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Category

Description

Human Performance

This element monitors the licensee’s decision-making process, availability and adequacy of resources to ensure
nuclear safety, coordination of work activities, and personnel work practices.

Problem Identification
and Resolution

This element monitors the licensee's corrective action and operating experience programs, and the licensee's self-
and independent- assessments.

Safety-Conscious Work
Environment

This element monitors an environment in which workers feel free to raise nuclear safety concerns without fear of
harassment, intimidation, retaliation, or discrimination.
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No Description

+ Maintain safety by establishing a regulatory oversight framework that provides assurance
(1) that plants continue to be operated safely by plant operators. Maintaining safety is the
NRC's overarching mission.

« Enhance public confidence in the NRC's regulatory program by increasing the predictability,
(2) consistency, objectivity and transparency of the oversight process so that all parties will be
well served by the changes taking place.

« Improve the effectiveness, efficiency, and realism of the oversight process by focusing both
agency resources and utility resources on those issues with the most safety-significance.

3)

(4) |* Reduce unnecessary regulatory burden by using a more efficient and effective process.

< Baseline inspection program:

The baseline inspection program, based on the cornerstone areas, focuses on activities and systems
that are "risk significant” (in other words, those activities and systems that have a potential to trigger
an accident, can mitigate the effects of an accident, or can increase the consequences of a possible

accident).
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@ Passive Safety System V&V Plan

Accident Classification
Phenomena Identification & Ranking Table (PIRT)

Selection of Modeling &
[ Analysis Codes ]— Methodology Development

|

Preliminary Safety Analysis

[ Feedback & Design Change

J

Implementation
Separate Effect Tests K
(2025~)
1 Modeling & Analysis Codes
Improvement
‘ Integral Effect Tests
(2027~) \_

| |

Final Safety Analysis

31

e

€ i-SMR Separate Effect Test Plan
> Prototype Helical SG Performance evaluation
v Pressure drop, FIV, HTC etc
» Core Inlet Flow distribution Test
v Quantification of core inlet flowrate for each FA
» CHF test for iSMR
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€ i-SMR Integral Effect Test Plan

Half Height 1/98 Volume Scale ITL

> Scale:H=1/2, A=1/49,V=1/98, t=1//2
> Integrated SG + Separated RCP

> PAFS, PCCS : 2 Trains

> EDV/ERV:2/2

> Natural Convection in ECT

> Mixing in CV lower part during LOCA
> Thermal stratification in ECT

> Overall safety performance

iy

Heater Rod

J

LV
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| i-SMR Development Milestone (11Xl M £=g 4|2l 7| F)
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. I o8| 7to| B3

— Atomic Energy Act, SEC. 182. LICENSE APPLICATIONS

..., the applicant shall state such technical specifications, including information of the amount,

kind, and source of special nuclear material required, the place of the use, the specific

characteristics of the facility, and such other information as the Commission may, by rule or

regulation, deem necessary in order to enable it to find that the utilization or production of

special nuclear material will be in accord with the common defense and security and will

provide adequate protection to the health and safety of the public. ...
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O (A AT E S MISH=%l o EA =eld Al

(=) -

« H|A|=2|™ A}Z(unplanned event)
- 7= 0| &2 7 1t = (Abnormal Operational Occurrence), 7+He} At 11 (Postulated Accident)
- 2|23 triplet 22| 20| Fr Tt
= What can go wrong?
= How likely it is?

= What are the consequences?

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023
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“How likely it is?”
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“What can go wrong?”
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Q15| 7 SiC 2} = 2 M| E (Licensing Modernization Project, LMP)

— Developed by the Southern Company
— Cost-shared by the Department of Energy (DOE)
— Sponsored by the Nuclear Energy Institute (NEI)

— Endorsed by the Nuclear Regulatory Commission (NRC)

* The LMP methodology is a technology-inclusive, risk-informed, and performance-based approach
developed for informing the licensing basis of non-light water reactors.

= NEI 18-04, Rev. 1, “Modernization of Technical Requirements for Licensing of Advanced Non-Light Water
Reactors: Risk-Informed Performance-Based Technology Inclusive Guidance for Non-Light Water Reactor
Licensing Basis Development,” August 2019.

