginning of the process.
This approach is consistent with the NGNP licensing strategy (as discussed in Section 2.1 of
Reference [1]) and results in a blend of deterministic and probabilistic techniques, where
deterministic evaluations provide initial identification of events and subsequent confirmation of
margins through the evaluation of DBAs, and probabilistic components provide a systematic
process to ensure all event sequences are captured and binned into the appropriate event
category (i.e., AOO, DBE, or BDBE).
Reference:
1. "Next Generation Nuclear Plant Licensing Strategy - A Report to Congress," U.S.
Department of Energy and U.S. Nuclear Regulatory Commission, August 2008.
LBE-27
LBE-27. Section 3.3.1: Explain how deterministic engineering judgment will be used in the
selection of LBEs to ensure adequate NGNP safety margins, compensate for an inadequate or
an incomplete NGNP PRA (which might occur, in part, due to the use of new and innovative
design features and/or technologies) and, to bound uncertainties.
Response RAI LBE-27:
The responses to RAIs DID-3, LBE-3, and LBE-25 all address this question. An important point
is that deterministic engineering judgment will be applied to the results of the PRA and to the
evaluation of the extent to which specific sources of uncertainty have been identified,
characterized, and quantified. As discussed in more detail in the companion white paper on use
of PRA, the PRA itself will incorporate many deterministic elements. These include the initial
design and the supporting engineering evaluations using engineering judgment, based on the
selected design codes and the response of the plant and its SSCs to an initial set of LBEs.
LBE-28
LBE-28. Section 3.3.3.2: The BDBE region is below the stated 1 E-4 per plant-year lower
frequency cutoff for the DBE region. Discuss whether the NGNP plant design will also include
events selected from the BDBE region (i.e., 1E-4 to 5E-7 per plant-year) to demonstrate
conformance with 10 CFR 50.34a.
Response RAI LBE-28:
BDBEs are directly evaluated against two criteria:
1. The consequences of DBEs and BDBEs are compared on an expected (mean), per
event basis versus the EPA Protective Action Guides at the EAB.
2. The risk from all LBEs is compared on a cumulative basis versus the NRC Safety Goal
QHOs for average individual acute and latent fatality risk within specified distances from
the plant.
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However, as discussed in the white paper Section 3.3.4.4, DBEs are evaluated as DBAs in
Chapter 15 of the safety analysis report assuming that only the SSCs classified as safetyrelated are available. In effect, this assumption corresponds to a lower frequency event,
typically in the BDBE region, in which the failure of the non-safety related equipment is
modeled. In those cases, BDBEs that correspond to a DBA are compared conservatively to the
10 CFR §50.34 dose limits.
LBE-29
LBE-29. Section 3.3.3.2: The NRC selected break sizes associated with a mean frequency of
1 E-5 per plant year for risk-informing changes to LWR LOCA technical requirements; for LWRs,
a LOCA is a DBA. Discuss the rationale for having a 1E-4 per plant-year lower frequency cutoff
for NGNP design basis events, as compared to 1 E-5 per plant-year initiation frequency for riskinforming the DBA LOCA for LWRs (see SECY-10-0161, "Final Rule: Risk-Informed Changes
To Loss-Of-Coolant Accident Technical Requirements (10 CFR 50.46a) (RIN 3150-AH29),"
December 10, 2010.
Response RAI LBE-29:
There are several differences between the DBE lower frequency cut-off and the criterion used to
risk inform the requirements for LOCAs. These differences make it inappropriate to compare
the frequencies directly. The differences include:
*

NGNP DBEs are classified on a per (multi-module) plant year with a commitment to
address the integrated risk of the entire plant, whereas the LOCA criterion is on a per
reactor-year basis for use on PRAs on one reactor at a time.

*

The NGNP criterion is for an entire event sequence whereas the LOCA criterion is just
for the initiating event frequency.

0

The NGNP event selection process would include all events (LOCAs and non-LOCAs)
with frequencies above the lower threshold as DBEs, including events that exceed the
single failure criterion with common cause failures, whereas the LOCA criterion is still
being used with the single failure criterion. There is no requirement in the LOCA
example to add any new events to the DBE category iftheir frequencies exceed the
threshold (i.e., it is only used for LOCA initiating event frequencies).

As a result of these differences, direct numerical comparisons of the two criteria are
inappropriate. The responses to RAIs LBE-21 and LBE-22 provide additional information that is
relevant to this RAI.
LBE-30
LBE-30. Referring to the NGNP Defense-in-Depth (DID) white paper, Section 3.2.4.3: In Table
3-4, provide examples of accidents that will be considered to demonstrate that "there is a
reasonable balance between the prevention and mitigation of accidents involving release of
significant quantities of radioactive material (SRP principle 7 in table 3-3)" for establishing
adequacy of NGNP DID.

Enclosure 1
October 14, 2011
CCN 225601
Page 19 of 24

Response RAI LBE-30:
As discussed in the outcome objectives for the DID White Paper, Section 3.2.4 and Table 3-4
present the principles of risk informing DID that, when applied to the design and described in the
license application, provide sufficient information for judging the adequacy of DID within the
NGNP design. Based on limited design information available at this time, it is not the intent of
the white paper to provide specific accident sequences for review. However, as noted in
Section 3.2.1 of the DID White Paper under Plant Capability Defense-in-Depth, "...the design
places a greater emphasis on prevention through inherent and passive features to reduce the
dependence on active systems."
Examples include the inherent characteristics and design features of the core such as low
power density, negative temperature coefficient of reactivity, and high heat capacity that all
serve to prevent accidents from reaching conditions involving the significant release of
radionuclides from the fuel. These inherent characteristics and design features are then
supported by active SSCs to minimize challenges (upsets). This will be demonstrated by the
NGNP DID design approach utilizing the F-C curve to ensure event sequences, frequencies,
and doses are within acceptable limits for satisfying the QHOs, which include both preventive
and mitigative acceptance criteria.
LBE-31
LBE-31. Referring to the DID paper, Appendix D: In the proposed application of the frequencyconsequence curve described in Appendix D of the paper, LBEs are to be chosen by forming
event families with similar common characteristics, i.e., initiating event challenge type, safety
system response, and plant end state, and plotting the frequencies, doses, and uncertainty
ranges on the Frequency-Consequence Curve. The robustness of this approach is highly
dependent on the selection of top events in the event tree (system or function), and thus the
degree to which sequences are or are not parsed into ever finer sub-sequences with lower
frequencies of occurrence. Describe the measures to ensure that event families are
appropriately defined and DID measures are conservatively prescribed.
Response RAI LBE-31:
By requiring that the formation of event families combine event sequences with similar
characteristics, changes to event classification will be avoided. The requirements for forming
event sequence families will ensure that arbitrary detail added to the event tree structure does
not lead to a loss of robustness within the model. The technical basis for defining each top
event in the event trees will include evidence that the top event is necessary to resolve the
different event tree end states or to quantify the dependencies correctly. In cases where a top
event is only added to resolve a dependency, the additional sequences added will not increase
the number of end states. The above approach is consistent with the draft ASME/ANS nonLWR PRA standard.
LBE-32
LBE-32. Section 3.3.3.1: The white paper derives the definition of anticipated operational
occurences from teh approach used for operating reactors. For operating reactors, events in this
category do not result in radiological releases; the normal consequence of any of these events
is that safety limits are not exceeded and there is no release of radioactivity. In contrast,
proposed NGNP frequency-consequence curve defines allowable radiological consequences,
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and so appears to be inconsistent and less conservative than the regulatory approach for similar
frequency events for LWRs. Discuss why the proposed NGNP AOO.consequence limits which
are less restrictive than for LWR AQOs are acceptable.
Response RAI LBE-32:
NGNP views the described approach to the treatment of LBEs in the AOO category as
conservative and, in fact, more rigorous than what is required for LWRs. The following key
points are made to support this point of view.
The LWR requirements for AO0s are based on a qualitative assessment of the
frequency of listed AD0s. AD0s that are included and the justification for classifying an
event as an AOO instead of a DBA is done and reviewed on a qualitative basis. In the
case of the NGNP, the classification of events as AD0s, DBEs, and BDBEs is based on
a peer reviewed PRA that meets industry codes and standards and the guidance
provided in NRC regulatory guides. Hence, the technical basis for the classification is
more robust.
"

It is well known from service experience and results of PRAs for LWRs that there are
many examples of events in the AOO category of event frequencies that are predicted to
involve releases of radioactive material. Examples include normal releases from
radwaste systems, radwaste system leaks, ruptures and off-gas system fires, steam
generator tube leaks in PWRs, and small leaks in the reactor coolant system pressure
boundary inside the containment with leakage from the containment. The PRA for the
NGNP will identify and evaluate such events in a systematic basis.

*

The expectation to minimize releases of radioactive material for AQOs is not unique to
LWRs and will also be applied to the NGNP. Not all the LBEs that will be identified in
the PRA will involve a release of radionuclides. ADOs and DBEs that do not release
radionuclides are evaluated to determine the necessary capabilities of SSCs to meet
their respective mitigation requirements. For example, there will be event sequences
involving loss of forced circulation by the forced cooling loops in the AOO region that do
not result in a release of radionuclides. This will lead to design requirements for the
HPB and the Shutdown Cooling System to prevent any consequential breaches of the
HPB from the AOO transient, operation of the SCS, or possible delays in starting the
SCS.

In summary, the NGNP Project believes that the requirements derived for AD0s are no less
conservative than those for LWRs. In fact, because the PRA will include the AD0s within its
scope, the technical basis for classifying LBEs as AD0s is expected to be more robust than is
the case for LWRs.
LBE-33
LBE-33. Deleted.
LBE-34
LBE-34. Section 3.3.4.2 discusses the design basis event selection process. In this process the
mean values for event sequence frequency is compared to with limits on the F-C curve to
determine which event category it falls into. Why are mean values used? Uncertainty must be
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addressed in licensing analysis and this is often done by choosing bounding values or suitably
conservative values.
-Response RAI LBE-34:
In the evaluation of LBEs both the mean and upper bound frequencies and consequences will
be evaluated with respect to the appropriate acceptance criteria; however for binning purposes
the mean frequencies will be utilized. Uncertainty analysis is included within the design and
LBE analysis by the use of appropriate conservative design measures and margins for plant and
SSC performance, as documented in the PRA/supporting analyses and assumptions. In the
DBA analysis conservative (bounding type) assumptions and additional design margins to
ensure, overall adequacy of the plant in protecting public health and safety will be employed
(see response to RAI LBE-10).
LBE-35
LBE-35. Question deleted.
LBE-36
LBE-36. Section 3.3.5: Explain the meaning of the term "upper bound of the mean consequence
for each DBE."
Response RAI LBE-36:
The referenced quote will be revised and clarified to say:
"DBEs: The consequence distribution for each DBE is compared to the public consequence
limit shown in Figure 3. The acceptance criterion is that the upper bound (95th percentile) of
the consequence uncertainty distribution for each DBE must be less than the 25 rem TEDE
limit (or appropriate fraction thereof) at the EAB as indicated in the figure."
LBE-37
LBE-37. Describe what effect, if any, a revision to the frequency-consequence curve would have
on the likely classification of equipment, related special treatment requirements, and overall
design of the facility. Assume the following definition of an alternate F-C curve:
AOO Region: Frequency > 1E-2,Dose = 100mrem (point A)
DBE/DBA Region: Frequency <1E-2 and >1E-5, Dose = 25 Rem (point B)
BDBE Region: Frequency <1 E-5 and >1 E-7, Dose as defined by line
The boundary line between acceptable and unacceptable regions would be the straight line
connecting points A and B (continuous through AOO and BDBE regions, i.e., allowable dose
approaching 0 as frequency increases).
The handling of site integrated risk versus unit risk remains an outstanding policy issue, so your
response should also discuss the sensitivity of the design to the use of the curve for events
affecting multiple units.
Note that the above F-C graph does not represent an official NRC position. It was developed at
the staff-level for the purpose of gaining an understanding of design sensitivities to the graph.
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Response RAI LBE-37:
The TLRC depicted on the F-C graph of Figure 3 of the LBE White Paper have been developed
and refined since the start of the DOE MHTGR program in the mid 80s. The TLRC are the
quantitative, technology-neutral, direct measures of risk or consequence to the public as
contained in NRC and EPA regulations for existing and future nuclear power plants in the US.
The F-C graph determines the requirements that must be met, which forms the foundation for
the other licensing basis elements, such as selection of the LBE, SSC classification and special
treatment, and DID. Thus, this is an area where the modular HTGR developers are keenly
interested in reaching agreement to assure a stable licensing environment. The acceptance
criteria for integrated risk are central for a modular reactor.
The regulations generally do not provide quantified frequencies to which the TLRC
consequences apply. The modular HTGR developers derived the frequencies for the three
regions by reviewing the context of the regulations, examining past practice for when they are
applied, and adhering to general high-level principles that include:
*

The highest level requirement is the NRC Safety Goal QHOs.

•

The requirements must include the integrated risk evaluated on a per plant basis to
include designs with multiple reactor units in all operating modes and states (e.g., part
power, refueling).

*

The requirements must apply to non-reactor radionuclide sources, such as spent fuel or
plant radioactive waste streams, as well as to reactors.

*

The requirements must apply to external, natural hazards as well as internal events and
hazards.

