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Application of Computational Tools for
Advanced Nuclear Technologies

Office of Nuclear Regulatory Research
Division of Systems Analysis
Fuel & Source Term Code Development Branch

FAST, SCALE, and MELCOR have been used to support NRC research, licensing, and oversight activities
for more than four decades. The NRC continues to update and improve our computer codes and
analysis methodologies due to the recent interest in advanced nuclear technologies such as accident
tolerant fuel (ATF) small modular reactors (SMRs) and advanced, non-light water reactors (non-LWRs).
This exhibit describes new features and capabilities that have been added to FAST, SCALE, and MELCOR
to accommodate these new technologies. Examples of how these updated computational tools are
applied for these advanced nuclear technologies are also provided. These include SCALE/MELCOR
modeling of the Hermes nonpower test reactor for the recently approved construction permit
application, development of regulatory source term for HALEU/HBU/ATF fuels, and the NRC’s non-LWR
demonstration projects.

*This digital exhibit does not necessarily represent the views of the NRC.
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What Is It?

FAST (Fuel Analysis under Steady-State &
Transients) calculates the
thermal-mechanical response of nuclear fuel
under steady-state and accident conditions.
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How Is It Used?

FAST is used to support licensing reviews by
assessing specified acceptable fuel design
imits, evaluating vendor fuel codes and
methods, and providing initial conditions for
design-basis accident analysis. It is also used
to perform spent fuel analyses.
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FAST Code Development and Applications
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Who Uses It?

FAST is used by more than 75 domestic and
intfernational organizations, including other regulatory
bodies, technical scientific organizations, and utilities,
for safety and core reload applications.

How Has It Been Assessed?

FAST is built on more than 30 years of assessment
stemming from the FRAPCON/FRAPTRAN codes, as
well as experience with fuel vendor codes and data.
It offers more than 200 assessment cases that cover
the UO,/zirconium fuel system, and new cases added
for metallic fuels.
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SCALE Code Development and Applications

What Is It? _ Who Uses It?
The SCALE code system is @ modeling and simulation suite for “EE SCALE is used by the NRC and in 61 countries (about
. : . : e '
nuclear safety analysis and design. It is @ modernized code e 11,000 users and 33 regulatory bodies).
with a long history of application in the regulatory process. m==
. & - -
CEEL
B B 4 B [
S5 R I I
B8
L% 4
Nuclear Reactor Criticality Radiation
data physics safety shielding
=
- -Mﬁé Map Legend
B Caimey o SoALE
Sensitivity/ Hybrid Verification/ ~ User .
uncertainty methods validation interfaces -

How Has It Been Assessed?

SCALE has been validated against numerous critical
experiments that cover a range of fuel and
moderator materials and geometries, and against
measured PWR and BWR spent fuel isotopic
composition and decay heat measurements.

How Is It Used?

SCALE is used to support licensing activities (e.g., analysis of
spent fuel pool criticality, generating nuclear physics and
decay heat parameters for design-basis accident analysis,
and review of consolidated interim storage facilities, burnup

credit).
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MELCOR Code Development and Applications

What Is It? Regulatory Source Term Who Uses It?
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MELCOR is an engineering-level code that Wy , . MELCOR is used by domestic universities

ACCIDENT CONSEQUENCES

and national laboratories and around
30 international organizations. It is
distributed as part of the NRC's
Cooperative Severe Accident Research
Program (CSARP).

simulates the response of the reactor core,
primary coolant system, contfainment, and
surrounding buildings to a severe accident.
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on-LWR Demonstration Projects & Licensing

Planning Implementation Applications

Revision 1

?USNR Marcr 31,2021

nived States Nuclear Regulatory Commission

Protecting Peaple and the Environment

NRC Non-Light Water Reactor (Non-
LWR) Vision and Strategy, Volume 5 —
Radionuclide Charactetrization, Criticality,
Shielding, and Transport in the Nuclear
Fuel Cycle

| MSR fuel cycle

Overview &
Technical
T Ap o rOach

) Kairos Power

. Fabrication of HPR '~
> EEEE - Transportation of core (individual

- Gas centrifuges UF - Package: DX-30 | components)

- Enrichment
- Gas centrifuges

- Transportation of UF¢
- Package: DX-30

Lr:;sg::ation i ;:;Z’;;Z;smgi"g/ Power production On-site storage ;J: ::I;:ortation of Fuel_salt mixing and ;:r?::::ur_: ‘::ﬁcjtglal:g Onsite storage of
. - Package: DX-30 loading fnrl;‘::rr::‘:y waste products U4
INL Design A MSRE (Mol I i
(Heat pipe reactor) SRE (Molten salt
uclear Fue reactor)

L USNRC

C I V I 5 2OMRIGE ()
ycle (Vol.