= RG 1.233, Rev. 0, “Guidance for a Technology-Inclusive, Risk-Informed, and Performance-Based Methodology
to Inform the Licensing Basis and Content of Applications for Licenses, Certifications, and Approvals for Non-
Light Water Reactors,” June 2020.

* Uses probabilistic risk assessments and traditional deterministic engineering approaches to risk-
inform design decisions and support licensing applications.

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

13
|
O|= TI-RIPB M 24
=] = = . . . . .
ar M EI & of| 2 AFZ B ZF: Categorization of Licensing Basis Events (LBES)
Event Sequence Family Mean
LBE Category Description Frequency Range Plant Response
Anticipated Operational Anticipated event sequences expected to occur one or
Occurrences (AOOs) more times during the life of a nuclear power plant, which > 1x10?/plant-year
may include one or more reactor modules.
Infrequent event sequences that are not expected to occur Accgunt for the -
. . . . . . t
Design Basis Events (DBEs) in the life of a nuclear power plant, which may include one 1x10+ to 1x10%/plant-year exsgecc ed Le.spc:]nselo a
or more reactor modules, but are less likely than AOOs. s within the plant
regardless of safety
Rare event sequences that are not expected to occur in the classification.
Beyond Design Basis Events life of a nuclear power plant, which may include one or 1x104 to 5x107/plant-year
(BDBEs) more reactor modules, but are less likely than a DBE.
Postulated event sequences that are used to set design DBAs are derived from the DBEs by prescriptively assuming
criteria and performance objectives for the design of Safety that only Safety Related SSCs are available to mitigate
Design Basis Accidents (DBAs) |Related SSCs. DBAs are derived from DBEs based on the postulated event sequence consequences to within the 10
capabilities and reliabilities of Safety-Related SSCs needed CFR 50.34 dose limits.
to mitigate and prevent event sequences, respectively.
Identified by an integrated decision-making process (IDP)
Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023
14
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Probabilistic Risk Assessment (PRA) Event Sequences

/ All initiating events
I
I

Event sequences:
» Pathways through the
itiati Mitigating Events
even:‘. tree - Ing::::g - g BE | < Frequency Consequence% Consequences may be expressed
+ Consists of an initiating in a variety of ways, depending on
ev.elnt alnd one or more [r—— fl Cy the purpose(s) of the PRA:
mltlgaflng event successes + Conditional individual early
. :Tld fa||1::res fatality risk (per event)
‘ even sequence.s are « Conditional latent cancer
LmEDIFtantthl;?f}: lti:ﬂg PRA { fatality risk (per event)
|-0 e p esba .Is e * Population dose (person-rem
icensing basis
ns per event)
. |nd|VLdU3‘ EVE”; sequences { + Offsite economic consequence
may be grouped into (S/event)
families (similar challenges * Quantity of radioactive material
:0 th:‘ plant safety . released (curies per event)
unc '9”5. response ot the { « Dose over a specific period at a
plant in the performance fn C, fixed location (e.g., the 96-hour
of each safn:ty fL;‘nCtIOH, dose at the exclusion area
response of eac boundary (EAB))
radionuclide transport .
barrier, and end state.) What can go wrong? Hm_” n-'rkefy What are the
is it? consequences?

The Risk Triplet

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

O]z TI-RIPB M 24

QI5| 7t 7|9t ALZH(LBE) HEFEC| EH

o

S 5 2 Of (2 3= + Design Basis Accidents

- HIZ0f 2} AOO(~1x102), DBE(~1x104), BDBE(~ 5x10-7)2| M| 7}X| &

_ HIZ 0| B}t

- DBAE

H5x107) ‘A7d: QHO(E A= H)2| Early Fatality Bl = S HX|

Hrz e

Che=5| Y= 7} OfL| 2f H = Q| Bf H(integrated decision-making process) 2 2 M &

» LBE= Z&7| At (Initiating Event)O| OFL| 2} PSA Event Sequence! (TF, DBA= 74 Event Sequence)

_I__l_

- il OI5{ 7t M| A 2| DBA O| E 2 7| AHA 0|D1 DBA

|_O

2H|= 7185HX| HE, 55717 HE

Lol:l, (o Ne)

2AS EI|A ¢ BAT TP O
Yol Ti3tof 42

7t8 &7t =2t El Event Sequence Y.

g, 28 27|20 7HS,

Ol
E
- LMP EHHEZ 0| A LBEE= “X7|AFA + AH]
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S &87|E?