A rigorous and complete evaluation of the impacts on the plant SSCs of the proposed in this
RAI cannot be quantified at this time. However, the proposal appears overly stringent with
respect to the NRC Safety Goals and the doses taken from Title 10 of the Code.
Major impacts on the design of the proposed adjustment to the F-C graph will likely result from
the extension of the Design Basis Event region to 1E-5/plant year and of the Beyond Design
Basis Event region to 1 E-7/plant year. With regard to the extension of the AOO and DBE
regions, there is the potential for additional DBEs that would lead to more SSCs being classified
as safety-related. With regard to the BDBE region, there would be less assurance that all
BDBEs have been identified, particularly for natural hazards for which there are less historical
data at levels below 1 E-6/plant year. Both impacts could lead to increased design and
development scope and schedule and extended licensing interactions to assure compliance,
with no commensurate improvement in the protection of the health and safety of the public.
There are some stark differences in this RAI's proposal relative to the NRC's current layered
approach to public safety. Although a single linear line in log-log coordinates has appeal in
terms of visualization and simplicity, the NRC Safety Goals have already established the
overarching requirement. The QHO acceptance criteria have established a very low risk profile
to the public due to accidental releases from NPPs (e.g., not to exceed 0.1% of the overall risks
to the general public). The QHO acceptance levels are for an average individual's cumulative
risk of early fatality within the vicinity of the plant and of latent fatality within ten miles of the

Enclosure I
October 14, 201.1
CCN 225601
Page 23 of 24
plant, assuming sheltering and evacuation. In the AOO and DBE regions, the 10 CFR 20 and
10 CFR §50.34 doses at points A and B, respectively, are for the maximum exposed person
remaining at the site boundary throughout a given event. Thus, the Figure 3 F-C graph in the
AOO and DBE regions has additional margin to the QHOs if both are expressed on a similar
basis.
Finally, the proposed radiation dose at once per plant year of -0.4 millirem at the site boundary
throughout an event is at best overly restrictive. Thus, even without a rigorous study of the
major impacts expected on the plant SSCs, the proposal seems overly stringent with respect to
the NRC Safety Goals and the doses taken from Title 10 of the Code.
The topic of this RAI that sets the quantitative, generic, and direct level of risk to the public that
the design must achieve has been and remains the critical licensing approach issue for an
advanced modular reactor to utilize risk insights in design, development, and licensing.
LBE-38
LBE-38. Discuss whether the LBEs used to demonstrate fulfillment of dose criteria are also
expected to adequately fully define the design specification of SSCs, or if there are additional
scenarios which will be used in certain cases. For example, it is expected that safety relief
valves will be required to protect the reactor coolant system from overpressurization, in
accordance with ASME Code requirements, though overpressure transients are not expected to
have significant dose consequences. How will LBEs be identified and evaluated to fulfill
acceptance criteria other than dose? What is the role of PRA in identifying such events?
Response RAI LBE-38:
The LBEs are used for determination of SSC Classification and to demonstrate compliance with
NRC Safety Policy and siting (safety) criteria. As discussed in the NGNP DID White Paper
(Section 3.1 and Appendix D), these events do not constitute the complete set of requirements
for which a reactor must be designed and operated. Further, as discussed in response to RAI
SSC-13, NGNP expects to conform to future code requirements developed for application to
HTGR plants. As applicable, ASME Code requirements associated with design, fabrication,
erection, inspection, testing, operation, and maintenance would be applied to those SSCs
determined to require special treatment to the extent necessary to provide reasonable
assurance such SSCs will perform their intended safety function with sufficient capability and
reliability. The engineering analyses, which will be utilized to satisfy additional Code-based
requirements, will be consistent with the Code-specified processes (which may include
probabilistic aspects).
LBE-39
LBE-39. Section 2.1.3: The risk-informed approach proposed for the NGNP includes
consideration of events beyond the design basis (BDBE) down to 5E-7 per plant year. Although
it is stated that external events below 1 E-5 per year are screened out as design basis hazards,
are external events with a mean frequency below 1E-5 still retained in the PRA as BDBEs?
Response RAI LBE-39:
The criteria to be used for screening out events from the PRA will be based on approved
industry standards and NRC guidance on the use of PRA, as discussed in the white paper on
PRA, INL-EXT-1 1-21270. The screening criteria are consistent with those in the current
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ASME/ANS PRA Standard that has been endorsed by the NRC in RG 1.200 and with the draft
Technology Neutral PRA Standard for Advanced Non-LWR Plants being developed by ASME
and ANS. PRA results will be generated down to 10-8 per plant year on a mean value basis to
support classification of LBEs. The 5E-7 per plant year figure is proposed as the lower limit of
the BDBE region, but that is not the PRA screening criterion. External events with mean
frequencies below 1 E-5 per plant-year will be retained and will contribute to some BDBEs. For
example, the PRA evaluation of seismic events will be carried over the entire spectrum of the
selected seismic hazard curves and will result in seismically-induced event sequences within
both the DBE and BDBE regions. The LBE classification will be based on event sequence
frequencies and not initiating event frequencies.
LBE-40
LBE-40. Section 3.3.4.3: It is stated that BDBEs assure that adequate emergency planning is in
place. Events would be considered BDBEs if their mean probability is between 1 E-4 and 5E-7
per year. However, current NRC policy and practice is to select a spectrum of event
consequences (i.e., magnitude, timing, type of radionuclides) tempered by the event probability
for establishing emergency planning requirements rather than using event probabilities as the
basis for emergency planning. Discuss consistency of the proposed approach to selecting
emergency planning basis events with the current NRC policy and practice in terms of a
spectrum of event consequences (i.e., magnitude, timing, type of radionuclides).
Response RAI LBE-40:
The proposed NGNP approach is consistent with NRC Policy and practice in terms of the
evaluation of events within and beyond the design basis with a spectrum of event-specific
mechanistic source terms. The mechanistic source terms methodology evaluates releases in
terms of the source, magnitude, timing (prompt or delayed), type of radionuclides, and release
point (elevated or ground level). The event frequency spectrum is from 1 E-2 to 5E-7 per plant
year. Event sequences considered include internal equipment failures, operator errors, and
external natural hazards affecting one or more of the reactor modules and initiated from full
power, part power, and shutdown states. This approach assures that the emergency planning
is comprehensive.
Additional considerations for emergency planning are presented in INL/MIS-10-19799,
"Determining the Appropriate Emergency Planning Zone Size and Emergency Planning
Attributes for an HTGR."
Additional considerations regarding event sequence spectrums (magnitude, timing, type) are
presented in INL-EXT-10-17997.
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core damage frequency
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EAB

exclusion area boundary
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FQ
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GDC

general design criteria
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HTGR
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LWR
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MST

mechanistic source terms
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NSRST
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NGNP Defense-in-Depth White Paper
RAIs and Responses
DID-1
DID-1. Conventional light water reactor risk metrics, such as core damage frequency, are not
clearly applicable to NGNP. Describe the risk metrics which will be used to assess NGNP
defense-in-depth, and justify their adequacy.
Response RAI DID-I:
The concepts of risk metrics and risk measures are closely related. Generally, a measure is an
operation for assigning a number to something and the metric is the interpretation of the
assigned number. For commercial light water reactors (LWRs), core damage, large releases,
and dose are examples of risk metrics. Any process by which these are calculated (e.g., core
damage frequency [CDF] or large early release frequency [LERF]) are risk measures.
The risk measures referred to in Regulatory Guide 1.206 (such as CDF and LERF) are not
applicable to high temperature gas-cooled reactors (HGTRs) since they are tied to LWR specific
definitions of core damage (risk metric). This position is consistent with Section 3.2 of SECY10-0034, where it is noted that core damage and large early release are risk metrics that are not
applicable to non-LWR small modular reactors. Core damage as the term has been defined for
LWRs are precluded by the selection of inherent reactor characteristics and passive safety
design features for the Next Generation Nuclear Plant (NGNP) high-temperature gas-cooled
reactor (HTGR) HTGR. Therefore, probabilistic risk assessment (PRA) results will be
expressed in terms of HTGR-specific risk metrics, e.g., frequency of HTGR-specific specific
licensing basis events (LBEs) and release categories. The specific risk metrics to be used for
the NGNP plant will be a product of PRA and are discussed in INL/EXT-1 1-21270, and will
consider the following factors to ensure that an adequate set of controls for public protection
and defense-in-depth is provided:
*

The release categories will be sufficient to address the integrated risk of a multiple
reactor module facility. Some release categories will address releases from various
sources of radioactive material inside the reactor core and primary heat transport system
including the fuel, circulating activity, and plateout on surfaces inside the helium,
pressure boundary (HPB). The key variables that describe radionuclide transport across
the barriers to release will be addressed as well as the various responses and degraded
states of each barrier, including the fuel particle kernel, silicon carbide and pyrocarbon
coatings of the fuel particle, fuel element carbonaceous materials (matrix and graphite),
HPB, and reactor building. See the NGNP PRA White Paper [1] for examples of
representative release categories.

*

Some release categories will involve source terms from two or more reactor modules
and others will involve releases from non-core sources of radioactive material such as
the spent fuel storage.

*

Risk metrics will include event sequence frequencies associated with LBEs and release
categories, as well as a quantification of the offsite radiological consequences to
facilitate comparisons to the top-level regulatory criteria (TLRC) and to the quantitative
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health objectives (QHOs). Sequence frequencies are measured in terms of events per
plant year, rather than events per reactor year.
*

Risk significance will be defined in terms of release category frequencies and will meet
the requirements of the supporting PRA standards. Risk significance will also address
the margins relative to the TLRC and QHOs.

*

The risk metrics used in typical LWR PRA applications such as CDF and LERF are
based on Level 1 PRAs with modest extensions in the Level 2 domain to address LERF.
For the NGNP PRA it is more useful to compare against the risk metrics of a full scope
Level 3 PRA for an LWR rather than evaluate at an intermediate level that is LWRspecific.

Reference:
1. INL/EXT-1 1-21270, NGNP Probabilistic Risk Assessment White Paper, September
2011.
DID-2
DID-2. White paper section 3.1.1 describes the risk-informed, performance-based design
process, including the statement that this process "...is based on a foundation of deterministic
requirements, decisions, and evaluations..." Provide a description and examples of
deterministic decisions and evaluations involved in the decision process. The response should
address how deterministic engineering judgment be will used to provide assurance that
shortcomings and gaps in the PRA are addressed.
Response RAI DID-2:
An expanded discussion of the deterministic and probabilistic elements of the defense-in-depth
(DID) approach is provided in Appendix D of the white paper. This appendix discusses how
deterministic engineering judgment is applied throughout the risk-informed design process
including in the initial establishment of plant capability and safety functions to meet regulatory
criteria and well as through inputs and performance the PRA, structures, systems, and
components (SSC) categorization, and special treatment development. With respect to the
question of how shortcomings and gaps in the PRA are addressed, Section 3.2.4 of the white
paper describes key elements involving engineering judgment in the process of risk-informed
evaluation of DID. The key steps in the process include:
*

A decision flow chart in Figure 3-7 that guides the review of the PRA results identifies
sources of uncertainty, and how the uncertainty was or was not addressed in the PRA.

*

A review of the deterministic principles of DID that are summarized in Table 3-4 to
ensure that these are met independent of the PRA results. Specific steps to address
each of the principles will be identified as shown in Table 3-8.

0

As a result of these reviews, there are important feedback loop inserted into the
definition of plant capability DID, and programmatic DID that provides an opportunity to
make changes to the design and programs to address any shortcomings in meeting the
DID principles. These feedback loops are shown in Figures 3-3 and 3-4.

0

Essentially all the decisions that are made in the risk-informed and performance based
safety design approach are subject to being impacted as a result of the risk-informed
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evaluation of DID. These include design decisions, selecting of LBEs (including the
deterministic design basis accents [DBAs]), SSCs, special treatment requirements, and
formulation of principal design criteria.
DID-3
DID-3. White paper section 3.2: How are unknown uncertainties in event initiators, event
sequences, event phenomena, or equipment performance addressed in the determination of
defense-in-depth?
Response RAI DID-3:
Please refer to response to RAI LBE-25, which addresses this question.
DID-4
DID-4: Deleted
DID-5
DID-5. Describe the numerical criteria for screening out (from consideration of DID measures)
initiating events or event sequences based on low frequency (exclusive of catastrophic vessel
failure). Describe how DID measures would be provided for low probability although not
incredible, operational events such as station AC blackout, total loss of DC power, and loss of
ultimate heat sink, based on, for example, light water reactor operating experience with similar
precursors.
Response RAI DID-5:
The NGNP PRA will address requirements in the supporting PRA standards associated with
screening out initiating events, event sequences, and the various events that represent their
causes. These requirements include numerical criteria for screening out based on low
frequency, based on the principle that it must be demonstrated that such screening does not
impact the identification of risk significant event sequences. Consistent with the NGNP PRA
White Paper [1], risk significance is defined both in terms of the total integrated risk across all
hazard groups as well as that within each hazard group separately. The technical basis for any
screening out that is done will be documented and available for consideration of additional DID
measures. The PRA will not screen out "a priori events that may involve such extreme
conditions as catastrophic vessel failures, including those that may be caused by challenges to
supporting structures. To meet the technical adequacy requirements in the PRA, it will be
necessary to identify all hazards, including those that may be more severe than what is initially
assumed to represent the design basis. The PRA will attempt to identify the challenges to the
safety case.
Operational events such as station blackout, total loss of direct current (DC) power, and loss of
heat sinks will be explicitly treated in the selection of initiating events and in the enumeration
and quantification of event sequences. In the PRA models for seismic events and external
hazards, the analysis will include a full treatment of the hazard to include events both within and
beyond the design basis. Consistent with industry practice and the American Society of
Mechanical Engineers (ASME)/American Nuclear Society (ANS) standards for PRA, events with
frequencies to as low as 1E-8/plant year will be included.
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Reference:
1. INL/EXT-11-21270, NGNP Probabilistic Risk Assessment White Paper, September
2011.
DID-6
DID-6. Section 1.2: Describe how existing light water reactor regulatory requirements which
contribute to DID will be identified and interpreted for application to NGNP.
Response RAI DID-6:
The regulatory basis for DID is discussed in Section 2 of the DID White Paper. The NGNP
Project has adopted an approach that incorporates the regulatory requirements into the
treatment of DID. The principles of DID that are summarized in Chapter 19 of the Standard
Review plan have been incorporated into the NGNP approach to risk-informed evaluation of DID
(see Figure 3-7, Table 3-4, and Table 3-8 of the white paper).
Tasks to identify and address the gaps that might exist between existing LWR regulatory
requirements and known HTGR design parameters are currently underway. The results from
this regulatory gap analysis will be used (in conjunction with NGNP White Papers and HTGR
design information) to develop an HTGR COL Application Content Guide similar to that which
exists in Nuclear Regulatory Commission (NRC) Regulatory Guide 1.206 for LWRs. New
regulatory guidance may be identified during development of the combined license (COL)
Application Content Guide. However, the underlying approach to this effort is to utilize existing
LWR regulations to the maximum extent achievable without having to rely on exemptions or
rulemaking.
DID-7
DID-7. In Section 1.1, the set of criteria identified as the top level regulatory criteria (TLRC) do
not address the all requirements that need to be met to attain adequate protection. However, it
is not clear that the TLRC address all pertinent NRC safety standards which must be fulfilled to
ensure adequate protection of the public and the environment.
Describe how all relevant regulatory requirements will be identified, the process to be used to
determine their applicability to NGNP or the need for revising the requirements, and how those
requirements will be addressed by the DID process.
Response RAI DID-7:
The TLRC do not address all the requirements. The TLRC attempt to incorporate those
requirements that are relevant to setting acceptance limits on the frequencies and
consequences of event sequences, considered in the selection of LBEs and safety classification
of SSCs, and considered when evaluating the consequences associated with design basis
accidents.
As noted in Section 2.3 of the NGNP Licensing Basis Event Selection White Paper [1], the
TLRC are based on the following objectives:
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1. Provide direct public health and safety acceptability limits in terms of individual
radiological consequences
2. Be independent of reactor type and site
3. Provide well-defined, quantifiable risk criteria.
The sources for establishing these criteria include the Reactor Safety Goal Policy Statement, 10
CFR Part 20, 10 CFR Part 50, Appendix 1,10 CFR Part 52, 40 CFR Part 190, 10 CFR Part 100,
and 10 CFR §50.34(a).
The TLRC establish limits on the frequencies and radiological consequences used to classify
and evaluate LBEs. These safety criteria provide the technical basis for ensuring that the
HTGR design meets applicable top-level health and safety regulatory criteria, and that
equipment important to reactor safety has the capability and the reliability needed to perform
their intended safety functions.
Other NRC regulatory requirements and guidance have been evaluated for applicability to
HTGR designs. Relevant requirements will be used to develop a Combined License Application
(COLA) content guide, as described in the response to RAI DID-6.
Reference:
1. INL/EXT-10-19521, NGNP Licensing Basis Event Selection White Paper, September
2010.
DID-8
DID-8. In section 1.2, there are two bullets that end with "(Refer to Sections 3.1 and )." What is
the second section being referred to?
Response RAI DID-8:
The text is missing "3.2." The third and fourth bullets in Section 1.2 (Page 3) will be revised in
the next update of the DID White Paper to reflect the following corrections:
" Describe a methodology for achieving the Various aspects of DID, including plant design
and operation (Refer to Sections 3.1 and 3.2)
" Describe how the DID approach identifies the role of special compensatory measures for
the unique first-of-a-kind issues in the NGNP design (Refer to Sections 3.1 and 3.2).
DID-9
DID-9. Section 1.5 of the white paper states that "Programmatic Defense-in-Depth" will be
used to address uncertainties not addressed by the plant capability. However, a robust
defense-in-depth approach would require that uncertainties be addressed by both plant
capability, as well as programmatic measures.
Explain why programmatic measures alone are adequate to address uncertainties.
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Explain what approach, if any, will be used to ensure that there is enough margin in plant
capability to assure that events of greater severity than identified by the PRA can be mitigated
by the plant capability features. What are the conservative design strategies for plant capability
DID to address such uncertainties?
Response RAI DID-9:
Programmatic DID is addressed in detail in Section 3.2.3. There is no intent to use
programmatic measures alone to address uncertainties in lieu of margin. Where "uncertainties
not addressed by Plant Capability DID" is mentioned in Section 1.5, this is referring to programs
such as inspection and maintenance programs to ensure that the design capabilities are
maintained. As discussed in Table 3-4, there is no intent to use programmatic approaches to
compensate for design weaknesses.
With regard to margin in plant capability and conservative design strategies, please note that
these considerations are inherent to the plant capability DID discussion. Please refer to the
discussion in Section 3.2.2 and Tables 3-1 and 3-4 with regards to inherent characteristics,
passive SSCs, redundancy, diversity, independence, selection of design codes and standards,
and use of PRA in an iterative fashion to inform design.
The NGNP approach to DID does not rely solely on programmatic DID to deal with
uncertainties. All three major parts of the approach, plant capability DID, programmatic DID,
and risk-informed evaluation of DID have specific roles to play in addressing uncertainties.
Uncertainties in the definition of LBEs and safety classification of SSCs are explicitly taken into
account in defining the plant capabilities for DID. The formulation of user requirements for plant
availability and investment protection, the selection of design code and standards which include
requirements for safety margins and the need to address regulatory requirements, all contribute
to the plant capabilities that provide DID. The risk-informed evaluation of DID also addresses
uncertainties in evaluating both the plant capabilities and programmatic elements of DID.
Decisions that influence the plant capabilities and the programs are subject to review and
revision in risk-informed evaluation of DID. Uncertainty is considered in each of the three major
parts of the NGNP approach to DID.
DID-10
DID-10. Figure 3-1 in Section 3.1.1 includes a footnote regarding consideration of non-nuclear
hazards. Provide clarification of what non-nuclear hazards might be considered.
Response RAI DID-10:
The footnote is generally applicable to all designs, including conventional LWR plants, and
notes the requirement to address onsite and near site hazards, such as chemical hazards that
are not considered nuclear hazards. For example, chemical hazards are required to be
assessed to determine if the quantities of hazardous material exceed Occupational Safety and
Health Act (OSHA) Process Safety Management (29 CFR 1910.119) or EPA Risk Management
Plan Limits (40 CFR 68).
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DID-1I
DID-11. Figure 3-2 of Section 3.1.1 is described as characterizing the NGNP risk-informed,
performance-based design process. However, Figure D-1 of Appendix D is entitled "Riskinformed performance-based design process," and does not resemble Figure 3-2. Provide a
discussion and clarification of the relationship between these figures and the associated text.
Response RAI DID-11:
Figure 3-2 depicts the traditional design process (left hand side in yellow) to include risk
techniques that are integrated into the design process. Figure D-1 depicts an expansion of the
two risk boxes on the right hand side of Figure 3-2 ("Initial Risk Analysis" and "Risk Informed
Evaluation Acceptable?").
In the next update of the DID White Paper Figures 3-2 and D-1 will be revised as follows:
Revised Figure D-1