T » Hermes Non-Power Reactor

Preliminary Safety Analysis Report

- Fuel billets
- Induction melting +
injection casting

- Enrichment - Transportation of UF;
- Gas centrifuges - Package: DX-30

- Enrichment - Transportation of UF, - TRISO fabrication - Pebble fabrication
- Gas centrifuges - Package: DN30-X - Sol-gel process -Process: X-energy

|AP Strategy 2
Computer
Codes and

HER-PSAR-001

e Revision 0

Wﬂ ‘i =r September 2021

2021 Kairos Power LLC

S o

Blue: FLiBe
Red: Fuel Pebble
Black: Moderator Pebble

0 ) 1 e . . - Discharged pebble
S;’r:fn:;ortahon & - Fresh fuel transfer - Power production - Discharged fuel fuel pegbles = i =REUC e stnrage'o n?}te 4
and loading and refueling storage and transfer . . - Pebble loading - Online refueling - Spent fuel/use
| O O | S - Package: ES-3100 UCB Mark 1 (Fluorlde Salt_ - Package: Versa-Pac U2 fuel/graphite tanks U4
cooled high temperature
reactor)

Fuel
Performance

SUSNRC Fluoride Salt Cooled Pebble Bed OO EDTe
Reactor MELCOR Model 1250.0u 1 3040 e/ 120000.0n

Timas ITIhi CPUTimes 4.4 86

: » Standpipe Hotwell Sancewe

=1 1 -—‘[:_[

- Enrichment - Transportation of - TRISO fabrication - Pebble fabrication T E H I
- Gas centrifuges UF, - Package: DX-30 - Sol-gel process - Process: X-energy F2

Source Term ncs RACS =" | Pumes N o
5 —
TCHX power
& ;J;r::g(;ll':astion & - Fresh fuel staging - Power production ;:);::::Lg;?tzebble D, Perw cﬂm‘" prERSEne 12?: - " : "
2 USNRC o S - Package: Vers-Pac ~Pebbl oading ~Onlinereucling il U4 —— ﬂ;n-awn 2w v [l : E
M-ty - » Y i | 5] .

C O N S e q u e N C e S Practing Pl e e Evvrrmens (High temperature gas-cooled S Loop Fow hg's E E ralil+

reactor) Taat core exit 158K =< v =

[ [ o -

NRC Non-Light Water Reactor (Non-LWR) L L L I L L L L L L L L L L L L L L L L L L I L L L Core axit 1079 K v - ]

Vision and Strategy, Volume 2 — Fuel Pask Fusl - e : -

Performance Analysis for Non-LWRs / Fuel Kernel - Temperaturs (K MK v o ra

[ [ o] H

- = -

Porous Carbon Buffer . [ - e

\ s - s B -

A | A S T Inner Pyrolytic Carbon > I

4 B —— f ) ™1 H e

WUSNRC oo () St " . s B 8

Practing People e e Eniranment Silicon Carbide s w e

P ) . [l - L& -

NRC Non-Light Water Reactor (Non- o / Matrix Kemel Outer Pyrolytic Carbon s w e

LWR) Vision and Strategy, Volume 3 - Buffer Layer : .l e +| e

Computer Code Development Flans for Communkaton : M M
Severe Accident Progression, Source

Term, and Consequence Analysis

Inner PyC-Layer
Technical Regulatory Fuel-Free Shell SiC-Layeryc d
Readiness Readiness Fueled Zone Outer PyC-Layer

ADAPTING TO A

Afer Steam Onidabon for 20 minules §@1200°C

CHANGING LANDSCAPE




RIC 2024 Hybrid MARCH 12-14, 2024

U.S. Nuclear Regulatory Commission #nrcric2024
361" Annual Regulatory Information Conference WWW.Nrc.gov.

Regulatory Applications of Tools for ATF/HBU/EE
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Additional Information

For questions or comments about material in this presentation, please
contact Lucas Kyriazidis & Dr. Shawn Campbell in the NRC Office of
Nuclear Regulatory Research, at Lucas.Kyriazidis@nrc.gov &
Shawn.Campbell@nrc.gov.

For code documentation, a selected list of publications, and contact
iInNformation, please visit the following websites:
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