* Possible consequences
— early/late fatality, population dose, offsite economic consequence, EAB dose, ...
. S AN RS [BMY 5187|F
- BRI S E7|E : 1mSv (8] =2 Z S 0.1rem by 10 CFR 20)
- DBA S| 7|Z: 250mSv (0| =2| A2 25rem by 10 CFR 50.34)
- IMPEEENME 7| 2H 2 SE7|E2E eAs LI F4E (302 2h) A =
- BA Q0| 2 7[&=4k: 0.1rem, 25rem
- QHO BIZ(LBE 1= SHEHK|)Of LS BHE M2 750rem KIS (HE, 712X 274y
=1

- Gt Bl of Bedl| Lot HFE (R =8) HE7IE2 O{EA & A7

17

’JI% TI-RIPB SHA @ A

NEI 18-042] F-C Target =41

18

61



O] TI-RIPB M 24

1E-05 1E-04 1E-03 1E-02 1E-01 1E+00 1E+01

1E+02

30-day Total Effective Dose Equivalent (TEDE) at the Exclusion Area Bount

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023 19
O|= TI-RIPB M 24
Q™o Z a5 AH| ME? 3THY| &/ QFH 2H, NSRsT, H QHH
4a. 5SC SEIGC.tEd YES 5a. Classify SSC as
to meet required -
. Safety-Related (SR)
Only those S5Cs selected by safety function?
designer to perform functions
required to keep DBEs and
high-consequence (> 25 rem)
BDBEs inside the F-C Target
are classified as SR. All other 4b. Non-SR SSC YES 5b. Classify SSC as
$SCs not so selected are function is risk Non-Safety Related with -
considered for classification significant? Special Treatment (NSRST)
as NSRST or NST [}
4c. Non-SR SSC
function required YES
for defense-in-depth
adequacy?
Sc. Classify SSC as
»| Non-Safety-Related with No [
Source: NEI 18-04, Rev. 1, Figure 4-1 Special Treatment (NST)
20
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O™ 2Hed M H| = Required Safety Function= 8l 6t= AH|. 1™ RsF=?

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023 21

0|2 TI-RIPB M 24

Required Safety Function?

* To keep consequence of DBE & frequency of BEBE within F-C target

1.E+01 ¢

10 CFR 20
Iso-Risk Line

1.E+00

ANTICIPATED

OPERATIONAL
OCCURRENCE

F-C Target
(ADD) REGION ABEToN

2 = oo
& & &
w LYl -

1.E-04

EVENT SEQUENCE FREQUENCY
(PER PLANT YEAR)

Decreasing Risk
Significance
BEYOND DESIGN
BASIS EVENT
(BDBE) REGION

]

: Design
1.E-05 ! Objective
I
|

1.E-08

1.E-0T L
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04
30-DAY TOTAL EFFECTIVE DOSE EQUIVALENT (REM)
AT EXCLUSION AREA BOUNDARY (EAB)
Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023 22
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Initiating
Event

Mitigating Events

Frequency Consequence

A |

50 rem

0.99
4.95e-04 /year 0.5 rem

5e-04 /year

5.00e-06 /year 50 rem

0.01

Freguency (events per plant-year)

oL 9ols = al co =
At S-S flet 247150 rc T4 0| o EA| LLEFLL=}?
- Frequency-Consequence Target:PRA Safety Function
10 mSv 250 mSv 7. ® Initial Point [No PSFs]
B Mitigated
PSF_A Failure [1]
]_D-J 4
ADOs Initial Point: (C=5.00e+01, F=5.00e-04)
10 | Function 1: Name=PSF_A, mitigation capability =0.01, reliability=0.99
Mitigated Point: (C=5.00e-01, F=4.95e-04)
Unmitigated Point (Failure of PSF_A): (C=5.00e+01, F=5.00e-06)
1072 4
1073 4 DEBEs
u
10
107 5 BDBES
107° 4
il T T T T T T
103 il 10t 1" 10t 10 107 10