Revised Figure 3-2
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DID-12
DID-12. Section 3.2.1 and Figure 3-3 describes feedback loops incorporating risk insights into
the development of plant capability and programs. However, to be a risk-informed process, it
appears that the arrows between the lower portion of the center triangle and the lower left hand
box and lower right hand box should point toward the boxes rather than away from the boxes.
That is, a risk-informed approach to DID would involve deterministic evaluations or judgment
directed at both Plant Capability DID and Programmatic DID. The plant PRA would then be
used to evaluate the apparent risk importance of these DID measures.
Provide clarification of the expected process for incorporation of risk insights into Plant
Capability and Programmatic DID.
Response RAI DID-12:
The arrows in Figure 3-3 point to the PRA/Deterministic Evaluation triangle. The initial design
will have plant capability and programmatic DID characteristics that will inform development of
the initial PRA, hence the arrows showing the flow of this information into the triangle. Once the
PRA (including deterministic evaluations) is developed and the DID evaluation of the original
design is completed (represented in Figure 3-3 by the Risk Informed Evaluation circle), the
results flow back to the plant capability and programmatic DID boxes. These results may show
that DID aspects of the design are adequate or that additional elements are needed (hence the
arrows that flow from the Risk Informed Evaluation circle to the Plant Capability and
Programmatic DID boxes).
DID-13
DID-13. Section 3.2.1, Figure 3-4, describes detailed elements of the Plant Capability DID
and Programmatic DID. However, some cross-cutting elements of DID, such as emergency
planning or codes and standards, are not addressed by this figure, but are addressed in other
parts of the white paper. Provide clarification of how these cross-cutting elements addressed
in the overall DID approach. Describe white paper revisions which may be needed to ensure
a consistent description of these topics throughout the paper.
Response RAI DID-13:
The DID elements included Figure 3-4 do not represent the exclusive set of elements to be
considered by the framework. Selection of codes and standards is a cross-cutting issue that
plays a part in both Plant Capability and Programmatic DID. The selection of design codes is a
part of Plant Capability DID that leads to design of SSCs that provide necessary functions under
expected operational postulated accident conditions. In addition, there are codes and standards
that address tests, inspections, maintenance, repair and replacement, engineering assurance,
and other activities that are done to assure that the design's plant capabilities are in place and
maintained over the life of the plant. Therefore, selection of codes and standards supports both
the plant capabilities for DID and the programs that contribute to the overall DID.
Emergency planning is also a cross-cutting element in that it includes aspects of plant and site
characteristics that influence offsite doses, such as location and elevation above the ground
from which releases may occur, site selection and distance from the plant to the site boundary,
which are part of the plant capabilities for DID. Emergency planning is also considered a
programmatic DID element. Emergency planning is meant to protect the workers and the public
in case of a radioactive release. By its nature, emergency planning constitutes an additional
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programmatic DID layer that provides protection should other prevention and mitigation features
of the design fail to maintain a postulated release below allowable limits.
DID-14
DID-14. Section 3.2.2 states that Plant Capability DID will include "...conservative design
margins to improve the capability of SSCs to withstand challenges that may exhibit
uncertainties." To what extent will Plant Capability DID include the capability of SSCs to
withstand uncertain challenges (e.g., bounding event initiators)?
Response RAI DID-14:
The risk-informed LBE selection process [1] provides a structured approach to identify the
accident sequences (families) to be addressed in the design-basis accident (DBA) analysis.
The DBA analysis for the HTGR will follow the same process as for LWRs in that, DBAs will
demonstrate that the required safety functions and associated safety related SSCs are
adequate to ensure public health and safety from the DBAs derived from the LBE events.
These DBAs may include event families from both DBE and beyond design-basis event (BDBE)
frequency bins that reflect a range of bounding event initiators, and their analysis will include the
use of conservative assumptions and design margins to ensure overall adequacy of the plant to
respond to challenges (Plant Capability DID).
Reference:
1. INL/EXT-10-19521, NGNP Licensing Basis Event Selection White Paper, September
2010.
DID-15
DID-15. Section 3.2.2 states that conservative design strategies include, amongst other items,
"Robust design of each barrier to be capable of mitigating expected failure modes of other
barriers" and "Application of conservative design margins to establish the capability and
capacity of each barrier and to address uncertainties." Explain what is meant by these
statements.
Response RAI DID-15:
"Robust design of each barrier to be capable of mitigating expected failure modes of other
barriers" is the implementation of the safety design approach that employs multiple independent
barriers to the release of radioactive material. To ensure adequate performance it is necessary
to consider initiating events and event sequences that involve:
*

Barrier failure modes, such as leaks and breaks in the HPB

"

External events that could challenge the capability of the reactor building structures,
vessel supports, reactor core supports, etc.

*

Challenges to the plant safety functions, which include the functions that are necessary
and sufficient to protect each radionuclide transport barrier. The safety functions of
controlling core heat generation, controlling core heat removal, and controlling chemical
attack protect the primary barriers to release within the fuel element.
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In the evaluation of the plant response and radiological consequences of the event sequences,
the safety design approach for barriers applies "conservative design margins to establish the
capability and capacity of each barrier and to address uncertainties." These include the
following examples:
"

In the evaluation of the plant response to event sequences involving loss of forced
cooling of the reactor core, design capabilities to prevent a consequential breach in the
HPB are demonstrated. Such capabilities are included in the design specification.

*

In the evaluation of the plant response to event sequences involving leaks and breaks in
the HPB, there are specific design requirements and deterministic evaluations to confirm
that both static and dynamic loads due to the venting of the high temperature noncondensable helium coolant do not adversely affect the safety functions of the reactor
building (RB).

*

In the evaluation of the plant response to event sequences involving steam generator
tube failures, there are specific design requirements, and deterministic safety
evaluations to confirm the capabilities to limit the extent of water ingress, prevent the
opening of the primary safety relief valves, and limit the release of radioactive material
from the fuel kernel, fuel particle coatings, fuel element carbonaceous materials, HPB,
and RB barriers.

" There are specific design requirements in the HPB and RB layout to prevent and
minimize the potential for a HPB breach that bypasses the reactor building.
*

Plant design requirements include radionuclide retention requirements for each of the
barriers to radionuclide release (fuel kernel, fuel particle coatings, fuel element
carbonaceous materials, HPB, and RB). These requirements consider the uncertainties
in the mechanistic source term that give rise to appropriate design margins.

DID-16
DID-16. Deleted.
RAI DID-17
DID-17. For Table 3-2 in Section 3.2.3, provide a discussion of the relevance of human factors
engineering.
Response DID-17:
As stated in this Table 3-2, human factors considerations are listed in the following context:
Organizational and human factors programs:
o Training and qualification of personnel
o Emergency operating procedures
o Accident management guidelines.
The starting point for human factors considerations is the identification of the role of operator
actions in the formulation of the LBEs, which in turn is based on the human actions to be
included in the Human Reliability Analysis (HRA) and PRA models. Examples of the types of
operator actions that are expected to be included in the PRA are identified in response to RAI
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LBE-14. This provides a context for the human factors programs for the NGNP, which, while
similar to that established for existing licensed LWR plants, has several important differences.
The first is that the safety philosophy of the NGNP HTGR relies heavily on inherent
characteristics and passive design features and, as such, is simpler in terms of the number of
safety systems and actions that must be implemented to respond to initiating events and plant
transients. This means that there are fewer decisions the operator needs to make and fewer
actions that must be performed to bring the plant to a safe stable end-state in response to
transients. A second key difference is the long times available for response to off-normal
reactor transients. Finally, there are fewer instruments to monitor and the man-machine
interface is much less complex than is the case with existing reactors. An important element of
the operator training and the human factors consideration is to reduce the likelihood of human
errors of commission or omission that could exacerbate the plant conditions and contribute to an
accident. Such considerations will be reflected in the design of the control and protection
systems, including provisions for interlocks, and in the operator training.
DID-18
DID-18. One of the decision points described in Figure 3-7 of Section 3.2.4 is "Prevention and
Mitigation Adequate?" If the answer is "no," then DID is supposed to be enhanced. Provide a
discussion of how conservative judgment is applied to make this decision, including how
deterministic elements are identified and addressed.
Response RAI DID-18:
As stated in the response to DID-15, conservative judgment is a component of this evaluation,
which involves an examination of the roles of SSCs in prevention and mitigation for all the LBEs
defined in the PRA. This evaluation identifies the role and responsibility of each SSC in
prevention and mitigation. It also quantifies the role of each barrier and its effectiveness in the
retention of radioactive material. From this information, it can be determined whether there is
too much reliance on a single design feature or programmatic element and can quantitatively
measure the "balance" achieved between prevention and mitigation strategies.
After this step in Figure 3-7, another step involves the evaluation of the deterministic principles
in Table 3-4. The DID White Paper Figure 3-7 as show below will be revised to reference
"Table 3-4" in the last decision diamond instead of "Table 3-6". These principles address
uncertainties and apply conservative engineering judgment.
The following text will be added after the first paragraph of Section 3.2.4.5, "Use of PRA to
Evaluate Roles of SSCs in Accident Prevention and Mitigation" on Page 39.
The PRA has an important role to play in the Risk-Informed Evaluation of DID as it
provides an objective way to identify the roles that each plant safety feature plays in the
prevention and mitigation of accidents and to examine how these risk management
strategies are balanced. The PRA is used to provide greater clarity of the meaning of
prevention and mitigation for a HTGR design such as the NGNP that does not utilize risk
metrics such as core damage frequency. Using this approach, information from the PRA
is used to better answer the questions: 'What are we trying to prevent?'; 'What are we
trying to mitigate?'; and 'Have we done enough?'.
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An accident sequence can be described in terms of the following elements. This form of
sequence definition lends itself to defining what is meant by prevention and mitigation,
and to identifying which SSCs are responsible for different degrees of prevention and
mitigation.
1. Initiating Event - an initiating event that constitutes a challenge to the plant
systems and structures responsible for control of transients and protection of the
plant SSCs, including the radionuclide transport barriers.
2. Active SSC Response - the response (successes and failures) of active systems
that support key safety functions responsible for protection of barriers, retention of
radioactive material, and protection of the public health and safety, as defined by the
accident sequence.
3. Passive SSC Response - the response of passive design features responsible for
supporting key safety functions, including the structures that form the radionuclide
barriers themselves and the passive systems that support them.
4. Barrier Retention Factors - the response of each barrier to radionuclide transport
from the radioactivity sources to the environment to the initiating events and safety
system responses. This response is expressed as the degree of retention of
radioactive material for each barrier expected for the sequence; these barriers
include the fuel elements, (includingthe fuel particlekernel, fuel particlecoatings,
and the carbonaceousmatrix and graphite components of the fuel), the coolant
pressure boundary, and the reactor building barrier.
5. Emergency Plan Response - the implementation of emergency plan protective
actions to mitigate the radiological consequences of a given release from the plant.
In this definition, all the SSCs performing or supporting a safety function are included,
irrespective of the SSC safety classification, as opposed to restricting the definition to
those functions that prevent core damage or those SSCs that are classified as safetyrelated.
It is noted here, however, that the point along an accident sequence that one chooses to
talk about prevention vs. mitigation can be varied producing different perspectives from
which to regarding what is to be prevented and what is to be mitigated. For example, if
the point of accident initiation is chosen, then actions to reduce the frequency of an
initiating event may be regarded as prevention, while any feature that reduces the
probability of failure of systems and structures or magnitude of release at Steps 2-5
would constitute mitigation of the consequences of the initiating event. Moreover, the
use of passive design features that limit the release from the fuel when active systems
are postulated to fail could be equally regarded as preventing large releases or
mitigating the consequences of active system failures. Hence, while there is a precedent
for using core damage as a pivot point for defining prevention and mitigation for existing
LWRs, the more generalized accident sequence framework presented above is
technology neutral and lends itself to a more complete definition of the strategies of
accident prevention and mitigation, which can be applied at any point along the event
sequence.
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The development of this framework for discussing accident prevention and mitigation
makes use of the following key PRA insights:
*

Absolute prevention of an accident would imply that the frequency of the accident is
zero, which is not impossible. However, the objective of the PRA is not to prove
impossibility but to assume possibility and to estimate the frequency. Hence, design
features and characteristics that reduce the frequency of a given accident are viewed
from the PRA perspective as contributing to prevention. Those features and
characteristics that prevent or reduce the level of consequences as viewed from a
particular point along an accident sequence are viewed as contributing to mitigation.