Consequence {dose in rem)
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AAH 7| E A1 (DBA)

* DBAs are derived from DBEs based on the capabilities and reliabilities of Safety-Related SSCs
needed to mitigate and prevent event sequences, respectively.

- S E 71719l de(cda) R AUEE(F &) 08| 5> DBAE M E

* DBAs are derived from the DBEs by prescriptively assuming that only Safety Related SSCs are
available to mitigate postulated event sequence consequences to within the 10 CFR 50.34 dose

limits.
- DBA AL B R = “SlilY DBE 7| AbA + QM ZHA L H| B 7S 7 = THA O] At E 9
— MEER|3HX| (25rem) DHE 01 SL0f TSt Z M2 T} 28T AF = ST DBA ALTIS) A

design of Safety Related SSCs.
- 282X Yot dH| 2Alad(dsad) 28 9

* Postulated event sequences that are used to set design criteria and performance objectives for the

25

’JI% TI-RIPB SHA @ A

LMP 2HH 2 (NEI 18-04)2 S A @ &
« QI5{7t 78t AFA (LBE)2| 417
- PRAS =12, F-Ctarges 22310 1BE MY
- LBE= = 7| A4 0| OFL| 2} event sequence (At71 & 2|): AOO/DBE/BDBE vs DBA
-DBAME S E+HN HWILE St M 2 (25rem) THE O 2 =20l

>

A—I%jl

3P|
o

=
™— 2o

#e

¥

« SSCesEa=F
Ot 224 (SR) SSC, NSRST, NSR =&
- QHH S 2 (SR, NSRST) sscOf| it @A: d-5, ME[E, Qa, ..

- HSYNTHAE Bt S

26
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Layer of Defense*

1) Prevent off-normal
operation and AOOs

Layers of Defense

Layer Guideline

Quantitative

Qualitative

Maintain frequency of plant transients within designed
cycles; meet owner requirements for plant reliability and

availability

2) Control abnormal
operation, detect failures,
and prevent DBEs

Maintain frequency of all
DBEs < 10%/plant-year

Minimize frequency of
challenges to SR SSCs

3) Control DBEs within the
analyzed design basis
conditions and prevent
BDBEs

Maintain frequency of all
BDBEs < 10-%/plant-year

No single design or
operational feature relied
upon to meet quantitative
objective for all DBEs

4) Control severe plant
conditions and mitigate
consequences of BDBEs

5) Deploy adequate offsite
protective actions and
prevent adverse impact on
public health and safety

Maintain individual risks
from all LBEs < QHOs with
sufficient margins

No single barrier or plant
feature relied upon to limit
releases in achieving
quantitative objectives for
all BDBEs

Overall Guidelines

Quantitative

Meet F-C Target for all LBEs
and cumulative risk metric
targets with sufficient
margins

Qualitative

No single design or
operational feature, no
matter how robust, is
exclusively relied upon to
satisfy the five layers of
defense

*Adapted from IAEA Safety Report Series No. 46, “Assessment of Defense in Depth for Nuclear Power Plants,” 2005.
Source: NEI 18-04, Rev. 1, Table 5-2
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Of Jlofl EXI=S o8¢ A210t?