" A given design feature that contributes to prevention, mitigation, or both exhibits
varying degrees of importance for different accident sequences. Hence, to
understand the safety significance of the design feature it is necessary to examine a
spectrum of sequences some of which may include successful operation of the
design feature and others that postulate its failure. This insight is consistent with the
safety significance definition in risk-informed regulation of LWRs.
" A design feature may be postulated to fail in one sequence, but operate successfully
in another, so that it may prevent an accident in some cases and mitigate an
accident in others. Hence, the extent to which risk is managed by prevention or
mitigation by a given design feature varies across the accident sequence spectrum.
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Revised Figure 3-7
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DID-19
DID-19. Table 3-4 of section 3.2.4 states that "Adequate safety margins and conservative
design approaches to address uncertainties in barrier and SSC performance (Use of SRP
Principle 7 in Table 3-3)" will be part of the DID strategies to ensure adequate reliability and
capability to fulfill TLRCs." Discuss the safety criteria and safety margins that will be used for
the fission product barriers.
Response RAI DID-19:
As discussed in detail in the Mechanistic Source Terms (MST) White Paper [1], and related RAI
responses [3], [4], the modular HTGR features five fission product barriers that, taken together,
provide a "functional containment" for control of radionuclide release to the environment. The
five barriers are:
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*

Fuel particle kernel

*

Fuel particle coatings

*

Fuel element carbonaceous materials (matrix and graphite)

*

Primary circuit boundary

*

Reactor building.

The design of this functional containment is such that for all LBEs, including beyond designbasis events (BDBEs) with a frequency of occurrence as low as 5E-7 per plant year, the offsite
dose consequences do not exceed the plume exposure EPA PAGs at the facility EAB, which is
located approximately 400 meters from the reactor building. The design objective of meeting
the PAGs at the EAB is limiting relative to the regulatory requirements for offsite doses,
including the requirement to meet 10 CFR §50.34 (10 CFR §52.79(a)(2) for COL applicants)
dose limits for DBAs. The ability to meet the PAGs at the EAB provides substantial safety
margins relative to the regulatory requirements for offsite doses. These margins are evident in
Figure 1, which is taken from the Licensing Basis Event Selection White Paper [2].
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Figure 1: Frequency-Consequence Chart with Top-level Regulatory Criteria
As discussed in the MST White Paper, with regard to individual fission product barriers the
designer has flexibility to allocate fission product retention factors to each barrier. The retention
factors are allocated based on available data on fission product behavior in the HTGR, and the
factors will be different for each radionuclide species. The retention factors are reflected in the
mechanistic models used to calculate event-specific mechanistic source terms for the modular
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HTGR. Specific retention factors and associated safety margins for each individual fission
product barrier, however, must be considered in conjunction with the overall performance of the
functional containment and the resulting substantial safety margins for offsite doses.
References:
1. INL/EXT-10-17977, "Mechanistic Source Terms White Paper," July 2010.
2. INL/EXT-10-19521, "Next Generation Nuclear Plant Licensing Basis Event Selection
White Paper", September 2010.
3. CCN 224915, "Response to Nuclear Regulatory Commission Request for Additional
Information Letter No. 002 Regarding Next Generation Nuclear Plant Project Fuel
Qualification and Mechanistic Source Terms - NRC Project # 0748," August 10, 2011.
4. CCN 225363, "Response to Nuclear Regulatory Commission Request for Additional
Information Letter No. 003 Regarding Next Generation Nuclear Plant Project Fuel
Qualification and Mechanistic Source Terms - NRC Project # 0748," September 21,
2011.
DID-20
DID-20. Section 3.3.1 states that "The fuel has very large temperature margins to radioactivity
release in normal and accident conditions." Provide additional justification for this claim,
including description of the margin between peak fuel temperature and the temperature where
there will be a large release of fission products from the fuel, and the means for determining
peak fuel temperature (i.e., measurement or calculation), including uncertainties.
Response RAI DID-20:
The information in Table 1 on fuel temperatures during normal operation and under accident
conditions is provided for a recent modular HTGR design with prismatic fuel. Fuel temperatures
for a pebble bed HTGR are similar or somewhat lower.
Table 1: HTGR Prismatic Fuel Temperatures
Parameter
Core average maximum fuel temperature - normal operation
Maximum time averaged fuel temperature - normal operation
Maximum fuel temperature - accident conditions
Fuel temperature at which percentage level fuel particle failure
occurs

Temperature, °C
-940
-1150
<1600
>2000
I
_I

Maximum fuel temperature is obtained in a depressurized loss of forced cooling accident, in
which a primary circuit depressurization with reactor trip is followed by an extended period
during which residual core heat is removed via natural convection and conduction through the
reactor vessel to the reactor cavity cooling system and discharged to the air via the reactor
cavity cooling system discharge stacks. Core heatup during this event takes several days
(about 100 hours) prior to attaining maximum fuel temperatures, and the maximum temperature
reached depends on the size of the leak/break that causes the depressurization. Analyses of
this event for previous modular HTGRs indicate that maximum fuel temperatures are reached
by only a small portion (<2%) of the reactor core. Subsequent cooldown of the reactor core
takes place over a period of a few days.
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Radionuclide release from coated particle fuel is governed by fuel temperature and, most
importantly, time at temperature. The model that captures fuel particle degradation and failure
under accident conditions and is currently used in prismatic modular HTGR safety analyses is
referred to as the "Goodin-Nabielek" model. This model and its supporting data are described in
References [1] and [2]. Data indicate that irradiated TRISO particles can be heated for >300
hours at 16000C with no functional degradation. Limited functional degradation is observed at
17000C, and the degradation rate increases as the temperatures further increase, but the
particle failure rate is not rapid even at 20000C. Modular HTGRs are typically designed to limit
peak fuel temperatures during depressurized loss of forced cooling accidents to <16000C to
avoid conditions that could produce rapid or excessive coating failure. Again, these maximum
fuel temperatures are incurred in only a small portion of the reactor core.
Fuel temperatures are obtained, during normal operation and during accident conditions, using
calculational models that include appropriate conservatisms. The fuel temperatures are used as
input to models that calculate fission product generation, transport, and release. As discussed
in "the Mechanistic Source Terms White Paper" [3], comparisons of measured and calculated
fission product release both for individual irradiation tests and for operation of previous HTGRs
indicate that these methods are conservative and capable of calculating fission product release
to within the accuracy required by the Radionuclide Design Criteria, which are also discussed in
Reference [3].
Based on this information, it is clear that the fuel has very large temperature margins to
radioactivity release in normal and accident conditions.
References:
1. Martin, R.C., "Compilation of Fuel Performance and Fission Product Transport Models
and Database for MHTGR Design," ORNL/NPR-91/6, Oak Ridge National Laboratory,
October 1993.
2. International Atomic Energy Agency, 1997, "Fuel Performance and Fission Product
Behavior in Gas Cooled Reactors," TECDOC-978, November 1997.
3. INL/EXT-10-17977, Mechanistic Source Terms White Paper, July 2010.
DID-21
DID-21. Table 3-7 in Section 3.3.1.4 describes features for control of chemical attack. Describe
how active and passive SSCs will provide defense-in-depth to control chemical attack due to
water ingress.
Response RAI DID-21:
Table 3-7 provides summary information on the inherent characteristics and passive SSCs
available to support each required safety function. An exact and detailed response will require
additional plant design and analysis as the event sequence analysis would depend greatly on
plant configuration and component designs.
Additional information related to moisture ingress is documented in report "Assessment of
NGNP Moisture Ingress Events," [1].

Enclosure 2
October 14, 2011
CCN 225601
Page 20 of 28
References:
1. INL/EXT-11-21397, 2011, "Assessment of NGNP Moisture Ingress Events," April 2011.
DID-22
DID-22. Table 3-7 in Section 3.3.1.4 describes various fission product barriers. The
deterministic safety analysis takes credit for each of these barriers. Explain how these barriers
can be considered redundant if all must be credited to demonstrate acceptable performance.
Response RAI DID-22:
Section 3.3.1.4 and Table 3-7 are intended to provide an example of the design features and
SSCs available to support safety functions and provide plant capability DID. The table notes
barriers that are available to support the identified safety functions. The expectation is that a
subset of these barriers (primarily the fuel-related barriers) will be required to accomplish the
necessary safety function (categorized as safety related).
To improve clarity, in the next update of the DID White Paper Section 3.3.1.4 will be retitled:
3.3.1.4 Design Features Supporting Safety Functions and Defense-in-depth.
DID-23
DID-23. Table 3-8 in Section 3.4 presents a number of important DID principles but does not
provide a sufficient description to permit the NRC staff to assess the planned approach. For
example, several items defer more substantial discussion to the license application. However,
deferring a more complete description to that time does not give adequate opportunity to
provide feedback on possible challenges in advance of the application. Provide additional
discussion of the project approach for each of the plant capability DID principles to ensure their
proper consideration as the design is developed.
Response RAI DID-23:
As discussed in the Outcome Objectives, Section 3.4 and Table 3-8 summarize the principles of
DID that, when applied to the design and development of the license application, will
demonstrate the approach and adequacy of DID within the NGNP design.
Section 3.2.2 presents the design approach to addressing the individual plant capability DID.
DID-24
DID-24. Appendix A, Section 5.2, outlines the approach to address uncertainties, and appears
to emphasize the role of PRA in this effort. Deterministic approaches can also be used to give
increased confidence that a design will be able to withstand unforeseen challenges. Explain the
deterministic DID approaches or measures related to plant capability that will be used to
address uncertainties or "unknown unknowns."
Response RAI DID-24:
Appendix A of the white paper is a summary of regulatory requirements and historical
background. Therefore, no NRC review is requested of this Appendix A discussion material and
no response is being provided to the RAI.
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DID-25
DID-25. In Appendix D, Figure D-1, the deterministic boxes 1-4 (in yellow) provide no indication
that defense-in-depth will be considered at this stage in the NGNP design development process.
To what extent do the passive and active SSCs enter into the DID design development process
for Box 3?
Response RAI DID-25:
Figure D-1 represents the risk-informed performance-based design process described in
Appendix D. Box 3 in the figure addresses the allocation of safety functions that will limit the
frequency and radiological dose consequences of each LBE, so that the frequencyconsequence (F-CO curve TLRC are not exceeded. These safety functions include retention of
radionuclides, control of core heat generation and core heat removal, and control of chemical
attack.
The designer would determine the SSCs that are required to provide the various safety
functions. These SSCs would include those that are passive and others that are active.
However, it is important to note that SSCs are identified as safety-related at a later point in the
process (Box #9 of Figure D-1) after the PRA has been developed. Plant Capability DID
strategies such as placing priorities on use of inherent features and passive SSCs to perform
safety functions, and by providing additional active SSCs to provide the safety functions would
be applied (see Section 3.2.2 of the DID White Paper).
DID-26
DID-26. In many places to 10 CFR 50.34, which describes content required for construction
permit and operating license applications submitted pursuant to 10 CFR 50. However, the
licensing strategy intends to pursue a combined license per 10 CFR 52, so citing 10 CFR 52.79
regarding the content of combined license applications seems to be more appropriate. Explain.
this discrepancy, or propose changes to the paper to ensure consistency with licensing in
accordance with 10 CFR 52.
Response RAI DID-26:
The NRC staff correctly notes that is more appropriate to cite 10 CFR §52.79 to be consistent
with the intent to submit a Combined License Application for the NGNP. Given that the dose
requirements specified in both parts of the Code of Federal Regulations (CFR) are the same,
there would be no impact on the NGNP TLRC caused by changing the citation.
DID-27
DID-27. Section 3.3.1.2 cites maintenance of core geometry and the helium pressure boundary
as required safety functions. However, Figure D-3 in Appendix D does not clearly recognize
these functions. Explain this apparent discrepancy.
Response RAI DID-27:
Section 3.3.1.2 lists maintenance of core geometry but not maintenance of the HPBas a
required safety function. Maintaining the helium pressure within the HPB is not needed for the
required safety function of core heat removal. Instead, the HPB provides a barrier to radioactive
material release (maintain control of radionuclides) and a means of controlling chemical attack.
The HPB is comprised of a set of SSCs including the reactor vessel, steam generator vessel,
heat exchanger surfaces in the steam generator and shutdown cooling system, cross vessel,
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various vessel attachments, piping, and safety relief valves. Retention of radionuclides,
maintaining core geometry, and controlling chemical attack are required safety functions, which
the HPB SSCs support. Components on the HPB will be classified as safety related only to the
extent needed to maintain the required safety functions. The purpose of Figure D-3 was
intended to describe the various steps in the risk-informed and performance-based licensing
approach and to identify the probabilistic and deterministic elements of the approach. In the
next update.of the DID White Paper, a clarification will be added that the purpose of this figure is
not to identify the required safety functions and safety related SSCs.
Revised text in Section 3.3.1.2:
An example of the top down logic used to define these functions is shown in Figure D-3
where the functions shown with shading are examples of required safety functions...
Revised text in Section D.1.7 (Page 88):
These functions are considered HTGR examples, since the NGNP design is still
evolving. The complete set of controls needed to perform the required safety functions
will not be identified until LBEs are specified and the DBA analyses are complete. Other
functional diagrams may be required for issues such as security and safeguards or
emergency planning.
DID-28
DID-28. The discussion in Appendix D, Section D.1.10 is confusing. According to the
nomenclature in Figure D-1, it appears selection of initiating events (Box 4) is a deterministic
process. However, text on page 89 states that PRA is used in event selection. What is the role
of PRA in this process? If it is to refine the event selection, an adequate and reliable PRA is
required.
It is stated that the tools and methods of PRA have been already exercised in the event
selection (Box 4 in Figure D-1) which, according to the nomenclature, is a fully deterministic
process. Please clarify the apparent inconsistency.
Response RAI DID-28:
The initial event selection process includes deterministic selection of events and expected plant
responses based on previous HTGR experience and conceptual design inputs (such as
application of design codes and standards and application of GDC principal design criteria).
This event selection analysis is subsequently augmented with deterministic and probabilistic
analysis methods for identifying initiating events. Once the initial set of initiating events is
selected, the PRA (Box 5) is used to help model expected plant responses.
The first paragraph on Page 90 states that initial list of initiating events and event sequences
are "later refined in the PRA" and that "The approaches to selecting initiating events and
defining the possible event sequences that result from them are inherently deterministic..."
In the next update of the DID White Paper, Section D.1.10 (Page 89) will be revised and
clarified as follows to address the use of the PRA subsequent to the event selection for initial
design:
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The operating and shutdown modes, safe intermediate operating states, internal and
external initiating events, possible event sequences, and end states that need to be
subsequently considered in both the probabilistic and deterministic safety analyses are
defined in this step. Recognizing the "chicken and egg" nature of this process, the
expanded definition of event sequences for safety protection helps to refine the
requirements for the design and the need for confirmation or formulation of TLDC for
SSCs. Part of the iterative nature of this process is that certain special treatment
requirements are defined or confirmed to support the validity of screening out initiating
events or event sequences from the safety analyses (e.g., catastrophic vessel failures
may be precluded by applying certain requirements, codes, and standards to reduce the
likelihood of such events below a level of concern in the risk-informed performancebased [RIPB] process). It is important to note for the initial design, the decisions up
through Box 4 represent deterministic elements of the RIPB design approach.
DID-29
DID-29. Appendix D, Section D. 1.10 states that "catastrophic vessel failures may be precluded."
However, the NRC staff has not yet determined that design and fabrication of the cross vessel is
adequate to support this claim, so it is premature for the DID methodology to assume to make
this assumption. Therefore, the white paper should be revised to accurately characterize the
status of this assumption.
Response RAI DID-29:
To put the statement in question in proper context, the full sentence is repeated here:
Part of the iterative nature of this process is that certain special treatment requirements
are defined or confirmed to support the validity of screening out initiating events or event
sequences from the safety analyses (e.g., catastrophic vessel failures may be precluded
by applying certain requirements, codes, and standards to reduce the likelihood of such
events below a level of concern in the risk-informed performance-based [RIPB] process).
Catastrophic vessel failures is presented as an example of the types of considerations that may
come into the definition of special treatment requirements in order to validate the screening out
of certain events in the PRA. Should catastrophic failure of the cross vessel be screened out,
adequate justification must be provided. Another example, is that of reactor vessel supports.
The white paper will be revised to reword the text in parentheses to read:
(e.g., certain passive failure modes such as reactor vessel support failure due to internal
causes may be precluded by applying certain requirements, codes, and standards to
reduce the likelihood of such events below a level of concern in the risk-informed
performance-based [RIPB] process).
As described in response to RAI LBE 16, the treatment of HPB leaks and breaks will consider
and account for all the components on the pressure boundary including vessels, piping, welds,
heat exchangers, and welded attachments to these components. This approach includes the
consideration of consequential failures due to external hazards and accident loading conditions.
Although the vessel system will be designed to the ASME nuclear pressure vessel codes and
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standards, failures of the field-welded connections between the reactor vessel, cross vessel,
and steam generator vessel will be candidates as initiating events in the PRA.
There is no intention to screen out catastrophic vessel failures a priori based on any statements
made in these white papers. The screening out of any component and failure mode will be
performed in conformance to PRA standards and the justification will be documented.
DID-30
DID-30. Appendix D: The F-C curve for the NGNP VHTR shows a significantly more restrictive
design objective of 1 REM at the EAB. Discuss how targeting this more restrictive design
objective would affect DID provisions described in the white paper. For example, in some design
concepts, it is anticipated that the fission product retention capability associated with the reactor
building barrier (in Fig 3-6) is not credited to meet the FC curve dose consequences. However,
the fission product retention capability associated with the reactor building barrier might need to
be credited to meet the 1 REM at the EAB. Discuss how applying the more restrictive I REM at
the EAB would generally affect the DID features and approaches described in the DID white
paper.
Response RAI DID-30:
The NGNP program goal is to meet the PAGs at the EAB. This goal is shown on the F-C Curve
to illustrate that if successfully achieved on a best estimate basis with the entire plant
responding, there will likely be considerable margin for the upper bound consequences of the
DBEs (as compared to the F-C curve criterion), and most assuredly for the combined DBE and
BDBE cumulative risk as compared to the QHOs. Radionuclide retention by all barriers,
including the reactor building, is considered for the emergency planning safety analyses
consistent with conventional practice. The approach to demonstrating DID, as discussed in
Section 3.2 and 3.3 of the white paper, will be employed when evaluating events against the
PAG limits.
The DBAs considered for the safety analysis are derived from the DBEs by assuming only
safety-related SSCs are available to mitigate the consequences. For DBAs, it is expected the
reactor building will be relied on for its structural capability to maintain core geometry and to
passively remove core heat from the reactor vessel to the RCCS. It is not expected that the
reactor building will be relied on for radionuclide retention.
In general, meeting the PAG design goal provides for additional DID for DBEs and BDBEs by
placing more reliance on radionuclide retention within the fuel and the inherent characteristics
and passive design features that support it.
DID-31
DID-31. Section 3.2.1: Discuss the extent to which design, analysis and testing (Programmatic
DID) is implemented for the non-safety-related SSCs to ensure they have the capability to
ensure that the F-C consequence limits are not exceeded without credit for safety-related SSCs
for the range of safety-related design conditions at which they must perform their safety
functions.
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Response RAI DID-31:
Programmatic DID, for non-safety-related SSCs, will be implemented consistent with, the NGNP
Structures, Systems and Components Safety Classification White Paper, Section 3.6.2 [1]. It is
noted, that special treatment requirements will be specified for non-safety related with special
treatment (NSRST) SSCs and applied commensurate with ensuring their required capability and
reliability. Also, see the response to RAI SSC-13.
Reference:
1. IN_/EXT-10-19509, 2010, "NGNP Structures, Systems, and Components Safety
Classification White Paper," July 2010.
DID-32
DID-32. Section 3.2.2: Discuss the extent to which the concentric fuel barriers may experience
common mode degradation due to significantly higher than expected fuel operating
temperatures or accident temperatures and the programmatic and plant capability DID
measures associated to ensure that such common mode failure is extremely unlikely.
Response RAI DID-32:
The potential degradation or failure modes of TRISO-coated particle fuel, resulting from high
temperatures (more accurately time at temperature) under either normal operating or accident
conditions or from other phenomena, are discussed at length in the Fuel Qualification (FQ)
White Paper [1]. This information has been developed based on more than 50 years of HTGR
fuel technology development consisting of fabrication process development, irradiation testing,
and post irradiation safety testing.
The major reactor design decisions that have been made during the development of the
modular HTGR (e.g., core materials selection, core geometry, reactor power density, use of
passive heat removal under accident conditions) have been based on the objective of limiting
fuel temperatures and minimizing coated particle fuel degradation or failure to ensure that
radionuclides are retained at their source in the particle fuel and that only limited coated fuel
particle degradation can occur during normal operation or under accident conditions. These
design decisions all contribute to Plant Capability DID. As discussed in the Mechanistic Source
Terms White Paper [2], the fuel barriers are the first three of five barriers to the transport and
release of radionuclides from the HTGR plant. The other two barriers are the HPB and the
reactor building. Taken together, these five barriers provide a functional containment for
radionuclide control. These design selections and features contribute to plant capability DID to
ensure that extensive failure affecting all of the fuel barriers is extremely unlikely and that
radionuclide release for a spectrum of LBE is limited such that doses at the EAB (about 400
meters from the facility) do not exceed EPA Protective Action Guides for plume exposure.
Further Plant Capability DID related to fuel temperature margins is provided by the very large
fuel temperature margins to radioactivity release in normal and accident conditions. Additional
information regarding these temperature margins is provided in the response to RAI DID-20.
Based on fuel temperature experience gained from the operation of earlier HTGRs, steps have
been taken to modify core designs and to improve the ability of core thermal analysis methods
to predict fuel temperatures. Additional information on this Programmatic DID capability is
provided in the response to RAI MST-56.
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As discussed in the response to RAI FQ-22 on the FQ White Paper [3], the coated fuel particles,
fuel compacts, and fuel elements (spherical fuel pebbles or hexagonal fuel elements) are
expected to be classified as safety-related. To assure its capability and reliability, the modular
HTGR fuel will be subjected to a spectrum of special treatment requirements commensurate
with its safety importance that provide Programmatic DID. This will include compliance with
Quality Assurance (QA) requirements during fuel design and development, test capsule
irradiation and post irradiation heatup safety testing, and manufacturing. As discussed in the
response to RAI FQ-43/MST-47 [3], the statistical quality control approach used for HTGR fuel
acceptance during fabrication ensures larger margins for fuel performance than might be
evident from an examination of the fuel specification. This is the case because the actual fuel
quality must be considerably better than the specification limits. Otherwise, the sample sizes
that would be necessary to show compliance with the specifications at the 95% confidence level
would be prohibitively large should the actual product quality level be close to the specification
limits. This approach ensures additional margin for fuel performance.
As discussed in the response to RAI FQ-3/MST-3 [3], further programmatic DID will be provided
during startup of the NGNP single module demonstration plant to ensure that fuel performance
is consistent with design objectives. The following programs are currently envisioned for the
plant: (1) a startup-testing program, (2) a demonstration-testing program supporting Design
Certification of a Standard Reactor Module, and (3) operational surveillance programs.
Additional programmatic DID will be provided throughout plant operation to ensure fuel
performance is as expected and that extensive degradation of the fuel does not occur. Fuel
performance will be monitored via primary coolant activity surveillance, as discussed in the
response to RAI FQ-23/MST-28 [3], and via post irradiation examination of fuel removed from
the reactor, as discussed in the response to RAI FQ-26/MST-31 [3].
All of these programmatic measures will provide programmatic DID to ensure that the fuel
performs as expected and that the "common mode" failure posited in this RAI does not occur.
References
1. INL/EXT-10-18610, 2010, "Next Generation Nuclear Plant Fuel Qualification White
Paper," July 2010.
2. INL/EXT-10-17997, 2010, "Next Generation Nuclear Plant Mechanistic Source Terms
White Paper," July 2010.
3. Idaho National Laboratory (INL), 2011, letter CCN 224915, "Contract No. DE-AC07051 D14517 - Next Generation Nuclear Plant Project Submittal - Response to Nuclear
Regulatory Commission Request for Additional Information Letter No. 002 Regarding
Next Generation Nuclear Plant Project Fuel Qualification and Mechanistic Source Terms
- NRC Project # 0748" August 10, 2011.
DID-33
DID-33. Section 3.2.2: For LWRs, quantitative goals exists for accident prevention (i.e., a core
damage frequency <10-4/reactor-year) and accident mitigation (i.e., large early release
frequency <10-5/reactor-year). Discuss whether the NGNP safety design philosophy involves
balancing accident prevention and mitigation using risk metrics with quantitative guidelines.
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Response RAI DID-33:
Please see the response to RAI DID-18, which provides an expanded discussion of how
prevention and mitigation are defined for the NGNP risk-informed evaluation of DID. In
summary, LWR metrics for defining a balance between prevention and mitigation do not apply
for HTGRs. The NGNP approach will systematically evaluated all the LBEs and define the
SSCs responsible for preventing accidents and the role that each plays in mitigation.
For LWRs, the quantitative goals for CDF/LERF are surrogates for the QHOs. For NGNP, use
of the F-C Curve as shown in Figure D-2 provides assurance of the ability of the plant to meet
the QHOs during design development. The final risk analyses will then demonstrate the QHOs
are met.
DID-34
DID-34. Section 3.2.4.3, footnote h: The DID principles (i.e., statements) presented in Table 3.3
and derived from SRP Chapter 19 involve mostly subjective criteria (i.e., use of criteria such as
"sufficiently," "acceptably," "sufficient," "significant," "provides for adequate") without specific
objective quantitative acceptance criteria. Discuss the quantitative objective criteria that will be
used to determine when these qualitative principles are met.
Response RAI DID-34:
In the formulation of specific special treatment requirements for SSCs classified as safety
related and non-safety related with special treatment, which are part of programmatic DID,
designers will specify quantitative requirements on SSC reliability and capability to ensure that
LBE frequencies are maintained within their respective LBE categories, (e.g., to prevent high
consequence DBEs from migrating up into the anticipated operational occurrence [AOO]
region). Operational programs can establish quantitative reliability goals at the plant level to
maintain LBE frequencies, e.g. involving HPB breaches in the appropriate LBE region. From
these goals, SSC reliability targets are established by allocating the plant level goals to specific
SSCs. Evaluations against these targets are then used to inform decisions about design,
inspection, and surveillance requirements that form some of the special treatment requirements
for these SSCs.
The top-level regulatory criteria are the primary quantitative criteria for assuring that adequate
public protection is provided. Note, however, that the design is still subject to Programmatic DID
and engineering judgment, which includes consideration of uncertainties within both the
assessment results and the performance of SSCs.
DID-35
DID-35. Section 3.3.1.2: Figure D-3 indicates that to meet 10 FR 50.34, no credit need be taken
for control of fission product transport from the helium pressure boundary, control of fission
product transport in the reactor building or from the site control fission transport from the site, or
retention of radionuclides in fuel spheres. It is probable that crediting these fission product
barriers will be required to meet the more restrictive dose limits associated with meeting the
EPA Protective Action Guidelines (PAGs) at the exclusion area boundary (EAB). If so, discuss
the plant capability DID design aspects that would be available for meeting the EPA PAGs at
the EAB.
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Response RAI DID-35:
Also, see the responses to RAI DID-27 and DID-30.
The functions depicted in Figure D-3 are considered modular HTGR examples, since the NGNP
design is still evolving. The complete set of controls required to assure safety and DID functions
will not be identified until the LBEs PRA and DBA analysis are complete.
The text in Section 3.3.1.2 and Appendix D will be clarified to note that it provides an example
application of how the required safety and plant capability defense functions are developed and
further defined based on the top goal of containing radioactive material.
DID-36
DID-36. Section 3.3.1.4 states that "The response times of the reactor during transients are
very long (days as opposed to seconds or minutes)." This would be true for delayed releases
due to core heat-up events, but would not be true for prompt radionuclide releases associated
with large breaks in the helium pressure boundary. Discuss how the NGNP DID approach
addresses possible prompt release events, such as those resulting from breaks in the helium
pressure boundary piping.
Response RAI DID-36:
The NGNP DID approach addresses all releases by ensuring the F-C Curve criteria are satisfied
for all LBEs. These criteria are not sensitive to the event being a prompt release such as that
associated with the initial release from a HPB failure or from delayed releases. The NGNP
safety philosophy as discussed in Section 3.2.1 of the DID White Paper provides for DID against
the releases of radioactivity. Plant capability attributes including the inherent robustness of the
fuel as a barrier and controls on normal operations to minimize challenges to the fuel serve to
minimize the source term for all release events. Additional barriers are provided, as discussed
in Section 3.2.2 and Table 3-1 of the DID White Paper, which serve to reduce the frequency and
consequences of the event.
As an example, specific to the event addressed in this RAI, and in addition to the fuel and
operational controls provided to keep the fuel within normal parameters, the HPB piping serves
as a passive barrier for this event and would have imposed on it design requirements to reduce
the frequency of pipe breaks. The reactor building would also provide a barrier against the
release of radioactivity. The development of the required safety and plant capability defense
functions and their further definition based on the top goal of containing radioactive material are
addressed in Section 3.3.1 and Appendix D as discussed in response to RAI DID-35. It is
important to note, as discussed in response to RAI-DID-35, that additional requirements may be
identified for the HPB piping based on the evaluation of other LBEs. The HPB piping would
have to satisfy the sum of the requirements identified as necessary to meet its safety and DID
functions.
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Next Generation Nuclear Plant White Paper
"Structures, Systems, and Components Safety Classification"
Responses to NRC Requests for Additional Information 5911
ACRS