Specific Mass (kg/kWe)

100

10

NEP Power
System
Performance
Projections
from 2001
STAIF
Conference

Fission Surface
Power and
Prometheus
Concepts
Superimposed

R L b L
=8&=Near, Cargo [
== Near, Crew
—#=Mid, Cargo
-}l' == Mid, Crew
g —&—Far, Cargo
' =2~ Far, Crew
{ B
@ Prometheus
10 100 1000 10000 100000

Power (kWe)

Mear=Lig Metal Rx, Brayton, 1300K, 6 kg/m2, 200 Vac (Available ~10 yrs)
Mid=Lig Metal Rx, Brayton, 1500K, 3 kg/m2, 1000 Vac (Available ~ 15-20 yrs)
Far=Lig Metal Rx, Brayton, 2000K, 1.5 ka/m2, 5000 Vac (Available ~ 25-30 yrs)
Cargo=Instrument rated shielding, 1.6x10"15 nvt, 1.2510"8 rad @ 2 m
Crew=Human rated shielding, 5 remiyr @ 100 m, 7.5° half angle

Chart courtesy
Lee Mason,
MASA GRC
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Nuclear Launch Safety Process

NASADraft EIS | ,|  Final EIS 4

=

<

.t :

o WMl National Environmental Policy Act (NEPA) |

';_i; Presidential Directive/National Security Cou:ncif Memorandum #25 (PD/NSC-25)

G | NASA Databook | ; Multi-Agency Radiological

§ Contingency Planning

Q,. h 4 v v i i

% ' ‘ DOE Safety Analysis Report I ——+ DOE/DOD/EPA |

§ i i l T : Agency Views b

3 | i T + OSTP

- ‘ INSRP Safety Evaluation Report | ¥ » NASA Request Nuclear Launch

to OSTP for » Safety Approval
Nuclear Launch Decision
Safety Approval
DOE - Department of Energy DOD - Department of Defense EIS — Environmental Impact Statement

EPA — Environmental Protection Agency  INSRP — Interagency Nuclear Safety Review Panel  OSTP — White House Office of Science and Technology Policy
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Lead

Ensuring American
global leadership in
Space Technology

* Lunar Exploration
building to Mars
and new
discoveries at
extreme locations

* Robust national
space technology
engine to meet
national needs

* U.S. economic
growth for space
industry

* Expanded

THRUSTS

Go
Rapid, Safe, &
Efficient Space
Transportation

Land

Expanded Access
to Diverse Surface
Destinations

Live
Sustainable Living
and Working
Farther from
Earth

OUTCOMES

Develop nuclear technologies enabling fast in-space transits.
Develop cryogenic storage, transport, and fluid management te}
Develop advanced propulsion technologies that enable future g

Enable Lunar/Mars global access with ~20t payloads to suppor]
Enabie Sciehce missions eéntering/transiting planetary atmospn
Develop technologies to land payloads within 50 meters accura

Develop exploration technologies and enable a vibrant space e

“"Scalable TSRU production/ utilization capabilities including sus

» Technologies that enable surviving the extreme lunar and Ma

= Autonomous excavation, construction & outfitting capabilitied
buildings utilizing in situ resources.

Enable long duration human exploration missions with Advancq

technologies.

Develop next generation high performance computing, commu
Develop advanced robotics and spacecraft autonomy technolog

Explore

Transformative
Missions and
Discoveries

missions.
* Develop technologies supporting emerging space industries ind
Space/Surface Manufacturing, and Small Spacecraft technologi
* Develop vehicle platform technologies supporting new discove

commercial
enterprise in
space

Note: Multiple Capabilities are cross cutting and support multiple Thrusts. Primary emp!

1to 10 kWe
Kilopower Technology

* Innovation:
— A compact, low cost, scalable fission
power system for science and exploration

— Novel integration of available U235 fuel
form, passive sodium heat pipes, and
flight-ready Stirling convertors

¢ Impact:
— Provides Modular Option for HEOMD
Mars Surface Missions

— Bridges the gap between Radioisotope
Power Systems (RPS) and 40 kW | class
fission power technology

— Enables SMD Decadal Survey Missions

— Reduces NASA dependence on Pu238

e Goals:

— Nuclear-heated system-level test of

prototype U235 reactor core coupled to
flight-like Stirling convertors 10X the power of current RPS

— Detailed design concept that verifies *  Available component technologies
scalability to 10 kW, for Mars « Tested in existing facilities

Full-scale nuclear test of
reactor core, sodium heat
pipes, and Stirling
convertors at prototypic
operating conditions

2016 Kilopower Overview
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