Advisory Committee on Reactor Safeguards

AOO

anticipated operational occurrence

ANS

American Nuclear Society

ASME

American Society of Mechanical Engineers

BDBE

beyond design-basis event

CDF

core damage frequency

DBA

design basis accident

DBE

design basis event

DID

defense-in-depth

EAB

exclusion area boundary

EPZ

emergency planning zone

F-C

frequency-consequence

HPB

helium pressure boundary

HTGR

high temperature gas-cooled reactor

HTS

heat transport system

LBE

licensing basis event

LERF

large early release frequency

LOCA

loss-of-coolant accident

LWR

light water reactor

NGNP

Next Generation Nuclear Plant

NPP

nuclear power plant

NRC

Nuclear Regulatory Commission

NSRST

non-safety related with special treatment

PBMR

pebble bed modular reactor

PRA

probabilistic risk assessment

QHO

quantitative health objective

rem

roentgen equivalent man

RG

regulatory guide

RIPB

risk-informed performance-based
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RISC

risk-informed safety classification

RTNSS

regulatory treatment of non-safety systems

SAR

safety analysis report

SECY

NRC commission paper

SR

safety-related

SRP

Standard Review Plan

SSC

structures, systems, and components

TLRC

top-level regulatory criteria
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NGNP Structures, Systems, and Components Safety Classification White Paper
RAIs and Responses
SSC-1
SSC-1. Section 2.3.1.2: The regulations of 10 CFR 50.69 provide alternative special treatment
for SSCs, and were developed as a risk-informed overlay to be applied to the existing
deterministic design for operating LWRs. Describe how NGNP intends to apply 10 CFR 50.69 to
the design, operation, and maintenance of the proposed HTGR facility.
Response RAI SSC-1:
Next Generation Nuclear Plant (NGNP) has reviewed 10 CFR §50.69 as guidance to ensure
that the NGNP structures, systems, and components (SSC) safety classification and formulation
of special treatment requirements benefits from the lessons learned in incorporating risk insights
into these areas for operating and advanced light water reactor (LWR) plants. In implementing
these lessons for the NGNP, the following differences between the NGNP and LWRs must be
taken into account.
*

The safety classification system in 10 CFR §50.69 is based on a two dimensional
overlay comprised of a pre-existing safety classification with two categories, safetyrelated and non-safety related, and two-dimensions of safety significance where safety
significance is defined at least partially in terms of risk importance measures on the LWR
risk metrics of core damage frequency (CDF) and large early release frequency (LERF).
In contrast, the NGNP does not have a pre-existing set of safety-related and non-safety
related SSC. In addition, the NGNP will use risk metrics based on NGNP specific
accident families, i.e. licensing basis events (LBEs), and NGNP specific release
category frequencies to determine safety significance. The NGNP proposal to integrate
risk insights into the initial design process using the safety classification process is
described in Section 3 of the SSC White Paper.

*

The four (two-by-two matrix) SSC safety class subcategories in 10 CFR §50.69 fall out
naturally from the two dimensions of pre-existing safety class and safety significance.
The three safety class categories proposed for the NGNP is consistent with 10 CFR
§50.69 when this distinction is taken into account. By definition, the NGNP safety
classes of safety-related and non-safety related with special treatment capture all the
SSCs that are significant to safety (risk). In the NGNP approach a category for safetyrelated with no risk significance is not needed as it would be an empty set.

Having established a basis for a different set of SSC safety classification categories and a
different way to measure safety (risk) significance, the NGNP process considers the provisions
of 10 CFR §50.69(c) for SSC categorization. The implementation of an Integrated DecisionMaking Panel, or expert panel, for making risk-informed decisions as provided by 10 CFR
§50.69(c)(2) is addressed in the response to RAI SSC-21.
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The NGNP approach to special treatment is consistent with respect to the criteria of 10 CFR
§50.69(d) for deriving special treatment requirements for safety-related and non-safety related
with special treatment SSCs. Consistent with the principles in 10 CFR §50.69, the guiding
principle for NGNP is to establish a necessary and sufficient set of special treatment
requirements to ensure that each classified SSC has sufficient capability and reliability perform
its required safety function. While a different process is used to establish "the safety
significance of SSCs", the principles are the same.
SSC-2
SSC-2. Section 2.5: The description of the regulatory background of 10 CFR 50.69 is
incomplete. For example, SECY-98-300 and SECY-99-256 describe important principles
associated with development of this rule. Therefore, the white paper should be revised to
provide complete references to these and other relevant regulatory background documents.
Describe the references which are added, and describe how incorporating that information
affects the discussion in the white paper.
Response RAI SSC-2:
The general process for application of the provisions of §50.69 is described in the response to
RAI SSC-1.
Section 2.5 of the white paper includes regulatory documents which form the evolutionary
development of the risk-informed approach to categorization of SSCs, including the
development and implementation guidance of §50.69. Other references, such as SECY-980300 and SECY-99-0256 (noted in the RAI), SECY-98-144, SECY-00-194, SECY-02-0176, and
SECY-04-0109 amongst others, provide added background on the development of approaches
to risk-informing various requirements with 10 CFR Part 50 (as well as §50.69 specifically). The
list of references in section 2.5 is illustrative and not intended to be all encompassing.
Section 2.5 does include a reference to SECY-1 0-0034, which provides a recent summary of
the approach for safety classification and special treatment requirements of SSCs for
application to small modular reactors, including non-light water reactor, designs.
SSC-3
SSC-3. Section 3.4.1: The paper states that risk informing SSC safety classification provides
adequate protection of public health and safety. In fact, it is the performance of an SSC,
assured by its adequate treatment, which provides adequate protection, rather than the safety
classification itself.
Revise the white paper to more accurately characterize SSC performance and treatment.
Response RAI SSC-3:
The staffs observation in this RAI is correct. In addition, it is noted that the performance of the
SSC is defined by its capabilities to fulfill its safety functions with a high degree of confidence
and by its reliability, both of which are needed to provide adequate protection. Section 3.4.1 will
be revised as follows:
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White Paper Text Mark-Up
Section 3.4.1, p.13
3.4.1 Basis for Risk Informing the Criteria for Safety Classification
Risk informing the safety classification of SSCs provides a framework for defining the
special treatment requirements, which will provide increased assurance that SSCs have
adequate capability and reliability in fulfilling their safety function.
As discussed in the LBE White Paper, the LBE frequencies are a function of the frequencies
of initiating events from internal events, internal and external hazards, and the reliabilities
and capabilities of the SSCs (including the operator) to prevent an initiating event from
progressing to an accident, to mitigate the consequences of an accident, or both to prevent
the former and mitigate the latter. In some cases, the initiating events are failures of SSCs
themselves, in which case the reliability of the SSC in the prevention of the initiating event
needs to be considered. In other cases, the initiating events may represent challenges to the
SSC in question, in which case the reliability of the SSC to perform a safety function in
response to the initiating event needs to be considered. Finally, there are other cases in
which the challenge to the SSC in question is defined by the combination of an initiating
event and combinations of successes and failures of other SSCs in response to the initiating
event.
SSC-4
SSC-4
Section 3.4.1: This section states that:
As discussed in the LBE white paper, the LBE frequencies are a function of the
frequencies of initiating events from internal events, internal and external hazards, and
the reliabilities and capabilities of the SSCs (including the operator)...
However, it appears that the LBE white paper does not address operator performance.
Provide revisions to the SSC and LBE white papers to which consistently describe the expected
role of NGNP operators.
Response RAI SSC-4:
The role of plant personnel, including the operator, is discussed in the response to RAI LBE-14.
As discussed in that response, the need for operator action to protect public health and safety is
limited. Operator action is not expected to be required during design basis accidents (DBAs).
This will be confirmed as the design process progresses.
SSC-5
SSC-5. Section 3.4.2: The white paper states that "The definition of safety-related includes
application of deterministic engineering judgment and risk informed elements."
Is the "definition of safety-related" in this sentence the NGNP project definition? If so, revise the
text to make it clear this is the case. How is deterministic engineering judgment applied to
safety-related SSCs for NGNP?
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Response RAI SSC-5:
The NGNP project definition is intended, and the text will be revised accordingly. Deterministic
engineering judgment is applied to safety-related SSCs as follows:
"

Design engineers have many options available for SSC safety classification when
reviewing each LBE in the design basis event (DBE) category and selecting a necessary
and sufficient set of safety-related SSCs to be relied upon to prevent or mitigate the
consequences of the DBAs. The application of engineering judgment in selecting the
safety-related SSCs is a deterministic element.

*

In making the judgment above, conservatism is applied to ensure that the capability to
meet the top-level regulatory criteria (TLRC) for the DBEs (mitigation) and beyond
design-basis events (BDBEs) (high consequence prevention) is ensured with a high
degree of confidence.

" All engineering design decisions including LBE selection, SSC classification, special
treatment requirements, and development of top-level design criteria are subjected to
the NGNP defense-in-depth (DID) approach, in which the uncertainties in the
probabilistic risk assessments (PRAs) that are used as input to these decisions are
evaluated to ensure there is adequate DID. SSC classification decisions may be
revised, as needed, to address uncertainties and meet the DID principles.
SSC-6
SSC-6. Section 3.4.2 of the white paper states that:
Risk-informed application of the safety classification process is applicable to SSCs of a
facility or process that are relied upon to prevent or mitigate the consequences of
accidents (LBEs) which could result in potential significant offsite exposures.
The definition of "significant" is not clear from this statement. Consequences for any event
should not be in excess of regulatory limits. Small consequences (relative to more severe
accidents) in excess of limits for AOOs cannot be permitted, for example.
The white paper also states that:
The first step in the process of classifying SSCs as safety-related is to
determine the required safety functions for DBEs.
The NGNP SSC classification and treatment must address all operating modes and off-normal
conditions. For example, for operating LWRs, safety-related safety relief valves are required to
mitigate anticipated transients which do not result in any dose consequences, and it is expected
that there will be analogous relief capability for NGNP.
Discuss how the SSC classification and treatment methodology ensures operation remains
within regulatory consequence limits over the full range of events evaluated for the facility.
Response RAI SSC-6:
The term "significant offsite exposures" is intended to be interpreted in relation to the TLRC.
The sentence will be revised to read: "...which could result in offsite exposures that exceed the
TLRC."
When one compares the frequencies and consequences of the LBEs to the TLRC, the
frequencies and consequences are linked to the capabilities and reliabilities of the SSCs
modeled in the PRA. This should not be confused with a set of deterministic requirements that
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may be applied from the existing regulations, or new regulations that may be applicable to the
NGNP. When the frequency of the LBEs is determined, all the SSCs that may contribute to
causing, preventing, or mitigating an LBE are considered, together with their reliability. When
deterministic requirements are applied, such as the requirement to mitigate a DBA without
taking credit for the non-safety SSCs, those requirements are considered deterministic, and
accident frequencies are not applied.
Please see the response to RAI SSC-8, LBE-12, and LBE-32 for more discussion of this point.
SSC-7
SSC-7. Section 3.4.2: The white paper states that SSC performance is "considered
realistically" for BDBE. What treatment is envisioned for SSCs mitigating BDBE to keep
dose consequences within limits and to avoid unexpectedly increasing the frequency of
such events? That is, how are the PRA assumptions shown to be valid, both for the initial
design, and on an ongoing basis during plant operation?
Response RAI SSC-7:
The risk assessment of the events in the BIDBE region are mechanistically evaluated with the
entire plant responding. If BDBEs are found that when combined with the consequences of the
other LBEs do not meet the quantitative health objectives (QHOs), then a design iteration is
undertaken to improve the capability and/or reliability of SSCs corresponding to these events
while maintaining the capability to meet the requirements in the anticipated operational
occurrence (AOO) and DBE regions as well as the requirements to reliably produce
power/process heat and to protect the plant investment. Additionally, if there are BDBEs that
have consequences greater than 10 CFR §50.34, they are examined to determine the functions
and special treatment required to ensure their frequency does not place them in the DBE region.
The risk assessment will not only undergo iterations in the design process, but is a living
document that will be periodically updated as operational experience for the plant's SSCs is
gained from industry and from the plant itself. Updates to the PRA will be peer reviewed as
discussed in the response to RAI LBE-4.
SSC-8
SSC-8. Section 3.4.2: The white paper defines an SSC as non-safety-related with special
treatment (NSRST), in part, as an SSC mitigating the consequences of AQOs. This definition is
a departure from current practice, where such SSCs are considered safety-related. Given that
the risk of AQOs, as defined by the permissible combination of event frequency and dose
consequences proposed by NGNP, may be higher than for OBAs, it is not obvious why a lower
classification is appropriate. In addition, SSCs mitigating AQOs for existing plants are classified
as safety-related, so the NGNP proposal is inconsistent with current practice. Furthermore, the
term "NSRST" is not presently part of the regulations, so it is not consistent with current NRC
rules.
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Provide additional justification of the proposed classification of SSCs mitigating the
consequences of AQOs as NSRST, including justification for deviating from the precedent that
such SSCs are classified as safety-related. Discuss how NGNP intends to implement the
NSRST classification (i.e., by exemption or petition for rulemaking), given that the
classification is not part of the current regulations.
Response RAI SSC-8:
The NGNP risk-informed performance-based (RIPB) licensing approach meets the 10 CFR
requirements for classification of SSCs as safety-related, meets the intent of the LWR Standard
Review Plan for the deterministic safety analyses in Chapter 15 relative to AOOs, and, further,
provides added assurance that the non-safety related SSCs relied on for the AQOs meet their
Top-level Regulatory Criteria by receiving the requisite special treatment.
10 CFR 50 states the following:
Safety-related structures, systems and components means those structures, systems
and components that are relied upon to remain functional during and following design
basis events to assure:
" The integrity of the reactor coolant pressure boundary
" The capability to shut down the reactor and maintain it in a safe shutdown
condition; or
*

The capability to prevent or mitigate the consequences of accidents which could
result in potential offsite exposures comparable to the applicable guideline
exposures set forth in § 50.34(a)(1) or § 100.11 of this chapter, as applicable.

Item (3) provides references the NGNP Top-level Regulatory Criteria for design basis events of
what must be met. Items (1) and (2) provide how item (3) is to be met and are technologydependent. The NGNP plant required safety functions are similar: retain radionuclides within
the fuel, control core heat generation, remove core heat, control chemical attack, and maintain
core geometry. 10 CFR 50 does not address safety classification of SSCs for AQOs.
The LWR Standard Review Plan (SRP) for Chapter 15 in Section 6.1.B states on page 15.0.9:
The reviewer verifies that the applicant has specified only safety-related systems or
components for use in mitigating AOO and postulated accident conditions, and has
included the effects of single active failures in those systems and components.
In the NGNP RIPB approach, the entire plant responds to the AOOs, that is all SSCs that are
available for the given initiating event and event sequence within the AOO frequency region
including the SSCs classified as safety-related and NSRST. In evaluating the consequences
relative to the 10 CFR 20 offsite annual dose criteria, SSCs that are classified as non-safetyrelated as well as safety-related may be relied upon. However, the intent is met since there are
lower frequency events in the DBE region where only the safety-related SSCs are relied on and
those DBEs (or AOOs with only safety-related [SR] SSCs responding) meet the 10 CFR 50 item
(3) above.
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The NGNP licensing approach has proposed the NSRST classification category to explicitly
assure that the non-safety related SSCs relied on during AOOs to meet the 10 CFR 20 offsite
annual dose criterion have the requisite special treatment. The advantage of the entire plant
responding is that the expected response with its uncertainty can be compared to the
requirement to determine the safety margins. Since AQOs are expected in the plant lifetime,
corrective actions can be taken as needed in an effective and optimum manner to achieve risk
reduction. Any SSCs that are classified as safety-related as a result of the 10 CFR 50 item (3)
for design basis events that mitigate or prevent AQOs will have special treatment specific to
both the AQOs and DBEs that they are involved in. Hence, the requirement that safety-related
SSCs be able to mitigate AQOs will be satisfied, however requirements to mitigate AOOs will be
10 CFR 20 for NSRST and 10 CFR §50.34 for SR SSCs.
10 CFR 50 and the LWR SRP are framed to address only two safety class categories: safetyrelated and non-safety related. The NGNP risk-informed approach proposes a third category,
NSRST, for AOOs. Although not pertaining to AQOs, there is precedent for a third category
based on risk-informed considerations for LWRs with the regulatory treatment of non-safety
systems (RTNSS) category.
With respect to the regulatory implementation of the NSRST approach, it is not the intent or
objective of this white paper to define or establish the regulatory mechanism (i.e., exemption
request, petition for rulemaking) to be used for incorporating non-LWR codes and standards into
the Nuclear Regulatory Commission (NRC) licensing framework for high-temperature gascooled reactors (HTGRs). The objective of this white paper with respect to implementation of
the NSRST approach is to gain acceptance of the classification approach proposed in the white
paper. Selection of the most efficient regulatory mechanism for incorporating this approach into
the HTGR licensing framework would be made later based on dialogue between the HTGR
license applicant and the NRC staff.
SSC-9
SSC-9. Section 3.6: The description of special treatment states that the reliability and capability
of safety-related SSCs are derived from the frequency and consequences of the LBEs that
those SSCs mitigate. This description is incomplete, because frequency and consequences do
not address equipment capability to function adequately in the environmental conditions it may
be subjected to in the event of an accident, capability of withstanding a seismic event, or other
performance attributes unrelated to the frequency and consequences of the event. While Table
1 appears to recognize these additional factors, the white paper text is arguably misleading,
because it implies a more limited set of special requirements.
Provide clarification of the full scope of special treatment requirements for safety-related SSCs.
Response RAI SSC-9:
The NGNP concept of capability is intended to include all capabilities that are identified and
modeled in the PRA including the capability to operate under the loads and any harsh
environments associated with the event sequences that challenge the SSC as reflected in the
definition of the LBEs. Section 3.6 will be revised to clarify the capability requirements to
include performing under accident conditions.
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White Paper Text Mark-Up
Section 3.6, p.16
3.6 Special Treatment for SSCs
The purpose of special treatment requirements is twofold. First, special treatment
provides assurance that the reliability and capability of SSCs are adequate for the
prevention and mitigation of LBEs. The reliability and capability requirements of SSCs
are derived from their role in establishing the frequencies and consequences of the
LBEs in which they are involved. Second, special treatment requirements increase the
level of assurance, and hence confidence, that the SSCs will perform their safety
functions as modeled in the PRA and deterministic safety (Chapter 15) analysis. To
facilitate a full definition of the special treatment requirements, the LBE definition will
define the loading conditions and environmental conditions, including any harsh
environments, under which the SSC must fulfill its safety function(s). In summary,
special treatment, requirements reduce the uncertainties about SSC reliability and
performance of the safety functions to prevent and mitigate LBEs.
SSC-10
SSC-10. Section 3.6: The paper states that:
The purpose of the special treatment is to increase the level of assurance that the SSCs
will perform as predicted in the PRA under expected LBE conditions with the assessed
uncertainties. As such, the special treatment requirements are an important element of
defense-in-depth.
The paper also states that special treatment measures are established by:
... establishing capabilities of the SSCs that are credited in the PRA with successful
performance of safety functions during DBEs and the reliability requirements that are
needed to prevent high consequence BDBEs.
SSCs will be relied upon to demonstrate compliance with regulatory requirements in the Safety
Analysis Report, not just the PRA. According to the LBE white paper, the SAR analyses of
DBAs will be deterministic, at least in part. SSC performance specifications which are defined
deterministically may not be adequately reflected in the PRA, and may form an element of the
overall defense-in-depth for the facility. Therefore, special treatment determined based only
from PRA requirements may not adequately ensure SSC performance.
Provide a discussion of how deterministic SSC performance specifications will be identified and
how special treatment will ensure those specifications will be satisfied.
Response RAI SSC-1O0:
The SSC safety classification process is accountable to both the probabilistic and the
deterministic aspects consistent with the risk-informed approach to safety classification and DID
proposed for the NGNP.
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The development of the deterministic DBA analysis is further addressed in the responses to
RAIs LBE-9, LBE-10, and DID-14. Consistent with the approach taken in LWR accident
analysis, deterministically derived conservative assumptions and appropriate bounding inputs
regarding initial conditions and plant responses will be utilized in the development and analysis
of DBAs for NGNP.
Section 3.6 will be revised as shown in response to RAI SSC-9 to clarify that there are both
deterministic and probabilistic requirements to be in conformance with the PRA model for SSCs.
See the response to RAI SSC-9.
SSC-11
SSC-1 1. Section 3.6.2: The white paper claims that the level of uncertainty in predicting NSRST
SSC performance for AOOs is less than that for safety-related SSCs, concluding that less
special treatment is justified. However, it seems that such a claim relies on an assumption that
other factors associated with SSCs are somewhat equivalent, which may not be the case if
different controls are applied, making the two SSC populations fundamentally different.
In addition, special treatment is also needed to also address factors relevant to mitigation of
AOOs which are not addressed by the PRA. For example, an anticipated transient can result in
service conditions such as elevated temperatures which can challenge SSC performance, so
equipment will still require qualification for those expected environments. However, Table 1
suggests that environmental qualification will not be required for NSRST components, which is
inconsistent with the requirements of 10 CFR 50.49 and 10 CFR 50 Appendix A Criterion 4.
1. Provide justification for the claim that uncertainties for NSRST equipment are lower than
that for safety-related SSCs.
2. Given that existing regulations may require more control of NSRST equipment than
proposed, explain how NGNP intends to implement (e.g., via exemption) the proposed
treatment of NSRST equipment.
Response SSC-11:
In addressing Question 1, it is noted that the event sequences that challenge the capabilities of
SSCs classified as NSRST are by definition more likely than those that challenges the safetyrelated SSCs. The event sequences that challenge the capability of NSRST SSCs are
generally in the Anticipated Operational Occurrence region of the LBE spectrum. This is shown
in Figure 1 in the white paper. Because the plant conditions that will challenge the SSCs in the
NSRST category are more frequent and in many conditions include normal operation, it will be
relatively easy to confirm that the SSCs have the necessary degree of reliability and capability
through monitoring of SSC performance in a manner that is similar to the implementation of the
Maintenance Rule provisions. By contrast, the conditions that challenge the safety functions of
safety-related SSCs are rare events in the DBE region, which are not expected to occur in the
life of the plant such that there may be less opportunity to confirm the reliability and capability of
the SSCs through actual performance. Periodic surveillance inspections and testing are applied
to these SSCs to provide assurance of their capabilities. This is fundamentally the reason why
there is less uncertainty (e.g., greater confidence) in demonstrating that SSCs classified as
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NSRST have sufficient reliability and capability when compared to the safety-related category of
SSCs.
With regard to the second question, the check marks provided in Table 1 were not intended
necessarily to exclude equipment qualification special treatment requirements from SSCs in the
NSRST category, but rather to convey the general thought that the level of special treatment for
NSRST SSCs will be generally less than that provided for SR SSCs. The specific special
treatment requirements for any SSC in either category will be developed on a case-by-case
basis, rather than a "one size fits all" method where the SSC is either covered by all of or none
of such requirements. In the selection of special treatment requirements for specific SSCs, it
will be necessary to identify all the event sequences, including the associated environmental
conditions of the event sequences, which challenge the functions of the SSC to prevent and/or
mitigate challenges and define the specific capabilities that must be provided as well as the
minimum reliability and availability requirements for the SSC performance to keep the
associated LBEs within the respective LBE regions.
SSC-12
SSC-12. Section 3.6.2: The white paper claims that NSRST SSCs provide defense-in-depth for
DBEs and BDBEs. Such a claim is only true to the extent that NSRST SSC functions are
relevant to mitigation of DBEs and BDBEs, and to the extent that that equipment will be capable
of performing under the service conditions characteristic of such events. For example, it is not
reasonable to claim an NSRST SSC that is not qualified for the environment created by a DBE
will have any capability to mitigate such an event.
Discuss the advantages and limitations of NSRST SSCs contribution to defense-in-depth for
DBEs and BDBEs.
Response RAI SSC-12:
The reliability of the NSRST SSCs helps to maintain the frequency of many DBEs and BDBEs
within the allowable frequency range for such events. If special treatment were not applied to
some NSRST SSCs and if, as a result, they were less reliable than assumed in the PRA, some
BDBEs and BDEs could increase in frequency, possibly to the point of requiring a change to
their LBE classification. Hence, NSRST SSCs (as well as NSR SSCs) are expected to provide
DID for DBEs and BDBEs.
SSC-13
SSC-1 3. Section 2.3.1.1: The white paper does not clearly state that SSCs described by this
section (i.e., NSRST SSCs) will meet regulatory requirements, such as 10 CFR 50.55a(a)(1),
which requires that SSCs be "...designed, fabricated, erected, constructed, tested, and
inspected to quality standards commensurate with the importance of the safety function to be
performed."
Provide clarification of NGNP's intent for these SSCs.
Response RAI SSC-13:
As noted in the response to RAI SSC-1, the NGNP approach to safety classification and special
treatment is consistent with the principle that special treatment requirements shall be
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commensurate with the importance of the safety function(s) to be fulfilled. As discussed in
Section 2.3.1.1 of the white paper, the NGNP Project expects to conform to future code
requirements developed for HTGR plants. This would include HTGR codes developed and
incorporated into regulation such as 10 CFR §50.55a. A discussion of current non-LWR code
development efforts by industry and potential application by the NRC of lessons learned from
review of international codes and standards are provided in "NGNPHigh Temperature Materials
White Paper"[1], Code requirements associated with design, fabrication, erection, inspection,
testing, operation, and maintenance would be applicable to those SSCs determined to require
special treatment to the extent necessary to provide reasonable assurance that such SSCs, as
determined through a plant-specific PRA, will perform their intended safety function with
sufficient capability and reliability to meet the TLRC.
Reference
1. INLUEXT-1O-17187, "NGNPHigh Temperature Materials White Paper,"June 2010.
SSC-14
SSC-14
Sections 2.3.1: The white paper states that:
NGNP anticipates utilizing the guidance provided in Regulatory Guide
1.201 for complying with the NRC's requirements in 10 CFR 50.69 to determine the
safety significance of SSCs and place them into the appropriate RISC categories as
described in Section 1.5 of this white paper.
1. The LWR risk importance measures associated with RG 1.201 (which involve the use of
CDF and LERF risk metrics) are not applicable to the NGNP. Discuss the risk
importance measures or other risk assessment techniques that will be used to evaluate
risk significance of NGNP design features with respect to defense-in-depth, safety
margin, or risk.
2. The classification scheme described by the white paper section 1.5 does not match the
10 CFR 50.69 RISC categories. Furthermore, 10 CFR 50.69 was written to provide
alternative treatment for SSCs while preserving the deterministic design basis for an
existing light water reactor, and was not intended as a tool for initial design of a reactor,
so its direct applicability to a risk-informed, performance-based design basis such as
proposed for NGNP is not clear. Provide clarification of how 10 CFR 50.69 will be
applied to NGNP.
Response RAI SSC-14:
The additional information requested in this RAI is addressed in the response to RAI SSC-1.
SSC-15
SSC-15. Section 2.3.1: It may be possible that a BDBE results in avery high (but not
unacceptable) consequence near the high end of the BDBE frequency range and as such may
be among the largest contributors to plant risk (i.e. located on the highest iso-risk contour in
Figure 1). Will the NGNP SSC safety classification approach require that SSCs that mitigate
such an event be classified as safety-related?
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Response RAI SSC-15:
If a BDBE has consequences that exceed the 10 CFR §50.34 dose limit for DBAs, any SSCs
that prevent the event from being in the DBE region are classified as safety-related. In addition,
if the mean frequency of a BDBE were close to the DBE boundary such that the 95 percentile of
the BDBE frequency exceeded the upper limit for BDBE region, the LBE would be evaluated as
though it were a DBE.
. SSC-16
SSC-16. Sections 1.5 and 4.2: The phrasing of the "Outcome Objectives" in these sections is
not consistent. Provide revised text to clarify these sections.
Response RAI SSC-16:
The SSC White Paper, Section 1.5, will be revised to align with the Outcome Objectives
presented in Section 4.2. Section 1.5 provides additional .background information relative to that
provided in Section 4.2.
White Paper Text Mark-Up
Section 1.5, pp. 2 and 3
1.5 Summary of Outcome Objectives
The objective of this paper (and the follow-up interactions) is to obtain NRC agreement on
the list of issues for the safety classification of SSCs to support NGNP licensing as well as
agreement on the approach to resolving these issues. Specifically, NGNP would like the
NRC to concur with the following statements; or provide an alternative set of statements with
which they concur:
1. The NGNP risk-informed, performance-based approach to safety classification and
special treatment that blends the strengths of deterministic engineering judgment and
probabilistic methods, as recommended in SECY-03-0047 and SECY-10-0034, is
acceptable. In accordance with Standard Review Plan (SRP) 3.2.2, "System Quality
Group Classification," this is an optional approach provided by the process defined by 10
CFR §50.69. The more traditional approach utilizes the guidance provided by
Regulatory Guide (RG) 1.26 and includes the definitions of 10 CFR §50.2 (as applicable
to HTGR design concept). The process described herein implements key aspects of
both 10 CFR §50.69 and §50.2.
NGNP seeks to establish that its approach to risk-informed safety classification and
special treatment that blends the strengths of probabilistic and deterministic methods is
acceptable.
2. The use of safety classification categories developed from the provisions of 10 CFR
§50.69 and the bases for SSC classification in each category described below are
acceptable:
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Safety-Related (SR):
SSCs relied on to perform required safety functions to prevent or mitigate the
consequences of DBE to comply with the TLRC
SSCs relied on to perform required safety functions to prevent the frequency of
BDBE with consequences greater than the 10 CFR §50.34/52.79 dose limits from
increasing into the DBE region.
Non-Safety-Related with Special Treatment:
SSCs are relied on to perform functions to mitigate the consequences of AOO to
comply with the TLRC
SSCs are relied on to perform functions to prevent the frequency of DBEs with
consequences greater than the 10 CFR 20 offsite dose limits from increasing into
the AOO region.
Non-Safety-Related:
All other SSCs (with no special treatment required).
3. Special treatment requirements are identified for SR SSCs to assure the SSC capability
and reliability in performing functions consistent with the TLRC and regulatory dose
limits. Refer to Table 1.
NGNP seeks to establish that the special treatment for the SR category of classification
is commensurate with assuring the SSCs ability to perform their safety function for DBEs
and high consequence BDBEs.
4. Special treatment requirements are identified for NSRST SSCs to assure the SSC
capability and reliability in performing functions consistent with the TLRC and regulatory
dose limits. Refer to Table 1.
NGNP seeks to establish that the special treatment for the NSRST category is
commensurate with assuring the SSCs' ability to perform their safety function of
providing significant defense-in-depth.
SSC-17
SSC-17. Section 1.5: List all criteria that can result in an SSC being designated as safetyrelated.
Response RAI SSC-17:
Section 3.4.2 lists the two criteria for which SSCs can be designated as safety-related as:
SSCs relied on to perform required safety functions to prevent or mitigate the
consequences of DBEs to comply with the TLRC
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SSCs relied on to perform required safety functions to prevent the frequency of
BDBEs with consequences greater than the 10 CFR §50.34 dose limits from
increasing into the DBE region.
These criteria are currently listed in Section 1.5, Item 2.
SSC-18
SSC-18. Section 3.4.3: Regulations in 10 CFR 50.34 and 10 CFR 52.79 include requirements
for consideration of a "major accident, hypothesized for the purposes of site analysis or
postulated from considerations of possible accidental events." What is the safety classification
and associated special treatment for SSCs which mitigate such a hypothetical accident?
Response RAI SSC-18:
As discussed in the response to RAI MST-71, the NGNP siting assessment will include
examination of events from the BDBE region as well as events in the DBE region. However, it
is anticipated that, based on previous experience in modular HTGR safety analyses, that even
for events in the BDBE region, the radionuclide releases will not be equivalent to the maximum
hypothetical accidents postulated for LWRs such as the large break loss-of-coolant accident
(LOCA) which results in significant core melt and radionuclide release. For events selected as
DBAs, only the safety-related SSCs will be assumed within the accident analysis. See section
3.4.2 of the white paper and the responses to RAIs SSC-15, 16, and 17 for classification of
SSCs for events in the DBE and BDBE regions. The special treatments for the responding
SSCs will correspond to the capability and reliability required for the performance of their safety
functions.
SSC-19
SSC-19. Section 3.5: It is understood that an LBE plotted on the F-C chart will depict both the
mean values and uncertainty band for both event frequency and event consequences.
1. Discuss whether the events identified as "AS" and "AF" are the mean values or the
upper range of the uncertainty bands.
2. Discuss whether the special treatment of the NSR SSCs are intended to reduce the
mean values, the uncertainty bands, or both.
Response RAI SSC-19:
The Events AS and AF as shown are mean values. For simplification, the upper and lower
confidence bounds were not included in this chart. When analyzing LBEs, the upper and lower
confidence bounds will be reviewed to ensure adequate conservatism is provided in the analysis
and to determine if additional DID is warranted. If the mean is on one side of an LBE boundary
and the 95 percentile is on the other, the LBE will be evaluated against the dose limits of both
categories for acceptability.
It is expected that special treatment requirements will help to maintain the mean event
frequencies within the assigned LBE region, and in some cases, such requirements may also
reduce the uncertainties. However, it is noted that the state of the art of PRA has a limited
capability to quantify the cause and effect relationships between special treatment requirements
and the reliability of the SSC as well as its uncertainty. For the most part, the special treatment

Enclosure 3
October 14, 2011
CCN 225601
Page 17 of 22
requirements are expected to reduce uncertainties that are not actually quantified in the PRA.
This is consistent with insights from LWR pilot studies that have implemented 10 CFR §50.69.
SSC-20
SSC-20. Section 3.5: In a February 11, 2000, letter on "Importance Measures Derived From
Probabilistic Risk Assessments," the Advisory Committee on Reactor Safeguards stated:
We believe that risk-informed decisions are best made using metrics, such as core
damage frequency (CDF) or large, early release frequency (LERF), to evaluate the
impact of decision options. There are, however, important situations in which this
impact cannot be calculated easily. These include the risk-informed determination of
special treatment requirements for structures, systems, and components (SSCs). The
SSCs are first categorized according to their "importance," and then a decision is made
regarding special treatment requirements for each category. The impact of these
requirements on CDF and LERF is not quantified.
Discuss the role of importance measures in establishing special treatment of SSCs. The
discussion should address the inherent difficulty in quantifying the benefits of special
treatment in risk analyses.
Response RAI SSC-20:
As explained more fully in the recently transmitted NGNP PRA White Paper on [1], the NGNP
PRA approach is consistent with the requirements of the draft standard that is being developed
by American Society of Mechanical Engineers (ASME)/American Nuclear Society (ANS) for
advanced non-LWR PRA. That draft standard has proposed a technology-neutral definition of
risk significance that is framed in terms of release category frequencies rather than the LWR
risk metrics of CDF and LERF. The NGNP will be required to identify all contributors to risk that
are classified as risk significant and to characterize the uncertainties associated with the
significance determination. These results will be used to support the risk-informed evaluation of
DID, which may result in changes to design decisions, safety classification, special treatment
requirements, etc., to support DID.
The risk importance measures, such as Fussell-Vesely, risk achievement worth, etc., are of
limited value for the NGNP because they would need to be calculated for many different release
category frequencies and all that data would then have to be reviewed and cross-compared to
develop meaningful insights. The NGNP approach will be developed following the process
described in SSC-23 and the NGNP PRA White Paper [1].
The NGNP will be cognizant of the limitations and misleading conclusions that can be derived
from misuse of importance measures, as is noted in the guidance of the quoted Advisory
Committee on Reactor Safeguards (ACRS) letter.
Reference:
1. INL/EXT-1 1-21270, "Next Generation Nuclear Plant Probabilistic Risk Assessment White
Paper," September 2011.
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SSC-21
SSC-21. Section 3.5: The February 11, 2000, ACRS letter also stated:
... what really matters is the robustness of the SSC categorization that the expert panel
produces through its integrated decision making process that includes plant information
in addition to the information provided by the importance measures.
Discuss whether (or to what extent) an "expert panel" will be used for classifying SSCs and/or
establishing SSC special treatments for the NGNP.
Response SSC-21:
The context of the ACRS letter quote is the use of risk importance metrics from PRA to
incorporate risk insights into the safety classification of SSCs for operating plants. This is one of
several examples in which risk insights have been used to justify changes in existing
deterministic requirements for operating plants using the risk-informed decision making
framework of RG 1.174. All such risk-informed applications have involved the use of expert
panels to make sure that risk insights are used in a manner that does not conflict with non-risk
considerations important to the decisions. It is important to note that all such risk-informed
applications for existing plants are voluntary and are based on the fact that the plants were
licensed using deterministic requirements. Risk insights were applied in an incremental fashion
after the plant was designed, licensed, and operated. Expert panels are used in these cases to
ensure the proper integration of deterministic inputs to the decision.
In the NGNP safety design approach, expert panels in the above context are not used, but the
equivalent of the expert panel concept is embedded in the safety design approach. The PRA
team works closely with the design team as well as the teams responsible for plant
performance, operator training, availability assessment, safety analysis, etc., in a manner that
incorporates the expert panel functions on a day-to-day basis so a separate panel after-the-fact
is not needed. Further, the PRA itself has peer review in its development, which is addressed in
Section 2.1.3.3 and Table 3-6 of "Next Generation Nuclear Plant Probabilistic Risk Assessment
White Paper" [1]. Notwithstanding this, a peer review per the ASME standard will be employed
to confirm the adequacy of the process and to explore potential omissions. See response to RAI
LBE-3.
Reference
1. INL/EXT-11-21270, "Next Generation Nuclear Plant Probabilistic Risk Assessment White
Paper", February 2011.
SSC-22
SSC-22. Section 3.6.1: How will SSCs which provide ,mitigation functions, such as steam
generator depressurization to mitigate a tube rupture, be classified and treated?
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Response RAI SSC-22:
As with any other event, for a steam tube rupture, those SSCs which perform safety functions
relied on to ensure compliance with the TLRC (either through reducing the frequency of the
event (preventive) or reducing the consequence of the event (mitigative), will be classified as
safety-related or non-safety related with special treatment as discussed in Sections 1.5 and 3.4
of this white paper. Also, see responses to RAI SSC-8 and SSC-17.
SSC-23
SSC-23. In the NGNP Defense-in-Depth white paper, Section 3.1.1, the footnote on page 19
states that "It is expected that intermediate design performance or reliability metrics will be used
to establish the special treatment requirements." Clarify what is meant by this statement. What
are "intermediate design performance or reliability metrics?" Why are intermediate metrics
adequate for definition of special treatment, as opposed to final design parameters?
Response RAI SSC-23:
To provide proper context for the response to this RAI, the entire footnote is reproduced here as
follows:
In their review of the PBMR US Design Certification White Paper on defense-in-depth,
the NRC staff requested in RAI DID-6 an identification of performance, criteria other than
site boundary dose that support defense-in-depth. The availability of a PRA early in the
design process allows more detailed examination of single point or common mode
vulnerabilities along with the consequences of their occurrence. This provides additional
assurance that there are no "single features of design, construction, operation, or
maintenance whose failure would threaten public safety. The NGNP approach to special
treatment is based on establishing the required degree of capability and reliability for
SSCs in the prevention and mitigation of event sequences. It is expected that
intermediate design performance or reliability metrics will be used to establish the
special treatment requirements. Examples of such metrics would include component and
system level reliability and availability targets that are derived from the results of the
PRA in comparison with the TLRC. The approach being developed by the American
Society of Mechanical Engineers (ASME) Special Working Group on HTGRs under
Section Xl is developing requirements for in-service inspection of helium pressure
boundary (HPB) SSCs that are based in part on component level reliability targets. The
general principles that have been applied to address the NRC Maintenance Rule to
develop plant and component level reliability and availability targets would serve as good
examples of how such individual performance metrics can be developed.
As stated in the footnote, examples of intermediate performance metrics would include
component and system level reliability targets. A discussion of intermediate risk metrics
development is provided in sections 3.4 and 3.11 of the NGNP White Paper "Next Generation
Nuclear Plant Probabilistic Risk Assessment," [1].
Examples of intermediate performance metrics that may be used to help define the special
treatment requirements include the parameters of the fuel performance specification, graphite
properties, reactor vessel thermal emissivity, heat transport system (HTS) helium purity, and
other design performance parameters that are linked to the reliability and capability of each SSC
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to perform its intended functions. It is not intended that intermediate metrics be based on less
than the final design, nor would the intermediate metrics exclude design performance
parameters as suggested in this RAI. To help clarify this matter, the text of the footnote will be
revised to read:
It is expected that intermediate design performance or reliability metrics will be used to
help establish the special treatment requirements.
Reference
1. INL/EXT-11-21270, "Next Generation Nuclear Plant Probabilistic Risk Assessment White
Paper", February 2011.
SSC-24
SSC-24. Refering to the NGNP Defense-in-Depth white paper, Section 2.2.6: Discuss how
functional performance capabilities of the non-safety-related SSCs for the LBEs relied upon for
providing DID for the safety related SSCs will be established, including a description of separate
effects tests and integral effects tests will be conducted to demonstrate the adequate
performance of these SSCs.
Response RAI SSC-24:
Functional performance capabilities of the NSR SSCs are expected to be driven by user
requirements, and no special regulatory requirements are intended for this category of SSCs.
NSRST and SR classified SSCs are the SSCs that are expected to have special treatment
requirements. Those NSR SSCs that are modeled in the PRA are expected to contribute to DID
in the same sense that NSR SSCs do this for existing reactors. The reliabilities and capabilities
of NSR SSCs help to reduce the challenges to the NSRST and SR SSCs and thereby contribute
to defense-in-depth.
SSC-25
SSC-25. Referring to the NGNP Defense-in-Depth white paper, Appendix D.1.4: Does the
NGNP DID strategy include a regulatory treatment of non-safety systems (RTNSS) type of
approach that is currently used for advanced passive light-water reactor (LWR) designs? If so,
please describe.
Response RAI SSC-25:
There are some similarities between the application of RTNSS in advanced LWRs and the
NSRST category in the NGNP approach to SSC classification. In both cases, requirements are
derived for SSCs that are not classified as safety-related; however, the process that leads to
NSRST and RTNSS classifications is different.
In the case of RTNSS (for advanced passive LWRs), non-safety-related SSCs that perform DID
functions for passive safety-related SSCs are classified as RTNSS based on criteria that focus
on LWR-specific safety goal guidelines (e.g., core damage frequency) and containment
performance goals.
The process differs for NGNP because an a priori set of safety-related SSCs will not exist.
Instead, SSCs will be classified as NSRST based on the event sequence category under

-9
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consideration. As noted in Section 3.4.2 of the SSC Safety Classification White Paper, SSCs
relied on:
1. To perform safety functions to mitigate the consequences of AQOs and
2. To prevent the frequency of DBEs (that have consequences in excess of the AOO
consequence limit) from increasing into the AOO region are classified as NSRST.
In the end, the guiding principle of having safety classes and special treatment requirements
that are commensurate with safety significance is similar, as is the principle of applying special
treatment requirements to address uncertainty, which is consistent with the NGNP approach to
defense-in-depth.
SSC-26
SSC-26. Section 3.5: In regard to the design goal of maintaining the offsite exposure below 1
REM (consistent with EPA PAG criterion for offsite emergency planning), discuss the sensitivity
of likely plant designs on the treatment of the 1 REM goal as a TLRC - which would translate
into treating as safety related that equipment needed to keep the dose below 1 REM. If the 1
REM line remains a design goal and unrelated to SSC classification for the plant designer,
would NGNP foresee a licensee wishing to propose changes in the EPZ needing to revise the
SSC classification?
Response RAI SSC-26:
A rigorous and complete evaluation of the impacts on the plant SSCs due to reducing the TLRC
to 1 roentgen equivalent man (rem) cannot be quantified at this time. Conceptually, reducing
the TLRC to this dose criterion would increase the quantity and performance required of Safety
Related SSC for a minimal decrease in risk. As constructed, the TLRC frequency-consequence
(F-C) is established to ensure the NRC Safety Policy, as quantified in the QHOs, will be met
with margin. Reducing the TLRC dose criteria portion of this curve, would provide further
margin with respect to meeting the QHOs. The QHO acceptance criteria have a priori
established a very low risk profile to the public due to accidental releases from a nuclear power
plant (NPP) (e.g., NPP pose a very small fraction of the overall risks posed to the public);
therefore, further risk reduction would not provide significant benefits.
As stated in the RAI, NGNP has a design goal to meet the 1 rem PAG dose at the exclusion
area boundary (EAB). This evaluation will be performed on a best estimate basis for DBEs and
BDBEs with the entire plant responding. It is not anticipated that there would be a need for a
change in SSC classification, since following existing practice the entire plant is considered on a
realistic basis for emergency planning in meeting the PAGs at the emergency planning zones.
SSC-27
SSC-27. Section 2.3.3: Discuss how beyond design basis events will be reviewed to
determine what safety functions are required to prevent the consequences from increasing
above the 10 CFR 50.34 dose limits for a major accident. Will SSCs required to mitigate
such events be classified as safety-related?
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Response RAI SSC-27:
As discussed in the responses to RAIs SSC-7 and SSC-17, SSCs relied upon to prevent the
frequency of a BDBE with consequences greater than the 10 CFR §50.34 dose limits from
increasing into the DBE region are categorized as safety-related.

